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THE BLAOKWALL TUNNEL.—No. I. 


THE tunnel now being constructed under the 
Thames at Blackwall is one of the most important 
engineering works in progress in the London dis- 
trict, and, indeed, we might say in the United 
Kingdom. The greater portion of this tunnel is 
being constructed by means of a shield, and cast 
iron is used for lining. 

During recent years the construction of tunnels 
in difficult ground has been much facilitated by the 
use of a shield and cast-iron lming, and by these 
means the work is very expeditiously and safely 





point of size comes that under the Hudson River 
at New York, as yet unfinished, with an external 
diameter of 19 ft. The tunnel at Blackwall is 
much larger than either of these, being 27 ft. in 
external diameter. 

Operations were commenced on the Greenwich 
side of the river in 1892, and although since that 
date we have briefly referred to the undertaking 
several times, we have purposely deferred giving a 
detailed description until the work was well in 
hand. During the last few months very rapid pro- 
gress has been made with the most difficult length, 
viz., that directly under the Thames, and we think 


to every engineer. This was the first tunnel con- 
structed by means of ashield. The Tower Subway, 
constructed in 1869 by Mr. Peter Barlow and Mr. 
J. H. Greathead, is only for foot passengers, and 
is circular in section, with an outside diameter of 
7 ft. 12 in.; it also was constructed by means 
of a shield, and is the first tunnel in which cast iron 
was used for lining. 

The late Sir Joseph Bazalgette, engineer to the 
Metropolitan Board of Works, whose name is so 
intimately connected with Thames improvementr, 
devoted much time to the consideration of these 





East End crossings. Between the years 1878 and 
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carried out. The settlement of the ground through 
which the tunnel is being driven is reduced to a 
minimum, as very little more than the net section 
required is excavated. The shield supports the 
ground until the iron lining is built, and affords 
safety to the workmen engaged, as its name im- 
plies ; it is especially useful in water-bearing strata 


where the use of compressed air is necessary, as a. 


comparatively small area of ground is open for the 
escape of air. 

The largest tunnel, previous to that at Black- 
wall, constructed by these means has been that 
under the St. Clair River, which connects Lakes 
Huron and Erie, and which is of an external dia- 
meter of 21 ft. This tunnel we fully described and 
illustrated at the time of construction. Next in 


the time has now come to give in a series of articles 
a full description of this important work, accom- 
panied by complete illustrations. 

The subject of Thames crossings below London 
Bridge has always been a very knotty one, and many 
of our readers will doubtless remember the various 
schemes which have been brought forward at one 
time or another for constructing crossings, either in 
the form of tunnels, bridges, or ferries, in this por- 
tion of the river. 

There are at present two tunnels below London 
Bridge, the old Thames Tunnel between Wapping 
and Rotherhithe, and the Tower Subway. The 
history of the former, constructed by Brunel be- 
tween the years 1825 and 1842, and which is now 
used by the East London Railway, is well known 





1887 he had to examine and report to the Metro- 
politan Board of Works on various suggestions 
which were brought forward, and he was respon- 
sible for the several schemes promoted in Parlia- 
ment by the Board to facilitate crossings east of 
London Bridge. 

It will be remembered that up to 1877 there were 
in London only four free bridges over the Thames, 
viz., London, Southwark, Blackfriars, and West- 
minster Bridges ; but in that year the Metropolitan 
Board of Works brought in a Bill freeing all bridges 
of toll, and under that Act, Waterloo Bridge, Char- 
ing Cross footbridge, Lambeth, Vauxhall, Cheleea, 
Albert, Battersea, Wandsworth, Putney, and Ham- 
mersmith Bridges were opened free to the public. 
This freeing of the bridges was accomplished at an 
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expense of 1,500,000/. As this sum was paid out 
of the rates of the metropolis, the ratepayers east 
of London Bridge who had paid their share of the 
sum naturally agitated for increased facilities for 
crossing the Thames below London Bridge. The 
population of this district on both sides of the 
river is about 1,700,000, or a larger amount than 
the combined populations of Liverpool, Manchester, 
Salfo-d, and Birmingham. 

The Metropolitan Board of Works recognised the 
justice of this demand, and immediately took up 
this question of East End crossings. The question 
of crossings in this portion of the river is accom- 
panied by a good deal more difficulty than the mere 
construction of a tunnel under, ora bridge over, the 
river at any point. A glance at the map on the 
preceding page will show the difficulty of locating 
crossings so as to tap main lines of traffic, owing to 
the fact that there are large docks on one or other 
side of the river almost all the way from the Tower 
to Woolwich. For a distance of eight miles below 
the Tower there are, in fact, very few places where 
bridges or tunnels with good approaches could be 
constructed. 

The following are amongst the schemes that have 
been suggested from time to time (some of which 
have been executed), arranged in order, and begin- 
ning at London Bridge : 

1. Billingsgate Bridge (abandoned). 

2. Tower Subway, existing, for foot passengers 
only. 

3. Steam ferry, just to the east of the Tower 
(abandoned). 

4. A tunnel for foot passengers and vehicles, 
close to the site of the steam ferry (abandoned). 

5. Tower Bridge, opened in 1894. 

6. Duplex bridge (abandoned) at site of present 
Tower Bridge. 

7. High-level bridge (abandoned), same site as 
No. 6. 

8. Low-level bridge (abandoned), same site as 
No. 6. 

9. A lifting bridge, close to the Hermitage Basin 
(abandoned). 

10. A subway, same place as No. 9 (abandoned). 

11. A lifting bridge at the site of the Thames 
Tunnel pier (abandoned), 

12. Thames Tunnel, now used by the East Lon- 
don Railway. 

13. Wapping Steam Ferry, now not used, ran 
over the site of the Thames Tunnel. 

14. Shadwell Tunnel (abandoned). 

This tunnel was to have been made from near the 
side of the main entrance of the Surrey Commercial 
Docks to near the eastern entrance of the Shadwell 
new basin. 

15. Steam ferry, from Hanover-street, Rother- 
hithe, to London-street, Ratcliff (abandoned). 

16. Steam ferry, obliquely across the river from 
Rotherhithe to London - street, Ratcliff (aban- 
doned). 

17. Steam ferry, straight across the river from 
Rotherhithe to London-street (abandoned). 

18, A subway from Sunderland Wharf to the 
side of the Limekiln Dock (abandoned). 

19. Subway at Limehouse, from Cuckold’s Point 
to Garford-street (abandoned). 

20. Steam ferry (abandoned). 

This ferry was to have run over the site of the 
old Deptford Ferry. 

21. Steam ferry, Old Potter’s Ferry, in existence 
till 1893, runs from Ferry-street, Millwall, to the 
Horseferry-road on the opposite side of the river. 

22. Steam ferry, to run from Ferry-street to a 
point a little east of Potter’s Ferry (abandoned). 

23. Greenwich and Millwall Subway (abandoned). 
This subway was to connect Johnson-street, 
Millwall, to Church-street, Greenwich. 

24. Victoria Steamboat Ferry, for passengers 
only ; in operation at present from Johnson-street, 
Millwall, to King William-street, Greenwich. 

25. Steam ferry, from east of Johnson-street to 
bottom of King William-street (abandoned). 

26. Blackwall Tunnel, from entrance to Kast 
India Dock in East India Dock-road to Blackwall- 
lane on Greenwich Marshes ; now in course of con- 
struction. 

27. Woolwich Free Ferry, now in operation, from 
Woolwich, on the south side, to North Woolwich, 
on the north side. 

The most important of these schemes are Nos. 4, 
5, 6, 7, 10, 14, 26, and 27, excluding Nos. 2 and 12, 
which were built previous to 1878. 

As before stated, the Metropolitan Board of 
Works recognised the necessity for cross-river com- 





munication below London Bridge, and carefully 
considered several designs for a high-level bridge 
near the Tower. Sir Joseph Bazalgette prepared 
several designs for this purpose, and after going 
into all the questions involved, the Board in 1879 
promoted a Bill—No. 7 in the preceding list—to 
enable them to construct a high-level bridge just 
east of the Tower, giving a clear headway of 65 ft. 
above Trinity high water. On the north side of 
the river there was a good approach with easy 
gradient, but on the south side the approach was 
by means of a spiral road 300 ft. in diameter, and 
having a gradient of 1 in 40. This Bill met with 
much opposition from the wharfingers and traders 
on the banks of the Thames, who considered that 
the obstruction caused by such a bridge would 
either drive their trade away from the port alto- 
gether, or further down river. The Bill was 
eventually thrown out. 

In 1884 the Metropolitan Board of Works 
brought forward a Bill, No. 10 in the preceding 
list, to enable them to construct a tunnel about 
three-quarters of a mile below London Bridge, at 
Nightingale-lane. The proposed tunnel had heavy 
gradients on each side from the river banks, but 
hydraulic lifts to take the heavier traffic were also 
part of the scheme. This scheme was considered 
in Committee in conjunction with a competitive 
scheme known as the duplex bridge, which was 
promoted by a private company, and which would, 
therefore, be a toll bridge. In this latter scheme 
there were practically two opening bridges, the 
roadways of which met near each side of the river, 
so that when the lower of the two bridges was 
opened to allow a ship to pass, the road traffic went 
on the upper one ; and when this latter bridge was 
opened, and the former shut, the traffic was diverted 
tu the lower bridge. This was, of course, a low- 
level bridge. 

Both these Bills were, however, thrown out, and 
at the same time the Committee stated that, in 
their opinion, an opening bridge ought to be pro- 
vided at the Tower, and suggested that the City of 
London should take up this crossing. Accordingly, 
in 1885, the City of London promoted a Bill for 
the construction of the present Tower Bridge, 
which was begun in 1886 and opened in 1894. In 
the same year that the City of London obtained 
their Tower Bridge Bill, the Metropolitan Board of 
Works promoted and obtained a Bill for the con- 
struction of a steam ferry at Woolwich, which was 
opened in 1889. 

At the end of 1885, therefore, we might almost 
say that two free crossings were in sight, one at 
the Tower by means of an opening bridge, and tle 
other at Woolwich by means of a steam ferry. A 
length, however, of nine miles between these two 
points still remained without any free crossing. The 
question then arose whether the Board of Works 
should take up the Blackwall or the Shadwell 
crossing first, and it was thought that as the site of 
the Shadwell scheme was only about 1} miles 
below the Tower Bridge, while the Blackwall site 
was about six miles, more relief would, on the 
whole, be experienced by the construction of the 
former tunnel in the first instance. The Board 
therefore instructed Sir Joseph Bazalgette to pre- 
pare plans for deposit, and the Blackwall Tunnel Bill 
was introduced in the session of 1886-1887. There 
was practically no opposition, and the Bill was 
accordingly passed. 

The Bill obtained authorised the construction of 
three tunnels, two for vehicular traffic and one for 
foot passengers, as it was considered that it would be 
better to take the up and down vehicular traffic in 
different tunnels, and keep foot passengers separate. 
The Board, however, determined on the construc- 
tion of the foot-passenger tunnel in the first in- 
stance, and the contract drawings were prepared, 
and towards the end of 1888 tenders were invited 
for the construction of a tunnel of 15 ft. internal 
diameter. Two tenders were received, and that 
of Messrs. S. Pearson and Son for 318,840/. was 
accepted. About this time the Metropolitan Board 
of Works was succeeded by the London County 
Council, and there was a feeling in the latter 
body that the construction of the smaller tunnel 
in the first instance was not a wise course to 
adopt. At their instance, therefore, the sealing of 
the contract with Messrs. Pearson and Son was 
at the last moment stopped by the Local Govern- 
ment Board. 

The Council then went very fully into the ques- 
tion as regards the best size of tunnel to adopt at 
Blackwall, and for this purpose determined to take 





the advice of several engineers conversant with 
tunnel work. 

In 1889 Mr. John Wolfe Barry was consulted on 
the possibility of the construction of a tunnel of 
larger diameter than 15 ft., and reported that it 
would be possible to construct a tunnel of 31 ft. 
internal diameter, which would take both vehicular 
traffic and foot passengers. 

In the following year, Sir Benjamin Baker visited 
the works of the Hudson and St. Clair tunnels on 
behalf of the Council, and advised them that he did 
not see any serious difficulty in the construction of 
a tunnel at Blackwall large enough to take two lines 
of vehicular traffic. 

In December, 1890, Mr. A. R. Binnie, the 
engineer-in-chief to the Council, after consultation 
with Sir Benjamin Baker and Mr. J. H. Greathead, 
reported that a tunnel of 27 ft. external diameter 
was the best size to adopt, and that the bottom of 
the tunnel should be at such a level that the 
maximum air pressure required for its construction 
should not,exceed 35 Ib. persquareinch. Drawings 
were then got out and tenders called for. Six 
tenders were sent in, and Messrs. S. Pearson 
and Son were again successful in obtaining the 
work, the amount of their tender being 871,0001. 

We have now briefly traced the history of this 
important undertaking up to the letting of the con- 
tract, and in future articles we propose to deal 
fully with the design and leading features of the 
— and to give an account of its construction up 
to date. 





ELEOTRIO TRACTION.—No. I. 
By Puitie Dawson. 

Ir will probably be admitted that there is no 
engineering question of more pressing present 
interest to the profession, and to the British public 
at large, than those involved in the extension of 
rapid transit facilities. 

The conditions of modern metropolitan life, im- 
peratively demand that the ever-increasing popula- 
tion of our cities should be afforded vastly increased 
and improved means of intramural circulation. 
Moreover, our overcrowded centres of population 
can no longer accommodate the great class of 
workers and their families, and access to outlying 
suburban districts must be facilitated by every 
possible means. If only for hygienic reasons, it is 
indispensable that the accessible residential zone 
surrounding our greater cities be extended to the 
utmost limit within our power. 

Nor are these the only pressing demands, Our 
agricultural, mining, manufacturing, and fishing 
districts are already clamouring for some means 
whereby their products shall be brought more 
readily to railway centres or to local markets. 
Freedom of trade and the development of the 
great lines of transportation have poured the pro- 
duce of all the world into Britain, and the costs of 
carriage and handling are certainly at present most 
adverse to the home producer, placing him on dis- 
advantageous terms for competition. 

It may fairly be questioned whether traditional 
British conservatism and the non-elasticity of the 
rules by which the construction, equipment, and 
operation cf our railways and tramways are 
governed, are not responsible for a condition of 
affairs which both engineers and public already 
regard as thoroughly unsatisfactory. 

A remedy must certainly be found in the near 
future, and to that end careful study should be 
made of the progress of other nations in the solu- 
tion of the problems involved. 

It is of necessity that we first look to America 
for those later developments in rapid transit exten- 
sion, which have led to the introduction of im- 
proved mechanical traction on a large scale. While . 
other countries as well have been pushing forward 
in this regard, the necessities of the great Trans- 
atlantic Republic have exceeded those of all other 
nations, and in the struggle to keep pace with 
population increase, and to effectively develop 
every resource, both inventor and capitalist have 
been kept upon their mettle. The results obtained 
have been so rapid and surprising, and, as a whole, 
so satisfactory, that they merit our most careful 
attention. 

We are already familiar with American steam and 
cable railway practice, and have profited thereby to 
such an extent as has seemed applicable to English 
conditions. In the application of electricity to 
railways and tramways we have made but little 
progress. Such installations as are now in opera- 














Jan. 4. 1895.] 


ENGINEERING. 





3 








tion in the United Kingdom are small, and must 
be regarded as largely tentative and experimental. 
In this and the succeeding articles it will be the 
chief aim of the author to describe as briefly as 
may be the present state of electrical traction in the 
United States and Canada. The data quoted have 
been carefully collected during a recent journey 
through America, to which six months were exclu- 
sively devoted. Almost every great centre has been 
visited, and the varying methods of construction, 
equipment, and operation carefully studied. With 
that generosity characteristic of American engi- 
neers, every facility for obtaining information, and 
comparing results, was afforded, and the author 
wishes to take this opportunity of expressing his 
deep obligations for the great assistance thus ren- 
dered him. 
For convenient treatment, it is proposed to 
divide the general subject as follows : 
. Introductory and general. 
. Permanent way. 
. Return circuit. 
. Aerial conductors. 
Motors and gearing and their accessories. 
. Rolling stock. 
. Generating plant. 
. Power stations and buildings. 
. Description of typical lines. 
. Railway locomotives. 
. Maintenance and efliciency. 
. Specifications. 
13. Organisation and accounts. 


I.—IntTROpUCTORY AND GENERAL. 


For many reasons the current American appella- 
tion ‘‘ street railway,” is greatly preferable to the 
indefinite English term ‘‘tramway.” Thelatter word 
is distinctly unsuitable for use in connection with 
modern mechanical traction. It still carries with 
it, from its original significance, the idea of some- 
thing small and petty. The great American metro- 
politan and suburban lines operated by cable or 
electric power, are railways in every sense of the 
word, having equal financial dignity with the steam 
railway, requiring at least equal engineering skill 
and fertility of resource, and exercising a much 
greater and more constant influence upon the life 
of the people at large. The word ‘‘ tramway ” is now 
a misnomer, except in so far as it may refer to those 
methods of operation and equipment which have 
had their day, and will soon be no longer tolerated. 

The growth of the street railway industry in the 
United States has been most rapid, and charac- 
terised by extraordinary energy, enterprise, and 
confidence on the part of promoters, operators, and 
investors. 

American conditions have always been moat 
favourable to the street railway. In the early days 
every inducement was naturally offered to whoever 
would embark capital in the development of transit 
facilities. Franchises were easily obtained, and 
the restrictions imposed were few and light. Long 
terms and valuable routes were freely granted to 
companies and individuals who were prepared to 
exploit the privileges offered them. By the com- 
munity at large the street-railway man was re- 
garded rather as a benefactor than otherwise. 

Taken as a whole, the privileges granted have 
not been abused, and the public at large has pro- 
fited by the liberal line of policy adopted. The 
street-railway owner quickly found that the only 
path to success lay in affording a thoroughly satis- 
factory service, and devoted himself to this end 
with all energy. The opportunity for lucrative 
investment attracted men of large capital and 
highly developed commercial instincts. To-day 
we find the principal owners and managers of 
street-railway interests among the most prominent 
and respected citizens of their respective communi- 
ties, standing in the first rank socially, politically, 
and financially. 

It is due to their energy and far-sighted policy 
that the street railways of America are now the 
best in the world, well equipped and operated, and 
In every sense an essential and most commendable 
public service. 

Beginning with a single line, constructed in New 
York about 1850, American street railroads show a 
practically unbroken record of financial success. 
Only six or eight lines were built prior to 1855, 
about 30 in the next five years, over 80 in the 
rea decade, and so on in rapidly increasing 
ratio. 

The following figures show the ratio of street- 
railway-track mileage in a number of American 


cities and towns in 1893, differing widely in popu- 
lation : 


TaBLe I —Ratto of Street Railway Mileage to the 
Population of Six American Cities. 





Track- Ratio of Mileage 


Name. Population. 











Miles. | to Population 
Seattle 60,000 102 lto 588 
Denver ° 106,600 275 1, 720 
San Francisco 297,900 244 1 ,, 1221 
Boston 446,500 279 | 1 ,, 1600 
Baltimore 434,100 222 1,, 1955 
Chicago 1,098,500 513 1,, 2141 
New York .. 1 513,500 994 1 ,, 5180 


To the comparatively small mileage of street railways of New 
York, should really be added the great system of elevated railways 
which run over more than 50 miles of its principal thoroughfares, 
carrying more than 221 million passengers annually. 

Comparing the above figures with those of Eng- 
lish cities of approximately the same population, 
we gain an idea of the extent to which the street 
railway enters into the life of a modern American 
city. 

TaBLE II —Ratio of Street Railway Mileage to the 
Population of Five English Cities. 























Population | Miles of : 
Nome of Town. | 1891. Tramway. | Ratio. 
Northampton rr wat 70,872 6 | 1 to 11,812 
Blackburn... ./ 120,064 8.5 | 1,, 14,125 
Leeds .. . 367,506 23 | 1 ,, 15,978 
Liverpool 517,980 61.5 1,, 8,422 
London 5,633,806 250 | 1 ,, 22,528 








It must be borne in mind, however, that in the 
United States, street railroads, and, to a limited 
extent, steam-worked metropolitan lines, constitute 
the chief means of passenger transit ; omnibuses 
having never been able to make head against the 
all-prevailing street cars, the badness of paving in 
the early days having prevented any general use of 
cabs, and réseaux of suburban railways such as 
we know in England, being practically non-existent 
in America. 

In 1873 the Hallidie cabie system was first intro- 
duced in San Francisco, and its pre-eminent value, 
where heavy grades had to be encountered, was 
fully demonstrated. Within the next 12 years 
important lines in San "rancisco, Chicago, New 
York, and Philadelphia were equipped with cable 
traction plant. 

In 1883 the demand for a mechanical power, 
applicable to the requirements of street railways 
which could not afford to undertake so large a finan- 
cial investment as was necessary to install a cable 
system, had become a recognised fact. 

Prior to that time many experiments had been 
made with a view to adapting the electric motor to 
railway necessities, and in 1883 the first electric 
line actually doing business was opened at the 
Chicago Exposition by the company formed to ex- 
ploit the inventions of Field and Edison. 

From 1883 to 1888 the Bentley-Knight, Daft, 
Van Depoele, and Sprague Companies were actively 
engaged in developing the details of a commercial 
electric system. From an engineering standpoint 
great progress was made during that period, and 
many difficulties overcome. No effective and 
practical commercial result was, however, reached 
until the Thomson - Houston, Edison, and West- 
inghouse Companies entered the traction field, 
absorbing the smaller pioneer companies, and 
bringing their great experience and financial sup- 
port to the development of the infant industry. 

Under their auspices phenomenally rapid pro- 
gress was made, and at the close of 1889 the entire 
success of the electric system had been demon- 
strated beyond question. 

The following Table shows the relative progress 
made by the several systems of motive power since 
that time : 


TasiLe III.—Progress of Electric, Horse, and Cable Lines 
in America, 1890-93. 





“a 
| 1891. | 1892. 1893. 








Street Railways. | 1890. 
Mileage: Total .. 9,037 | 10,599 | 11,665 | 12,186 
” Electric 2,523 | 4,061 5,939 7,466 
% Horse 5,400 5,302 4,460 3,497 
” Cable .. oe 610 594 646 657 
” Steam Pr 604 642 620 566 
Number of cars : Total 32,108 | 35,877 7,399 | 40,499 
pa Electric 5,592 | 8,892 13,415 | 18,233 
99 Horee 21,970 21,798 19,315 | 16,845 
ja Cable 8,795 | 4,372 38,971 | 4,805 
Steam 751 815 698 616 


” 





While the statistics for 1894 cannot yet be 





mately, that 600 street railway companies have 
now adopted electric tracticn, that nearly 9000 
miles of track have been equipped with elevated 
conductors, and that 20,000 cars are operated by 
electric motors. 

In 1891, the total investment in electrically 
equipped tramways in the United States was 
7,166,000/. “{t now exceeds 45,000,000/., and 
nearly three-fourths of the total tramway move- 
ment of the country is electrical. 

This enormous introduction of a new mechanical 
power has been almost wholly effected within the 
last six years. The overhead wire and the “ trolley 
car” were vigorously opposed in many quarters at 
the outset, but the people at large, quick to appre- 
ciate the great advantage of better and more rapid 
transit facilities, have always given the weight of 
their approval. 

The path to the introduction of electric traction 
in America was undoubtedly smoothed by the 
valuable results attained by the cable system. 
Formerly, bitter coutention existed between the 
adherents of the two systems. It may be fairly 
said to-day that they do not compete, and that each 
has found its peculiar and appropriate place. For 
great and constant passenger traffic, at stated speeds, 
in broad and straight thoroughfares, and where the 
conditions are such as to induce the investment of 
large capital upon ordinary commercial terms, the 
cable system has no equal, and the same is true 
where long and steep gradients are encountered. 
In Chicago, New York, and San Francisco the 
cable system is at its best. In smaller towns, where 
the traffic is not so great, where curves and branches 
are of constant occurrence, where suburban routes 
are in question, or where the cost of roadbed and 
power plant must be kept within reasonable bounds, 
the electric’system found a field that the cable system 
could never satisfactorily fill. 

In the great centres of population, cable and 
electricity work harmoniously together as com- 
ponent parts of the same system, each fulfilling 
that portion of the service to which it is best 
adapted. 

Approximately, the two systems compare some- 
what as follows : 


TaBLE IV.—Comparison of Cost and Efficiency of Cable 
and Electric Street Car Lines. 


£ 
Cost per track-mile of cableand 
conduit ” a «.- 10,000 to 30,000 
Cost per track-mile of electrical 
conductors we ous ies 500,, 2,000 
Cost per track-mile of complete 
cable equipment +P «. 18,000,, 50,000 
Cost per track-mile of complete 
electrical equipment ... 1,500 ,, 7,000 
Cable. Electric. 
Average effective horse-power 
applied to axle of each car on 
the line ... 3to 5 4to 8 


Average indicated horse-power 
at epgine per car on theline 4,,10 6 ,, 15 
Friction load in per cent. of total 
load . 50,, 65 40,, 60 


car- 
lb. 5, 8 5,,10 


It may here be said that it is a frequent error to 
criticise the low mechanical efliciency of cable and 
electric railways. What we might perbaps call the 
financial efficiency is the point really at issue. The 
system desired is that which, upon a giv' n possible 
investment, will make the best return. ‘The higher 
the mechanical efliciency, without detriment to 
financial results, the better. To insure financial 
efficiency, the construction must be such as to 
secure a low rate of depreciation, an object kept 
well in view by the more prominent American 
manufacturers of electric and cable railway ap- 
paratus. 

The data in Table V., of comparative costs of 
operation have been tabulated from information 
most courteously afforded the writer by the mar- 
agers.of several large and well-managed street-rail- 
way lines. (The names are suppressed by re quest. ) 
The average ratio of working expenses to receipts 
on English tramways is 80.8 per cent. 

The average working cost per car-mile on Englirh 
oo is 9.5d. (‘* Duncan’s Tramway Manual,” 
1893). 

In Table V. transportation expenses include 
wages of all men necessary to work and run cars, 
car-cleaners, men in car shed and material used 
by them, electric lighting and heating, &c., in fact, 
all expenditure directly applied to the transporta- 
tion and accommodation of passengers. 


Coal consumption per 
mile a aes 





authoritatively given, it may be said, approxi- 





General expenses include expenses connected 
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with the general administration, cost of securing 
traffic, ak miscellaneous expenditure, with the sole 
exception of taxes and interest on capital. 

The total expenses include everything except 
taxes and interest on capital. 

Great difficulty is found in making any fair com- 
parison of working costs per car-mile of cable and 
electric lines. Some electric railways have equipped 
every car with motors ; many others have only a 
proportionate number of motor cars, and increase 
their carrying capacity during “ rush” hours by 
coupling ordinary cars called ‘‘ trailers” to the 
motor cars, as in steam railway practice. The 
trailers being much lighter than those cars which 
are mounted on heavy motor trucks, a trailer car- 
mile costs very considerably less than a motor car- 
mile. The same is the case in cable railways as 
regards the use of grip cars and trailers. 

Street - railway managers consider the cost of 
operating motor or grip cars to be from two to 
four times that of trailers. 

It may be taken that the average increase in in- 
dicated horse-power and coal consumption at the 
station, required by the addition of trailers, is 
about half that which would be incurred if the same 
number of motor cars were added. The motor car 
conductor can usually attend to the collection of 
fares in the trailer. 





TABLE V.—Comparative Cost oF OPERATING CABLE, Horsk, AND 
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GENERAL GEOLOGICAL PROFILE OF MOUNTAIN SECTION OF S? GOTHARD RAILWAY. 
Fig. 3. Erstfald to Summit Tunnel & Biasca. 
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Between Rad: & Zardo. 


Near Giornico St. 
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In the foregoing Table, only motor or grip car 


Etrorric STREET RAILROADs. 





Desigoation of Company. A. | 





P ! 
System of traction em- | | 


B. C. 


miles are taken into consideration. 
| D. | E. y | 2, On the electric lines cited in the Table, 
_—____ ____ |__________ | trailers are rarely used, except when the traflic 
| is abnormally heavy, as on holidays. On the 
Horse. Electric Electric |Electric Electric | Cable roads they are more frequently employed, 





0.4980 | 4.8470 | 0.7350 


ployed Cable. | Horse. ‘Electric| Cable. | Horse. | Electric) Cable. 
~~ eae pence per | | 
car-mile .. - -.| 2.8460 | 6.2815 | 3.3930) .. oe si | 
Motive power in pence per } |) 5.45 6.37 — 
car-mile .. ae 0.925 


Maintenance of track, | 
paving, and buildings, | | 
poe - x 











pence per car-mile --| 0.9200 | 1.2910 | 1.0020 | 1.69 
Maintenance of rolling | 
stock in pence per car- | 
mile * me --| 0.5340 | 0.3950 | 1.0785 | 0.21 
General expenses, pence } 
per car-mile “3 0.6625 | 0.6770 | 0.1215 | 0.41 
| 


Total working expenses y 
in pence per car-mile .. 4.9605 |12.4415 | 6.3300 4.65 5.35 4.85 7.76 | 
Ratio of working expenses | | 
to receipts, per cent. .. 49.69 | 80.07 | 40.00 | 77.69 96.81 | 79.55 | ur 





one of the lines mentioned running, as a rule, 
| trains of four cars with a cable speed of 12 miles 
per hour. 
| In cases ‘‘ B” and “ G,” the ratio of operating 
expenses to receipts is fairly high, and it should 
be stated that these are lines with only a light traffic 
as yet, having been built to develop the value of 
suburban residential property. It may here be 
said that American results demonstrate the dis- 
tinct importance to the landowner and builder of 
8.01 | 4450 4.21 | 5.85 | 58 |increasing rapid transit facilities to the greatest 
58.5 58 61.5 | 79 | possible extent before placing property on the 
market, or endeavouring to secure tenants. 


0.44 | 
0.420 | 
0.89 


0.31 





0.850 
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EXTENSION AND WORKING OF THE 
ST. GOTHARD RAILWAY. 


By C. S. Du Ricne Pretier, M.A., Ph. D., 
A.M.I.C.E., M.I.E.E. 


Ir is now more than ten years since the St. 
Gothard Railway was opened for traffic, and it is not 
too much to say that in that time this great Alpine 
highway has proved an immense boon not only to 
the three countries directly concerned, viz., Switzer- 
land, Germany, and Italy, but to international pas- 
senger and goods traffic generally. While on the 
rival route by the Mont Cenis, traffic has been 
dwindling away, so that this great and costly rail- 
way is at present worked at a serious loss to both 
the Paris, Lyons, and Mediterranean Company of 
France and the Mediterranean Company of Italy, 
the traffic on the St. Gothard Railway has steadily 
increased and developed from year to year. Nor is 
this fact traceable only to the commercial rupture 
between France and Italy, or to the superior 
natural advantages, such as the grander scenery, 
the great tourist centres, and the more numerous 
and more attraetive points of interest along the St. 
Gothard route ; it is very largely due to the vastly 
superior accommodation and facilities, as well as to 
the far better management of the St. Gothard Rail- 
way as compared with its western rival. Many 
travellers by the latter, viz., the Mont Cenis route, 
still have a ghastly recollection of being packed 
like so many parcels or herrings into the indifferent 
first-class through carriages from Paris to Turin 
and vice versd ; and although the opening of the St. 
Gothard route at last put an end to that monopoly, 
and there is now too much instead of too little 
space in passenger trains, yet, beyond running 
sleeping cars and one or two inferior second-class 
carriages in the express trains, the Paris, Lyons, 
and Mediterranean Company has done little or 
nothing to improve the accommodation and increase 
the comfort of passengers on the Mont Cenis Rail- 
way. Indeed, more especially as regards first and 
second class accommodation and comfort, the car- 
riages of the Mont Cenis line are not to be com- 
pared with those of the St. Gothard, nor with those 
of the Arlberg and Brenner Railways. 

As has been said, the great success which has 
attended the St. Gothard Railway, alike from an 
engineering and from a financial point of view, is 
in a great measure due to excellent management, 
and this is the more commendable when the ex- 
traordinary care required in working and maintain- 
ing a mountain railway of such magnitude is taken 
into account. It will, therefore, not be devoid of in- 
terest to briefly review the working of so remarkable 
an undertaking at the end of the first decade of 
its existence ; and in order to render the working 
of the railway more easily intelligible, it will be 
convenient, first of all, to recapitulate the special 
features of its construction, referring at the same 
time to the complementary works already carried 
out, and to the extensions now in progress. 


I.—-ConsTRUCTION. 


The St. Gothard system, properly speaking, has 
a length of 265 kilometres (165 miles), and com- 
prises the main line from Lucerne by the St. 
Gothard Tunnel to Bellinzona, Lugano, and Chiasso 
(Italo-Swiss frontier), 232 kilometres (144 miles), 
and the two lines from Bellinzona (a) to Pino 
and Luino (Italo-Swiss frontier), and (b) to Locarno 
on Lago Maggiore, 33 kilometres (21 miles), 
(Fig. 1, page 4). The two new lines to be com- 
pleted within the next three years, near the 
north end of the system, viz., from Immensee 
on the Lake of Zug, to Lucerne, for the purpose 
of shortening the distance to Lucerne ; and from 
Goldau to Zug in order to shorten the distance 
to Zurich, will raise the lergth of the system 
by 30 kilometres or 19 miles, viz., to a total of 295 
kilometres or 185 miles. As is well known, the 
important lines of access to the system are, on the 
north, the railway from Bale to Olten and 
Lucerne, and on the south the railways from 
Chiasso to Milan on the one hand, and from Luino 
to Novara, Genoa, and Turin on the other. The 
total distance, therefore, of the through communi- 
cation from Bale, by the St. Gothard to Milan, is 
378 kilometres or 236 miles, within which no less 
than six different main watersheds are crossed in 
succession, viz., north of the St. Gothard Tunnel 
those of the Rhine, the Aare, and the Reuss ; and 


south of the tunnel those of the Ticino, the Lake | 


of Lugano, and the Po. 








TABLE SHOWING THE LENGTH AND COMPARATIVE Cost OF ALPINE TUNNELS. 


| Cost. 
































| | 
| | 
= . | Period of | Years. — : = ———~ | Rock Formati 
Summit Level. Length. Osnaeneon. | rmation. 
| Z| — _ Per Kiio- Per Mil 
| metre. oes 
metres| ft. | kilom.| miles | tr. £ fr. £ 
Mont Cenis ..| 1296 4250 : 7.6 | 1857 to 1871 | 15 | 75,000,000) 3,090,000 | 6,150,000 | 393,600 Limestone 
St. Gothard ..| 1154 | 3785 | 15.0 | 9.4 | 1871 ,, 1881 11 | 57,000,000) 2,280,000 | 3,800,000 | 243,000 Gneiss granite 
Arlberg 1310 | 4297 10.3 | 6.4 | 880 ,, 1883 | 4 en 960,000 | 2,330,000 | 149,100 Mica slate and 
| schist 





Alignment and Gradients.—As is seen from the 
profile, Fig. 2, page 4, in which the altitudes are 
plotted from station to station, the St. Gothard 
system comprises three valley and two mountain 
sections, as follows : 




















Valley Sections. | Mountain Sections. 
animes jl 
Kilo- . = | r 
metres. | Miles. Kilometres. | Miles. 
eee 
Lucerne to Erstfeld_ .. 67 42 | 
Erstfeld to Goschenen | 
and Biasca_.. + ee o» | 90 56 
Biascato Bellinzona .. 20 i2 | 
Bellinzona to Lugano | | 
and Chiasso .. s% se s, 0 55 34 
Bellinzona to Luino and | | 
Locarno a as 83 21 | 
ae ere | | 
120 | 75 | M6 90 





The valley sections, with gradients up to 1 per 
cent., or 1 in 100, therefore represent 45 per cent. ; 
the mountain sections, with gradients up to 2.7 per 
cent , or 1 in 37, represent 55 per cent. of the total 
length. 

The alignment and the gradients may be summed 
up as follows : 

















Kilometres.| Miles. | Per Cent. 
Total of sections in straight .. 154 95 58 
* » curves = 111 70 42 
100 
Total of level sections .. eh 57 35 22 
am grade ,, - iin 208 130 78 
100 








The minimum radius of curvature is 200 metres, 
or 10 chains, the mean radius 408 metres, or 
20 chains, and the sum of all curve angles is 
15,624 deg. The sections having grades from 1 to 
2.7 per cent. represent 36 per cent. of the total 
length. The sum total of all differences of level, 
viz., of all rises and falls, is 2500 metres, or 8200 ft. ; 
hence the mean gradient is 1.2 per cent., or 1 in 83. 
The steepest grade on the northern ascent to the 
summit tunnel is 2.5, that onthe south side 2.7 per 
cent. 

Earthworks, Works of Art, and Stations.—The 
total lengths of these are : 


—— | Kilometres.| Miles. Per Cent. 








Length of embankments .. | 136 85 51 

om cuttings. . zs s 57 36 20 

ne 65 tunnels 42 | 26 16 
ma 687 culverts .. 

99 360 bridges and via} 5 | 3 3 
ducts .. ee 

” 41 stations ee ai 25 | 15 11 

265 165 100 


Of the 65 tunnels, including the summit tunnel 
of 15 kilometres (9.6 miles), 11 are on the valley 
section between Brunnen and Fluelen, along the 
Lake of Lucerne, 22 on the northern ascent to 
Goschenen, 21 on the southern descent to Bellinzona, 
and 10 between Bellinzona, Lugano, and Chiasso. 
In the 65 tunnels are comprised the seven heli- 
coidal or ‘‘ corkscrew ” tunnels characteristic of the 
St. Gothard Railway, viz., three on the north side 
below and above Wasen Station, by means of which 
a vertical rise of 300 metres, or about 1000 ft., is 
effected in a length of 12 kilometres, or 7.5 miles ; 
and the four similar tunnels on the south side, viz., 
two between Rodi and Faido, to effect a drop of 187 


‘metres (613 ft.) in 8 kilometres, or 5 miles ; and two 


between Lavorgo and Giornico, with a drop of 167 
metres (548 ft.) in the same distance. All these 
helicoidal tunnels have a uniform radius of 300 
metres, or 15 chains. The tunnels and superposed 
windings of the railway at these points are clearly 
shown in Figs. 4, 5, and 6, page 4, as well as in the 
photographic illustrations on page 5. Of the 25 
viaducts, the longest is 256 metres (282 yards) ; 


the greatest number of openings is seven, the 
maximum length of a single iron span 75 metres 
(247 ft.) at an elevation of 77 metres (260 ft.) 
above river level, and the maximum width of 
masonry arches 12 metres (40 ft.), the greatest 
depth of stone piers being 53 metres (174 ft.). 
Summit Tunnel.—As will be remembered, the 
most serious of the many engineering difficulties 
along the line were encountered in the summit 
tunnel, owing to faults, fissures, and intermediate 
soft strata in the gneisso-granitic rock formation. 
The stopping and deviation of the enormous inpour 
of water, together with the propping of soft super- 
incumbent strata, may be described as a truly 
gigantic task, which not only delayed the comple- 
tion of the tunnel, but caused an additional cost 
(over and above the contract price of 50 million 
francs, or 2,000,000/.)of'7 million francs, or 280,0001. 
The profile, Fig. 3, page 4, illustrates the various 
rock formations which the railway traverses on the 
St. Gothard mountain section, viz., from Erstfeld 
to the summit tunnel, and thence to Biasca. The 
same profile shows the vertical rises and drops 
overcome by means of the seven helicoidal tunnels 
already referred to. The rising grade from the 
northern, or Goschenen, end of the tunnel to the 
summit level in the tunnel is 0.85 per cent., or 1 
in 172; and the fall from that point to the Airolo 
or southern end is 0.2 per cent., or 1 in500. From 
the geological profile it will be seen that the sum- 
mit level of the tunnel (1154 metres) is 290 metres 
below Andermatt, 960 metres below the hospice, or 
summit of the St. Gothard Pass, and 1707 metres 
or 5600 ft. below the summit peak of the St. 
Gothard ‘‘ massif.”” Assuming that the tempera- 
ture below the surface of the earth increases at the 
rate of 1 deg. Cent. every 32 metres (1.7 deg. Fahr. 
every 100 ft.), and assuming the temperature 
on the summit peak to be zero, the maximum 
temperature at the depth of the tunnel corresponds 


to a = 53 deg. Cent., or 122 deg. Fahr. By 


the use of the ventilating machinery, the tempera- 
ture during the works did not exceed 30 deg. 
Cent., or 86 deg. Fahr., whilst in the completed 
tunnel, the maximum temperature even in summer 
does not exceed 22 deg. Cent., or 70 deg. Fahr. 
As regards the comparative length and cost, and 
the rock formations of the principal Alpine tun- 
nels, all of which have a double line of rails, and are 
lined throughout with masonry, the data in the 
Table given above will be of interest. 

The average cost of great Alpine tunnels has thus 
been gradually reduced from 1431. to 851. per lineal 
yard, while, inversely, the rate of perforation and 
masonry work has increased from 0.5 to 16 miles 
perannum. These remarkable results are by no 
means due to the more favourable conditions of the 
geological strata in each successive case, but have 
been achieved by the great improvements made in 
the boring and ventilating machinery and other 
mechanical appliances, which not only insured more 
rapid progress of the works, but a considerable 
saving in manual labour. 

Doubling of the Line.—With the exception of the 
summit tunnel, the line was at first constructed 
single throughout; the constant increase of the 
traffic, however, soon necessitated the doubling of 
the line on the entire St. Gothard mountain sec- 
tion, viz., between Erstfeld, Goschenen, and 
Biasca. This important work involved the widen- 
ing of the formation level, bridges, and all works of 
art over a total length of 64 kilometres or 40 miles, 
viz., exclusive of stations and the summit tunnel. 
It was a work, of considerable difficulty, more 
especially as regards the iron bridges, which, owing 
to the moving test load having been increased from 
4 to 5.5 tons per metre, or 5 tons per yard, 
and the admissible tensile strain reduced to 0.8 
tons per square centimetre or 5 tons per square 
inch, had to be almost entirely reconstructed with- 
out the traffic being in any way interfered with, 
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The works were begun in 1887, but, although 10 
years had been allowed for their completion, the 
whole St. Gothard mountain section was doubled 
by the end of 1893, viz.; in seven years. It is 
interesting to note the relation which the works 
for the second line of rails (exclusive of permanent 
way) bear to those of the original first line, ex- 
pressed in per cent. : 


Doubling of St. Gothard Mountain Section, Erstfeld to 
Biasca (exclusive of Summit Tunnel and Intermediate 




















Stations). 
Quantities, Quantities. | Per Cent. of 
- First Line of |Second Line of| First Line of 
Rails. Rails. ils, 
cubic metres | cubic metres per cent. 
Earthworks and rock 
excavation.. 3,042,500 520,237 17.1 
Retaining and sus- 
taining walls | 78,460 69,517 88.6 
Tunnel excavation .. 742,000 182,940 24.6 
Tunnel masonry ..| 128,980 28,823 22.3 
Masonry for bridges 
and culverts oo| 93,600 36,361 38.8 
Iron superstructure 
for bridges za 4,564 5,229 1145 








It is seen that the complementary retaining and 
sustaining walls represent nearly nine tenths of the 
original quantities, while the complementary iron 
superstructure required 14 per cent. more than the 
original bridges. The total average is 50 per cent. 
of the quantities of work for the first line of rails. 

Cost.—In carrying out these works, Italian 
labour was almost exclusively employed, the mini- 
mum and maximum cost of work being as follows : 

















— Mini- | Maxi- Mini- Maxi- 
mum. | mum. mum, mum, 
fr. fr, £04.) £ 8. d. 
Earthworks, per cubic 
metre and yard.. om 0.80 1.75 eS). Od 
Rock excavation, per 
cubic metre and yard .. 2.60 C0! 2.91 6 88 
Dry masonry, per cubic 
metre and ya 4.00 10.00 0265; 0é61 
Rubble masonry, per 
cubic metre and yard..| 12.00 22.00 07 4] 018 5 
Tunnel ey per 
cubic metre and yard..| 16.70 25.00 010 0| O15 2 
Tunnel excavation, per 
lineal metre and yard .| 586.00 |1139.00 | 22 3 4 | 4218 4 
Tunnel masonry, per lineal 
metre and yard.. 268.00 | 569.00 916 0} 211010 
Iron bridges, per ton 
(including erection) . | 400 00 | 500.00 | 16 0 @/| 20 0 6 





The total cost of these complementary works, 
including permanent way, amounts to about 
10,000,000 francs or 400,000/., equal to 156,300 
francs per kilometre or 10,0001. per mile, which is 
very moderate, and, like the quality of the work 
done, greatly redounds to the credit of the engi- 
neering department of the St. Gothard Railway. 


(To be continued.) 





THAMES BRIDGES.—No. I: 

THE numerous bridges crossing the River Thames 
may be naturally divided into two groups, those 
within the Metropolitan area, and those beyond it. 
It is the purpose of the following articles to illus- 
trate and briefly describe the bridges of both 
groups, but without any attempt to enter into 
great technical detail. The River Thames is so 
popular a highway, alike for the purposes of busi- 
ness and those of pleasure, that it is believed such 
a series of notices will be found to possess consider- 
able interest. The Metropolitan group may be 
considered, for the sake of convenience, to extend 
from the Tower to Richmond, and over this short 
distance there are no fewer than 28 bridges, many 
of them, of course, carrying railways over the 
Thames. They are as follows: 1. The Tower 
Bridge. 2. London Bridge. 3. Cannon-street, 
South-Eastern Railway. 4. Southwark. 5. Black- 
friars, London, Chatham, and Dover Railway 
(arched bridge). 6. Blackfriars, London, Chatham, 
and Dover (parallel girder bridge). 7. Blackfriars, 
road bridge. 8. Waterloo. 9. Charing Cross 
(South-Eastern Railway and footbridge). 10. West- 
minster. 11, Lambeth. 12. Vauxhall. 13. Railway 
bridge of the London, Chatham, and Dover, and 
London, Brighton, and South Coast, Railways. 
14. Victoria (Chelsea) suspension bridge. 15. 
Albert suspension bridge. 16. Battersea Bridge. 
17. Battersea railway bridge (West London Exten- 
sion). 18, Wandsworth.. 19. Putney railway 
bridge (Metropolitan District), 20. Putney road 
bridge. 21. Hammersmith. 22. Barnes New 
Bridge (London and South-Western Railway). 23. 
Barnes Old Bridge (London and South-Western 


° 


Railway). 24. Strand-on-the Green (London 
and South-Western Railway). 25. Kew. 26. 
Richmond Weir bridge. 27. Richmond (London 
and South- Western Railway). 28. Richmond 
road bridge. 


I.—Tur TowrEr Bripce. 


Those of our readers who are desirous of informa- 
tion on the constructive details of the Tower 
Bridge we refer to previous issues of ENGINEERING, 
and to the admirable volume of Mr. J. E. Tuit, 
engineer to Sir William Arrol and Co., contractors 
of the bridge,* from which we have drawn some of 
the following information. 

For many years the need of increased cross-river 
accommodation in the heart of the City, and espe- 
cially east of London Bridge, had been growing 
more and more imperative. A quarter of a cen- 
tury ago committees were appointed to consider the 
expediency of widening London Bridge, but fortu- 
nately nothing was done in that direction. Every- 
thing pointed to the erection of a bridge in the 
vicinity of the Tower, to accommodate the vast and 
crowded districts on both sides of the river, about 
Bermondsey on the one hand and the docks on the 
other. The proprietors of riverside properties, the 
controllers of other vested interests, and those con- 
cerned in the river navigation, did not approve of 
any such new bar across the Thames, and their 
influence was sufficient to rouse powerful advocates 
for a tunnel instead of a bridge. As long ago as 
1865 there was much agitation for one means of con- 
nection or the other, being made. The pressing need 
was there, and the money was there ; before these 
two factors, opposition was powerless, except tocause 
delay, and by virtue of this opposition, and from 
other causes, some 20 years passed before the 
Prince of Wales laid the foundation stone on June 
21, 1886. One year before, the Bill for the erection 
of the Tower Bridge, had become law, but several 
previous years had been taken up in prepara- 
tion for the final scheme. It may be assumed 
that about 15 years were occupied in proposing 
and rejecting various plans; we need only glance 
very rapidly at the chief of these.t There was in 
1876 the proposal of Mr. (now Sir) George B. 
Bruce for a sliding bridge, of great width and many 
supporting piers, so that the navigable channel could 
be opened and closed by the hauling to and fro of the 
bridge platform. There was a plan by Colonel 
Heywood, engineer to the City Commissioners of 
Sewers, in 1867. In 1878, the City Architect sub- 
mitted the plans for a low-level bridge, and the same 
year Mr. Henry Vignoles put forward a scheme that 
possessed much originality. It was for a high-level 
structure, with 85 ft. clear headway in the centre, at 
low water, with piers 300 ft. apart spanned by parallel 
girders. The novelty of this project lay in the 
method of approaching the platform on each side. 
This was by a spiral road winding around a huge 
block to be utilised as might have been later found 
expedient. Nothing came of this, nor of the pro- 
posal by Messrs. Le Fevre and Co., who deposited 
plans in 1876, and actually paid the Standing Order 
deposit of 10,0001. Sir J. W. Bazalgette’s project 
was of a more serious and earnestly-contested cha- 
racter. It was fought for a long while in Private 
Committee during July, 1879, the investigation 
having lasted 25 days, during which time 115 wit- 
nesses gave evidence, and many eminent counsel 
were kept busy. The scheme, under the most 
favourable auspices, could not have withstood 
the opposition, chiefly directed against the in- 
sufficient headway, but the inquiry was brought te 
an end unexpectedly, and in a somewhat dramatic 
manner. { 

Sir Joseph Bazalgette proposed a single arch 
850 ft. span with a suspended roadway, giving 
a clear height above rm game of 65 ft. for a 
distance of 600 ft. The same year, 1879, a 
design was submitted by the late A. J. Sedley, 
on the cantilever principle with which his name 
was 80 closely associated ; the spans suggested were 
760 ft. for the centre, and 150 ft. for the side spans ; 
the headway for passing ships was 85 ft. above low 
water. In 1883 the London Chamber of Commerce 
aroused public interest by holding an exhibition of 
designs ; 11 of such were sent in, some for bridges, 





* “The Tower Bridge: Its History and Construction, 
from the Date of the Earliest Project to the Present 
Time.” By J.E. Tuit, M. Inst. C.E., London: Office of 
The Engineer, Norfolk-street, Strand. ye. 

+ Vide ENGINEERING, vol. xxiii., page 35; vol. xxviii., 
pages 56 and 75; vol. xxxv., page 159; vol. xxxix., page 
64; vol. xl, page 405; &c. 





+ See ENGINEERING, vol. xxviii., pages 56 and 75, 


others for tunnels, and one at least for a platform 
travelling on rails laid in the bed of the river.* 

The + So of Messrs. Kinipple and Morris, sub- 
mitted to the Bridge House Estate Committee in 
1884, was one of exceptional merit. It was fora 
low-level bridge in three spans of 250 ft. each. 
The two piers were large enough to contain 
the turning mechanism for the halves of the 
central span, which was to be swung for the passage 
of ships, and hydraulic elevators communicating 
with a tunne] connecting the piers when the swing- 
ing span was opened. The estimated cost of this 
work was 500,000/., and we think that no proposal 
has been made that so admirably fulfilled the 
existing conditions. t 

The year 1884 was an eventful one in the history 
of the Tower Bridge, for besides the plan of Messrs. 
Kinipple and Morris, several other schemes were 
put forward ; those of Messrs. Ordish and Ewing 
Matheson ; of Bell and Miller, and of the Metro- 
politan Board of Works for a proposed double sub- 
way. In the same year the Corporation of the 
City of London, after appointing Mr. J. W. Barry 
as engineer, and Mr. Horace Jones as architect, 
decided to apply to Parliament for powers to con- 
struct a bridge without further delay. The esti- 
mated cost was 750,000/., and the design was sub- 
stantially that which has been carried out. The 
Bill passed successfully through Committee and 
received the Royal assent in August, 1885; the 
foundation stone was laid by the Prince of Wales 
in June, 1886, and the bridge was opened for 
traffic by royalty in June, 1894. 

The general appearance of the Tower Bridge 
is well shown in the illustrations on page 8. 
For a detailed description of the work we must 
refer our readers to previous numbers of ENGINEER- 
1nG,{ and to Mr. Tuit’s boos, a.ready mentioned. 
For our present purpose a brief description will 
suffice. The distance between the faces of abut- 
ments is 880 ft. The height to be overcome by the 
approaches on both sides is insignificant, as the 
clear headway at high water is 23 ft. on the north, 
and 20 ft. at the south, side. This involved via- 
ducts rising from the ground by easy gradients, 
1000 ft. with gradient of 1 in 60, and 800 ft. of 1 in 
40, on the two sides respectively. These are on 
brick arches about 15 ft. span and 60 ft. wide (35 ft. 
of roadway and two side-walks of 12 ft.6in.). This 
is approximately the width of the platform of the 
two side spans of the bridge, the centre one being 
reduced to 49 ft. The approach grades are practic- 
ally continued on the side spans (1 in 674 and 1 in 
33 respectively), extended to the centre by an 
incline of 1 in 893, which gives a clear headway in 
the middle of the bridge of 29 ft. 6 in. at high 
water when the span is closed. There are three 
spans, the side ones being of 270 ft., and the centre 
200 ft. ; the remainder of the space is occupied by 
two piers, each 70 ft. wide. The size of the 
pier foundations resting on the clay is about 
200 ft. by 100 ft. ; the maximum load to be carried 
on each pier is about 70,000 tons, and as the load 
on the clay was limited to 4 tons per foot, the 
unusual size was necessary. The piers were formed 
by means of caissons sunk toa depth of 19 ft. below 
the river bed, but the clay was excavated 7 ft. 
further, and undercut 5 ft. all round. There are 
eight caissons in the rectangular part of each pier, 
four on each face; they are about 28 ft. square, 
and are placed 34 ft. apart; each group of four 
is connected at the ends by triangular caissons 
that form the foundations for the cutwater.§ By 
this arrangement a space 34 ft. by 124 ft. was in- 
closed by the caissons, and this was left undisturbed 
till the permanent work was carried up to a height 
of 4 ft. above high water. The height of the per- 
manent caissons is 19 ft. ; that of the temporary 

art attached to them was 38 ft. ; they were both 
built up of wrought-iron plate and suitable framing. 
The caissons were sunk to their final position by 
excavation and loading. Below the bed of the 
river, the whole of the foundations—the filling of the 
caissons and the spaces between, excavated later— 
consist of cement concrete. Above, it is of brickwork 
in cement, faced with granite. The construction of 
the piers above foundations was rendered complicated 
on account of the accommodation required for the 





* See ENGINEERING, vol. xxxv., page 159. 

+ For details see ENGINEERING, vol. xxxix., page 65. 

t Vide vol. lvi., pages 353, 382, 417, 448, 471; and 
vol. lvii., 852. 

§ ‘* Pier Foundations of the Tower Bridge.” By Mr. 
G. E. W. Cruttwell. Transactions of the Institution of 





Civil Engineers, vol. cxiii , part iii. 
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(For Description, see Page 7.) 
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BRAKE PRESSURE REGULATOR. 
CONSTRUCTED BY THE BRAKE PRESSURE REGULATOR COMPANY, CHICAGO. 
(For Description, see Page 12.) 








































power machinery, and the spaces occupied by the 
leaves of the central bascule span, when opened. On 
this account large voids and chambers were left in 
the piers. The total cost of the piers was 111,1221., 
equal to 2.371. per cubic yard. The elaborate 
architectural portion of the bridge is ornamental, 
not structural, and the highly ornate towers are 
only casings to contain and hide the steel framing. 
The towers really consist—both those on the 
piers and on the abutments-—of four octagonal steel 
columns, resting on granite bedstones ; these are 
built up of plates riveted to angle framing. Their 
width is 5 ft. 6 in., and their height 120 ft. ; at a 
height of 60 ft. these four columns are braced to- 
gether by girders, and by other girders higher up, 
at intervals to the top. Heavy diagonal bracing is 
introduced between these sets of girders, the posi- 
tions of which mark the levels of Jandings for the 
public. They conduct—hydraulic elevators in the 
towers serving as a means of ascent, though stairs 
are provided—to two lattice girder bridges spanning 
the opening of about 230 ft. between the piers, ata 
height of 141 ft. above high tide. These bridges, 
which are quite independent of each other, provide 
accommodation for foot passengers when the central 
Span is open; each gives a footway 12 ft. wide. 
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The towers built on the abutment are very similar 
to those on the river piers, but they are only 44 ft. 
high. The platforms of the side spans are carried 
by two braced and curved supports, that may be 
called chains for want of a better name. To these 
chains the roadway is hung by vertical rods. The 
lowest part of the chain is not in the centre of the 
span, but is nearer the abutment in the proportion 
of the difference in height of the pier and abutment 
towers. At each abutment the chains are securely 
held by anchoring girders, and between the main 
towers they are connected by plate links some 
230 ft. long, resting on the top of the upper footpath 
bridges. Each of these ties connecting the heads 
of the chains together is made of eight plates 2 ft. 
wide and 3in. thick. The bridge b gems (ex- 
cept for the centre span) is carried on girders 
placed about 18 ft. apart, and hung, as said above, 
to the suspension-rods attached to the chains. These 
girders are 61 ft. long and 33 in. deep; to them 
are framed intermediate longitudinal girders 
that carry the iron flooring. The central span is 
arranged to open on the bascule principle, and 
although on a much larger scale than has previously 
been attempted, it has been proved by many months 








of constant opening and closing, to work very satis- 





factorily. Each half of the span, weighing about 
1200 tons, is carried on a heavy trunnion shaft 
placed on the pier ; it is built up of four longitudinal 
main girders placed 13 ft. 6 in. apart, with bracing 
and intermediate girders to carry the flooring. 
The girders are carried to the rear of the trunnions, 
and inclosed to form ballast chambers, which are 
loaded, each with about 350 tons, and the construc- 
tion is so arranged that the leaf is nearly balanced 
on the turning shaft. The hydraulic machinery 
for opening and closing the bascules, for raising 
and lowering the elevators, and other purposes, 
is located in different chambers in the pier. Ac- 
cording to Mr. Tuit, there were employed in the 
construction of this bridge, 235,000 cubic feet ‘of 
granite and other stone, 20,000 tons of cement, 
70,000 yards of concrete, 31,000,000 bricks, and 
14,000 tons of iron and steel. The total cost of 
the work appears to have been about 830,000. 





THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 
(From our New York CoRRESPONDENT. ) 


THE meetings of this Society are always well 
attended, and those like that of December 4 
to 7, 1894, held in New York, are the ones 
which call out the greatest number of members ; 
but the present meeting surpassed all meetings of 
this Society in point of interest and in numbers. 
No less than 426 were registered on the book. A 
feature was brought forward by the secretary 
which, like all of his ideas, was successful in its 
application. As each man registered he received a 
badge with a number on it corresponding to the 
number on the registry book. A list was printed 
from time to time during the meeting giving these 
numbers and the name of the party represented 
by each. It proved a most convenient method of 
recognition, and was especially useful in identifying 
the new members. All that was necessary in the 
case was to compare the number on the badge with 
that on the paper, and you knew your man’s name. 
As we Americans are accused of always being in a 
hurry, it might have done for an introduction thus, 
‘¢<77,’ let me introduce you to ‘21,’” and leave 
“77” and ‘*21” to find out by the list whom they 
had the honour of meeting. The Society settled 
itself for business at the outset, and having dis- 
posed of the momentous questions involving the 
general good of the members for the future, pro- 
ceeded at once to raise their mental standard as well 
as their combative principles, by scientific papers 
and discussions. It ill becomes any writer to pre- 
sent his views on a subject to this body unless he is 
prepared to defend them in a most masterly manner, 
for he is sure to be attacked at every vulnerable or 
questionable position. Indeed, it is not infrequent to 





see an old veteran unhorsed in the tournament, and 
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to find himseif upset just where he felt most 
secure. 
TRENTON Water Works PumprnG ENGINE. 


The first paper was entitled ‘‘ Trial of a Vertical 
Triple-Expansion Condensing Pumping Engine at 
the Trenton Water Works,” by Samuel Webber, 
Charlestown, N.H., and S. S. Webber, Trenton, 
N.J. These tests were designed to prove that the 
E. P. Allis Company had complied with the terms 
of contract. The writers represented the City of 
Trenton, and J. H. Lewis, the contractors. 

The authors explained that the capacity and 
duty guaranteed by this contract were that the 
pumping engine should be capable of delivering 
into the reservoir, against a head of 120 ft., 
10,000,000 U.S. gallons every 24 hours, and 
to do this at a speed of 30 revolutions per 
minute, and show a duty of 125,000,000 foot- 
pounds for every 1000 lb. of feed-water pumped 
into the boilers ; steam to be supplied to the 
engine at a pressure of 110 pounds to the square 
inch. No account was to be taken of the fuel 
consumption ; it was, however, decided, for the 
sake of information, and from a desire to obtain 
as full data respecting the trial as could be had 
without special and elaborate preparation, to weigh 
all fuel usea during the test, indicate the engine, 
take a record of steam temperature and pressure, 
and test the quality of the steam by calorimeter ; 
and, so far as this was undertaken, the figures may 
be relied on. 

Before beginning the trial, it was agreed be- 
tween the parties interested to accept the theoreti- 
cal plunger displacement for the measure of water 
pumped, making no allowance for slip or leak of 
valves. The plungers being outside packed, all 
leakage at that point was easily prevented, and 
during the trial amounted to so little as not to be 
worth reckoning. The indicators used were in 
perfect order, and the springs had all been accur- 
ately calibrated and adjusted. All feed-water 
pumped to boilers was actually measured and 
weighed by using two tanks, filling the measuring 
tank to an overflow pipe set vertically, with sharp 
edges at orifice, and, after the water had settled to 
an exact level, the outlet valve was opened, and the 
water run entirely out into the second tank, from 
which it was pumped to the boilers. No heater was 
used. The engine ran with remarkable steadiness 
and smoothness during the trial, and every condi- 
tion prevailed to insure accuracy. 

The steam showed a percentage of moisture of 
1.25, although the writers did not consider this 
small amount of much value as affecting the 
economical performance of the engine. All the 
cylinders and receivers were steam-jacketed, the 
high pressure receiving steam from the main steam 
pipe. The valve gear was of the usual Corliss 
type with Reynolds’ improvement. The follow- 
ing are some of the dimensions of engine and 
pumps: Number of steam cylinders, three; 
diameter of steam cylinders, 204 in., 36 in., 
and 52 in.; stroke of piston and plungers, 36 in.; 
diameter of piston-rod (two at one end each piston), 
2% in.; area of piston rods (two at one end each 
piston), 4.43 square inches. Net area of steam 
cylinders : High pressure, 325.63 square inches ; 
intermediate pressure, 1013.44 square inches ; 
low pressure, 2119.29 square inches. Ratio of 
cylinders: High pressure, 1; intermediate pres- 
sure, 3.083 ; low pressure, 6.434. Cylinder clear- 
ances : High pressure, 2.05 per cent.; intermediate 
pressure, 1.97 per cent.; low pressure, 1.90 per 
cent. Number of water an agg ae -acting), 
3; diameter of water plungers, 25} in.; area of 
water plungers, 500.74 in.; displacement of each 
plunger per stroke, 18,026.64 cubic inches. Total 
displacement of all plungers per stroke, 234.11 
gallons. 





Table of Pressurcs, Temperatures, and Quantities, 
Temperature of water --y 59 deg. Fahr. 
to 


” fed 

boilers ‘ at eae - 
Average pressure | steam in 

boilers as per gauge..... 112 27 Ib. 
Average pressure steam in main 

at engine gauge 112.27 ,, 
Average pressure steam in first 

receiver gauge . 23.1 
Average pressure steam in second 

recelver gauge . — 175, 


Average vacuum in pounds as 

per gauge 12.00 ,, 
Average total head of water 

pumped against 119.62 ft. 
Duration of trial 8 hours 





Average number of revolutions 
per minute 

Total number of ‘single- plunger 
strokes 

Total weight water fed to boilers 
in eight hours ... 

Percentage of moisture in steam 
as per,calorimeter 

Average M.E.P. in high- pres- 
sure cylinder .. 

Average M.E.P. in ‘intermediate 
pressure cylinder 

Average M.E.P. in low- “Pressure 
cylinder ... ‘ ; 

Average horse- -power de- 
veloped in high-pres- 
sure cylinder 

Average horse-power de- 
veloped in intermediate- 
pressure cylinder 

Average horse power de- 
veloped in low- sansa 


30.71 
14,741 
25,295.00 Ib, 
1.25 
45.15 Ib. 
12.75 ,, 
6.95 ,, 


82.03 





cylinder .. 


Total horse-power deve- 
loped in all cylinders .. 

Table of Principal Results. 

Total foot-pounds of work done 

in eight hours ... a 

Total number of gallons pumped 


235.70 


3,442,879,215 


in eight hours ... 3,451,015 
Equivalent number of | ‘gallons 

ifted 119.62 ft. per 24 hours... 10,353,040 
Foot-pounds duty per 1000 Ib. 

feed water 136,233,000 
Foot-pounds duty per "400 Ib. 

coal burned ; 129,090,000 
Foot- pounds duty per iy ,000, 000 

British thermal units .. * 117,800,000 
Pounds of feed water used per 

indicated horse-power per hour 13.41 
Total indicated horse-power of 

epgine . 235.70 
Value in horse- power of water 

pumped . 217.35 
Friction loss of. engine and 

pumps in horse-power 18.35 
Percentage of useful effect... 92.3 
Gallons pumped per 24 hours (in 

wie of contract) .. 10,113,680 

pied gone duty per 1000 Ib. 

a ater (in terms of con- 

tract) ... as ae = 133,856,000 
Foot- + duty over and 

above terms of contract ‘ 8,856,000 


Boiler Dimensions (Kind of Boilers : Horizontal Tubular ). 


Number of boilers a8 = 3 

Diameter of shells 54 in. 

Length of shell 15 fo. 

Number of tubes .. 48 

Diameter of tubes _ 

Heating surface each boiler 

Grate area each boiler (54 in. by 
54in.) . 

Ratio of grate area to ‘heating 
surface, 34.17; kind of grate, 
Tupper, set 28 in. below 
boiler ; smoke-flue for three 
boilers, 36 by 36. 

Average temperature of flue 
during test mee ae 

Total coal consumed 
» refuse 

Net coal ‘ 

Per cent. ashes... 

Coal was Lehigh egg, and burned by natural draught 
from an iron stack 80 ft. high. 


34 in. 
779.10 sq. ft. 
20 25 sq. ft. 


350 deg. Fahr. 
2667 Ib. 
163 ,, 


Results : ; 
Actual evaporation per pound of 


coal, feed-water at 59 deg. F. 9.48 lb. 
Equivalent <a from 

and at 212 deg 11.05 ,, 
Equivalent evaporation per 

pound of combustible, from 

and at 212 deg. Ler 4 
Coal burned per hour per ‘square 

foot of grate surface ... i * ao 
Coal burned per hour per indi- 

cated horse- power “43: 
Water evaporated per hour per 

square foot of grate surface .. 44.69 ,, 
Water evaporated per hour per 

square foot of heating surface 1.293 ,, 


The results showed a very high efficiency for a 
triple engine working with so low an initial pres- 
ture as 112 lb. of steam. The vacuum, for some 
unexplained reason, did not go below 12.5 lb., and 
averaged 12 lb., while it should have averaged 
13.5 lb., and would have given much better results. 
With an initial pressure of 125 lb, a more perfect 
vacuum would have been obtained, and a greater 
efficiency. The authors considered this engine one 
of the best examples of modern high-duty pumping 
engines. 


Tests oF A TRIPLE ENGINE. 
The next paper was entitled ‘‘ Tests on the Triple 
Engine at the Massachusetts Institute of Tech- 
nology,” 


by Professor C. H. Peabody and E. P. 





Miller. This paper referred to a former one (pub- 
lished in ENGINEERING, vol. lvii., pages 794 and 
828), and was of special interest because of the late 
discussion on jacketed and unjacketed cylinders. 
The authors stated : 

‘¢ These tests are divided into three series in the 
Table appended to the paper : 

‘* Tests 1 to 8 had steam in the jackets on the 
heads of the three cylinders only. 

‘Tests 9 to 18 had no steam in any jacket. 

‘*Tests 19 to 21 had steam in the jackets on 
the heads and barrels of the three cylinders. 

‘* Steam was not admitted to the jackets or in- 
termediate re-heaters on the intermediate receivers, 
in any of the tests. 

‘The first two series are naturally the most 
interesting ; the third series of three tests was 
made to establish a comparison between the pre- 
sent condition of the engine and the condition in 
1892. In the interim the cases of certain large 
valves and the heads of the receivers have been 
covered with non-conducting material.”’ 

The author stated the conclusions and appended ° 
a Table, in which the results are summarised. 

‘*Two remarkable, and to us unexpected, conclu- 
sions appear to come from our tests on jacketing : 
1. That there is comparatively little effect from 
jacketing the heads of the cylinders of our engine. 
2. That the gain from jacketing is less for very 
short cut-off than for a cut-off at 30 per cent. on the 
high-pressure cylinder, at which our engine finds 
its minimum consumption.” 

The high reputation of Professor Peabody as an 
investigator led to special interest in this paper. 


Tue Leavitt Pumpine ENGINE. 


‘*The Trial of the Leavitt Pumping Engine,” by 
Mr. F. W. Dean, was of double interest, first be- 
cause of Mr. Leavitt’s well-known and international 
reputation, and again on account of Mr. Dean’s 
standing as one whose tests are always to be 
relied on from the skill of the investigator and 
the care taken in the tests themselves. The test 
itself was quite remarkable, the engine running 144 
hours and 10 minutes without stop, which is the 
longest test run on record, and Mr. Dean believed 
it the most economical compound engine ever 
tested. The engine had been running for nearly a 
year previous to the test, and the piping and 
cylinders were thoroughly covered with non-con- 
ducting material. Indicator cards were taken every 
hour throughout the 144, and great care was used. 
The scales of the indicator springs were also tested. 
The result is phenomenal, and is of great interest at 
the present time on account of tests of some recent 
high-expansion engines with cylinder ratios of 7 to 
1. It also has great interest in showing how closely 
reached by this engine are the records of many 
triple-expansion engines. The writer believes, 
however, that a triple-expansion engine designed 
on the same lines will lower the steam consumption 
by a paying percentage. 

The engine referred to is pumping engine No. 3 
of the Louisville Water Company. It is of the 
well-known Leavitt type, having two vertical in- 
verted cylinders, the piston-rod of the high-pres- 
sure cylinder being connected ‘~~ links to one end 
of a beam, and the low-pressure similarly to the 
other end of the beam. The main shaft is at one 
end of the engine, and the connecting-rod passes 
from a pin in the upper part of the beam to the 
crankpin. The steam pistons have opposite 
motions in consequence of this arrangement, and 
the exhausts from the ends of the high-pressure 
cylinder pass to the corresponding ends of the low- 
pressure cylinder. There are two reheating re- 
ceivers between the cylinders, composed of small 
brass tubes, inside of which is live steam of boiler 
pressure, the exhaust steam passing in contact with 
the outsides of the tubes. Both cylinders are 
steam-jacketed on heads and sides with steam of 
boiler pressure. 

Each steam cylinder is provided with four grid- 
iron valves operated by Leavitt cams. The point 
of cut-off in the high-pressure cylinder is automa- 
tically determined by a ball governor, but that of 
the low-pressure cylinder is fixed. The engine is 
of the most massive character, the weight being far 
greater than that of any other pumping engine of 
the same capacity. The pumps are located 
directly under the engine, and the plungers are 
connected to the beam at such points that while 
the stroke of each steam piston is 10 ft. that of 
each pump plunger is 7 ft. The plungers work 
vertically and are of the differential type, being 
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single-acting on the suction and double-acting on 
the discharge. The engine is provided with a sur- 
face condenser and vertical double-acting air pump. 

On account of the rise and fall of the Ohio River, 
the bedplate of the engine is placed above the 
highest high-water mark, while the bottoms of the 

umps are sufliciently low to take water at the 
owest stages of the river. The distance from 
the bottoms of the pumps to the bottom of the bed- 
plate is 61 ft. 

The trial consisted of ascertaining the duty by 
weir measurement at the reservoir, and nearly or 
quite all other data of interest. That part of the 
trial relating to the engine only will be here de- 
scribed. The engine is worked by steam of 140 Ib. 
gauge pressure at the boilers, and this is conducted 
through 180 ft. of steam pipe, well covered, to the 
engine. At the engine the total loss by con- 
densation in this pipe and priming of the boilers 
amounted to 2355; per cent., and all of this but 
0.55 per cent. was thrown out by a separator. The 
steam pressure at the engine, near the high-pressure 
cylinder, fell to 137 lb. by gauge. 

At the beginning of the trial the steam pressure 
in the two boilers used was at about 90 lb., and 
just before starting the engine the water level was 
marked in both boilers. Immediately after stop- 
ping the engine, 6 days 10 minutes later, the same 
pressure and water levels existed. 

From the total weight of steam entering the 
steam pipe there have been deducted the steam 
used by the calorimeter and the water removed by 
the separator. In the appropriate places the 
moisture shown by the calorimeter was deducted, 
viz., wherever results are stated in terms of dry 
steam. 

This engine is, both in design and results, in 
striking contrast with the Rockwood-system engine 
described in the writer’s other paper, as shown in 
the following Table : 


Engine. Leavitt. Rockwood. 

Steam pressure absolute Ib. 151.60 175.50 
Vacuum ... as in. 27.7 25.3 
Ratio of expansion... ... 20.40 33.00 
Number of revolutions pe 

minute ... ai oe cos, SOE 76.4 
Length of stroke ae 10 4 
Piston speed per minute » «871.5 611.2 
Cylinder ratio ... es 4tol 7 tol 
Drop between cylinders Nore — 

14 lb. 

Dry steam per indicated horse- 

power per hour «. Ib. 12.156 12.84 
Difference in favour of Leavitt 0.684 lb. 

= 5.3 per cent. 


This comparison shows very clearly that the 
ratio of 7 to 1 does not necessarily produce as 
economical results as a ratio far removed from it, 
even with the additional advantages of 24 lb. more 
steam pressure, 1.6 times as many expansions, four 
times as many reciprocations per minute, and twice 
as great piston speed. It emphasises the fact that 
a drop in pressure between the cylinders is un- 
necessary and undesirable. 

It is the author’s opinion that in order to use 
steam in the most economical manner in a multiple- 
expansion engine, the expansion must be continu- 
ous throughout the series of cylinders (that is to 
say, there should be no drop between the cylinders), 
and that compression should be carried up to the 
initial pressure in each cylinder. These features 
have been employed to the fullest extent in the 
Leavitt engine, which formed the subject of this 
paper, and the result has surpassed all records for 
economy of engines of its class. 

Mr. Dean, it should be stated, was employed by 
the Louisville Water Company. The contract 
capacity of this engine was 16,000,000 gallons. The 
saine author presented a paper entitled, ‘‘ Trials 
of a Recent Compound Engine with a Cylinder 
Ratio of Seven to One.” 

This ratio was held to possess special virtue, and 
it is partially on this account the test possesses 
particular interest. The following are the leading 


dimensions : 

Diameter high-pressure cylinder, hot 18.44 in. 
” low ” i 48.50 ” 
<i high ,, piston-rod... 3.25 ,, 
”» Ow ” ” eee 4.25 ” 

Stroke of both pistons... cat a 48.00 ,, 

Mean ratio of piston areas... 7tol 

»» high-pressure clearance 2# per cent. 


” Ow ” ” woe 2 ” 

The engine is a horizontal cross compound, with 
the high-pressure cylinder jacketed all over, and 
the low-pressure cylinder on the heads only. There 
was a re-heater between the cylinders. In the 





author’s judgment the jackets were badly piped, 
and it is doubtful if the jacket circulation was good. 
The re-heater was quite deficient in heating surface. 
The condenser was of the injector type, made by 
the builder of the engine. The vacuum was de- 
fective, although very cold. water was used. The 
engine was 400 ft. from the boiler, which was of 
the Babcock and Wilcox make, but as the pipe 
and flanges were well covered, the condensation 
was not excessive. Examinations showed the 
pistons and valves to be tight. The feed-water 
was weighed upon correct scales, and was pumped 
by a geared pump. The boiler was entirely 
separate from others in the same plant, and all 
connected pipes which could carry unmeasured 
water or steam to, or from, the plant, were dis- 
connected or blanked. There were no leaks either 
in the economiser or boiler, and in the second test 
here described, the economiser was not in use. 

In the engine-room, indicator diagrams were 
taken by two indicators on each cylinder every 
20 minutes, the power being very uniform. A 
calorimeter was attached to the main steam pipe 
near the high-pressure cylinder, and just before it 
there was located a steam separator. The condensa- 
tion from this separator was kept at a constant 
height in a water glass, and the water drawn off 
was weighed by running it into a tank of cold 
water. The re-heater and jacket condensations 
were under control, and were kept at a visible 
and constant height in a glass tube, thus insuring 
no waste of steam. The following is a brief tabula- 
tion of the results : 

Jan. 26, Jan. 27, 


Date, 1894. pm. am. 
Duration of trials ... hr. 43 5 
Average steam pressure near 
engine ie ea en 1 159 158 
Average vacuum ... os mm 24 2 
~ ratio of expansion by 
volumes... ae oxi .. 330 33.4 
Average number of revolutions per 
minute... “3 .. 76.357 76.603 
Average piston speed, feet per 
minute a tee eee ... 610.86 612.82 
Per cent. of moisture in steam near 
cylinder... fee per cent. 1.90 1.75 
Total dry steam used .. Ib. 34,089: 37,677 
Average indicated horse-power ... 594.79 582.21 
Dry steam used per indicated 
horse-power per hour Ib. 12.74 12.94 
Average dry steam used per indi- 
cated horse-power per hour Ib. 12.84 lb. 


It will be seen that these results show a very 
economical use of steam, and far less than has 
heretofore been thought possible with compound 
engines. If the vacuum had been 28 in., the steam 
consumption might have been as low as 12.36 lb. 
on January 26, p.M., and 12.601b. on January 27, 
A M., if this had not given rise to any unfavourable 
set of thermodynamic conditions. The average of 
these two is 12.48 lb. 

Mr. Rockwood discussed the papers, and ques- 
tioned if Mr. Dean’s claim of 5.3 per cent. could 
be allowed as a true comparative economy. His 
argument dealt largely in the ‘‘if” side of the 
question ; in other words, abounded in hypotheses 
—if this had been so, and that had been otherwise, 
the result would have been different. This is the 
usual argument in ‘‘ Bumblepuppy” whist, and 
consists in placing the cards to suit an unjustifiable 
play. Had A held this, and B that, which they 
might have done, but unfortunately did not, then 
the play would have won. In the present case it 
was indicator cards and not playing cards. The 
author closed by the statement that the Louisville 
engine had broken all previous records, which was, 
perhaps, an axiom. 

(Zo be continued.) 





THE TWIN-SCREW YACHT ‘ GIRALDA.” 

Tur twin-screw yacht Giralda, which the Fairfield 
Shipbuilding and Engineering Company, Glasgow, 
have recently completed for Mr. Hugh Methianaah, is 
away on a cruise on the Mediterranean. The yacht 
is remarkable in several respects, combining the 
principal features of a pleasure craft and a cruiser. 
Speed and coal endurance being a first consideration, 
the machinery naturally is of most interest, and on 
our two-page plate we give three engravings, which 
ulustrate clearly the main engines. ‘Lhese are of the 
high-speed type, and it is interesting to note that not 
only has Mr. Laing designed, and the Fairfield Com- 
pany constructed, the fastest merchant steamer, but 
also the fastest pleasure craft, for the Giralda on trial 
on the Clyde made 20.9 knots, the power developed 
being 8500 indicated horse-power, with the engines 
running at 220 revolutions. 

The propelling machinery illustrated consists of 





two sets of triple-expansion engines, each set having 
four cylinders working on feur cranks. Each set has 
one high-pressure — 25 in. in diameter, one inter- 
mediate-pressure cylinder 40in. in diameter, andtwolow- 
pressure cylinders 45 in. in diameter, all adapted for a 
stroke of 2 ft. 3in. The high-pressure cylinders are 
each fitted with a piston valve, and the intermediate 
and low-pressure cylinders with a flat slide valve, all 
being worked by the ordinary double eccentric and link 
motion valve gear. The cylinder covers and pistons 
are of cast steel, made by Sir Joseph Whitworth and Co. 
The reversing gear is of the all-round type, with 
worm and wheel gear worked by a small steam engine. 

The condensersareconstructed of sheet brass, separate 
and distinct from the main engines, and placed in the 
wings of the ship. The condensing water is supplied 
by two large —a engines with pumps of brass 
supplied by Messrs. W. H. Allen and Co., Bedford. 
The main and auxiliary feed pumps are separate and 
distinct from the main engines, and were supplied 
by Messrs. G. and J. Weir. Two fire and bilge en- 
gines are also fitted in the engine-room, made by 
Messrs. Mumford, Colchester. A large yes 
for feed water make-up is fitted, and was supplied by 
Messrs, Caird and Rayner, London. The shaft for each 
engine consists of two pieces, each with two double- 
throw cranks, and, together with the tunnel shafting, 
is hollow, and all forged by Sir Joseph Whitworth and 
Co., Limited, of their fluid preesed steel. The pro- 
pellers are fitted with blades of bronze. The crank 
and thrust shafts are 10? in. in diameter, and the pro- 
peller shaft 11 in., all with a 5-in. hole. 

Steam is supplied by three double-ended and two 
single boilers made entirely of steel, having a total 
of 16 ribbed furnaces, and constructed for a working 
pressure of 170 1b. persquare inch. They are 12 ft. 1 in. 
m diameter, the double-ended being 18 ft. 3 in. long 
and the single-ended 16 ft. They are adapted to work 
with moderate forced draught and closed stokeholds, 
The boilers are fitted in two separate boiler-rooms, 
and arranged with one large funnel, air being — 
by ventilators for natural draught and fans for forced 
draught. The stokeholds are fitted with See’s patent 
ash-ejectors. The machinery and fittings are of alight 
description, steel and brass being largely used. 

The dimensions of the Giralda are : Length over all, 
312 ft. ; length on load water line, 275 ft. ; extreme 
breadth, 35 ft. 14 in.; and depth, 19 ft. ; the yacht 
measurement being 1508 tons. The deck erections 
consist of a topgallant forecastle, large midship house 
160 feet long, and a small wheel-house aft. In the 
midship house are situated the public rooms—the 
drawing and dining rooms at the after, and the smoking 
room at the fore, end—all communicating with e~ ch 
other by an enclosed passage running along the -:»r- 


board side of the casings. The deck in \ rt- 
ments and the corridor is entirely cove oak 
parquetry, and the rooms are framed wu , «aelled 


in solid hardwood, satinwood, oak, &c., varied in each 
apartment with furniture and upholstery to harmonise. 
The sleeping accommodation is all arranged on the 
lower deck, the height between decks being 9 ft. 6 in. 
Forward of the boiler space are four large cabins enter- 
ing from the vestibule abaft the smoking-room on the 
main deck, and abaft of engine space are the owner’s 
cabin and another large state-room. All these cabins 
are substantially framed in mahogany, with light silk 
in the panels. The framing has been enamelled white 
throughout, thus giving the occupants all the advan- 
tage of the light which is here admitted by large side- 
lights, with stained-glass lanterns on the inside, and 
also from skylights on the deck. Neat fireplaces, with 
white metal grates, have been fitted up in all the publ:c 
rooms and in the principal state-rooms, the other 
apartments being comfortably heated by means of 
steam apparatus. Two upright grand pianos have 
been supplied, one being placed in the drawing-room 
and the other in the owner’s state-room, on the cabin 
sole, each with case made to harmonise with the sur- 
rounding framing. All the apartments are furnished 
and upholstered in elegant style, with brass or hard- 
wood bedsteads, wardrobes, chests of drawers, writing 
tables, chairs, couches, &c. ; the floors covered with 
Axminster or Turkey carpets and rugs, silk curtains to 
windows and beds, and, in fact, everything which can 
be expected to assure the perfect enjoyment of a cruise. 

There is a complete system of water-tight compart- 
ments cutting off the engines from the boilers, and 
dividing one set of boilers from another. Only in some 
bulkheads have doors been provided, and these can be 
closed from the main deck. The coal bunkers com- 
pletely surround the boiler-rooms, and the side bunkers 
are carried inwards over the top of the boilers to the 
height of the upper deck, and along the whole length 
of the engine space, The side plating is $$ in. and 
+ in. thick, and the bottom plating is mostly }4 in. 
thick. The frames are formed a heavy channel 
bars, spaced 2 ft. apart, and the floors to every 
frame are § in. thick. The bulkheads forming the 
water-tight compartments and the coal bunkers are 
all 48 in. in thickness. The vessel is built of steel 
throughout. Two Gardner guns and four Hotch- 
kiss guns, with two electric search lights of Admiralty 
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pattern, add to the resemblance to an amateur cruiser ; 
and her crew of 60 naval reserve men, procured from 
the Orient service, with Mr. McCalmont himself as 
commander, with a master’s certificate, encourage 
the idea that, although a private yacht, the Giralda 
may be regarded as at any time available as an Ad- 
miralty despatch boat. She hasa coal-carrying capacity 
enabling her to make a voyage of over 3500 nautical 
miles at a speed of 15 knots, or of nearly 6000 nautical 
miles at a speed of 12 knots. She is lightly rigged 
with three pole masts and fore-and-aft sails, with one 
yard on the foremast. 








SPECIAL PLATE-BENDING ROLLS. 

Tue plate-bending rolls which we illustrate on this 
page have been constructed by Messrs. Rushworth and 
Co., toolmakers, Sowerby Bridge, for a large ship- 
building firm in Germany, and are specially intended for 
mast-making. The rolls are 14 ft. long between the 
stands, and are self-contained on a heavy cast-iron bed- 
mente thus requiring but little in the way of masonry 
oundations. They are driven by a steam engine 
having a 12-in. cylinder, which is bolted to the roll bed- 
plate at one end. The gearing between the crank- 
shaft of this engine and the rolls is cast with teeth 
shrouded to the pitch line. The reversal of the motion 
is effected by bevel gearing and friction clutches, the 
latter being operated by the capstan wheel shown 
above the engine. The top roll is of forged steel, and is 
13 in. in diameter. The left-hand bearing is fitted in 
a swing frame, so that plates can easily be removed 
even when rolled to a complete circle. The bottom 
rolls are 114 in. in diameter, and are stiffened by three 
supporting rollers placed at the centre of their length 
= shown. The weight of the machine complete is 

8 tons. 





AN INDOOR INDUSTRIAL LAMP. 

For use indoors, where the large industrial oil lamps 
are in general out of place, Messrs. A. C. Wells and 
Co., of 102, Midland-road, St. Pancras, have recently 
introduced the lamp which we illustrate on this page, 
Figs. land 2. The lamp shown gives a light of 100 
candles, and will burn for 12 hours, its oil reservoir 
containing about four pints of oil. This reservoir is of 
steel, and is annular, sliding on a central tube. By 
pressing on the springs shown at the bottom of the 
lamp in Fig. 1, this reservoir can be lowered into the 
position shown in Fig. 2, in which it will be seen that 
the burner is quite clear of the chimney, and so the 
wick can be trimmed without trouble. The height of 
the wick—which, as will be seen, is of the circular type 
—is regulated by rotating the milled edge shown just 
above the reservoir. When trimmed and lighted, the 
reservoir is raised up again to its proper position, and 
the flame turned up to its full height. The air supply 
for the flame is drawn through a central tube, and is 
highly heated before reaching the flame. The windows 
in the metal chimney are “‘ glazed ” with beautifully 
clear mica, which is, of course, not liable to be cracked 
by the heat, nor to be broken by any moderate amount 
frome usage. Fixed on the chimney is a reflector 
18 in. in diameter, of stamped steel, enamelled white. 
This acts very perfectly in preventing the escape of 
light upwards, and is, of course, unbreakable. The 
lamp is intended to burn ordinary petroleum or 
kerosene. 
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BRAKE PRESSURE REGULATOR. 

CONSIDERABLE trouble is often experienced, particu- 
larly in hilly countries, with the skidding of railway 
wagon wheels, which wears flats in the tyres. To 
reduce this skidding, the American Master Car 
Builders’ Association some years ago drew up a set 
of rules limiting the brake pressure on the wheels to 
70 per cent. of the weight of an unloaded car; and 
these regulations have been very commonly worked 
in the States. It is obvious, however, that this pres- 
sure must either be too little for a loaded car or too 
great for a light one—a defect which is of the greater 
consequence when the small tyre of the American 
freight cars, as compared with the Joads they are 
designed to carry, is taken into consideration, For 
this reason the Brake Pressure Regulator Company, 
of Chicago, have introduced an arrangement of brake 
gear, in which the braking pressure is automatically 
varied in direct proportion to the weight on the wheels 
of the car, This arrangement, which was exhibited in 
the Transportation Department of the World’s Colum- 
bian Exposition, Chicago, is illustrated on page 9, 
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where Fig. 1 shows the device in elevation and Fig. 3 
on plan, whilst the other engraving shows enlarged 
details. 

The weight of the car, in place of resting directly 
on the bolsters of its bogies, is transferred to these 
through a lever (see v, Fig. 3), one end of which is 
fixed to the body of the car, whilst the other engages 
with the shorter arm of a bellcrank lever, the other 
arm of which forms an abutment for the pull of the 
brake rods. The effect of this is, that, when the 
brakes are put on, the pull of the brake rods tends to 
lift the car, as well as to press the brake blocks on 
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the wheels. If the car is lightly loaded, the greater part 
of the pull of the rods will be taken up in lifting the car 
body as aforesaid, and the pressure of the blocks on the 
wheels will be correspondingly relieved. With a loaded 
car the pressure on the wheels must be greater before 
the car body can be lifted. The arrangement of the gear 
is clearly shown in Figs, 1,2, and 3. Referring to this, 
it will be seen that the rod from the brake cylinder is 
coupled to a triangular lever B, which is coupled by 
a jointed link D to the main brake lever G ; when the 
brake piston begins to move, the link D being attached 
to the outer end of the triangular lever, moves much 
more me than the piston, and during this motion 
the slack between the brake blocks of the wheels is 
taken up. This done, the pin connecting the two parts 
of the link D falls into a semicircular notch in the tri- 
angular lever, and during the rest of the motion the 
main brake crank D moves at only about the same rate 
as if it were coupled direct to the brake piston. There 
is thus first a rapid motion of the brake gear, during 
which the slack is taken up, followed by a slower 
motion, during which the pressure is applied to the 
wheels, The main brake lever is coupled to equalising 
beams at each of the trucks, as shown. The longarms 
of the bellerank levers already mentioned form the 
fulcra for these beams, and hence, in putting on pres- 
sure, these fulcra will give unless the weight on each 
truck is sufficient to overcome the pull. Details of these 
bellcranks, showing the connection to the levers trans- 
ferring the weight of the car to the trucks, are shown 
in Figs. 4 and 5. Bysuitably proportioning the brake- 
block levers, the pressure on the brakes can, it will be 
seen, be adjusted to any desired percentage of the 
weight on the trucks. As shown at the Columbian Ex- 
position, the cars fitted with the device had dynamo- 
meters fixed at the points indicated in Fig. 3, by means 
of which the pressure on the brake blocks could be deter- 
mined. Small trucks, loaded with pig iron, were placed 
on the car platform, and by running these over one or 





other of the bogies, the increase in the brake pressure 
with the load was clearly indicated on the gauges con- 
nected to the dynamometers. A section through one of 
these dynamometers is shown in Fig. 6; it consists 
simply of an oil cylinder fitted with a ram, the tightness 
of which is insured by double leather packings. When 
the brake was put on, the oil in the cylinder was sub- 
jected to pressure, the degree of which was indicated 
in an ordinary pressure gauge fixed on the car. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Yorkshire Miners’ Association. —The annual meeting of 
this Association has this year occupied two days 
Amongst the officers elected for the ensuing year were 
the following: Mr. E. Cowey, president; Mr. J. Wads- 
worth, vice-president; Messrs. W. Annables, M. Monk, 
G. H. Woodhouse, and J. Walsh, representatives on the 
joint board of owners and men; Messrs. G. R. Simson, 
F. Bown, G. Nolan, J. Macmillan, G. Senior, T. 
Phillips, G. R. Moulson, and G. Halton, members of the 
executive committee. 


New Steel Works at Chesterfield.—It is stated that Mr. 
Clench, of Lincoln, intends to lay down an extensive steel 
works at Chesterfield. Test holes are being sunk on land 
beyond Horn’s Bridge to see if the foundations are suffi- 
ciently strong to bear the weight of heavy plant and 
buildings. By the time the East and West Railway is 
open the face of Chesterfield will be completely changed. 
The high embankments and tremendous bridges have 
already altered the appearance of the lower portions of the 
borough. A very large number of new houses is being 
built on every side. The commercial future of the town 
is evidently a bright one, although some of the coal mea- 
sures on the Dronfield side are becoming exhausted. 


Throwing Down the Gauntlet.—At a meeting of the 
Yorkshire Miners’ Association held on Saturday, Mr. 
Pickard remarked the council were surprised to 
hear that Mr. George Blake Walker, managing 
director of the Wharncliffe Silkstone Colliery, had 











intimated that he intended to stop a large number 
of the workmen at the pit, and also that the 
same gentleman was connected with a neighbouring 
colliery where they had ‘‘noticed” 49 men to leave 
their work. He did not know whether Mr. Walker in- 
tended to throw down the gauntlet, not merely at his 
own colliery, but at the Lidgett pit, with which he was 
connected. If it was the intention of that gentleman 
to take the initiative in again stopping the men, the 
officials feared it would mean the stopping of all firms, 
because it would pay the Yorkshire Miners’ Association 
better to have all stopped than to have men not know- 
ing where to go to obtain employment, They did 
not object to a colliery proprietor “ noticing” men to 
leave their work, but when certain sections were singled 
out and the remaining portions were at work, it appeared 
to be done with the underlying motive of creating more 
competition for the remainder of the work to be done, 
thus bringing about local reductions. 


Tramways at Halifax.—The Halifax branch of the 
United Kingdom Travellers’ Association has passed a 
resolution urging on the council of the city to take the 
question of tramways into consideration at an early date, 
believing that tramways will tend to keep in the town 
trade that is now being diverted through inadequate 
travelling accommodation. 


Trade.—The large works of the district are now recom- 
mencing operations, but there appears to be no pressure 
of orders at present, excepting in the armour-plate de- 
partment. Very poor reports are coming in from the 
coal districts, at least half the collieries being on half 
time, and lower rates prevailing for all classes of fuel. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBRoucH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was no 
market here, and er | there was little or nothing doing, 
Holiday-making is still pretty general, and pemenslecte 





the fixing of quotations is somewhat difficult. About 35s, 
is the price of No. 3 g.m.b. Cleveland pig iron, and that 
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figure has been paid for early delivery. The lower quali- 
ties are quiet, the supply being abundant. No. 4 wwe 4 
can be bought at 34s. 3d., and grey forge at 33s, 3d., bot 
for early delivery. East coast hematite pig iron keeps 
quiet, and there are ——— that present market 
quotations are below cost of production. For Nos. 1, 2, 
and 3, 42s. 6d. is a, named ; and though some 
firms hold out for a rather higher figure, business is said 
to have been done at even rather less. Rubio ore is 
about 11s. 104d. delivered here. 


Manufactured Iron and Steel.—The manufactured iron 
and steel industries change very iittle. Competition for 
new work is keen, and orders are difficult to obtain. 
There are sellers at the following prices: Common iron 
bars, 4/. 17s. 6d. ; best bars, 5/. 7s. 6d. ; iron ship-plates 
and steel ship-plates, each 4/. 15s. ; and iron ship-angles 
and steel ship-angles, each 4/. 12s. 6d.—all less the usual 
24 per cent. discount for cash. Heavy sections of steel 
rails are 31. 12s. 6d. net at works. 


Middlesbrough Shipments.—The Customs’ returns of the 
shipments of pig iron, manufactured iron, and steel from 
the port of Middlesbrough during the month of December 
show a heavy falling off as compared with November, owing 
principally to the closing of the Baltic ports. The pig 
Iron shipments totalled 61,387 tons, against 91,257 tons 
for November; whilst the shipments of manufactured 
iron and steel reached 31,810 tons, as compared with 
35,828 tons in November. The total shipments 
for December amouted to 93,217 tons, against 127,085 
tons for the preceding month. The detailed ship- 
ments were: Pig iron—Austria, 1810; Belgium, 2792; 
Ceylon, 125; Denmark, 1445; France, 170; Germany, 
1625; Holland. 2810; India, 1155; Italy, 2143; Japan, 
350; Norway, 995; Portugal, 1935 ; Spain, 1300 ; Sweden, 
1515; total foreign, 20,170 tons. Scotland, 36,460; 
Wales, 100; Tyne, 2130; other coastwise ports, 2527 ; 
total coastwise, 41,217. Manufactured iron—Belgium, 120 
tons ; Ceylon, 1295 ; Denmark, 255 ; Holland, 162 ; India, 
4221; Japan, 723; Portugal, 15; Sweden, 10; China, 
21; total foreign, 6822. Scotland, 320; Wales, 235 ; other 
coastwise ports, 5682 tons. Steel—Belgium, 22; Ceylon, 
1274; Denmark, 898 ; Germany, 250 ; India, 9459 ; Japan, 
1624 ; Norway. 6; Sweden, 52; China. 13; Egypt, 3433 ; 
total foreign, 17,131. Scotland, 636; Wales, 110; other 
coastwise porte, 1449; total coastwise, 2195 tons. 


The Fuel Trade.—Coal and coke is quietish. Prices are 
very similar to those last mentioned. Coke-makers will 
not reduce their prices, and good blast-furnace coke is 
still put ab 12s. 3d. delivered here. 





NOTES FROM THE SOUTH-WEST. 

This Year at Devonport.—Devonport enters upon 1895 
with a good programme of work in hand. The principal 
vessels building are the Talbot, cruiser, and the Phcenix 
and Algerine, sloops. Among the vessels which are being 
completed are the Flora, second-class cruiser, and the 
Harrier and the Halcyon, torpedo gunboats. 


Cardiff.—Business has, of course, been interrupted by 
the Christmas holidays; it has, however, been regaining 
its customary importance this week. Prices have shown 
little change; the best steam coal has made Ils. to 
11s. 3d. per ton, while secondary qualities have brought 
10s. 3d. to 103. 6d. per ton. There has been a good 
inquiry for household coal; No. 3 Rhondda large has 
made 10s. 3d. per ton. Iron ore has been quiet at about 
late rates ; the best rubio bas brought 1ls. to 11s. 3d. 
per ton. 

The ‘* Renown.” —The Renown, line-of-battle ship, now 
building at Pembroke, will be larger by 2000 tons dis- 
placement than the Barfleur_ class, and about 2000 
tons smaller than the Royal Sovereign type, although 
all three rank as first-class line-of-battle ships. The 
Renown was the first ship taken in hand beyond the 
Naval Defence Act programme ; and, although her keel 
was laid down in February, 1893, it is stated that she will 
not be completed until March, 1897. She will carry four 
10-in. 29-ton breechloading guns, ten 6-in., and 20 smaller 

uick-firing guns. Her 10-in. guns will be mounted on 
the high angle fire mountings recently introduced into 
the Navy, and tried with good results in the Centurion 
and the Barfleur. Sir J. Whitworth and Co. have received 
an order for the mountings, which will be completed by 
the middle of March, 1895. 


Bristol Water Works Company.—By a Bill which the Bris- 
tol Water Works Company has nowpending in Parliament, 
power will be sought to raise 350,000/. additional capital by 
the creation, at the option of the company, of either new 
ordinary shares or stock. Upon this new capital, further 
borrowing powers are sought to be exercised to the extent 
of 87,500/. According to the preamble of the Bill, the 
whole of this 437,500/. additional share and loan capital 
will be expended in completing works authorised by the 
Company’s Acts of 1888 and 188%, and for the general 
purposes of the undertaking. 

The Bristol Channel.—The Secretary for War, having 
been memorialised to strengthen the defences of the Bris- 
tol Channel, writes that the protection of the Channel 
and other commercial ports has been under the consider- 
ation of experts, and that he must be guided by their 
advice. In the public interest, precedence must be given 
to more urgent demands, but the relative claims of the 
Bristol Channel will not be lost sight of. 

The Blanche.—Now that the boilers have been removed 
from the Blanche, cruiser, at Devonport, her internal 
fittings are found to be in a bad state, and it is fi 


that 8000/., estimated by the local officials as the sum 
necessary to bring the vessel forward again, will have to 
be exceeded, 





Bristol Docks.—On Friday the docks committee of the 
Bristol Town Council resolved to fence Bathurst and 
Prince's wharves, at an estimated cost of 572/. The sub- 
committee for works recommended the adoption of an 
improved system of communication between vessels navi- 
gating the river and the dockmaster's and haven-master's 
offices at Bristol and Shirehampton respectively. The 
recommendation was approved. The engineer reported 
that he was having a survey of the river made and borings 
taken, with a view to reporting shortly upon the whoie 
question of river improvement, including the making of a 
new cut through Horseshoe Point. The traffic returns 
for the 33 weeks ending December 15 showed an increase 
of 44,452 tons, and 6980/. in the dues, as compared with 
the corresponding period of 1893. 

The Eddystone.—The Plymouth Chamber of Commerce 
decided on Thursday to memorialise the Board of Trade, 
urging the immediate establishment of electric communi- 





cation between the Eddystone Lighthouse and the shore. 
The proposer of the resolution referred to the recent 
stranding of the Dunottar Castle, a South African liner, | 
on the Eddystone reef, and said it was only through the | 
mercy of God that hundreds of lives were not lost, while 
the lighthousemen looked on without being able to sum- 
mon assistance.- Under almost similar circumstances the 
Schiller was wrecked, 25 years since, at Scilly, and no 
less than 331 lives were lost. 

Swansea. —Fair shipments of tinplates have been made 
of late, and stocks are now 45,000 boxes below the level at 
which they stood at the corresponding date of 1894. 


The “ Halcyon.’'—In consequence of a crack in the port 
high-pressure cylinder of the Halcyon, torpedo gunboat, 
Messrs. Hawthorn, Leslie, and Co., the contractors for the 
machinery of the vessel, have fitted a new cylinder. A 
full-power trial of the port engine has since been made 
with satisfactory results. 





FOREIGN AND COLONIAL NOTES. 

Swiss Locomotive Building.—The number of locomotives 
turned out in 1893-4 by the Winterthur (Switzerland) 
Locomotive Works was 64, as compared with 69 in 1892-3. 
At the close of the last financial year the works were also 
building 30 locomotives and 10 tenders. The net profits 
realised in 1893-4 were 15,599/., as compared with 14,2217. 
in 1892-3. The dividend for 1893-4 has been fixed at 8 per 
cent, 


Blast-Furnaces in the United States.—At the commence- 
ment of October, 1894, the number of furnaces in blast in 
the United States was 172. their aggregate weekly pro- 
ductive capacity being 159,729 tons. At the commence- 
ment of July, 1894, the corresponding number of furnaces 
in blast was 107, their aggregate weekly productive 
capacity being 85,950 tons, as compared with 144 furnaces, 
with an aggregate weekly productive capacity of 126,732 
tons, at the commencement of April, 1894; 130 furnaces, 
with an aggregate weekly productive capacity of 99,087 
tons, at the commencement of January, 1894 ; 114 furnaces, 
with an aggregate productive capacity of 73,895 tons, at 
the commencement of October, 1893 ; 220 furnaces, with 
an aggregate weekly productive capacity of 153,762 tons, 
at the commencement of July, 1893 ; 255 furnaces, with an 
aggregate weekly productive capacity of 178,858 tons, at 
the commencement of April, 1893 ; and 247 furnaces, with 
an aggregate weekly productive capacity of 173,068 tons, 
at the commencement of January, 1893. The aggregate 
weekly productive capacity of the furnaces in blast 
has been as follows, month by month, last year: 
January, 99,087 tons; February, 99.242 tons; March, 
110,166 tons; April, 126,732 tons; May, 110,210 tons; 
June, 62,517 tons; July, 85,950 tons; August, 115,356 
tons; September, 151,113 tons; and October, 159,729 
tons. The recovery in production which has taken place 
since July has accordingly been well maintained during 
October. The increase in production since June has, 
indeed, been very marked. This is due, no doubt, to the 
exhaustion of stocks, and the, at any rate, partial revival 
of railway, steamship, and building enterprise. The 
stocks of pig iron in the United States at the commence- 
ment of October were estimated at 515,712 tons, as com- 
pared with 532,264 tons at the commencement of Sep- 
tember, and 567,848 tons at the commencement of August. 
It will accordingly be seen that while production has 
increased, stocks have declined. 


Victorian Railways.—Victorian railway revenue ia still 
declining. The aggregate collection to September 7 last 
year was 413,932/., as compared with 456,997/. in the 
ans eee of 1893, and 526,117/7. in the corre- 
sponding period of 1892. 


French Submarine Telegraphy.—Plans for a cable from 
Brest to New York, as well as for another from Hayti to 
New York, have been submitted for the consideration of 
the French Government. 


A Russian Mineral Exhibition.—The Russian Technical 
Society is organising an exhibition of gold and methods 
of mining gold. The exhibition will be held at St. 
Petersburg in the autumn of 1895, Silver, platinum, 
aluminium, cobalt, chromium, and other minerals will 
also be admitted for exhibition. 


French Railways.—The length of new railway opened 
in France in the 12 months ending June 30, 1894, was 
3884 miles. The revenue acquired upon all the French 
lines in the six months ending June 30 last year was 
22,553, 8817. 


Mexican Railway.—Mr. A. M. Rendel, consulting engi- 
neer of the Mexican a —. Limited, reports : 
** Heavy 82-Ib. rails, with the steel sleepers provided for 
them, were laid over a length of 11} miles between the 





stations of Fortin and Atsyac, and the road generally | 1893 


where the 62-lb. rail is in use, is being ——- by an in- 
ed, 


crease in the number of sleepers emplo and by further 
supplies of volcanic gravel ballast. e steel sleepers, 
the first of which were laid 10 years since, con- 
tinue to give great satisfaction, and it may be mentioned 
that the Pachuca branch, 28 miles in length, which is 
laid with them in gravel ballast, requires only one road 
gang of 12 men to keep it in good running order.” 


Canadian Canals.—The Canadian ship canal at the 
Sault Ste. Marie, the outlet to Lake Superior, is about 
oe The work is the pride of Canadians, as it is 
the last link in a chain of waterways which has cost the 
Dominion 13,500,000/., and which will, at no distant date, 
secure ocean vessels a passage to the northern lakes. 


American Petrolewm.—The exports of petroleum from 
the United States in September were 75,656,000 gallons, as 
compared with 81,526,000 gallons in the corresponding 
month of 1893. The total exports from {January 1 to 
September 30 last year were 650,971,000 gallons, against 
644,304,000 gallons in the first nine months of 1893. 


Japan and the United States —The Mikado of Japan 
has sent the decoration of the Rising Sun to Lieutenant 
Jaques, in recognition of courtesies and assistance ren- 
dered by him to Japanese officials while inquiring into 
the construction of war matériel in the United States. 


_ Japanese Cotton Spinnina.— Cotton-spinning industry 
is making great strides in Japan. In 1887 Japan had 24 
mills, with 130,000 spindles ; and in 1893 there were 43 
mills, with 385,265 spindles. Manual labour being cheap, 
Japanese manufacturers are able to deal effectively with 
outside competition. 


Coal in Saxony.—The production of coal in Saxony has 
remained practically stationary during the last 10 years. 
In 1884 the output was 4,131,899 tons. In 1889 the total 
had risen to 4,234,713 tons, and in 1893 it stood at 
4,274,064 tons. 


Russian Railways.—The Russian Government has just 
authorised the construction of a railway from Novorossisk 
to the Novosenaki station on the Transcaucasian Railway. 
The new line will put the Caucasus in direct communica- 
tion with Europe. 


Rolling Stock in the United States.—The number of 
locomotives in the United States last year was 36,012; of 
senger carriages, 27,169; of vans and postal cars, 
7805 ; and of goods trucks, 1,161,282, The corresponding 
totals stood as follows in 1892: Locomotives, 34.626; 
passenger carriages, 24,604; vans and postal cars, 7830; 
goods trucks, 1,117,728. 

South African Gold.—The output of gold in the Wit- 
watersrandt district in the first nine months of last year 
was 1,493,373 oz. The corresponding output in the corre- 
sponding period of 1893 was 1,056 794 oz.; in the cor- 
respondinging period of 1891, 502,738 oz.;and in the 
corresponding period of 1889, 367,622 oz. 


The World’s Telegraphs.—The aggregate length of tele- 
graph lines in existence throughout the world is computed 
at 1,069,123 miles. This total is made up as follows: 
Europe, 382,937 miles; Asia, 67,875 miles ; Africa, 21,687 
= America, 548,822 miles; and Australasia, 47,812 
miles. 

Pacific Telegraphy.—It is understood that a proposed 
new Canadian Pacific cable will have a landing-place in 
the Hawaiian Islands, and it is now only a question of 
choosing a suitable point. The Hawaiian Government is 
to lease to the Dominion of Canada either Bird Island or 
Neckar Island on the understanding that it is to be used 
only as a cable station, and that the right to purchase or 
acquire it shall always remain with the United States, 
subject to the provisions of the lease. The Hawaiian 
Government is also to grant a subsidy of 70001. per annum 
for a term of years. In return for all this, the cable com- 
pany is to land at one of the islands mentioned, to estab- 
lish a branch to Honolulu, and to charge strictly moderate 
rates for the transmission of messages. 


Water Supply of Tokio.—A contract has just been let 
for 10,000 tons of pipes required in connection with the 
water supply of Tokio. Another contract of similar im- 
portance is expected to be let shortly. 


Manhattan Elevated Railroad.—The Manhattan Ele- 
vated Railroad Company is stated to have prepared plans 
for a double-decked line to be worked by electricity. The 
project is stated to have been submitted to prominent 
engineers in the United States and Europe. 


German Rails.—The exports of rails from Germany in 
_ -_ oe nase d od ast year amounted to 115,167 
ns. © corresponding exports in the corr di 
period of 1893 were 94,845 at me 


The United States Navy. — Work on the new line-of- 
battle ships Indiana and Massachusetts, now on hand at 
Cramp’s yard, Philadelphia, is progressing rapidly. 
Seven of the heavy 40-ton 18-in. side armour-plates of the 
Indiana have been placed in position, 12 of the 20 plates 
are now in position, six more are ready for placing, 
and only two remain to be shipped from Bethlehem 
The barbettes of the vessels are almost completed. The 
Maasachusetts is nearly ready for her builders’ trial. 


Canadian Railways.—Application is to be made to the 

Dominion Parliament for powers to incorporate a com- 
ny to build a Transcanadian railway from Quebec to 
ort Simpson on the Pacific coast, 


_ Belgian Rails.—The exports of steel rails from Belgium 
in the first 10 months of last year amounted to 66,262 
tons, as compared with 37,706 tons in the corresponding 
period of 1893. The exports of iron rails from Paton in 
the first 10 months of this year were 112 tons, as cor- 
pared with 16,833 tons in the corresponding period of 
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MISCELLANEA. 

THE Institution of Civil Engineers, which was estab- 
lished on January 2, 1818, and incorporated by Royal 
Charter on June 8, 1878, for the general advancement of 
— science, now consists of 6660 members of all 
classes. 


During the past year 4,381,250 sovereigns were issued 
from the Mint, in addition to 3,715,300 half-sovereigns. 
At the same time, 942,856/. worth of silver and 33,885/. 
worth of bronze were issued. In all, nearly 62,000,000 
separate pieces were struck at the Mint last year. 


According to the latest returns (1892), Norway is the 
country in which the smallest number of telegraph 
messages are sent, and Great Britain in which the tele- 
graph is most used. The messages average 1.8 a head in 
the United Kingdom, and slightly under one a head in 
the United States and France. In Russia they average 
only .04 per head of population. 


The next general meeting of the Federated Institution of 
Mining Engineers will be held at Birmingham on February 
13 and 14 next. As the mining industry of the Birming- 
ham district is largely dependent on the working of the 
canals for its commercial success, papers on the subject of 
canal navigation will be read by Mr. J. A. Sauer, of 
Northwich, Mr. Lionel B. Wells, of Manchester, Mr. L 
F. Vernon-Harcourt, of London, and Mr. E. D. Marten, 
of Wolverhampton. 


The Great Western Railway Company are extending 
the system of steam heating, which was adopted for their 
corridor train to Birkenhead two years ago, to their 
ordinary trains, and, in future, the whole of their new 
stock will be fitted up with the necessary appliances. 
Gas lighting is also to be generally adopted, works having 
been fitted up at London, Swindon, Bristol, Exeter, 
Wolverhampton, and New Milford, whilst other similar 
works will shortly be completed at Worcester, Birkenhead, 
and Cardiff. 


Her Majesty’s Secretary of State for Foreign Affairs 
has received a despatch from Her Majesty’s Consul- 
General at Christiania. stating that tenders in closed 
letters marked ‘* Anbud par Skinner ” (tenders for rails) 
are invited for the delivery of about 10,000 tons of steel 
rails, with fishplates appertaining thereto, and will be 
received at the ‘‘Styrelsens Expeditions Contor ” (mana- 
ger’s office) of the Norwegian State Railways, Christiania, 
until Monday, January 28, at7 p.m. Further particulars 
may be seen on application to the Commercial Depart- 
ment of the Foreign Office between the hours of 11 and 6. 


Without waiting for the action of the Board of Trade 
conference, the Great Western Railway Company, by a 
Bill whicb they have deposited at the Private Bill Office, 
propose the carrying out of a light railway by the conver- 
sion of the Lambourn Valley Railway, for which powers 
were granted in 1888, but which has not been constructed, 
into atramroad. The line is to be subject to such con- 
ditions and restrictions as the Board of Trade may im- 
pose. For this and other works, which are proposed in 


the Bill, the company propose to raise 300,000/. addi- |}, 


tional share capital and to increase their borrowing powers 
by 100,000/. 

In a report to the Severn Commission, Mr. E. D. 
Marten gives some interesting particulars of the traffic 
on the River Seine. By means of barrages and other 
works, a minimum depth of 104 ft. of water has been 
secured for the whole of the distance between Rouen and 
Paris, so that now barges carrying 1000 tons each are 
able to use the river. The total river traffic is now 
4,000,000 tons per annum, and is steadily increasing. 
Some few boats trade direct between England and Paris, 
the largest of these being the Kenilworth, which is 1465 ft. 
long by 23 ft. beam, by 8 ft. 8 in. draught of water. The 
minimum head way under the bridges at the summer level 
of the river is 20 ft. 1 in. 


_The Admiralty have definitely decided upon the man- 
ning and armament of the two new cruisers Powerful and 
Terrible. Each will carry a crew of 894 officers and men, 
a number considerably in excess of that of any battle- 
ship afloat. Vessels of the Royal Sovereign type—the 
largest ships afloat—carry a complement of 730 officers 
and men. The armament will consist of two 9.2-in. 
breech-loading guns, twelve 6 in. quick-firing, sixteen 
12-pounder 12-cwt. guns, one 12-pounder 8-cwt. boat’s 
gun, one 12-pounder 8-cwt. field service gun, twelve 
3-pounder Hotchkiss quick-firing guns, and nine Maxim 
machine guns. There will also be supplied 20 Whitehead 
ie go use with submerged tubes, four of which 
will be built into each vessel. It is not expected that 
these vessels will be ready for sea for three years. 


The shipments of Gellivara iron ore from Lulea were 
very important last year, the aggregate up till the 
end of October being about 525,000 tons. The Gellivara 
mining company certainly calculated upon exporting 
600,000 tons during the present year, but the figures com- 
pare in any case favourably with those for the preceding 
two years, which were respectively 138,943 tons for 1892 
and 253,825 tons for 1898. The service on the Gellivara- 
Lulea Railway, the only practical result so far of the 
millions expended by the Swedish-Norwegian Railway 
Company, and now in the possession of the Swedish State, 
has been extended proportionate with the increasing calls 
upon it, and during the autumn, daily trains, carrying an 
aggregate of 2600 tons. have been despatched. The gross 
rec+ipts possibly reached some 2,200,000 kr. before the 
end of the year, or 122,000/., leaving the State a handsome 
profit, the purchase money of the line being some 360,000/., 
and subsequent expenditure about 150,000/. 


Mr. John R. Wigham, MR.I.A., President of the 
Dublin Chamber of Commerce, has invented a new light- 


house light, and has brought it experimentally before the 
Science Department of the Royal Dublin Society. It 
may be briefly described as a method of making the 
light of revolving lights continuous instead of. as at 
present, recurrent after intervals of darkness. This is 
a boon to navigation which mariners have very earnestly 
desired ; that is, that they might have the benefit of the 
ee power and characteristic appearance of revolving 
ights and at tie same time have them continually in 
their eye as are the fixed lights round our coast. Mr. 
Wigham’s previous inventions, which have been adopted 
to a considerable extent by lighthouse authorities, have 
been mostly in the direction of conferring increased 
power on lighthouse illuminants, but this new invention 
supplements those which he has previously made, inas- 
much as it is applicable to all lighthouse lights, gas, oil, 
and electricity. 


On January 1 the Midland Great Western of Ireland 
Railway Company opened the Galway and Clifden Rail- 
way as far as Oughterard. a distance of 16 miles 3 fur- 
longs north-west from their Galway station; there are 
two intermediate stations at Moycullen and Ross, but 
the latter not being yet completed, the Board of Trade 
would not permit of its being utilised. The construction 
of the remaining section of the line between Oughterard 
and Clifden, 31 miles 5 furlongs 8 chains in length, is in 
a forward state, and it is expected that it will be ready 
for opening in a few months. This railway, although 
coming under the Light Railways (Ireland) Act, is being 
constructed as an integral part of the Midland Great 
Western system, and in the same manner, but a single 
line. It opens up a new and picturesque district in the 
west of Ireland most interesting to the tourist and 
sportsman. The engineers are Messrs. J. H. Ryan, 
M. Inst. ©.E., and E. Townsend, C.E., of Dublin and 
Galway. The contractor is Mr. T. H. Falkiner, of Dublin 
and Westminster. 


A report to the Board of Trade by Major G. W. Addison, 
R.E., gives some interesting particulars as to light rail- 
ways in Belgium. The lines, it appears, are entirely in 
the hands of the Société Nationale des Chemins de Fer 
Vicinaux, which was established by an Act in 1885. The 
capital of the Société Nationale is contributed one-fourth 
by the State, and the remainder by the provinces and 
communes directly interested, though individuals may, if 
they wish to push a line, contribute as much as one-third 
of the total capital. The money is raised by the provinces 
or communities on terminal annuities at 34 per cent, 
running for 90 years; and, if the line fails to earn 
enough to pay this annuity, the deficit is made up by 
local taxation. The lines are leased for working, a return 
of 128/. per mile being usually guaranteed. At present, 
the total length of these lines is 730 miles, and additions 
ageregating 900 miles more are in contemplation. Only 
about 30 miles of the total are standard-gauge, the rest 
being mainly metre-gavuge. The cost of construction, 
including the provision of — stock, was 2688/7. per 
mile, the eum paid for land being less than 228/. per mile. 
The working expenses have been about 71 per cent. of 
the gross receipts. The speed is limited to 18 miles per 
our in the country, and to 6 miles per hour through 
villages and towns. 


A very handsome concrete bridge, having a clear span 
of 164 ft., with a rise of 19 ft. 8 in., has recently been con- 
structed over the Danube at Munderkingen, Austria. 
Good stone is scarce and dear in the neighbourhood, 
whilst Portland cement of excellent —_ is produced 
in large quantities. The principal difficulty to be met 
with was the soft ground on which it was _neces- 
sary to found one of the abutments, but this was 
overcome by the use of piles, the heads of which were cut 
off well below the low-water level of the river. These 
piles are 145 in number, and were driven at an angle of 
15 deg. to the vertical. They carry about 35 tons each. 
The centering was covered with oiled paper, and on this 
the concrete was laid. is concrete consisted of 1 part 
cement, 24 parts sand, and 5 broken stone, the whole 
being thoroughly mixed in a machine. The cement was 
very finely ground, and blocks of the above concrete have 
shown an average resistance of 187 tons per equare foot at 
seven days, 235 tons at 28 days, and 308 tons at five months. 
The bridge is 26 ft. wide, and the designed live load is 
82 lb. per square foot, at which the maximum pressure on 
the concrete is 31 tons per square foot. The concrete was 
laid in layers 12 in. thick, starting at the abutments, and 
working towards the crown, at which the thickness is 
328 ft. Midway between the crown and branches this 
thickness is increased to 4.6 ft. The total time spent in 


its completion the centres were struck. The deflection 
expected was 4.7 in., but proved to be slightly less. The 
cost of the structure was as follows: 


Foundation work _... aa as wat 690 
Scaffolding and centres ___... a ane 290 
Concrete in place _... sa <a ... 2000 
Roadway, footpaths, and parapet sa 990 
Superintendence _... oa ne per 474 

Total... Bs ss ne . 4444 





LAUNCHES AND TRIAL TRIPS. 
On December 24, the s.s. Sarpedon, a new steel screw 
steamer built by Messrs. Workman. Clarke, and Co., 
Belfast, to the order of Mr. Alfred Holt, of Liverpool, 
had her trial trip in Belfast Lough. The machinery has 
been constructed at the builders’ engine works, and con- 
sists of triple-expansion engines of the most approved 
type. Steam is supplied from two steel boilers at a work- 
ing pressure of 180 tb, and fitted with James Howden’s 








laying the concrete was only 19 days, and 10 days after I 


i steam to the winches and other deck machinery. 
uring the trial trip the average speed attained on the 
measured mile was 14 knots. 

Messrs. Robert Stephenson and Co., Limited, launched 
from their shipbuilding yard at Hebburn, on December 
27, a steel screw’ steamer named the Torino, which 
~— have built for Messrs. John Glynn and Son, Liver- 
pool, for their Mediterranean trade. Her dimensions 
are: Length between perpendiculars. 260 ft. ; breadth, 
35 ft. ; depth moulded, 22 ft. 3in. The engines, which 
are supplied by the builders, are of the ‘ehaineanion 
type, with cylinders 21 in., 33 in., and 54 in. in diameter, 
by 39 in. stroke. The boiler is fitted up complete with 
Howden’s system of forced draught, and is intended for a 
working pressure of 180 lb. 





The s.s. Cicero, built to the order of Messrs. Thomas 
Wilson, Sons, and Co., Limited, Hull, was launched from 
the yard of Earle’s Shipbuilding and Engineering Com- 
pany, Limited, on the 3lst ult. She is a fine steel 
screw steamer, intended for general cargo purposes, and 
is 270 ft. long between perpendiculars by 38 ft. beam, by 
21 ft. 6 in. moulded depth. 


On Thursday, December 27, 1894, Messrs. Furness, 
Withy, and Co., Limited, Hartlepool, launched a steel 
screw steamer named Scipio, built for Messrs. T. Wilson, 
Sons, and Co., Hull. The vessel is a substantial type of 
a modern cargo boat, measuring well on to 300 ft. in 
length. The engines and boilers have been constructed 
by Messrs. Amos and Smith, of Hull. 








The magnificent auxiliary steam yacht La BelleSauvage, 
of 703 tons, went on trial on Thursday, December 27, in 
the Firth of Forth, when more than the usual interest 
was exhibited, owing to the fact that this yacht is fitted 
with a Belleville boiler, the first, we believe, that has been 
tried in Scotland. The results of the trial were oa 
satisfactory, the mean speed being 11.86 knots, and the 
indicated horse-power 660. Mr. G. L. Watson, from 
whose designs the vessel was built, was present, and 
expressed himself pleased with the performance. The 
yacht is the property of Mr. J. B. Robinson, who intends 
fitting out early next year for foreign cruising. It was 
built by Messrs. Ramage and Ferguson, Limited, Leith. 





Giascow Harsour.—The quarterly report by the engi- 
neer, Mr. James Deas, shows that during the three months 
743,624 cubic yards were dredged, of which 568,570 cubic 
yards were taken from the new Cessnock Docks. Ib is 
interesting to note that 190 tons of coal were collected 
from deposit lifted in front of the coal cranes in the 
Queen’s Dock. This coal was used by the dredging 
plant. Splendid progress is being made with the new 
dock, and something like 6500 lineal feet of the quay wall 
has been completed and coped, and other 2000 ft. are in 
progress; while at the new graving dock work is being 
vigorously pursued, 252,360 cubic yards having been ex- 
cavated, while the construction of the entrance is pro- 
ceeding. 





Tue Execrric Lieut at Municu.—The Town Council 
of Munich have granted the sum of 100,000/. for the en- 
largement of the street lighting plant, and have again 
entrusted the work to the Elektricitiits-Actien Gesell- 
schaft, Niirnberg, late Schuckert and Co. The actual in- 
stallation — 210 ten-ampere and 66 five-ampere 
lamps, all of the arc type ; 456 en lamps and 48 
lamps of five seanes: are to be added. The additional 
power required, about 400 horse power, will be taken from 
the Iear River, which turns the turbines of the two old 
power stations. One of these will be fitted with steam 
plant to act as a reserve. The arc lamps have evidently 
iven satisfaction. The total installation of about 800 arc 
amps will probably form the most complete case of 
electric steet lighting in Europe. The electric arc will 
shine in all the streets of any importance of the city and 
the suburbs, and it is oe that the municipal 
authorities themselves enter upon this undertaking. 


New Year Honours.—Among the various honours 
distributed at the New Year none was better deserved 
than that offered to Dr. W. H. White, C.B., Chief 
Constructor of the Navy, and Assistant Controller. He 
is created a Knight Commander of the Most Honourable 
Order of the Bath. This order was established by Henry 
V. at his coronation in 1399, and includes three classes, 
G.C.B., K.C.B., and C.B. The number of knights is 
limited to 123 for military and 80 for civil service. The 
Government have only given expression to a widely felt 
sentiment is thus marking their sense of Dr. White’s very 
distinguished services both to the country and to science. 
and we are sure that the entire profession of naval archi- 
tects will join with us in offering him our very sincere 
congratulations. The great crowd of incompetent people 
who deem themselves able to criticise the construction of 
our war vessels, without having the faintest acquaintance 
with thesubject, will seethat, in spite of theircavillings and 
letters to the papers, Dr. White enjoys the full confidence 
of the Admiralty, the Government, and the profession, 
and that his work receives full endorsement from those 
that are best qualified to judge it. Amongst other re- 
— of honours is Mr. John Jackson, F.R.S.E., 
o has received a knighthood. Mr. Jackson was the 
contractor for the foundations of the Tower Bridge, and 
also completed the last 8 miles of the Manchester Ship 
Canal. He employs from 5000 to 6000 men, and is at 
eg executing the new Dover Harbour works, the 

arry Deep-Water Dock, and the Methil Dock extensicn 





system of forced draught. A large auxiliary boiler sup- 


for the North British Railway Company. 
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FRENCH RAILWAY SERVANTS. 


Rattway accidents are unavoidable in France as 
elsewhere, and statistics show that, as a matter of 
fact, they are about as frequent, and not more fatal, 
than in other countries. It is, perhaps, character- 
istic of Francethatsuch railway accidentsare followed 
by much public alarm, and frequent interpellations 
in the Chamber of Deputies, result ; these inquiries 
seem to prove that there exists in the mind of the 
French official, as well as in that of the public, an 
idea that these accidents are caused chiefly, if not 
solely, because the railway companies overwork 
their employés. General questions bearing on this 
subject are consequently often raised in the Cham- 
bers, and legislation is repeatedly proposed for 
limiting the hours of labour on railways, and for 
enforcing such a limit. Those, however, who are 
conversant with the organisation of French railway 
companies, and with their rules and regulations, 
know also that accidents often occur because existing 
rules have been wilfully neglected, or some act of 
imprudence committed ; a fruitful cause of accident 
is a momentary forgetfulness, inattention, or ner- 
vousness ata critical time. At present there exists, 
without any good reason, a feeling of public preju- 
dice against the large railway companies ; even the 
Government has taken measures to still further limit 
the power of their action. This is an easy matter, 
as the railways in France are under the strictest 
Government control ; for the most part they form, 
as it were, a Government enterprise and monopoly, 
which the railway companies only work as delegates 
of the Minister of Public Works ; the State is even 
interested pecuniarily in all railways, except the 
Nord, by the right of guarantees; and the con- 
trol exercised is so strict that no company can alter 
a train schedule, or erect the smallest shed, with- 
out the consent of the Minister of Public Works, 
who also fixes the conditions under which posts, 
such as those of drivers and firemen, are to be filled. 

An army of inspectors exercises a constant cen- 
trol over everything—permanent way, buildings, 
motive power, speed of trains, rates of charges, 





&c.—for every large railway system is placed in 
the charge of one inspector-general, who-has under 
his orders a number of engineers, one of whom is 
specially directed ‘‘to enforce the regulations with 
regard to the work of the servants of the company.” 

During the last 12 years different members of the 
French Parliament have successively attempted to 
impose upon the railway companies, the strictest 
possible regulations. In 1882 a law was proposed 
for ‘‘ the security of railways.” According to this 
project, it was intended to limit the working hours 
of the drivers ; the desire being to protect this class 
of employé against the alleged injustices of the 
railway companies, as if the interest of the latter 
was not to spare their servants as far as possible, 
and thus reduce the chance of accidents, that are 
always costly. At that time an inquiry was made 
as to the hours of labour imposed on the drivers, 
firemen, signalmen, &c. This inquiry was directed 
to ascertain the real work done, and not the labour 
officially prescribed by the companies’ rules. The 
result of the investigation was as follows: On the 
Chemin de Ferdel’Etat theaverageconsecutive num- 
ber of hours’ labour was 94, the maximum being 17. 
When a series of days was taken into consideration, 
that is, days of rest, and days when the men were 
on reserve duty in case of emergency, the average 
was found to be a little less than 8 hours, which 
cannot be called excessive except by those “ agita- 
tors” of whom we unfortunately know so much in 
this country. On the line of the Compagnie de 
l'Est the average was 12 hours, and the maximum 
17; on the Midi the average ranged between 
10 and 15 hours (as the trains happened to be pas- 
senger or goods trains), and the maximum, 17 hours. 

In 1887 the Chamber of Deputies had before it 
the proposal of a new law for promoting the in- 
creased safety of railway travelling. This caused 
fresh investigations to be made, and it is interesting 
to give the result of these inquiries, as they show 
clearly the condition of the French railway em- 
ployés five years later ; a condition which it was 
alleged was most injurious to their health, and con- 
sequently a cause of danger to the public. 

On the Paris-Lyons-Mediterranée system, one 
of the most important in France, the work average 
was taken over a period of 11 days for express train 
service ; the labour average per day on this dut 
was 7 hours, and the maximum did not exceed 9 
hours. During this period there were two days 
when the driver and fireman of the same engine 
remained at the dép6t ; these days are technically 
known as ‘‘ jours de secours,” days of complete rest, 
if the train service was regular, when there were no 
accidents, and when no specials were put on. The 
period for slow trains was taken over 19 days’ work, 
the average of daily labour being 8 hours, and the 
maximum a little under 10 hours ; during those 19 
days there was one day off (‘‘ jour de secours ”), and 
one on which the men were only on their engines 
for 1j hours. For station-yard train-handling the 
average was taken for 13 days, and the mean hours 
of labour were 11, with one maximum day of 14 
hours. In the average hours of labour, the time 
for cleaning the engines is included. On certain 
points of the reseau, at Dijon, for example, the 
drivers of express trains had during a period of 11 
days to work on an average 7 hours and 50 minutes, 
after which they rested 3 days with the exception 
of 2 or 3 hours daily. A 22 days’ period of work 
was quoted by the advocates of the Bill as exces- 
sively fatiguing, because during that time only one 
day of rest was given, with an average day of 9 
hours 53 minutes, and a maximum of 11 hours and 
50 minutes ; this naturally only referred to work 
on goods trains. On the N ord some of the express 
engine drivers worked during a period of 19 days, 
the 18th of which was one of complete rest, and 
the 19th they remained in the yard. The average 
during this time was 8 hours, with a maximum of 
9? hours ; the day on which this maximum occurred 
was followed by 2 days on which the men remained 
with their engines only 3 hours and 1} hours 
respectively. On other parts of the line the cycle 
of work was 16 days, the last two of which were 
only for emergency duty, and consequently left 
much time for rest ; the average aio of attend- 
ance on those days was from 5 hours 33 minutes 
to 7 hours 43 minutes. On the Chemin de Fer de 
Ouest the only objection made was that the 
average time of duty on the goods trains exceeded 
7 hours on 3 days out of 12, and an alteration in 
this was insisted upon. Since 1887, when these 
investigations were made, the position of the em- 
ployés on the ‘‘reseau de |’Etat” has been very 
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easy. A period of eight days of work comprises one 
day for rest and one in the engine shed, the average 
of attendance being 54 hours, and the maximum 
7 hours 27 minutes. 

Although want of space prevents our continuing 
this detailed investigation, we have shown clearly 
that neither drivers nor firemen are badly treated 
in France. The fact is that in spite of a great 
many projects for changing present laws that refer 
to the subject, legislators have not succeeded in 
interfering with the regulations relative to the 
work for railway servants ; but the Administraticn 
of Public Works, having great powers, has been 
able personally to settle difficulties as they arose, 
or to instruct their controlling inspectors and engi- 
neers as to the hours and periods to be allotted to 
the men. 

Towards the end of 1890 several members of Par- 
liament demanded that a law should be passed limit- 
ing the work of the engine-drivers to 10 hours out 
of 24 and to 7 hours of actual consecutive attend- 
ance on their engines ; furthermore, that signal- 
men and some other employés were not to work 
more than 12 hours. At the beginning of 1891 
a Minister now well known for his strong opposition 
to socialism, Mr. Yves Guillot, issued instructions 
to all railway companies that drivers and firemen 
should not work more than 12 hours, the time 
being counted from the moment they entered the 
station until they went home ; furthermore, that 
they must be allowed 10 hours of uninterrupted 
rest, and that as much as possible of that time 
should be spent at their own homes. This order, 
which had to be obeyed by the companies, obliged 
the latter to employ more men, and naturally in- 
volved greater expense, but even this did not 
satisfy those deputies who pose as the benefactors 
of the workmen. In 1891, after an accident which 
was, as usual, attributed to the overworking of the 
drivers and firemen, a new ‘projet de loi” was 
submitted, in which the daily time for work was 
limited to 10 hours, with at least two days off 
during each month. 

As if this was not suflicient, at the beginning of 
1892 new instructions were issued to the railway 
companies ; all periods of work were now to be 
preceded, and followed by, 10 hours of complete 
rest ; that is to say, out of a period of 24 hours 
only 12 would be for work, and that being a maxi- 
mum which would be permitted only as rare ex- 
ceptions. The time is only counted as rest when 
the employé can go home, and if he is a whole day 
in the yard doing nothing, it is reckoned as a 
maximum day’s work. Special authority is needed 
to infringe this rule, and any superior officer or any 
railway official who might try to enforce an excess 
renders himself liable to punishment. The fore- 
going statement shows how from year to year 
closer restrictions are being imposed on the rail- 
way companies of France. During the year 1893 
the controlling force of the Chemin de Fer de l’Etat 
was reorganised in the way we have indicated at 
the commencement of this article, and a new oflice 
was invented, that of controllers of labour (con- 
tréleurs du travail), that is to say, railway servants’ 
caretakers, charged with the duty of seeing that 
employés are systematically protected. 

The result of all this striving to improve (?) the 
situation of railway employés has had the results 
which were to be expected. The rules laid down 
were lacking in the necessary elasticity, and the 
men themselves, thus protected, rail at the laws 
made presumably for their benefit, and which com- 
pel the companies to employ a larger staff, thus 
reducing the average of wages, because a part of the 
driver's wages are in proportion to the distance he 
travels, and the consecutive time he serves. Under 
the new regulations the men were obliged to take 
their days of complete rest where they happened to 
be at the time, which more often than not was 
away from their homes. 

A general rearrangement of these rules and laws 
was made during the present year, and the follow- 
ing are the regulations at present in force. To 
calculate the work which may be demanded from 
the two classes of railway employés of whom we 
have been speaking, the computation must be made 
over a period of 10 consecutive days, from mid- 
night to midnight ; during this time not more than 
100 hours of work, and not less than 100 hours 
of complete rest, are compulsory; on the other hand, 
no period of consecutive work must last for more 
than 12 hours, and this must be preceded, or fol- 
lowed, by 10 hours of uninterrupted rest, which 
the employé¢ theoretically spends at his own home, or, 





when this is not convenient, at least 7 hours, during 
which time the enforced leisure is to be taken in 
the dormitory or refectory which some of the rail- 
way companies provide for their employés. The 
man is supposed to be at work, not only when he 
is on or attending to his engine, but also when 
he is on reserve emergency duty. Al] companies 
must submit their time-sheets to the Administration 
of Public Works; they have to account for the 
slightest deviations from the above rules, and 
there is no evasion of this possible, because the 
‘‘ engineers of control” can penetrate wherever 
they like and inspect what they please ; in this 
they are aided by the ‘‘ controllers of work.” It is 
fortunate that one of the new rules is as follows : 
‘‘The men must never abandon the public service 
which has been confided to them, under the pretext 
that they are working too long.” 

Still more remains to be recorded ; after some 
accidents that had not been prevented by these new 
regulations, the old and bitter cry of the overworked 
employé was again vicariously raised. The question 
now referred especially to chiefs of small stations, 
who generally have only a very limited pers.nnel at 
their disposal. Although these officials enjoy long 
periods of rest between the passage of trains, yet 
according to the latest regulations they must have 
a continuous rest of 8 hours, and a colleague to aid 
them in their work. Very exceptionally the hours of 
rest may be reduced to 7} or 7 hours ; but only on 
condition that in such a case they are compensated by 
an additional rest of from 3 to 4 hours. The con- 
trolling inspectors have to watch all these details 
closely. 

A word about signalmen. Since 1864 signalmen 
have not been obliged to work longer than 12 hours 
out of the 24. The investigations made in 1887 
give some information on the work of these em- 
ployés. On the Nord, for instance, they work 
and rest alternately 12 hours, having besides four 
rests of 24 hours in the month. On another line 
the work varies between 8 and 12 hours, according 
to the pressure of treftic, and a rest of 24 hours 
every 7 days. Recently a new law has been pro- 
posed to the Chamber of Deputies, to ‘‘ put an end 
to the overwork of the engine drivers and firemen,” 
and the member, evidently in ignorance of the law 
of 1894, proposes to limit the working hours toa 
maximum of 10 hours out of the 24. It is true 
that he adds that in no case should the attendance 
of the men on the engine exceed more than seven 
consecutive hours ; and if it should happen that for 
some unforeseen reason this period is exceeded, a 
permit must be issued for a rest twice as long as 
the time of work, under penalty of a heavy fine ; 
and the direct superior of the driver is held re- 
sponsible for any accident happening while the 
engine is in charge of a man who has not been 
allowed his regulation period of repose. This new 
project goes so faras to propose the imprisonment 
of those officers of the railway companies who have 
given orders contrary to any of the above rules. 

The above shows how powerful is the campaign 
carried on against the French railway companies, 
and to the detriment of their employés, the more 
sensible of whom resent the interference, recog- 
nising, for instance, that when the length of a 
driver’s trip is absolutely restricted, he will get no 
chance of winning prizes for saving fuel, making 
up lost time, &c. It is to the interest of the rail- 
way companies not to abuse their employés, but to 
offer them such advantages as will render their 
work most productive ; further, the irregularity in 
a driver’s work is an inevitable consequence of the 
difference in length of journeys and speed of trains, 
and a driver often prefers to take a longer trip, 
which will enable him to return to his home for rest. 

The question remains whether all these rules 
and regulations will obtain the result ostensibly 
desired, or whether their chief consequence will 
not be simply to increase expenses, diminish 
efficiency, discontent employés, and disgust the 
public. 





DOMESTIO BOILER EXPLOSIONS. 
WHEN a fallacy is once promulgated, its vitality 
is something amazing. Owing to our medieval 


system of education, the average middle-class man 
knows nothing of physics, and is thus not in a posi- 
tion to express an opinion on the accuracy of any 
of the many marvellous theories of the universe and 
all that in them is which are not infrequently 
thrust upcn him by his daily paper. 

The word electricity seems to have the same 





scothing effect on people of this class as the word 
Mesopotamia had for the old lady of the story. If 
a phenomenon is only said to be electrical, every- 
thing is considered to be explained, there being an 
inherent love of the marvellous in the common run 
of mankind, which makes a straightforward and 
simple explanation much less to its taste than a 
more involved and mysterious one ; and when one 
of these occult explanations has once gained a fair 
degree of acceptance, its refutation may be com- 
pared to the Jabours of Sisyphus. The error may 
be clearly established by experiment, and for the 
moment its supporters are silenced or convinced ; 
but a few months later the same old fallacy is again 
making the rounds of the papers, and the work of 
refutation has to be gone through again. One of 
the most persistent of these errors has been the 
theory that under certain conditions a safety valve 
is useless on a boiler, owing to the alleged fact that 
it is possible to generate steam so quickly in an 
ordinary boiler that the valves would be unable to 
pass it and to prevent a very serious rise of 
pressure. 

At the beginning of last year we republished a 
description of experiments made by the Manchester 
Steam Users’ Association in 1867, which showed 
pretty conclusively that it was impossible to make a 
kitchen boiler explode by heating it to redness and 
then turning in cold water. No arrangements were, 
however, made to measure the pressure developed 
in these experiments, though it was known that it 
did not exceed 35 lb. per square inch, for which the 
safety-valve was loaded. Insome later experiments 
(see ENGINEERING, vol. li., pages 145, 202, 290, 
321, and 476) made by the same Association 
on a Lancashire boiler, this omission was made 
good, and in this instance it was found that on 
turning water on the top of the red-hot flues of the 
boiler a pressure of 27 Ib. wasreached. Naturally 
it was not possible to heat any large proportion of 
a large Lancashire boiler to redness, and hence the 
red-hot surfaces were small in comparison with the 
cubic capacity of the boiler. It was, therefore, 
only to be expected that higher pressures would be 
developed if the experiments were repeated on a 
kitchen boiler, of which a large fraction of the 
whole surface could easily be made red-hot. This 
has now been done by Mr. R. D. Munro, the 
chief engineer to the Scottish Boiler Insurance and 
Engine Inspection Company, Limited, who has re- 
cently published a small volume* giving the results 
of his experiments, which fully confirm the view 
that it is impossible to make a boiler ‘‘ explode” 
by raising it to a red heat and turning cold water 
into it. It may be cracked, or aside may open, but 
no explosion in the proper sense of the term takes 
place, a very small aperture being sufficient to pass 
all the steam generated. 

For the purpose of these experiments, a wrought- 
iron cylindrical shell, about 20 ft. long and 
6 ft. 6 in. diameter, was prepared and erected with 
its axis vertical. The boiler to be tested was placed 
inside this, so as to prevent damage being done if 
an explosion did occur. A furnace was fitted inside 
this shell, and over it was placed the boiler to be 
tested. The boilers experimented upon were taken 
from the general stock of the different makers, and 
were fair samples of the ordinary domestic boiler. 
Asa preliminary, a series of experiments were made 
to determine the size of safety valve necessary to pre- 
vent a rise of pressure above that corresponding to 
the load on the valve. With a so-called ‘‘boot” 
boiler, having a capacity of 14 gallons, and weigh- 
ing 160 lb., it was found that a dead-weight safety 
valve, } in. in diameter, was capable of passing all 
the steam which it was possible to generate. In 
making the experiments with the ‘‘ red-hot” boiler, 
it was found that a suitable safety valve was again 
effective in preventing any serious rise of pressure, 
even when fully three-quarters of the whole sur- 
face of the boiler was raised to a red heat. 

In the first, of these experiments the safety 
valve was loaded to 10 lb., and, on turning on the 
water, the pressure due to the steam generated by 
the hot surfaces rose to 12 lb., after which it fell 
again to 6 lb., which was that due to the head of 
water in the supply pipe. The steam produced 
apparently cleared the boiler of water, but in a few 
seconds a second supply of water gained access to 
the boiler, sending the pressure up again to about 
12 lb., after which it fell below that due to the 
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head. The ‘‘geyser” action again recurred, a 
larger supply of water reaching the plates than 
in the previous case, with the result that a pressure 
of 16 lb. was indicated on the maximum gauges. 

In a second experiment the valve was loaded to 
20 lb., the head in the supply pipe being raised to 
12 lb. per square inch ; and in this case the boiler 
was made nearly white hot. On turning on the 
water the pressure rose to 44 lb., but then fell 
steadily, and at the end of 22 seconds was below 
the safety-valve load. On withdrawing the fire, 
the boiler was found considerably distorted, and 
a stay between the front and back plates was 
started. Very similar results were obtained on 
repeating the experiments on other boilers, and it 
was evident that the safety valve, having a dis- 
charge area of but } square inch., was too small for 
the work, though, of course, the conditions were 
much more unfavourable than they would be under 
any conceivable conditions in practice. 

In the next series of experiments the boilers 
were fitted with a safety valve of double the 
diameter, and, at the same time, the supply pipe 
was fitted with a non-return valve. The head 
causing flow into the builer was 40 ft., or 18 lb. per 
square inch. With this arrangement, the pressure 
never rose above that due to the valve loading, 
the valve being able to pass easily all the steam 
generated. The pressure, however, always rose to 
the safety-valve load, and thus there is a difference 
between these experiments and those made by the 
Manchester Steam Users’ Association on a Lan- 
cashire boiler, where the pressure never rose above 
27 lb. per square inch. This, of course, is to be 
attributed to the much greater ratio which the 
heated surface bore to the internal volume. 

To complete the experiments, the safety valves 
were locked fast, and the boiler heated as before. 
On turning on the water, the pressure gradually 
rose up to a maximum of 118 Ib. per square inch, 
when a part of the boiler gave way. There was, 
however, no explosion, a weld simply opening and 
letting the steam out quietly. The experiment 
was then repeated with a second boiler, which 
failed at 90 1b. per square inch. As before, there 
was no explosion, there being no reserve of highly 
heated water to keep up the pressure, as is neces- 
sary for a true explosion to occur. The boilers 
were not even shifted on their beds. 

These experiments seem to prove conclusively 
that a boiler explosion cannot be caused by simply 
making it red hot and turning water in. As Mr. 
Munro points out, in many towns a dumestic boiler 
is quite as likely to run dry in summer as in 
winter, owing to the water supply being inter- 
mittent; but he has only found one case of a 
domestic boiler exploding in summer, and that 
was proved not to be due to shortness of water. 
In winter such explosions are frequent, and, in 
view of all the experiments which have now been 
made, it can hardly be doubted that they arise simply 
and solely from the plugging of the outlets, and 
that a suitable safety valve forms a perfect guaran- 
tee against danger. 





THE WEATHER OF DECEMBER, 1894. 

A MILD autumn has given a foreshortening to 
winter. November ended with a week of depress- 
ing gloom, relieved somewhat by the genial sun- 
shine of the closing day, which was brilliant with 
blue sky, gentle wind, and a soft clemency in the 
clear though cold air, in all parts of the kingdom, 
except the extreme north of Scotland, where the 
sky was cloudy. During the fortnight ending 
December 4, the weather was dry, judging by the 
almost entire absence of rain. The last: month of 
the year was ushered in by a marked fall in the 
temperature, and by abundance of fog, fortunately 




















‘ Mean . 
ses Mean Difference Difference 
Positions. | pressure. | from Normal.| Tempera- from Normal. 
| 
in. in. | deg. | 4 
North we 29.66 below 0.03 | 43 | above 3 
South - 30.09 above .11 | 48 | ao 
West ..| 29.95 ae ee so 
East “i 29.91 8 A | 42 99 2 
Central ..| 29.91 ox aes | 45 | Seo re 





transient. The 13th was generally the warmest 
day; the 3lst the coldest. The month, in its 
entirety, was unusually mild, which implies rains 
and storms of wind. Snow was slight and infre- 
quent ; just a little fell in London on the 30th. A 
few slight frosts occurred locally in the morning. 











Mists and fogs were local, and not prolonged. 
Some days had a few hours of sunshine. In 
sheltered gardens flowers bloomed, quite mistaking 
the time of year. The mean pressure and tempera- 
ture of the atmosphere at extreme positions of the 
British Islands, to which the Isle of Man is central. 
were as given in the Table in the preceeding column. 

The distribution of rain in frequency and quantity 
may be roughly inferred from the following results : 











Places. | Rainy Days. | Amount. | Paarl 
A 
in, | in. 
Sumburgh .. a 25 5.90 | 1.65 more 
Scilly .. a ne 20 2.98 | 1.09 less 
Valentia .. we 25 5.24 | O78 5 
Yarmouth -. :. 7 | a | 055 | 





The general daily directions of the winds over 
these islands give a resultant from west, the normal 
resultant being from W. by S. The barometer was 
below the normal, the rainfall excessive, the 
weather most overcast and stormy in the north of 
Scotland ; elsewhere the conditions were better, 
and in all parts temperature exceeded the normal 
values. At8 a.m., Greenwich time, the mean tem- 
perature of the air at sea level for the entire area of 
these islands was 41 deg. on the 2nd, and with 
slight fluctuations rose to 51 deg. on the 13th, and 
fell to 34 deg. on the 31st. Atthis hour, whilst on 
the 1st Stornoway had 48 deg., Loughborough had 
only 28 deg. ; 2nd, Stornoway 48 deg., Yarmouth 
28 deg. ; 3rd, Stornoway 45 deg., Nairn 26 deg. ; 
4th, Sumburgh 45 deg., Nairn 23 deg. ; 5th, Scilly 
48 deg., Parsonstown 30 deg. ; 6th, Pembroke 49 
deg., London 31 deg. The highest temperature, 
62 deg., was reported at Plymouth on the 13th ; 
the lowest, 16 deg., at Braemar on the 6th. Aurora 
was seen in north Scotland on the 8th, 10th, 15th, 
28th. On the 13th, 1.25 in. of rain was measured 
at Stornoway, and athunderstorm occurred in the 
Hebrides on the previous day ; on the 19th, 1.41 in. 
at Sumburgh Head, and 1.01 in. at the same place 
on the 22nd. Reckoning by the weather notation, 
clear days ranged between 6 in the east and 1 in 
the south ; overcast days between 21 in the north 
and 14 in the south district. The greatest atmo- 
spherical pressure, 30.9 in., occurred on the 27th ; 
the least, 28 3 in., on the 22nd. After the 4th, the 
north-west and north coasts were subjected to 
stormy weather. In the morning of the 17th, a 
severe cyclonic tempest appeared in the Hebrides, 
the barometer marking 29.55 in., which by next 
morning had reached the Orkneys at 29 in., and on 
the 19th, 28.8 in., in latitude 62 deg. N., longitude 
2 deg. E.; thence it took a southerly course to 
Hamburg, 29.5 in., filling up. Onthe night of the 
21st a furious tempest passed eastward across Scot- 
land, barometer down to 28.8 in. near Berwick next 
morning, and nextday it had entered south Sweden, 
The changes of barometrical pressure during this 
disturbance were exceedingly rapid. The anemo- 
graph at Greenwich recorded 29 lb. on the square 
foot. More than 100 lives were lost, and much 
destruction was done both ashore and afloat ; fish- 
ing craft suffered severely. 

During the four weeks ending the 29th, the 
duration of bright sunshine, estimated in percentage 
of its possible amount, was for the United King- 
dom 16, Channel Isles 23, south England 21, south- 
west England 20, north-east England and south 
Ireland 18, east England 17, central England 14, 
west Scotland 13, north Ireland 12, north-west 
England 11, east Scotland 10, north Scotland 9. 





THE APPLICATION OF ELECTRIOITY 
TO WORKING SHIPS’ TURRETS. 

Tue Forges et Chantiers de la Mediterranée has 
recently constructed, under the direction of M. 
Marmiesse, the engineer-in-chief of the ship- 
yards at Havre, and has delivered to the French 
Navy Department, the Latouche Tréville. This is 
an ironclad cruiser of the second-class, the general 
appearance of which is shown by the illustration 
on page 13, She has 4750 tons displacement, and 
is of the same type as the Charner ; her principal 
dimensions are as follows : 


Length between perpen- 

diculars pi ... 110 metres (361 ft. 6 in.) 
Beam _... ee i: a 
Draught of water aft ... > Jae ies, So) 
Mean draught ... ave COE” gs 19, 3°53) 


The engines have an indicated power of 8300; 





the speed is 19 knots. The armament is as follows : 


Two guns of 19 centimetres (7.47 in.) 


Six ” ” (5.51 ,, 
Four ,, 65 millimetres (2.56 ,, ) 
Four 99 7 ” : ” ) 

Six revolving guns of 37 millimetres (1.46 in.). 
Five torpedo tubes. 


The 19 and 14 centimetre guns are entirely pro- 
tected in turrets constructed on the Canet system ; 
the former are placed, one forward and 9ne aft, 
the latter are grouped three on each side, in 
batteries. The Latouche Tréville has this pecu- 
liarity, that each of the 19 and 14 centimetre guns 
is strongly protected and isolated from the others 
in aturret. The thickness of the protecting shields 
is 92 millimetres (3.62 in.) on the sides, and 20 milli- 
metres (.79 in.) on theroof. All the operations of 
working the guns and manceuvring the turrets, are 
performed by electricity, as is done on board the 
Capitan Prat, an ironclad of the Lagane type, built 
some two years ago by the same company, at their 
La Seyne Works, for the Chilian Government. In 
the Latouche Tréville, hydraulic machinery has 
been placed entirely on one side in favour of electric 
energy, this being the first ship in the French Navy 
in which so important and radical a change has 
been completed ; for this reason especially the ship 
is one of unusual interest, the more so because the 
new installation differs considerably from that on 
the Capitan Prat, and from that on the Jaurégui- 
berry, still in course of construction. We do not 
propose in this article to consider in detail the con- 
struction or the armament of the ship, although 
the latter presents many interesting points on 
account of special arrangements adopted ; but we 
shall confine ourselves chiefly to a consideration of 
the electric devices adopted for working the turrets, 
and to an investigation of the question from a 
general point of view. 

A description may be introduced here of the 
Capitan Prat, of which illustrations are given on 
pages 16 and 20, because the ship is one of consider- 
able interest, and because we shall, later on, publish 
illustrations of her electrically worked turrets, in 
order to show the changes that have been made 
and applied to the Latouche Tréville. 

Beforethe Chilian Government decided onthecon- 
struction of this armoured cruiser, it invited various 
European constructors to submit competitive de- 
signs to an International Commission, the English 
member of which was Sir E. J. Reed. After a care- 
ful investigation the commission intrusted the work 
to the Forges et Chantiers de la Mediterranée. The 
plans for the ship were prepared by M. Lagane, 
the engineer-in-chief of the company, at La Seyne. 
The Capitan Prat is 100 metres (328 fi.) long, and 
18.50 metres (61 ft. 2 in.) wide across the amid- 
ship batteries; her draught of water is 6.65 
metres (21 ft. 10 in.), and her tonnage, 6828. Of 
this total, the weight of the hull as a complete 
structure, accounts for 36 per cent.; the armour 
plating 27.3 per cent.; boilers and machinery of 
all kinds 16 per cent.; artillery and ammunition 
9 per cent.; and the normal coal provision 5.4 per 
cent.; leaving about 443 tons for stores, the smaller 
armament, crew, &c. The Capitan Prat is built 
with a double hull, and is divided by 14 transverse 
bulkheads, besides a number of smaller water- 
tight compartments for the magazines of various 
kinds. She is protected for the greater part of 
her length by a belt of steel plates 150 milli- 
metres (5.90 in.) at the forward end, 300 milli- 
metres (11.81 in.) amidships, and 125 millimetres 
(4.91 in.) aft; the total height of this belt is 2.10 
metres (6 ft. 10.6 in.), the uniform height above 
the water line being .70 metre (27.56 in.) 

At the level of the top of the armour belt, which 
is backed with teak, is a teak deck on which rests 
the plating of the armour deck, 2.60in., made up 
of two plates 1.97 in. and .63 in. respectively. 
Above this is a cellular space extending over the 
length and breadth of the ship. The central part 
of the vessel forms an armoured citadel, extends 
across the whole width, and for a length of about 
100 ft. ; the thickness of the armour at the ends is 
3.78 in. made up of two plates of 3.15in. and 
.63in, This enclosure is divided into two decks, the 
lower one being a part of the cellular space above re- 
ferred to, and containing a reserve of about 300 
tons of coal, which also serves as an additional 
protection. Above this is a battery deck, armed 
with six Hotchkiss 2.24-in. guns and two Canet 
torpedo tubes. The rest of the 1873 tons of armour 
is divided between the four turrets of the 9.45-in. 
guns, the four of the 4.72-in., the protecting tubes 
of the ammunition hoist, and the commander’s 
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THE CHILIAN CRUISER “CAPITAN PRAT.” 
CONSTRUCTED BY THE FORGES ET CHANTIERS DE LA MEDITERRANEE, LA SEYNE. 
URS ‘ | 
Gc 
pose wen 
shelter. Thearmament of the Capitan Prat is as | On the ships we have referred to—and it is ex- 
follows : pected that similar plans will be followed on all 
new ships for the French Navy—the guns are 


Four guns of 24 centimetres (9.45 in.) of 36 calibres, 
Canet system ; these are placed in barbebtte, ar- 
ranged as shown on the annexed diagram, Fig. 4 
(type Marceau). 

Kight quick-firing guns of 12 centimetres (4.72 in.) of 
45 calibres, Canet system; these are mounted in 
intermediate positions in closed turrets. 

Six Hotchkiss guns, 2.24 in., in the battery. 

Four Hotchkiss guns, 2.24 in., mounted on platforms 
directly over the 24-centimetre barbettes. 

Four machine guns, 1.85 in., on the flying decks. 

Four Hotchkiss guns, 1.46 in., in the lower tops. 

Two Hotchkiss guns, 1.46 in., on the captain’s bridge. 

Five Gatlings, five .43-in., in the upper tops. 

Four Canet torpedo tubes, 17.72 in. in diameter ; of 
these, two are placed in the central battery, the 
third aft, and the fourth forward. 

From the diagram, Fig. 5, it will be seen that 
one-half the horizon, between 45 deg. forward and 
45 deg. aft, on each side of the ship is commanded 
by three guns of 24 centimetres, and four guns of 
12 centimetres, while the other half of the circle is 
swept by two guns of 24 centimetres and by two of 
12 centimetres. The following are some particulars 


of these guns : 


Calibre . 24 cent. (9.45 in.) 12 cent. (47 in.) 
Weight __... 23.300 tons 2.700 tons 
Length .. 8.64 m, (28 ft. 1.20 in.) 5.40 m. (17 ft. 8.60 in.) 
Length in 
calibres_... 36 45 
Weight of 
rojectile ... 170 kilog. (374 lb.) 21 kilog. (46.2 Ib.) 
Weight * 90 kilog. (198 Ib.) 5 kilog. (11 Ib.) 
charge (chocolate) (smokeless) 
Initi velo- 
city ... ... 680m, (2230 ft.) 700 m. (2296 ft.) 
= Ce 
ate rfo- 
es te sy at 
muzzle .62 m, (24.41 in.) -225 m. (8,85 in.) 


The turrets may be regarded as of the ordinary 
type used in France for the protection of guns of 








from 19 to 24 centimetres. The system is practic- 
ally the same as that now being put into execution 
by the Forges et Chantiers for working the turrets 
on the warship Pothuan ; for the coastguard ship 
Skyold, intended for the Danish Government ; and 
for the turrets to contain the 28-centimetre guns 
for the Carlos V., now in course of construction by 
the Spanish Government at Cadiz. It is an inte- 
resting and significant fact that the Spanish 
Government has abandoned the hydraulic-worked 
turrets, such as were constructed and supplied by 
the Whitworth Company, and fitted on three new 
cruisers (see ENGINEERING, July 6, 1894), and have 
definitely accepted the system of working by electri- 
city for some other ships—the Carlos v. amongst 
them—as offering many and great advantages. It 
will also be remembered that the hydraulic turrets 
in question were built on the Canet system. The 
Forges et Chantiers de la Mediterranée have also 
in progress the Entrecasteaux, the turrets of which 
will be operated by electricity. From this it will 
be seen that, in France at least, the substitution of 
electrical for hydraulic power has ceased to be 
problematical, and has passed out of the experi- 
— phase into that of actual adoption on a large 
scale. 


mounted in balanced turrets, which will be worked 
either by hand or by electricity. The arrange- 
ments of turrets are practically similar for the two 
classes of guns—quick-firing and those of heavy 
calibres. The installation comprises (1) the mount- 
ing or carriage ; (2) the turret ; and (3) the devices 
for operating guns and turret. 

The mounting or carriage consists of a rigid 
frame formed of two longitudinal girders and a 
sleeve, within which the gun slides during recoil. 
At the forward part of the girders are placed two 
trunnions, which are carried in suitable bronze 
bearings on steel-plate foundations that form a part 
of the platform of the turrets. To the underside of 
the sleeve is attached the brake cylinder, as well 
as the brackets that carry the rods on which the 
columns of Belleville disc springs are placed ; these 
columns of springs serve as accumulators, and 
absorb the energy of the recoil, which is after- 
wards utilised to bring the gun back into battery. 
The gun in recoiling acts on the brake by means 
of a forging to which is connected the crosshead of 
the brake cylinder piston-rod; the forging also 
forms part of four slides that bear on the upper 
and lower faces of the longitudinal girders, and 
thus guide the gun during the period of recoil. The 
brake ison the Canet system, with a central counter- 
rod ; its operation is too well known to require re- 
ference here ; indeed, it was illustrated the other 
day in its most recent form for quick-firing guns 
in our columns (see ENGINEERING, vol. lviii., page 
756). The opposite sides of the brake piston are 
placed in communication by means of diverging 
passages conducting to a central opening. It is 
through thisopening that the counter-rod passes, and 
by its varying section, regulates the flow of fluid in 
the cylinder, and makes the rate of recoil practically 
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uniform. On account of the entrance of the rod 
into the cylinder, the volume available for the fluid 
is diminished and it is forced back into the re- 
cuperator. At the end of the recoil the annular 
valve of the piston falls back on its seat, and the 
only means of communication with either side of 
the cylinder, is through a passage formed in the 
thickness of the cylinder wall. The mouth of 
this passage to the rear of the piston can be opened 
or closed with a valve that can be operated from the 
outside. If the valve be moved so as to open the 
passage at the moment of fire, the sets of springs 
being extended at the end of the recoil, force the 
fluid from the front to the back of the cylinder, and 
the gun is withdrawn into battery. If, on the con- 
trary, the passage is kept closed when the gun is 
fired, the latter remains in position until communi- 
cation has been established between the two ends of 
the cylinder. As soon as this is done, the piston is 
set in motion, and the gun comes back into battery 
at any desired speed. Running the gun out into 
firing position is effected by putting the front and 
back of the cylinder into communication with a 
hand-pump ; by this pump the fluid can be forced 
from the back to the front of the piston. During 
this operation the valve before referred to continues 
to close the mouth of the passage. To restore the 


gun to its normal position, all that is necessary is | 
to open the passage by raising the valve. The | 
mechanism for vertical training consists of a toothed 

sector fixed on the side of the mounting, and gear- | 
ing into a pinion which is fixed on the same shaft as | 
a helicoidal wheel actuated by the man training the | 


gun, and who turns a handwheel that moves a pair 
of bevel wheels and a worm. ‘Che range of train- 
ing for elevation is from + 15 deg. to — 6 deg. 
The sighting gear is placed on fixed supports. 
The line of sight is exterior to the turret, which 
gives a more extended range of view to the man 
training the gun. 

The turret includes the platform and the cen- 
tral loading tube, a system introduced some years 
ago by M, Canet, and which has now, in one form or 
another, come into very general use on the more re- 
cent ironclads. The platform consists of a steel-plate 
floor fixed to the top of the loading tube by means 
of angle irons, and which extends as far as the 
framing of the movable turret. Important parts 
of the framing are the longitudinal girders placed 
immediately below those of the gun mounting ; 


these are connected and strengthened by a series | 


of crossbeams and gusset plates. The platform, 
as well as the armoured inclosure, is elliptical in 
plan ; this form has been adopted in order to reduce 
toa minimum the weight of the moving parts, and it 
is well adapted for obtaining a balance of the turning 
structure around the rotating axis ; careful balancing 
of the heavy weights of the turret and gun plat- 
form, of course, greatly facilitates the manceuvring 
of the turret, especially when the operations are 
performed by hand. The turret is covered with a 
steel roof, from which rises a small armoured look- 
out that screens the head of the man training the 
gun; this officer stands on a platform attached to the 
gun mounting, and revolving with it. The central 
loading tube is built up of steel plates ; the lower 
portion, that descends into, or near, the ammunition 
magazine of the ship, is cylindrical ; the upper part 
is conical, and to this the platform is framed. The 
bottom of the tube is carried on a hydraulic pivot, 
and it is guided by a ring of vertical wheels placed 
near the upper part. This arrangement is specially 
designed to reduce friction and render the rotation 
of the turret more easy. So efficiently has this 
been carried out that one man can, without diffi- 
culty, turn the turrets containing the 15-centi- 
metre guns, and two suffice for operating the 
20-centimetre turret. The water pressure in the 
hydraulic pivot supporting the tube, is maintained 
by a small hand-pump. 
(To be continued.) 


STATICALLY INDETERMINATE STRUC.- 
TURES AND THE PRINOIPLE OF 
LEAST WORK. 

(Continued from page 744, vol. lvitt.) 
We are indebted to Mr. Joseph Harrison for 
calling attention to an important oversight in the 
discussion of the double Warren girder in our issue 
of November 23 last, page 658. When such a girder 
consists of an even number of bays, the ‘‘ secon- 
dary” stresses in the two end posts will be of 





different sign, and hence for equilibrium “ must be 


girder with an odd number of bays. It is, how- 
ever, obvious from symmetry that with a single 
central load the stress on the end 
be of the same sign, a condition which is incom- 
patible with the former one unless »=0. Hence 


no stress in the second system of bracing. The 
case is a most peculiar one, as if a bar is removed 
from the first system of bracing, the girder will still 
stand, the second system of bracing then coming 
into play. This is the only case we have yet met 
with of the stresses in a statically indeterminate 
structure being the same as when the extra bars 
are removed, though other cases doubtless exist. 

In all other positions of a single load on a double 
Warren girder, the second system of bracing takes 
a share of the stress. Thus, putting ».= —\, 
where « is the shear causing stress on the ‘un- 


fig .8. 
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loaded” system of bracing, the corrected values 
of » for the Table on page 659, vol. lviii., will be : 


Load a Value of yu. 

alae d 

ee .021 W 
a. .024 W 
@.% .029 W 
ee .029 W 
g . .004 W 
. .000 W 


The structures considered up to the present have 
been frames in which questions of direct tension 
aud compression only had to be dealt with. The 
most numerous examples of structures with super- 
fluous parts are, however, to be found in arches, 
continuous girders, and stiffened suspension bridges, 
in which questions of bending and shearing arise. 
To the determination of the stresses in such struc- 
tures the method of least work can be very advan- 
tageously applied. As a preliminary it will be 
necessary to find an expression for the work done 
in deforming a bar by shearing and bending. 

The work due to shearing is in general quite 
negligible in practice in comparison with the 
stresses due to bending and direct tensions and 
compressions. It is, however, very easy to deduce 


with an even number of bays a central load causes | 5 


each other. Suppose, for the moment, the stress 
uniformly distributed over the section, and the two 


osts must| sections to be L inches apart. Then the distance 


one section will move relatively to the other will be 
4 3 4 where © = the area of the bar, and G is 
the shear modulus of elasticity. Then, if the 
shearing force increases from 0 to its final value §, 
its average value will be ; » and hence, the work 


done between the two sections will be 

SL 

22G 
As a matter of fact, however, the shearing stress is 
seldom uniformly distributed over a section, and 
hence the above value for the work done has to be 
multiplied by a coefficient, and we may therefore 


write, 

- Adee 
22.G 
According to Castigliano, for cases of simple 
shear the coefficient A = 4 when the section 





Work done by shearing = Us 


sheared is rectangular, and the depth of the section 
is not very great compared with the width. 


For an elliptic section A = 3 provided the 
ellipse is not very flat. 

In a similar manner, for cases of torsional shear, 

2 

the work done will be Us = ore where J is 
the polar moment of inertia of the section, T the 
torsional moment, and C a constant depending on 
the form of the section. For a circle C is unity, 
and for a rectangle of which the breadth is not 


very small compared with the depth, ; =, 
a 





where b and ¢ are the sides of the rectangle. ' 
Coming now to cases of bending, consider a 
beam E A B D (Fig. 8) supported at A and B, 
and fitted with scale pans at its extremities in 
which weights can be placed. Also suppose the 
weights in the two pans to be always he Then 
the bending moment curve will be as in Fig. 9, 
being uniform between A and B. Further, let the 
lengths outside the supports be very rigid, as com- 
pared with the remainder of the beam. Then, if 
equal quantities of shot are gradually poured into 
the two scale pans, the lower surface of the beam 
will take a shape something like that indicated in 
Fig. 10. The parts A D and B E will eachturn 
through a small angle a, whilst remaining tan- 
gents to the under surface of the beam at A and B. 
Hence perpendiculars to the beam at A and B will 
make an angle i = 2a with each other. 
Now, during this bending of the beam, the scale 
pan at each end has moved through a distance 
a sin a, and the average value of the load has been 
W 

9 e 

Hence the total work done by the sinking of the 
loads willbe W.a.sina. But W. a = the bending 
moment in the beam between A and B. 
Therefore the work done will be M sin a = Ma, 
when a is small, as it always is in practice. But 
a= > the work done on the beam by a uniform 
bending moment is equal to that moment multi- 
plied by half the change in the angle between two 
normal sections of the beam taken at the extremi- 
ties of the part considered. 
Now to determine the value of i. 
The stress on the upper surface of a beam is 
shown in ordinary works on statics to be : 

-My 
Er 
where I denotes the moment of inertia of the beam, 
and y the distance of the upper surface from the 
neutral axis. The upper fibres will be elongated 
by an amount 

’ EI 
Similarly the lower fibres will be compressed by an 
amount 





_ Mest 

a “EY ’ 

where z is the distance of the lower fibres from the 
neutral axis. 





an expression for it. : ‘ 
If a bar is subjected to a uniform shearing force 





equal to —\ instead of +, as in the case of a 





Then 
[ ytz=h, 


S, two sections of the bar will slide relatively to | the depth of the beam, and hence the difference 
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in leugch of the upper fibres and the lower will 
after stress be 
hy tA = B 
But if p, be the radius of the upper surface of 
the beam and p, the radius of the lower, we will 


have 


“ Mal 
— De =A, +rA.= . 
(P1—P2) t 1 2 EI 
But, in the case considered above, 
-- Meg 
y= - =hs oe = -_——. 
Pi — P2 t EI 


And hence finally the work done in deforming a 
beam by a uniform moment M will be : 
Mi_ M2 
2° 2Er 

But in most cases which occur in practice the bend- 
ing moment is not uniform. Nevertheless, we may 
divide up the whole beam into a number of very 
small parts, throughout which the bending moment 
may be considered uniform. Then the total work 
done in bending the beam may be obtained by cal- 
culating the work done on each of the parts on the 
above assumption, and adding the whole together. 
The greater the number of parts into which the 
beam is thus considered to be divided, the greater 
the accuracy of the result. 

From this it follows that the work done in de- 
forming a beam by bending is equal to the length of 


the beam multiplied by the average value of . ;- 


The average value of I can, in some few cases, 


be determined by the integral calculus, but more 
generally can only be determined by some approxi- 
mate method, such as Simpson’s rule, or those of 
Cotes or Gauss. A veryconvenient rule has also been 
given by Mr. Weddle. We shall make use of this 
latter to determine the deflection of the davit 
shown in Fig. 11, under a load W applied as indi- 
cated. It is assumed that the davit is solidly 
encastré at its base, where it is 4 in. in diameter, 
which thickness is maintained up to the commence- 
ment of the curved portion, after which it tapers 
down uniformly to a diameter of 2 in. at the extreme 
end. To determine the deflection of this, we have 
vertical deflection 

Pe 

aw’ 
where U is the work done in deforming the beam. 


But 
v= =a (mean value of M*), 
2 E T 
To determine this mean value, divide the centre 
line of the beam into six equal parts, as shown, and 
calculate the value of 
M2 
y=, 


I 
for each of the points 0, 1, 2, 3, 4,5,and 6. Then 
if y) is the value at 0, y, that at 1, and so on, we 
have, by Mr. Weddle’s rule, mean value of 


7= 


5 [yo + Y2 “i Ys = Y% +5 (ni 7 Ys) = 6 Ys f 
Similarly 
ay. ft f dy 
aW 25°. mean value of av | 
= Av 
The values of 3% for the various sections are 


given below : 








M2 | dy 
‘ I y 
Section. : . , F 
ection M I aw 
0 7554 0 0 
1 2.47 27.0 W 295 W2 590 W 
2 6.06 50.4 W 409 W2 818 W 
3 12 57 60.0 W 2386 W2 72 W 
4 12.57 60.0 W 286 W2 572 W 
12.57 60.0 W 286 W2 672 W 
6 12,57 60.0 W 286 W2 572 W 


Then applying Weddle’s rule, the average value 


of ou will be found to be 560 W, 
and the deflection 
l 
Aa = os 5 
. a tel 
l= 168”, E = 13,000 tons ; 
"8 235 W. 


Hence if 


W = $ ton, 4 =1.75". 
If it were desired to determine the horizontal de 





flection of the end of the davit, under the load W, 
in addition to the vertical one, a force » may be 
assumed to act horizontally asindicated. Then the 
moment at point 1 is now 27.0 W +.6 4. At 
point 2 it is 50.4W+14uz, and similarly for the 


other points. Then these - can be found for 


each of these points, and 
l M2 
U= x ( average value of — ) ; 
2E ( - : ) 


and, finally, the horizontal deflection is equal to 


U , whatever the value of « may be. Hence, 


dp 
if, after having obtained ad , & is made 0, the 


a 
horizontal deflection of the davit end under the 
influence of W acting alone is determined. Using 
Weddle’s rule, the horizontal deflection will be 
found to be 4y = 2.39 W in. where W is the load 
in tons. Six sections is perhaps, in this case, rather 
too small a number of parts in which to divide the 
beam in question, if any special accuracy were 
required, but is enough for the purpose of illustra- 
tion. The device of using an imaginary load to 
determine deflections, as in the above example, and 
in that of the Hawkesbury Bridge, dealt with in a 
previous article, is, we believe, original with 
Castigliano. 

(To be continued.) 





NOTES. 
Tue Drrect Propuction oF ELECTRICITY FROM 
GAs. 

In a paper read before the Deutsche Electro- 
chemische Gesellschaft, Mr. Borchers gives some 
interesting particulars of some experiments he has 
made on the direct production of an electric current 
by burning carbon or combustible gas. His earlier 
experiments were made with carbonic oxide, but 
later on he succeeded in producing a current by 
burning hydrogen, hydrocarbons, and even powder 
carbon. The apparatus first used consisted of a 
glass vessel divided into three compartments by 
partitions of glass, which, however, did not reach 
quite to the bottom of the vessel. The vessel was 
tilled with chloride of copper, which acted as the 
electrolyte. In the outer compartments tubes of 
copper were suspended, through which carbon 
monoxide was passed. In the central compartment 
a carbon bell was arranged, through which atmo- 
spheric air was supplied. With this apparatus a 
current of .5 ampere was obtained through an 
external resistance of 0.1 ohm, whilst with an exter- 
nal resistance of 50 ohms a P. D. of .4 volt was 
observed. By filling the outer compartments with 
copper turnings, giving a greater surface for the 
absorption of the carbonic oxide, a current of .64 
ampere was noted, and, on introducing a high 
external resistance, a P. D. of .56 volt was main- 
tained. The theoretical electromotive force is 
1.47 volts, so that the efliciency of the cell was 
27 per cent. 

SEwaGE PurRIFICATION. 

We have received a copy of a report on the 
ferrozone and polarite process of sewage purifica- 
tion, by M. L. Vuaflart, chief chemist at the de- 
partmental laboratory of Boulogne-sur-Mer. He 
states that the process may be divided into three 
distinct operations—(1) A chemical purification by 
means of ferrozone ; (2) a decantation of super- 
natant liquid from the particles precipitated by 
this reagent ; and (3) a filtration of the decanted 
liquid through polarite. Ferrozone is ferruginous 
salt of aluminium of somewhat variable composi- 
tion, two samples giving the following analysis : 

Sample A. Sample B. 


Per Cent. Per Cent. 

Anhydrous ferrous sulphate 133 0.80 

Anhydrous ferric sulphate 1.00 0.05 

Anhydrous aluminium sulphate 36.29 30.13 
Portion insoluble in water, 

tly carbon... ag .. 32.40 26.56 

Water and undetermined matter 28.98 42.46 

100.00 100.00 


Polarite is totally insoluble, and is a very porous 
body, chiefly composed of the magnetic iron oxide. 
The plant erected at Boulogne, by Messrs. Howat- 
son and Co., of 165, Avenue du Roule, Neuilly- 
sur-Seine, was somewhat handicapped by the fact 
that the supply of sewage was very intermittent, 
and had to be stored in a tank before purification. 
This is said to make the treatment of the sewage 





more difficult. Underneath the storage tank wee 
placed two smaller tanks, in one of which 
the precipitation by ferrozone was effected, whilst 
the other formed a reservoir for the decanted 
liquid before it passed to the polarite filter. This 
filter consisted of a thick layer of polarite placed 
between two beds of broken flint. Froma chemical 
examination of the effluent, M. Vuaflart concludes 
that the system removes 84 to 88 per cent. of the 
organic matter present in the raw sewage, the 
effluent being clear and odourless even after being 
kept for 15 days. A bacteriological examination 
made by Dr. Billet showed that when the original 
sewage contained 5,250,000 bacteria per cubic centi- 
metre, the liquid decanted after treatment with 
ferrozone contained 812,500 bacteria, and the effluent 
from the filter 42,000 bacteria per cubic centi- 
metre, or less than 1 per cent. of those originally 
present, 


An Artiric1aL Horizon ror UsE at Ska. 

An ingenious artificial horizon for use on ship- 
board has been devised by Contre-Amira! Fleurais, 
of the French Navy. The design of the instrument 
is based on the fact that the axis of a quietly spinning 
top describes a small cone about the vertical. 
Hence, if a line is traced on the circumference 
of the top, and observed through a telescope 
fitted with cross hairs, the position of this line 
will appear to rise and fall. If then the telescope 
is adjusted at the right height, and pointed 
first at the highest position of the line, and then 
at the lowest, it will be truly horizontal when 
in a position midway between the two readings. 
In its final form the instrument constitutes an 
integral part of the sextant. The top is made of 
aluminium, so as to be very light, but as it turns 
in vacuum, it will spin a long time, indeed, for 
over three-quarters of an hour. In order that this 
vacuum should be maintained, the top is placed in 
an air-tight case, in the form of a glass cylinder, 
closed top and bottom. On its upper surface the 
top carries in a vertical position two plano-convex 
lenses, situated at equal distances from the centre 
of rotation, and separated by a distance equal to 
their focal length. A dark line is drawn on the 
plane side of each lens, and when the top is 
truly vertical these lines would lie wholly in 
the horizontal plane of sight through the sextant 
telescope. As, however, the top never does spin 
truly vertical, two readings have to be taken to 
get the height of a star—one when the lines 
engraved on the lens appear in the highest posi- 
tion, the other when they appear in the lowest; 
the mean of these is then the true height of the star. 
The top is set spinning in a very ingenious way. 
It is supported, when in use, by a pivot resting on 
acup of hard steel. By inverting the instrument, 
however, it can be made to rest on another cup of 
larger dimensions. Immediately below the top is 
a heavy flywheel, which is capable of sliding along 
the pillar at the upper end of which is the working 
cup of the top. A spiral groove is cut in the boss 
of the flywheel, on which runs a fixed pointer. 
Hence, if the flywheel slides on the central pillar, 
it must rotate. By brusquely inverting the instru- 
ment this wheel slides on the central pillar, and, 
whilst rapidly rotating, falls on to the top, carry- 
ing the top round with it. On restoring the instru- 
ment to its proper position, the flywheel falls back 
into its original position, leaving the top spinning, 
which will continue, it is said, for three-quarters 
of an hour. 








CYLINDRICAL v. WATER-TUBE BOILERS. 
To THE Epitor oF ENGINEERING. 

Sir,—An examination into the results of the trials of 
the boilers, which appeared in your issue of the 21st ult. 
in a letter from Messrs. Maudslay’s managing director, 
Mr. Sampson, has led me to again address you on the 
above subject. 

He says that it is evident that the water-tube boiler 
had the best of the battle, and I should fully indorse his 
views had there been a greater degree of equality in the 
trials. I would like a few particulars appended to the 
bare statement, as to dimensions of the engines, their indi- 
cated horse-power, the heights of thechimneys, &c. I am 
well aware that many engineers consider that we should 
separate the engine from the boiler when dealing with 
efficiencies, and in a certain measure they are correct, but 
I think that the balance of steaming power in any boiler 
is often handicapped by } in. of lap on the, say, 
high-pressure slide. What I mean by this is that the 
addition of ;'; in. lap to the slide valve will materially 
affect the economical results from the same firegrate. 

Now to revert to Mr. Sampson’s figures. The cylindri- 
cal boilers, in fact, both types, I take it, were worked 
with natural draught only, and if this be so, then to burn 
28 lb. of coal per square foot of firegrate is an extraordi- 
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nary result, and one not likely to produce satisfactory| Even if I had expressed a disinclination to anticipate | No. 5009 of 1883. The device works well, but occupies 
tests. Seaton, in his Manual on Marine Engineering, | the report on both points, is that a reason why Messrs. | more space than can usually be s : 
says that 20 lb. is to be considered on the side of excellent | Macevoy and Holt should make no attempt to deal with ours truly, 


results, and I must, therefore, enter my protest on the 
way that the cvlindrical boilers were pushed. Now I 
propose to deduct the two quantities of 28 lb. from the 
tests of the one and the abnormally low one of 9.2 from 
that of the Belleville, and I get as a mean from the cylin- 
drical, 16 lb. of coal per square foot, with an evaporation 
of 8.03 lb. of water per lb. of coal, whilst with the Belle- 
ville type the figures stand 17.7 lb. of coal per square foot 
of firegrate, with an evaporation of 8.64 lb. of water per 
pound of coal. If these figures are correct, wherein does 
the immense gain of the latter over the former come in ? 

I am afraid I cannot gointo the question of the weights, 
as in the face of what Mr. Durston told us in his paper, 
that there was no gain in power per ton of weight, I 
cannot see where the extra 50 tons comes in, except that 
a part of it is in the water, but if the cylindrical boilers, 
whereof at the Admiralty scantlings of the present day, 
again taking Mr. Durston’s figures, I make the weight to 
be about 80 tons. 

Mr. Sampson’s remarks as to the Belleville bviler, con- 
tained in the latter part of his letter, suggest to me that 
the Scotchman who designates the organ as ‘‘a kist of 
whustles” will now be perfectly justified in calling the 
Belleville boiler ‘‘a kist of pipes.” 

Yours faithfully, 


ConsuLTING ENGINEER. 
London, December 31, 1894. 


To THE EprToR OF ENGINEERING. 

S1z,—Being much interested in the results to be deter- 
mined by such a competitive trial as is desired by Mr. 
Howden between the ordinary and Belleville marine 
boilers, I write to suggest that there is no apparent 
reason why both boilers should be tested in Glasgow. 
Why cannot Mr. Howden’s boiler be tested in Glasgow, 
and Messrs. Maudslay’s in London? I fail to see any 
reason why the expense of transporting the Belleville 
boiler from London to Glasgow should be incurred in any 
case. Surely the results will be the same if both trials 
are made by the Research Committee of the Institution of 
Mechanical Engineers, no matter where they occur, and 
Mr. Howden and Messrs. Maudslay’s representative can 
be present at both trials. By all means such a unique 
opportunity to obtain most valuable results should not be 
lost. Yours truly, 

F. W. Dran, 
Member. Am. Soc. M.E. 
53, State-street, Boston, Mass., 
December 19, 1894. 





PROPOSED ASSOCIATION OF PORTLAND 
CEMENT MANUFACTURERS. 
To THE EpiTor oF ENGINEERING. 

S1r,—Will you kindly grant me space to assure Messrs. 
Macevoy and Holt that, as I think the context of my letter 
would prove, I did not intend to quote from their letter, 
but to impute to them an imaginary statement of the 
case of which they are the champions, so as to put ‘‘ the 
matter in a nutshell.” I see my rash use of inverted 
commas has laid me open to reproof, and I humbly apolo- 
gise to them and withdraw the attribution to them, in 
the sense which they object to, of the facts mentioned 
by me. 

The improvement of Portland « t by of 
additions made subsequent to calcination is a subject 
surrounded with difficulties, and I see a cement expert 
has within the last few days taken occasion to point out 
that, ‘‘ owing to the ash of the coke used in burning and 
the fluxing action on the firebrick lining of the kilns,” all 
sorts of dines may get into the cement, and may act 
in the same way as does the Kentish ragstone. So be it; 
if Portland cement is an ‘* article of admixture,” depend- 
ing for its virtues on the firebrick lining of the kiln or the 
ash of the fuel, let English manufacturers, at any rate, 
resolve to keep it free from additions made after firing. I 
have been working at this subject for nearly 30 years, and 
T can assure Messrs. Macevoy and Holt that they are mis- 
taken in thinking that my ‘‘figures and facts... are... 
used to serve” any other “‘ purpose” than the best interests 


of Portland cement, 
Yours faithfully, 


Ginpert R, RepGRAVE. 











THE ADULTERATION OF PORTLAND 
CEMENT. 
To THE EpiToR oF ENGINEERING. 

Srz,—In my letter to which Messrs. Macevoy and Holt 

reply, I called attention to the fact that experts had 
been appointed to inquire into two questions—first, as to 
the extent to which alleged adulteration prevailed ; and 
second, as to the effect on cement of the addition thereto 
of the limestone locally known as Kentish rag. Con- 
cerning the first point, of the extent of the alleged practices, 
I said it was hardly fair to anticipate the report. As tu 
the second point, I gave certain reasons, based on experi- 
ments, for stating that whon limestone was mixed with 
cement the result was depreciation, thatis, adulteration. 
., What is Messrs. Macevoy and Holt’s reply? This: 
‘This is a very logical conclusion for one who started by 
deprecating any anticipation of the report of the com- 
mittee ; and we really feel that it would be useless, with 
such a judge, for the condemned to make any remarks in 
mitigation of sentence before his face is covered and he is 
led forth.” If this statement of theirs is meant for a 
‘‘logical conclusion,” I will try to grapple with it, but 
if it is to be taken as something funny, I ought to say at 
once that, as I am a north-country man, it is quite thrown 
away upon me, 


the facts and figures of the tests given in my letter? That 
cannot be urged by them for the simple reason that they 
themselves have begun the discussion while the whole 
question is sub judice. 

Why, therefore, no proof of their case? They surely 
on their own showing made ample tests before sending 
out this improved cement ; indeed, they are inviting the 
interested public to judge at their works such teste. 
How much easier to have quieted all doubts by publish- 
ing these tests at once, rather than keep an anxious public 
waiting till the ‘‘later period,” when they promise to 
furnish you with ‘tests and analyses of all sorts.” Until 
that time arrives, and they bring forward evidence clear 
enough and strong enough to disprove such facts as given 
in my former letter, they will find a good many people 
who are noteven ‘‘antediluvian cement-makers” agreeing 
with the German Cement - makers’ Association that 
adding limestone to cement, and selling the same as 
— cement, is an adulteration and “a fraud on the 

uyer.” 
Yours respectfully, 
J. L. Spoor. 





LATTICE PARADOX. 
To THE Epiror or ENGINEERING. 
Srr,—Referring to ‘‘N. D. Y.’s” interesting little pro- 
blem in your issue of yesterday, I send you a graphic 


Fig.7. 
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solution, which, although it may appear absurd, is none 
the less true. 











Yours faithfully, 
GERALD BARKER. 
Westoe, South Shields, December 22, 1894. 





HYDRAULIC BALANCE LIFTS. 
To THE EpIToR OF ENGINEERING. 

Sir,—In your current issue you describe an apparatus 
for compensating the protrusion of lift rams, designed by 
Mr. Norman Selfe, of Sydney. This, however, has rather 
the appearance of an old friend in new guise. We applied 
the principle of a loaded swinging lever to a balance lift, 
erected about 11 years ago at York House, Regent- 
street, London, and the apparatus was exhibited and 
awarded a silver medal at the Inventions Exhibition. 
We believe you published a description of our arrange- 
ment at that time, and a comparison of the two devices 
will, we think, show that oa pees the advantage in 
all important particulars. Mr. Selfe’s gear commences 
with the swinging weight in full opposition to the ram, 
and completes the stroke with the weight entirely out of 
action, therefore the latter must be equal to the whole 
compensation required. 

Turning now to our own gear, we commence the stroke 
with the weight in such a position that it exerts upon the 
ram a pressure equal to twice its own weight, and on com- 
pletion of the stroke the pressure is half the amount of 
weight. The variation is, therefore, one and a half times 
the weight, and the latter need be only equal to two- 
thirds the amount of compensation required. There is a 
corresponding reduction of friction and wear and tear on 
all the joints, and the usual balance weight on the balance 
cylinder is also reduced by half the amount to be com- 

nsated. Except for the above difference, and that Mr. 
Reife guides the tails of his levers with rollers and a plane, 
a more simple swinging link or radius rod, 
Ours, in common 


where we 5 a 
the two gears would appear identical. 


with Mr. Selfe’s, gives an ogee curve of pressure, the 
variation from the straight line being 7 per cent. of the 





; compensation, a negligible amount. 


ur patent was 








ARCHIBALD SMITH AND STEVENS. 
Queen’s-road, Battersea, London, December 29, 1894. 





STATICALLY INDETERMINATE STRUC- 
TURES AND THE PRINCIPLE OF 
LEAST WORK. 

To THE Eprtor or ENGINEERING. 

S1r,—I should have preferred making my remarks upon 
your articles on the above subject after their conclusion 
but as three numbers have ap without the promised 
continuation, I begin to think that they are concluded, 
and beg to say that, so far as I know, Castigliano has not 
published anything on the subject you name in your first 
paragraph before 1879. Ifso, I venture to suggest that 
you are mistaken in assigning the priority to him, and 
that you can find the respective information in your own 


pages. 

- 1883 I contributed to them (December 7, page 509) 
an article showing how the equations generally used for 
the calculation of frameworks with superfluous bars could 
be modified so as to be applicable also to frameworks with 
solid webs. The equations are there deduced from the 
principle of work, and at the end of the third column 1s 
a direction how to write them in the original form. These 


original equations are identical with your equations al 


=@s AU = 0, &c., which are the essence of your articles, 


but while in the original equations the expressions a 
&c., are already written out in general terms of P, Q, 
&c., and of the other incidental quantities, without the 
use of the differential calculus, and are applicable to all 
cases, you have to write them out specially for every 
example in columns 7, 8, &c., of the Table, page 659, by 
means of the calculus. Naturally all the operations of 
multiplying and adding, of which both calculations consist, 
are also identical. The original equations were found with- 
outresorting to Castigliano’s theorem, whichisof much later 
date, and it is well known to all students of the subject 
since 1875 that they can be deduced even without the ap- 
plication of the principle of work. These matters I intend 
to show in another place, but here I may add a remark 
with respect to the list of writings at the end of my 
article in 1883. 

The equations were invented 30 years ago, but for more 
than 10 years they were lying dormant in the few modest 

ages on which they were printed, or they were forgotten. 

hey were invented again independently 10 years later, 
when the conditions for the diffusion of huselioies were 
more favourable. Then, during the following decade, 
they created much commotion and enthusiasm amon 
7 erage and numerous students, as it was recognis 
that they cover the solution of all statical problems. It 
has, therefore, always yee: to me strange that your 
columns did not more frequently reflect the importance 
of the subject. The abundant literature of that decade, 
including in the middle the treatise by Castigliano, may 
be said to have materially—apart from probable improve- 
ments of details in future—exhausted the subject of 
statics, and will, therefore, always be looked upon as one 
of the most important factors in the progress of statical 
engineering. But it is not advisable to attach too much 
importance to any particular author, Continuous girders 
are also statically undetermined structures, and Clapeyron 
invented, between 1848 and 1857, equations for their 
calculation which are not materially different from the 
equations above referred to, As I shall also be able to 
show, Navier stated in 1833, or even in the first edition of 
his Résumé des Lecons, d:c., 1826, which I have not seen, 
equations which are not materially different from those 
of Clapeyron, and he again acknowledges the contribu- 
tions to the rs of the resistance of bodies to 
rupture by Lagrange, Kuler, Newton, Leibnitz, Bernoulli, 
and Galileo. 

Yours faithfully, 
M. am Enpg. 
5, Victoria-street, Westminster, December 29, 1894. 


[With respect to the question of priority raised by Mr. 
Am Ende, Castigliano states that Green was the first to 
show that the differential of the work done in deforming 
an elastic body with regard to the deflection at any point 
was equal tothe force acting at that point. He claims to 
have been himself the first to give a satisfactory proof of 
the converse proposition, giving the deflection, and of the 
—_ of least work; previous proofs by General 

énabréa and others being, he says, inexact. This proof 
was given, he states, in 1873, in a dissertation for the 
diploma of engineer at Turin, and was republished in the 
Actes de l’ Académie des Sciences de Turin in 1875. As 
regards ce ge no method to be adopted in calculat- 
ing statically indeterminate structures, we believe the 
method of least work to be the simplest and most direct. 
We do not see that the particular plan which Mr, 
Max am Ence has employed so largely and successfully 
has any advantages over the least work method, since 
every figure contained in our Table on page 659, vol. lviii., 
would be required in either case. With respect to apply- 
ing the method to frameworks with solid sn @ number 
of excellent examples in which this has been done will be 
— ny work of Castigliano published in 1879, 
—Ep. 





To THE Eprror or ENGINEERING. 
S1r,—May I suggest the following explanation, which 
ak peed to me a few days ago, of the point raised 
by Mr. Harrison ? 
If, after finding the value of “, we proceed to construct 
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a diagram of stresses in the usual way, starting from the 
left-hand end, the construction will, in the case in point, 
give us a value for \ equal not to », but to — On the 
other hand, it is unquestionably obvious from symmetry 
that \ = uw. 

Is not the explanation this, that if we assume u« = d, we 
must take into account stresses due to both « and A in 
every bar from end to end, and not only from either end 
up to the centre of the span? If we do this, these stresses 
will balance one another in the several bars, and we shall 
obtain the result 1» =0=A=-—)d. Ib would appear, 
however, to be simpler to assume / only, as this is suffi- 
cient to determine all the stresses. 

Yours es ‘. 


January 1, 1895. 





LIGHT RAILWAYS. 
To THE Eprtog oF ENGINEERING. 

Srr,—I was much interested in the valuable paper con- 
cluded in your last week’s issue on the above subject, but 
as a practical man, having had much experience in the 
use of steel sleepers for such lines, I fail to see any good 

yints in the Y-form sleeper, illustrated and described by 
on White, as in use on a light narrow-gauge line near 

ork. 

Such sleepers, I am sure, for permanent lines should be 
of the ‘‘ dished” form, with the ends blocked in to pre- 
vent the escape of the ballast, similar to the illustration 
herewith, and known as the Indian States Railway type. 





Any method of securing the rails to the sleepers by 
means of bolts, riveted chairs, or clips should likewise be 
avoided, and a wedge system adopted. 

Needless to say, also, the ballast requires to be packed 
under the sleeper, and not on the top. 

I am, Sir, your obedient servant, 
Narrow Gavuce. 

London, December 31, 1894. 


SMITH’S REACTION ENGINE. 
To THE Epiror oF ENGINEERING. 

Srr,—I shall feel much obliged by your correcting an 
error in the name of the inventor of the reaction engine 
of which you have given a description in your ‘‘ Patent 
Record,” on page 690 of your issue dated November 23, 
1894. Instead of J. Smith, it should read Isaac Smith, 
of the firm of Sydney Smith and Sons, brassfounders. 
The error appears small, but yet important, seeing the 
surname is 80 common, and that several firms in Nobtting- 
ham trade under it, and in the same business as ourselves. 

Yours truly, 





Isaac SMITH. 
Basford Brass Works, Nottingham, January 2, 1895. 








THE SCIENCE AND ART DEPARTMENT 
AND TECHNICAL EDUCATION FOR 
ENGINEERS. 

To THE Epiror oF ENGINEERING. 
Sm,—Under the above heading some of your corre- 
spondents have touched upon a matter which is of great 
interest and some considerable importance to many young 
engineers who wish to employ in their profession great 
mental cultivation. I know for a fact that some engi- 
neers who have gone through the course at the Royal 

College of Science, and figured well there, as they cmally 

do, on returning to business life are compelled, when 

negotiating with an employer, to keep as a great secret 
the fact that they have had a college training, or rather, 
that they have had this college training, the cause of 
this being that the Royal College of Science training 
is looked down upon by engineers. We have for this 
two reasons to choose from. One is, that the course is 
itself contemptible ; the other is, that the above class of 
employers is a prejudiced one, ewe J nothing of that 
which they condemn. My own view is the latter one, since 
I have found invariably that the engineers who condemn 
the Royal College of Science know but the veriest trifle of 
the curriculum there; and equally as invariably the 
verdict of those who are thoroughly acquainted with the 
work done is eminently favourable. I fully agree with 
the last two letters appearing in your columns on this 
subject, and it is pleasing to find champions magnanimous 
enough to speak up for such a butt—so easy to revile with 
impunity—as the Science and Art Department. The May 
examination papers in steam and applied mechanics are, 

I believe, taken by the engineering employers mentioned 

above as samples of the highest work done at the Royal 

College of Science, whereas in reality the May “honours” 

paper and the senior course there will not bear the 

slightest comparison. It would be well, I venture to 
think, if the editors of ENGINEERING, or some other reliable 





| tribunal, were to investigate the final mechanics course 


of the Royal College of Science and to give an unbiassed 
opinion upon the influence of its training upon an engineer; 
and the latter, whose only crime has been to learn too 
much, would need no longer to keep the source of his 
knowledge and power a secret. ithout doubt there 
are slight failings in the Royal College of Science course, 
as elsewhere, but the way in which its many admirable 
points are overlooked makes one long for an extension 
in the engineering world generally of that which is at 
present lacking in by far the larger proportion of the 
critics of the Science and Art Department, viz., the 
“* critical faculty.” 
I am, Sir, yours obediently, 


To THE EprTog oF ENGINEERING. 

Sir,—‘‘ A Mechanics Student” should have read the 
article on ‘‘ Technical Education” to which I referred 
before taking part in this controversy. In that article 
the writer gave it as his opinion that as far as engineers 
were concerned the community would derive the maximum 
benefit if the men to be technically educated were selected 
from draughtsmen or clever mechanics actuall. en 
on engineering work. With that opinion I most thoroughly 
agree. I pointed out, in my former communication, that 
by the aid of the National Scholarship competition such a 
selection was ye 4 actually made, but I objected then, 
and despite of the generalisations of ‘‘A Mechanics 
Student’ I still object, that the Royal College of Science 
is not, at present, a suitable place to educate these men. 

Let us examine thecourse of instruction provided. The 
first year is divided into two terms ; during the first term 
the student confines his attention to chemistry (24 hours 
per week) and mathematics (four hours per week) ; during 
the second term he takes up physics (24 hours per week), 
and mathematics (four hours per week). And I will 
bear testimony with any one that the work done in 
these courses is honest and thorough, though I am 
sceptical as to whether the chemistry benefits a mechani- 
cal engineer in proportion to the time he has to devote to 
it. So much for the first year: how does our engineer 
fare in his second year? Well, for the first term he takes 
up Part I. Mechanics. Now, however suitable the lecture 
course may be for the London B.Sc. degree, I am not 
convinced that it is just the course for engineers ; in fact, 
it is not intended for them, since the great majority of the 
students attending it are beginners. Supplemental to the 
lecture course is the class in machine design ; but again 
the fact that the great majority of the students are com- 
mencing acts asa brake on the desires of our engineers. 

The second portion of the year is devoted to geology. 
Comment is needless. Would it not be possible to allow 
mechanical engineers to attend a course of lectures on 
foundry work and the mixing of brasses, or to work in the 
physics laboratory, instead of attending this course in 
geology? 

The third year’s course is far more satisfactory than 
what has gone before, and needs very little to make it 
one of the best courses on machine design in the kingdom. 

Now, I have given a not unfair sketch of the course of 
instruction ag pe and I ask any reasonable man, is it 
quite suitable for men who have spent, perhaps, six or 
eight years at their trade before taking up the scholar- 
ship? The really important work to them as engineers 
is restricted to the third year’s course. Is there not room 
for a radical improvement ? 

But the object of this correspondence is not simply to 
find fault, but to seek for means whereby the objections 
to the department’s treatment of mechanical engineersmay 
be removed. I suggested two alternatives: (1) Allowing 
the engineer to take up his scholarship at an institution 
where they do go through a regular course of instruction 
in mechanical engineering, and having as its aim the in- 
struction of engineers intending to become works managers 
or chief draughtsmen. Such a course is something more 
than instruction in machine design—the only satisfactory 
course in the Royal College. This, I maintain, would be 
the most satisfactory solution of the problem, though I 
am afraid I must with ‘‘ Another Engineer” that 
there is very little chance of getting this. 

The second alternative was to appoint a professor of 
engineering in succession to the professor of mechanics 
and mechanism. Now, if the department appoint the 
proper man, one with courage enough to do away with 
all the crotchets of his predecessor, and energy enough to 
strike out a course for himself which will bring the 
mechanics section of the college into line with the courses 
in mining and metallurgy, and also into touch with 
actual engineering practice, there is no reason to fear bub 
that this would be a satisfactory solution. The man to 
do this must be an engineer first and a mathematician 
afterwards ; his lectures must be pregnant with sugges- 
tion, and his conception of mechanism rise above the dis- 
section of watches. Given such a man—and he can be 
found—the engineering section at the college could not 
fail to render a good account of itself. 

It is not alone to the students at the college that this 
appointment is a matter of importance, but to all engi- 
neering students and persons interested in the develop- 
ment of technical education for engineers in the kingdom, 
because the chair at the college will almost certainly 
carry with it the position of examiner in steam and 
applied mechanics under the Science and Art Depart- 
ment, and as such the holder will have great infiuence, 
for good or evil, on the development of classes in these 
subjects. The greater need, therefore, that he should be 
an engineer, and that the appointment should be care- 
| watched. 

ith regard to “‘J. E.,” his letter disarms criticism, 
and all I can say to a gentleman of his evidently tender 
years is, Read your letter again and ask yourself the ques- 





tion, ‘*‘ What connection has the London B.Sc. with the 
subject under discussion ?” 
Apologising for again a gee | on your space, 


remain, 
AN ENGINEER. 








ALLEGED DAMAGE TO A CLEVELAND 
BLAST-FURNACE. 
To THE Eprror oF ENGINEERING. 

Sir,—In the last number of your journal, under 
‘Notes from Cleveland,” is a . preg headed ‘A 
Cleveland Blast-Furnace Wrecked.” On behalf of Messrs. 
Sir B. Samuelson and Co., may I ask = kindly to 
contradict this rather startling report? There was, on 
the evening named, an explosion at one of the tuyeres, 
owing to water getting into the furnace, but no wreck and 
very little damage done. 

Yours eens 
. Howson. 


Middlesbrough, January 1, 1895. 





THE SPECIFIC GRAVITY OF MOLTEN 
IRON AND STEEL. 
To THE Eprtor oF ENGINRERING. 

Srr,—Iamastonished at your correspondent “‘ Moulder’s” 
inquiry regarding the specific gravity of cast iron and 
steel. I thought every nowadays knew that iron 
was seven times heavier than water; at least, all the 
foremen moulders that I have known were alive to the 
fact, and made their calculations for lifting and bursting 
pressure on that base. It is a very simple calculation to 
make. Take the moulding and casting of a plain plate 
12 in. by 12 in., and say 3 in. or 1 in. thick, and to be 
cast on the floor with a box above only ; and say that the 
top of the box is 4in. above the bottom of mould, the 
pressure lifting the box would be 1 lb. on the square 
inch, or 144 lb. in all; and if the gate for pouring the 
metal was 8 in. above the bottom of mould, the pres- 
sure would be 2 1b. on the inch, or 288 Ib. in all, tending 
to lift the box while the metal is in the molten state ; that 
is, every 4 in. in the vertical — is 1 Jb. pressure on 
the square inch on the base, following the same law of 
nature as water, which is seven times lighter than iron, 
and requires a vertical height of 27.7 inches to exert a 
pressure of 1 lb. onthe square inch at its base. Your 
correspondent says he is ‘‘not acquainted with any 
reliable authority on the question.” I would refer him 
to Molesworth’s Pocket-Book, and all the engineering 
text-books that I have seen can give him the information 
required. There may be in some cases the “rule of- 
thumb,” which, with long experience, is safe, but any 
skilful and intelligent moulder calculates the strains 
according to the surface and vertical height, of course 
always using a factor of safety. Now, Sir, if you think 
this letter is not too long, I should like to ask you or any 
of your readers what is the reason that iron in the solid 
state floats on the surface of iron in the molten state. 

I am, Sir, yours faithfully, 

December 30, 1894. _ PATTERNMAKER. 

P.S.—The specific gravity of steel is about 8, and ex- 
pands in the molten state to about 4th of its bulk com- 
pared to the solid state. Iron expands to ;,)th in 
melting. 





Hutt Docks.—The directors of the North-Eastern 
Railway have approved plans for the erection of a jetty 
with two hydraulic hoists for the shipment of coal at the 
Victoria Dock, Hull. Ib is also intended to provide addi- 
tional quays at the Victoria Dock, so as to increase the 
available quay space for berthing vessels by upwards of 
4000 yards. 





Water Suppty or Wuitsy.—The Whitby Water 
Company have deposited a Bill in which they seek to 
legalise expenditure made upon works in connection with 
taking water from the Hazel Head Springs and the 
Randy Mere Reservoir, as to which it is doubtful whether 
they were authorised by an Act of 1864. The directors 
also propose to carry out new works in the shape of puddle 
walls to the reservoir, and further lines of pipes, which 
are to be completed within five years from the passing of 
the Act. It is further proposed to raise 12,0001. addi- 
tional capital. 

TAXATION OF MACHINERY.—A striking illustration of 
the effect of taxing manufacturers for their machinery is 
afforded by the recent action of the Newcastle Assessment 
Committee in connection with the revaluation of the 
works belonging to Messrs. Armstrong, Mitchell, and 
Co. at Newcastle-on-Tyne, the magnitude of which, per- 
haps, excaeds that of any works to be found elsewhere in 
the hands of private manufacturers. The result of the 
valuation was to increase the rating to nearly 37,500/. 
This sum having been appealed against, prolonged nego- 
tiations ensued between the Machinery Users’ Association, 
acting on behalf of Messrs. Armstrong, Mitchell, and Co., 
and the Union valuer, which resulted in a compromise, 
by which the assessment was reduced by 12,000/. in the 
rateable value. The whole of this amount appears to 
have represented the value of the machinery and _ tools, 
but as the settlement was a compromise, it is possible that 
even now the machinery remains remains rated to a con- 
siderableextent. The abovereduction represents an annual 
sum of about 30002. which the firm would have had to 
pay really as a tax upon their machinery had the Associa- 
tion not been able to obtain that amount of relief for 
them. In these depressed times there are probably not 
a few firms who would think such a sum would in itself 
not be a bad profit. 
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Mr. L. T. pe Kossutu, engineer-in-chief on the 
Italian State Railways, has recently introduced and 
subjected to test, under a variety of conditions, a 
system of maintaining around the exterior of locomo- 
tive cylinders a circulation of waste gases on their way 
to the exhaust, and he has obtained some interesting 
results from this method of utilising the heat which 
would otherwise be lost. We illustrate above the 
arrangement as it has been applied to a number of six- 
wheeled coupled engines on the Mediterranean section 
of the Italian State Railways. These engines have 
outside cylinders, with the valve gear placed between 
the frames. In the smoke-box is placed an ejector, 
A, that receives steam at B. At its base is a chamber 
to which there are bolted two pipes, C, C, that Jead 
to the casings D, which surround the front covers of 
the cylinders. These casings communicate with these 
around the cylinders by the pipes E. There is a free 
connection between the cylinder casings and the 
smoke-box through the pipes F, F. The exhaust steam 
discharged from the upper part of the exhaust pipe G, 
causes a circulation of a portion of the hot gases in the 
smoke-box through the pipes F, the casings of the 
cylinders and the pipe C into theexhaust. The pipes 
F, F that take the heated gases from the smoke-box 
are enlarged at the mouth, as shown, and are turned 
towards the tubeplate. They are arranged to be easily 
removed if required. The casings of the cylinders are 
made in three thicknesses, of two iron plates with a 
sheet of asbestos paper interposed, the whole being 
riveted together. As a considerable aay of cinders 
and dust is drawn into these casings by the induced 
draught, they are made in two parts, one of which is 
fixed and the other is easily removed by detaching a 
few bolts. This arrangement is necessary, and the 
casings have to be cleared after every few days’ ser- 
vice. It will be noticed that diaphragms are inserted 
in the casings (see Fig. 1). The use of these is to 
determine the circulation of the gases, so that every 
part of the cylinder may be heated, The casings over 
the front ends of the cylinders are similar to those just 
referred to, except that they havenomovable parts, there 
being no accumulation of cinders in them. The ejector 
is made in two parts, bolted together on the line H I. 
The lower part is of cast iron, and is riveted to the 
smoke-box ; as will be seen, it is provided with 
junctions for attaching the pipes for the steam and the 
hot gases; the form of this, of course, varies with 
different types of locomotives. The exhaust is at K ; 
it is of cast iron, and is secured in position by means 
of three small studs, for facilitating accurate adjust- 
ment, This apparatus has been applied on a consider- 
able number of engines in Italy, as well as on 
locomotives on French and Hungarian railways. A 
large number of official trials have been made, with a 
view of ascertaining if the arrangement offered any 
advantage in economy of working, and from the 
results published we select some facts which are of 
interest and appear representative. The engine re- 
ferred to is one belonging to the Mediterranean section 
of the Italian State Tatlvapa, and has the following 
leading proportions : 

Fire-box surface 
Tube surface 14 
Grate area 


8.300 sq. m. (89.34 sq. ft.) 
116 sq. m. (1248 sq. ft.) 
1.600 sq. m. (17.22 sq. fb.) 





FOR LOCOMOTIVE CYLINDERS. 






Fig. 2. 
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9 atm. (135 lb. per sq. in.) 
450 m, (17.72 in.) 

-650 m. (25.6 in.) 

1.330 m. (52.36 in.) 


Working pressure ... 
Diameter of cylinders 
Length of stroke 

Diameter of wheels... 


Total weight in work- 

ing order... ... 39.400 tons, 
Ratio of steam admis- 

sion = ... 26 per cent. 


The maximum steam pressure at commencement of 
stroke was 8.310 kil. per sq. cent. (118 lb. per sq. in.), 
when the cylinders were heated by the waste gases, 
and 8.155 (116 lb. per sq. in.) without reheating. The 
mean pressure during the stroke was 4.425 (62.93 Ib.) 
in the former case, and 3.980 (56.5 lb.) in ‘the latter. 
These results indicate an economy of 6.43 lb. per sq. 
in. in favour of Mr. Kossuth’s arrangement. In 
another series of trials on the same engine and with a 
cut-off of 20 per cent., the economy recorded was 
shown by an increased steam pressure equal to .551 kil. 
per sq. cent. (7.8 lb. per sq. in.) during the stroke. 
The result of several months’ regular service with an 
engine fitted with the reheating apparatus established 
an economy in fuel of 11 per cent. as compared with 
the work done by the engine without the heating 
device, and with other locomotives of the same type 
doing similar work. The very interesting facts that 
have been recorded by the extended trials to which we 
have referred, and which were of an official character 
in all cases, together with the distinguished name of 
the inventor, will probably lead to a practical test of 
the system in this country. 





SHIPBUILDING AND MARINE ENGINEER- 
ING IN 1894. 

THE year opened with but indifferent promises of 
activity, but the summation of the figures sent us by 
all the shipbuilding firms of the kingdom indicates 
that a considerably greater tonnage has been launched 
than in 1893, and if merchant tonnage only be con- 
sidered, it is found that the carrying capacity of the 
past year’s shipping is quite as great as that of 1892, 
for, although there was in the former year some 
160,000 tons more in the aggregate, much was due to 
the launching of warships, while the ratio of sail. to 
steam tonnage was much greater. The most pronounced 
feature of the past year has, therefore, been the great 
courage of the shipowner. The ordinary type of cargo- 
carrier accounts for more than nine-tenths of the total 
merchant tonnage, and when one reflects on the very 
low freights ruling, some investigation is suggested as 
to the justification for the construction of this new 
tonnage. Probably the primary consideration is to get 
rid of old boats for new, so as to secure economy in 
working. That is an essential of competition. The 
foreign owner may be satisfied with our old steamers, 
although they have not economical machinery, since 
the capital involved is low, and the regulating legis- 
lation less restrictive than in this country. But with 
us the laws against overloading, &c., are stringent, so 
that now the hope of economy lies in the adoption 
of the most modern machinery in vessels of great cargo 
capacity. The leading feature of the year’s shipping 
has been enormous capacity for a limited gross ton- 
nage, with a 9-knot speed at a minimum coal con- 


sumption. These are the requirements for the majo- 
rity of steamers of to-day. “tindeed, it is doubtful if 
economy has not been carried too far, engines being 
of too little power to hold the fully laden ship up to 
a gale. Many steamers might be named out of the 
— record, on which even the designer would not 
azard a voyage across the Bay of Biscay in a gale. 

With economy in view, low contract prices were 
alone needed to encourage owners to build, so as to 
replace old steamers. Builders have accepted rates 
which five years ago would scarcely have paid for the 
material. Labour costs more now; moreover, there 
are the inconveniences of strikes, which are resorted 
to without provocation. On the Tyne, the fiery cross 
is sent around if a carpenter is seen driving a screw; 
which a joiner considers should fall to him, and in other 
directions a slip in diplomacy on the part of a manager 
brings with it dire results. But against all this is the 
fact that steel was never lower in price. A year ago 
angles were sold on the Clyde at 4/. 15s., ship-plates 
at 5/. 10s., and boiler-plates at 5/. 17s. 6d. Care 
an attempt was made to advance prices 2s. 6d. all 
round, but the result was to give the north of Eng- 
land makers a chance, and at the middle of the year 
prices were lowered to the level of the beginning of the 
year, ship-plates being even less, and now the lowest 
price in the history of steel is touched—4/, 12s. 6d. for 
angles, 5/. 2s. 6d. for plates, and 5/. 15s. for boiler- 
plates. There has been no corresponding reduction in 
the price of raw materials, and consequently the steel- 
maker has had to exercise ingenuity in devising means 
of economy in production. Plant is being run to its 
extreme capacity,.and we hear of cases of modern mills 
paying a reasonable return, All round, however, 
capitalists have to be satisfied with small dividends. 
They would be more reconciled to this if there was 
more of the sweetness of conciliation in the copartnery 
of labour and capital. 

One other point of interest suggested by our analysis 
of the returns sent us, is the advance of the ports on 
the north-east of England. They have, it is true, 
suffered, perhaps more than the Clyde, in respect that 
the totals show generally a greater decrease from those 
of two or three years ago ; but their status for work- 
manship has improved in the esteem of shipowners, and 
more of the east coast firms stand on an equality with 
the best on the Clyde than formerly. One evidence of 
this is the tendency of even Clyde owners to send 
work to the Tyne, Tees, Wear, or Hartlepool, if the 
contract price is even fractionally less. In past years 
other considerations made up for some difference in the 
orn tendered, so that the Glasgow-owned steamer 

uilt on the east coast was exceptional, During the 
past year 46,558 tons were sent from the east coast to 
Glasgow. Several of these vessels were for one owner, 
but we speak from experience as well as from the 
tendency indicated by the statistics. The Clyde sent 
but one steamer of 2100 tons to the east coast—to 
West Hartlepool. 
TABLE I.—Aggregates of Production in the United 

Kingdom. 





























Aggregates of Production. 
1894, 1893. 1892. 1891 
tons tons tons tons 
Steamers* .. --| 966,219 749,838 974,826 | 1,903,796 
Sailing ships .. --| 109,384 134,036 275,136 228,749 
Totals .. --| 1,075,603 883,874 | 1,249,962 | 1,282,545 
British Navy yards .. 26,700 31,640 50,450 68,100 
Grand totals ..| 1,102,803 | 915,514 | 1,800,412 1,300,645. 
Foreign-owned _ton- 

NANOS. Se 154,739 | 158,202 | 188,312 | 297,462 
Per cent. of total 14.3 17.94 15.1 18.46 
Total merchant ton- me ane 

naget .. «| 1,071,553 | 872,449 | 1,181,816 | 1,130,816 
Per cent. of steam atta 

merchant tonnage} 

total of a 90.18 84.6 75.5 79.8 
Indicated horse power 

of engines .. -»| 984,016 917,354 | 1,003,529 | 1,022,206 
Per cent. of all war- 

ships to merchant} 

ships built .. ia 2.85 4.95 13.1 9 

















* Includes warships built in private yards. 

t Excludes British and foreign warships. 
The output from the private yards in the kingdom 
during the year was 1,075,603 tons, the measurement 
of 793 vessels (see diagram on page 27); but only 408 are 
of importance to the oversea commerce of the world, 
since the remaining 385 vessels are under 500 tons, 
the great majority under 100 tons, This total is 
nearly 200,000 tons better than that of 1893, but, when 
comparison is made with years preceding, it is found 
that the output is nearly 200,000 tons less than the 
four years’ average. It follows, therefore, that, gener- 
ally speaking, one-sixth of the men employed in the 
years 1889-92 must have been idle last year, for, apart 
from the tonnage measurement, the character of the 
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TABLE II.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN 1888-94. 






























































Total Production. Per Cent. of Steam to Total Tons. | Per Cent. of Foreign owned to Total Tons. 
District. iu : a ee 
1894. 1893. 1892. | 1891 1890. | 1889. | 1888. || 1894. 1893. 1892, 1891. | 1888. 1894. 1893. 1892. | 1891. | 1890. | 1889. 1888. 
Scotland. tons tons | tons tons tons tons | 
Clyde (including outports) .. 339,640 | 279,916 | 335,191 335,076 | 353,719 | 335,201 | 278,970 73.6 64.8 52.3 .00 | 81.6 12.5 14.7 21.37 | 26.72 | 35.6 4 | 226 
Osher Scotch ports. os 32,447 | 22,723! 69,361 | 67,956 | 69,155 | 60,664| 30,047 || 68.1 96.9 | 62.2 54.79 93 26.7 36.6 25.3 | 32.2 | 18.3 14 | 10.4 
| | | | | | 
England. | | | } 
Tyne oe oe 190,664 | 147,248 | 229,469 | 185,369 | 234,764 | 281,710 | 213,205 | 99.5 98.28 96.31 98.94 99.34 23.1 4 26.85 | 27.2 34 | 21.2 | 27.83 
Wear 166,441 | 122,535 | 190,802 | 192,114 | 197,481 | 217,336 | 142,410 || 100 98.19 90.3 79.18 100 6.94 10.95 10.2 12.85 | 17.6 | 22.2 23 
Tees os oe 101,842 | 93,915 | 99,279 | 120,132 | 127,739 | 110,436 | 57,170 |} 98.38 | 98.18 95.15 95.42 96 29 35.3 12.1 11.28] 4.3 6.7 7.6 
West Hartlepool pe a Sa 79,193 | 66,641 | 90,924 | $6,993  99,847| 84,109 73,909 100 ~=—|—s«2100 100 100 100 4.3 17.1 1.35 | 118 6.6 | 13.23) 89 
Barrow-in-Furness (including Work- } | | | 
ington and Whitehaven) . se 22,570 | 26,791 | 33,489] 36,845 | 27,549] 41,691) 12,471 | 94 75 75 75 | 86.33 19 0 23.4 6.17 | 17.19 0 | 88.5 | 15.5 
Mersey .. oe ke 4,666 | 9,071| 40,125] 25,975 30,203] 35,773) 22,538 96.2 97.6 67.7 | 60.65 72 | 31 21.6 1.86 | 10.78 | 22.6 88 | 15.5 
Blyth and Whitby es os es 6938/ 65,010! 21,277] 11,754 | 16,059} 24,118} 20,202 100 =| 57.5 100 99.14 100 | 0 0 8 0 6.8 9.8 | 62 
Iiumber (Hull and Grimsby) . 19 552 9,143 | 14,094) 19,070 9,624 | 21,712 7,474 905 100 100 | 98.84 | 100 | 2.5 1.67 5.77 5.49 | 0 | 3262 0 
Thamesand other English and Welsh | 
ports .. a - a os 13,749 | 13,625| 33,123 | 37,795 | 37,388 10,316 | 14,785 68.1 95.7 | 67.2 | 74.56 | 66 || 18 87 7.65 | 15.29, 17 25 17 
| | | | | | 
Treland, | | | 
Belfast and Londonderry 97,901 | 87,256 99,827 | 103,466 | 77,376 87,265 40,308 100 94.1 78.4 | 85.05 | 87.7 || 11.99 | 296] 18.7 0 | 86 | 36 | 5.7 























work undertaken does not suggest any greater labour 
value. When consideration is had to the merchant 
tonnage alone, one finds that the decrease is not so pro- 
nounced. In 1890 the British warships built in 
private yards made 42,475 tons ; in 1891, 39,150 tons ; 
in 1892, 90,750 tons; in 1893, 1910 tons; and last 
year, 4825 tons. Deductiog these and foreign war- 
ships, the totals are materially affected. The mer- 
chant tonnage of 1894 is thus only 1,071,553 tons, 
200,000 tons more than in 1893, when, also, there 
was a very small proportion of Navy ships turned out 
from private yards. But, when comparison is made with 
1892, it is seen that the merchant tonnage is this year 
but 60,000 tons less, instead of 200,000 tons, as the aggre- 
gate seems to indicate without this point beingenforced. 
This is a matter more for the shipowner, as the builder 
or steel-maker need not care whence come his orders. 
But it is important to the shareholder in shipping to 
know that the decrease in shipbuilding is not all in 
his favour, aud that, therefore, those conditions of 
competition, to which we have referred, are pro- 
nouncedly operative. The annual waste of shipping in 
the British fleet alone is about 300,000 tons, whereas 
last year the merchant tonnage launched for British 
owners was about 916,800, and, even if allowance 
be made for small craft, it will be evident that the 
tonnage produced is the result rather of inducements 
than of real need for new vessels. 

But in addition to this, we have supplied to foreign 
nations 154,739 tons, practically all large vessels ; and 
some small proportion of this is in excess of the waste, 
although not by any means so much as in the United 
Kingdom. The waste of foreign ships at least equals 
that in the United Kingdom, so that foreign builders 
need only produce some 250,000 tons to create a sur- 
plus. It would be easy to name firms which make up 
this total. The foreign - owned tonnage built in 
Britain in 1894 bears a less ratio to the total than in 
the preceding years. In 1894 it was but 14.3 per 
cent., while in 1893 it was 17.94, and in 1890 was 
21.3 per cent. It would be a mistake to assume that 
this decrease is due to the competition of foreign 
builders. This is an element; but in addition many 
foreign owners are more disposed to purchase old 
vessels rather than build new steamers. 

The carrying capacity of the merchant tonnage, too, 
is greater than is apparent, owing to the reduction in 
the sailing ship tonnage. As will be seen from 
Table I., only 109,384 tons were sailing craft, whereas 
even with the reduced total in 1893 the sailers made 
up 134,036 tons, and in the preceding year, when 
there was such a great demand for ships, the total 
reached the maximum of 275,136 tons. In 1894, 
therefore, 90.18 per cent. of the aggregate merchant 
tonnage was steam, while in 1893 it was 84.6, and in 
1892 only 75.5 per cent. The average is about 80 per 
cent., but the steamer is now increasingly popular. 
In other words, 217,000 tons more steam tonnage has 
been turned out in 1894 than in 1893. On the assump- 
tion that three sailing ship tons are but equal to one 
steamship ton, the merchant tcnnage launched this 
year is equivalent to almost exactly a million steam 
tons, against 783,049 tons in 1893. and 947,396 tons in 
1892. It therefore appears that although the aggre- 
gate tonnage of 1892 is 174,000 tons more than in the 
past 12 months, the carrying value of the merchant 
tonnage of 1894 is actually 50,000 tons greater. Even 
assuming that two sailing ship tons only are equal to 
one steamer ton, the carrying value in both years is 
about equal. Thus the reduction has little real satis- 
faction for the owner. 

There is, however, this satisfaction in the larger 
number of steamers, that marine engineers have been 
more actively employed, and the aggregate indicated 
horse-power of the machinery made by private firms is 
80,000 more than in the previous year, although 30,000 
and 50,000indicated horse-power less than in the twopre- 


cedingyears, Thetotal for 1894, asshown on TableIII., 
is 971,616 indicated horse-power, while two sets made 
in the Sheerness yard, and those for the Eclipse, made 
at Portsmouth, brings the total for the kingdom 
to 984,016 indicated horse-power. This, it will be 
noticed, is in excess of the steam tonnage; but it 
should be stated that there was, during the year, a 
larger number than usual of vessels re-engined with 
modern machinery, and further, that the total includes 
several sets of machinery for Dockyard-built ships. 
Nineteen torpedo-boat destroyers, although ee, 
for only 4825 tons, have machinery of 67,250 indicate 
horse-power, so that, as a rule, the tonnage launched 
during the year has machinery of low power. Indeed, 
one feature of the year has been the construction of 
cargo steamers of great capacity, with low power to 
go 9 or 10 knots. Thus one finds vessels of over 
4000 tons, with about 7000 tons cargo capacity, with 
engines of 1700 and 1800 indicated horse-power. It 
comes to be a question, as we have already indicated, 
whether the power is sufficient to keep the ship up to 
a fore-quarter gale. Generally, the steamers all have 
triple-expansion engines, with the exception of a few 
steam trawlers or coasting steamers, which are fitted 
with compound engines. These also, it may be inci- 
dentally stated, form the only exceptions to the 
general rule of adopting steel for the ships, and we 
have, therefore, this year, dropped from Table II. the 
percentage of steel tonnage to the total. But to return 
to machinery, it may be said that several sets of 
quadruple-expansion engines have been constructed, 
and to two of these much interest is attached. In the 
one case, in the Egyptian Monarch, by the Earle 
Company, the Belleville water-tube boiler is being 
fitted to work at 250 lb. pressure, and in the other 
Messrs. Fleming and Ferguson have fitted their water- 
tube boiler. The higher pressures which the water- 
tube boiler gives should result in a further extension 
of the quadruple-expansion system, if the boiler proves 
otherwise efficient. The Fairfield Company adopted 
the system in the Tantallon Castle, with 200 lb. pres- 
sure from ordinary boilers, these being the largest 
engines of the type yet constructed. The water-tube 
boiler, too, has been adopted in one or two other craft, 
notably a yacht built by Messrs. Ramage and Ferguson, 
Leith. The sanction of the Board of Trade, as well as 
Lloyd’s, and other registration corporations, is an im- 
portant factor. 
Taser I[I.—Jndicated Horse-Power of Engines 




















Constructed. 

— 1894. | 1893. 1892. | 1891. 1890. 
Clyde .. - | 297,325 | 265,485 275,899 332,906 374,524 
Other Scotch | 

ports.. --| 29,801 | 23,010 81,405 | _ 39,090 41,571 
Tyne .. +} 178,385 | 114,147 228,005 | 185,741 206 311 
Wear .. --| 96,100} 77,655 104,261 9%,070 97.000 
Tees .. < 67,800 | 51,471 43,378 73,480 E 
Hartlepool ..| 36,015 | 48,550 67,450 57,990 57,000 
Humber 84,012 | 28,290 24,643 67,923 44,380 
Barrow 29,550 | 31,480 36,300 26,975 62,720 
Mersey ae | 29,380 | 15,468 34,850 17,075 28,403 
Blyth and) | 

Whitby -| 8,140} 2,080 10,942 6,894 | 8,830 
Thames and! | | 

other English) | | 

ports. . ..| 117,228 | 189,048 98,006 70,112 | 69,432 
Ireland | 62,880) 55,720 48,390 45,950 38,285 

Total -| 971,616 892,354 1,003,529 | 1,022,206 {1,078,256 
The Dock- | 
yards 12,400 25,000 3,500 _ a 


Total ../ 984,016 | 917,354 1,007,029 





A glance at the Tables II. and III. shows that the 
production of the Clyde was 60,000 tons more last 
year than in 1893, and about the same as the two pre- 
ceding years, although 14,000 tons less than the 
maximum in 1890. Ona the other hand, the indicated 
horse-power is 42,000 greater than in 1893, but 77,000 








less than in 1890. A goodly number of vessels were 
re-engined on the Clyde during the year, but excepting 
torpedo-boat destroyers, few of the vessels, not more 
than a dozen, attained the position of having one 
horse-power per ton. Moreover, about 30 steamers 
built elsewhere had their machinery from the Clyde. 
Other Scotch ports have only produced half their ton- 
nage, Dundee, and Aberdeen especially, suffering 
alike in tonnage and power. The Tyneis 90,000 tons, 
or over 30 per cent., below the maximum attained in 
1889, but twice since then the total has been lower than 
in 1894, The tonnage was 190,664 tons, while the horse- 
power was 178,385. This latter is very much better 
than in the preceding year, although below the normal. 
The Tees is only about 30,000 tons below the average of 
the past four years, although 50,000 tons under the 
maximum. But this, under the conditions, must be re- 
garded as satisfactory. So also with the power of ma- 
chinery, which seems to follow the same trend as the 
tonnage, being about 0.6 indicated horse-power per ton. 
Hartlepool is about 20 per cent. lower than the highest 
recorded, but 13,000 tons better than in the previous 

ear, so that here, also, the result cannot be regarded 
out as favourable in view of the condition of the freight 
markets. The Mersey still experiences the shrinkage 
of trade there, although Messrs. Laird continue well 
employed, having finished four torpedo-boat destroyers 
and a cruiser, and considerably advanced a 14,900-ton 
battleship of the Magnificent type—the Mars. The 
Barrow firm, too, have been fairly well employed ; 
but the many little firms throughout the country have 
had to be satisfied with small craft. Only two 
shipbuilding companies and an engineering firm report 
from Ireland; Messrs, Workman, Clarke, and Co. 
having absorbed Messrs. McIlwaine and McColl, while 
the Londonderry yard continues vacant. The trade, 
however, continues satisfactory, and if all others in 
Ireland were as active as the shipbuilding industry, all 
would be well with that country. The total is 97,901 
tons, only 5600 below the maximum in 1891, while the 
power is the highest yet recorded—62,880 indicated 
horse-power. 

This brings us to the remark that Messrs. Harland 
and Wolff, Limited, top the list of shipbuilders, having 
to their credit 13 vessels of 65,448 tons. In 1893 they 
occupied a similar place with 15 vessels of 65,660 
tons, while in 1892 the total was over 68,000. The 
firm’s return before us includes one vessel of 7392 tons 
—the Union Liner Norman, recently described in En- 
GINEERING, and the largest vessel completed during the 
year. The P. and O. steamer Caledonia, by Messrs. 
Caird, and the Tantallon Castle by the Fairfield Com- 
pany, may also be mentioned in this connection. The 
Belfast firm also built two vessels of about 6300 tons, 
and six vessels between 5000 and 6000 tons. Nine of 
these vessels were twin-screw steamers. The second firm 
on the list is Messrs. Russell, of Port Glasgow and Gree- 
nock, who from their two yards launched 25 vessels of 
59,965 tons, several steamers from 5000 tons, and ships 
from 2397 tons. Of the total only 4054 tons was for 
abroad. The third is Messrs. Gray, of Hartlepool, the 
total being 49,733 tons, the measurement of 17 steamers 
of moderate power, and from 4000 tons to 1900 tons. 
Messrs. J. L. Thompson and Co., of Sunderland, with 
35,569 tons, Palmers’ Company, of Jarrow, with 35,141 
tons, and Sir Raylton Dixon and Co., with 32,220 
tons, top the lists of their respective ports with very 
satisfactory totals. 

Of marine engineering firms the first place is taken 
by the great London firms, while in the provinces, 
Messrs. Hawthorn, Leslie, and Co., Newcastle, come 
first, having constructed engines for four ships built 
elsewhere. This makes their total 48,650 indicated 
horse-power. One vessel had 13,500 and another 
11,250 indicated horse-power, both being for Russia. 
Messrs. Harland and Wolff, in this connection, come 
second. In addition to engining the vessels built, 
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they re-engined another steamer, making their total 
power 41,800 indicated horse-power, so that it will be 
seen that the power is little more than 0.6 indicated 
horse-power per ton. All of the vessels built by them 
this year were of the cargo or intermediate type, 
excepting the Norman, which figures for engines of 
7500 indicated horse-power. The third on the list is 
the North-Eastern Company, Limited, who, at their 
works at Wallsend and Sunderland, engined 47 vessels, 
the total being 36,835 indicated horse-power. The 
next in order is the Central Marine Engineering Com- 
pany, West Hartlepool, with 32,050 indicated horse- 
power, 21 sets, all for low-power steamers. Messrs. 
Thomson top the Clyde list with 30,300 indicated 
horse-power, representing only eight vessels, Fairfield 
being next with 30,100 indicated horse-power for five 
steamers, and Messrs. Denny third with 26,400 indi- 
cated horse-power. The Barrow Company stand for 
29,550, the Earle Company for 24,875, and Messrs. 
Laird for 22,620 indicated horse-power. 

We have said that there is a decrease in the tonnage 
taken by foreign countries, the ratio having been 
14.3 per cent. of the aggregate, against 17.94 per cent. 
in 1893, 15.1 per cent. in 1892, 18.46 per cent. in 
1891, and 21.3 per cent. in 1890. It is interesting to 
note the countries which have taken the tonnage— 
154,739. 


TaBLE. IV.—Countries where British-Built Foreiyn- 
Owned Ships were Registered. 





1894. | 1893. | 1892. 











— | 1891. 
Germany 30,2388 | 8,379 19,623 | 31,392 
Russia .. 19,511 | 16,083 10,365 | 7,600 
Holland 19,685 | F 7,876 4,722 
Norway - 12,759 | 27,737 19,850 | 50,706 
South America 10,148 7,651 9,182 | 14,148 
Belgium 8,124 7,588 | 1,782 
Spain .. 6,438 17,171 3,699 3,637 
Austria. . 5,740 | 10,378 | 21,800 1,179 
Denmark 4,561 614 | 
France .. 2,484 | 12,021 2,064 | 7,597 
Japan .. 2,200 | 
Portugal 1,642 14,288 | 
Siam... an 1,500 | 
Colonies and India 8,095 9,718 25,964 39,894 
Greece .. aa 1,468 1,817 7,073 11,812 
Africa .. . 1,420 11¢ 
Egypt .. ee 732 . 

United States.. 137 os 5,860 424 
Italy .. “a ie 126 5,060 

Other _ nationalities 

and vessels not classi-| 

fled .. on os 23,730 








Germany, it will be seen, has taken 30,238 tons, one- 
third, as in 1891, going from the north-east coast, and 
four moderate-sized vessels from Scotland. Russia has 
taken 19,511 tons ; which, like those in recent years, are 
intended for the Volunteer Fleet, the Black Sea, and 
for the Yenisei River in connection with the Trans- 
Siberian Railway. Practically all this tonnage last 
year went from the Tyne. The 18,686 tons for 
Holland came half from the north-east coast and 7322 
tons from the Clyde. Norway again stands well on 
the list, and the four years total, 110,000 tons, is an 
indication of her advance as a maritime nation. The 
tonnage is largely from the Tyne, which has had 
many orders from the Land of the Midnight Sun. 
The South American tonnage, 10,148 tons, largely for 
Brazil, was mostly from the Clyde. Belgium took 
8124 tons; Spain, mostly Tyne-built boats for Seville, 
is credited with 6438 tons. France has only taken 
2484 tons, only a fifth of the preceding year’s tonnage. 
This is made up of steam trawlers. The other 
countries are largely clients of the Clyde and Tyne 
builders, 

As to the tonnage owned in the United Kingdom, 
the total is 911,864. London naturally comes first of 
the separate ports, having taken 219,977 tons, or 24.2 per 
cent. of the total. This compares with 28.1 and 27.6 
per cent, in the two preceding years, so that her ratio 
has fallen. Glasgow again comes second, with a 
slightly larger ratio than in the preceding years, 23.2 per 
cent., her quota having been 211,024 tons, while in the 
previous year the proportion was 18.8 and in 1892 
only 9.85 per cent, Liverpool again takes third place 
with 154,441 tons, 16.9 per cent., as against 15.26 in 
1893, and 25 per cent, in 1892. The north-eastern 
ports, from Whitby to Blyth, take about the same 
portion as in the previous year, 15.88 per cent., the 
tonnage being 144,691 tons, while in 1893 the per- 
centage was 15.5, and in 1892 17.6 per cent. Of this 
portion Newcastle and the Tyne takes 55,501 tons, 
Hartlepool takes 41,453 tons, Sunderland 37,041 tons, 
and Middlesbrough 10,696 tons. Hull takes 32,630 
tons of —“e. craft, rather over 3 per cent. 
The Bristol Channel ports, principally Cardiff, 
are credited with 34,064 tons = 3.73 per cent., against 
4.73 per cent. With the vessels of other ports, 
including 19,979 tons for Southampton, the total for 
England is 623,126 tons, or 68.4 per cent., as compared 
with 73.5 per cent. in the two preceding years. Scot- 
land took 246,054 tons, or 27 per cent., all but 17,000 
tons being for Clyde ports. Ireland has only taken 
17,251 tons, or 1.89 per cent., as against 1.2 and 7 per 
cent. in the two preceding years. Belfast owns 


13,060 tons of this, and Dublin 4191 tons. The re- 
maining 2? per cent. is not accounted for in the re- 
turns. 

As to the vessels, little need be said. We have 
already indicated the general type as well as the 
largest vessel, and few of the merchant vessels were 
of great speed. The torpedo-boat destroyers and 
Government vessels have already been dealt with, 
and casual reference may be made to the steam 
yacht Giralda, described in another column, and the 
two Channel steamers, Alma and Columbia, built by 
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(443) 1860. 
Messrs. Thomson, of Clydebank, for the London and 
South-Western Railway Company’s service between 
Southampton and Havre. The speed of these on trial 
was 194 knots. These were twin-screw steamers. About 
30 twin-screw steamers were constructed. As to the 
sizes of the vessels, Table V. may be interesting. It 
indicates a greater number of the large vessels, 
although falling short of 1892. 


TABLE V.—Showing Sizes of Vessels. 

















_— 1394. | 1893. | 1892. | 1991. 
Under 500 tons .. ae --| 885 402 685 417 
Between 500 and 1000 tons .. 64 62 98 89 

os 1000 ,, oe 95 86 162 176 

» 2000, 3000 ,, 110 90 168 275 

- 3000 ,, 4000 ,, .. 90 62 83 56 

pa 4000 ,, 5000 ,, .. 28 20 26 20 
Over 5000 tons .. - 21 17 28 20 
793 | 739 _ _ 





In subsequent articles we shall deal with the re- 
turns by the individual firms, and meantime may 
acknowledge our indebtedness to all firms for sending 
the returns without which our analyses would have 
been impossible. 

(Zo be continued.) 





WIDENING OF THE BRIGHTON RAILWAY 
INTO VICTORIA. 

In the near future some very important enlarge- 
ments are likely to be carried out at the Victoria ter- 
minus of the London, Brighton, and South Coast Rail- 
way. Already the company has laid out 108,700/. in 
the purchase of the freehold of the Grosvenor Hotel 
and other adjacent property, and another large block 
of houses between the railway and the Buckingham 
Palace-road is scheduled for purchase so soon as the 
leases fallin. Meanwhile, to meet immediate neces- 
sities, some widening work has already been car- 
ried out, with the object of providing a new 
‘“‘up” line, about half-a-mile in length, into the ter- 
minus, commencing at a point between Ebury Bridge 
and the river, where a large area of specially acquired 
land has been laid out as sidings for empty trains. 
This undertaking has proved difficult and costly, 
because for more than a third of the distance it has 
been necessary to appropriate the towing-path, and 
also to encroach from 10 ft. to 15 ft. upon the water- 
way of the Grosvenor Canal, which runs up from 
the river into Pimlico side by side with the Brighton 
Company’s line. After the existing retaining wall 
between the railway and the canal had been removed, 
a double row of piles was sunk into the latter 
to dam off the water from the appropriated area, 
and upon this foundation a new wall of galt 
bricks with blue brick facing, 870 ft. in length 
and 21 ft. in height above rail level, was erected 
to form the boundary of the new track, At the Eliza- 
beth Bridge, however, which carries a thoroughfare 
over 63 ft. wide over both the rails and the canal, 
special difficulties were encountered. Here the old 
retaining wall formed also the centre abutment of the 
bridge, and in altering the position of the one it be- 
came necessary to reconstruct the other. The bridge 
over the canal consisted of an antiquated brick arch- 





way. This has been pulled down and replaced by 





steel girders 35 ft. in span, while the girders spanning 
the railway have been increased 12 ft. in length, so as 
to cover the new track and rest upon the new abut- 
ment. During these operations only half the road- 
way was closed at one time, while gas mains, &c., 
were kept intact by being braced to temporary 
timber supports. For a distance of 430 ft. to the 
north of the Elizabeth Bridge, the railway compan 
have been obliged to erect alongside the new wall 
a wooden gallery, 2 ft. 6 in. wide, with suitable 
approaches, to take the place of the towing-path 
which they have appropriated. 

At the terminus of the canal, which is about 200 
yards outside Victoria, are situated the works of the 
Pimlico Wheel Company. By way of compensation for 
an encroachment which it was necessary to make upon 
these premises, it was agreed that the railway company 
should erect a substantial three-storey brick building 
upon what remained of the site of a wooden lean-to 
shed which had to be demolished. Owing to the re- 
strictions of space and the proximity of lines of rails in 
constant use, it was impossible to excavate for the 
foundations of this building. Accordingly it was 
decided to construct it on piles, and of these 11 
sets, varying in number from 16 to 9, were driven 
to depths of from 30 ft. to 40 ft. Upon each set of 
piles were laid two thicknesses of 3-in. planking, and 
on this planking brick piers in cement, varying in 
height from 6 ft. 6 in. to 3 ft., were built. The piers 
were capped with bases of York stone; 5 ft. 6 in. 
square and 18 in. thick, and upon these steel stan- 
chions were fixed, bolted down with Lewis bolts. 
The stanchions are in three tiers, the lower one 16 ft. 
and the two upper 12 ft. 3in. in height, and these 
carry steel girders varying from 15 ft. to 39 ft. in span. 
The piles nearest the railway had to be driven on 
successive Sunday nights when no traffic was running, 
and to accomplish this electric light was specially in- 
stalled. All the stanchions have now been firmly 
secured in place without any damage to the surround- 
ing works. 

In connection with this widening work, it has been 
necessary to remove the old glass roofing which, as a 
concession to the landowners of the district, was 
placed over the Pimlico Railway when it was first con- 
structed. Parliament has now sanctioned the abolition 
of thisratherabsurd protection against noise and smoke, 
with the exception of 50 ft. of it on each side of the 
Elizabeth Bridge, and the same extent on the south 
side of the Eccleston Bridge. These portions will be 
thoroughly restored before the present work is com 
pleted. 

The operations above described, which will be com- 
leted in about two months’ time, have cost 40,000/. 
orconstruction alone. If the purchase of land for the 

widening and the siding ground be included, quite 
double that sum must have been expended. The ex- 
tension of the wheel works, which may be called com- 
pensation ‘‘in kind,” alone cost 7000/. This was 
carried out by Messrs. N. Young and Co., of Pimlico, 
and the widening by Mr. J. T. Firbank. The whole 
work has been under the supervision of Mr. F. D. 
Banister, chief engineer of the Brighton Railway, while 
Mr. N. J. Mannering, assistant engineer, has had 
personal supervision. 





THE BERLIN-VIENNA AND LONG- 
DISTANCE TELEPHONES. 

AttHoucH the Berlin-Vienna telephone cannot lay 
claim to any extraordinary length, yet it compasses 
a distance of more than 410 miles, and will, no doubt, 
prove a most important link in the great system of 
international communication which is now rapidly 
being built up between the countries. Of previously 
completed international telephones may be mentioned 
the Paris-Brussels telephone, which is only about 200 
miles long, and the Paris-London, which is rather 
more than 300 miles. In France, however, telephone 
lines of some 650 miles length are already in use, and in 
Germany and Austria this distance has been exceeded, 
whilst in America telephonic conversations are carried 
on over distances not much short of 1000 miles. The 
Berlin-Vienna telephone, however, although not of 
very striking length, opens out possibilities for tele- 
phonic communication over very great distances. One 
of the first experiments was to connect the Berlin- 
Vienna telephone with the Vienna-Trieste telephone 
(about 320 miles), and although this brought the 
distance between the two ends of the connection— 
Berlin and Trieste—up to some 730 miles, yet every 
word spoken at the one terminus could be distinctly 
heard at the other. The next thing was to connect 
the Berlin-Vienna telephone with the Vienna-Prague 
telephone (about 190 miles), and with the Vienna- 
Buda-Pesth telephone (about 170 miles), with 
naturally equally satisfactory results. It was then 
attempted to establish the connection Hamburg- 
Berlin, Berlin-Vienna, Vienna-Trieste, and in spite of 
the various transfers it worked admirably, and a per- 
fectly distinct conversation could be carried on 
between Hamburg and Trieste. Further towards the 
north there are additional possibilities for extending 
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the international telephonic connections. Copenhagen 
is in telephonic connection with Stockholm, the tele- 
honic distance between the two capitals being a little 
onger than between Berlin and Vienna ; and from 
Stockholm there is telephonic connection ina northern 
direction, vid Upsala, to Sundsvall, a little beyond 
Hernésand, the whole of which line can converse 
with Copenhagen. This means a further addition of 
somewhat more than 400 miles, so that the distance 
between Copenhagen and the northernmost point of 
the Swedish State telephones will be some 850 miles. 
This distance is likely to be still increased, as it is 
under contemplation to extend the telephone right up 
to Haparanda. The telephone between Copenhagen 
and Odense—on the island of Fubnen—in a western 
direction has just been opened, and will in due course 
be extended, vid Kalding, Flensburg, and Kiel, in 
a southern direction to Hamburg. This opens at least 
a theoretical possibility of connecting North Sweden 
with South Austria; of course there are technical 
difficulties to be overcome, both as regards the various 
connections and the nature of the lines, which have 
in the first instance not been constructed with such 
long-distance work in view. The Berlin-Vienna line 
is, wherever it has been considered necessary, 4 milli- 
metres; in some places, however, only 3, and in 
places even so little as 2 millimetres. It has, in the 
meantime, proved itself an excellent telephone cir- 
cuit. The Copenhagen - Odense and Copenhagen- 
Malmié lines are 4-millimetre copper wire, and al- 
though the Malmi-Stockholm line is only 3 milli- 
metres, it has hitherto officiated in a perfectly satis- 
factory manner. From Stockholm northwards the 
lines become more slender, a fact which has already 
occasionally made itself felt. Also the West Swedish 
(Gothenburg) coast line is of small diameter, and long- 
distance conversations over that line are at times 
difficult. Should it be necessary to improve some of 
these lines, this will no doubt be done, provided there 
is a sufficient demand for telephonic conversation over 
them, for there is no doubt that efficient telephonic 
connection is a far greater boon to the business 
man of the present day than is generally admitted in 
England, and it may be apropos to state that the 
demand for conversations on the Berlin- Vienna tele- 
phone is so great that the necessity of the building of 
a second line already has been demonstrated and 
decided upon, 





INDUSTRIAL NOTES. 

THE executive council of the Ancient Order of 
Foresters have called attention, in their report for 
January, 1895, to Mr. Chamberlain’s speech, specially 
addressed to members of friendly societies, on old age 
pensions, and they briefly reply thereto for the 
‘** order” which they represent. ‘‘ His scheme,” they 
say, ‘“‘isthat those who by their own efforts, through a 
friendly society or otherwise, provide for an annuity or 
pension, to commence at the age of 65 years, shall be 
entitled to receive an equal amount from the State.” 
The report goes on to say that ‘‘ there is a remarkable 
unanimity of feeling amongst the leaders of the 
friendly societies against State aid of any kind.” 
** They recognise that State help of a pecuniary nature, 
of whatever degree or kind, must necessarily and 
inevitably involve State control, or supervision, of a 
more or less direct character.” Mr. Chamberlain 
described this feeling as ‘‘a spectre evolved out of 
the inner consciousness ” of the officials of the friendly 
societies ; he, moreover, denies that any control or in- 
terference with the ordinary work of a society would 
follow any State aid in the shape of pensions to the 
members, The executive claim that they are quite as 
able to judge of this as Mr. Chamberlain, and their 
instinct tells them that, as a matter of self-preserva- 
tion, they must oppose it. As a matter of fact, the 
tendency of the State to interfere is growing on all 
sides, and the one singular instance of Mr. Cham- 
berlain’s own demand is, that where the State gives 
aid to education, there must of necessity be control. 
The report quotes Mr. Matthews, M.P., on their 
side, and also the late Mr. Radley, whose speech in 
1891, at opening of the London High Court, was 
ge 3 applauded by the vast audience of delegates. 

fr. Radley said: ‘‘ Above all, care must be taken 
that the rising generation are not enticed by bribes 
drawn from the pockets of those who esteem their 
freedom, or forced by legislative compulsion to ex- 
change the stimulating influence of independence and 
work for an enervating system of mechanical obedi- 
ence to State management and control—the certain 
eg to State subsidy.” The executive council 
indorse those words, and consequently look askance 
at all proposals for State aid. Nevertheless, they 
acknowledge that ae importance must be attached 
to the question of old age pensions, and they are 
fully alive to the subject. It is not tabooed as an 


impossibility. The difficulties are recognised, and it 
is suggested that they must be dealt with in some form, 
so that, while providing for the aged, the indepen- 
dence of the friendly societies shall be preserved, and 
the management of their affairs be kept in their own 





hands, free from the interference of the State on any 
pretence whatsoever. 





Whatever may be the final outcome of the dispute 
between the boot and shoe operatives and their em- 

loyers, it is abundantly manifest that a good deal of 
fasion continues to exist between the operatives’ 
union and the employers’ féderation. The National 
Union refer to the question at some length in their 
report, and state that not only has the threatened 
lock-out not come off, but that the officials of the 
union have had no official communication whatever 
from the employers. They have an unofficial know- 
ledge of the manifesto or circular of the federation, 
which has been sent to the various centres connected 
with the federation, but beyond that they have no 
knowledge of the intentions of the employers. The 
document, which is a very long one, is given in full, 
so that the members of the union can grasp its con- 
tents, and understand the employers’ intentions. The 
employers are willing to agree to the present rates and 
hours of labour for two years—from December 31, 
1894—no advance in wages or reductions to take place 
during that period. But they assert the right to employ 
what machinery they please, and also to choose the 


workmen whom they shall employ. They also con- b 


tend for the right to pay day rates, or piece rates, as 
they think fit. There must be no interference with 
the output, and the workshop regulations are to be a 
matter for the employers alone. The operatives, on 
the other hand, declare their readiness to submit all 
questions to the board of conciliation and arbitration, 
whereas they allege that the employers have practic- 
ally withdrawn from the national conference, or what 
is the same thing, they have determined what matters 
shall, and what shall not, come before the arbitrators. 
That there is an expectation of a struggle cannot be 
doubted. A special delegate meeting is to be convened, 
when the whole case will be laid before the delegates, 
who are to be empowered to lay it before the 
members for acceptance or rejection. A levy has been 
voted by so large a majority that only 158 were 
against it. Strikes are pending already in 10 provin- 
cial towns, and at about 20 shops in the metropolis, 
but the two strikes that led up to the present dispute 
have been closed. The above is but an outline of the 
facts in connection with a dispute which, if it develops 
into a strike or lock-out, will affect nearly, if not 
quite, 200,000 persons in various parts of the country. 
It is thought that from 80,000 to 100,000 may be 
involved in a general lock-out, if such should be 
determined upon. This is a bad outlook for the new 
year, and everybody must wish that such a disaster 
will be averted. 





Another great struggle seems to be impending in 
the building trades of the metropolis, The Employers’ 
Association have given notice to terminate the agree- 
ment entered into in 1892, in May next, in conse- 
quence of the action of the Building Trades Federation 
in striking Messrs. Trollope’s firm against the employ- 
ment of non-union labour. The strike continues, all 
the shops and jobs being closely picketed. Only 
about 240 men struck, of whom 140 have obtained 
work elsewhere. The remainder, of about 100, are re- 
ceiving strike pay, the artisans 30s. per week, and the 
labourers 21s. per week, 5s. each being given extra in 
Christmas mek. In anticipation of the impending 
struggle, the 38,362 members of the federation are 
levying themselves as follows : Carpenters and joiners, 
1s. per week ; the plasterers, 6d. per week ; bricklayers, 
3d. per week ; and the labourers, 2d. per week. The 
masons will support the men from the general funds 
of the union if the dispute culminates in a strike or 
lock-out. But, although provision is thus being made, 
no definite steps have been taken by the employers 
beyond the notices to terminate the 1892 agreement. 
The object of the notices appears to have been to in- 
stitule some amendments to the working rules agreed 
upon at that date ; but the nature of the amendments 
has not yet been commnnicated to the federation. It 
may be, after all, that the amendments will not be 
of so serious a character as to preclude a reasonable 
settlement when the time comes. What appears to 
be likely is that the master builders will claim the 
right to employ union, or non-union, labour as they 
i. This is the natural outcome of the strike at 

fessrs. Trollope’s against non-society men. This policy 
of compulsion to join a union has occasioned more 
strikes than wages disputes, or disputes as to hours of 
labour. If we include the old strikes against appren- 
tices, more money has been spent in strikes to compel 
workmen to join trade unions, than for all other pur- 
poses whatever. This, of course, refers to strike pay- 
ments only, and not to payments for benevolent 
purposes. Some unions never attempt to enforce 
joining a union by strikes, and these are among the 
strongest in existence. There has been a greater 
number of strikes of this kind during the last five or 
six years than for a long period previously. The 
policy referred to has its dangerous side, which the 
unions will do well to consider. Trade unionism will 





be all the better and stronger in proportion to the 
voluntary goodwill of the members, for the forced 
members revolt during a prolonged strike, and often 
help to defeat the union of which they were members. 





The Ironworkers’ Journal for January of this year 
does not give a very bright forecast as regards the iron 
and steel trades. Changes have been and are taking 
place as regards production, which will considerably 
reduce the cost in wages and in fuel. Reference is 
made to the fact that 10 years ago the rolling of 4000 
tons of rails per week, by Messrs. Bolckow, Vaughan, 
and Co., was considered a great achievement ; but 
now Messrs. Carnegie’s firm turn out 8000 tons of rails 
per week, entirely manipulated by machinery. The 
same tendency to utilise machinery is extending in 
this country. Some fresh light is thrown upon the 
disinclination of the ironworkers at Wigan and War- 
rington to work on the eight-hours shift system. 
The men were asked, it seems, to try the three 
shift per day system for a while. They mainly 
objected because it was in violation of the system 
as agreed upon, and desired that the whole ques- 
tion should o dealt with by the joint committee. 
The matter, as a whole, will first of all be dealt 
with by the district committee, and then probably 
the association, and finally by the Midland 
Wages Board. Meanwhile an interview has been 
— with officials of the company in order to 
see if some arrangement can be made. The ques- 
tion of being represented at the Trades Union Con- 
gress was before the general council, but they have 
referred the matter to the conference to be held 
shortly. The report reproduces a letter from Mr. 
Councillor Threlfall, J.P., with respect to the new 
constitution for the congress ; he denies the constitu- 
tional right of the Parliamentary Committee to deal 
with the matter as proposed. It is proposed that the 
circular be withdrawn, and the question be taken up 
at the next congress at Cardiff. The Ironworkers’ 
Association are carrying on their agitation among the 
men for inducing them to join the association, and thus 
add vitality and strength to the Midland Wages 
Board, and to the North of England Board of Concilia- 
tion and Arbitration. The employers rather look 
favourably upon the propaganda which is going on, as 
they find less difficulty in dealing with the union men 
on the whole. This feeling has arisen out of the ex- 
perience of the action of the union officials in connec- 
tion with the wages board, and their fidelity to the 
arrangements made by the joint action of employers 
and employed through their accredited representatives. 
When the non-union men, and the new men just in 
union, agitated against the scale, the men on the 
board stood firmly to their contracts, in spite of the 
agitation got up against them at the time. 


In the Wolverhampton district the holidays have 
generally interfered with all the iron and steel indus- 
tries, both as regards the raw and finished material, 
and the engineering and cognate branches using iron 
and steel. Quietude has been the order of the day so 
far, but looking at it as a whole, this district seems 
to have a brighter outlook than some others, as 
regards the various branches of industry cultivated 
largely as local trades. There has been no falling off 
in the constructive branches, most of which were fairly 
busy during the greater part of last year, and still 
have work on hand: 


In the Birmingham district there is little change to 
report. The iron and steel branches of trade follow 
pretty closely in the lines of the Wolverhampton 
district; what affects one affects both, generally 
speaking. Some of the local seasonal ales were 
fairly active up to the close of the year, but there has 
been no great pressure, and holiday stoppages were 
general throughout the past week. If anything, the 
outlook appears to be a little brighter in the engineer- 
ing and cognate branches of industry, and also in some 
of the local trades in the outlying districts. But the 
indications are but slight. Labour questions are quiet 
throughout both districts—Wolverhampton and Bir- 
mingham—and there are no signs of any movement on 
the part of employers or employed to jeopardise the 
existing friendly relations. 





Mr. Tillett is complaining of the condition of dock 
labour, and seems to regard the great dock strike of 
1889 as a failure. He says: ‘‘In the London Docks, 
particularly, the labourers are losing all the slight ad- 
vantages they won during the dock dispute. Wages 
are being reduced, the four hours minimum ignored, 
and a systematic fleecing of the wages for actual time 
worked is taking place.” The tenor of Mr. Tillett’s 
indictment is shown by the reference to ‘‘the slight 
advantages ” of the dock strike. Why, for five years 
the dock strike has been glorified as the great labour 
event of the century! But he goes on to particularise 
the grievances as follows: 1. Introducing outside 
labour. 2. Promising labour under false pretences. 
3. Causing death by exposure. 4. Open encourage- 
ment to agencies to procure and prostitute labour and 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS, 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets). 


OctoserR, 1894, 


NovemBer, 1894. 





DeEcEMBER, 1894, 


Nortr.—Each vertical line represents a market day, and each horizontal line represents 1s. in the 


case of hematite, Scotch, and Cleveland iron, and 1/. in all other cases. 
per bottle, the contents of which vary in weight from 70 Ib. to 80 lb. 


Heavy steel rails are to Middlesbrough quotations. 


The price of quicksilver is 
The metal prices are per ton. 








reduce wages. 5. Disregard of the means of life pro- 
tection. Three of these particularised complaints 
really refer to the same thing, the employment of non- 
union labour, the other two to inadequate provision 
for the protection of life and health. The latter is a 
matter that may require investigation, for the tendency 
of all modern legislation is to protect life, insure 
safety, and institute safeguards to health. But as 
regards the employment of non-union labour, the 
Dockers’ Union is primarily responsible for that action. 
The leaders claimed too much, sought too much, and 
interfered too much. The men themselves have 
revolted against the terrorism of the Dockers’ Union. 
Then Mr. Tillett complains of irregular employ- 
ment, That, apparently, is the normal condition of 
dock and riverside labour. But the averages given 
in the Labour Gazette for the past year show a 
very high average ef regular employment, with such 
variations as are conditional upon weather, seasonal 
trades, and the arrival and departure of vessels. 
Presumably Mr. Tillett exaggerates the decadence 
of labour at the docks, The Board of Trade figures 
have not been impugned, and they seem to be 
capable of verification. Again, he states that ‘‘the 
death rate by accident is twice that of the rail- 
ways,” with no single inspector to look after the 
machinery, gear, and the ways. If this be so, why 
has not the question of safety been more prominently 
brought forward at an earlier date? The next com- 
plaint is that machinery is displacing labour. That is 
80 in alldepartments of labour. But can we, ought 
we to attempt, to arrest the progress of machinery ? 
The complaints savour too much of disappointment, 





and have too little basis of fact for their support. 
Notwithstanding Mr. Tillett’s allegations, the position 
of the docker is better than it was, the wages are 
higher, the employment more regular, and the condi- 
tions of his life are improved. 





The Legislative Council of New Zealand have taken 
a step in labour legislation, the effects of which will 
be watched with interest both in England and on 
the continent of Europe, and also in the other Austral- 
asian colonies and in America. From and after the first 
day of this year, 1895, the early closing of shops is to 
be enforced by law. Every town and borough council 
has to appoint a day for a weekly half-holiday, when 
all shops are to be closed at one o’clock. Fruiterers, 
confectioners, and one or two others, are the only ex- 
ceptions, unless the owner of the shop and his family 
carry on the business alone, in which case the law is not 
to be enforced. In the country districts the shop assis- 
tants are to have their holiday, though the shop is not 
bound to close. 
ways. With certain provisions as to overtime, women 
and children are not to work morethan 94 hours per day, 
except upon one day when they may work 114 hours. 
Shopowners are also to provide suitable sitting accom- 
ete i for all female hands. In addition to the 
foregoing regulations there is another of some import- 
ance—all offices are to close at 5 p.m. on all week- 
days, except Saturdays, when they must close at 
oneo’clock. Shipping, tramway, and newspaper offices 
are exempted from this regulation, and certain pro- 
visions are made as to overtime at periods, as regards 
other offices. 


But cashiers, ledger-keepers, &c., may 


Further changes are effected in other | J, 


balance their books after 5 p.m., but not do other 
work. This is by far the most elaborate attempt to 
regulate working hours by law ever yet made in the 
interests of the workpeople. This legislation is said 
to be due to the labour party in New Zealand, and 
will be regarded as a great victory for the legal en- 
forcement of short hours everywhere. 





Workmen often complain of the law of contract, 
alleging that they are mulcted in damages, while 
the employers escape scot-free. The colliers’ case in 
the Rhondda Valley is a case in point on the other 
side. The Glamorgan Coal Company were sued by 
160 of their employés for wrongful dismissal, and 
obtained 700/. as damages. It appears that the men 
were engaged in sinking a shaft on the day-to-day ° 
contract, but were asked to sign a contract under 
the Welsh sliding scale agreement, which imposes one 
month’s notice. On their refusal to sign, they were 
dismissed, The Bench ruled that they could not be 
summarily dismissed in that fashion, and gave the 
men 700/. damages, with costs against the company. 
It cannot be too strongly insisted on that the law 
contemplates equity in contracts, and a breach is as 
much an offence by employers as by workpeople, and 
vice versd. But the contract must be bond-fide, and 
the damages must be real damages, that is to say, the 
measure of damages is the loss suffered. 





A rather curious case is reported from South Shields. 
A special sitting of the magistrates was held at eight 
o’clock at night to hear acomplaint against 33 Lascar 
seamen, being the crew of the vessel Skerryvore, 
which had put into the Tyne. The evidence of the 
captain was to the effect that the crew of Lascars 
signed on at Calcutta for a 12 months’ voyage, the 
ship being bound for New Orleans; but’ when in 
the Tyne they refused to go back because it was too 
cold, and they were unable to do the work. They 
desired to go back to Calcutta. As the men absolutely 
refused to go back, they were sent to prison for 14 
days, and their wages were ordered to be forfeited. 
The men were not able to plead their own case, the 
evidence having to be interpreted, and their reply. 





It is stated that terrible distress exists among the 
seamen at Cardiff. Over 1000 able seamen are idle, 
and many, it is reported, are literally starving. The 
municipal. authorities have opened a bureau for the 
purpose of trying to obtain employment for at least a 
portion of them, and otherwise help them over the 
existing difficulties. Only a few weeks ago the 
Seamen’s Union were demanding higher rates, on the 
grounds of better trade and higher reights, but even 
then employment was scarce. 





The German workmen have been tolerably victorious 
in their struggle with the seven great German breweries 
which they boycotted, because they dismissed some of 
their employés for leaving work to celebrate ‘‘ Labour 
Day” on May 1. The brewery companies have agreed 
to reinstate the discharged men as vacancies shall 
occur, including all those discharged during the long 
struggle from the beginning of last May. The 
arrangement was the result of a compromise, as 
the brewery companies are not to be compelled to 
dismiss other men to take on those originally dis- 
charged. But, allthings considered, the men have been 
the victors. The agreement arrived at has to be 
ratified by mass meetings of the workers. 


Both the manufacturers and workers in the jute 
mills of Dundee have been bitterly complaining of the 
long hours and other conditions in the Indian jute 
mills as being injurious to, and nearly destroying, the 
jute trade of Scotland. The Chamber of Commerce 
has taken the matter up, and an effort is to be made 
in the next session of Parliament to bring about such 
an amendment of the Indian Factory Acts as 
will insure shorter hours for women and children, 
so that Britain may be able to compete. It is ulleged 
that some English members of Parliament are 
financially interested in the Calcutta jute - mills, 
India, just now, is well to the fore in connection with 
the industries of this country, cotton and jute 
especially. 





EXPLOSION OF A SUGAR CONVERTER. 
A Boarp or TrapeE “ formal investigation,” of a ve 
interesting character, has been held at St. George’s Hall, 
iverpool, with regard to the circumstances and cause of 
the explosion of a ‘‘ converter” at the ~— refinery of 
Messrs. Bostock and Co., Garston, which occurred 
on Monday, October 29 last. The explosion was most 
disastrous, three persons being killed and eight others 
injured, while considerable damage was done to property. 
he Commissioners were Mr. Howard Smith ister- 
at-law, and Mr. Hallett, consulting engineer. Mr. Gough 
conducted the proceedings on behalf of the Board of 
Trade, while Mr. Dun, solicitor, appeared for Messrs. Bos- 
tock, and Mr. Paxton, Mr. Miller, Mr. Watts, and Mr. 

Husband for other parties interested in the inquiry. 
In his opening statement Mr. Gough said that in 1880 





Mr. William Bostock was engaged in business as a sugar 
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refiner at Newcaatle-under-Lyme, and while there he had 
made for use in his works a copper cylindrical vessel, 
10 ft. high by 4 ft. in diameter, the plates being fin. thick. 
This vessel, termed a ‘‘converter,” was made by the 
Lilleshall Steel and Iron Company, and was employed in 
the manufacture of saccharine. It was subjected toa 
considerable steam pressure, which, however, varied ac- 
cording to circumstances, the maximum being about 
93 lb. on the square inch. In the year 1886 Mr. Bostock 
removed his business to Garston, taking the converter 
with him, and it answered his purpose so well that in 
1889 he had a second one constructed by the Lilleshall 
Company on the game specification. Nothing, however, 
appeared to have‘ been said on either occasion as to the 
requisite working pressure. In July, 1893, the first con- 
verter was examined, and the top plate was found to have 
worn thin and to have acrack in it. Mr. Joseph Healey, 
an engineer at Garston, was called in, and with the ex- 
ception of the plate in question, which he renewed, he 
seemed to have considered the converter to be in good 
condition, On Monday, October 29 last, about 5 p.m., the 
oldest converter (No. 1) was charged and steam admitted, 
and about 25 minutes past five the foreman, Goulden, ap- 
peared to have been under the impression that he closed 
the steam stop-valve and opened the discharge. At half- 
past five the steam gauge registered 80 lb. pressure, but 
the needle suddenly went back to zero point. Steam was 
next seen issuing from the top of the converter, and a 
fitter was sent for; but directly afterwards the explosion 
occurred, making a complete wreck of the works, and 
forcing off the fittings of the other converter, so that 
identification was difficult. From an examination of the 
exploded converter it was found that the plates in some 
places were worn to the thinness of ,°; in., and in others 
to ,, in. The plates were of excellent quality, but owing 
to their wasted condition, the bursting strain, which was 
calculated t «have been originally 198 lb., had fallen to 
90 lb., or even much less. At the time of the explosion, 
Mr. Gough added, there was a violent thunderstorm in 
progress, and Mr. Bostock had been advised that a flash 
of lightning might have caused the explosion, or materially 
contributed thereto. The Board of Trade were anxious 
to place before the Commissioners every scrap of evidence 
that could be obtained to enable them to arrive at a con- 
clusion as to the cause of the explosion, and if the Com- 
missioners desired it he (Mr. Gough) was prepared to 
call Dr. Lodge, of University College, to give his views 
on the question of the possible effect of the thunderstorm 
and its connection with the bursting of the converter. 

A number of witnesses were then called, and we here- 
with give a summary of the principal evidence. 

Mr. James Proctor, chief engineer of the Lilleshall 
Works, described in detail the construction of the con- 
verter. 

Mr. William Bostock, owner of the sugar refinery, 
stated that he visited the works every ten days or a fort- 
night, and left the whole supervision of the machinery, 
as well as the management of the works generally, to his 
competent employés. On the evening of the explosion he 
was on the premises, and near the saccharine house, when 
he saw a very vivid flash of lightning, which he certainly 
believed had an effect in regard to the subsequent ex- 
plosion, though he now understood he was not generally 
supported in that view by others. The steam boilers at 
the works were periodically examined by an insurance 
company. He had not had, except in one case, to reduce 
the pressure in consequence of their reports. He was not 
aware that the plates of the converter were reduced to 
} in., and in places to ,, in. in thickness, until after the 
explosion, and he bad not taken any steps to ascertain 
their thickness, but had left it entirely to his competent 
men. He did not, however, wish to suggest that any- 
body had neglected his duty in that respect. 

Mr. Lutge Gerken, a former manager for Mr. Bostock, 
but who said he had had no mechanical training, 
described the way in which the converters had been 
worked, and the whole process of the manufacture of 
saccharine, 

Mr. John Lloyd, Jun., who had also been manager from 
1888 up to January last, stated that when, in July, 1893, 
it was reported to him that there wasa crack in the dome 
of the converter, he told Mr. Bostock, who directed him 
to call in an engineer, and he therefore called in Mr. 
Healey, who replaced the top of the converter. He was 
instructed to do this if the sides of the converter were 
found to be in a fit condition to receive the new top. 

Mr. Joseph Healey, engineer, Garston, = his version 
of what took place in his interview with Mr. Lloyd, and 
denied that anything was said about his putting in a new 
dome if the sides were fit. His instructions were simply 
to put it on, Had it been left to him, he should have 
thought it necessary to thoroughly examine the converter. 

Mr. Hallett here inquired whether witness considered 
that it was wise on his part to put on a new top without 
seeing that the sides were in a condition for safe working? 

Witness replied that it was not wise, looking at the 
matter in the light of present knowledge, but he was in- 
structed to put on the top, and he did so. 

Mr. William Newlands, the present manager, having 
given evidence, the Court adjourned till the following day. 

On resuming, the most important and, from a scientific 
point of view, var soncscage evidence was given by Dr. 
Oliver Lodge, Professor of Physics at University College, 
Liverpool, who stated that he had made a study of elec- 
trical discharges, and had also made an inspection of the 
premises at which the explosion in question occurred. It 
was his opinion that if the premises had been struck by 
lightning a portion of the discharge might have travelled 
down the copper pipes and entered the converter, thence 
passing to the bottom of the vessel and givinga spark under 
the liquid. This would cause a great shock and a violent 
blow, so that even in an o vessel containing water the 
y smashed 


vessel might be shattered. He had comple 





thick glass tumblers in that way, and had caused a copper 
vessel to leak at the soldered joints. He would not ne- 
cessarily expect to see any traces of the passage of the 
electric fluid down the pipes and into the converter. His 
experience certainly supported the theory that the ex- 

losion might possibly be caused by a flash of lightning. 

e did not consider that on the occurrence of the flash the 
explosion need be instantaneous. The extra shock of the 
electrical discharge might cause a tensile stretch of the 
metal, preparing the way for explosion shortly afterwards. 

A number of other witnesses having been examined, 
Mr. Archibald Currie, engineer-surveyor to the Board of 
Trade, and Mr. illiams, senior surveyor to the 
Board of Trade at Liverpool, gave expert evidence as to 
the construction of the converter, its condition after the 
explosion, and the bursting strain at the various thick- 
nesses of the plates as discovered at their examination, 
and both gave it as their opinion that the converter could 
not be safely worked at the pressure to which it was said 
to be subjected. Mr. Williams added that in his judg- 
ment the converter had not been, from the first, calculated 
to stand the strain, and that it had been worked ata 
dangerous pressure. 

Mr. Dun, on behalf of Mr. Bostock, then called several 
witnesses, who spoke to seeing lightning playing about 
the works shortly before the explosion : one of them, w 
was at a capstan at the time, stating that a flash blinded 
him for a time, and seemed to set the rope attached to 
the capstan on fire. 

Mr. Paxton addressed the Court on behalf of Mr. 
Healey, who, in July, 1893, had repaired the converter 
by putting in a new top as already stated. 

After the Commissioners had visited the scene of the 
explosion and examined the converter and the wreck oc- 
casioned, Mr. Dun addressed them on Mr. Bostock’s be- 
half. He admitted that upon the evidence the converter 
was worked at too great a pressure, but it was not so 
worked with his client’s knowledge. That gentleman’s 
late partner, Mr. Lloyd, was an engineer, and had been 
connected with the firm who made the converter in 
question. Mr. Bostock believed Mr. Lloyd knew all 
about its condition and construction, and he trusted en- 
tirely, as regarded the machinery, to Mr. Lloyd’s engi- 
neering skill and ability. 

Mr. Howard Smith said he thought Mr. Bostock, 
having Mr. Lloyd, an engineer, as his partner, was quite 
justified in leaving the management of the machinery to 
that gentleman. 

Mr. Dun further submitted that Mr. Healey, as an 
engineer and a specialist, was not justified, when he was 
called in to execute repairs in July, 1893, in confining 
himself to the instructions given him by Mr. Lloyd, Jun., 
and Mr. Gerkin, both of whom, from an engineering point 
of view, were comparatively ignorant men. 

The Court then again adjourned, and resumed the fol- 
lowing day, when judgment was given. 

After reviewing the evidence and the history of the 
converter, Mr. Howard Smith said the explosion was 
caused by over-pressure, the converter being subjected to 
about its bursting strain of 80 lb. at the time of the ex- 
plosion, the plates having become much reduced in thick- 
ness through the continued scouring action of the material 
used. The evidence had clearly established the fact that 
after the explosion the stop-valve was found opened and 
the discharge valve closed, and that these effects were not 
produced by the explosion. The Court was constrained, 
therefore, to reject the evidence of Goulden that he shut 
the stop-valve and opened the discharge, although he 
might honestly have thought he did so. There was the 
same pressure on the converter as was on the boiler at the 
time, viz., about 80 lb., and, curiously enough, this was 
the pressure which Goulden observed just before the 
pointer of the steam gauge on the converter fell to 
zero. According to the evidence of the Board of 
Trade surveyors, confirmed by Mr. Proctor, who 
represented the makers, the converter when new 
should not have been worked—allowing the usual margin 
for safety—at a pressure exceeding 40 Ib. ; while with 
the plates worn, as in one place, to the thickness of ,;4 in., 
the bursting pressure was 55 lb., and therefore it should 
not have been worked at a pressure of more than 17 lb. 
per square inch. It was therefore clear to the Court that 
from the first the converter had been worked at a most 
excessive pressure. It had been suggested that the explo- 
sion might have been due to an electric spark having 
entered the converter during a thunderstorm. The 
storm, and the presence of lightning in and about the 
building, had been proved, and the Court had had the 
advantage of hearing the evidence of Professor Lodge, 
who was of opinion that the explosion might have been 
caused in that way, but his evidence simply amounted to 
this, that it was physically possible. The Court could 
not, however, accept that theory, seeing that there was a 
very plain cause for the explosion in the defective condi- 
tion of the converter and the high pressure carried. In 
the face of that cause it seemed idle to speculate as 
to the existence of another cause, which, though 
possible, was very improbable. The Court considered that 
no blame attached to the various managers of the works, 
but with regard to Mr. Healey, who had placed the new 
top on the converter, the Commissioners thought that his 
suspicions as to the general condition of the converter 
ought to have been aroused by the condition in which he 
found the top, and, therefore, they could not hold him 


entirely free from blame. After the repairs were effected | gr 


he should have applied the hydraulic test to ascertain that 
the work was properly done, It had been submitted on 
behalf of Mr. Bostock, that as he ordered a boiler to with- 
stand a pressure of 120 Ib. at the same time that he 
ordered the converter, he was justified in assuming that the 
converter had been made accordingly, and some evidence 
had been adduced in support of that view ; but the Court 
could not hold that there was anything in the contract or 





otherwise to show at what pressure the converter was to 
be worked, and, in their judgment, there was no ground 
for attaching blame to the Lilleshall Company. Mr. 
Bostock had allowed the converter to be worked at a 
high pressure without ascertaining what it could safely 
resist. Whilst Mr. Lloyd was alive and in partneyship 
with Mr. Bostock, he, as an engineer, was the re- 
sponsible person, and it seemed strange to the Court 
that he had not looked into the matter of the safe 
working pressure. The firm was, of course, responsible 
for this, and from the fact that, since it commenced 
working, the converter had never been -systematically 
examined by any one, competent or otherwise, that 
responsibility was increased. To secure safety, there 
should certainly have been a periodical examination, and 
for the neglect of this, Mr. Bostock was to blame. The 
Court wished that they could acquit him of personal blame, 
but although that view might have held good during the 
lifetime of Mr. Lloyd, they were bound to hold Mr. Bostock 
responsible since Mr. Lloyd’s death. No engineer had been 
appointed, and no steps taken to ascertain the condition of 
the converter, or the pressure at which it could be safely 
worked ; and the result had been the disastrous explosion 
which was the subject of that inquiry. The Court did 
not consider that there had been any criminal neglect, 


lro | but there had been carelessness, which they felt sure 


Mr. Bostock now deeply deplored, more, perhaps, on 
account of other sufferers than of himself. They must 
order him to pay to the Board of Trade the sum of 65/., 
which was estimated to be about half the cost of the in- 

ulry. 
. My. Howard Smith added that at the visit which he 
and Mr. Hallett had paid to the refinery the previous 
afternoon, they found that, apart from the converter, the 
works appeared to be kept upin a high state of efficiency, 
while he might further state that the Court exonerated 
the employés from all blame in the matter. 

~ inquiry, which had lasted three days, then termi- 
nated. 





Bexie1an Rats 1n CanaDA.—The Dominion Govern- 
ment recently closed a contract for rails to be used on the 
Canadian Government Railways. The John Cockerill 
Company, Belgium, has secured the contract, which is for 
4300 tons to be delivered at Halifax before June, 1895. 
It is understood that the price to be paid for the rails is 
4l. per ton. About 3000 tons of the supply will be used 
on the main line of the Intercolonial Railway, 1000 tons 
on the Prince Edward Island branch, and the balance, 300 
tons, on the Windsor branch. 





Tue SrockHOLM EXHIBITION, 1897.—The last plan for 
the 1897 Exhibition in Stockholm, and which plan has 
now been adopted by the committee, fixes upon the ‘Se- 
jonslitten ” and “‘ Alkiirret” for the site of the Exhibi- 
tion. In a line with the Norva-road, a new bridge, twice 
as broad as the present one, will lead to the grounds. 
The road divides the site in two parts, which, at the Al- 
kiirret, will be connected with each other by means of a 
viaduct. The principal portion of the Exhibition will be 
to the east of the Djurgards road. To the west, in the 
direction of the Saltsjé coast, will be situated the build- 
ings of the Army and the Navy, and further away the 
machinery hall and the building for the fine arts. The 
first building to meet the eye of the visitor after having 
entered the grounds, will be a pavilion specially intended 
for the City of Stockholm, and which will be surrounded 
by shrubberies and flower-beds. To the east of the entrance 
will be the building containing the offices of the adminis- 
tration, post, telegraph, and telephone offices, and police 
station. West of the entrance will lie the building of the 
northern museum, which is not expected to be completed, 
but to which a wooden structure will be added. Straight 
in front will be the grand industrial hall, the main 
reve ogy Se the Exhibition, with two pavilions for, respec- 
tively, Denmark and Norway. An elevator and a bridge 
will form the means of access to the ‘* Skansen.” 





Tar AMSTERDAM EXHIBITION, 1895.—The Exhibition 
to be held in Amsterdam from May 1 to November 1, 
1895, and which will comprise everything more or less 
directly connected with hotels, travel, &c., bids fwir to 
become very interesting. There will be shown all kinds 
and conditions of means of locomotion on the earth, 
in the water, and in the air, hotels—exteriors and in- 
teriors—past and present, articles of food and drink, 
everything appertaining to fisheries, hygiene, baths, 
toilette, water-closets, filters, lighting. heating, life- 
saving appliances in cases of fire, &c. The area of the 
Exhibition covers about 40 acres, and the buildings will 
cover an area of some 300,000 square feet, exclusive of the 
machinery hall, Holland will occupy about one-fourth of 
the accommodation, whilst of the other countries, a , 
cially France and Belgium will make a large show. The 
exhibitors will not be allowed to offer their goods for sale 
in the buildings, but a large gallery will be erected in the 
grounds—on similar lines to those of Palais Royal— 
which will be used for bazaars. These shops will remain 
open till 11 o’clock in the evening. Close to the bazaars 
there will be a profusion of entertainments, theatres, 
varieties, dioramas, &c. A number of Oriental nations 
will be represented at the Exhibition, Turks, Egyptians, 
Arabians, Chinese, Japanese, Siamese, &c. One of the 
eat attractions will, no doubt, be the ‘‘ Oud Holland” 
(Old Holland), which, instead of representing a portion 
of the town, will be made to comprise fragmentary repro- 
ductions of the most interesting portions of olden time 
from all Holland. There will be subjects from the pro- 
vinces, the islands, and the Dutch colonies. There will be 
canals with their busy quays, old houses, showing the 
characteristics of Dutch architecture in centuries gone 
by, old bridges and churches, &c. : 
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‘“sENGINEERING” ILLUSTRATED PATENT 
RECORD. 

ComPitep By W. LLOYD WISE. 

SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 

UNDER THE ACTS 18883—1888, 


The number of views given in the Specification 8 ts stated 
in each case ; where none are mentioned, the Specification ts 
not illustrated. 

Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given tn italics. 


Cc Specifications may be obtained at the Patent Office 
Sale Soma 88, Cursitor-street, Chancery-lane, E.C., at the 
untform price oj 

Ths oe Gan rae te ae 
ee beeen oie wen after the abstract, unless the 

atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned tn the Act. 


ELECTRICAL APPARATUS. 


23,074. W. P, Theermann, Manchester. Electrical 
Switches. (2 Figs.) December 1, 1893.—In a suitable block a 
of insulating material held in a casing } of cylindrical shape, are 
fixed two terminals, one of which is formed as a double-armed 
lever c working in a transverse recess in the block a and project- 
ing through opposite openings in the casing b. This lever is 
capable of being turned about a central pin. A stop e having a 
spring ¢! is placed to bear against the lever c and to retain it in 
either of its two positions, while capable of yielding when the 
position of the lever is reversed by the exerci-e of slight pressure. 
Under one end of the lever is a metal terminal f secured in the 
insulating block a. The projecting arms of the lever c are made 
of non-conducting material, while the central part forms a con- 





ductor from the stud e (to which one of the wires of the circuit is 
connected) to a metal plate cl on the underside of the lever. When 
the lever isin the position shown in Fig. 1 the plate cl is not in 
contact with the terminal f. When, however, the position of the 
lever is reversed, the two terminals are in contact and the 
circuit is closed. Projecting from opposite sides of the casing are 
lugs b'. In order to throw over the lever from one position to 
the other, one of the projecting arms of the lever c is squeezed 
against its corresponding lug by a slight pressure of the fingers, 
and thus the current is turned on to the lamp. Fig. 2 shows a 
modification in which the lever c works in a longitudinal recess in 
the blocka The upper part of the casing is constructed to re- 
ceive wires, and the lower part may be constructed either to re 
ceive wires or as a lamp socket. (Accepted November 7, 1894.) 


LIFTING AND HAULING APPLIANCES. 


22,951. J. Kieffer, Cologne, Germany. Self-Sustain- 
ing Pulley Blocks. (9 Figs.) November 29, 1893.—A is the 
wormshaft and worm for actuating the wormwheel B, which 
raises or lowers the load. C is a bearing frame arranged so as 
to receive a movable brake collar D. E is a shoulder turned 
down from the wormshaft A and screw thread G, and which bears 
against the adjustable set screw F. In raising the load, the end 
of the wormshaft at E thrusts against the adjustable screw F, 
and the movable brake collar D travelling along the thread G 
causes it to be withdrawn from the surface S of the bearing. As 
soon, however, as the lifting action stops, the load, by means of 





the thread G, causes the brake collar D to press against the sur- 
face S of the frame C, drawing back the end of the wormshaft 
from its bearing against the set screw F, and the load remains 
sustained in position. In lowering the load, the wormshaft A is 
turned in an opposite direction, but the brake collar D remains 
in action on the surface S of the frame bearing C. H is a feather 
on the sorew G which has part of its threads cut away at J, by 
which a limited axial stroke is given to the collar D, just sufficient 
to release it from the surface S when required. Thus the load can 
be readily raised or lowered by turning the wormshaft A in one 
or the other direction, but remains self-sustained as soon as the 
wormshaft ceases to turn. (Accepted November 7, 1894). 


MINING, METALLURGY, AND METAL 
WORKING. 


20,480. W. J. Clapp and S. D. Williams, Newport, 
Mon. Manufacture and Purification of Iron. [6 
Figs.) October 30, 1893.—This invention consists in charging in 
bulk into the blast-furnace a limited quantity of lime or limestone 
only sufficient for the proper fluxing of the silicious and other 
earthy matters, whilst the requisite excess of lime or limestone for 

washing out’ the sulphur from the iron is introduced into the 
blast-furnace, cupola, or converter in the finest possible state of 
pulverisation through the blast pipe and tuyeres. Fig. 1 shows the 
arrangement applied to a blast-furnace, and Fig. 2 shows the same 
applied to a converter. a represents the body of the blast furnace, 
6 the main blast pipe, c the upper circular 
d the lower circular blast pipe, ¢ the upper tuyeres, 


cupola, or converter, 
blast pipe, , 


and f the lower tuyeres. The furnaces are provided with the 
usual charging holes a! and tapping holes a. The tuyeres ¢ are 
arranged intermediate of the tuyeres jf, so as to cause every part 
of the molten metal in the furnace to be acted upon by the blast 
and the finely pulverised lime or limestone carried in therewitb. 
cl is a pipe connected with the main blast pipe } and supplying 
the tuyeres ¢. d1 isa pipe connected with the main blast pipe b and 
supplying thetuyeresf. The finely pulverised lime or limestone is 

















supplied to hoppers g interposed between the pipes ¢ and cl, and 
between the pipes d and d!. In connection with each hopper g is 
a revolving tuyere feeding pipe c? or d2, carrying radial arms c4 with 
channels suitably mounted and revolved by bands passing around 
pulleys c3, d3, The arms c4, in their revolution, dip into the 
trough g and scoop up and deliver the finely pulverised lime or 
limestone at a central orifice, where, meeting with the air blast, 
it is carried through the tuyeres into the furnace. (Accepted 
November 7, 1894). 


SHIPS AND NAUTICAL APPLIANCES. 


24,504, H.C. Ashlin, Bixykenhead, and J. Dagli 
Liverpool. Protecting Shafts Exposed to (noon 
sive Action. [8 Figs.] December 20, 1893 —These improve- 


ments relate more particularly to the protection of the propeller 
shafts or tail shafts of steam vessels. A is the screw-propeller 
shaft to be —— against corrosive action between the stern-bush 
liner B an the stern-gland liner ©, at which part the water would 
otherwise be in direct contact with it. D represents a portion of 
the screw-propeller boss. E is a casing of sheet brass or other 
metal surrounding the shaft A at a suitable distance therefrom, 
so as to leave an annular space between the shaft and casing for re- 


cc 











Fig.2. 

@ 
ceiving protective material F. The casing £ may be connected 
to the liners B and C in any convenient manner. In the ar- 
rangement shown, the facing ends of the liners are grooved, 
as at B! and Ol, to receive the ends of the casing, or they may be 
checked down from the outside, or from the inside to receive the 
ends of E. The casing may be made in one or more lengths, and 
may consist of a number of pieces circumferentially connected 
together by water-tight folded joints or brazed joints. If neces- 
sary, indentations E? or distance studs are employed to keep the 
casing E at its proper distance from, and concentric with, the 
shaft A, so as to insure uniform thickness of the protective 
material F. (Accepted November 7, 1894). 





STEAM ENGINES, a. EVAPORATORS, 
Ce 


25,090. J. S. Raworth, London. Regulation and 
Expansion of Steam in Steam Turbines. [2 Figs.) 
December 30, 1893.—Referring to Fig. 1, 1, la, 1b are ports in 
communication with the steam nozzles of the turbines. 2 is a 
circular valve provided with steam ports or passages 2a, 2b, 2c in 
the form of slots, the lengths and positions of which, relatively 
to the steam ports 1, 1a, 10, are auch that when the valve 2is partly 
turned through the action of the turbine governor by which it is 
controlled, it will cut off or admit steam successively to the 





several ports 1, la, 1b, and thus cut off or turn on one or more 
steam jets ding requi t. Thus, in the example 
shown, if the valve be partly turned to the right, the steam port 1 
will be first closed, and if the motion of the valve be continued 
sufficiently in the same direction the port la will be closed, and 
next the port 1b; the ports being opened in the reverse order when 
the valve is moved in the opposite direction. Fig. 2 illustrates a 
device for the purpose of obtaining an economical expansion 
of the steam used in steam turbines, whether working with or 





passing through the main duct is caused to enter and expand into 
or within several nozzles, the number and cross-sectional areas of 
which are arranged to suit the increasing volume due to the 
diminishing pressure, and the increasing velocity of the steam at 
each point in its path of efflux. This device is adapted to be 
secured at one end 3, as by screwing, to the main steam duct, of 
which it practically forms a part. The jet of steam commences 
at the contraction at 4, and as the steam increases in velocity the 
nozzle is developed into two or more separate nozzles as shown at 
5,6, and 7. (Accepted November 7, 1894). 


24,124, J. W. Reed, Jarrow, Durham. Steam 
Generators, [9 Figs.) December 15, 1893.—This invention 
relates to improvements in water-tube boilers of the type having 
an upper horizontal chamber connected to two lower horizontal 
chambers by tubes of small diameter, the Jower chambers being 
spaced to admit of a furnace being arranged between them. 
According to the present invention the tubes T connecting the 
lower chambers A with the upper chamber A’, are bent ina slant- 
ing direction, converging towards the centre line of the boiler over 
the furnace F, whence the tubes are again bent in a direction 

















diverging upwards and outwards from the centre line towards the 
upper chamber, to which they are connected, preferably below the 
water level, on each side. The lower tier of tubes T! nearest the 
furnace are bentin a waving form in a plane at an angle tothe 
plane of the slanting tubes. Baffle-plates B are provided above 
the lower series of tubes on each side, in order to concentrate the 
heat amongst the tubes before the hot gases escape to the chimney 
C. A semispherical tube joint is also described, which enables a 
certain amount of movement of the tube to take place without im- 
pairing the tightness of the joint in the tubeplate. (Accepted 
November 7, 1894). 


24,549. C. E. Beaumont and G. P. Wallington, 
London. High-Speed Trunk Engines. [2 Figs.) Decem- 
ber 20, 1893.—-These improvements relate to high-speed trunk 
engines and their distributing valves, and to the manner of 
operating the same. Referring to Fig. 1, the crank A is preferably 

losed in a ch B formed by the bedplate C, so that when 
pos ag turned by the — it may splash the contained lubricant 
over the working piston D and the connecting-rod on D:. The 
cylindrical valve E. is arranged at right angles to the connecting- 
rod F, an extension or arm G of which is inserted in a slot 
formed in the valve E, for reciprocation to alternately cover and 
uncover the inlet and exhaust steam ports I and J respectively. 
The steam port I is arranged in the piston body above the valve E, 
and steam is admitted thereto by a tube K screwed into the piston 
D. The upper end of the tube being closed, steam is caused to 
enter the ports L, L, the position of which is predetermined, so 
that when the piston D is reciprocated, the steam may be cut off 
by the covering of the said ports by the stuffing-box M through 
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or into which they pass. The exhaust port J is formed in the 
piston D below the valve E, and is so arranged relatively to the 
port N in the cylinder that the steam is shut in at a predeter- 
mined part of the return stroke for cushioning purposes. In 
the arrangement shown in Fig. 2, both the steam inlet and exhaust 
ports are formed in the trunk piston below the valve E, which is 
of the ordinary D type, sliding between guides P, P upon the top 
face of the piston D, and operated by the extension of the con- 
necting-rod in the same manner asin Fig.1. By arranging that 
the steam entry and exhaust are cut off by the movement of the 
piston itself, irrespective of the sliding valve, as early an opening 
as may be desired can be obtained. The sliding valve E simply 
governs the time of opening to admit steam to the cylinder and 
exit to the exhaust, the amount of expansion and compression or 
cushioning being predetermined by the relative positions of the 
piston and cylinder ports, the movement of the piston itself alter- 
nately covering and uncovering these ports to cut off the steam 
inlet and exhaust respectively. (Accepted November 7, 1894). 








without the regulating apparatus described above. The steam 





1242, J. 8S. Raworth, London, Steam Turbines. 
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[2 Figs.) January 19, 1894.—This invention relates to a novel 
friction gearing, having for its object to enable the very great 
speed of steam turbines to be reduced in transmission to an extent 
sufficiently low for ordinary mechanical uses without the employ- 
ment for this purpose of electric dynamos and motors. This fric- 
tion gearing comprises a small cylindrical pulley a fixed on the 
turbine shaft a’, and engaging with three carrier wheels b that 
are supported by a faceplate c keyed to the power shaft d which 
it is desired should be rotated at a reduced speed. Around the 
three carrier wheels b, of which only one is shown, and engaging 
with them, is placed a stationary ring e¢ of steel, and of such an 
internal diameter that it cannot be placed around the three carrier 
wheels without springing, so that when placed in position it will 
firmly grasp the three carrier wheels and force them into intimate 





contact with the motor pulley a. To enable this to be done, the 
studs f of the carrier wheels are not fixed directly to the faceplate 
c, but are each carried by a swing frame g pivoted to the faceplate 
at g!, so that the carrier wheels are free to move independently of 
each other in a radial direction, but can only move in a circular 
direction with the faceplate. The swing frames g are mounted 
on the back of the faceplate c, and the carrier studs f prenest 
through openings c' in the plate, as also do the bosses b! of the 
carrier wheels b. To balance the centrifugal forces and weights 
of the carrier wheels, weights g2 may be attached to the swing 
frames g. The ring e may be prevented from rotating by any 
suitable means, or it may be clamped by a hand brake 7 embracing 
its outer circumference. This latter arrangement allows of the 
power shaft d being easily put in and out of engagement with the 
turbine shaft. (Accepted November 7, 1894). 


17,273. W. R. Lake, London. (The Consolidated Car- 
Heating Company, Wheeling, W. Va., U.S.A.) Rotary 
Motors. [5 Pigs} September 11, 1894.—A shaft B journalled 
in bearings in a casing A is flexibly connected with the steam 
wheel or rotary piston E by means of a disc C fixed on the shaft, 
and a series of spring arms D. These are secured at one end to 
the outer edge of the disc, and at the other end to the steam 
wheel E. The wheel is provided with the central aperture F 
embracing the shaft, the aperture being suffi iently large to allow 
of vibration of the spring arms D to any desired extent without 
danger of the wheel striking the shaft in such vibration. At the 
outer edge of the wheel is an overhanging flange G in which are 
pockets consisting of two tapering inclined recesses a, a' arranged 
nearly tangential and gradually enlarging from the bottom to- 
wards the top. The dividing wall between the pockets forms a 





division in the shape of a sharp ridge c extending centrally 
between the two, and having oppositely inclined faces e. His a 
fixed steam ring around the wheel provided with a series of in- 
clined discharge nozzles I. Thisring is narrower than the mouths 
of the pockets, and is arranged centrally over the same so as to 
bring the nozzles directly above the flange c between the two 

ckets and leave free exhaust openings / between the sides of 
he ring and the edges of the pockets at both sides. Steam 
admitted to the steam ring will flow through the nozzles into the 
pockets, striking the ridge and dividing thereon, about half pass- 
ing to each side, following the curved line of the bottom and rides, 
and finding exit into the chamber J around the wheel in the 
casing. The steam is defiected by reason of the shape of the 
pockets in connection with the dividing flange in such a manner 
that the exhaust steam cannot react against the incoming live 
steam. The steam escapes from the chamber J through the 
exhaust pipe K. (Accepted October 31, 1894). 


TEXTILE MACHINERY. 


25,055. G. Horrocks, Stalybridge, Lancs. Rotary 
Combs. [3 Figs.) December 30, 1893.—This invention relates 


cylinder @ in which comb teeth b are connected to slides b! 
at are fitted to slide within the grooves d formed in the arms 
a' of the cylinder a. The slides 6! are actuated by links ¢ con- 
nected thereto by pinscl. The inner ends of the links c are con- 
nected to a band e working on an eccentric f mounted on a shaft 
g. The shaft g is free to revolve within the eccentric, but rotates 
the cylinder a by being keyed to the boss a®. By these means, 
when the shaft g revolves, the teeth b are alternately moved in a 
direct line to or from the centre of the cylinder, inwards when 
away from the lifting apron, and outwards when in proximity 
thereto. Stops c? assist to retain the links c in position. In order 
to adjust the position of the cylinder and teeth relatively to the 
lifting apron, the ends of the shaft g are mounted in bearings j 
that are fitted at each side of the frame m, and are caused to be 
moved backwards or forwards in a slide h, placed at right angles 
to the lifting apron, by means of eccentrics / fitted on each end of 
aehaftg. By these means, when the trics are actuated b 
the handle y! attached to the shaft q, the shaft g with the rotary 
comb thereon is placed nearer to or farther from the lifting apron. 
Each of the bearings j is, when set in position, firmly retained by 
the bolt j! which is passed through the slot *2. (Accepted 
November 7, 1894). 





MISCELLANEOUS. 
21,099. S. H. Terry and R. E. Middleton, London. 
Arresting Dust after Combustion in Destructors. 


{5 Figs.) November 7, 1893.—Tne products of combustion from 
the destructor cells (which are not shown) pass by the main flue A 
over a catch pit Oin which the larger particles of duet are de- 
aang by reason of the reduction in the velocity of the current 

ue to the sudden increase in the area of the flue. The pit C 
is provided with doors D for the removal of dust so deposited. 
A boiler B is set in an enlargement of the flue A adjacent to the 
pit C for utilising the waste heat. Beyond the pit C the flue area is 
enlarged so as to form the main depositing chamber E which is 
divided up in its lower part by cross walls e! into compartments 
e,é,¢. The upper part of the chamber is made of continually 
increasing area. In this chamber are arranged inclined deflecting 
screens F, F in the form of arches adapted to carry the roofing, and 
also a series of flat steel plate or fireclay screens G, G inclined suc- 
crssively with gradually increasing angularity from first to last. 
J, J are a final series of fiat tranverse inclined screens beyond which 
the chamber is reduced in area and leads to the chimney flue L. 
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By this arrangement the gases from the destructor are deflected 
by the upper angled screens F, F and directed on to and between 
the intermediate transverse angled screens G in such manner as 
to form vortices and still places wherein eddies are set up and to 
cause a deposition of dust in the lower compartments e, ¢ of the 
chamber E. The gases thus purified of much suspended dust 
then pass between the screens J, J, which cause in a similar 
manner a further deposition, and finally escape to the chimney 
through the flue L. In order to still more fully purify the gases, 
there may be used in combination with the above-described arrange- 
ment a water curtain produced by means of a perforated pipe I 
arranged across the top of the chamber E from which a stream of 
water falls continuously over the screens J, J, and flows into a 
tank K. Thus such suspended dust as still remains before the 
gases pass to the chimney is washed out. Openings H, H, fitted 
with doors, are — for the removal of dust deposited in 
the lower parts of the chamberE. The flow of the gases is regu- 
lated by means of dampers arranged in the usual manner as at M. 
(Accepted November 7, 1894). 


21,825. J. P. as my A brittas, Queen’s Co., 
Ireland. Ap atus for Cutting, &c., Peat. (2 Fiys.) 
November 15, 1893.—According to this invention an apparatus for 
cutting, trimming, and kerfing blocks of peat turf, and dipping 
them in oil or other liquid, comprises a first set of cutters A cop- 
sisting of three circular saws of equal diameter, the distance 
of which from each other can be adjusted as may be required by 
means of collars on the shaft. The sod of peat turf a is fed by hand 
to the saws endwise, and with its ioauler sides vertical along 
the bench B. The middle saw divides the block longitudinally 
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to rotary combs in automatic feeders for opening, cleaning, and 
preparing cotton, &c, The improved rotary comb consists of a 
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into two, one face of each of the two blocks being thus cut smooth, 
while the outside faces are at the same time trimmed by the two 
outside saws. C is a second set of cutters, consisting of five 
circular saws, the middle and outside saws being all of sufficient 
diameter to cut through the blocks, while the two intermediate 
saws are of smalier diameter, and will only cut partly through 
the blocks as these pass under them. The two blocks a!, a2 cut 
by the first set of saws A are turned over on their faces and fed to 
the saws C. The two outside saws and the middle saw trim the 
sides of the blocks, while the two intermediate saws cut longi- 


cutters consisting of five circular saws, the two outside saws being 
of sufficient diameter to cut through the blocks, while the others 
are smaller so as to cut kerfs. The two blocks, after having been 
trimmed and kerfed by the second set of cutters C, are fed side- 
ways to the third set and their ends are trimmed by the outside 
saws while the intermediate saws cut three transverse kerfs. 
From the third set of cutters the trimmed and kerfed blocks may 
either be passed directly to the chain carrier G H and thence to 
the trough I, or be first submitted to the action of the borers E 
which are carried by a frame F secured to the saw bench in such a 
way as to be readily removable when the borers are not required. 
The chain carrier to which the blocks are after leaving the 
third set of cutters D with or without being submitted to the 
action of the borers E, is composed of two pairs of endless chains 
G and H which travel through the liquid in the trough I. The 
blocks are introduced between the two chains, which carry them 
through the liquid, the upper chain preventing them from rising, 
and the lower chain keeping the liquid in a state of agitation. 
The blocks become impregnated with the liquid, and are delivered 
on to a drip platform K, from which any liquid that runs from 
the blocks can be collected and returned to the trough. (Accepted 
November 7, 1894). 


24,423, J. B.Cox, Torquay. y ye for Heat- 
ing Fluids. [4 Figs.) December 19, 1893.—Figs. 1 and 2 
illustrate the arrangement for raising steam. Within a closed 
casing C is placed any suitable form of steam generator, such as 
a cylindrical vessel B, through which tubes T are made to pass 
in a horizontal, vertica!, or inclined direction, spaces being left 
between the sides of the generator and the surrounding casing. 
A furnace chamber F situated at one end communicates with the 
casing by means of a flue G, s S, and tubes T. The flue G 
— | be carried along horizontally in the casing to the opposite 
end, being made to pass either through the water space of the 
boiler as shown, or outside the same. From the open end of this 
flue G, the highly heated gases from the busti hamb 
rise up through the space S between the boiler and the casing, 
passing through the tubes T and giving off their heat to the water 
in the boiler. Within the casing is an escape flue E communicat- 
ing at top with achimney, and extending down to near the bottom 
of the casing. The combustion gases, having become more or 
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less cooled in imparting heat to the boiler, are made to descend 
along the spaces O, giving off a further portion of their heat to 
the steam generator, and when they arrive at the bottom ina 
comparatively cool condition, they are drawn off through the 
escape flue E. Fig. 3 illustrates an analogous arrangement for 
heating water by means of the action of the products of com- 
bustion upon a water pipe P, arranged within thecasing C. In 
applying this invention to the heating of an air supply, as shown 
in Fig. 4, the combustion chamber is arranged to communicate 
through a flue G with the interior of a casing C through which 
pass a number of tubes T. The ends of the tubes pass through 
the casing and communicate on the one hand with an air supply 
flue A, and on the other hand with a conduit passage R, or with 
the interior of aroom. The hot combustion gases from the com- 
bustion chamber, on entering the casing, ascend therein, and in 
giving off their heat to the tubes T, through which the air supply 
is passing, they become cooled and descend again, and finally 
eseape by the chimney flue E from near the bottom of the casing. 
(Accepted November 7, 1894). 





UNITED STATES PATENTS AND PATENT PRAOTIOE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINBERING, 85 and 36, Bedford- 
street, Strand. 





TURKISH MANGANESE.—The Turkish Government has 
— a concession for opening up a recently discovered 

eposit of manganese ore near Caradja, in the province of 
Aidin. The deposit is said to have an area of 900 acres. 
AMERICAN ELEcTRIC RAILROADS.—The power station for 
the Nassau Electric Railroad Company at Brooklyn, New 
York, will be 102 ft. wide and 150 ft. long, and will be 
constructed entirely of iron and steel, the whole being de- 
signed and built by the Berlin Iron Bridge Company, 
East Berlin, Connecticut. The roof will be covered 
with their patent anti-condensation corrugated iron roof 
covering. 





ing was held the other day in Copenhagen in order to 
advance the question of improved means of communica- 
tion between Copenhage oe 97 and Christianshavn, 
which part of the Danish capital is situated on the island 
of Amak, on the other sideof the old harbour. There are 
at present two bridges over the harbour, the Knippelsbro 
and the Langebro, neither of which are considered up to 
date or capable of meeting the requirements of the in- 
trafic. The passage through the ews nmr 
forms an angle with the current, the result being frequent 
collisions, and both bridges are altogether inadequate. A 
resolution was ed urging the rebuilding, as soon as 
possible, of both bridges, with a broader and more con- 
venient passage through Knippelebro for vessels. The 
building of a third bridge over the harbour, or, perhaps, 
of a tunnel under it, was further advocated, and the har- 
bour authorities were urged to forthwith procure a suffi 
cient number of pontoons to build a temporary bridge 
should any serious accident, as has just n the case, 





tudinal kerfs in the top faces of the blocks. D is a third set of 





disable one of the bridges for any considerable time, 
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THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 
(From our New York CoRRESPONDENT. ) 
(Continued frem page 11.) 

Pumpine Enaines at Taunton, Mass. 

Mr. Dean’s third paper described ‘‘ Changing 
the Suction System of a Pumping Engine at Taun- 
ton, Mass.”” The water to be raised came through 
7 miles of 30-in. pipe, and under a head of 30 lb. 
pressure at the engines; previously to this, the 
engines had raised the water 21 ft. by suction. The 
new supply was connected directly to the suction 


FA 


The methods of absorbing the inertia of the 
surge of the 30-in. column of water were two in 
number. There is an air chamber 4 ft. in diameter 
and some 15 ft. high (see Figs. 1, 2, and 3) placed 
over the extreme end of the supply main, that was 
considered ample in size to meet any fluctuation in 
pressure, provided it was kept properly supplied 
with air. In order, however, to avoid any rup- 


ture or dislodgment of parts when the air chamber 
is improperly filled, seven 6-in. spring relief 
valves were designed to allow the water to escape 
to waste when the pressure reached a pre- 








While these valves 


scribed maximum (Fig. 4). 






















































































pipe of the Gaskill engine. Mr. Dean arranged 
the alterations so that the engine could take water 
from the basin or under the head from the new 
supply. There was an obvious possible difficulty 
in using the same pump valves without additional 
springs or weights to seat them promptly under the 
new conditions ; it was also important to effectively 
absorb the inertia of a 30-in. column of water 
several miles long. The engines, it is remarked, 
after the change started quietly under the new 
head, and have continued to work so without any 
change in the valves, making 7 to 15 revolutions 
per minute for domestic pressure, and 10 to 25 
revolutions per minute for fire pressure. He con- 
sidered this slow speed caused the success of the 
valves in both systems. 

The following summary from the paper shows 








the plan of operation : 























cannot provide the elasticity which is desirable in 
handling water, and which the air chamber te 
furnishes, they limit the pressure to which this 
water can rise when any unusual surge occurs. The 
occasions of such occurrences are sometimes when 
reducing the speed of the engine from fire to 
domestic service. The valves are set to lift at 40 lb. 
per square inch, and they successfully limit the 
water pressure to that amount. bs 
The relief valves are made with a cylindrical 
jointed spindle and nut, as shown in the engraving, in 
order to allow them to seat squarely if the springs 
tend to incline them. They are grouped on a bowl- 
shaped casting covered by a light cast-iron cover, 
from which the waste pipe passes (Figs. 5 and 6). 
There is an arrangement of gates in the suction 
piping, such that the engine can draw water from 


before mentioned, and a gate for shutting the 
water from the group of relief valves when desired 
for any purpose. When the old system is used, 
the air chamber becomes a vacuum chamber, and 
takes the place of one furnished originally (Fig. 3). 

The waste water from the relief valves is con- 
ducted to the old pump well, and the fall of water 
into the well forms an audible tell-tale of their 
operation. The engine is of the usual Gaskill 
form, of the following general sizes : 


Diameter, bigh-pressure cylinder ... 16 in 
re low-pressure “ 32 ,, 
‘ pump plungers >. ee 
Stroke of each piston ... = 28 ,, 

x » plunger a pe 28 ,, 
Rated capacity in 24 hours ... . 4,000,000 gals, 
Number of revolutions per minute, 

domestic pressure Was a 7 to 15 
Number of revolutions per minute, 

fire pressure... ea < ase 10 to 25 
Suction lift, old system 21 ft. 
Suction head, new system ... 69 ,, 
Steam pressure by gauge... oa 75 Ib. 
Coal used in 24 hours, old system ... about 2600 lb. 

«ee ” new ” ” ” 
Saving in coal .. ») 27 percent, 


A New Porter EneIne. 


Four papers were presented by Mr. Charles T. 
Porter bearing on a new steam engine which 
he claimed would give a horse-power per hour 
for 10 lb. of steam. Only a brief reference can 
be made here, with the help of a few important dia- 
grams. The author considered this engine abso- 
lutely secure from a breakdown or injury in start- 
ing, either from water in the cylinder or seizure of 
the valves by expanding more rapidly than their 
seats, no matter how small the waste room, how 
closely the valves are fitted, or how suddenly or at 
what speed the engine is started. 

‘*The means employed for this purpose are the 
separator and the all-embracing jacket open to the 
boiler. The steam pipe is run in such a manner 
that the direct course of the steam is into the 
jacket. To reach the pipe leading to the cylinder, 
it has to turn the square angle of a tee. Water 
will not do this, but will contine in its direct line 
of motion, the pipe being continued of full size 
for a short distance beyond the tee. This simple 
separator has these two advantages over all forms 
of separator in use, the deflection of the steam in 
the tee is sharper, and the water has a place to go. 
Its efficiency is made quite complete by running 
the pipe in the manner shown. The water coming 
over with the steam is, by its momentum in the 
horizontal pipe, carried to that side of the vertical 
pipe which is opposite to the outlet of the tee, so 
even the minutest particles escape deflection, and 
the steam passes on to the throttle quite dry, in a 
condition to be superheated by the reduction of 
pressure in passing through this regulating valve. 

‘The steam jacket is made to embrace, not 
only the cylinder and its heads, but also the ports, 
the valve seats, and the internal steam passages, 
which latter are quite separate from the cylinder 
(see Figs. 7 to 13). As soon as steam is admitted 
from the boiler to the pipe, it is also in the jacket. 
The water formed in heating up the branch pipe, 
the throttle valve, and the starting valve, is drained 
away by a small pipe, asshown. A self-acting pump 
returns to the boiler the water formed in the jackets 
and pipes. Then, when the engine is to be started, 
the cylinder and valve seats are already completely 
heated up, and the opening of the starting valve 
admits only dry steam to the cylinder. 

‘*Lest, either through accident or design, the 
starting valve should be open at the time when 
steam is turned on to the pipes, or should, after 
this has been done, be opened prematurely, an 
interlocking attachment is provided, which is dis- 
engaged automatically, either by the lineal expan- 
sion of the cylinders, or by the pressure of steam 
in one of the jackets, and which makes it impossible 
to open this valve until the cylinders have become 
fully warmed up (Figs. 15 and 16). 

‘* Tt will be observed that in this engine, though 
the ordinary function of the steam jacket, of reduc- 
ing the amount of condensation of the steam as it 
enters the cylinder, is made subordinate to another 
use, namely, that of making a piston-valve engine 
with very small waste room, and running at high 
speed, the jacket must be very efficient in prevent- 
ing cylinder condensation, All the conditions are 
most favourable to this efficiency.” 

The author proceeded to state that the jackets 
imparted heat internally to the exhaust, and that 





the basin or receive it from the new supply, as 





the steam entered the second and third cylinders 
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not only dry, but superheated. The method by 
which very small waste room is made sufficient for 
the requirements of high speed is as follows : 
‘*The simple piston valve employed at each end 
of the cylinder is divided into two valves, in cy- 
linders of small diameter, and in larger cylinders 
into four valves, two on either side of the cy- 
linder (Fig. 14). These are all connected by their 
rods, and move together as one valve. The steam 


is admitted between the valves, so that the rods 
The valves are attached to the 


are in tension. 





22-in. valve would be four times too great, that | 
opened by the four 5.5-in. valves being sufficient. 
The admission and exhaust pipes are each divided 
into two, which is a great convenience, and the 
cylinder, ports, and jacket are brought into mode- | 
rate compass and symmetrical form. It is evident 
that the least departure from simple valves, making 


for release of the steam, would render this division 
of the valves, and consequent great reduction of 





waste room, impracticable. This object can, there. 
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rods in such a manner that they are entirely free 
in their seats. The advantage of this division will 
be seen at once. For example, the 36-in. cylinder 
shown is provided, at each end, with four valves, 
each 5.5 in. in diameter. Their combined circum- 
ferential opening, for admission and release (and 
the entire circumference is available for these pur- 
poses), is equal to that of a single valve 22 in. in 
diameter. This would require a port 28 in. deep, 
and having nearly four times the area of these two 

orts, after deducting the valve areas in both cases. 

he depth of port required by them is a familiar 
objection to the employment of piston valves of 
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large size. Also, the exhaust area opened by the 














fore, be attained, without sacrifice of efficient steam 
distribution, only by the use of the cam.” 

The description of this cam mechanism for 
operating the valves, formed the subject of the 
next paper. The author stated its use was : 

ait F it imparts to the valves an opening move- 
ment, for steam admission, which, cutting off at 
two-tenths of the stroke, is three and one-third 
times larger than that given by an eccentric of the 
same throw. This advantage, of course, diminishes 
as the point of cut-off is carried later. Cutting off 
at four-tenths of the stroke, the opening made by 
the cam for admission is twice as wide as that made 
by the eccentric. 





‘2. It permits the expansion to continue, in all 
cases, to eleven-twelfths of the stroke, compression 
taking place at the same point of the return stroke. 
These points may be varied somewhat, by giving 
exhaust lead or lap to the valves. 

*« 3. It compensates for the inequalities in piston 

motion which are produced by the angular vibration 


a single opening for admission and a single opening ‘of the connecting-rod, making the point of cut-off 


| the same on the opposite strokes, and giving at the 
back end of the cylinder the greater lead, and wider 
opening for admission, which are required by the 
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more rapid motion of the piston at that end of its 
stroke.” 

The form and arrangement of the cam may be 
varied to cut off at any fixed point up to three- 
fourths of the stroke. 

‘“‘The outline or working face of the cam is the 
important thing. This is developed in the follow- 
ing manner : The circle is divided into 180 parts, 
of 2 deg. each. The time occupied by the cam in 
rotating through one of these parts or intervals is 
taken as the unit interval of time, and is desig- 
nated as A. The duration of this interval varies 
with the rotative speed of the engine. At 80 revo- 
lutions per minute it is s}5 second. At 300 revo- 
lutions per minute it is 545 second.” 

This paper closed with a Table of the radial 
velocities and movements during each one of those 
intervals imparted by a cam of 5-in. throw cutting 
off at two-tenths of the stroke. 

The third paper, which formed a continuation of 
the series referring to the novel arrangements in 
this interesting piece of steam engine design, re- 
ferred to the centrifugal governor and valve. The 
paper is so brief that we give it in full to preserve 
the continuity of the subject. But we shall take 
an early opportunity of illustrating this device and 
describing it in detail. Its construction is such that 
the radial lines on which the opposing central forces 
act are coincident. Its action is frictionless. This 
permits a closer approach to isochronous adjustment 
than is practicable in a governor, the action of which 
involves the overcoming of any resistance from fric- 
tion. ‘The improvement in the valve consists in 
balancing the stem. So far as I am aware, this has 
not heretofore been done. It is obvious that close 
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regulation cannot be had with a pressure on the 
area of the stem varying from 150 Ib. on the square 
inch to 0, according as the valve is wide open or 


closed.” 
(To be continued.) 
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THE APPLICATION OF ELECTRIOITY 
TO WORKING SHIPS’ TURRETS. 


(Continued from page 21.) 


Ir will be of interest to mark the progress 
that has been made by M. Canet in the operation 
of ships’ turrets, and the manceuvring of guns, by 
comparing a standard type of hydraulic gear in 
use in the French marine, and applied to a central 
loading turret, with the method of electric work- 
ing, on board the Capitan Prat, and again 
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with the latest development on the vessels now in 
progress at the Forges et Chantiers Company’s 
works at La Seyne and Havre. The first-named 
system is well illustrated by the section, Fig. 6, on 
page 36. The gun C is attached to the carriage 
A, which slides on the beams B of the under- 
frame that is mounted on a turntable P rolling on a 
crown of wheels GG, with an upper moving and 
a lower fixed ring, c, c’. The armour protection 
is divided into two parts ; one fixed (B’) ; the other 
B fast on the platform and turning with it. The 
roof T is formed of three thin steel plates, and at 
one side an opening is made covered by a domed 
armour-plate, to serve as a shelter for the officer of 
the gun, who stands upon a platform and has close 
to his hand the various controlling wheels required 
for training. 

The mechanism employed in training for direc- 
tion is as follows: On the drum D” of the turntable 
are geared in opposite directions two chains which, 
passing over various guide pulleys, are passed on 
to the multiplying tackle of the hydraulic rams. 
A handwheel, operating the slide valves of these 
presses, is turned by the right hand of the man 
training the gun, and its movement is made to 
correspond with that of the platform. The operat- 
ing power for turning the turret is contained in 
two hydraulic cylinders placed vertically in the 
lower part of the ship; to them are attached 
the driving chains that pass round the drum D’. 
The two presses have only one slide valve, be- 


ceives the water under pressure; the piston of 
the press into which the water is being admitted 
travels, of course, in a direction the reverse of that 
into which it is being discharged. Supposing 
that it is desired to turn the platform from left 
to right; by turning the flywheel controlling the 
rams of the cylinders, a counterweight is caused 
to descend in the same direction, drawing with 
it the slide, and water under pressure will be 
introduced to the right-hand cylinder, while that 
contained in the left one will be exhausted. 
This movement sets up a corresponding motion of 
the driving chains which is communicated to the 
platform through the drum. By turning the hand- 
wheel in the opposite direction, a reverse move- 
ment in the valve takes place, and the platform 
is turned from right to left. The platform is 
stopped automatically at the extreme angles of 
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its travel by means of rods that close the valve and 
stop further admission. 

As the gun in this type of mounting is secured 
rigidly to the carriage, the elevation or depression 
angle is determined by the oscillation of the under 
carriage B around the trunnions which turn in 
special bearings, mounted upon the turning plat- 
form. The necessary displacement is obtained by 
means of a small hydraulic press, the piston-rod of 
which is jointed to one of the crosspieces of the 
underframe. The feed-pipe, which is in constant 
communication with the pressure delivery main, 
admits water upon the upper annular surface of the 
trunk piston, and thus assists the weight of the 


with the press is closed, and the gun held in posi- 
tion. 

The operations of controlling the recoil and 
bringing the gun back, are effected by means of 
two hydraulic presses which are attached to the 
side girders of the underframe, and the piston- 
rods of which are connected to projections on the 
carriage. These presses are double-acting, and 
they have a common slide valve placed to the rear 
of the training platform ; this valve is operated by 
the left-hand number serving the gun by means of 
a lever, which has three positions ; to bring the 
gun into firing position by admitting water under 
pressure to the back of the pistons ; the recoil con- 
trol, by admitting water to the front of the pistons ; 
and the firing position by closing the communication 
with the cylinders. The arrangement of these brake 
cylinders is that usually employed with large guns 
on the Canet system. 

The arrangement for raising the;ammunition from 
the stores beneath to the gun is also illustrated 
by Fig. 6. The lift M’ is an iron box containing 
two cylinders S1 and S1’, each of sufficient dimen- 
sions to receive half a cartridge. The upper part 
of this case has a semi-cylindrical depression, which 
serves as a seat for the projectile P” which is held 
fast by the screw v°; the lower part of this case 
is free to slide fore and aft on the rollers w’ fixed 
on the table that forms the upper end of the tele- 
scopic press. Rollers n” keep the hoist in its 
proper position in rising and falling by bearing 
against the guides D’ and D”, attached to the turn- 
ing tube K by the connections J. These guides, 
together with the hoists, are so arranged that they 
follow any movement of the revolving platform ; 
the rollers 7” serve to direct the hoist in rising and 
falling in such a manner that when in the highest 
position the hoist is immediately opposite the 
breech of the gun, and when at the bottom it is 
turned in a suitable position to receive the pro- 
jectiles and cartridges, that is to say, it is beneath 
the suspended tramway used for bringing shot 
to the hoist. To this tramway is slung a car- 
riage, fitted with a differential winch, and which 
serves to transport the projectiles from the store to 
the hoist ; the half-cartridges are placed by hand 
in the hoist. The telescopic press of the hoist 
is formed of three tubes sliding one within the 
other ; the outer tube P’ forms the press properly 
so-called, the upper portion d” carries the top table 
of the press. The upper end of the press is always 
in communication with the water supply by means 
of the pipe z’. The positions of the hoist for de- 
livering the projectiles and the two half-cartridges 
are fixed by the right-hand number serving the gun 
by bolts operated by means of a lever at the back 
of the platform. 

The electrically worked turrets on the Chilian 
Capitan Prat (Lagane type), are illustrated by 
Figs. 7 to 10; we are indebted for the information 
to a paper communicated by Lieutenant Tournier, 
of the French Navy, to a recent number of the 
Revue Maritime et Coloniale. The turrets for the 
24-centimetre Canet guns are balanced in such a way 
that the centre of gravity coincides with the axis of 
the pivot on which the turret turns, when the gun is 
in battery ; this is effected by a careful adjustment 
of the weight of the structure. The fixed parts con- 
sist of the circular armour of the turret 10.82 in. 
thick, and 5 ft. 9 in. high above the deck ; of the 
armour protection of the central tube, 7.87 in. 
thick, and about 20 ft. 6 in. high, resting directly 
on the armoured deck ; of the double steel plate 
platform that serves as a base for the armour-plate 
of the turret, and as a support for the moving 
parts, and of the bearing for the central shaft on 
which the turret turns. The moving parts consist 





gun and carriage to lower the breech when the 
water is exhausted from the underside of the piston. 
The bottom of the cylinder is connected with the 
slide valve that controls the angle of elevation or 


of the turning platform, carrying the gun and its 
mounting, the central tube up which the ammuni- 
tion is raised, and the light unarmoured roof of the 
turret, as well as the protected shelter for the officer 


depression ; the only function of this valve there- | of the gun ; of the ring of live rollers, interposed 


fore is to admit or exhaust water from beneath the | between the floor of the platform and a circular path 


piston. 


The controlling handwheel is vertical and | fixed to the deck ; and of a ring of rollers on ver- 


is close to the left hand of the man training the/| tical axes, which centre the loading tube and re- 


over a scale which marks the amount of travel 
that controls the elevation of the 


the piston in the press; second, for lowering it by 
opening the cylinder to the exhaust ; and third, 





cause one cylinder exhausts while the other re- 











gun ; its spindle is connected to an index passing | volve by friction, when the whole system is turned. 


All the operations of training the gun, raising 


given to the slide valve and corresponding to the | ammunition, &c., are effected by hand as well as 
angle of elevation or depression. The slide valve | by electricity, and it was a condition imposed on 
gun has three|the constructors, that the 24-centimetre turrets 
definite positions: first, for raising the breech by | should be turned through an angle of 180 deg. in 
admitting water under pressure to the underside of | a period not exceeding two minutes. As a matter 

of fact, however, it was found that four men are 
able to turn the turrets, weighing 87 tons, through 
for the firing position when the communication | the whole range of 270 deg. in 1 minute 47 seconds, 
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HYDRAULIC MACHINERY FOR WORKING SHIPS’ TURRETS; CANET SYSTEM. 
CONSTRUCTED BY THE FORGES ET CHANTIERS DE LA MEDITERRANEE, LA SEYNE. 
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Fic. 6. 


This very remarkable result is attained by the | generators coupled in pairs to two engines. Each| duty demanded of these machines varies within 
careful manner in which the turrets are balanced, | generator can furnish a current of 500 amperes | very wide limits at extremely short intervals, and to 
and which render them independent of any other|at 70 volts, and drive simultaneously the four) maintain a constant difference of potential at the 
form of energy in the event of a breakdown at a|24-centimetre turrets and their ammunition | terminals required a very complete control of the 
critical moment. | hoists, as well as the hoists of the 12-centimetre| engine. After some difficulty, this was effected by 

The electrical installation which superseded| guns. In the forward part of this power-room |a special form of regulator. The leads from the 
hydraulic machinery on the Capitan Prat is, how-|are placed the small independent electric gene-| generator to the motors are laid throughout in 
ever, relied upon, except on an emergency, for| rators that furnish lighting current for the entire | duplicate beneath the armoured deck ; a commu- 
performing all the various operations ; it was|ship; each of them can keep all lamps below|tator table is interposed, so that from either con- 
carried out by Messrs. Savatier and de Lagabbe. In| the armoured deck lighted, and at the same time | ductor, each of the motors can be driven from one 
the after-part of the ship, and beneath the armoured} can turn one of the 24-centimetre turrets; the or other generator, indifferently. There are two 
deck, is a power-room, containing four electrical| principal generators are compound wound. The| motors for each turret, mounted in series. On the 
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armature shaft of each motor is an endless screw 
gearing into a pinion with a vertical axis. The 
pinion carries a crownwheel, into the teeth of 
which gear the links of a pitched chain that passes 
round the central ammunition tube; one end of 
each of the chains is attached to a spring box 
bolted to the tube, to absorb any shock due to 
variations in movement; the lengths of the chains 
are such as to correspond, each to half a revolution 
of the tube. Onan extension of the armature shaft 
is mounted a similar toothed wheel gearing into a 
pitched chain, and arranged to be driven by a hand 
winch. This constitutes the hand turning gear 
when the circuit is open ; the connections for using 
either nature of power are very simple, and a 
change can be made from electricity to hand gear, 
or the reverse, in 55 seconds. The commutator, by 
which the movements of the turret are controlled, 
is placed close to the position occupied by the officer 
training the gun ; by turning the lever to the right 
or left the turret moves in a similar direction ; on 
being released, the lever returns to its zero position. 
It is necessary, however, to have at command 
variations in speeds, and this is effected by vary- 
ing the difference of potential at the terminals 
of the motors, by interposing resistances in the 
field circuits. The training commutator is a 
flat plate placed horizontally and graduated 
around a circle with divisions marked 1, 2, 3, 
and 4 on each side of the zero, at which the 
lever before referred to, normally stands. These 
figures refer to different speeds, No. 1 being the 
slowest. To obtain the speed corresponding to No. 
3, for example, the lever is turned to the right or left, 
as the case may be, till it stands over that figure, 
and the movement cuts out the resistances 1 and 2, 
and establishes a circuit through a series of soft 
iron bars. The high speed is obtained by increasing 
the difference in potential of the current at the ter- 
minals. The following list gives the periods 
required for turning the turret through 270 deg. at 
the four different speeds : 


Speed No. 1.—Time of rotation, 1 min. 27 sec. 
” ” a ” ” 1 ” 17 ” 
” ”” 3 Lhd ” 1 ”” 12 ” 

4 ” ” 4 9 


” ” ” 
These speeds were obtained with a difference in 
potential of 140 volts, the two generators feeding 
the same motor being mounted in series. One 
generator, giving only a 70-volt current, would give 
only one-half this speed. When the gun has been 
approximately trained for direction by this means, 
the commutator lever is released, and the final 
adjustment is made by touching one or other of 
two keys similar to those of a Morse telegraph 
instrument. By depressing a key, contact is made, 
and an impulse is given to the motor, which moves 
the turret till the key is released ; by this means 
angular displacements of one-tenth, or one-fifteenth 
of a degree are easily obtained. The momentum 
acquired by so heavy a mass as the turret, weighing 
87 tons, even when passing through a small angle 
at a relatively low speed, must be absorbed 
promptly, so as to arrest movement suddenly. To 
some extent, this is effected by the spring boxes to 
which the pitched chains are attached, as described 
above, but this effect is chiefly obtained by 
short-circuiting the motors ; the armatures continu- 
ing to revolve, by reason of their acquired velocity, 
convert the machines momentarily into generating 
machines, and the resistance thus created consti- 
tutes them as very powerful brakes. At each end 
of the angular movement the turret is stopped 
automatically by coming in contact with a circuit- 
breaker. 

The commutator already spoken of controls 
a very slight current of about half an ampere ; 
but this current acts on another commutator placed 
below, and through which the yull current from the 
generators passes. This arrangement is very con- 
venient, and in the event of the small commutator 
being damaged the large one can be operated, 
speaking tubes being provided for transmitting 





orders from the turret to the men told off for the 
duty. Itis, of course, necessary for the motors to | 
turn in either direction, according to the motion | 
desired to be imparted to the turret, and usually the | 
brushes would require to be shifted for every | 
reversal. To avoid this, the designer of the plant | 
has arranged, perpendicular to the line of the| 
poles of the motor, a series of small thick wire | 
coils, through which the whole of the current passes | 
The reaction from these coils on the armature has, it | 
appears, the effect of deflecting the lines of force in 

the magnetic field, the result being that the brushes 


| excess in the latter being obtained by retaining the 


do not require shifting, and there is but little 
sparking. 

The ammunition hoists are driven by independent 
electric motors, fixed on brackets bolted to the tube 
and turning with it. The shot-carrier is raised by 
an endless chain operated by the motor, and when 
the highest or lowest point is reached, the circuit 
is interrupted, and the hoist is stopped automati- 
cally. The hoist can be controlled either from the 
turret or from the magazine deck. Hand gear is 
introduced to replace the electric motor when de- 
sirable. The following figures show the time re- 
quired for raising the hoist to its full extent : with 
the electric motor, 55 seconds; and by hand, 
5 minutes for the forward, and 4 minutes for the 
aft, 24-centimetre turrets. It should be mentioned 
that the revolving and Gatling guns in the tops are 
kept furnished with ammunition by electric hoists 
within the military masts. 

(Zo be continued.) 





EXTENSION AND WORKING OF THE 
ST. GOTHARD RAILWAY. 


By C. 8S. Du Ricue Pretirr, M.A., Ph. D., 
A.M.I.C.E., M.I.E.E. 
(Continued from page 7.) 

Permanent Way.—The average width of forma- 
tion level is 5.5 metres for single, and 9 metres for 
double line of rails, or 18 ft. and 30 ft. respectively, 
with a maximum ballast depth of 50 centimetres 
or 20 in. The oak sleepers originally laid down 
have been gradually replaced by basic iron 
sleepers of the Hilf pattern, viz., narrowed but 
deeper in the centre, weighing 66 kilogrammes or 
145 lb. each. The metallic sleepers laid down up 
to the end of 1893 number 200,000, equal to 60 per 
cent. of the whole system. 

The gradual increase of the section and weight of 
the steel rails of Vignoles pattern is illustrated in 
Figs. 7 to 11, on the opposite page, these views 
giving the five different sections. It will be 
seen that the original section weighed 36.75 kilo- 
grammes per metre (74 lb. per yard), while the 
latest one weighs no less than 48 kilogrammes or 
96 lb. per yard. It will be noticed that only in the 
original section is the thickness of web 15 millimetres 
or0.59in., whilst in all the other, gradually larger and 
heavier sections, it is uniformly 13 millimetres or 
0.51 in. The average life of the older rails was 
94 years ; that of type 4 is expected to be at least 
15 years. The sleepers are 0.9 metre or 3 ft. 
apart from centre to centre, but on bridges they 
are laid practically contiguous, so as to give a con- 
tinuous platform. 

The following Table, worked out by the writer, 
gives the comparative weights, dimensions, moments 
of inertia and resistance, and bearing capacity of 
the two heaviest St. Gothard rails, and of the 
heaviest Vignoles sections now in use on other Con- 
tinental railways : 





telegraph cable having been laid in 1893. As 
shown in the section, Fig. 12, this cable, 5 centi- 
metres (2 in.) in total diameter, is composed of 
seven groups of seven copper conductors (No. 22) 
each, protected by seven insulating gutta-percha 
stranded cores, upon which follows a double lead 
casing, then insulating packing, then a sheathing of 
25 interlocked wires, and finally an outer coating of 
asphaltum. This elaborate p: tection was necessi- 
tated by the injurious action of the gases, fumes, 
moisture, and temperature on all exposed metallic 
parts in thetunnel. The cable, which is connected 
to the ordinary telegraph wires at the tunnel ends, 





is of Messrs. Felton and Guilleaume’s (Miilheim- 
on-the-Khine) patent manufacture, and, both as 
regards conductivity and insulation resistance, has 
given highly satisfactory results. 

Stations. —Of the 41 stations, situated at a mean 
distance of 6 kilometres or about 4 miles from 
each other, the principal ones are, besides Lucerne 
and Chiasso, those of Brunnen, near the head of 
the Lake of Lucerne, Erstfelt, the beginning of 
the St. Gothard mountain section, Goschenen, 
Airolo, Biasca, Bellinzona, Lugano, and Chiasso. 
Twenty-one of the stations are also water stations, 
viz., about 12 kilometres or 8 miles apart, and five 
are coaling stations. Eight stations have engine 
sheds for a total of 100 engines ; the central repair 
shops and store yards are situated at Bellinzona, 
subsidiary ones at Erstfeld and Biasca. The 
watchmen’s houses along the line, which are of solid 
masonry and built as dwelling-houses, are 210 in 
number. The principal goods dépdts, more espe- 
cially for petroleum, corn, wine, produce, and 
cattle from Italy, are those of Chiasso and Bellin- 
zona on the south side, and of Brunnen on the 
north side of the St. Gothard. All the principal 
stations have been considerably extended and en- 
larged since the opening of the line in 1882. 

Cost of Construction and Equipment.—The actual 























| es L 
| Width | Width | Thick- |Moment Moment, Bearing 
— | Length of Rails. Weight. Depth. of of ness of of | of Re- | ros some f 
Flange. Head. | Web. (Inertia. ee Sleepers.* 
| metres ft. kg. per| lb. per| centi- | centi- centi- | centi- | centi- | centi- tons. 
metre yard | metres. |metres. metres. | metres. | metres. | metres. 
St. Gothard type IV. 12 40 46 92 14.5 13 | 7 1.3 1640 222 23 7 
9» ” Va 12 40 48 96 14.7 13 i 2 1.3 1782 240 25.6 
P.L.M., France 9 30 47 94 14.2 13 | 6.6 1.4 1585 223 23.8 
Goliath, Belgium .. 9 30 50 100 15.1 12.6 | 7.5 1.55 1870 237 25.3 
Stadtbahn, Berlin .. oo oe 9 30 41 82 13.8 ll 7.2 1.4 1352 194 20.7 
State Railways, Austriat.. . 10-15 83-50 438 | 86 13.6 12 | 6.0 1.8 1273 | 181 | 19.3 
Ps Italyt .. 12 40 41 | 82 14.0 1l 7.2 1.3 1350 | 190 | 20.3 
| 








* Distance from centre to centre, 90 centimetres, or 3 ft. ; m 


aximum tensile strain, 1.2 ton per square centimetre, or 7.85 


metric tons per square inch. Formula L = 8x 12x R The heaviest load is at present 8 tons per engine wheel; the wheel- 


base 1.3 metre (4.26 ft.) minimum. 


It will be noticed that although the Goliath 
100-lb. rail gives, according to its greater weight 
and larger section, a somewhat higher moment of 
inertia, its mc.sent of resistance, and hence its 
bearing capacity between equally distant sleepers, 
are lowerthan those of the98-lb. St. Gothard rail, the 


thickness of web of 13 millimetres, but slightly 
increasing the depth of the rail. The material is, 
therefore, better utilised in the St. Gothard rail than 
it is in the Goliath rail, which latter has also some- 
what less width of flange, and therefore less bear- 
ing surface, than the former. 

Telegraphs.—The telegraph and telephone cables 
of the line are laid not over, but through the 
summit tunnel in a special trench, the most recent 





t As yet only on trial sections. 


total cost of the 247 kilometres or 154 miles owned 
by the company, may be summarised as follows : 














| 
| Per 
| | | : Per 
~~ big ime — | Kile | wile. 
| | | metre. | 
Works, permanent way, | fr. £ fr: | 2 
stations, and acces-| | 
ae | 227,000,000 | 9,080,000 920,000 | 58,900 
Furniture, tools, and | | | 
sundries ; 2,000,000 | 80,000 | 8,000 | 500 
Rolling stock 138,000,000 | 520,000 | 52,000 | 3,320 
000 | 9,680,000 980,000 | 62,720 


| 242,000 





The additional works now in progress and to be 
completed within the next three years, are the 
doubling of the line from Biasca to Bellinzona, 
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and the two main line extensions already men- 
tioned, viz., from Goldau to Zug, and from Im- 
mensee to Lucerne, including the entire rebuilding, 
jointly with the other railway companies concerned, 


of the stations of Zug and Lucerne. 


The total estimated cost of these further com- 


plementary and extension works is as follows : 


Cost of doubling the line Fr. £ 
from Biasca to Bellinzona, 





19 kilometres a ae 2,000,000 80,000 
Cost of Goldau and Zug 
extension, 15 kilometres .. 9,000,000 360,000 
Cost of Immensee and Lu- 
cerne extension, 15 kilo- 
metres aa sa as 9,000,000 360,000 
Additional rolling stock 1,000,000 40,000 
21,000,000 840,000 


IIT.—Workina. 


Rolling Stock.—The company’s own rolling stock 
comprises at present : 


105 engines: average weight, full, Per Per 
60 tons ; average power, 500 horse- Mile. Kilometre. 
power.. 0. 0.64 


210 passenger ; carriages 4 ‘average 
weight, 12 tons; average seats, 
40; maximum, 65 ; total, 8400 .. 0.8 1,28 
1450 luggage vans and goods trucks, 
open and covered: average 
weight, 7 tons; average load, 12 
tons; total load, 17,500tons .. 55.0 88.00 
All the passenger carriages and luggage vans, as 
well as the covered goods trucks, are fitted with 
the Westinghouse brake. The passenger carriages 
are all of the so-called saloon type, viz., with cen- 
tral or side corridors and end doors; they are 


Fig .7. 1882. Fig.8 1283. Fig.9, 1988. 
a es Hs TYPE. TYPE! “Fern in an 
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9675 Kor per Metre 
7350 1 » Yard 13°2 
lighted with gas and heated with steam or hot air, 
and the first and second class carriages are fitted 
with lavatories and water-closets. All the engines 
are provided with Klose’s geared automatic speed 
registers, as well as with the signalling apparatus 
and the complete protection and inclosure of the 
driver’s stand, as required by the regulations of 
the Swiss Federal Railway Department. For the 
better control of the speed of trains, automatic 
electric speed registers or signals are placed at cer- 
tain points of the line, and have lately been pro- 
vided with Messrs. Siemens and Halske’s mercury 
contact. 

The through traffic passenger carriages and goods 
trucks belonging to other companies represent 25 
per cent. and 70 per cent. of the company’s own 
rolling stock respectively, bringing the total number 
up to about 270 carriages and 2500 trucks. 

The heaviest trucks passing over the line have 
the following tares and carrying capacities : 


Tare. Load. 

tons. tons. 
Rail and girder trucks .. oe os 14 20 
Coal and briquette trucks .. as 6.5 15 
Grape juice and wine trucks .. oe 10 15 
Petroleum tank trucks.. ps a 8 12.5 
Other special trucks .. oe ee 147 38 


Engines.—The annexed Table gives the lengths 
and weights, and in addition, the consumption of 
fuel of the different classes of engines. Outline 
diagrams of five of the chief types are also given on 
page 40. 

It will be noticed that the weight of the goods 
engines has gradually increased from 56 to 87 tons, 
and that of the passenger engines from 56 to 100 
tons, the greatest load on one pair of wheels being 
16 tons. The heaviest engines of both classes are 
the two types lately acquired, viz., the 87-ton 
duplex compound Mallet engine for heavy goods 
traffic on the mountain sections, and the 100-ton 
three and four cylinder compound engines for 
express passenger service over the whole line. Of 
these two types, the 87-ton Mallet engine, built in 
1891 at the Maffei Works, of Munich, has now 
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been running for two years, while the 100-ton 
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| Consumption of Fuel. 
Wheels | Weight 
Class. | Year.| No. Coupled| Class of Engine. Full. Length. 
| Per Eng. | Per Eng. 
Kilometre. Mile. 
tons | metres| feet kilos. Ib. 
I. | 1882 6 4 | Tank engines for mixed service 31 8.6 28.2 6.6 23.4 
II. | 1883 1 4 Ditto ditto shunting ditto 27 7.5 24.7 7.0 24.5 
III. | 1882 1 6 | _Ditto ditto ditto ae ee es 26 7.4 24.3 66 23.4 
IV. | 1883 7 4 | Tender engines for passenger service, valley; 54 14.2 46.6 8.0 28.3 
sections .. oe as is = oe Pe 
V. | 1882 6 4 Tank engines for passenger service, valley sections} 45 10,1 33.1 8.5 30.1 
VI. | 1890 3 4 Ditto ditto 65 10.5 84.5 8.5 30.1 
VII. | 1882 1 4 Ditto ditto 38 8.7 28.5 11.2 39.7 
VHI. | 1882 6 6 Tender engines for passenger service valley, and 
goods traffic mountain section aa os 57 13.9 45.5 14.5 51.4 
IX. | 1882 16 6 Ditto ditto 67 146 48.9 13.2 46.7 
X. | 1891 12 6 Ditto ditto 73 14.7 49.0 13.2 46.7 
XI. | 1882 | 12 6 Tank engines for passenger service valley, and 
goods traffic mountain section .. a 56 104 34.4 13.1 16.4 
XII. | 18838 | 27 8 Tender engines for goods traffic, mountain section| 80 14.9 50.0 19.5 69.0 
XIIL. | 1890 4 8 itto it 85 14.9 50.0 19.5 69.0 
XIV. | 1891 1 12 Tank duplex compound goods traffic, mountain 
section .. re y e i 4 a 87 13.7 45.0 19.0 67.3 
XV. | 1894 2 4 Tender, three and four cylinders, compound ex- 
— press passenger service ‘oa oe --| 100 
105 
Average = 13.6 48.1 




















been put on the line. 





in Fig. 13, page 48 : 
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0 igeaeen nee tenses 180 
per Metre 44-0 Kgr. per Metre #6°0'Kgr 


» Yard 88°04 » yard 920 1b. + yard 96:0 0 


» "Yard 70 Ib. 

Diameter of high-pressure 

cylinders .. ae ae 40 cm. 15.7 in. 
Diameter of low- pressure 

cylinders a on SB w 22.8 ,, 
Stroke .. a ei 256.2 ,, 
Pressure in boiler “ 12 atm. 177 lb. per sq. in. 
Diameter of wheels .. Ae 1,23 m. 4 ft. 
Total heating surface - 164,3 sq. m. 1660 sq. ft. 
Grate area + 2.19 ,, 23.6 ,, 
Weight empty .. ae .. 69.4 tons 69.4 tons 
Fuel, 4.3 tons; water in tank 

and boiler, 13.5 tons <a> ee 2.8 x 
Weight full .. Re aa oe ik a 


At 50 per cent. admission, the tractive power of 
the engine is 9 tons. The power developed at .a 
speed of 20 kilometres or 12.5 miles per hour, 
on the maximum (2.7 per cent.) grade with a 
load of 200 tons, and under favourable condi- 
tions of adhesion, viz., with a coefficient of trac- 
tion of 5 kilogrammes or 11 lb. per ton, works 
out at 670 horse-power. The average consump- 
tion of fuel is 19 kilogrammes or 67 lb. per 
engine kilometre and mile, but on the steepest 
grades it is no less than 530 kilogrammes (1666 lb.) 
per hour, or 45 kilogrammes per kilometre, equal 
to 159.26 lb., or close upon 160 lb. per mile. This 
is 2.5 times the average consumption of the en- 
gine, and 3.5 times that of the average of the 
other engines. The consumption of grease and oil 
of this engine is as much as 0.09 kilogramme per 
kilometre, or 0.35 lb. per mile run, or nearly twice 
the average of the other engines, which is 0.05 kilo- 
gramme or 0.18 lb. respectively. Again, its trac- 
tive power is only about one-tenth of its weight, 
and altogether the inner resistances of the engine 
are so enormous that its working results can cer- 
tainly not be described as favourable. On the 
other hand, smaller engines of this type, viz., eight- 
wheeled, weighing only 41 tons full and giving a 
tractive power of 6 tons, or one-seventh, have given 
very good results on the metre-gauge railway from 
Landquart to Davos. The average gradient of that 
line is 2, the maximum 4.5 per cent., and the 
average consumption of fuel of the compound 
engines, of which an illustration is given in Fig. 14, 
page 40, is only 11 kilogrammes per engine kilo- 
metre, or 38 lb. per mile. 








Express Compound Engines.—The new three and 


compound express engines, built at the Swiss Loco-| four cylinder engines, built at the Swiss Locomo- 
motive Works at Winterthur, have only recently |tive Works of Winterthur, and weighing about 


100 tons each, including the tender, have been 


The following are the leading dimensions of the|run during the summer season of 1894, with a 
duplex compound 87-ton engine, which is illustrated | view to determining of which of the two types 


eight or ten engines should be ordered for work- 
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ing and considerably accelerating the express pas- 
senger service. Each of the two engines, with a 
train load of about 120 tons (viz., six saloon car- 
riages, with luggage van), ran up the 2.6 and 2.7 
ro cent. grades of the mountain sections at 48 

ilometres or 30 miles per hour, while through 
the summit tunnel and on the valley sections they 
ran at 105 kilometres or 65 miles per hour, thus 
developing in each case about 1200 horse-power. 
The average speed was 60 kilometres, or 37.5 miles, 
so that for regular service, and with a heavier load 
of about 250 tons, an average speed of 55 kilo- 
metres or 34.5 miles, equal to 1600 horse-power, 
can be easily attained, and the run from Lucerne 
to Chiasso will be accomplished in four hours and 
a half instead of six hours as hitherto. So far, 
preference tends to the three rather than to the 
four cylinder type. An illustration of these en- 
gines is given in Fig. 15, page 48. 

The leading dimensions of these engines are as 
follows : 


Grate area. . ee “e -- 2.38q.m. 24.73 aq. ft. 
Total heating surface .. oo 10 i 

» length of boiler .. -- 8,562 m. 28.07 ft. 
Number of tubes ee oe 244 244 
Height of boiler centre above 

rails oa «eo ¥e <a 2.3m. 7.54 ft. 
Mean diameter of cylinder 

boiler .. af ‘ie oo LEOG6:,, 5.00 ,, 
Working pressure in boiler .. 14atm. 207 Ib. persq. in. 
Tested ss 276 a 


Diameter of high-pressure cy- 


linders, three-cylinder type 44 cm. 17.27 in. 
Diameter of low-pressure cy- 
linders, three-cylinder type 48 ,, 18.84 ,, 
Diameter of high-pressure cy- 
linders, four-cylinder type.. 35 ,, 13.76 ,, 
Diameter of low-pressure cy- 
linders, four-cylinder type... 53 ,, 20.78 ,, 
Piston stroke nd ee oo Oe 23.60 ,, 
Diameter of driving wheels .. 160 ,, 62.90 ,, 
Wheel-base 2 ~~ oe (2S 5.62 ft. 
Over-all length of engine and 
tender .. “e * ta, Ae oe 46.32 ,, 
Greatest load per pair of 
driving wheels.. ee eo 15 tons 15 tons 
Weight of engine empty pe 60 ,, @ -s 
‘ie tender ,, ae IB os ts 
es fuel in tender aa Sa 5 is 
2 water o” ro Ww w 1B. us 
“ waterinengine .. 5 wy 5 » 
a engine and tender 
full és pA me ai 98 ,, 98 
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LOCOMOTIVES FOR THE LANDQUART-DAVOS AND ST. GOTHARD RAILWAYS. 














TYPE Vi. TYPE XIN. 
“ = - pee 
\ | €!-} a 15) 
| hoo | oo Wane : i a ai 7 =a ae a 
i aoa | \ ore AST < . bse ee | Sele | Mr * e ‘i 
fetres é 500 st 400 : 2.100 000 ’ . . ; | | | | ’ . 
res i 2 ; 4 -- 2000.4 1460 10.45 16% 4 Tee | “i eee ¢ £3004 4.300 51.300, 2460 “<M-B9 
on 
Tons 15.6 + 56 + M75 + 75 =$4.7toas 13,5 + 13.5 + 4.5 + 4.5 + 14.5 + 14.5 nes 


13. 25 


Employés and Wages —The staff of the whole 
system is composed as follows : 

















| Per 
— Employés.| Kilo- Rad 
metre.|~" 
General administration at Lucerne | 
central offices .. =e +. ‘ 134 0.5 0.8 
Maintenance and superintendence of 
line i ai - i. = 910 3.4 | 5.4 
Traffic: Station, goods, and passenger 
train service - * - % 808 3.1 5.0 
Traction: Locomotive department .. 324 1.3 2.1 
Repair shops, dépéts, and gas works, 
Bellinzona.. 2. ee * a 424 | 7 2.7 
ae | 2600 | 10.0 | 16.0 


The average weekly wages work out as follows: _ 


Per Week. 

Fr. £a. d, 
Engine-drivers .. as ms =, 75 300 
Stokers .. oe = an ar 45 116 0 
Head guards... ie . oe 55 28 0 
Passenger train guard eb - 50 20 0 
Goods train guards .. & - 35 18 0 
Mechanics and artisans cc 35 18: 0 
Watchmen and porters os se 30 140 
Attendants and labourers .. 21 017 0 


In accordance with the Swiss Railways Act of 
1890, the working hours per day of every employé 
are limited to 11, and each employé, without ex- 
ception, is entitled to 52 holidays of 24 hours each 
per annum, of which 17 at least must fall on Sun- 
days. 

a oe the many benefits which the 
St. Gothard Company has conferred, more espe- 
cially on the working population along the line, 
are the elementary schools which it has established 
at its dépdt centres and workshops of Bellinzona, 
Biasca, and Erstfeld. These schools are largely 
attended not only by the children of the company’s 
employés, but by those of the villagers, and have 
for their object not only primary, but the technical 
education of future employés, artisans, and espe- 
cially mechanics. 

Train Service, Loads, and Fares.-—The passenger 
service comprises, besides local trains running onl 
over parts of the system, seven through trains won 4 
way, of which four are express trains with through 
carriages to Zurich, Baile, Calais, Ostend, Cologne, 
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and Frankfort going north, and to Milan and Genoa 
going south. The passenger and goods service on 
the whole system amounted in 1893 to 30,300 
trains, or 2,573,101 train - kilometres (1,600,000 
train-miles), equal to over 7000 train-kilometres or 
4400 train-miles per day. On the other hand, the 
engine-mileage was 3,530,000 engine-kilometres 
(2,200,000 engine-miles), so that one train-mile 
required about 1.2 engine-mile. The average run 
of an engine, with 61 engines in daily service, was 
99.27, viz., practically 100 kilometres or 63 miles 
per day, including shunting, and the average num- 
ber of running days was 231 days per engine per 
annum. Taking the loads of passengers and of 
goods trains together, the mean train-load was, in- 
cluding 1.2 engine, 480 tons, the seating capacity 
of the passenger carriages being utilised as follows : 


First Class. Third Class. 
27.4 


Second Class. 
23.3 27.8 


& 
Mean, 26.7 per cent. 


while the capacity of the goods trucks was utilised 
at the average rate of 37 per cent. It will be 
noticed that the percentage of utilised seating 
capacity is very favourable, being fairly equal in all 
the three classes. 

The fares of these three classes are 8.5, 7.0, and 
5.5 centimes per kilometre, or 1.3d., 1.07d., and 
0°85d. per mile. The rates of goods traffic vary 
from 3 to 8 centimes or 0.46d. to 1.2d. per ton 








per kilometre and mile respectively, the average 
being 5 centimes, or 3d. 

Average Runs and Receipts.—The following Table 
gives an adequate idea of the average distance run, 
and the average receipts per passenger, per ton of 
luggage and of goods, and per head of live stock : 
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- Average Re- 
Average Run. | ceipts. 
Working Length 265 
Kilometres = 165 {~~ | Average Re-| - iy a 
Miles. jie — | fae 
flo- |: , 
metres. Tr an Mile. 
| b tee ae, C. d. 
Per passenger se 46 | 30 | 327|/2 7 7 1 
» ton of luggage . 120 75 87.20'70 0 72 il 
” » goods . 158 100 | 11.06 | 8 10 7 1 
»» head of live stock | 4.02; 3 2 
| Average | 
| Run. } 
| & g Receipts per Pas- 
a Carried. senger. 
| Kilo- lus. | 
| metres. ae | 
Ist class pas- | p.c.} fr. | d. | pe. 
sengers ..| 115 72 84,600 | 6 | 0.82 8 25 
2nd class pas- | | 
sengers ..| 64 | 49 366,700 | 24 | 1.28 12 38 
3rd class pas- | 
sengers ..| 34 21 ~=1,040,800 | 70 1.22 ll 87 
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MACHINERY FOR THE MANUFACTURE OF BICYCLE HUBS. 
CONSTRUCTED BY THE GARVIN MACHINE COMPANY, NEW YORK, U.S.A. 
(For Description, see Page 46.) 

















Fic. 1. Form Turninec Macuine. 























Fic. 2. Capstan LATHE. 





4 It is seen that the average receipts per passenger , workmen who come north in the spring and return | giving an average of no less than 68 Ib. per pas- 
x correspond to 7 centimes per kilometre, or 1d. per| south for the winter. The comparatively short |senger, is essentially a long-distance traffic, and 
mile, viz., to second-class fare. The third-class| average run of 30 miles per passenger is accounted | the same applies to the traffic of live stock, chiefly 
z passenger traffic, which represents 70 per cent. of | for by the numerous points of attraction for tourists cattle from Italy, and to the bulk of the goods 
& the total, has of late years largely expanded, the | all along the line, as well as by the large residen- | traffic, the receipts of which latter are equal to 
4 increase in 1893 alone being 35,000 passengers, due | tial traffic, more especially on the valley sections. |1d. per ton per mile. All the figures point, there- 
in @ great measure to the large gangs of Italian; On the other hand, the registered luggage traffic, | fore, to an essentially remunerative traffic, 
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Totals of Traffic and Receipts.—For the year 1893 
these may be stated as follows : 





> 


fr. fe | £ 
. 1,492,200 4,888,800 195,352 | 18,360 | 1174 


Passenger traffic: 














Passengers 
tons | | 
Registered luggage 5,300 461,600 18,464 1,785 | 110 
Goods traffic. . 791,400 8,753,700 350,148 | 32,910 | 2105 
Live stock, head 53,200 214,000 8,660 805 56 
Sundry receipts, 
rents, &. .. AS 638,300 25,532 2,400 153 
Total 14,951,400 598,056 56,210 3598 


The gross annual receipts are thus about 3600/. per 
mile, equal to 691. 10s. or close upon 70/. per mile per 
week, and exceed those of all other Swiss trunk 
lines, as is shown by the following comparison : 








| 








. ;. | Per 

F Per Kilo- Per | Per Train- | ; 
Receipts. metre, Mile. | Kilometre. | — 

| ile. 
fr. £ fr. | sd. 

St. Gothard .. oa 56,210 | 3598 6.00 7 8 
Swiss Central.. oe 47,000 3008 5.70 a ae 
,», North-Eastern 31,000 | 1984 4.60 5 10 
» Jura-Simplon.. 27,000 | 1728 4 00 6 1 
Union .. ..| 382 2048 4.90 6 3 





The receipts from passenger traffic of the St. 
Gothard represent 34 per cent., those from the 
combined goods traffic 66 per cent., of the totals. 
In the tonnage of goods traflic are included 16,000 
tons of fruit and vegetables, 10,000 tons of butter 
and cheese, 16,000 tons of eggs, 10,000 tons of 
grape juice, and 50,000 tons of wine. The bulk of 
this tonnage is of Italian origin, and travels toa 
great extent over the whole line ‘‘in transit,” 
viz., for export to Germany, France, and England. 
The coal and fuel required for the working of 
the line (about 50,000 tons per annum) is not 
included in the traffic returns. The through coal 
traffic from the Rhenish and Saarbrucken coal 
beds to Italy is about 40,000 tons per annum, viz., 
considerably less than the Italian imports from 
England, the principal reason being that the land 
carriage is nearly double the present cheap ship- 
ping rate (about 15s. per ton) from British to 
Italian ports. On the other hand, the imports into 
Italy of metals from Germany and Belgium, chiefly 
iron in bars, rails, girders, and machinery, vid the 
St. Gothard, are, on the whole, constantly increas- 
ing, and amounted in 1893 to 107,000 tons. A 
large item in the goods traffic (22,000 tons) is also 
mineral oil, chiefly petroleum, from the stores at 
Venice and Genoa, for consumption in Switzerland 
or export toGermany. Of the total passenger and 
goods traffic of about 1,500,000 passengers and 
800,000 tons of goods, about 400,000 passengers 
and 300,000 tons of goods were through traftic. The 
total trafic per day equals over 4000 passengers, 
and over 2500 tons of goods, including the com- 
pany’s own fuel. 

Working Expenses.--The totals of these were, in 


sections and the large predominance of the latter 
over the valley sections. The details of these ex- 
penses are given in the preceding Table. 

Consumption of Fuel, d:c.—The total consumption 
of fuel (chiefly from the Saarbrucken and Rhenish 
pits), oil, and grease, was as follows in 1893: 


























| Average | Per Per 
— Cost per se | Engine | Engine 
Ton. | Kilom. | Mile. 
fr. os. | fr. | £-.| kilog. | Ib. 
63 tonsofwood| 20 16 1,300 | 
27,124 ,, coal -18.65 | 48.3 
20,980 ; bri- } | 26.6 21 | 1,279,600 |51,184) J 
quettes.. | | | 
170 tons of oil and | 
grease... .. | 870 118 | 62,900 | 2,516] 0.05 | 0.18 
| — } 
| 1,343,800 





53,752! 
| | 





Maintenance of Line and Buildings.—On a moun- 
tain railway like that of the St. Gothard, this is an 
important item, the totals of which work out as 
follows : 





fr. £ 
Salaries and wages .. am me 606,000 24,240 
Maintenance and renewal of works 252,000 10,080 
Maintenance and renewal of per- 
manent way.. as Sa ee 745,000 29,800 
Maintenance and_ renewal of 
stations and buildings .. ite 122,000 4,880 
Maintenance and renewal of tele- 
graphs, telephones, and signals 74,000 2,960 
Office expenses, heating and light- 
ing of stations, and lighting of 
tunnels and line s . 70,000 2,832 
Removal of snow and ice .. 35,000 1,400 
1,904,000 76,192 


This total cost of maintenance is equal to less 
than 1 per cent. of the total capital outlay, which, 
for a line of this character, is certainly very 
moderate. 

(To be continued.) 





ANNUALS, YEAR-BOOKS, &c. 
The Post - Office London Directory for 1895. London: 
Kelly and Co., Limited, 182, 183, and 184, High 


Holborn, W.C. [Price 32s.} 
Hazll’s Annual for 1895. Edited by W. Patmmr, B.A. 
(Lond.). London: Hazell, Watson, and Viney, 


Limited, 1, Creed-lane, Ludgate-hill. [Price 3s. 6d.] 

The stock Exchange Year-Book. By THomas SKINNER. 
al 1, Royal Exchange Buildings, E.C. [Price 
18s. 

The Practical Engineer’s Pocket-Book and Diary, 1895. 
Edited by W. H. Fowrrr, Wh. Sc., M.I.M.E., 
A.M.I.C E. The Technical Publishing Company, 
Limited, Manchester. [Price 1s. and 1s. 6d.] 

The ‘* Mechanical World” Pocket Diary and Year-Book 
for 1895. Manchester: The Mechanical World Offices, 
[Price 6d.] 

The Railway Diary and Offcial’s Directory. London : 
McCorquodale and Co., Limited, Cardington-street, 
Euston-square, London, N.W. 

The Indian Engineer’s Diary and Reference Book. Offices : 
5 and 6, Government-place, Calcutta, and Victoria 
Mansions, 28, Victoria-street, London, S.W. 

No words of commendation can add to the public 

appreciation of ‘‘ Kelly’s Directory,” for it has a 

long-standing reputation for comprehensive and 

accurate information, and is, in the widest and 





1893, as follows : 


Totals. 
; ; | £ 
Maintenance and renewal of line .. 1,904,800 76,192 
Traction and repairs of rolling stuck 2,816,¢00 | 112,664 
Traffic .. = oa ae oe 1,741,400 | 69,656 
Administration and general charges 476,700 | 19,068 
Sundries, rents, running powers, &c. 1,334,500 | 63,380 
8,274,000 33,096 


It will be observed that the percentage of traction 
expenses of 34 per cent. is comparatively low, 























| 
| o 
£5 a 
Traction Expenses. —- | — Fgis. | § 
Bo HX!) Oo 
| Siz | SS 5 
-¥ a Re 
‘ has ee ee d 
Wages - =2 a 755,000 | 30,200 30.5 4.7 27 
Fuel, oil, grease, and | 
water for engines -| 1,297,000 | 51,880 520 7.90 46 
Oil, grease, and water 
for carriages and trucks 39,600 | 1,584 16 0.30) 1.4 
Maintenance and renewal | 
of rolling stock 707,000 | 28,280 28.2 4.97) 25 
Sundries .. i” 18,000 | 720, 0.7. 0.10} 0.6 
2,816,600 112,664 | 113.0 100 


17.27 


having regard to the gradients of the mountain 





narrowest sense, indispensable. The official direc- 





Per Per Train | Per Train | 

















Per Per C 
Kilometre. Mile. Kilometre.| _— Mile. er Cent. 
fr. £ | fr. | d. 

7,150 | 458 | 0.76 | 11.64 23 
10,600 | 678 | 1,18 17.27 34 
6,550 | 419 0.70 10.71 21 
1,800 115 | 0.20 3.06 6 
5,000 320 0.53 8.12 16 
31,100 1990 3.32 50.80 100 





tory, giving all details of Governments, consulate 
and other offices, includes also all trade associations. 
Then the street directory, with the occupants’ 
names, runs to over 600 pages, while 800 are given 
to the commercial directory. The trades directory 
extends to 500 pages ; and here one finds also the 
hospitals, institutions, and infirmaries. Law, Court, 
Parliamentary, postal, commercial, conveyancing, 
banking, and assurance directories bring the number 
of pages up to 2973, and yet so well bound is the 
work that it opens at any page and lies flat on the 
table. An invaluable supplement is the map, drawn 
to the scale of 4 in. to the mile. 

In ‘‘ Hazell’s Annual” we find several new articles 
worthy of special note. Engineering works occupy 


some 22 pages, the more important schemes which 
occupied attention during the year being briefly 
described, although the author is not over-generous 


ject of railways, too, is treated comprehensively, 
not only the present status being indicated from 
several points of view, but the relation of railways 
to the State, the shareholder, and the worker ; and 
the only remark which may be made here is 
the expression of a doubt as to whether the author 
is accurate in stating that the United States has the 
highest record for short special runs. The author 
might have stated that the highest speeds in this 
country were about 84 miles per hour with ordi- 
nary trains, and that such speeds were con- 
tinued for three or four miles. Under the 
mercantile marine we have the figures issued by 
Lloyd’s nearly a year ago as to the building in 
1893, information rather old when the building 
of 1894 can be got contemporaneously with the 
publication of the Annual. Then in speaking of 
the notable vessels of 1894, the Columbia and 
Alma are ignored. In their general arrangement 
they involve a most important departure in Channel 
steamers, and have a higher speed for their power 
than most steamers. Again, the list of 20-knot 
vessels is incomplete. The great scope of the work 
and the serviceability of the information so con- 
veniently given have been established by the nine 
predecessors of this year’s publication. 

‘*The Stock Exchange Year-Book” continues to 
grow with the increasing popularity of the Limited 
Liability Act, and with the craze of the public for 
investment in public companies, industrial and 
speculative. All such companies have a_ brief 
historical and official narrative in this publica- 
tion, which this year reaches its 21st year. The 
editor reviews the year, stating that the past year has 
not proved so favourable to business as was 
expected, chiefly due to the further considerable 
decline in the prices of natural products, and to 
some extent to the difficulty in bringing to a con- 
clusion the tariff and other reforms in the United 
States to which President Cleveland had put his 
hand. But the year closes with a nearly complete 
absence of disturbing causes, though the prices of 
produce are still at their lowest, and the return to 
commercial and agricultural prosperity is, in all 
parts of the world, proceeding at an abnormally 
slow rate. But it is generally admitted that the 
worst is now more than over. This isan immense 
gain in itself, especially as regards Stock Exchange 
securities, amongst which selling from fear or 
necessity no sooner ceases than an upward move- 
ment on some scale sets in. In 1894 there has 
been a rise in Stock Exchange values, which more 
than outsets the decline then reported, and to all 
appearance the upward movement it still in pro- 
gress. Moreover, the ascending tendency is wide- 
spread. Almost every class of security is partici- 
pating init. The rise in British railway stocks is 
important. The same has to be said of Indian 
railways, but Colonial railways have had an un- 
favourable record, while in the American railway 
section there have been important movements both 
ways. The formation of joint-stock companies 
under the Acts of the United Kingdom has pro- 
ceeded on a somewhat larger scale than was 
experienced last year, the one conspicuous feature 
being the great number of West Australian mining 
companies. 

‘*The Practical Engineer’s Pocket-Book” now 
enters on its seventh year of publication. The 
practice of publishing such pocket-books annually 
has much to recommend it, owing to the conveni- 
ence with which corrections and additions have been 
made. The matter, as its title indicates, relates 
entirely to mechanical engineering, and contains 
numerous tables for facilitating such calculations as 
are likely to arise in practice. A considerable 
number of pages are devoted to a discussion of the ~ 
Lancashire boiler, the letterpress being accom- 
panied by numerous engravings. The large selec- 
tion of engine details, which are illustrated, should 
prove useful to draughtsmen. The volume, we 
add, is of convenient size and shape, and is well 
printed. 

‘*The ‘Mechanical World’ Pocket-Book and 
Diary ” seems to have filled a want, as the de- 
mand for the new edition has necessitated the 
printing of 22,000 copies. The letterpress con- 
sists principally of tables, and illustrated descrip- 
tions of engine details. Naturally most of the matter 
is not exactly new, but it is conveniently arranged for 
reference, and, as far as can be judged on a cursory 
examination, is pretty accurate and reliable. Some 
of the rules for beams and girders, however, re- 
quire revision, the form and matter both being 





in acknowledging his sources of supply. The sub- 





somewhat antiquated. 
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‘¢The Railway Diary and Official’s Directory ” 
has contents which fully justify the title, while in 
addition there are ready-reckoning tables as well 
as data of indirect use to railway workers or share- 
holders. 

Presumably ‘‘ The Indian Engineer’s Diary,” as 
such, is required, but the large folios interleaved 
with blotting paper suggest some storing up of 
notes for future Rudyard Kipling novels and 
sketches rather than the crisp notes of the business 
man. With the diary there are many tables and 
formulee which may be of service, while the article 
on ‘* India as a Field for Industrial Enterprise,” 
will be read with some interest, although it is more 
for those who should be associated with India rather 
than for those who are. 





BOOKS RECEIVED. 

Railway Curves. Practical Hints on Setting Out of 
Curves. By A. G. Watson. Calcutta: Thacker, 
Spink, and Co. 

Notes on the Year’s Naval Progress. July, 1894. Wash- 
ington: Government Printing Office. 

Annuaire pour Van 1895, publié par le Bureau des Longi- 
tudes. Paris: Gauthier-Villars et Fils. 

Proceedings of the International Electrical Congress, held 
in the City of Chicago, August 21 to 25, 1893. New 
York: Published by the American Institute of Electri- 
cal Engineers. 





THE NEBRASKA OITY BRIDGE. 

WE commence this week the publication, on our 
two-page plate and pages 44 and 45, of engravings 
illustrating an important bridge erected over the 
Missouri River at Nebraska City, to the designs of 
Mr. G. 8. Morison, of Chicago. 

The conditions to be met were, in some re- 
spects, similar to those at Sher Shah, the Punjab, 
India, described on page 320 of our last volume. In 
both cases a wandering stream had to be guided 
into a definite course by the execution of important 
training works; but, fortunately, the Missouri has 





stream begins to narrow. The top of these dykes 
was fixed at 1 ft. above high-water mark. In con- 
structing them a woven willow mattrass 125 ft. 
wide was first prepared, wired round its selvage 
edges, and this served as a foundation for the dyke. 
The work was done in place, and when finished the 
mattress was loaded with rubble stone. As the 
river rose it cut away the front edge of the bank on 
which the mattress rested, letting the latter down, 
and more stone was then thrown in to make up for 
the settlement. In this way the protecting mat- 
tress and its rubble covering was automatically 
carried down below the reach of scour, and hence 
there is no danger of the bank being undermined. 
It will be seen that the plan of building these 
banks is identical in principle with that adopted at 
the Sher Shah Bridge, though there the mattresses 
were dispensed with. Some 4236 cords of brush, 
18,405 tons of rock, and 7438 lb. of wire were used 
in this work, the total cost of which was about 
11,0001. 

The approaches to the bridge consist of 7274 ft. 
of embankment and trestle on the eastern side, and 
of a cutting 539 ft. long on the Nebraska City side. 
The 3000 ft. of approach nearest the bridge on the 
east was originally all trestle-work, but since the 
opening of the structure a large proportion of this 
has been filled in by dumping from the track.’ 

The plan and elevation, Figs. 1 and 2, page 44, 
will give an idea of the general construction of the 
bridge, in which, curiously enough, the same type of 
truss has been used as at the Sher Shah Bridge 
already referred to. Thespans are, however, much 
greater, the two principal spans being 400 ft. 
between the centres of end pins, and the side span 
is 325 ft. long, whilst at Sher Shah the spans were 
200 ft. only. The total length between abutment 
pins is 1132 ft. 4 in. The trusses, it will be seen, 
are of the double intersection type, Mr. Morison 
not having the objection to this system which is 
so general amongst American bridge engineers, 
and is, of course, based almost entirely on theoretical 

































































U. U; u U; U, Uu 1 U, U, 
- 461100 DL - $40000 DL 597700 DL es100 DL 645. BL 649200 DL 
432300 LL SO6SOOLL 560900 LL Sv'eoOLL 609000 LL eOmooLL 
~ 683400 NES \, 1158000 1222700 46: e201 
. 72 : a i 
"—) on % 4D mn) Kay, 
"egi5 Sai? 3 e300 nd ; Se, 
Gio <F %? ee “GP. * [8% i "Gea, > 
< < e2050 < “gion? 
2°. 0-0 ,%, 
NM. iM, Ms Ore b eee M, 
cr) * H 
a aa a3 hos 4d : 
88g £58 338 se 8 H 
Hg Bg? $38 o37 BH 
Sot fy ese $35 22816 ' 
*255600 DL. +956000 DL *46:100 DL 4 sa0000p» * 907700 DL + 418'900 
*2r9000 LL 895600 LL #4352500 LL *SO6S00LL { +S60000LL + 580200 L L’ 
+ 452600 Bs SZ +699600 + 803400 +1046300 #1168000 #1186, 0 
I 49 Ly z Ls EO Ls Ly L, L, bss 
Assumed Loads . 
2L 5200 Ibs pr tt of Bridge 
LL.IOOG + ++. ° 
ELSOOG + +4 TOP LATERAL SYSTEM 
: 7 t 
SS F oe j 
7 J 
4g 31, Se > > 
ee ro a © 4 vy & & 
or J 
Z | 
! 
! 
! 
BoTtoM LATERAL SYSTEM | 
Ne % t me ’ 
oy ' 
\ 
7 N\ s © 9 9 
or Ne ss we Ry 97% | 
* = >) , a | 
eee NVA stain taineiios | lee IN iittala dacinieiimrtininn 


1935. 


the ‘‘ Zingari” instinct much lers fully developed 
than the great rivers of the Punjab, and the works 
necessary were therefore of aless extensive cha- 
racter. At the site of the bridge the river 
formerly divided into two arms, the more im- 
portant being on the Iowa shore ; but in 1886 an 
important alteration took place, the main flow of 
the river suddenly changirg over to the narrow 
western branch, the other branch silting up so as 
to be almost dry at low water. The conditions 
thus became very favourable for the construction 
of a bridge, but it was evident that this propitious 
condition of things would soon change back again 
to their former state unless prevented by suitable 
works, 

_ As the western, or Nebraska, side of the stream 
is high land, training was necessary on the eastern 
bank of the stream only. It was accordingly de- 
cided to completely stop the eastern branch of the 
river by building a dyke across it, the top of the 
dyke at the same time serving to carry the lines of 
one of the railroads using the bridge. A second 
dyke, curved in plan, was also constructed on the 
east bank of the western channel, a little above the 
east abutment of the bridge, at the point where the 














iy 


grounds. In the case of trusses of comparatively 
small span, this double system of bracing has the 
advantage of making a more rigid girder, and one 
better calculated to withstand the racking effects 
of a live load, whilst in the case of large spans, the 
joints are less clumsy, and the lateral bracing can 
be more satisfactorily planned. 

The bed of the river at the bridge site is of silt, 
the thickness of which varies. A stratum of lime- 
stone, 30 in. thick, and resting on shale, extends, 
however, across the whole river, at a depth of 
about 63 ft. below high water. Above this 
layer of rock were found a couple of thin strata 
of shale and clay, but the rest of the material 
between this bedrock and the bottom of the river 
is the fine sand which is the usual alluvial 
deposit of the Missouri River. The piers and 
the eastern abutment were all sunk to this bedrock, 
but as the western bank of the river consists of 
rock and hard shale, the abutment there caused 
little trouble, the whole of the work being done in 
the dry, the bottom of the foundation trench being 
well above high water. For getting down the 


other piers the pneumatic system was employed, 
the caissons, as usual in American practice, being 


oftimber. For the two central piers these caissons, 
as shown in Figs. 6 to 8, are 54 ft. long by 24 ft. 
wide and 15 ft. high outside dimensions. Each of 
these caissons is surmounted by a timber crib, 
but instead of being carried up to within a few feet 
of low water, as commonly done in America, these 
cribs are only 13 ft. high in the case of Pier II., 
and 15 ft. high in that of Pier III. The sides of 
these cribs are built to a batter of 1 in 24. 
These two caissons, ready for sinking, cost about 
11601. the pair for material (freight charges ex- 
cluded), and 10301. for labour. To facilitate the 
work of sinking, a pile approach was built 50 ft. to 
the north of the permanent structure, and extend- 
ing from the east bank out to the site of Pier III. 
Piling was then driven round the foundation, and 
the caissons constructed on the top of the false 
work thus formed. This false work cost in all for 
the two piers 2831. for material, exclusive of freight 
charges, and 2561. for labour. When ready, the 
caissons were lowered to the bottom of the river by 
means of longscrews. The cribwork on top of the 
caissons was high enough for the top to be clear of 
water when the cutting edge of the caisson rested 
on the bottom. The two cribs together cost about 
3801. for material, exclusive of freight, and 3161. 
for labour. The cutting edges, air locks, &c., for 
the two caissons cost 780/. Thesinking cost 24601. 
for the pair of caissons and cribs, so that, adding the 
cost of concrete filling and work train service, the 
total cost of the two river piers, exclusive of freight, 
amounted to just over 10,0001., which is equivalent 
to about 3/. 16s, per cubic yard of displacement. 
Above the tops of the cribs the piers consist of 
masonry in cement, part of which is limestone and 
the remainder granite, the latter being used for the 
face work wherever the work is exposed to frost. 
This facing of granite begins, for Pier II., atthe eleva- 
tion of 478.54 ft. above datum on the up-stream side, 
and at 486.69 ft. on the rest of the pier. In the case 
of Pier III. this granite facing begins about 2 ft. 
higher. The least thickness of stone admitted in the 
piers was 16 in., and the face stones were specified 
to be at least 30 in. wide each way. For a height 
of 26 ft., commencing at 3 ft. below low water, the 
face stones are dowelled together with 1}-in. round 
iron. The courses of the limestone backing are the 
same thickness as the courses of the granite facing, 
to which latter the backing is well bonded by 
headers 5 ft. long. These headers are provided at 
about every third stone of each course. The cost 
of this masonry was about 51. 16s. per cubic yard. 
In the case of the eastern abutment, «r Pier [. 
(Figs. 3 and 4), the caisson was of smaller dimen- 
sions, measuring 38 ft. by 18 ft. by 12 ft., but the 
crib above it was much larger, being 45 ft. high, 
the woodwork thus extending up to within a few 
feet of low water, as shown in Figs. 3 and 4. 
Above the top of the crib this pier consists of two 
cylinders 8} ft. in diameter by 18} ft. high, made 
out of ;%;-in. wrought-iron plates and filled with 
concrete. The two cylinders are braced together 
by a lattice frame of wrought iron, and have cast- 
iron caps. They are, of course, filled with concrete, 
The trusses are, as already mentioned, of the 
double-intersection type, and have, of course, pin 
connections. They are proportioned to carry a 
moving load of 3000 Ib. per lineal foot, but in calcu- 
lating the effects of a moving load, the portion of 
any strain in excess of that which would have been 
produced by a uniform load of equal amount was 
taken on a basis of 5000 Ib. per foot. The top 
lateral system is proportioned to resist a wind pres- 
sure of 300 lb. per lineal foot, and the bottom 
lateral system 500 Ib. per lineal foot. The result- 
ing stresses in the various members of the through 
spans are shown in our diagrams annexed. The floor 
was designed for a uniform load of 6000 tons per 
square foot. The unit stresses used in proportion- 
ing the main truss members were 14,000 Ib. (6.25 
tons) per square inch of balanced section of the top 
chord, and 13,000 Ib. (5.8 tons) per square inch of 
the bottom tension chord, and somewhat less in the 
web members. 
The two through trusses are 400 ft. long between 
centres of end pins, and 50 ft. deep. They are 
divided into 15 panels, each 26 ft. 8 in. long, and 
the two trusses of each span are spaced at 22 ft. 
centres. The weight of material used in each of 
these spans was as follows : 





Tons. 

Steel... ein —_ aes tie me 484 
Wrought iron aaa des pe as 2.62 
Castiron ... ap aaa said pa 18.98 
Total... 505.60 
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THE NEBRASKA CITY BRIDGE. 


DESIGNED BY MR. G. 8S. MORISON, ENGINEER, CHICAGO; CONSTRUCTED BY THE UNION BRIDGE COMPANY, ATHENS, PA. 
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The ‘‘ make-up” of the various members is 
clearly shown in Figs. 9 to29. The top chord is of 
trough section, and is 28 in. wide over all by 193 in. 
deep. The comparatively short panel length due ee ee eS 
to the adoption of the double system of triangula- i 
tion of course renders the chord very stiff, and 
justifies the comparatively high unit stress adopted. 
The end panels of the lower chord are, as will be 
seen, of stiff construction, the eye-bars being 
replaced by built members, a practice which has 
become pretty general in the best American work. 
Full details of the various joint connections are 
given in Figs. 11 to 29, from which it will be 
seen that the connections between the vertical 
posts are of a very rigid type. The upper system 
of cross-bracing between these posts is about 24 ft. 




































































deep, and the cross-girders below are 53 in. deep and 





are riveted firmly to the posts. It will be seen that 
the web of these girders is cut away at the lower 
corners to get room for the heads of the eye-bars, 
but the stiffness of the connection is maintained by 
means of two heavy angle-irons, carried below the 


eye-bar heads and riveted to the bottom of the post 
as shown. 
(To be continued.) 











Government contemplates an expenditure upon public 
works in 1894-5 of 940,163. The works contemplat: d 
will add 50 miles of additional line to the railway net- 
work of New Zealand ; they will also secure good coach- 
ing roads through the centre of the North Island besides 


Pustic Works In New ZEALAND.—The New Zealand | many miles of minor roads and exploration tracks. 
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THE NEBRASKA CITY BRIDGE. 
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(For Description, see Page 43.) 


ns 24 x 
k----) 74---3 
\---- j20-----» : 
—— <0 
- 
oo 0 0f0 0 iGO a.Gawo ofo 0 o ° Oo x ro I re) RF 5g]: 
ul - ae \ ae : 
hel err: < 4° Pin Ho} ° A Joico 
Lo © 0 ofoo i@d@Gdiooloo 0 0 o i Vy 3 NS, oto 
99000000 ° : t Ps 
DOFGOQR000000 ‘ fo oO gnre 
lI010 0 |o J ‘ 
5 S h () _ 
qi ho} OF | 35*35 3/2 
pl io . 
‘ 6 
Fig2t |p © Fig.25 
: “ } 
lot o) 4 
; H 
' q 
— 95-11% os 
4 S855 *G 
] ™ 





e 











PANEL POINT 5. 





































































































































Pane! Point 7. 
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PANEL POINT.6. 
































os. 














<q: } 
oon hy. e 
be lo OF} 
9 ) SloROig 
otto i: ck 
voit oli 
Jo} lo 
6 O J 
S OOS 9099.9 O99 900 Boririolo 000000 
hs Po edior, foo 0° 
° ee ae of Oho 
one S3*% ® oitol 
ol” Web » ve Ag! oO 
sit é A ello} 
: OMG) 
ofe % 1; oP) 
2 es 
: oa B | sXexeKerenexeNexe) 2 = 
1 | j 
oe | Phd se eX», 
6° Pin PEFR = eral (O}p ae fe 
i } 6P 
H t lo} OFF 
H i's 

















° 





° 







































OOO 

















2 
‘ 


dng. 53%" 
Pf 15" «Ie 

















i} belie] 











Molfo oT Pr IS* My” 
° Hiaales ‘tn a 
H 9090000000 0 0:0 o o 680 90 





























OO 07 











25. 











Inst) G8. 





metre 








sft. 


/Webplate 53’. 
4Angles 33" 











































46 


ENGINEERING. 


[JAN. 11, 1895. 








MACHINERY FOR THE MANUFACTURE 
OF BICYCLE HUBS. 

Weillustrate on page 41 a form of turning machine 
for manufacturing bicycle hubs from the solid bar, 
&c., and also a capstan lathe used in the subsequent 
operations. The turning machine can produce hubs 
from a 2-in. bar of steel, the largest used, at a 
cost for the finished product which it is said is, 
in most cases, less than for the forging or stamp- 
ing in the rough. The machine can turn out up 
to 200 hubs in 10 hours, and it is useful also for 
crank axles, ball handles, shouldered studs, bolt 
blanks, &c. The headstock, as shown, is cast solid 
with the bed. The spindle is 5? in. in diameter, with 
a front bearing 7 in. long. It has a 3}-in. hole ex- 
tending through it, and is strongly back-geared and 
driven by a large three-step cone for a 5-in. belt. On 
the front end of the spindle, and solid with it, isa 
two-jawed chuck, having the jaws closed by a differen- 
tial screw which gives a powerful grip on the stock 
with but little effort. The cross-slide is solid, and is 
made in two sections, which, by means of right and left 
screws, are fed up automatically and simultaneously. 
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They are provided with automatic stops. The front 
section of the cross-slide carries the roughing tool, and 
the rear section carries the finishing tool. The rough- 
ing tool is a sectional cutter made up of straight pieces 
of self-hardened steel, which are independently ad- 
justable in and out and sidewise, so that the one 
roughing tool will answer for a number of different 
forms. This tool turns off the stock in sections, as 
shown on Fig. 3, leaving the finishing tool in the rear 
to remove only the stock left by the spaces between 
the sections of the roughing tool. The finishing tool, 
shown on Fig. 3, isa broad straight forming cutter 
set on end, and is sharpened by grinding straight 
across the end without in the least altering its form. 
It can readily be removed, sharpened, and replaced 
without any readjustment, and is about 6in. long. In 
turning down the stock, the roughing tool is 
set about ,'5 in. in advance of the finishing tool, 
leaving the latter to skim off the shaded parts. The 
change is made by operating a small lever on the front 
of the cross-slide. The outer end of the stock being 
turned, is supported centrally by substantial steady 
jaws, carried by the tailstock slide, and moved by a 
right and left screw. The tailstock slide moves be- 
tween adjustable stops, and is operated by a pilot 
wheel, thus serving to draw the stock through the 
chuck to the proper length for the piece to be formed. 
As the pieces are shaped, and while still connected to 
the bar, they pass on through the steady jaws of the 
tailstock to a steady vice beyond ; also carried by the 
tailstock slide, where they are lightly held and the 
outermost piece automatically cut off by asaw. At 
the same time another piece is being turned. The 
stock is supported at the rear of the head by adjust- 
able rollers, 

The capstan lathe (Fig. 2) has a reverse end chuck 
fitted to the spindle. In the turret of the machine, 
several tools are shown for finishing the hub; for 
counterboring the ends for ball races, boring the hole 
for the axle, cutting the right and left threads for the 
sprocket, &c. The hub is clamped in the chuck jaws 
by the small part between the flanges, leaving the ends 
projecting on either side of the chuck. The several 








operations necessary to finish one end of the hub are 
then performed, and the chuck is swung over or re- 
seed, without removing the hub from the jaws, thus 
bringing the other end of the hub into position to re- 
ceive the operations necessary to finish it. This 
finishing of both ends of the hub with the same tools, 
insures a uniform depth of borings, and the same 
length over-all of every hub finished. The chuck is 
fitted with hardened steel seats for the reversing head, 
and is arranged to describe an arc of 180 degrees in 
reversing. When secured in position it is perfectly 
rigid, insuring accuracy of alignment in the borings of 
the hub. 

Both machines are manufactured by the Garvin 
Machine Company, New York, and are being intro- 
duced into this country by Messrs. C. W. Burton, 
Griffiths, and Co., 158, Queen Victoria-street, London. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 27, 1894. 

A QuIET but very active effort is now being made 
among representatives of rail mills and managers of 
several railway systems to close contracts for rails 
that will aggregate some 200,000 tons. Quoted mill 
rates are 22 dols. Buyers think 20 dols. a fair price, 
considering that billets have already been shaded 
below 15 dols. at mill. The amount of projected{mileage 
has been steadily increasing, and good authorities now 
say that, from present indications, there will be built 
during the first half of 1895 at least double the 
mileage of the first half of the current year. This is a 
very conservative view. While traffic has been far 
below the normal level, schemes for railroad con- 
struction have been formulated and capitalised. All 
that is now wanting for the actual prosecution of a 
large amount of work is the proper commercial and 
financial conditions. A moderate comparative im- 
provement in traffic has already set in. Prices of 
iron and steel are slightly weaker. Mills are very 
largely idle this week. Much new business will be 
heard of next week. 

January 3, 1895. 

The first 10 months’ iron and steel business of 1894 
was the lowest in volume, and poorest as to prices, in 
the history of the American iron trade. Since the 
November election business has steadily improved, and 
at this time production is 60 per cent. greater than a 
year ago and prices lower by about 10 or perhaps 12 
per cent., according to an estimate just made. This 
week prices for the better grades of foundry and forge 
iron hardened 25 cents per ton, because nearly all of 
the better grades are sold up and buyers have asked 
quotations on large lots for winter and early spring 
delivery. Billets, on the other hand, weakened full 
25 cents in face of the probable presentation of large 
requirements at an early day. <A general cutin wages 
has been made at the Carnegie mills at Homestead, 
and a further shading in the products of that 
mill is hinted at. Larger orders for girder rails 
are promised for next week. Trolley line require- 
ments will form a very important item in rail mill 
production this year, Many railway companies will 
be large purchasers of railway equipments as soon 
as depressing influences are past. The mills have 
been largely idle 10 days. The greatest activity 
prevails in the Pittsburgh district. Several tinplate 
mills will be erected west of Pittsburgh. Reports of 
production and prices realised at tinplate mills are 
favourable to an expansion of that industry. The 
general feeling is that rolling mill capacity will be 
much more fully employed this year than last. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the quarterly 
meeting of the northern iron trade was held here. As is 
usual at quarterly gatherings, facilities were afforded for 
the exhibition of articles of interest to the trade, but not 
a single firm availed themselves of this mode of adver- 
tising their specialities. The attendance on Change was 
fairly large, and though there was not a great deal of 
business doing, the tone of the market was pretty cheerful, 
and a good number of inquiries were repor for both 
early and forward delivery. It was said that an order for 
10,000 tons of No. 3 pig iron delivered to the end of June 
was refused by several makers at 35s. 3d. Many people 
were inclined to regard prospects for the future as more 
favourable than they have recently been. The general 
quotation for early delivery of No. 3 g.m.b. Cleveland pig 
iron was 35s., and several lots changed hands at that 

rice, but some buyers endeavoured to purchase at rather 
ess. For delivery over the first quarter of the year 
35s. 3d. was named. Middlesbrough warrants were 
34s. 9d. cash buyers, but the price was almost, if not 
entirely, nominal. The lower qualities of pig iron were 
steady, No. 4 foundry being 34s. 3d. and grey forge 
33s. 3d. to 33s. 6d., both for early delivery. £ very un- 
satisfactory account was given of east coast hematite pig 
iron, makers of which ye eer that, although cost of pro- 
duction was not reduced, they had to bring down their prices, 
and that present market rates were altogether unremunera- 
tive. It was stated that as low as~42s. was accepted for 
mixed numbers—a price which cannot leave any profit for 





producers. Spanish ore was steady and unchanged in 
price, notwithstanding the lower freights. To-day’s 
market was practically unaltered, the only change being for 
Middlesbrough warrants, and they went to 34s. 94d. cash 
buyers, with little or nothing doing in them. 


The Production and Disposal of Pig Iron.—The statis- 
tics of the Cleveland Ironmasters’ Association, showing 
the make and disposal of pig iron in the North of Eng- 
land during December, are anything but satisfactory. 
They show that of 141 blast-furnaces built, 94 werein opera- 
tion, 50 of which produced Cleveland pig iron, and 44 
other kinds, including hematite, spiegel, and basic. The 
make of Cleveland pig iron was 124,350 tons, or 692 tons 
more than in November. The output of other kinds of 
pig iron was 135,414 tons, being 5220 tons above what 
was produced during the previous month. The total 
make of all kinds reached 259,764 tons—an increase on 
the output of November of 5912 tons. At the end of 
December the total stocks of pig iron stood at 230,663 
tons. This is an increase of no less than 30,092 tons as 
“so giaaiaa with the total stocks at the end of November 
ast. 


Cleveland Blastfurnacemen and the Eight-Hours Day.— 
A deputation of blastfurnacemen met the ironmasters to- 
day, when the eight-hours day question was considered, 
but no decision was come to. 


Manufactured Iron and Steel.— With regard to manu- 
factured iron and steel there is very little new. Most of 
the works keep pretty well going, and quotations are 
maintained, but competition is very keen, and new orders 
are difficult to secure. Common iron bars are 4/. 17s. 6d. ; 
iron and steel ship-plates, 4/. 15s.; and iron and steel 
ship-angles, 47. 10s.—all less the usual discount for cash. 
ww te sections of steel rails are weak at 3/. 11s. 9d. net at 
works, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

District Limited Companies in 1894.—The position of 
52 district limited companies, as shown by a return just 
issued, indicates that there is a gratifying iniprovement as 
compared with a year ago. The aggregate called-up value 
of the companies is 14,461,101/., and the present price 
11,793,665/., a decrease of 2,667,436/ he called-up 
value of the companies dealt with last year was 14,647,100/. 
and the market price 11,615,2601., a depreciation of 
3,031,8407. At the close of 1870 the value above par was 
568,260. ; at the end of 1891 the premium price had 
altogether ery and a depreciation had occurred 
of 1,231,284. In 1892 the shrinkage was 2,014,111/. ; in 
1893 it was 3,031,840/., and at the present time it 
amounts to 2,667,436. The improvement, as compared 
with last year, is 178,405/. The three armour-plate estab- 
lishments in Sheffield have materially improved their 
position—John Brown and Co., Limited, by 15,5002. ; 
Charles Cammell and Co., Limited, by 14,550/.; and 
Vickers, Sons, and Co., Limited, by 65,6257. Of the 52 
companies, 22 stand at a premium, and 30 are below par. 


Bimetallism.—The Bimetallic League has made a request 
that the Leeds Chamber of Commerce will join a deputa- 
tion to Government, but the communication has been 
‘* passed over,” the feeling of the Chamber being decidedly 
adverse to bimetallism. 


Sheffield Trade with the United States. —Particulars of 
the exports from the Sheffield consular district to the 
United States during the past quarter, as given by Mr. 
Bedle, the consul, show a satisfactory increase. he 
total exports from October 1 to the end of the year 
amounted to 146,970/. 10s. 5d., against 108,100/. 17s. 6d. 
for the previous quarter. In the December quarter of 
1893 the total exports only reached 69,4667. During the 
last quarter of 1894 the cutlery exports were 49,502/., as 
against 42,677/. for the preceding quarter, and 20,3561. 
for the last quarter of 1893. The exports of steel during 
last quarter were 69,670/., as against 36,473/. in the 
corresponding period of 1893. The total exports in 1893 
amounted to 374,430/., and in 1894 to 386,3447. During 
the first six months of last year there was a falling off in 
the trade amounting to 100,000/. as compared with 1893, 
but there has been a continued recovery since July last. 


Serious Outlook in the Coal T'rade.—Two hundred miners 
in the employment of the Wharncliffe Silkstone Colliery 
Company have received notice to leave. The colliers in 
the employment of the company have held a meeting, 
and resolved to strike unless the 200 are reinstated. 
Two thousand hands are affected. The matter is now 
under the consideration of the Yorkshire Miners’ Associa- 
tion. The company has usually had a share of the North- 
Eastern coal contract, but it is stated that they have now. 
been undersold by a neighbouring colliery, hence they 
cannotemploy so many hands. At the Parkgate seam of 
the Birley pits 1000 men have struck work ona wage 
question, and there are many other disputes in the dis- 
trict. Competition in the coal trade is increasing, and 
prices are going down. 








NOTES FROM THE SOUTH-WEST. 

Brean Down.—In a Bill deposited by the Brean Down 
Harbour and Railway Company for consideration next 
session, Parliament is asked to grant an extension of time 
until August, 1897, within which to purchase the neces- 
sary land for works authorised in 1889, and until August 
25, 1900, for the completion of those works. The works 
referred to as sanctioned in 1889 comprise the construc- 
tion of a pier or jetty at Brean Down, together with a 
railway running from the pier to a junction with the 
Bristol and Exeter section of the Great Western Railway. 


Cardiff.—Steam coal has remained quiet, and there is 
little immediate prospect of an improvement in the de- 
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mand. The best steam coal has made 11s. to 1ls. 6d. 
per ton, while secondary qualities have brought 10s. 3d. 
to 10s. 6d. per ton. Colder weather has increased the 
demand for household coal; No. 3 Rhondda large has 
made 10s. 6d. per ton. Coke has been dull at late rates. 
Patent fuel manufacturers are well provided with orders, 
and the best brands have ruled firm. Iron ore has been 
quiet. Rubio has made lls. perton. The finished iron 
and steel trades have exhibited no improvement, the de- 
mand for steel rails having been dull. 


The Electric Light in Wales.—A new town-hall and 
market-hall at Llanelly are approaching completion, and 
one of the last things done by the local board was to 
instruct the surveyor to report upon the probable cost of 
introducing the electric light to take the place of gas. 
The surveyor has reported that unless some of the trades- 
men in the town also agree to goin for the new illuminant, 
a scheme for its introduction cannot be carried out. 
Circulars have accordingly been addressed to the prin- 
cipal tradesmen asking them whether they are prepared 
to adopt the change. The price of gas at Llanelly at 
present is 4s. 2d. per 1000 cubic feet. The electric light 
has now been introduced into the main streets of Cardiff, 
and gas in the ordinary street lamps has been dispensed 
with in the area served by the new illuminant. 


Engineer Students.—The Lords of the Admiralty have 
decided to enter 47 candidates as engineer students in the 
Navy next summer, 37 by open competitions, seven 
nominated service candidates, and three nominated 
colonial candidates. The examination, which will be 
held at various centres in the United Kingdom, will take 
place in April, and the successful candidates will join the 
Royal Naval Engineering College, Keyham, in July. 

Barry Island.—The directors of the Barry Dock and 
Railways Company have decided to invite tenders for 
the construction of a proposed new line, about one mile 
in length, from the terminus of the existing railway 
at Barry to Barry Island. They are also inviting tenders 
for the formation of a breakwater, 140 yards in extent, at 
the entrance to Barry Harbour. Mr. J. Wolfe Barry, 
C.E., is the engineer. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Business was very quiet in the 
warrant market last Thursday forenoon, when the dealing 
was confined to 2000 tons of Scotch iron and 1000 tons of 
Cleveland. ‘The tone was flat, the former receding 1d. 
and the latter 4d. per ton. In the afternoon the tone 
was @ shade firmer for Scotch, the cash price of which 
left off 1d. per ton better than in the forenoon. Only 
some 3000 tons were dealt in. At the close the settlement 
prices were—Scotch iron, 41s. 74d. per ton; Cleveland, 
34s. 9d.; Cumberland and Middlesborough hematite 
iron, respectively, 42s. 9d. and 41s. 104d. per ton. 
There was more activity on Friday forenoon, and 
prices were firmer. About 10,000 tons of Scotch and 3000 
tons of Cleveland iron were dealt in. In the afternoon 
about 8000 tons of Scotch iron changed hands, the price 
still remaining firm; Cleveland, however, was quotably 
1d. easier. The settlement prices at the close were, re- 
spectively, 41s. 9d., 34s, 104d., 42s. 104d., and 41s, 104d. 
per ton. Only a small amount of business was transacted 
on Monday forenoon, the turnover amounting to about 
5000 tons of Scotch and 1000 tons of Cleveland. The 
tone was dull, the cash price of each being 1d. per ton 
lower than on Friday. anata irons were not dealt in, 
and the prices remained unchanged. The market was 
very idle in the afternoon, the whole turnover being 
1500 tons of Scotch iron. At the close the settle- 
ment prices were: Scotch, 41s. 74d. per ton; Cleve- 
land, 34s. 9d. ; hematite irons unchanged. The market 
was at a standstill on Tuesday forenoon, only one 
lot of 500 tons of Scotch iron changing hands. uota- 
tions were a shade firmer, sellers of Scotch and Middles- 
brough hematite iron asking an advance of 4d. per ton, 
and 1d. more for Cleveland iron. Only 2000 tons of 
Scotch iron were dealt in officially in the afternoon, when 
the cash price dropped 3d. per ton. Unofficially other 
2000 tons of Sootch, changed hands at 42s. one month, 
with 6d. forfeit in buyer’s option. No _ business 
was done in other sorts, and the settlement prices re- 
mained unaltered throughout. A trifle more business 
was doing this forenoon, about 6000 or 7000 tons of Scotch 
and 500 tons of Cumberland hematite iron being dealt in. 
Prices were rather stiffer ; they were even a shade firmer 
in the afternoon, when some 10,000 tons of Scotch and 
2000 tons of Cleveland changed hands. The settlement 
prices at the close were, respectively, 41s. 9d., 34s. 9d., 43s., 
and 42s. per ton. The following are a few of the quota- 
tions for No. 1 special brands of makers’ iron: Clyde, 49s. 
per ton; Gartsherrie and Calder, 51s. 6d. ; Summerlee, 
523. ; Coltness, 54s.—all the foregoing shipped at Glas- 
gow ; Glengarnock (shipped at Ardrossan), 50s. ; Shotts 
(shipped at Leith), 58s. 6d. per ton; Carron and Lang- 
loan still out of the market. Last week’s shipments of 
pig iron from all Scotch ports amounted to 5848 tons, 
as compared with 2389 tons in the corresponding week of 
last year. They included 220 tons for Australia, 145 tons 
for France, 500 tons for Italy, 661 tons for Belgium, 200 
tons for China and Japan, smaller quantities for other 
countries, and 3851 tons coastwise. There are now 74 
blast-furnaces in actual operation, against 41 at this time 
last year. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores has now been reduced to 
287,610 tons, as compared with 340,288 tons at the close of 
the year 1892, 


Finished Iron and Steel Trades.—There has been a fur- 
ther reduction of 2s. 6d. per ton in the price of steel 
plates and angle-bars, the latter now being quoted at 
41. 10s. per ton, less 5 per cent. discount, for delivery in the 


Glasgow district. The Steel Company of Scotland, and 

one or two other concerns, will begin the new year’s 

operations with a fair amount of orders, but not at satis- 

pre prices. In the finished iron trade there is a con- 

siderable amount of depression. The latest quotations 

a steel plates are down at 5/. 2s, 6d., and even 5/., per 
n. 


Glasgow Copper Market.—The market was very flat last 
Thursday, both forenoon and afternoon. A three months’ 
sale of 100 tons was reported at 40/. 18s. 9d. per ton, 
which was a drop of 2s. 6d. from the morning. One lot 
of copper was sold on Friday forenoon at 40. 11s. 3d. per 
ton cash, but no business transpired in the afternoon, 
when the price rose 2s. 6d. per ton. No business was re- 
ported on Monday forenoon, and in the afternoon the price 
was quotably 1s. 3d. per ton better. One lot of 25 tons 
was done yesterday forenoon at 1s. 3d. per ton reduction. 
The market was idle in the afternoon, and prices were un- 
changed. A 25-ton lot was sold in the forenoon at 41. 
three months, but no business was done in the afternoon, 


New Shipbuilding Contracts.—Meesrs. James Gardiner 
and Co., Glasgow, have placed an order with Messrs. 
Charles Connell and Co., Whiteinch, for a cargo steamer. 
She is to be built to the three-decked rule, and will 
be supplied with all the latest improvements, includ- 
ing triple-expansion engines by Messrs. Dunmuir and 
Jackson, Govan.—The Montrose Shipbuilding and En- 
gineering Company, Limited, have secured two con- 
tracts for iron steamors to the order of shipping firms 
in the south of England. One vessel will be 225 ft. long 
by 32 ft. by 16 ft. 6in.; and the measurements of the 
other are to be 218 ft. by 32 ft. by 15 ft. 10 in.—Messrs. 
Ramage and Ferguson, Leith, have contracted with 

essrs. James Currie and Co., of the same port, to 
build a steamer of 1100 tons deadweight capacity for their 
Continental trade.—Messrs. Gourlay Brothers and Co., 
Dundee, have secured an order for a steamer of 1000 
tons register for a Leith firm.—For the Shire Line 
Messrs. Barclay, Curle, and Co. Glasgow, have 
booked an order to build a large steamer, which 
is to be employed in the frozen meat trade. Com- 
petition with the Tyne shipbuilders is said to have been 
very keen.—Mr. G. L. Watson has just placed an order 
with Messrs. A. and J. Inglis for a steam yacht of 250 
tons on behalf of Mr. William Coats, Paisley. The same 
builders are about to commence the building of a new 
passenger steamer for the North British Steam Packet 
Company, which is to run between the Clyde watering- 
places and Craigendoran (Helensburgh), in connection 
with the West Highland Railway. 


Work for 1895 in the Clyde Shipbuilding Yards.—The 
work on hand in Clyde shipyards is estimated at about 
250,000 tons, and comprises some very important contracts. 
There are, for the British Government, a first-class battle- 
ship of 14,900 tons, and a first-class cruiser of 14,200 tons 
displacement, building by Messrs. J. and G. Thomson ; 
two second-class cruisers of 5600 tons each, both by the 
Fairfield Company, and two similar vessels of 5600 tons 
each by the London and Glasgow Shipbuilding Company; 
three torpedo-boat destroyers by the Fairfield Company, 
and three by the Abercorn Company, Paisley. The 
London and Glasgow Shipbuilding Company have also 
two large merchant steamers of 5000 tons each, and two of 
3500 tons each for London owners. Messrs. D. and W. 
Henderson are credited with having a 5000-tonner, 
two 4000-tonners, and two of 2500 tons. Messrs. Caird 
and Co. have three large 4500-ton steamers for the Penin- 
sular and Oriental Company; Messrs.:Scott and Co., 
Greenock, have two large steamers building for the Ocean 
Steamship Company, and four for a London and China 
firm. Messrs. A. Stephen and Sons have two apparently of 
about 4000 tons each, and Messrs. Barclay, Curle, and Co., 
two, and Messrs. Connell two of about the same size and 
some smaller vessels. Messrs, A. and J. Inglis have two of 
about 5000 tons each. The Fairfield Company, Denny 
Brothers, J. and G. Thomson, and Russell and Co, have 
also large steamers on hand. The builders of smaller 
class vessels are not so well patronised, and 1895 promises 
to be a year remarkable for large vessels. 


Falkirk Gas Works Arbitration.—After engaging in a 
‘* game of cross purposes ” for some time, the town council 
of Falkirk and the local gas company recently submitted 
their differences, as to the terms on which the gas works 
should be acquired by the former body, to the arbitration 
of experts, Messrs. Woodall and Stevenson, gas engineers, 
London. The arbiters sat for three days in Edinburgh, 
and heard a great amount of evidence, chiefly from 
English and Scotch gas engineers, and they have within 
the last few days given their award without the need for 
calling in the services of an oversman. Witnesses 
examined for the gas company estimated the value of the 
undertaking as high as 115,000/., and the valuation put 
upon the undertaking by the corporation witnesses was 
as low as 33,0001. The arbiters seem to have arrived at 
their joint award by adding those two amounts together 
and dividing by two, as the price which they have fixed 
to be paid is 77,050/., to whieh fall to be added the 
expenses of the arbitration, which are to be borne by the 
corporation. Two Parliamentary barristers were engaged 
in the case, as also a member of the Scotch bar who is a 
Q.C. The works will pass into the hands of the corpora- 
tion on February 2. 


The Boiler-Making Trade.—Although the trade of 
boiler-making was not specially brisk during the past 
year, yet two of the Glasgow firms that go in largely for 
the making of land boilers turned out a big lot of finished 
work. Messrs. Penman and Co., whose capacity of out- 
put is about four boilers per week, made within 20 of the 
usual number ; and Messrs. Muir and Findlay, Parkhead, 
had an output of about 170 boilers. In both cases there 








is a large amount of work in hand for beginning the new 


year with. Other firms, whose trade is more in the 
marine boiler line, have also been fairly well employed. 


Opening up of a New Coalfield in Mid-Lothian.—With 
the advent of the new year a commencement is to be made 
by the Niddrie and Benhar Coal ie age J in the sinking 
of shafts on the estate of Olive Bank, Musselburgh, re- 
cently purchased by them, with the object of workin 
the valuable seams of coal lying under Musselburgh an 
its foreshores. Two pits will be sunk, and will be 
equipped with machinery capable of oy er with a large 
output. Five seams, corresponding to the upper ell, 
main, and splint seams of Lanarkshire, and varying from 
4 ft. to 6 ft. in thickness, lie within a depth of 100 
fathoms. Two of the seams are said to be first-clase 
house coal, while the others are expected to find a 
ready demand when placed upon the market. The 
company have leased the coals from Sir William Hope, 
of Pinkie, but since then the Musselburgh Town Council 
have put forth a claim to the minerals proposed to be 
worked, apparently on the ground that they are the 
superiors of the burgh, and consequently hold the rights 
to the minerals. Several meetings of the council have 
been held over the matter, which was subsequently re- 
mitted to the law committee to take steps to protect 
their interests. The matter is in a complicated position 
at present, but it is not expected that the claimants 
will take the case into Court, the general feeling 
being that Sir William Hope will establish his claim, 
which is founded upon some rights conceded by a 
former town council in 1740, to the satisfaction of 
the council. Apart from the mere value of the 
coal, the opening of this new coalfield is of interest 
from the fact that the first coalpits worked in Scotland 
were in the vicinity. According to old records the 
monks of Newbattle were digging coal near Musselburgh 
as early as 1200, and in later times were shipping large 
quantities to France and Spain, for which wines, fruits, 
copper, &c., were given in return. It was the same monks 
who owned the large tract of land in Lanarkshire known 
as ‘‘the Monklands” (including Airdrie, Coatbridge, &c.), 
and these were the first to develop the mining industry 
which has made Lanarkshire famous. The new pits are 
Pwr from the company’s other pits, and are on the 

usselburgh branch of the North British Railway. They 
are also in proximity to Fisherrow Harbour, which it 
is reported the Niddrie Company intend purchasing. 


Sir Charles Tennant and the Steel Company of Scotland. 
—NSir Charles Tennant, Bart., who was the chief origi- 
nator of the Steel Company of Scotland, has just resigned 
the post of chairmanship of the concern, which he held 
from the very first. is successor is Mr. William 
Lorimer, one of the partners of Messrs. Dubs and Co., 
Glasgow Locomotive Works. Mr. Lorimer took the place 
in the board that had previously been held by Mr. Henry 
Dubs. Mr. Thomas Reid, of Kilmandinny, who is the 
chairman of a large shipbuilding and engineering concern 
on the Clyde, and of Nobel’s Explosives Company, has 
joined the board. Sir Charles Tennant continues his con- 
nection with the Steel Company as honorary president. 





Pia 1n THE ZOLLVEREIN.—The output of pig in the Zoll- 
verein in November was 481,909 tons. This total was 
made up as follows: Puddling pig and spiegel pig, 130,803 
tons ; Bessemer pig, 32,191 tons; Thomas pig, 241,080 
tons; and casting pig, 77,835 tons, 





CaTaLocurEs.—We have received from the Britannia 
Company, of Colchester, a copy of their new catalogue of 
engineers’ and wood-working tools. Of lathes alone the 
company make over 250 sizes and patterns, so that 
obviously only a comparatively small proportion of their 
wares can be illustrated in a moderate-sized catalogue. 
Still this will be found to contain a large variety of 
ordinary engineers’ tools, in addition to machines designed 
for special purposes. Amongst these will be found a 
large number of hand-power tools, and mention should 
also be made of the Britannia oil engine, which is built 
in sizes of § to 40 horse-power. Some new patterns of 
ornamental lathes have been introduced into the catalogue, 
which is, we may add, very fully illustrated, and the 
prices are appended in every case. 





Rattway SERVANTS AS GUARDIANS.—Some little fric- 
tion has been caused at Leicester by the election of a rail- 
way signalman upon the new board of guardians, The 
railway company has produced its rule-book, which says 
that a man may not do other work. But is being a 
guardian doing work? By “‘ work” is intended work tobe 
paid for ; but this signalman is not paid for his position, so 
the lawyers who have been consulted by the Liberal 
party say it is nob work. A meeting of the Liberal party 
—and in Leicester that may be called the town, for they 
are all very liberal—has been held, and it is decided that 
any interference with this signalman shall mean a total 
removal of tratiic to one of the other two lines. 
A certain director of the railway company in ques- 
tion, in a town not far distant, holds his seat solely 
by the votes of the railway servants, and it is 
definitely arranged that “if the directors of the 
company in question interfere with the position of the 
Leicester signalman on the guardians, the railway 
servants and Liberal party in the other town will remove 
the railway director from his seat in Parliament at the 
next election.” The situation is almost as good as a game 
at chess, and the result is engaging the very greatest 
interest amongst the men. For the sake of the share- 
holders and all concerned, it is to hoped the matter will 
be closed withoutdelay. The loss of the traffic of a town 
like Leicester, and the loss of a director in Parliament, 
altogether outweigh any position any signalman can 








hold on any board of guardians or town council. 
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AGENTS FOR “ENGINEERING.” 


Austria, Vienna : Lehmann and Wentzel, Kirntnerstrasse. 

Caps Town : Gordon and Gotch. 

EDINBURGH : John Menzies and Co., 12, Hanover-street. 

Francs, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue de la Banque ; M. Em. Terquem, 31is, Boulevard Haussmann. 
Ben = prec aaa Agence Havas, 8, Place de la Bourse 

ee below. 

GrMaxy, Berlin: Messrs. A. Asher and Co., 5, Unter den Linden. 

Leipzig: F. A. Brockhaus. 
Mulhouse: H. Stuckelberger. 
Giaseow : William Love. 
InvIA, Calcutta : Thacker, Spink, and Co. 
Bombay : Thacker and Co., Limited. 

Iraty : U. Hoepli, Milan, and any office. 

LiveRPooL: Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, eas gs 

New Sovurn Wass, Sydney: Turner and Henderson, 16 and 18, 
Hunter-street. Gordon and Goteh, George-street. 

QugeEnsLanp (SoutH), Brisbane : Gordon and Gotch. 

(NortH), Townsville : T. Willmett and Co. 

RorrerpaM : H. A. Kramer and Son. 

Soutn AustrauiA, Adelaide: W. C. Rigby. 

Unirep Statss, New York: W. H. Wiley, 53, East 10th-streeb. 

Chicago : H. V. Holmes, 44, Lakeside Building. 

Vicrorta, MELBouRNE : Melville, Mullen and Slade, 261/264 Co 

street. Gordon and Gotch, Limited, Queen-street. 





NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr. O. R. 
JoHNSON, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to ouraccredited Agents for the 
United States, Mr. W. H. Winky, 53, East 10th-street, New York, 
and Mr. H. V. Houmes, 44, Lakeside Building, Chicago. The 
wae of Subscription (payable in advance) for one year are: For 

hin (foreign) Pay edition, 11. 16s. Od.; for thick (ordinary) 
per edition, 21. 0s. 6d., or if remitted to Agents, 9 dollars for 
in and 10 dollars for thick. 








ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany all orders for 
single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside es may be obtained on application. Serial 
advertisements will be inserted with all practicable regularity, but 
absolute regularity cannot be guaranteed. 


Advertisements intended for 


received not later than 1 p.m. on W 
noon in each week. 








SUBSCRIPTIONS, HOME AND FOREIGN. 


ENGINEERING can be supplied, direct from the publisher, 
post free for Twelve Months at the following rates, payable in 
advance :— 





For the United Kingdom................ £1 9 2 
» all places abroad :— 
Thin paper copies ..........0... £116 0 
Thick MT TTT ey £2 0 6 


All accounts are payable to ** ENGINEERING,” Limited. 
Cheques should be crossed ‘* Union Bank, Charing Cross Branch.” 

Post Office Orders payable at Bedford-street, Strand, W.C. 

When foreign Subscriptions are sent by Post Office Orders 
advice should be sent to the Publisher. 
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NOTICES OF MEETINGS. 


THE InstTiTuTION OF CiviL ENGINBERS.—Tuesday, January 15, 
at Sp.m. Papers to be further discussed: 1. ‘‘The 8t. Gothard 
Mountain Railway and the Stanzerhorn Cable Railway,” by Mr. 
Sigvard J. Berg, Assoc. M. Inst. C.E. 2. ‘‘The Monistrol- 
Montserrat Rack Railway,” by Mr. Alfred Collett, M. Inst. C.E. 
3. ‘*The Usui Mountain Railway, Japan,” by Mr. C. A. W. 
Pownall, M. Inst. C.E.—Students’ meeting, Friday, January 11, 
at 8 age Papers to be read: 1. ‘‘ The Ampthill Second Tunnel 
on the Midland Railway,” by Mr. Edward E, Matheson, Stud. 
Inst. C.E, 2. “‘ Tunnelling; with Special Reference to Ampthill 
and Elstree Second Tunnels on the Midland Railway,” by the 
Hon. H. W. Holmes a Court, Stud. Inst. C.E. Sir Douglas Fox, 
Vice-President, will take the chair. 

ROYAL INSTITUTION oF GREAT BriTaIn.—Friday, January 18, at 
9 o’clock. Professor Dewar, M.A., LL.D., F.R.S., M.R.L, on 
‘** Phosphorescence and Photographic Action at the Temperature 
of Boiling Liquid Air.” 

TuE INSTITUTION OF JUNIOR ENGINEERS.—Friday, January 11, at 
8 p.m., at the Westminster Palace Hotel. Paper on ‘‘ Marine 
Engiue Design of To-day,” by Mr. H. M. Rounthwaite, M.I. 
Mech. E., honorary member. 

CLEVELAND INSTITUTION OF ENGINEERS.—Monday evening, Jan- 
uary 14, at 7.30 precisely, in the hall of the Stockton Literary and 
Philosophical Society, Exchange Passage, Stockton. Paper ‘‘ On 
the Solubility and Relative Fertilising Value of the Various Con- 
stituents of Basic Slag,” by the President, Mr. J. E. Stead, F.I.C., 
F.C.S., Middlesbrough. 

NortH OF ENGLAND INSTITUTE OF MINING AND MECHANICAL 
ENGINEERS,—Saturday, January 19,in the Wood Memorial Hall, 
Newcastle-upon-Tyne, at 2 o’clock. The following papers will be 
open for discussion: The ‘‘ Report of the Proceedings of the 
Flameless Explosives Committee. Part I.—Air and Combustible 
Gases,” by Mr. A. C. Kayll, Engineer, will be discussed. ‘‘ Mag- 
netic Declination and its Variations,’ by Professor H. Stroud. 
(Trans. Fed. Inst., vol. vii., page 268.) ‘* Misefires,” by Mr. J. D. 
Kendall. (Trans. Fed. Inst., vol. vii., page 605.) 

Royal MgrEoroLoaicaL Socrety.—Wednesday, the 16th instant, 
at 25, Great George-street, Westminster. Ordinary meeting at 
7.30 p.m., when the following paper will be read: ‘* The Gale 
of December 21-22, 1894, over the British Isles,” by Mr. Charles 
Harding, F.R. Met. Soc. At 8.15 p.m. the annual general meet- 
ing will commeuce, when the report of the Council will be read, 
the election of officers and Council for the ensuing year will take 
place, and the President (Mr. R. Inwards, F.R.A.S.) will deliver an 
address. 

Tue Soutn WALEs INsTITUTE OF ENGINEERS.—Thursday, the 17th 
inst., at 2.80 p.m. precisely. Papera for discussion: ‘‘ Coal 
Screening,” by Mr. Robert Jordan. ‘* The Variation in Pressure 
in Cornish and other Pumps,” by Mr. G. E. J. McMurtrie, Assoc. 
M. Inst. C.E. ‘* The Chemistry of Iron and Steel,” by Mr. Jobn 
Parry, F.C.S. ‘* Webbers’ New Miners’ Dial,” by Mr. Hort. 
Huxham, M. Inst. C.E. Papera for reading and discussion. ‘* An 
Outburst of Water, and Means of Dealing with it,” by Mr. E. M. 
Hann, M. Inst. C.E. ‘‘ Observations on the Western Part of the 
South Wales Coalfield,” by Mr. Thomas Arnold. 
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REVISION OF RAILWAY FARES. 

Tue ‘‘ revision of railway fares” is a phrase of 
somewhat doubtful meaning to the intending pas- 
senger, but when it is used by the executive of a 
southern line with the addition of the words ‘‘ to 
bring them more inte conformity with the scale of 
charges for the respective classes of passengers, 
which for a long time past have been in operation 
on the lines of the principal railways having their 
termini in London,” the public immediately jumps 
to the conclusion that it can mean nothing less than 
a substantial reduction. It isa matter of common 
knowledge that railway charges on the southern 
lines have been higher than on those running north, 
and that, further, the northern lines stand at the 
head of the ‘‘ principal railways having their termini 
in London.” When on December 19 the South- 
Eastern Railway Company and the London, Chat- 
ham, and Dover Railway Company sent to the 
press the announcement from which we have 
quoted, it was naturally imagined that they were 
entering upon a new and more liberal policy. 
The lessons taught by the example of more 
enterprising lines were, it was supposed, to be 
put in practice, now that the influence of Sir 
Edward Watkin was withdrawn, and the public 
were to be encouraged to travel. But on the 
appearance of the new rates on January 1, the 
revision of the fares was found to have been 
partly in favour of the company, and almost uni- 
formly against the third-class passenger. In a 
letter to the Times, signed, ‘‘A Resident in the 
District,” there was given a table, which we have 
pleasure in reproducing, showing that out of 86 
fares to competitive points, there had been only 
18 decreases, 26 remaining unaltered, and no less 
than 42 being increased. The third-class return 





fares have borne the brunt of the attack, and have 
been raised very considerably, particularly for the 
return tickets. For example, the return fare to 
Ashford is increased by 2s. 6d., to Chatham by 
1s. 7d., to Deal by 2s. 8d., to Margate and Ramsgate 
y 3s. 2d., to hester by 1s. 9d., and so on, 
varying from very little up to 50 per cent. 
This is where the analogy to the ‘‘ principal 
railways ” comes in ; they give little or no reduc- 
tion on return tickets, and the southern lines are 
following them in this respect. The single third- 
class fares have been increased in many instances, 
to bring them up to the full 1d. a mile scale, in 
cases where they had been reduced below this by 
competition. 


Fares from Victoria and Charing Cross. 














+ = increase. d = decrease. 8 = same. 
{ 
| Third-Class | Third-Class| First-Class | First-Class 
ick | Single. Return. | Single. Return. 
| Old. New.| Old, New.| Old, New.| Old, New. 
ja. d. 8. d.js.d.s.d.|s.d. ad.) 8,d. 6. d. 
Ashford ../4 6+4 9/7 4+ 9 611 9d10 018 8d17 6 
Beckenham. .|0 7+0 81 O+1 31 141 41 8+2 4 
Bickley ..|(0 9+1 0/1 6+2 0/2 08 2 O02 6+3 6 
Bromley ..'0 8$+0 11/1 5+ 110) 1 8+ 1102 343 3 
Canterbury...5 285 2/10 0+10 415 0d10 422 6d18 0 
Chatham ..|2 442 8/3 9+ 5 4/4 8+ 5 47 0+9 4 
Deal... ../61086 1011 0+4+13 816 10d13 825 8d24 0 
Dover 6 2+6 54/12 6+12 1117 0418 0125 Od22 9 
» express es | i 20 0820 0/33 6833 6 
Gravesend ..|2 082 0/3 088 08 68 3 64 68 4 6 
” 
cheap ../1 081 0/1 681 6/1 681 62 682 6 
Greenwich ...0 680 6'0 980 9/1 Os 1 U1 681 6 
Maidstone . |3 3+3 43/5 0+ 6 9|8 Od7 O12 6d12 0 
Margate -|6 2+6 7 10 0413 2,15 Od13 2/22 6423 0 
Martin Mill../6 10 8610 11 0413 81610d13 4125 3d28 4 
Ramsgate ../6 2+6 7 10 0413 215 Od13 222 6423 0 
Rochester ../2 3 +2 AE T+ 5 414 645 416 949 4 
Sevenoaks ../1 8 +111/3 44+ 310'5 O08 5 O}7 6+8 0 
Sheerness {3 68 3 6/6 0+ 7 0|610+7 Ol 4412 8 
” ot | 
cheap fas inlets. ai Gk steele hd toa s 
Walmer ../6 10 8 6 10 11 09+13 81610d18 825 3d24 O 
Whitatable |.'5 285 2 10 0+10 4115 0d10 4'22 6di8 0 
Increases 42| Same 26| Decreases.. 18 





There have been some very substantial reduc- 
tions among first and second class fares, such as (for 
the first class) from 11s. 9d. to 10s. to Ashford ; 
from 15s. to 10s. 4d. to Canterbury ; from 16s. 10d. 
to 13s. 8d. to Deal ; from 17s. to 13s. to Dover; 
and from 15s. to 10s. 4d. to Whitstable. This re- 
vision of fares however, does not extend to the 
express trains to Dover, which are now 50 per cent. 
over the ordinary fare. As regards the Continental 
traflic, the South-Eastern and Chatham lines are like 
the bold bad barons of the Middle Ages, who built 
their castles to dominate the passes of the country, 
and then gave travellers their choice of paying toll, 
or of scrambling over the mountains. In the present 
case the choice lies between paying excess fares or 
enduring some additional hours of sea-sickness, 
and statistics show that there is an increasing 
number of people who are more or less indifferent 
to the risks of mal de mer. The Dieppe and Hook 
of Holland services exhibit a steady increase, while 
passengers by Calais grow yearly fewer. 

An analysis of the new rates shows that the 
third-class fares have been brought up to 1d. per 
mile, both single and return, the second-class fares 
to 1jd. per mile both single and return, and the 
first-class to 2d. single and 1?d. return. As far as 
the second and third classes are concerned, there is 
no reason here for any public outcry, nor for 
members of Parliament to threaten, as they have 
done, to block all future Bills of the two companies. 
Neither the Midland nor the North-Western carry 
their passengers more cheaply than this, and there 
is no expectation that they will go below the penny- 
a-mile limit. Of course the third-class passengers, 
who form 88 per cent. of the whole, find it very 
unpleasant to have their return fares raised, and it 
may be doubted if it be wise to irritate them ; but 
there is no ground for saying, as has been done, 
that the “‘ official circular of the companies was 
worse than a mere blind.” The public has plenty 
of well-founded causes of complaint against the 
companies, particularly against the South-Eastern, 
for slow trains, bad time-keeping, filthy stations, 
indifferent rolling stock, and the like; but the 
charge of making unjustifiable additions to the 
fares cannot be sustained. 

In all parts of England the first and second class 
passengers are charged an excessive amount for the 
extra accommodation afforded them. The latter 
usually get nothing for their additional farthing 
a mile beyond what is accorded to the third-class 
passenger, except a different pattern of cloth on 
the carriage seats. Until the coaches leave the 
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upholsterers’ hands it is impossible to say whether 
they will be labelled ‘‘second” or “third.” The 
first-class passenger certainly has some substantial 
advantages in the matter of room, and also as re- 
gards the softness of his cushion. But the fact that, 
year by year, the public is migrating to the third- 
class carriages shows conclusively that the ad- 
vantages afforded to the higher classes are not 
worth what is asked for them. As regards the use 
of the line and of the stations, the service of signal- 
men and inspectors, and speed of transit, all classes 
stand on a practical equality. The first class 
costs the company twice as much as the others for 
haulage, and a trifle more for interest on rolling 
stock. But these two items certainly do not require 
4d. per mile per passenger to cover them, or any- 
thing like it. With the exception of the chief 
expresses, and of suburban trains at morning and 
evening, the cost of hauling trains has little rela- 
tion to the number and classes of the passengers, 
for the third-class compartments are seldom more 
than half-full. On well-filled trains the profit is so 
great that a little more expense is not felt. This is 
seen by the institution of third-class corridor trains, 
with dining and lavatory accommodation, on all our 
trunk lines. The seating capacity of these trains 
cannot be more than 40 per cent. per ton of dead 
load of that of ordinary trains, and yet it would be 
foolish to suppose that they were inaugurated with 
the prospect of a loss. 

The time is approaching when the railway com- 
panies will have seriously to consider if something 
cannot be done to rehabilitate the upper class 
carriages in the eyes of the public, unless they are 
prepared to relinquish entirely the profit that arises 
from them. The third class is now so comfortable 
that there are only two reasons for desiring any- 
thing else. Oneis that the complement of five on a 
side 1s one too many for a long journey, and the other, 
that rough companionship cannot always be avoided. 
The latter of these, although a somewhat infre- 
quent experience, is so real a risk that some people 
would pay an increased fare if there were absolutely 
no difference whatever between the carriages of 
different classes, in order to secure themselves from 
the association of drunken, dirty, or disorderly 
persons. Butthe majority of travellers are neither 
so sensitive nor so timid as to regularly increase 
their expenditure by a considerable amount in order 
to avoid an occasional unpleasant half-hour. If they 
are to be tempted into the higher classes, it must 
be done by the offer of reduced fares or very in- 
creased comfort. The latter seems scarcely possible. 
There is, indeed, one point in which our railway 
service is perfectly barbarous — we refer to the 
want of proper warming apparatus ; but he would 
be a bold, and also a very foolish, manager, that 
would propose to fit steam-heating appliances to the 
first and second class carriages and leave the third 
class in their present miserable condition. Even 
eflicient warming apparatus would only be of ser- 
vice some five months, or so, in the year. 

A substantial reduction of fares seems to be the 
only possible means of converting the first-class 
traflic from a dwindling to an increasing feature in 
railway business. Not only will the 2d. per mile 
of the South-Eastern and Chatham Companies have 
to come down, but also the 14d. per mile of the 
northern lines. The habit of going third-class is 
one that grows on people, and has already taken a 
strong hold on the nation. Directors never cease 
to deplore it, because the first and second class 
traffic has, in the past, been wonderfully lucrative. 
It came under the denomination of a ‘ plum” 
rather than of an ordinary commercial profit. 
Unfortunately the days when business yielded 
plums have passed away, and now all that can be 
expected are ordinary gains. In 1893 the average 
amount received per mile of line open, from first- 
class passengers, in England ard Wales (omitting 
season tickets) was 175/., out of the total passenger 
receipts of 1802I/., so that there is still ai amount 
worth saving. There was, however, a decrease of 
2.1 per cent. on the sum received from first-class 
passengers, and no less than 10.2 per cent. on that 
from second-class passengers. This latter is a 
rapidly disappearing quantity. The public is evi- 
dently of opinion that it is foolish to pay 25 per 
cent. extra for the privilege of riding in a carriage 
with a blue lining instead of a red one, and is rapidly 
abandoning the habit. As for first-class passengers, 
10 years ago they formed 4.5 per cent. of the whole, 
but now have fallen to 3.2 per cent. (exclusive of 
season-ticket holders); the actual—not relative— 
decrease in their numbers has been 13 per cent. 


The falling off is, however fitful, for there were 
more first-class passengers in 1893 than in 1889 or 
1888, while in 1892 there were more than in any 
year since 1887. These figures refer only to Eng- 
land and Wales. In Scotland the decline is more 
regular, but, contrary to public opinion, there is still 
a larger percentage of first-class passengers in 
Scotland—5 per cent.—than in the southern part of 
this island. This is partly explained by the fact 
that the second class has been nearly abolished in 
Scotland. 

We have only to gather a few examples of fares 
to realise that the extra amount charged for the 
upper classes is out of all proportion for the advan- 
Examples 0, Railway Fares. 








London to | First. Second. Third. 
i eee | oe, 22. 
Aylesbury .. os - ar 5 10 44 211 
Bacup.. oo oe oe oo or ae = 16 04 
Bangor ee a “< ° 38 4 28 0 19 11 
Beccles ae os ss 20 3 e: 9 2 
Bournemouth “4 “ * 22 0 15 6 9 0 
Chatham... os ee ae 5 4 3 4 28 
Chichester .. os os Pi ee 9 6 5 6 
Clevedon .. a = --| 2 4 17 8 ll 6 
Derby 17 0 oh 10 7 
Dolgelly ae Oe oe fee 28 4 18 10 
Glasgow a es oe --| 58 0 ea 33 0 
Gloucester .. +e --| 20 0 15 0 9 8 
Harwich .| 13 3 im 5 11} 
Heytesbury .. oo os --| 20 8 15 3 9 0 
Plymouth .. .. .. --| 46 6 32 10 18 8 


tages offered. We have taken them entirely at 
random, but it will be seen that the first-class fares 
generally are over 2d. per mile, except on the Midland 
Railway, and on competing lines. There is, how- 
ever, generally some reduction on return fares 
first class. The passenger who pays an additional 
13s. over the third-class fare of 9s. to Bournemouth, 
must either feel that he is paying dearly for his com- 
fort and social distinction, or be quite indifferent to 
economy. He paysat the rate of 3.6s. per hour for 
being whirled along at express speed over a line, 
costing some 50,0001. per mile, and watched 
with unceasing vigilance by an army of trained 
signalmen, and at the rate of 5s. an hour extra for 
the temporary use of a thick cushion worth less than 
a pound. The second-class passenger pays 2.15s. 
per hour for the distinctive colour of his carriage 
lining. Surely one-eighth of a penny per mile, 
second class, and a farthing, first class, would 
‘fully cover the cost of these advantages. For 5s. a 
sleeping berth can be obtained, occupying a space 
equal to half a first-class carriage, all the way from 
Glasgow to London, and from the way the com- 
panies advertise the sleeping cars, we may assume 
that they pay. The Glasgow passenger is charged 
25s. extra for a single seat, or 30s. if he wishes fora 
bed, although the latter costs the company twice, 
or three times, as much to haul. 

We know that many railway men share our 
opinions in regard to first and second class fares, 
but their directors oppose all change. The first- 
class passengers bring in a fairly steady sum, which 
they regard as sure. The case is different with the 
second class; the receipts per mile of line open 
during the four years ending and including 1893, 
were respectively 1611/., 154/., 144/., and 1231. At 
the present rate of decrease they would practi- 
cally disappear in a few years, and if any ex- 
periments are to be made, this is the opportunity. 
It would not be a very serious risk. The 
total sum received in England and Wales in 
1893 from second-class passengers (apart from 
season-ticket holders) was 1,775,089/., and in 1892 
2,049,3511. This is nearly a quarter of a million 
sterling decrease, and it may safely be assumed that 
further, losses have accrued since. A reduction of 
fares would certainly stop the falling off in number 
of passengers, and in time would probably turn the 
receipts into the ascending scale. The matter is 
worth a trial, for the plan of charging 25 per cent. 
extra for no extra accommodation is evidently 
doomed. If success followed the attempt, directors 
might be induced to proceed further, and reduce 
all first-class fares to the 14d. scale, and afterwards 
still lower. Operating expenses are growing, and 
will continue to grow, and one way of meeting them 
is by tempting passengers out of the third-class 
carriages. 


THE PORT OF LONDON. 
THE ports and harbours of the country are not 
exempt from the competition for business which is 
characteristic of the age. In the comfortable pre- 














railway days the existence of a big city as a centre 


of population was sufficient to insure a due pro- 
portion of shipping for any river flowing through 
such a district ; but nowadays due facilities must 
be given, or imports and exports will be taken to 
some other ports and transferred to the district 
overland. In the earlier part of this century we 
had a striking example, in the case of Bristol, of 
commercial decadence following the failure of port 
authorities to recognise the fact ; and Liverpool, in 
these latter years, has seen her supremacy in the 
Atlantic trade, which was founded on the supine- 
ness of Bristol, threatened by reason of lassitude in 
keeping her sea approach up to the requirements of 
the big ships of to-day. The Liverpool autho- 
rities have, however, grasped the situation, and the 


_| extensive dredging on the Mersey bar has shown 


that things once declared impossible may be 
effected if full advantage be taken of the improved 
engineering facilities of the day. Glasgow has 
made her position by making the Clyde ; Newcastle 
would long since have sunk into comparative insig- 
nificance had it not been for the activity of the 
Tyne Commissioners ; whilst Cardiff, the Hartle- 
pools, and Barrow, to take no other instances, 
have been called into existence by the dock accom- 
modation they afford. On the southern coast 
we have a notable example in Southampton of de- 
cadence following upon failure to keep up an ade- 
quate depth of water to the sea, and a subsequent 
brilliant revival of prosperity when improvement 
in this respect has been effected. The River 
Thames, with its unrivalled estuary and ample 
tidal flow, affords such a grand natural harbour 
that London has been able largely to hold her 
own against the competition of other ports 
of the kingdom, without great effort on the 
part of those whose duty it is to look after 
her waterway to the sea. The time has come, 
however, when the increase in the size of ships 
renders it imperative that more energetic measures 
should be taken ; for not only is the metropolis 
threatened with the competition of the other ship- 
ping centres of the kingdom, but the adjacent Con- 
tinental ports are now entering into active compe- 
tition for trade which once came to London asa 
matter of course. In fact, the Continental ports 
are making the most strenuous efforts to take from 
us our shipping trade, and unless these efforts are 
met by corresponding energy on our part, we shall 
surely see shipowners preferring foreign to British 
ports ; a proceeding that will certainly result in 
the transference of a large number of vessels to 
foreign flags. 

The Thames Conservancy Board now controls the 
destinies of our ‘‘ Sovereign River,” as the Thames 
was known inearlier years. Formerly the Corpora- 
tion exercised the functions of port authority ; but 
it is only during the present century that it appears 
to have been thought necessary to do anything to 
improve the river below London Bridge, for, 
according to Mr. Gough, the present secretary of 
the Conservancy Board, no systematic control of 
the Port of London was exercised previously to 
1799. It is true that the Trinity House did a good 
deal of dredging in the Lower Thames, but that 
was simply for the sake of getting ballast, the sole 
right of procuring which, between London Bridge 
and the sea, having been vested in that ancient 
body by Queen Elizabeth. Many shoalsand banks 
were doubtless removed by these operations, but 
that was only if the material dredged up was suit- 
able for ballasting vessels, and if an obstruction to 
navigation was composed of mud or hard soil, it 
was allowed to remain unmolested by the opera- 
tions of the dredger. In 1857 the Thames Con- 
servancy Board was formed, but three years pre- 
viously to that the Corporation had constructed a 
powerful dredger which was employed in the im- 
provement of the navigation. 

So much for ancient history. No doubt the ac- 
commodation provided by nature was sufficient for 
the ships of past times, to maintain the position of 
the Thames as a port. Since then we have done a 
little, but not very much, to make London acces- 
sible from the sea; and at the present time the 
river is no more than 12 ft. deep at the Thames 
Tunnel when it is low water and spring tide. Ac- 
cording to Mr. C. J. More, the engineer to the 
Conservancy, 2,196,740 cubic yards have been 
dredged from the river below London Bridge 
since 1878; but, though that seems a great 
deal of material, it appears not to be considered 
enough by those who use the port, and the 
Conservancy has been urged to greater exer- 








tion by the shipowners. In response to the 
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appeal a systematic programme of dredging has 
been set on foot, by which the waterway between 
London and the sea is to be improved to the follow- 
ing extent: Between London Bridge and the 
Thames Tunnel a channel 200 ft. wide and 18 ft. 
deep at low water spring tides will be dredged ; 
from the tunnel to near the Albert Dock entrance 
the width is to be increased to 350 ft., the depth 
remaining the same; from the Albert Docks to 
Crayford Ness—the point at which Erith Rands 
joins Long Reach—the channel will be 500 ft. wide 
and 22 ft. deep ; whilst from the top of Long Reach 
down to Yantlet, opposite Southend, there will be 
a width of 600 ft., and a depth of 24 ft. 

Although this programme is far more ambitious 
than anything yet undertaken by the Conservancy, 
it does not appear to satisfy many who are inte- 
rested in the navigational facilities of the river, and 
in response to a demand made, the Board of Trade 
has recently appointed a commission of inquiry on 
the subject, the commissioners being Mr. J. Wolfe 
Barry ; Vice-Admiral Sir George Nares, of the 
Harbour Department of the Board of Trade; and 
Mr. G. L. Lyster, chief engineer of the Mersey 
Docks and Harbour Board. Three sittings have 
already been held, in the course of which Mr. 
More gave the details we have here quoted. 

Descending to the mouth of the river, we find 
from the evidence of certain pilots examined before 
the commission, that matters are by no means satis- 
factory. Mr. Thomas Martin, who had had 40 
years’ experience, said that, when he first became 
a pilot, ships of 600 tons, with a draught of 9 ft., 
were the largest with which he had to deal, but the 
largest ships of the P. and O. Company, in whose 
service he was employed, were 7000 tons, and had 
a draught of 26 ft. 6 in. In the lower part of 
Gravesend Reach there was sometimes not more 
than 23 ft. of water, and in places where there was 
formerly a depth of from 31 ft. to 35 ft., there was 
now only 25 ft. to 27 ft. 

The difficulty of dealing with the question will be 
appreciated when it is stated that though there is 
ample water for vessels of the heaviest draught off 
Gravesend itself, where the river is narrower and 
deeper, yet it is often impossible for large ships to 
get to safe anchorage there, owing to the shallower 
water lower down, there being very little water at the 
part where Gravesend Reach and the Lower Hope 
meet ; whilst, again, at the top of Sea Reach, there 
is another shoal part. Lower down, just before 
reaching the Nore Sand, but on the north side, there 
is a somewhat extensive flat known as Leigh 
Middle, and a good deal of the evidence turned on 
improvement of the channel at this point. So far 
as the sand itself is concerned, we do not suppose its 
removal is advocated, as there is a fairly wide channel 
to the south, but in this there is very little water 
at times, less than there is even in the Lower Hope 
just below Gravesend. Mr. Martin very rightly 
urged that a greater depth of water should be given 
here; and, indeed, deepening of the river right 
from the Nore to the Chapman light appears to us 
the most urgent necessity of the whole case. At 
the present time a big ship cannot get into the 
Thames at all after low water until the tide has 
flowed for some time, so it is comparatively useless 
giving more draught from Yantlet upwards, when 
ships cannot get to the deeper channel. What, how- 
ever, is wanted, as a first instalment towards river 
improvement, is a deep-water channel from the Nore 
to Gravesend, which is a convenient place for ships 
to lie, if they must be kept waiting for water before 
going up to London or the docks above. It should 
be no great task for the Conservancy to give 30 ft. 
up to Gravesend Reach. If it were Antwerp 
or Hamburg, there would be no question about the 
matter, and unless something is done on the 
Thames shortly, there is little doubt that much of 
the shipping trade of London will be diverted to 
other ports, probably the bulk of it to those Con- 
tinental cities. In Southampton Water there will 
be shortly 30 ft. of water right up to Southampton 
Docks, there being only one short distance off 
Netley to dredge to give that depth at all states of 
the tide. 

The result of the Board of Trade inquiry is that 
an entirely new survey of the Lower Thames is 
to be undertaken, and it is proposed that borings 
shall be made to show the nature of the bed 
in the channel. Undoubtedly this will result 
in a valuable addition to our knowledge of the 
sea approach to the Port of London, for the 
existing charts are not altogether trustworthy. 
It is not, however, necessary to prove the absolute 








need of an improved channel to enable London to 
hold its own with other shipping centres at home 
and abroad. It is big ships that pay, and deeper 
draught is a necessity for bigger ships. We find 
that even in cargo steamers the tendency is largely 
towards increased dimensions. Vessels of this type 
up to 4000 tons are frequently met with, while 
6000 to 7000 tons will not apparently be by any means 
an exceptional size in the near future, and we 
hear of cargo steamers now being built that will be 
of over 10,000 tons deadweight capacitv. Sir E. 8. 
Dawes, speaking on behalf of the British India 
Steam Navigation Company, said it was absolutely 
necessary, in order to meet competition, to employ 
ships of larger draught ; whilst another representa- 
tive of extensive shipowning interests spoke of 
the increased accommodation offered by the Port 
of Antwerp. These improvements in the Belgian 
port had resulted in it becoming the centre for 
many direct lines, which formerly carried on a 
transhipment business through London, Liver- 
pool, and other British ports. No doubt this 
is largely due to the reduction in dues, but 
in any case, London cannot hold her shipping 
trade unless the river is made capable of admitting 
the larger ships that are demanded in order to meet 
the conditions essential to successful competition in 
the present day. 





POST-OFFICE TELEGRAPHY. 

Some time since we called attention to the un- 
satisfactory financial results which had attended the 
working of the Post-Office telegraphs. No improve- 
ment has since occurred; on the contrary, matters 
appear, if anything, to be drifting into a still worse 
condition. After allowing for interest upon the 
stock issued to provide for the cost of the telegraph 
lines taken over by the Government, the financial 
year 1893-4 resulted in a loss of 473,7351., as com- 
pared with a corresponding loss of 465,7701. in 
1892-3, a corresponding loss of 389,166/. in 1891-2, 
a corresponding loss of 231,0321. in 1890-1; 
a corresponding loss of 197,6901. in 1889-90, a 
corresponding loss of 265,183]. in 1888-9, and a 
corresponding loss of 332,5011. in 1887-8. During 
this period the telegraph system has been entirely 
rebuilt and greatly extended out of revenue, so 
that the country has a valuable asset that does 
not appear in the accounts. Bad as the annual 
results undoubtedly seem, the outcome of each 
year would have been still more discouraging 
had not revenue been credited annually with a 
certain sum representing what was supposed to 
be the money value of the telegraph work done 
by the Post-Oftice for other Government depart- 
ments. The sum thus credited in 1893-4 was 
45,0001. It appears only right and fair that the 
credit should have been taken. It must not be 
inferred from the figures which we have given 
that the Post-Office telegraphs do not carry on 
a large business. So far from this being the 
case, the volume of telegraphic correspondence 
is continually growing, the number of telegrams 
forwarded having risen from 53,403,425 in 1887-8 
to 57,765,347 in 1888-9, 62,403,399 in 1889-90, 
66,409,211 in 1890-1, 69,685,480 in. 1891 - 2, 
69,907,848 in 1892-3, and 70,899,498 in 1893-4, 
Good times or bad times, telegraphic business is 
thus always expanding with the growth of popula- 
tion and the progress of education ; as with letters, 
so with telegrams, they have ceased to be the 
luxuries of the few, and have become the necessities 
of the many. 

It must not be inferred for a moment that 
because the Post-Office authorities have failed to 
make their telegraphic business remunerative to the 
State, they do their work in an unsatisfactory and 
perfunctory manner. In the early days of Post- 
Office telegraphy there was undoubtedly room for a 
considerable improvement ; but the ‘‘Department”’ 
—as it is fond of styling itself—has certainly in- 
creased in assiduity and efficiency during the last 
10 years. The old financial difficulty, however, 
remains ; the Post-Office authorities still appear, as 
much as ever, unable to obtain the modest return 
of even 3 percent. upon the capital which the State 
has invested in its telegraphic venture. Three main 
influences appear to have brought about this result. 
In the first place, it is a matter of comparative in- 
difference to Government telegraph officials whether 
they earn a profit or not. ‘The Department” 
indulges once a year in a flourish of statistics 
to show that it is hard at work; but this is 
about as much as it ever attempts. In the 





second place, the rates charged for the transmission 
of press telegrams are ludicrously inadequate, when 
contrasted with what the lawyers would term the 
‘*work and labour done.” Press matter is for- 
warded by the column night after night for a 
mere pittance, and although Lord John Manners 
attempted, when he was Postmaster-General, some 
years since, to set matters right, the praiseworthy 
efforts which his lordship made upon the subject 
resulted in failure. In the third place, it is very 
doubtful whether the reduction in the tariff for 
ordinary telegrams to a minimum of 6d. per 
twelve words was not made too soon. Such a 
reduction would have been justifiable if the Post- 
Office telegraphs had been earning the 3 per cent. 
which has to be provided annually upon the capital 
devoted to their establishment ; but as they have 
never succeeded in any one year in clearing this 
3 per cent., it was a piece of bad finance to bring 
down the minimum charge for telegrams to 6d. 
There has, no doubt, been a great increase 
of business in consequence of the reduction, 
but this increase of business has failed at present 
to compensate ‘‘ the Department” for the increased 
expenses which it has had to sustain. The number 
of telegrams forwarded went at a bound from 
39,146,283 in 1885-6 to 50,243,639 in 1886-7, while 
the aggregate was carried in 1893-4, as we have 
already shown, to 70,899,498. But it is obvious 
that 70,000,000 telegrams could not be forwarded 
with the same staff as that with which 39,000,000 
of telegrams could be transmitted; and, as a 
matter of fact, the working expenses of the Govern- 
ment telegraphs have increased very heavily during 
the last 10 years, having risen from 1,820,7641. in 
1884-5 to 2,754,0541. in 1893-4. 

It is not without interest to observe that London 
provides the lion’s share of the business done by 
the Post-Office telegraphs. In 1893-4 the whole 
number of telegrams transmitted by the Post-Oftice 
was 70,899,498, to which London alone contributed 
23,501,876. The Scotch do comparatively little 
telegraphic business, the whole number of Scotch 
telegrams forwarded in 1893-4 being only 7,279,894. 
The number of Irish telegrams was still smaller, in 
1893-4, coming out at only 3,987,852. The English 
and Welsh provincial districtscontributed 36,129,876 
telegrams to the whole aggregate of 1893-4. It is 
noticeable that London telegraphic business has 
remained, however, stationary during the last three 
years, while it has even fallen off a little, the 
number of telegrams in 1891-2 having been 
23,911,238 ; in 1892-3, 23,554,094 ; and in 1893-4, 
23,501,876, as already indicated. The number of 
metropolitan telegrams increased steadily, how- 
ever, year by year up to 1891-2, having been 
2,863,821 in 1870-1, 6,350,714 in 1875-6, 11,176,459 
in 1880-1, 15,081,433 in 1885 6, and 22,831,033 in 
1890-1. 








ELECTRIO TRACTION.—No. II. 
By Purr Dawson. 

Tue following are the detailed working expenses 
per car-mile of an exceedingly well - equipped 
electric street railway, operating 150 miles of track, 
130 motor cars, and 75 trailer cars. The motor- 
car mileage is three times as great as the trailer 
mileage. Table No. VI. shows how economically an 
electric line can be operated, even at high prices of 
both labour and material. 

Taste VI.—Detailed ay Operating Large Electric 


Pence per 
Transportation : Car-Mile. 
Car service (conductors, motor-men, d. d. 
starters, motor inspectors, transfer 
agents, &c. saa 4 ded .- 2.04 
Car-house expenses oie as we Ae 
— 2.200 
Motive Power: 
Power-house wages, coal, oil waste, &c. 0.650 
Maintenance of Track and Buildings : 
Track $05 ea age aes .. 0.015 
Buildings ... f- we zfs .. 0.010 
Overhead line oe ae ws «- 0.055 
—— 0.080 
Maintenance of Equipment : 
Power plant ua oad te «- 0.045 
Tools as ase as aes -. 0.010 
Various equipment a Be Pe 
otors a a ae Be as Glee 
Cars ... Sie sas os ea acs! “QO 
. —- 0.410 
Fixed charges... ina sed oi 5.475 
General Expenses : 
Salaries of clerks, &o. ... i ws 0.24 
Office expenses... we sed .. 0.155 
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" ‘Biesalinmeous (legal, insurance, da- 


mages, taxes, &c.) 0.365 


HS 





Total running expenses per car-mile ... 5.475 
TaBLeE VII.—Prices Paid for Labour in the Greater 

American Cities. 

Conductors and drivers per day 

of 10 to 14 hours kei ... 68, to 8s, 10d. 

Mechanics per day of 10hours... 7s. ,, 9s. Od. 


Foremen ee .- 8s. ,, 10s. Od. 
Motor cleaners ,, 99 vee 5B. yy 68, Od. 
Chief engine-driver in power- 
house, per month ; see 15/. to 251. 
Chief electrician in power- house, 
per month ts on na 16l. ,, 250. 
Horses cost from 10/. to 251. 
Mules ,, ,, 201. ,, 35/. 


it is not unusual for a street railway to lease its 
supply of power—either from another railway, or 
from lighting and power-distribution companies— 
on a basis of a given rate per car-mile, or per 
kilowatt-hour ; 14d. per car-mile, or from 0.55d. 
to 0.80d. per electrical horse-power, is about the 
rate charged for this service. At the latter rates, 
a company running cars 18 hours per day, and 
making 125 miles per car per day at an average 
cost in power of 10 electrical horse-power at the 
station switchboard per car, would pay the supply 
company from 8s. to 16s. per car per day. ; 
Let us now compare the cost of horse, electric, 
and cable traction, with a view to determining 
under what special conditions each of these systems 
is applicable, and wherein the advantage of one 
over the other lies. For this purpose, we will take 
three lines in the same city and under the same 
management, and compare their working expenses, 
the accounts of all three lines being kept in the 
same way. ‘The lines are of approximately the 
same length, and are working under fairly advan- 
tageous circumstances for each particular system. 
Taste VIII.—Comparative Cost of Working Horse, Elec- 
tric, and Cable Strvet Ratlways in same City and under 
same Management. 




















iat Horse. |Electric. Cable. 
Length of line in miles oe ++] 8 4 By 
Number of cars operated by horses ..| 13 
ia motor cars ; oe . a 10 
' trains, 1 gripcar and 1 
trailer a a os os “ $6 17 
Car mileage for six months -- «| 175,455 | 233,287 | 802,718 
Wages of ostlers. pence per car-mile ..| 0.3460 
Engineers and firemen ,, a . a 0.2700 | 0.1480 
Harness repairs, veterinary surgeon, 
water, &c., pence per car-mile - | 9.0€90 
Repairs, engines and machinery, penc 
per car-mile : - -. ah — 0.0010 | 0.2455 
Hay and grain, pence per car-mile 0.8435 
Fuel for engines es » Re 0.4145 | 0.2950 
Horse-shoeing ” ” 0.1005 
Oil and waste for engines ,, ° oe 0.0145 | 0.0180 
Water for boilers ” .- 0.0255 | 0.0285 
Lubricants, dynamos and motors, pence 
per car-mile oe i oo ° 0.0565 
Lubricants, cables and pulleys, pence 
per car-mile rm * ma 4 0 0215 
Renewal of live stock, pence per car- 
mile “ = - i .-| 0.1770 
Repairs, dynamos and motors, pence 
per car mile oe oe o> 0.6115 
Repairs and renewals of cable, pence 
per car mile a os - os 0.7125 
Repairs, conductors and trolley, pence 
per car mile ee - ee 0.1455 
Total in pence per car mile os --| 1.58€0 | 1.6890 | 1.4640 











The horse and electric lines considered in the above Table have 
easy gradients. The cable line in question has heavy gradients 
and crooked alignments. 

Let us consider how the working expenses in the 
three above cases would increase with an increase 
in the number of cars operated. With horse trac- 
tion the cost of motive power would grow nearly 
proportionately to the number of cars operated, or, 
in other words, the cost per car-mile would practi- 
cally remain the same whatever the number of cars 
operated might be. With electric traction a dif- 
ferent condition would exist—nearly the same 
number of engine-drivers, firemen, and quantity of 
waste and oil, would suffice for a station of 500 
horse-power as would for one of 100 horse-power. 
The cost of fuel does not grow proportionately 
with the number of cars, and, under favourable 
circumstances and good management, may increase 
but very slightly with a largely increased car- 
mileage. From a large number of observations 
made on various systems it may be taken that 
under average conditions the fuel increases with the 
car mileage in the proportion of two to three. The 
same holds good for water. The repairs account 
for generators, motors, and line may be supposed 
to increase proportionately to the car-mileage. 

In the case of cable lines, the cost of engine- 
drivers, firemen, lubricants for engines, cables, and 


pulleys remains nearly constant for any number of 
cars operated. The increased cost of fuel and 
water may be taken, as in the case of the electric 
line, to be proportionate to the car-mileage in the 
ratio of two to three, and the renewal and repairs 
of cable to increase with the car mileage in the 
proportion of two to four. From the above state- 
ment it is evident that whereas the cost per car-mile 
remains approximately constant with horses, no 
matter how traffic increases, both with electric and 
cable it decreases with the increase of car-mileage, 
and the decrease with the cable is more rapid than 
with the electric system. 

Against cable roads stands their necessarily 
heavy capitalisation, and it follows that it is only 
in the case of lines having a very large traftic that 
the cable pays. It may be said, after careful study 
of existing cable roads, now operated successfully 
from the investors’ standpoint in America, that for 
a perfectly level and flat road, supposing the 
average speed of the cars to be 10 miles an hour, 
the cable becomes preferable to the electric system 
when the headway upon which the cars are operated 
is, during certain hours of each day, considerably 
less than one mivute. Up to that point electricity 
is superior. Electricity undoubtedly finds a far 
larger field than the cable system. 

From careful study of the data kindly furnished 
by a great number of American electric and cable 
roads, it appears that on an average, a well- 
equipped and managed road can count on earning, 
in most cases, from 25s. to 50s. per annum per 
head of the population of the town or towns through 
which it runs. The introduction of mechanical 
traction has been demonstrated to cause an average 
increase of 30 per cent., and in many cases of cent. 
per cent. in the number of passengers. 

The largest electric railway equipment in the 
United States is that of the West End Street Rail- 
way Company of Boston, Massachusetts. Its three- 
power stations furnish an approximate total of 
13,000 electrical horse-power. The average monthly 
electric car-mileage of this line in 1893 was 
1,325,000 miles. On January 27, 1894, with 577 
cars and 71 snow ploughs running, the consumption 
of electric power at Boston was as follows : 

TabLeE I1X.—Current Output of West End Street 
Railway, Boston. 














| Mean Cur- . 
i Hours Maximum 
Stations. rent for the 
| Run. Day. Current. 
| amperes amperes 
Allston ee ae oe 16 1,203 | 1,580 
Cambridge .. a | 18 4,088 | 5,425 
Central bi a ‘s | 24 12,706 | 14,400 


The following figures, showing the rate of intro- 
duction of electric power during the past few years, 
are extracted from the annual reports of the West 
End Street Railway Company : 





ing expenses to be 64.44 per cent. of the gross re- 
ceipts. This reduction has been made, notwithstand- 
ing the fact that the additional investment required 
for electrical plant, and apparatus had to be provided 
for, and that such part of the former rolling stock, 
buildings, horses, &c., as was rendered useless or 
disposed of at a loss, had to be written off. More- 
over, the introduction of heavy motor cars, and of 
a service higher in speed, required that the perma- 
nent way should be reconstructed in many places, 
and much heavier metals employed. 

The adoption of electric motive power by the 
West-end Street Railway Company, practically 
established the economic value of that system of 
traction. Under the energetic management of 
Mr. Henry M. Whitney, its late President, every 
known method of mechanical traction was examined 
and tested to the fullest extent, regardless of the 
expense incurred by so elaborate an investigation. 
The supporters of accumulator traction and of 
systems employing sub-surface conductors, were 
given every opportunity to exhibit their practical 
value on the Boston lines under conditions of actual 
street-railway service. Many thousands of pounds 
were spent on experimentation by the Company, 
but no system successfully stood the test of com- 
mercial operation except the trolley-wire. From 
1888 to 1889 Boston was the Mecca of every in- 
ventor, promoter, and company interested in trac- 
tion improvements, and all were given a free hand 
and a fair field. It isimprobable that so extraordi- 
nary a competition will ever again be witnessed, 


TaBLeE XI.—Results Obtained by the Introduction of 
Electrical Motive Power on the Brooklyn City Street 
Railway. 





Brooklyn City Railway, | 
Company for the year, 








| 

ending June 30 .. aa 1891. 1892, 1 1893. 
Capital stock ° -. 1,200,0002. | 1,200,0007. | 1,800,0007. 
Funded debt ee +» 457,8007. 785,000. | 785,000/. 
Total net income .. ee 98,1007. | 104,795/. 144,145/. 
Total mileage of track .. 176 | 184 210 
Electric track mileage .. 6.4 | 20 120 
Number of passengers | 

carried .. - -| 73,700,000 | 78,500,000 | 83,196,302 
Total number of cars eg 1549 1603 | 1680 
Number of electric motor | 

cars.. oa o- 4 0 76 413 
Number of horses .. oe 5508 5587 | 4648 
Ratio of operating expenses 

to receipts e oa] Facb pie. 77 p.c. | 73 p.c. 





and no company of less financial strength, or with 
&@ more narrow-minded board of directors and 
executive, could have brought the contest to a suc- 
cessful issue. The prize offered was a grand one, 
for the decision of the West-end Street Railway 
Company carried with it not only the extensive 
contracts for its own re-equipment, hut the cer- 
tainty that the system approved by it would be 
accepted as conclusively superior by the great 
majority of the tramways of the United States. 


TABLE X.—Resvutts OBTAINED BY THE INTRODUCTION OF ELEcTRICAL Motive PowER ON THE Wrest END 





Street Rartway, Boston. 








1890. 1891, | 1892. 1893. | 1894. 








ToSeptember300f .. ..  .. «| 1888, | 1880. | 

Total miles of track .. ss | 233.24 234.69 244.00 | 259.80 268.33 | 272.89 

Miles electrically equipped .. oe os 65.46 81.23 | 148.04 182.50 212.47 (e) 

Number of horse cars... 1584 1794 | 1694 1662 | 1296 826 606 
1346 1509 (f) 


‘ electric cars. . 
Total revenue miles run 
Electric revenue miles = » se. ae 
Percentage of expenses to earnings oi 82 
Investment in electrics ~ os es os 





oa 47 } 337 469 (a) 1028 
15,431,758 | 16,573,831 | 17,665,360 |17,462,572(b) 17,498, 660(c)|18,669,809(d) 
Bis oe 4 | 9,622,000 


| 82 
| 85,2702. 


19,240,456 
14,189,054 16,794,961 
44 


’ '’ ) 











77 0. 68 
312,1320, oe | 1,188,8907. | 1,572,3342. 
| | 











twice the size of the regular two-horse car. 


(a) The long cars introduced at this time, and now almost exclusively used on the company’s electric lines, are almost 


(») Electric mileage.. 26.27 per cent. Horse mileage 73.73 per cent. 
c) 48. | ae 


3 ” 


” 8.63 
(d) ie 76.17 ,, es 21.8 
(e) And 25 additional miles partially electrically equipped. 
(f) And 103 electric snow ploughs. 
(Population of Boston, 1890, 448,477.) 





The decrease in the percentage of working ex- 
penses to gross receipts has varied almost directly 
in proportion to the introduction of electric plant. 
In 1888 and 1890, before the electric motors had 
been introduced, the percentage of expenses to 
earnings was 82 per cent. In 1890, as soon as the 
first outlying lines were electrically in operation, 
the percentage decreased to 77 per cent. In 1891, 
over one-fourth of the car-mileage being electrical, 
the percentage is again decreased to 74.4 per cent. 
In 1892, with nearly one-half of the total mileage 
run by motor cars, the percentage drops to 70.8 per 
cent. In 1893, over three-fourths of the entire 
— having been electrically equipped, we find 
the ratio of expenses to earnings only 68 per cent., 
and the statistics of 1894 show the present operat- 








The figures of the West-end Street Railway 
Company, showing decrease in operating expenses 
proportionate to the introduction of electrical 
power, are amply borne out by the results at- 
tained in many other instances. Table XI., 
given above, shows that the same practical economy 
— from the equipment of the Brooklyn (N. Y.) 
ine. 

To fully appreciate the conditions under which 
this great advance has been made it must be 
borne in mind that at the time when electric motive 
power was introduced, the permanent way and 
equipment of the street railways of the State were 
by no means in a satisfactory condition, and great 
expenditure had to be incurred before they were 
placed in first-rate working order. Large sums 
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were also disbursed in the necessary legal pro- 
cedure to secure new franchises or extensions of 
powers already granted. To secure the necessary 
authorisation for the erection of aérial conductors, 
in the face of the strong prejudice against their use 
then obtaining, was a tedious and costly matter. 
Moreover, the first work done was in many cases 
experimental and defective, and the total cost of 
re-equipment greatly increased by the necessity for 
radical changes in the methods and designs origi- 
nally proposed. 

The first cost of installation and equipment has 
naturally varied widely, according to local con- 
ditions and necessities, and it is, of course, impos- 
sible to fix, even approximately, any average which 
includes such items as land, paving, &c., which can 
only be determined by the circumstances of each 
case. From a large amount of data, most cour- 
teously placed at the disposal of the writer by 
American street railway managers and contractors, 
it would appear that the following figures are fairly 
accurate : 

TasLE XII.—Cost of Hlectrical Motive Power 
Installation. 
Initial cost of power-house, generating £ 
plant, car-shed, rolling stock, motors 
and their immediate accessories, per 
motor car equipped < ai 
Initial cost of permanent w y (exclusive 
of paving), rail-bonding, elevated con- 
ductors, wooden poles, insulation and 
suspension, per mile of single track ... 2000 

Lest it be thought that the figures above given 
are but isolated and peculiarly favourable examples 
of successful installations of electric motive power, 
the following tabular statement is given of the 
street railways of the State of Massachusetts 
(population in 1890, 2,238,943), showing the 
statistics of 1888, before the days of electrical 
traction, and those of 1893, when it had secured 
practically universal acceptance : 

Taste XIII.—Results Obtained by the Introduction of 

Electrical Motive Power on the Street Railways of the 

State of Massachusetts, 


1000 


Number of street rail- 1888, 1893. 
railway companies... 46 60 
Total mileage of track 533.59 874.14 

Mileage of track elec- ‘ 

trically equipped ... Nil 711.08 
Total number of car- 

milesrun... ‘ 23,244,767 34,507,282 
Total number of pas- 

sengers carried ... 184,478,319 213,552,009 
Gross earnings per £s. d. £ 8s. d. 

track-mile a Dil 2 910 
Operating expenses 

per track-mile << “2 2°68 114 4 
Net earnings per track- 

mile ... aes ae 0 9 74 015 6 
Gross earnings per 

car-milerun, in pence 14.7 15.7 
Operating expenses per 

car-mile run, in pence 11.9 10.8 
Net earnings per car- 

mile run, in pence... + 2.8 4.9 
Gross earnings per pas- 

senger carried, in 

pence... eee aa 2.5 2.5 
Operating expenses per 

passenger carried, in 

pence... as eas 2.1 17 
Net earnings per pas- 

senger carried, in 

pence ... ie Ae 0.4 0.8 
Percentage of operating 

expenses to gross in- 

come ... cee ss 81.0 69.26 
Percentage paid in 

dividends a 5.74 6.63 


(Reports of the Railroad Commissioners of the State of 
Massachusetts. ) 

A discrepancy will be noted in the figures of 
working costs given in Tables VI., VIII., and XIII. 
This is explained by the fact that Table VI. gives 
the results obtained on a most elaborately and 
perfectly equipped system of street railways, coals 
and labour being very expensive, and everything 
but interest on invested capital being included. 
Table VIII. excludes fixed and general charges, 
maintenance of buildings, and permanent way. 
Moreover, the daily car mileage of the electric cars 
of this system is much greater than that of the 
line referred to in Table VI., the average running 
speed being much higher. Table XIII. gives a 
much larger figure of operating costs. This is due 
to the fact that the street railways of the State of 
Massachusetts have been very extensively recon- 
structed, old equipments renewed, permanent way 
relaid, and these large disbursements charged to 
working expenses account in many cases. 

The enormous carrying power of an electric road 


when called upon to meet the demands of heavy 
service is an interesting feature. The following 
figures, given by Mr. Bowen, of the Chicago City 
Street Railway Company, show the work done by 
a electric line on ‘Chicago Day” at the World’s 

air. 

Fifty-one double-motor cars, 10 single-motor 
cars, and 73 trail cars were in operation over 26 
miles of track. During the day 208,575 passengers 
were carried, and 11,271 car-miles run. The maxi- 
mum output at the power house was 17,000 amperes, 
and the average for 20 hours about 1050. The 
minimum current registered was 750 amperes, and 
the average station pressure 540 volts. The coal 
consumed in the power house amounted to 23 tons. 
The ratio of expenses to receipts on this line is 
approximately 40 per cent. 

As showing the volume of business handled by 
American lines, it is worthy of notice that on that 
day the entire system of the Chicago City Railway 
Company, consisting of 98.21 miles of horse and 
34.97 miles of cable lines, besides the electric rail- 
way above referred to, carried 1,003,650 passengers. 








NOTES. 
Tue Cost oF Exectric ENERGY. 

Mr. R. E. Crompton read a paper before the 
Institution of Electrical Engineers last April, in 
which he suggested that it would ultimately be 
possible to supply current for lighting purposes to 
the consumer at 3d. per unit. This figure has not 
yet been reached, but from a report sent us by 
Messrs. S. Z. de Ferranti, it appears that during 
the past six months the cost, exclusive of interest 
and redemption charges, of the production of one 
unit at the Portsmouth Corporation Works has been 
only 2.4d. Such charges were estimated by Mr. 
Crompton in his paper at 1.68d., which, added 
to the 2.4d. above, would bring the total cost 
at Portsmouth down to just over 4d. The 
results at Portsmouth are claimed to establish 
a record, and would seem to show that it will be 
some time yet before the cost is brought down to 
Mr. Crompton’s estimate, as despite the old French 
proverb, it is the last steps that cost, each succeed- 
ing fraction of a penny being increasingly diffi- 
cult to knock off. The works at Portsmouth have 
only been open for six months, and the station is, 
accordingly, working with a less favourable load 
factor than it will probably have when the exten- 
sion is completed, and the area of supply increased. 
The total working cost during the time named 
has been 17731., and the revenue 3228]. Hence the 
working expenses have been 55 per cent. The best 
result we can find in the Board of Trade reports are 
as follows: At Liverpool the ‘‘ works” cost, for the 
low-tension system, is given as 2.1ld. per unit, 
and miscellaneous expenses bring it up to 2.86d. 
In the case of high-tension systems, the Metro- 
politan Electric Lighting Company’s returns show 
a works cost of 2.10d., and a total of 2.63d., per 
unit. At Newcastle the works cost is also 2.11d., 
and the total 2.89d., per unit. These results in- 
clude rents, rates, and taxes, as well as salaries, 
directors’ fees, office and legal expenses. It will be 
seen that they run the Portsmouth results pretty 
close. 

Scotcn IRoN AND THE Loss By STRIKES, 

The official statistics issued this week show that, 
largely as a result of the three months’ miners’ 
strike in Scotland (July to October), the make of 
pig iron last year decreased 128,253 tons, as com- 
pared with 1893, which, again, had a very small 
total to credit; on the two years the decrease is 
322,000 tons. But taking 128,253 tons as the 
decrease due to the strike, we find that, as the 
average price was 42s. 4d., the loss is equal to 
271,468). A great part of this was, of course, 
loss to the blastfurnacemen in wages. The iron- 
masters, to a great extent, were able to fall back 
upon public and private stocks, and, moreover, took 
more iron from England, but the demands made 
upon them show a considerable decrease. In the 
first place, the quantity of pig iron of all descrip- 
tions actually consumed (991,476 tons) was 41,657 
tons less than in the previous year. But if we 
consider Scotch iron only, the consumption was 
125,657 tons less, and the quantity exported 
coastwise, foreign, and by rail (258,329 tons) 
41,261 tons less, so that makers had thus to supply 
166,918 tons less than in the previous year. They, 
however, imported from Cleveland and other 


not so large as it otherwise might have been. The 
decrease in make was, as we have shown, 128,253 
tons, while the decrease in consumption of home 
iron and in shipments totals 166,918 tons, and this 
latter at 42s. 8d. per ton represents a loss of 
356,000/. Of this fully one-fourth is permanent loss, 
as it represents outside demands supplied by others, 
and as the needs even of Scotch smelters were sup- 

lied to the extent of nearly 20,000 tons by Cleve- 
land and other English makers, 41,500/. more is 
lost by Scotland to England. As for the remainder, 
the loss is national, as it is in depletion of stocks 
or stored wealth. The decrease in the public 
stock in Connall’s store, representing market war- 
rants, is 32,965 tons, but the stocks in makers 
hands have gone up 9774 tons, so that the net re- 
duction in stock is 22,661 tons, leaving the total 
358,599 tons. This diminution in stock is the only 
satisfactory feature from the point of view of the 
iron merchants ; still the prospects for the year are 
not favourable, although any indication of an ad- 
vance in prices would be considerably influenced 
by the light stock. But during the past year the 
market has been very stagnant, prices varying only 
from 41s. 3d. to 44s. 24d., points touched respec- 
tively in May and September, and it is impossible 
to see what is likely to occur. Certainly strikes 
cannot help either the trade or the market. 


InpraAnN Raitway Extensions. 


The Secretary of State for India, in a letter to 
Sir James Kitson, M.P., has given some desired 
and most interesting information regarding the 
Government programme of railway extension in 
India, and we are glad to note amongst the lines to 
be promoted several the importance of which we 
indicated in a previous article on the subject 
(page 457 of the preceding volume). It has been 
decided to provide 160 million rupees from State 
funds for expenditure during the three years ending 
March, 1897, not only on the completion of exist- 
ing lines, but on new railways just surveyed. In- 
cluded in the former is the East Coast Railway from 
Bezwada to Cuttack, which is a long link in the 
chain connecting Madras with Calcutta along the 
coast. There is also the metre line along the Mu 
Valley in Burma, which certainly will open up the 
trade in that country, now served only by water 
transport, as the line will serve districts from 
50 to 100 miles distant from the Irrawaddy, which 
is tapped not only at Mandalay, but by a branch at 
Katha, 50 miles below Bhamo. This line is being 
carried up to Mogaung, and work is progressing 
along the whole route. All bridges have been laid 
except on the northernmost section. The other 
schemes in progress are in the North-West Pro- 
vinces. Of the new lines, first place is given to 
the line from Madras to Bezwada, at the mouth 
of the Kistna River, the southern part of 
the East Coast trunk line to which we have 


aT referred. This latter is 291 miles long, 
and the estimate of cost is put at 25 million 
rupees. When this part and the Cuttack length 


is completed, of which 1744 miles is ready 
and about 200 miles more in progress, there 
will only remain 254 miles between Cuttack 
and Calcutta to complete the chain of some 920 
miles. The latter section, still deferred, includes 
the crossing of the Hooghly, and plans have been 
prepared for a tunnel 15,675 ft. or 6600 ft. long, 
according to gradients, the relative costs being 54 
and 3? million rupees. An alternative scheme for 
a wagon ferry has been prepared, the cost being 
830,667 rupees. There is another river crossing—-. 
the Roopnarian—the estimated cost of the bridge 
being 24 millions, and of tunnel, 2,130,773 rupees. 
These difficulties make the cost of the latter 
254 miles heavy—33 million rupees at the lowest 
estimate—and this is probably the explanation why 
this part is not meanwhile included in the works 
laid down by Mr. Fowler. The Kotri Rohri 
Railway (5 ft. 6 in. gauge) is also to be pushed 
ear | It is a line 206 miles long, which is 
estimated to cost 134 million rupees, exclusive 
of a bridge over the Indus at Kotri. This will add 
24 millions more to the cost. The line is to follow 
the left bank of the Indus, and opens up several 
trading centres, besides shortening the route to the 
north-west. Inthe Punjaub also a line is to be 
constructed from Wazirabad to Lyallpur, 116 miles 
long, which, when ultimately extended, will bring 
an important part of the frontier line very consider- 
ably nearer Kurachee than at present, owing to the 
neceesity of the long journey by Lahore or Kundian, 





English centres much more than in the previous 








year, so that the reduction in the Scotch stock is 
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new line will enable the journey to be made diago- 
nally from corner tocorner. Similarly a line from 
Delhi westward across the northern part of Raj- 
putana to Samagata, on the direct line south to 
Kurachee, will greatly shorten the route from the 
military stations to the seaboard, by saving the 
detour north and east by Lahore. This new 
line, 400 miles long, is to be constructed by 
a company, and negotiations are in progress 
by the Indian Government. 
will follow from the construction of 77 miles to link 
up the metre-gauge lines around Cawnpore. This 
is a Government scheme, as is also a line 61 miles 
long from Rutlam to Ujjain on standard gauge. This 
is likely to be intrusted to the Bombay-Baroda 
Company, as it is an extension of their system. 
The Bengal and North-Western Company are 
adding 115 miles of metre gauge to their system, 
and in addition negotiations are in progress for 
lines between Lakhiserai and Gya, in Bengal, south 
of the Ganges, and from the port of Mangalore on 
the west coast, 1364 miles inland, to the Arsikere 
on the Mysoresection of the Southern Mahratta Rail- 
way. This latter line will cost about nine million 
rupees. In addition, State funds will, as far as 
practicable, be provided for the prosecution of the 
Assam-Bengal Railway, a metre-gauge line 740 
miles long, which is now being pushed forward by 
a private company, and will, it is hoped, be com- 
pleted in June, 1898. 





Oraco Harsour Boarp.—The Otago Harbour Board, 
finding its present income altogether inadequate to meet 
its expenditure, has been obliged to revise the import and 
export dues. An extra 4000/. per annum is expected 
to be available as a result of the changes adopted. 


Corron Mrratuic Bettinc.—Mr. Julius Wallach, of 
57, Gracechurch-street, is introducing a driving belt made 
of cotton, reinforced with wire. The belts are, of course, 
very strong, and stretch but little. The edges of the belt 
are protected with leather strips interwoven with the 
body of the belt, so that the material may be used for 
shifting belts and crossed belts. Endless belts can be 
provided when desired, but the joints can also be made 
satisfactorily with the same overlap as with ordinary 
belting, good laces and fasteners being used. The wire 
does not come into contact with the pulley face, and hence 
is not liable to wear. The cotton, of course, takes an 
excellent grip on the pulley rims, and no great belt ten- 
sion is required to prevent slipping. 





May’s Sprep-CounTER AND CHRONOGRAPH.—Messrs. 
O. Berend and Co., 61, Fore-street, London, E.C., have 
recently introduced an ingenious form of speed-counter, 
which is combined with a chronograph. The instrument 
in appearance greatly resembles a centre-seconds stop- 
watch. The “‘hourand minute” hands, however, are not 
connected to the watch mechanism at all, but count 
the revolutions of the spindle of the instrument. In 
working, the spindle bit is inserted on the centre mark of 
the rotating shaft and allowed to run loose until it grips 
firmly. A gentle pressure then starts simultaneously the 
counter and the chronograph, and when the instrument is 
released the revolutions are read off in hundreds, tens, 
and units, whilst the centre second hand shows the 
time to } second. The watch action is non-magnetic, 
and can, therefore, be used safely in the neighbourhood 
of dynamog. 

InstiTUTE OF MARINE ENGINEERS.—On Friday last 
the 4th inst., the Institute of Marine Engineers held 
their annual conversazione at the Town Hall, Stratford, 
when a large number of members and their friends were 
present. In the entrance and the window recesses were 
arranged a number of pictures, photographs, models, 
&e., of objects connected with marine engineering 
science, perhaps the finest collection being that shown 
by the Silvertown India-rubber and Telegraph Works. 
This consisted of samples of various kinds of packing, 
telegraph cable, electric light appliances, torpedo firing, 
call bells, &. Messrs. W. B. Dick and Co. contributed 
fire-extinguishing apparatus; Messrs. Miller and Sons, 
lamps, paints, and lubricating oils ; Messrs. Dewrance, 
boiler fittings and shaft bearings; the Field Packing 
Company, steam traps and steam fittings; and Mr. 
Boaz showed his tube stopper, specially adapted 
for Serve tubes, in operation. Messrs. Anderson, 
Harris, and Rankin each exhibited their respective 
feed-water filters. Amongst other objects were sight- 
feed lubricators, by Mr. Axford; automatic packing 
rings by Mr. Mahany, a Mollerup lubricator by Mr. 
Shorey, model of a ship’s winch by Mr. Wotherspoon. 
The paintings, drawings, and ———_ also formed an 
interesting collection. The President of the Institute, 
Sir Thomas Sutherland, being unable to be present, the 
members and friends were received by the chairman of 
the Council, Mr. J. H. Thomson, Mr. Robert Leslie, and 
other members of Council. Mr. A. J. Durston is to be 
the President next year. Messrs. Manuel, Churchill, 


Thomson, Wymer, and Leslie were present, as well as 
Mr. 
was a long musical p 
disposed of there was 
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James Adamson, the honorary secretary. There 
mme, and after this had been 
ancing. The meeting was a very 
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MOUNTAIN RAILWAYS. 

At the ordinary meeting of the Institution of Civil 
Engineers on Tuesday, January 8, 1895, Sir Douglas 
Fox, Vice-President, in the chair, three communications 
having reference to mountain railways were read. 


Tue St. GoTHARD AND STANZERHORN RAILWAYS. 

The first paper, by Mr. Sigvard Johnson Berg, Assoc. 
M. Inst. C.E., was entitled ‘* The St. Gothard Mountain 
Railway and the Stanzerhorn Cable Railway.” In the 
reat variety of systems presented by its railways, 
Switzerland might be said to exceed almost all other 
countries, especially in regard to mountain lines. The 
special nature of the work required for mountain railways 
in general, for their protection from floods, landslips, 
and avalanches, was first dealt with, and it was stated 
that only in recent years had the avalanche question 
been systematically studied. Avalanches were divided 
into two classes, described as ‘‘ ground avalanches” and 
‘*snow-dust avalanches.” The former occurred when a 
consolidated mass of snow was set in motion by thaw or 
other causes, and descended at a comparatively slow rate, 
carrying earth, stones, trees, &c., along with it; the 
latter arose when the snow was newly fallen and the tem- 

rature below freezing point, and they descended at a 

igh velocity, accompanied by a cloud of frozen snow- 
dust. A third type, sharing the character of both classes, 
was also mentioned. All risk from avalanches might 
be disregarded on a well-wooded hillside. Protection 
might be obtained, where necessary, in two ways: 
either by building the line in a tunnel or gallery, or 
else by works of defence adapted to arrest the move- 
ment of the snow. In constructing galleries care should 
be taken to avoid placing the entrances to them in deep 
cuttings, and cuttings at the entrances to galleries should 
be levelled down on the side towards the valley. Barriers 
made to arrest avalanches were sometimes of dry-stone 
walling, and sometimes of timber or iron posts with rails 
or wattle work. These barriers were distributed in short 
lengths over the ground where avalanches were likely to 
originate, with their sides at right angles to the probable 
direction of motion. When timber posts were used, they 
were, as arule, from 5 ft. to 6 ft. 6 in. in length, and 
about 6 in. in diameter. In steep gorges, snow bridges, 
like hurdles, placed horizontally in the angle of the gorge, 
were used to break the force of a descending avalanche, 
although not adequate to stop it altogether. In con- 
cluding this part of the communication, a detailed ac- 
count was given of the St. Gothard Railway. 

The author next described the Stanzerhorn Cable Rail- 
way, which ascended from the Lake of Lucerne to near 
the summit of the Stanzerhorn, 6230 ft. above sea level. 
The line was divided into three sections, with a power 
station at each division. By this means a better align- 
ment was obtained than would have been possible if one 
cable had been used throughout. The capacity of the line 
for traffic was also increased, and the length of the cables 
reduced. The motive power was electricity, generated 
by an hydraulic motor at a distance of 24 miles. The 
noncomngge 4 station also supplied power to other con- 
sumers. The power stations were furnished with steam 
engines as a reserve. The line had two rails, except at 
loops, midway of each section, where the “up” and 
‘*down ” carriages passed. The gradients on the lowest 
section commenced with 1in 12 5 and ended with 1 in 3.7. 
The other sections both began with 1 in 2.5 and ended 
with 1in 1.6. The speed on the first section was 64 ft. 
per second, and on the others about 44 ft. per second. 
The whole journey occupied about 45 minutes, each sec- 
tion taking about 13 minutes. Each section had a fairly 
straight alignment, the highest section having the 
greatest curvature, amounting in all to 56 deg. The 
points at the passing places were automatic, the outer 
rail being continuous in each case, and the wheels 
on one side of each carriage having double flanges, 
while the other wheel was without flanges. No rack was 
used, this being considered a source of danger on such 
steep gradients from the possibility of the pinion mount- 
ing the rack teeth. The longitudinal section of the line 
approached closely to the ideal profile, requiring uniform 
motive power. The gauge was 1 metre. Steel sleepers 
weighing 51 lb. were used on the lowest section with 
rails of 40 lb. ee yard, in 10-metre lengths, spaced 
1 metre apart. The permanent way was anchored by 
vertical joists in blocks of concrete at every fourth rail- 
joint. On the twoupper sections the permanent way was 
the same, except that iron angle-bars, 5 in. by 34 in. by 
5 ft. long, were used as sleepers. The cable on the lowest 
section was 0.9 in. in diameter, weighing 4? lb. per lineal 
yard, and having a breaking strength of 244 tons. The 
cables of the upper sections were correspondingly heavier. 
The stress on the cable in the lower section, with a fully- 
loaded car ascending, was 3873 lb. at starting, and 
3942 lb. at the end of the journey. 

A telephone wire was carried along the line, so that the 
conductor could signal to the engine- house from any point 
on the line. 

The cost of the line was 58,000/., and the builders con- 
tracted to work it for thesum of 1500/. per annum, paying 
all expenses except renewal of cables and insurance of the 
passengers. 

In an appendix statistics were given of a number of 
Swiss mountain railways, classified according to the 
methods in which they were operated. 


THE MonistRoL-MonTSERRAT Rack RaILway. 
The second paper, by Mr. Alfred Collett. M. Inst. C.E., 


steep gradient and to the traffic, which mainly consisted 
of passengers. There was one intermediate station, A 
longitudinal section of the line showed the heaviest gra- 
dient to be 1 in 6.6, on which there was one tunnel 656 ft. 
long, and on a curve of 213 ft. radius. . 

The gauge was 1 metre. The rails were of steel, weigh- 
ing 40 lb. per yard, on transverse steel sleepers 6 ft. long, 
which weighed 59 Ib. each, placed 3 ft. apart except at 
rail-joints, where the distance was only 1 ft.6in. The 
rack was formed by two jin. plates carried by chairs 
bolted to the sleepers. The permanent way was anchored 
at intervals by rails driven into the ground behind the 
sleepers. The ballast was of broken stone retained by 
dry-stone walls 18 in. high and 10 ft. apart. Retaining 
walls were also built of dry-stone where banks had to be 
retained. 

The engines had two pairs of leading wheels loose on 
their axles, the same axles carrying pinions of 17 in. in 
diameter, which geared with the rack, and were driven 
by two cylinders of 12 in. diameter and 22 in. stroke. 
There was also a trailing axle. The engines weighed 
17 tons loaded and 13 tons light. The consumption of 
coal was 40.8 lb. per mile, but this might be reduced. 
The tractive force of these engines was 13,100 lb., and was 
sufficient to take two carriages of 11 tons each on the 1 in 
6.6 gradient at 4.3 miles per hour. It was intended to 
obtain heavier engines. 

The carriages were of two kinds, both on bogie frames, 
the one kind carrying 60 passengers, and the other 50 
with a luggage compartment. A hand brake was fitted to 
each carriage, to be worked by the guard, consisting of a 
pinion geared to the rack and checked by a band applied 
to the rim of a pulley on the same shaft. The locomotives 
had similar brakes on the two driving pinions, indepen- 
dent of each other, and also an air brake, in which the 
steam cylinders were used as air pumps, a jet of cold 
water being injected to cool the compressed air. The 
line was constructed in 12 months, and was opened in 
1892. As arule, 12 trains were run daily in the season. 

An appendix to the paper furnished statistics of numer- 
ous mountain railways on various systems. 

Tue Usvr Mountain Rattway. 

The third paper, on ‘‘The Usui Mountain Railway, 
Japan,” was by Mr. C. A. W. Pownall, M. Inst. C.E. 
The earlier railways constructed in Japan involved no 
heavy inclines, except where the trunk line from Kobe to 
Tokio had to gain an elevation of 1400 ft. in 14 miles in 
passing near the base of the mountain of Fujiyama; this 
was accomplished with a maximum gradient of 1 in 40, 
extending without a break for 6 miles. 

The railway here treated of was made to connect Tokio 
with the west coast of the mainisland. In doing so the 
central range of mountains had to be crossed at the Usui 
Pass. By the end of 1888, the railway had been built on 
both sides of the mountains, leaving a gap, the closing of 
which presented a difficult problem. In a direct line the 
distance from the base to the summit of the pass was 5 
miles, while the difference of levels was 1830 ft., or 366 ft. 
per mile. The conditions were, therefore, more difficult 
than those of the St. Gothard line in the ratio of 8 to 5. 

A considerable traffic in both directions across the pass 
existed prior to the construction of a railway. and this, it 
was expected, would be largely increased. The question 
was one of constructing an important through line, and 
therefore differed essentially from that of many mountain 
railways, where only tourist or mineral traffic had to be 
dealt with. An examination made in 1889 proved the 
possibility of laying out an adhesion railway, with a 
maximum gradient of 1 in 40 compensated for curvature, 
with a minimum radius for curvature of 10 chains, and 
with a length of 15} miles to the summit of the pass. 
About 44 miles would have been in tunnel, but no curves 
of less than 43 chains radius, and no heavy bridges, 
would have been required. The cost was estimated at 
about 20,0002. per mile, at the rate of exchange of that 
time. 

This proposal would have been adopted but for the 
accounts then received of the success achieved with the 
Abt system, as applied on the Hartz Mountain Railway. 
It was inferred from the results there obtained that a 
load of 100 tons could be taken on an incline of 1 in 15 at 
the Usui Pass at a speed of 5 miles per hour, and it was 
thought by reducing the length of the line to 7 miles that 
a saving of 500,000 dols. (33,000/.) might be made. A 
final survey in 1890 resulted in a decision to adopt the 
Abt system, with a rack incline of 1 in 15 for 5 miles, 
having a passing place half-way to increase the traffic 
capacity of the line. The aggregate length of tunnel was 
2? miles, the longest being 600 yards. All bridges and 
viaducts were built with brick arches, from a fear that 
girder construction would not offer sufficient support to 
the rack. The largest bridge was in four arches of 60 ft. 
span each, the height of the central pier to rail level being 
109ft. The piers were specially designed to resist earth- 
quakes, according to the formulas of Professor John 
Milne, F.R.S., and could resist an acceleration per 
second of 4 ft., which was 50 per cent. greater than that 
which broke the piers of the Kiso Bridge in the great 
earthquake in Japan of 1891. 

The gauge was 3 ft. 6in. The rack consisted of three 
plates, }% in. thick, bolted to chairs which were again 
bolted to the steel cross-sleepers of the permanent way. 
The rack-bars, with chairs and fastenings, weighed 
100 tons per mile, and their cost, including the sleepers, 
was 3000/. per mile, excluding freight and expense of 
laying. Details of the expenditure on the railway were 
given in Japanese dollars, and in sterling at the rate of ex- 





was entitled ‘The Monistrol-Montserrat Rack Railway.” 
This line conveyed visitors and pilgrims to the famous | 
monastery of Montserrat in Catalonia, 18 miles from Barce. | 
lona. It commenced 632 ft. above sea level, ard termi- 
nated at 2360 ft. The first intention was to use the Fell 
| system, but the rack was considered more suitable to the | 








change of 3s. per dollar. The total cost was 298,6697. The 
tunnels formed the heaviest item, and their average cost 
was 23/. 5s. per lineal yard, besides carriage of materials, 
which formed a separate item. The cost, including 
equipment, amounted to almost 42,700/. per mile. 


he locomotives had three pairs of coupled wheels, and 
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weighed 33.45 tons. The heating surface was 807 square 
feet, and the grate surface 18.5, giving a ratio of 43.5 to 1. 
The boiler pressure was 177 lb. per square inch. The 
heating surface was too small to allow the engines to de- 
velop the power expected, and only from 60 to 70 tons 
could be drawn in ordinary working at a rate of 4.7 miles 
per hour, the speed being reduced to 3 miles per hour 
when the load was increased to 100 tons. Great difficulty 
was at first experienced in keeping up steam, as it was 
not fully understood that the pinion cylinders should 
only be used as auxiliary, without being allowed to rob 
the adhesion cylinders of the steam necessary to develop 
their full capacity. Asthere was a strong forced draught, 
the amount of smoke at the lower speed was found to be 
aserious annoyance. Other and more powerful engines 
had been ordered with an additional axle, with which 
better results were hoped for; and it was thought that, 
with a larger consumption of fuel and diminished 
draught, the smoke might be reduced. An air brake was 
used, and also a continuous automatic vacuum brake 
throughout the train. Four passenger and five goods 
trains had travelled each way daily on the line during the 
first year’s working without accident. 





MISCELLANEA. 

Tue Russian Government has sanctioned the building 
of a telegraph line from St. Petersburg to the Marman 
coast—a plan which has been advocated by various autho- 
rities. The expenditure is calculated at about 500,000 
roubles. 


According to Rylands’ Circular there were on Decem- 
ber 31 in blast 342 furnaces out of the 715 built in the 
United Kingdom. This is 68 more than on Septem- 
ber 30. Four furnaces have been pulled down since 
September, and none have been built. 


The laying down of the blocks for the keelplate of the 
Czesar, a battleship of the Majestic type, has been com- 
menced at Portsmouth. Owing to the sharp contours of 
No. 12 Dock, it will be necessary to build her upon 
blocks of unusual height. The first plate will be laid 
down early next month. 


We understand that arrangements have been made by 
the Hay Local Board to acquire the water works from the 
Hay Water Works Company, Limited, now supplying 
the town with water, and that Mr. Edward Pritchard, 
M. Inst. C.E., of London and Birmingham, has been ap- 
pointed sole arbitrator to determine the amount to be paid 
for acquiring the undertaking. 


For the year the imports into the United Kingdom 
amount to 408,505,718/., compared with 404,688,178/., 
which is an increase of 3,817,540/., equal to 0.9 per cent. ; 
the exports of British and Irish products amount to 
216,194,2391., which is a decrease of 1,900,626/., or not 
quite 0.9 per cent. The exports of foreign and colonial 
merchandise amount to 57,966,484/., which shows a 
decrease of 1,076,921/., or 1.8 per cent. 


It has been decided to equip the seamen and marines 
of the Fleet with the Lee-Metiord magazine rifle in lieu 
of the Martini-Henry. The exchange will extend over 
a period of three years, ending in 1897, and so far as 
practicable the supplies for fit-out and reserves will be 
made in the following order: Marines at headquarters, 
marines and seamen on board ships at home, marines and 
seamen on board ships in the Channel Squadron, and 
finally ships on foreign stations. 


The exports of iron from the United Kingdom in 
December are more again both in quantity and value, the 
chief increase being in tinned plates, the total quantity of 
the latter being 38,245 tons, compared with 23,824 tons; 
and of these amounts 24,677 tons and 14,031 tons respec- 
tively were shipped to the United States. Machinery is 
15,0007. more in value, locomotives more than accounting 
for all the increase. Theshipments of arms, ammunition, 
and military stores are valued at 248,000/. more than in 
December, 1893. 


In a letter to the Times, Mr. J. Williams Dunford, 
M.S.A., gives the history of a rather peculiar transaction 
in the iron trade. A building contractor placed an order 
for an iron girder (simple construction) with a firm in the 
town of A. Through non-delivery at the specified time, 
inquiries were made as to how the matter stood. It 
transpired that the foregoing firm had transferred the 
order to a firm in the town of B; that this firm had given 
it out to another firm in the town of C (A, B, and C are 
English Midland towns) ; and finally, that the latter had 
placed it for execution in the hands of a Belgian firm. 


The complete reconstruction of the Sultan, which was 
taken in hand at Portsmouth after her disaster in the 
Comino Channel, is now nearly accomplished, and in a 
few weeks’ time she will make a steam trial of her new 
and modern machinery by Messrs. J. and G. Thomson, 
Glasgow. Doring ber previous commissions the Sultan 
was ship-rigged, and possessed great auxiliary sail power. 
It has now been determined to dispense with canvas, and 
the work of equipping her with a brace of iron military 
spars has been begun. The foremast will carry two tops 
and the mainmast a single one, each being provided with 
quick-firing guns. 


Messrs. Jacks, a well-known firm of iron merchants, 
state in their annular circular that in no branch of the 
manufactured iron trade can they at present see any sign 
of improvement.. The demand for steel for shipbuilding 
18 very quiet, while prices are unprecedentedly low, and 
until freights improve, of which there is as yet no indica- 
tion, there is unlikely to be any improvement in that 
branch. The rail trade also is extremely depressed, and 
though, later on, they look for an increased demand from 
the East, after the war between China and Japan is 


ended, as well as from the opening up of new markets, 
still, for the immediate future, the prospect is not hopeful. 
In the foundry trade the position is no better. The de- 
mand is very quiet, and though low prices and cheap 
money should encourage the placing of large orders for 
water and gas pipes, it will probably be a considerable 
time before such schemes take definite shape. On the 
Continent, however, and especially in Germany, busi- 
ness in the iron trade seems to have shown decided 
expansion, and though that improvement has undoubtedly 
been gained chiefly at our expense, on account, mainly, 
of the disastrous strikes which, during the past three years, 
have harassed our home industries, still, Messrs. Jacks 
do not believe that the change for the better is due entirely 
to that cause, and if it continues there is every reason to 
hope that this country will derive great benefit from it, 
through less severe German competition in forgign 
markets—and, indeed, we have already profited to no 
inconsiderable extent from the improvement in Germany, 
as is shown by the unusually heavy shipments during the 
past year of Middlesbrough pig iron to that country. 





THE ADULTERATION OF PORTLAND 
CEMENT. 
To THE Eprror or ENGINEERING. 

Str,—While agreeing with much that has been said in 
the interesting correspondence on the above subject in 
your columns, I wish to point out that the matter is not 
quite so clearly one of adulteration, as has been assumed. 

It has been superabundantly proved, as shown by Mr. 
Spoor, that the addition of limestone, sand, or, indeed, 
any other material, to a normal cement, acts simply as a 
diluent, but this does not appear to be the practice of the 
advocates of admixtures of ragstone. 

Their plan is to make a cement so highly limed, that it 
would be considered, and probably actually is, too dan- 
gerous, owing to its cracking propensities, for commercial 
use, but of abnormal tensile strength at early dates. 

If by any means the dangerous qualities can be coun- 
teracted with only a moderate reduction of strength, the 
process becomes more one of improved manufacture than 
of adulteration. : : 

I now suggest, as a hint to those having more leisure 
than myself for investigations, that 20 parts of added rag- 
stone contain about 24 parts of water as used commer- 
cially, but which would probably be absent in a laboratory 
specimen. : 

This water is sufficient to slake nearly 8 parts of quick- 
lime, and will have the peculiar property of leaving the 
particles of rag, and passing over to adjacent particles of 
lime to a great extent by saturating the surrounding in- 
tensely dry atmosphere, which in its turn will be dried 
by the thirsty lime. : : 

Now, by the crystallisation theory of the setting of 
cements, liquid water is required to produce a set, and 
consequently the vapour from the stone, will have no such 
deleterious effect on the mixture. ‘ 

It therefore appears probable that the beneficial effect 
of ragatone is simply the effect of its contained water, and 
that the addition of a much smaller percentage of mate- 
rial, such as kieselguhr, containing, say, 50 per cent. of 
water, would be in every way preferable, and should cer- 
tainly be tried. : : 

Fine grinding undoubtedly causes an increase in 
strength of cement, but Mr. Redgrave is in efror in sup- 
posing this to be the secret of Messrs. Macevoy and Holt’s 
undoubtedly good results, for the two following reasons : 

First, because fine grinding shows comparatively little 
improvement over coarse in neat tests. 

Second, because the degree of fineness adopted by them 
is insufficient to give the attained result with sand tests, 

It may be, after all, that with an overlimed cement, it 
is the unground particles which cause the mischief, and I 
have evidence proving that a finely-ground overlimed 
cement is not so dangerous as might be expected, but I 
strongly lean to the slaking theory, and trust that this 
will have due consideration in your columns or elsewhere, 

Yours faithfully, 
Purcy J. NEATE. 

Rochester, January 3, 1895. 


To THE Eprtor oF ENGINRERING. 

Srr,—In your issue of January 4, Mr. Redgrave says, 
‘* Will you kindly grant me space to assure Messrs. 
Macevoy and Holt that, as I think the context of my 
letter would prove, I did not intend to quote from their 
letter, but to impute to them an imaginary statement of 
the case of which they are the champions, s0 as to put 
‘ the matter in a nutshell.’ I see my rash use of inverted 
commas has laid me open to reproof, and I humbly 
apologise to them and withdraw the attribution to them, 
in the sense which they object to, of the facts mentioned 
by me.” We assure Mr. Redgrave that his very ample 
apology is accepted as freely and generously as it is 
offered. : 

In reference to Mr. Spoor’s letter in answer to our 
remarks on his final and irrevocable judgment on the 
whole matter now agitating the Portland cement trade, 
we are pained to say that westill consider his conclusions 
illogical. The resolution of the London Chamber of Com- 
merce was, ‘* Thata committee be appointed, with power 
to engage experts, to investigate into the question of the 
admixture of Kentish ragstone, other stone, or other 
material with Portland cement so far as carried on at 
home and en the Continent, and to report and advise 
thereon.” It was illogical for him to say, ‘‘ib was hardly 
fair to anticipate the report,” and then proceed to dog- 
matically deliver judgment upon the whole matter in 
dispute. If Mr. Spoor had had a trifle of that sense of 
humour which he (dogmatically again) denies to all north- 
country men, he would not have been led into the error of 








concluding that, because he was satisfied ragstone was 





as inert as sand, therefore the whole civilised world must 
agree with him. We hasten to assure him that nothing 
funny was intended by us, because we have noticed 
before now the extreme perturbation of a man devoid of 
the sense of humour when he imagines it is within the 
bounds of possibility that his adversary may be chaffing 
him. Weshould not have alluded to Mr. Spoor’s deficiency 
unless he had proclaimed it as something to be proud of. As 
regards our tests and analyses, we shall, with the permis- 
sion of the Editor of ENGINgERING and Mr. Spoor, bring 
them forward at such a period of the controversy as shall 
appear to be most favourable for their full and fair con- 
sideration. At the Cannon-street meeting, and in our 
first letter, we gave various tests of briquettes made of 
cement neat and mixed with sand. As to the Table of 
tests which Mr. Spoor quoted, we consider them no more 
infallible than the German Association’s pronouncements 
or Mr. Spoor’s convictions. 

To return to Mr. Redgrave, he says that a ‘“‘cement 
expert has within the last few days taken occasion to 
point out that, ‘owing to the ash of the coke used in 
burning, and the fluxing action on the firebrick lining of 
the kilns,’ all sorts of things may get into the cement, 
and may act in the same way as does the Kentish rag- 
stone. So be it; if Portland cement is an ‘article of 
admixture,’ depending for its virtues on the firebrick 
lining of the kiln or the ash of the fuel, let English 
manufacturers, at any rate, resolve to keep it free from 
additions made after firing.” Just so. If cement is an 
article of admixture by an accident in the manufacture, 
well and good ; but do not let it be made an article of 
admixture intentionally, even though the intentional mix- 
ture be better than the accidental one. Portland cement 
was applied to its present uses, not because it was a mix- 
ture of chalk and clay calcined and ground, but because 
it was found to be eminently suited to those uses. Why, 
then, when an addition to the mixture is discovered 
which improves all the qualities suited to those uses, 
should it be thought necessary to form an association to 
taboo such improvements? Mr. Redgrave says that his 
figures and facts are not used te serve any other purpose 
“than the best interests of Portland cement.” We 
will fight him on his own ground. What are the 
best interests of Portland cement? Surely, that it 
should be improved in all those qualities which go to 
make up its excellence. And how is its improvement 
to be fostered? By forming an association pledged to 
make it only in the old way, pledged to practically veto 
all improvement. 
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uniform scheme for testing Portland cement, and astandard 
scale of tests to be adopted throughout the country ; but 
he must remember that, if thereisto be any meaning in those 
tests, whatever cement will bear them must be considered 
Portland cement, otherwise it will become pretty evident 
that the new tests are only meant to be used in favour of 
the manufacturers of old-fashioned cement, and for the 
quashing of all competition, scientific research, and pro- 
gress. he association of English Portland cement 
manufacturers is evidently suggested by the German one, 
Are the Germans so infallible that we should follow 
blindly in their footsteps? Since their association was 
formed, the world has not stood still. Are we then to be 
debarred from taking advantage of all improvements 
because some time ago it suited the plans of certain 
influential firms in Germany to settle that Portland 
cement, as they made it, was the ne plus ultra of cement ? 
Besides, it is more than probable that the German associa- 
tion was formed from a certain number of their largest 
manufacturers being struck with the idea that, if they 
could get their own method of manufacture declared to be 
the only legal one, they could crush the small men and 
secure a practical monopoly of the trade. This appears 
very possible indeed, especially as Dr. William Michaélis, 
the highest expert analyst and cement authority in Ger- 
many, wrote a pamphlet —- confuting the dogma 
that it is impossible to improve Portland cement by the 
addition of substances containing silicic acid fit for 
chemical compounds. He says that he “‘ proved on theo- 
retical and experimental grounds that it is possible to 
improve Portland cement | the addition of suitable sub- 
stances.” After giving a Table of elaborate and varied 
tests, he asks, what becomes of the assertion “‘ that it is 
not possible to produce out of mixed cements a cement- 
mortar of such quality as is demanded by a normal test, 
. ..._or how appears now the other dogma, that a 
good Portland cement will not be improved by the addi- 
tion of foreign finely powdered substances such as silicates 
of lime, trass, and limestone, or other similar stones—but on 
the contrary, that it will be spoiled?” ‘‘ As can be plain! 
seen, these statements do not agree with the truth.” a 
recommend a consideration of these remarks of Dr. 
Michaélis to Mr. Spoor as well as to Mr. Redgrave. 

Mr. Redgrave has said, in reference to another point: 
‘*Careful tests have convinced me that none of the grains 
of cement which are retained on an 80-mesh sieve are of 
any cementitious value.” Careful tests have led us to a 
somewhat different conclusion. Some three years ago we 
made some experiments with the 10 per cent. residue from 
a 50-mesh sieve. This residue was carefully freed from 
all flour, and was consequently made up of what Mr. 
Redgrave calls ‘‘ those coarse unground particles which 
are of no more use than an equal bulk of sand.” The 
experiments proved most conclusively that this residue 
was very far from being inert. Quite recently we showed 
to two cement manufacturers who were visiting our 
laboratory, three briquettes gauged in October, 1891, 
These were broken in their presence in November, 1894. 
They bore a strain respectively of 348 Ib., 240 Ib., and 
295 lb., and were made of what Mr. Redgrave and others 

of no more use 


are pleased to define as inert matter ‘ 
than an equal bulk of sand.” 
If Mr. Redgrave is so lamentably wrong on this ques- 
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tion of the inertness of residue, is it not possible that he 
may have opinions, strong but equally erroneous, on other 
matters oc ted with t manufacture? When Mr. 
Redgrave, in 1873, was connected with Scott’s Sewage 
Company, he probably believed, and not without some 
show of reason, that Portland cement made from sewage, 
lime, and clay, was destined to prove of greater strength 
than all other Portland cements, and when, in 1891, he 
published a pamphlet strongly in favour of slag cement, 
which was composed of slag-sand and slaked lime mixed 
without calcination, he was, no doubt, equally convinced 
of that cement’s excellence ; but now his opinions of both 
those manufactures may have undergone some slight 
modifications. In like manner, after the information 
with which we have furnished him in reference to cement 
residue, his opinions about its inertness may possibly be 
shaken. 





We are, Sir, yours trnly, 
ACEVOY AND HOt. 


Britannia Cement Works, Northfleet. 





ARTIFICIAL DIAMONDS. 
To THe Eprror oF ENGINEERING. _ 
S1r,—In reference to the summary published in your 
columns of last week of M. Moissan’s paper on diamonds 
I have pleasure in inclosing you a copy of a paper reprin 
from the Proceedings of the Royal Society, June, 1888, 
from which it will be seen that minute diamonds, both 
black and transparent, were produced at that time by 
heating carbon electrically under pressures exceeding 
3 tons per square inch. 
I remain, yours faithfully, 
Cuar.es S. Parsons. 
Holeyn Hall, Wylam-on-Tyne, January 5, 1895. 








CYLINDRICAL v. WATER-TUBE BOILERS. 
To tHe Eprror oF ENGINEERING. 

Srr,—I have read the letter addressed to your valuable 

aper of December 21 last by Mr. Sampson, director for 
ae Maudslay, Sons, and Field, on the Belleville 
boilers, the patent for which for England, Italy, and 
other countries belongs to the same firm. 

With your permission I beg to be allowed to make a 
few remarks. The Belleville boiler, I think, is a good 
boiler for land purposes, but there is no reason to believe 
that, used as a naval boiler under active combustion, it 
will weigh less than the usual cylindrical boiler giving 
the same production of steam as it happens with other 
types of tubulous boilers. 

I am willing to accept the statement of Mr. Sampson 
that the Belleville boilers experimented on by him 
weighed only the half of the cylindrical ones, but will he 
tell me if the maximum evaporative power of both types 
would be the same ? 

Taking the figures given by Mr. Sampson, I see that 
the Belleville’s production of steam per pound of coal at 
the rate of combustion of 24.5 lb. per square foot of fire- 
grate, is less than the production of the cylindrical boilers, 
although at the higher rate of combustion of 28 lb. per 
square foot. i . 

Besides, I know that a cylindrical naval boiler having 
the ratio of s+ between grate and heating surface, may 
burn 30 Ib. to 351b. of coal per square foot of firegrate 
(without any danger to the tubeplates or firebox), pro- 
ducing 8 lb. to 84 lb. of steam per pound of coal, but I do 
not know what would be the result of the Belleville boiler 
at the same rate of combustion, and so I cannot make any 
exact comparison of weight betweenthem. __ 

The last trials of the French Navy, I think, do not 
speak in favour of the Belleville boiler when worked under 
active or forced draught. ; 

I believe the Lagrafel-d’Allest boilers very much 
superior to the Belleville as naval boilers, for their light- 
ness and their capacity to maintain a good evaporative 

wer under high rate of natural combustion or forced 

raught. ? 

Experiments executed by Mr. Talon, engineer of the 
French Navy, and published on the Bulletins de la 
Société Scientifique Industrielle de Marseille, with a couple 
of Lagrafel-d’Allest boilers of 1075 square feet of heating 
surface and 35.79 ft. of graze surface, gave the following 
results : 


Lagrafel et d’Allest Boilers—Evaporative Trials. 
Coal consumed in pounds per 


square foot of firegrate 25.15 31.07 
Water evaporated per pound 

of coal burnt per hour and 

per square foot of grate 8.02 8.75 


Other experiments made later on a couple of larger 
boilers having the same ratio of ;; between the grate and 
heating surface, gave : 

Lagrafel et d’ Allest Boilers—Evaporative Trials. 
Coal consumed in pounds per 


square foot of firegrate 24.5 30.70 
Water evaporated per pound 
of coal burnt per hour and i -™ 


per square foot of grate 

From these figures we see that the Lagrafel et d’Allest 
boiler will givea steam production not inferior to those of 
the cylindrical boiler having the same heating and grate 
surface either under natural or forced draught. __ 

As regard the weight per square metre of heating sur- 
face, including water fittings and appurtenances, it is 
about 150 kilogrammes for the Lagrafel et d’Allest instead 
of 390, same weight for cylindrical boiler. 

I remain, yours truly, 


Leghorn, January 3, 1895. ITALICUS. 


STATICALLY INDETERMINATE STRUC- 
TURES AND THE PRINCIPLE OF 
LEAST WORK. 

To THE Eprror oF ENGINEERING. 

Siz,—From your-reply to my letter of the 29th ulb., it 
appears that you misunderstand my point. I did not ex- 
press any doubt about the priority of Castigliano with 
regard to the theorem of least work, but I suggested that 
the priority with regard to the method of work as applied 
to the calculation of structures containing superfluous 
members, which you attribute at the beginning of your 
article (November 9) to him, lies somewhere else. The 

uations, to which, as you admit yourself, the theorem 
pe raver work has to be brought for the pu of cal- 
culating the stresses in the said structures, will be found 

in a paper by Maxwell (Philosophical Magazine, 1864). 
At the same time it seems to me fair to mention that 

Mohr, who, after the publication of his papers (Zeitschr. 

d. Arch. u. Ing. Ver. zu Hannover, 1874, pages 223, 509, 

and 1875, page 18), was regarded by most writers as the 

author of the equations, found them by independent 

research (see his remark in Der Civilingenieur, 1885, 


page 307). 
oth authors make use of the principle of work. 
Yours faithfully, 
M. am Enpr. 

5, Victoria-street, Westminster, January 5, 1895. 

P.S.—In my letter of December 29, near the end, there 
should be a comma between to and as, and a full stop 
between show and Navier. 

[On referring to the paragraph objected to by Mr. Am 
Ende, we see that it might bear the interpretation he has 
put on it, though it was only intended to attribute the 
complete establishment of the principle of least work to 
Castighano. Even as s this minor point, prior 
claims on be raised. Cotterill states that he himself 
had published the principle in 1865, but that his proof 
was partly erroneous and partly inadequate. In one im- 

rtant matter Castigliano is to our mind in advance of 

is rivals, viz.,in the —— and directness of his 
methods, though this will doubtless be largely a matter 
of individual taste.—Ep. E.] 





TREADLE LATHES. 
To THE EprToR OF ENGINEERING. 

S1r,—Having recently had occasion to carry out some 
experiments of a mechanical nature, somewhat accurate 
and complex, the choice of the necessary machine tools 
for small work became quite a problem. Amongst these 
was a treadle lathe. his tool had to do a fair share of 
work in iron, brass, and wood. It must cut screws in steel 
up to 40 threads per inch with accuracy, and be back- 
geared for heavy work. The slide rest must be of the 
compound type, the mandril hollow, and an index plate 
must be attached to it. The accessories to be obtained, if 
possible, from the makers, as time was limited ; the tool 
must be reasonable in price. 

In England, such a tool was only to be obtained by pro- 
longed waiting, and the cost was excessive. In Germany 
it was much the same, and so, communicating with the 
United States, of which I have some experience, it was 
also found that the necessary tool was not to be bought ; 
some failed in one respect, some in another, but no one 
tool contained all the elements of suitability for an 
engineer’s experiment room. The catalogues and prices 
of nearly all makers of note between Rhode Island and 
Chicago were carefully studied, and not one firm produ 
a treadle lathe that was at all complete for every class of 
work within its capacity as regards dimensions, 

The chief and most glaring faults seemed to lie in the 
construction and design of the compound slide rests, 
the extremely small bore of the hollow mandril, hence the 
impossibility of using spring chucks and a drawbar. No 
provision was made for the attachment of an index plate 
to the mandril. 

There seemed to be no lathe made between the watch 
tool lathes, with their extreme accuracy, and the ordinary 
9-in. or 10-in. swing lathes, suitable for the jobbing shops 
and nowhere else, accessories to the latter class of tools 
apparently being unknown. Watch tool lathes were 
unsuitable, not being either heavy enough or back geared. 

Let us first consider the compound slide rests as at pre- 
sent fitted to the 9-in. or 10-in. swing lathes. The Ameri- 
can practice is to reduce the width of saddle to an absurd 
extent, thereby making a steady swivel base to the top 
slide an nora 6 and all rigidity thus being done 
away with, which, added to the fact that in many cases 
only a half-nut is used connecting the slide rest with the 
leading screw, and having a maximum allowance of play, 
makes screw-cutting an impossibility, and therefore the 
plausible statements in various catalogues as to lathes 
cutting up to 64 threads per inch are untrue. Some 
lathes may be able to do this, the majority cannot do so. 

In one case the slide rest screws were indexed. These 
varied in back lash with the position of the slide, the 
screws had not V-threads, and the nuts were not adjust- 
able for wear, and it required quite an amount of calcula- 
tion to reconcile the travel of slides with the indexes. The 
screws also were not of the covered type, and so got the 
benefit of all dirt, chips, cuttings, oil, and soap and water 
which generally accumulates in places where it is difficult 
to dislodge. 

The various makers seem to have totally different 
opinions as to the length that a slide rest should bear on 
the _ It varies between 7 in. and 16 in. for a 9 in. or 
10 in. swing lathe, and in one case the bearing was 9 in. 
long on one side of the bed, and 2% in. long on the oppo- 
site side. Truly this is remarkable. These faults are 
easily discernible, and yet no endeavour is made to rectify 
them, the policy of the makers being, as far as can be 





learned, to produce a standard class of tools, no altera- 





tions or additions being permitted even if the customer is 
willing to pay for them. 

The maker of any tool is seldom the user, and it should 
be conceded that small treadle lathes are in use for a 
thousand purposes, and any increase in their capabilities, 
for example, attaching the work either to the mandril or 
slide rest, will, without doubt, meet with due apprecia- 
tion from all classes of mechanics, and the maker will 
benefit | an increased demand. 

A small Jathe, to be of real service, would be fitted with 
many accessories, to be obtained from the makers if 
desired, and would be of the approximate dimensions given 
below. Length of bed, 4 ft. 6 in. ; swing, 9 in. ; three-speed 
cone for 14 in. belt; mandril, 1Z in. diameter, # in. bore 
clear through and fitted with spring chucks with draw- 
bar. The back gear would be 6 to1, and would be placed 
under the headstock. The tail of mandril would extend 
through back bearing box, and have cone and nut for 
mounting index plates; the mandril and boxes would be 
of steel, hardened, ground, and lapped. Machine-cut gear 
wheels, to cut from 3 to 64 threads per inch, and right 
and left hand gear in headstock. The compound slide 
rest would bear for a length of 14 in. on each side of the 
bed. It would be slotted for T-bolts, and would be fitted 
with a sliding stay. The width of saddle would not be 
less than 6 in. Stop screws would be fitted to each slide. 
The leading screw, 1 in. diameter, with V-thread, 10 
threads per inch, to be attached to slide rest by divided 
nut 3 in. long. The rod feed would be placed 
below the leading screw ; this would also work the cross 
feed. The apron would be of the skeleton form, in order 
to observe what is taking place behind it. 

A machine vice would be fitted to the slide rest, also an 
angle bracket for placing the compound rest and the vice 
vertical if desired. 

A steady rest and T-rests for wood-turning would be 
provided. The tailstock spindle would have a bore of 
# in. clear through, and its nose screwed similar to the 
mandril. The spindle would be arranged for both lever 
and screw feed, and a small fovr-hole turret would be 
made for same, a similar drawbar to be provided for 
spindle as in the headstock. 

There would be a light countershaft provided to drive 
drilling and grinding attachments to slide rest. Such a 
lathe, well finished and accurate, and fitted complete with 
the above details, could be sold at a cost of between 
150 dols. and 200 dols., prices ruling as at present, and 
would be a great improvement on any tool of this class at 
—— in the market, and I imagine that if it became 

nown in this country that such a tool was produced, the 
maker would have no reason to regret his venture. 

The accessories or attachments would be numbered, and 
of standard forms, and it should be possible to buy the 
lathe with or without any of them. 

Yours sincerely, 
A. H. Roytance. 
Manchester, England, December 28, 1894. 








ANNOYANCE FROM VIBRATION CAUSED 
BY MACHINERY. 
To THE EDITOR OF ENGINEERING. 

Srr,—I am anxious to find out the names of two or 
more test cases in the Law Courts, which have been con- 
cerned with complaints from neighbours of works arising 
from alleged annoyance from vibration, caused by ma- 
chinery in the works. I should be very much obliged if 
any of your readers could give me the names of any such 
cases that may have come to their knowledge 

Yours truly, 


Manchester, January 3, 1895. VIBRATION. 





Tue Mancuester Sure Cana. — The construction 
of the canal being now practically completed, a new 
arrangement has been made by the directors with 
Sir er Williams, who has been engineer-in-chief 
to the works from their commencement. Sir Leader 
will, for the present, retain the title of chief en- 
gineer, but will relinquish the active control of the 
works ; he will, however, take charge of all arbitrations, 
and of the settlement of all disputes in which engineering 
questions may involved. Mr. W. H Hunter, M. 
inst. C.E., who has been Sir Leader Williams’ principal 
assistant from the inception of the canal project to the 
present time, has been appointed to the position of the 
engineer of the company, and will take charge of all 
executive work, the various engineering departments 
and _ staff throughout being pA under his direct 
control, 





Water Suppty or Lricester.—The Leicester water 
difficulty appears to be now happily at an end. Ata 
recent meeting of the town councii, Mr. Alderman Wood 
stated that in the course of last autumn the stock of 
water went down to 89,000,000 gallons; but that the 
water committee had been successful in obtaining fresh 
sources of supply, amounting in all to 2,000,000 gallons 
per day. The stock of water in hand was now 500,000,000 
gallons, as compared with 657,000,000 gallons in January, 
1894; and as soon as the frost a ce the water 
committee would give the town a full 24 hours’ supply. 
The committee had stopped pumping deep-well water, as 
it was considered too hard ; but the nadeiany would be 
kept at the wells for use in case of necessity. The rain- 
fall in the Leicester district last year was 6 in. below the 
average, but it was 14 in. more than in 1893. It is, of 
course, satisfactory that the water trouble has been over- 
come at Leicester, but the experience of the last few 
months must not be lost upon the town council, which 
will no doubt press steadily forward with the extension 
works now in hand, 
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A POMPEIIAN BOILER. 
To THE EprTor or ENGINEERING. 

S1r,—The water-tube boiler in which the fire is applied 
externally is sometimes spoken of as a modern invention, 
and the internal firebox is considered by some to belong 
to the time of Watt. The boiler I am about to describe 
shows us that the principle of internal firing was known 
about 2000 years ago. On August 24, a.p. 79, the town of 
Pompeii was covered with that coating of volcanic matter 
and ashes, the gradual removal of which, since 1748 to the 
present time, has revealed to the world those unparalleled 
works of arb which are the wonder of all who visit that 
section of the museum at Naples which is devoted to 
objects found at Pompeii. Among other objects found at 
Pompeii, was a boiler of sheet metal, probably copper, as 
shown below. Its form is similar externally to several vases 
of silver found at Pompeii, but internally it is furnished 
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with acylindrical firebox A A surrounded by a water space 
CC. The firebox is curved at its upper end and terminated 
in the side of the vase. The lower end of the firebox is fur- 
nished with five firebars B, B; each bar consists of a tube 
in communication with the water a The internal 
diameter of each tube is about #in. The fuel used appears 
to have been charcoal, as fragments of it are to be seen 
in other heating vessels found at Pompeii. The joints are 
of excellent construction, and show, as do also many well- 
made surgical instruments, the high culture and skill of 
the mechanic of the first century. The boiler is furnished 
with a closely fitting lid, and the whole is supported on 
three legs of beautiful bronze figures. I have been led to 
write this description of this curious tubular boiler of 
Pompeii, as I believe that the great antiquity of the 
internal method of firing is not generally known. 


FREDERICK J. SMITH. 
Naples, December 17, 1894. 





CAPITAL AND LABOUR. 
To THE EprTor oF ENGINEERING. 

Srr,—"* T.” has been good enough to enumerate his ob- 
jections to the outline scheme proposed in my last. 
Coming from an opponent, his letter is rather flattering 
than otherwise, for somehow I expected something far 
more formidable, and it is a good omen that his objections 
are not very serious. 

The real objections contained in his reply are, first, 
against centralisation ; second, his assumption that 
workers do not possess powers of organisation. The first 
is a hoary old friend, and the second fairly familiar. 
Considering “‘T.’s” extensive reading on these subjects, 
he must have seen the arguments against centralisation 
scotched so often that it is surprising he should trot it 
out again. We have so many examples of successful cen- 
tralisation already in existence in one form or another, 
that it is much too late in the day to discuss whether such 
a system has sufficient stamina to insure longevity. The 
real question is the kind of centralisation that should 
prevail, and for whose benefit. With all due respect to 
the authors named by “T.,” and to his own travels and 
reading, I must remind him that reading is merely an aid 
to thinking, and all reading must be taken cum grano 
salis. An author may propound one solitary great truth, 
and all the rest of his writings be absurdities. The one 
truth will insure his reputation, but it cannot make his 
absurdities truths, rs yy admirers may endeavour to 
do so. Take an example like Kepler, who thought out 
some of the finest astronomical truths, which will endure 
for all time, yet he propounded some of the rankest ab- 
surdities in astronomy. So that while the authors named 
by ‘‘T.” may have said many wise things, it does not 
follow that centralisation must be wrong because they 
Were against it. To my mind, the reason of the failure 
of the French attempts was that they were the most 


From first attempts little else could be expected, but “‘ If 
at first you don’t succeed,” 
The necessity for ‘*T.’s” ‘one man” system is quite a 
myth. Take our Post Office, a example of a centra- 
lised business which has never collapsed, although the ‘‘one 
man” is being continually changed. Take any of our 
great railways, all of them great centralised systems ; few 
persons could point out the difference caused by a change 
of their organisers. The only fault with both Post Office 
and the railways is that they are centralised for the bene- 
fit of the wrong persons ; the nation in the first case, and 
the shareholders in the second, neither of whom have any 
right to. i ge the earnings of the workers of these 
institutions, In America we have an example of an entire 
industry being practically centralised, viz., the Oil Trust, 
a disgraceful centralisation throughout, being really for 
the benefit of one man only. Think of the difference did 
all engaged in the industry become real participators in 
the centralisation. Ifa nation like Great Britain can so 
readily elect men to carry on its intricate business, if 
shareholders of railways and other great concerns can so 
easily find directors to carry them on, if a great business 
like the Post Office can be centralised as it is, where are 
the insurmountable difficulties, in an every-day matter like 
peodenies and distributing loaves of bread, that it cannot 
e placed in the hands of the entire body of bakers and 
organised by their elected best men for the mutual benefit 
of them all? After that, so on with all other trades. 

‘*'T.’s” principal argument against centralisation is his 
assumption that workers are devoid of power of organisa- 
tion. Iam sorry to observe “ T.” speak so slightingly of 
his own class, especially as it is entirely without founda- 
tion. “'T.” speaks as though organisation was a special 
gift of Providence to capitalists. The truth is that work- 
men have but few opportunities to develop their powers 
of organisation. They have nocapital nor control of men 
to organise. When they do obtain control of the means, 
they are as capable as other classes. The commercial 
history of this country is crowded with examples of 
great businesses founded by working men, the presend 
owners of which are not organisers at all, but merely 
follow in the footsteps of the originator. Trade unions 
are, again, examples which, if they show nothing else, 
show that workers can organise men and money for 
definite purposes. ere is no lack of men to carry on 
the delicate business of the large unions. Why, then, 
should there be lack of men to manage the production of 
any one article, every day alike, with little or no change? 
ga Ee as though the organiser always reaps the re- 
sult of his work. In innumerable instances the organiser 
is only a manager, or at most a working partner—a tool 
of some idle capitalist, who makes a fortune while the 
organiser at most receives a comfortable salary. I firmly 
believe that many managers would far rather organise 
for themselves, and those engaged with them, than for 
some money-bag absentee. 

With regard to inventions, I thought I had made 
myself sufficiently clear. An inventor would submit his 
invention to the particular trade society affected, and 
they would be the judges, and the best judges too. If it 
was likely to save them anything in — time, or 
~—, there is little doubt they would be willing enough 
to buy it. 

I take this opportunity of replying to a question put to 
me by ‘‘J. M.” in his last, if he can obtain a copy of 
Mr. Charles Booth’s Presidential Address on Dock 
Labour, read before the Royal Statistical Society in 
November, 1892, he will there find the figures I quoted, 
together with much more valuable information. 

T an, Sir, yours eee, 

January 7, 1895. . GW 


. 








THE BALANCING OF LOCOMOTIVES. 
To THE EprTor oF ENGINEERING. 

Srr,—In answer to ‘‘Novoye Vremya’s ” interesting 
letter last week [page 713 of last volume], I find that mine 
will run to t length, so have decided to limit it to 
matters coming more strictly under the above heading, 
and so finish the question right off ; and then, with your 
permission, I shall be glad to insert some remarks concern- 
ing piston and other rods, which, I think, will furnish 
material for some interesting discussion, to those, at least, 
who, like myself, attach great importance to details. 

I use your correspondent’s numerals, 

1. I must ask him to reconsider his statement, wherein 
he indorses Professor Unwin’s dictum; although it ma; 
imply great temerity to oppose such a combination, Y 

et venture to do so; let crank angle = @; that between 
ine of stroke and connecting-rod = ¢, and between latter 
and crank = a; he remarks that thrust on bar is maxi- 
mum when a = 90 deg., whereas I contend that it 
is when 6 = 90 deg.; in fact, ‘‘ Novoye Vremya” vir- 
tually says so himself, for he remarks that ib occurs 
when (180 deg. —? ) is least ; that is, when ¢ is greatest, 
which does occur when crank is vertical. In my letter I 
remarked that thrust was maximum when tan ¢ was; this 
is identically equal to the function of the crank angle 
given by Unwin, namely, | 
sin 9 

wn? — sin? 6 
Unwin himself says thrust is maximum when the latter 
term is; as to when it is, differentiating with respect 
to @ and equating to zero, he will find that cos @ = 
0, that is, 6 = 90 deg., so that maximum thrust occurs 
when crank is at right angles to line of stroke, and is 
then p Pp 


as = not rm 
ni — 


as Unwin says. It will be noticed, by my taking reaction 


2. Referring to the goods engines I mentioned, their 
wheel base is 16 ft, (8 ft. and 8 ft.), and the height of the 
centre of boiler 7 ft. 43 in. ; there was a similar type of 
engine built by a previous superintendent, with corre- 
sponding dimensions of 15 ft. 3 in. (7 ft. 9 in. and 
7 fv. 6 i 7 ft. lin. These engines, when above 30 
miles an hour, were wont to shake all the coal on the 
tender down towards the footplate, which was, no doubt, 
very convenient for the an. I do not know how 
much of this state of affairs was due to the difference of 
3§ in. given above; the centre of gravity of the whole 
structure borne on the springs being, say, 2 in. lower, I 
should not think this would make a very noticeable dif- 
ference; and as rds pitching, she ought to ride 
better, as the longitudinal spring base being 9 in. shorter, 
would give a longer oscillatory period, making the pitch- 
ing easier, if slightly greater in extent. And besides, 
whereas in the engines I balanced there was an un- 
balanced pull in the leading and trailing wheel due to 
3 of reciprocating weight, in the older ones, these wheels 
were sup) to be perfectly balanced in themselves ; 
so, accor ing to what has been put forward by one of my 
fellow-controversialists, there is still another reason why 
the older ones should ride the better of the two ; the fact 
remains that they do not, whatever other causes may be ab 
work. I have no wish to dilate on the merits of a high 
centre of gravity ; of course such an engine will roll more, 
but itis infinitely better (both for engine, track, and men 
on the footplate) to have a long easy roll than a series of 
violent sidelong jerks as in a low-pitched engine, which 
kind has greater flange wear, and spreads the gauge more 
on curves than a higher-pitched one; in short, the latter 
makes more use of her springs; this is evident, for, 
taking an extreme case where the centre of gravity was 
in the same horizontal plane as the springs, a lateral 
surge, whether due to a curve, or a bad rail joint or 
sunken sleeper, would be taken up wholly by fric- 
tion and resistance of rail to flange, the centre of gravity 
moving in @ straight line horizontally across the track ; 
but before either of these resistances is called into play, 
there is the whole side play of the engine to be taken up, 
and if she is a fitting candidate for the shops, this will be 
about 4 in. total; with a high centre of gravity the 
engine would roll over on its springs, its centre of 
gravity describing an arc (whether circular or not I 
will not say), compressing the outer spring still more, 
and leaving a small horizontal component to be taken up 
by rail; if the springs are on the inside of the frames, 
this roll would have a longer period than with them out- 
side; so, if I remember rightly, Professor Greenhill’s 
analysis showed some years ago. 

Besides, if we have an engine of such design as to 
secure smooth riding, considered as a vehicle, there might 
still exist much fore-and-aft and elbowing motion due to 
improper balancing, so that it by no means follows that 
an engine with the aforementioned two factors in a 
favourable condition will ride well, or that an engine 
that does ride well owes it all to these two conditions. 
Mention was made of the reciprocating weights; these 
were taken at 500 lb., including rather more than a third 
of the weight of the connecting-rod. 

3. After all, we cannot get away from the old adage 
‘“* Handsome is,” &c.; whilst this can certainly be quoted 
in favour of other than English engines, it can also 
be safely applied to the one mentioned by “ Novoye 
Vremya,” viz., the Midland single ; a couple of months 
since, going down to Manchester by the 2.0 p.m. from St. 
Pancras, we left there and ran through Bedford (50 
miles) in 524 minutes—57} miles per hour; it was behind 
one of these singles. I do not know anything of the 
other he mentions. Although neglecting other points for 
the present, I must hasten to express my sorrow at 
having pore = A Bo pen your correspondent into 
hurling another thunderbolt at my devoted head. I gave 
a steel with breaking tensile strength of 42.2 kilogrammes 
per square centimetre. Now the point I was driving 
at was not affected at all by any value I might have 
given, whether it were 10 or 100,000; I merely wrote 
60,000 as a convenient illustrative round number; how- 
ever, now my attention is directed to it, I, of course, do 
not think of religiously adhering to it. Your corre- 
spondent says it is soft for its purpose ; I did not mention 
the purpose; I certainly did not allude to piston-rods 
when talking of ‘‘ structures,” although, considering the 
context, he was, perhaps, justified in thinking that I did. 
I had in mind such work as girders, stanchions, &c., for 
which, to be precise, a strength of 65,000 lb. to 66,000 Ib., 
with 23 per cent. elongation, would, I think, be more 
suitable; in favour of this latter value I renounce the 
offending 60,000, in face of the fact that there was a lot 
of steel put into the Washington Bridge between 62,000 and 
63,000, and the minimum limit in the St. Louis Merchants’ 
Bridge was 62,000; and the Admiralty and Lloyd’s, I 
believe, fix their minima at 58,200 and 60,500 respectively; 
and, by the way, on referring to the specification for the 
Reliance Building, in Chicago (ENGINEERING, November 2), 
I see that their steel was given between the limits 56,000 
and 64,000. I merely mention these facts to show that if 
the steel I quoted be degraded to the category of “soft 
ingot iron,” it will at least suffer in company. In 
any case, ‘‘ Novoye Vremya” will, doubtless, easily 
reconcile it to his conscience to — me of desiring to 
use ‘‘soft” iron for piston-rods, although I may have 
something to say later on about making them of best 
Yorkshire. I have nought to sa inst his 35 tons; 
which is at least — high enough. Stroudley specified 
his to be from 30 to 33 tons ; two other railways specify 
45 tons, with 20 = cent. elongation. All three are 
crucible cast steel. The latter value (45 tons) seems 
excessive for such a purpose as a piston-rod, subject 
to such eminently alternating stresses, especially in face 
of what Sir B. Baker toid the American Society of Me- 








crude, almost insane, attempts that could be devised. 


of bar as being vertical, that I neglect friction. 


chanical Engineers, as the results of his extension of 
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Wohler’s experiments. There is one thing to be said. 
however: the temperature to which the rod is subjected 
is in its favour, 

I should just like to recommend to such of your readers 
as may not already have seen it, a paper I received a fort- 
night ago from the Secretary of the New York Railway 
Club; it is by Mr. Parke on ‘‘The Vertical Influence of 
the Counterbalance’;” it is, in my opinion, a very fine con- 
tribution on the subject. There are two ways by which 
the best solution of this question can be arrived at: 1. A 
mathematical exposition of the principles involved, guided 
by a knowledge of the locomotive itself. (These two must 
evidently go together, because, for instance, as far as mere 
balance is concerned, we should put all the reciprocating 
— counterweight in the driving wheel; whereas a 

nowledge of the resulting effect on the engine and track 
leads us, at least this has been my contention all along, 
to divide it equally between all the coupled wheels.) 2. 
A course of experimental observation. This is necessary, 
for we know that the things that should happen do not 
always happen, and vice versé. Mr. Parke has supplied 
the first in such a way as to leave very little to be done by 
those who follow him ; and I hope he will be in a position 
to consider thesecond. I shaJl not take up any space now 
in criticising the paper, but, strongly recommending it to 
the perusal of any one interested in the subject, will con- 
clude with an extract from one of the speeches during the 
discussion, first premising that it is unnecessary to remark 
on Mr. Morison’s eminence asa bridge engineer. 

Said Mr. Strong: ‘‘I am convinced, as well as many 
other engineers who have given study to the subject, 
there is more wear and tear, and more cause for repairs, 
on the locomotive and the track and the rolling stock 
that runs over that track, due to that one cause than all 
other causes combined. Mr. George S. Morison, the 
celebrated bridge-builder, says that he is satisfied that 33 
per cent. of the wear and tear of the rails is due to the 
action of the counterbalance, and he is now building his 
bridges with 100 per cent. additional strength, with all 
the necessary weight in the bridge to carry that shock, 
beyond what he would if a perfectly balanced engine were 
going to run over them.” Thecause to which Mr. Strong 
alludes is the fore-and-aft motion due to very imperfect 
horizontal balance, although I do not see how this would 
affect the track. Mr. Morrison’s trouble, of course, is 
due to vertical stresses, the result of too full a horizontal 
balance. Mr. Strong tells of engines so badly balanced 
that the trunks would not stop piled up in the baggage 
car. I do not think we should have much trouble in 
finding their counterparts in England. I have before 
mentioned some goods tanks that cannot be run on pas- 
senger trains because of the passengers complaining of 
the fore-and-aft motion. Mr. Wait raised one or two 
ingenious points during the discussion, one being a 
suggestion that it was the light side of an unbalanced 
wheel that struck the rail, instead of the heavy side, due 
to the whole mass revolving round its centre of gravity. 
If, instead of having 7 or 8 tons on its journal, besides 
being restrained laterally by the horns, it were revolving 
round its axis, moun on a very weak shaft, there 
might be something in it. 

I remain, Sir, yours, &c., 

December 4, 1894. H. Roure. 


THE PATENT LIBRARY. 
To THE EpiTor oF ENGINEERING. 

S11,—There have been some grumbles before about the 
Patent Library, but I will say for iv that it is in most 
respects we)] managed. In one respect, however, it is 
almost unbearable, and as I am assured and believe that 
that is entirely the fault of the readers who use it, I 
appeal to them, through you, to remedy it. 

Te is the ventilation. he air of the room is frequently 
oppressive to the last degree—a condition more hindering 
to any research even than the imperfection of the 
abstracts ! 

And there is no need for this, for the rooms are supplied 
with windows far more amply than most libraries. All 
that is wanted is to open them. 

But here comes the difficulty. The librarian is willing, 
but some too sensitive readers complain of draughts. 
Good ventilation is of course one of the primary rules of 
sanitation, and I am afraid i) is also accepted as an equally 
binding rule that ventilation should be accomplished 
without a draught. 

But it is worth consideration whether this second rule 
is reasonable. 

It certainly seems to result in the practical abolition of 
the first rule, for there is not one ns of fifty 
that is even decently ventilated, and probably not one 
that is as thoroughly ventilated as modern experience is 
tending more and more to show to be desirable. 

What is a draught? If we def‘ne itas merely a current 
of air, it is obvious that without a draught all ventilation 
is, and must be, impossible. I take it that the usual mean- 
ing of the term is simply a current of air which is per- 
ceptible. 

Whether it is possible to thoroughly ventilate a public 
room without perceptible currents of air depends, amon 
other things, on our definition of ‘‘thorough,” an 
opinions differ on that point. Actual practice, however, 
sbeataniiy shows that it is not usually done, and cannot 
usually be done, with existing appliances, even on any 
definition of ‘‘thorough,” and therefore our actual alter- 
native in a very great many cases is between a very 
moderate ventilation and a perceptible current of air, or, 
briefly, a draught. 

It is therefore necessary to decide which of the two is 
the greater evil, and I wish to point out reasons for be- 
lieving that the former is infinitely the greater evil ; and 
even that the latter is no evil at all. 

The evils of little ventilation are insisted on by every 


sanitary authority, and need not be enlarged upon, ex- 
cept to note how little they are realised, although they 
are admitted. And it is not only that the breathing of 
carbonic dioxide and other normal constituents of “bad 
air” has been shown again and again to be injurious, but 
that in any public place it is certain that acertain number 
of people will come who are in the infectious stages of 
disease, and will constitute a very grave danger to all 
other occupants of the premises, unless there is a very 
thorough ventilation. oreover, the number of diseases 
communicable in this way is very much greater than was 
supposed only a few years ago, and the duration of the 
infectious period is longer than we previously supposed. 
Among other diseases there is overwhelming evidence 
that ‘colds ” are at least very often infectious, and it is 
even asserted that they always have that origin. The 
only means of rding against this danger is thorough 
ventilation. Clearly, therefore, partial ventilation is a 
very great evil. 

But as to the evil of draughts the evidence seems to be 
very slight. The chief charge against them is that they 
give ‘colds ;” but if we examine this assertion we find 
that it rests solely on popular tradition. Now, the dis- 
tinguishing feature of popular tradition is that while the 
facts it embodies are usually true facts, it does not dis- 
tinguish between facts and inferences ; and there is good 
reason for believing that in this case the inference im- 
plied in this popular tradition is erroneous. 

The facts are simply that sometimes exposure to a 
draught is followed by a cold. 

But, on the other hand, every one is probably exposed 
to draughts hundreds of times for once he gets a cold. For 
instance, whenever we are out of doors—and why should 
a draught be more deadly indoors than out? And in 
India every one goes to great trouble and expense to pro- 
duce a constant draught indoors, and without any bad 
result. There are also often even cold draughts, as 
through tatties. 

Then every one often gets cold without having been 
conscious of a draught ; and there are innumerable cases 
of people who take every imaginable care to shield them- 
selves from draughts, and yet catch cold more than others, 

And, thirdly, there is always another explanation pos- 
sible of the origin of any cold, viz., infection. Colds are 
so common that it probably never happens that any one 
takes cold without having been within reach of infection. 

There is therefore very good reason, even on the basis 
of facts that are within every one’s knowledge, for think- 
ing that draughts are harmless ; and sufficient ground, I 
think, for strongly urging on readers in public libraries 
and such places not to be unduly sensitive to a eurrent of 
air, and to remember that the danger of such a current 
(if any) is infinitely less than the danger of bad ventila- 
tion. 

But, in reality, to those who have tested this question 
of the harmlessness of draughts the case is very much 
stronger thanthis. The year Sciowe last I saw in Germany 
some forty invalids living habitually in thorough draughts, 
and they were not hardened to this gradually, but subject 
to the treatment from the moment of their arrival They 
did not get colds. I have taken the trouble to inquire 
into the history of several of them since, and hear that 
they continue to live in the same way in their own houses 
in England and elsewhere with no ill result. For my 
own part, I have loved a draught ever since I was in 
India; but this was a demonstration that even for in- 
valids it is safe. It seems also to amount to absolute 
proof that the cause of colds is really quite different from 
that hitherto believed. People who to my knowledge 
formerly habitually got frequent and severe colds when 
making every effort to avoid draughts, bave been free 
from colds since adopting the exactly opposite policy, 
or the rare colds they have had have been traced to 
infection. 

I may also add that their treatment in such cases is to 
continue exposure to fresh air, with the result of very 
rapid cure. The medical aspect of the question, how- 
ever, is beyond my province, and it is quite sufficient to 
consider the matter solely as a sanitary question. 

Is it not sanitary foolishness to prefer stagnant bad air 
to pure flowing air? Presumably most of the readers in 
the Patent Library have some knowledge of elementary 
science. Is it too much to ask that they will no longer 
insist on poisoning themselves, their neighbours, and the 
unfortunate librarians ? 


January 2, 1895. 


Yours truly, 
H. D. PEARSALL. 





Biast-F URNACES IN THE UNITEDSTATES.—The number of 
blast-furnaces in activity in the United States at the com- 
mencement of November, 1894, was 181, their “fi egate 
weekly productive capacity being 158,866 tons. € cor- 
responding number of furnaces in operation at the com- 
ment of August, 1894, was 135, their aggregate weekly 
productive capacity being 115,356 tons. At the commence- 
ment of May, 1894, there were 127 furnaces in operation. 
their aggregate weekly productive capacity being 110,210 
tons ; at the commencement of February, 1894, 125 fur- 
naces, with an aggregate weekly productive capacity of 
99,242 tons; at the commencement of November, 1893, 
117 furnaces, with an aggregate weekly productive capa- 
city of 80,070 tons; at the commencement of August, 
1893, 169 furnaces, with an aggregate weekly productive 
capacity of 107,042 tons ; at the commencement of May, 
1893, 251 furnaces, with an aggregate weekly productive 
capacity of 181,551 tons; at the commencement of 
February, 1893, 251 furnaces, with an aggregate weekly 
productive capacity of 171,201 tons; and at the com- 
mencement of Lesage wa 1892, 244 or with 
an aggregate weekly productive capacity of 171,082 tons. 
It wll be seen that, after a period of severe depression, 
the production has nearly regained the level at which it 





stood two years since. 


INDUSTRIAL NOTES. 

As was anticipated, the proposed amendment of the 
constitution of the Trade Union Congress, by the 
new standing orders recently promulgated by the 
Parliamentary Committee, has evoked a storm of 
opposition in various quarters. Principally the op- 
position is being led by two distinct parties, both 
of whom will be mainly affected. irstly, oppo- 
sition is being organised by certain individuals, 
who are likely to be excluded by the proposed 
new standing orders, backed up by a few of their 
personal friends. The new orders, it is alleged, are 
aimed at Mr. H. Broadhurst, M.P., Mr. Keir Hardie, 
M.P., and Mr. Tom Mann. But this could hardly 
be the case, for the exclusion would extend to several 
others who have been delegates for the last five or six 
years. Secondly, the opposition comes from trades 
counci:#, which bodies have, from the first, been repre- 
sented at all the congresses, from 1868 to 1894 inclu- 
sive. So far the opposition has only been manifested on 
the part of the Belfast and Dublin Trades Councils, two 
bodies which have done but little to promote the con- 
gresses, except in the last three or four years, and then 
chiefly by reason of congresses having been held in 
those two great Irish towns. Doubtless opposition 
from the English and Scotch trades councils will be 
evoked, as they have helped to make the congress 
what it is, in so far as numerical strength is concerned. 
It appears that the orders to which exception is taken 
were only carried by the casting vote of the chairman ; 
but it is significant that, with one exception, the oppo- 
sition in the committee consisted of delegates repre- 
senting the more modern phase of trade unionism. 
The members who supported the new orders repre- 
sented the older unions. The man of all others who 
has defended the new orders is Mr. Maudsley, on the 
part of the cotton operatives, whose outspoken attack 
upon the men who attempt to exploit the congress 
for their own ends, will doubtless be severely repu- 
diated. Seldom indeed has any portion of the press 
made such an onslaught upon ‘labour leaders” as 
Mr. Maudsley has done in the New Weekly, over his 
own name. So faras things look at the present time, 
it would appear that disintegration has set in. Whether 
it will be possible for the forces to again reunite will de- 
pend upon circumstances and events. In any case the 
principle of direct representation, backed up by pro- 
portionate payments towards the expenses, is the 
main principle contended for ; this can be defended on 
high grounds of policy, quite apart from any personal 
element in the dispute. 





The threatening aspect of affairs in the building 
trades appears to be assuming a more definite shape, 
although as yet no formal declaration has been made 
on the subject, except the giving of notices for the 
termination of the existing arrangement. But al- 
though no official communications have been made by 
the Master Builders’ Association to the Federation of 
Building Trades, yet the unofficial announcements 
point either to a great strike or great lock-out, or 
both. The building operatives state that they have 
amassed nearly 50,000/. as a groundwork of opera- 
tions, and the levies are to be continued up to the 
date of the termination of the agreement of 1892. 
It is stated that the men will demand an in- 
crease of 4d. per hour, the rates to be 10d. per hour 
instead of 94d., as hitherto. Whether this will be 
pressed, or whether it is a blind to hide the 
question of union versus free labour, remains to be 
seen. But the position ofthe master builders seems to 
be plain; they will insist, so the secretary of the 
Central Association declares, that there shall be no 
distinction made in engaging hands between union 
men and non-union men, in the future. The conten- 
tion of Mr. Henshaw is that, though not expressed in 
the agreement, it was understood at the date of that 
agreement that there was to be no interference with 
individual right to belong, or not to belong, to a 
union, as each workman thought fit. The complaint 
is that, while the master builders have not interfered 
with society men, the federation has interfered with 
non-society men, the strike at Messrs. Trollope’s . 
being a case in point. The legal position is that a 
man has a perfect right either to belong to, or to 
abstain from belonging to, a union. Hence the atti- 
tude of the master builders is said to be ‘‘a stand 
against trade union tyranny.” The employers say 
that most of the regulations made and agreed to in 
1892 will be continued intact, although some amend- 
ments will be suggested in the working rules. The 
difficulties of the position are recognised by the secre- 
tary of the Master Builders’ Association, especially as 
regards ‘‘ small masters.” But if a few, or any, of the 
great firms are struck, there will in all probability be 
a lock-out, involving almost the whole of the trades. 
It is to be hoped that more peaceful counsels will pre- 
vail between now and the expiration of the notices. A 
great strike against non-union men will end in 
failure, for all employers will make common cause. 


An initial step has been taken which may help to 





avert the threatened disruption in the boot and shoe 
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trades. One of the immediate causes which led to the 
crisis was the strike of the operatives at St, Albans 
fora minimun wage. The question then arose as to 
whether the firm were part and parcel of the federa- 
tion; the men said no, because they joined after the 
strike was declared ; the employers said yes, because 
they had joined, the date being of no consequence. 
It was then claimed that the men should resume work, 
leaving the matter to the joint committee; the men 
for a time refused, but ultimately they gave way and 
resumed work. Subsequently the matters in dispute 
were referred to arbitration. The Board of Conciliation 
and Arbitration met, the employers and the operatives 
each respectively representing the case by a chosen 
representative. After sitting and considering the 
case, the arbitrators were unable to agree, and the 
matter was, therefore, referred to an umpire, Sir Albert 
Rollit, M.P., being chosen for that post. After sitting 
with the arbitrators, and hearing the parties respectively 
and their witnesses, the umpire reserved his decision, 
to enable him to go carefully over the evidence and all 
the facts of the case, as adduced. This is a first step 
towards a peaceful solution of the many difficulties 
which have arisen in the boot and shoe trades, and 
which, it is hoped, will ultimately lead to an adjust- 
ment of all outstanding disputes. 





Lord Spencer, as First Lord of the Admiralty, has 
consented to receive a deputation of the Amalgamated 
Society of Engineers and the United Society of Pat- 
ternmakers, on the subject of wages paid by three large 
engineering firms in the metropolitan district, each of 
which is executing Government contracts. Itis alleged 
thatthese firms donot conform to the House of Commons 
resolution as to trade union rates in the work executed 
for the Government under contract. Here is a definite 
statement, capable of investigation. Either the firms 
referred to pay the trade union rates, or they do not, 





The London Trades Council some time ago ap- 
pointed a special committee to investigate certain 
charges, made by delegates to that council, against 
some of the Government departments, for alleged 
interference with the men’s right of belonging to 
their respective trade unions, and for refusing to deal 
with the officials of the unions in any representa- 
tion of grievances. The two departments specially 
referred to were the War Office and the Post 
Office, but others were more or less implicated. The 
delegates who brought forward the complaints re- 
presented unions, members of which were employed 
in the departments complained of. The evidence ad- 
duced convinced the committee that there were 
grounds for the charges made, and consequently the 
secretary of the Trades Council was ordered to ask 
Sir William Harcourt, as Chancellor of the Exchequer 
and Leader of the House of Commons, to receive a 
deputation, so that the grievances should be laid before 
him. Sir William first of all asked that more definite 
information should be given, in order that he might 
test the charges made, and postponed his decision as 
to the reception of the deputation until that informa- 
tion was supplied. The London Trades Council, in 
reply to that letter, stated that the documentary evi- 
dence produced to the committee was in the hands of 
the respective trades at whose instance the committee 
was appointed, and that, therefore, the council was 
not in a position to give the information asked. Sir 
William replied that it would be no use receiving 
the deputation unless he had more information on the 
subject than was supplied to him, as without it he 
could not express an opinion upon the subject. 





There has been little doing to any extent in the engi- 
neering industries of Lancashire since the break-up for 
the holidays, before Christmas Day, not sufficient, at 
any rate, to be of use in estimating what may be the 
signs of improvement for the New Year. Even yet 
there is little to guide us as to the near future. There 
is, indeed, little change in the situation. The com- 
plaints refer to scarcity of orders, keen competition 
for such as are in the market, and low prices. 
But there is a more hopeful tone generally, and 
somehow or another there is a general belief that 
the year 1895 will be more prosperous than its 
predecessor. There do not appear to be any real 
indications of prospective improvement, nor are there 
any definite grounds upon which to base the anticipa- 
tions of more prosperous times. However, instinct 
seems to point to a revival, and a more hopeful view 
will encourage speculation. The iron trade is in much 
the same condition. Very little business has been 
done as yet to test the market. But here, again, there 
is a more hopeful tone. In the finished iron trade 
manufacturers are short of orders, and prices continue 
low. The steel business is extremely quiet, with no 
quotable difference in recent prices ; and in the general 
metal trades only very small inquiries seem to come 
forward, but price lists are unchanged. Labour 
questions remain quiet, no disputes of any conse- 
quence being reported except in the chemical districts, 
where things are bad at present. 

The cotton trade generally is depressed, and there 








is a good deal of uncertainty, owing to the imposition 
of import duties by the Indian Government. Fires, 
failures, and general stoppages make it difficult for 
the waclunnele to find employment when once they 
are out, and the depression is having its effect upon 
the unions by decreasing the number of members. 
Some 22 dispute cases ton been dealt with and 
settled by the efforts of the joint committee, and about 
half a dozen remain to be dealt with. The more im- 
portant question of cleaning-time has been arranged 
upon a mutual basis for six months to see how the 
matter works. 





The condition of trade in the Wolverhampton and 
South Staffordshire districts is by no means as bright 
as was anticipated some time back. During thé past 
year those districts suffered less than many others, but 
prices ruled low, and left but a small margin of profit. 
Trade is now said to be in a depressed state. Very 
little work has been done during the past fortnight, 
and even yet for the new year there has been little or 
nochange. The ironmasters complain of low prices ; 
they have accepted offers merely to keep the works 
going and pay the dead charges, but without profit. 
Merchants and foreign agents appear to be holding 
back orders ; but if they expect lower prices, or con- 
cessions equal to lower prices, it is diffientt to see 
how they can be realised, for producers will care little 
to goon producing unless they can see some return 
for their labours. Stocks have been increasing, but 
masters appear to have refused offers at a reduction, 
preferring to hold on at present rates. This does not 
indicate that lower rates will rule, except under great 
pressure. Best foundry iron is able to hold its own 
at fairly good prices, and common sheets are in re- 
quest, the late rates being firmly maintained. There 
is an absence of labour disputes throughout the dis- 
trict, and generally good feeling prevails. 





In the Birmingham district there was a more prompt 
resumption of work after the holidays, but it is only 
in exceptional cases that the machinery has been run- 
ning full time as yet. The immediate outlook in the 
iron and steel trades is not regarded as bright. Marked 
bars have been reduced 10s. per ton, with the usual 
extras for Lord Dudley’s round oak brand ; but there 
is no change in the price of common iron, as makers 
state that they had anticipated the fall in marked bars. 
There is a general indisposition to lower rates, which 
are said to be so low as to leave little or no margin. 
The general local trades of Birmingham are quiet, and 
there are no indications of any stir in prospect ; but it 
is too early to predicate the future. All labour ques- 
tions continue quiet throughout the district. 





The London cabmen have decided against ‘sixpenny 
fares by a very large majority, but the vote in the 
aggregate was rot a large one. It appears to most 
people that a sixpenny fare would be far better for 
cabby than crawling along the streets for hours in 
search of a ‘‘fare;” but cabby does not think so. A 
cabman will often walk his horse more than the dis- 
tance of a sixpenny fare for nothing, crowding the 
streets—which are already too crowded—with vehicles, 
but he will not drive any distance, however short, 
for 6d. Well, they are within their rights, but is 
the decision a wise one for cabmen? 





The tinplate trade in South Wales continues in a 
most unsatisfactory condition, The dispute in the 
Llanelly district only terminated last week, when the 
men resumed work at 124 per cent. reduction, after a 
strike of six weeks, The employers sought to reduce 
wages 25 per cent., but this the men resisted. It was 
urged that the reduction named was rendered necessary 
by American competition and by the heavy duties 
imposed by the Tariff Bill. General satisfaction was 
felt and expressed in the district at the termination of 
the dispute. But immediately following upon this 
settlement comes the news of notices to terminate all 
contracts in the Cwmfelin district, where about 1000 
men are employed at the tinplate works. This is said 
to be the first stoppage for over 25 years, but owing 
to the state of the tinplate trade the masters state 
that they are compelled to shorten the contracts with 
their employés, and reduce the number of hands. It 
is suggested that means be taken to raise the selling 

rice of plates by a combination. But how is this to 
* done if American competition is the chief cause of 
the decline in trade? An advance of prices will only 
decrease the output, which in its turn will reduce the 
number of hands employed. 





The committee of the South-Western Railway sig- 
nalmen, including the men in the London district, 
have again memorialised the directors for certain con- 
cessions. They state that the concessions made have 
increased the dissatisfaction existing heretofore. Only 
a very few men have, they say, been granted conces- 
sions, and they express great disappointment, as well 
as dissatisfaction, because of the small concessions, 
after the very kind and considerate way in which the 


directors received the delegates some time since ; they 
had expected a more favourable reply. 





The London Dock Companies have lost no time in 
replying to Mr. Tillett’s charges. The reply categori- 
cally denies each of them in turn. With respect to 
accidents, the figures quoted show but a small per- 
centage, and, what is more, they are fewer than they 
were. The directors deny that there is any inter- 
ference with the pay of the dockers, or with the 
minimum four hours’ hiring, and they declare that 
there is not, and has not been, any attempt to inter- 
fere, either by reductions in the rates of payment, or 
in abolishing the minimum four hours. As regards 
permanency of employment, they assert that the 
system is, and has been, carried out most successfully, 
as the monthly returns show. The facts published 
from time to time in the Labour Gazette corroborate 
the statements of the directors, in preference to those 
of Mr. Tillett, The latter, however, has returned to 
the attack in some general terms, but gives no specific 
facts in support of his statements. As one of his 
opponents said, facts are not necessary to his style of 
attack. 

The deputation of telegraphists to the Postmaster- 
General will not be quite devoid of results, although 
Mr. Morley could not agree to many of their proposals. 
They are to have better arrangements as to holidays, 
but on the question of abolition of classification the 
department is firm. It is alleged that the classifica- 
tion system was introduced as a means of improving 
the efficiency of the service, and of giving the men a 
better chance of promotion. The men say that it 
works out badly. Perhaps, after all, a thorough 
investigation of the question by a Select Committee 
will be the best plan, so as to ascertain what are the 
merits and what are the defects of the system. The com- 

laint against classification is so general that there must 
be defects ; the employés know best what the results 
are so far as they are concerned, But it is a great 
deal harder to get at the facts, or test the results of 
any system under a Government department, than it is 
in a private firm. This is a strong reason, from a 
labour point of view, against an undue extension of 
Government employment, unless the conditions are 
worked out and laid down with such detailed preci- 
sion that they cannot be misused. There are more 
complaints just now against Government departments 
than there are against private firms. 





The parish councils elections having been got over, 
without any great rush of labour questions, or labour 
candidates elected, we shall soon be in the throes of 
the London County Council election, at which labour 
questions and labour candidates will play an active 
part. There is no longer any talk about capturing 
the council for the ‘‘ labour party,” as that would be 
a dangerous game to play. The two main labour ques- 
tions will be the maintenance of the trade union rates 
of wages and hours of labour, and the getting rid of 
the contractor. With respect to wages and hours of 
labour, there will not be any great difference of opinion. 
In neither case have the council done more than keep 
abreast of the best firms in the metropolis. But on 
the question of the council doing work without the 
intervention of a contractor, there will be a strong 
opposition. 


The strike at Lord Masham’s Acton Hall Colliery, 
Featherstone, near Leeds, with respect to some changes 
in shift work, has been dealt with satisfactorily by the 
Yorkshire Miners’ Association, and the men have re- 
sumed work. Both employers and workmen express 
approval of the revised conditions of working, which, 
it is believed, will be of a permanent character. The 
Miners’ Union did a graceful thing in sending a letter 
of sympathy to Lord Randolph Churchill in his dis 
tressing illness, for the noble lord, the member for 
Paddington, was among the first of ‘‘ front bench men” 
to support the Miners’ Eight-Hours Bill. Whether 
that Bin will work good or evil in the future is a 
matter of opinion, but it was of no small value to the 
movement to have secured the vote and support of Lord 
Randolph Churchill to it. 








Another strike has taken pos at Messrs. Carnegie s 
works, this time at the Steel Works, Braddock, Penn- 
sylvania, against a reduction in wages, notice of which 
had been given. The works are guarded by the police. 
It is thought that the men at the Homestead Works 
will also strike, but they have not up to the present 
time. The men allege that there is no justification for 
the reduction, as the cost of production has been much 
lessened by the use of electricity in lieu of steam at both 
the works ; besides which it is stated that the improve- 
ments recently introduced will enable one furnaceman 
and an assistant to do as much work, and give as 

reat an output at the furnaces, as 12 men did 
Comedy. It is stated that the firm offer per- 


manent employment as a compensation for lower 
pay. Things are expected to be rather lively as the 





strike develops at the works. 








60 


ENGINEERING. 


[Jan. 11, 1895. 








MULTIPLE DRILLING MACHINE FOR. 
RAILWAY CARRIAGE WHEELS. 

WE illustrate on this e, Fig. 1, a multiple drill- 
ing machine, made by Messrs. George Richards and 
Co., Limited, of Broadheath, near Manchester, for the 
Horwich works of the Lancashire and Yorkshire Rail- 
way Company, and intended for drilling through the 
steel ring, wood cushion, and steel web of railway 
carriage wheels, as indicated in Fig. 2, automatically 
and at one setting. The table of the machine rests on 
a trolley, as shown in the illustration, this latter 
being mounted on rails for carrying the table and 
wheel to the front and back of machine as desired 
The wheel is centred by means of a mandril fixed in 
the table, which passes over the two slides on the 
standards, and is brought into position by means of 
taper steel pins fitting into hardened bushes ; the feed 
gear is then put into motion, and operates automati- 
cally throughout, returning the table with the wheel 
to its original position. The machine carries 12 
— equally divided so as to become inter- 
changeable, each spindle receiving its motion from 
a large spurwheel running on a fixed spindle in 


Fig.2. 
































CI 
the centre of the frame. Attached to this is a 
large bevel wheel, geared 34 to 1 to the driving 
shaft carrying fast ah loose pulleys. The spindles are 
provided with gun-metal bushes at the top end, and 
conical taper bearings at the bottom, in addition to 
a split conical chuck suitable for parallel drills, so 
that drills of varying lengths can be set on one level. 
The feed motion is ten by a secondary shaft, run- 
ning the whole length of the bottom framing of the 
machine. This shaft is actuated by open and cross belts 
from the top shaft, and is provided with a clutch and 
bevel wheels, by means of which it drives the vertical 
shaft for raising and lowering the table by hand. The 
gearing on the feed shaft is arranged for giving feeds 
for the steel of 200 turns to the inch, and for the wood 
of 20 turns to the inch, with a fast return for carrying 
the car wheel down into its original position, The 
feed is governed automatically by inclined planes and 
adjustable stops, and can be reversed by a hand lever 
in front of the machine, fixed stops being provided on 
the vertical rod attached to the hand lever to prevent 
the overrunning of the feed in either direction, by 
throwing the clutch in connection with the feed pulleys 
at the top into its central position. 





THE PARIS INTERNATIONAL EXHIBITION 
OF 1900. 

No time is being lost in organising the arrange- 
ments for the Paris International Exhibition of 1900. 
The classification, as we have seen, is practically 
determined on, and now attention is being turned to 
the designs of the buildings and the mode of laying 
out the grounds. We have already referred to the 
competitive designs which were recently submitted 
and placed on exhibition, and we devote some para- 
pore toa more detailed consideration of the schemes 
put forward. Invitations for proposals were issued 
about the middle of last year, and many persons com- 
peted. Not only architects and engineers entered the 
lists, but a number of more or less imaginative and 
unpractical persons. A jury appointed for the pur- 
pose will shortly decide which, if any. of the designs 
are worthy of the premiums offered, The Government 
will become the proprietors of the recommended 
designs, and will have absolute liberty to adopt the 
wale or any porticn, or to make such a combination 
or changes as they may consider fit ; or what probably 
is more likely, it will, laying on one side all submitted 

roposals, prepare some designs of itsown. Certain 
oead conditions were laid down to which the 
competitive designs had to conform. The method 
of classification placed certain restrictions on the 
plans, because it is intended that materials, processes, 
and products shall be largely placed in juxtaposition, 
Entire freedom was given as to nature of buildings 
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MULTIPLE DRILLING MACHINE. 
CONSTRUCTED BY MESSRS. GEORGE RICHARDS AND CO., LIMITED, MANCHESTER. 


Fig. 1. 








tions were to be combined with cheapness and ease and 
rapidity of construction. It was also a special condi- 
tion that the structure should be of a strictly tempo- 
rary character, to be swept away after the close of the 
Exhibition. The permanent buildings adopted in 1878 
and 1889 are errors not to be repeated in 1900. In| 
preparing their plans, therefore, competitors had to | 
consider not only the structures themselves, but their | 
contents, especially as concerns the arrangement of the | 


covered spaces for the display of exhibits in certain | 


distributions of awards, Congresses and Administra- 
tration; means for facilitating the movements of 
visitors had also to be provided, and new bridges thrown 
across the Seine. Suggestions for the arrangement of 
the ground were also included in the general scheme, 
and especially means of transport for visitors about 
the grounds. 

The ground plan below shows the area that is to 
be given to the 1900 Exhibition, the space included 
being covered with shading. It will be observed that 
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groups. The total area of these surfaces amounts to 
about 44 million square feet, of which about 120,000 ft. 
will be reserved for Education and Teaching ; 
300,000 ft. for Mechanical Processes, Materials, and 
Products ; 180,000 ft. for Electricity ; 450,000 ft. for 
Civil Engineering and Means of Transport ; 170,000 ft. 
for Food Products ; 250,000 ft. for Mines and Metal- 
lurgy ; 460,000 ft. for Textiles; and 150,000 for 
Chemical Industries, In addition to the main struc- 





and material employed, it | understood that a 
maximum of imposing effect and richness of decora- 





tures, other buildings were to be provided for festivals, 


a number of lines of rails are marked upon the 
Esplanade des Invalides, which, it will be remem- 
bered, was utilised in 1889 for the French Colonial 
exhibits, those of the Minister of War, social economy, 
&c. These lines indicate the position of a great 
underground station, connected with a low-level line, 
now being constructed, and which, like the new Sceaux 
line, may be regarded as the forerunner of a Paris 
metropolitan system. Within the limits of the Exhi- 
bition boundary this line is in deep cuttings, over which 
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buildings may be erected. The exhibition grounds 
will include, first, the Champ de Mars, on which 
remain several buildings dating from 1889 — the 
Machinery Hall and the great entrance gallery ; the 
Fine Arts and Liberal Arts Buildings ; and the Eiffel 
Tower. On the opposite side of the Seine, the 
whole of the park and palace of the Trocadero 
is to be utilised. The quays between the Champ de 
Mars and the Esplanade des Invalides will be in- 
cluded, provision being made for transverse passenger 
traffic over the Invalides and Alma bridges. A new 
bridge over the river will connect this quay, with 
that on the opposite bank extending to the unds 
around the Palais de l’Industrie, that building itself, 
a part of the Champs Elyséss, and of the Cours de la 
Reine, almost as far as the Place de la Concorde. The 
Esplanade des Invalides is also inclosed within the 
boundary. It will be seen that the limits are much 
larger than they were in 1889, and it will also be 
noticed that in framing the general conditions of the 
scheme, the experience of 1889, as well as that of 
Chicago, 1893, have not been forgotten. It should be 
mentioned that the utilisation, modification, and even 
the suppression, of all buildings employed at past Ex- 
hibitions, and standing within the limits, was sanc- 
tioned under the general conditions, with the excep- 
tion of the Trocadero Palace. 

One hundred and seven plans for the new Exhibition 
were submitted to the jury, and it is worthy of note 
that there appeared a somewhat general desire to retain 
the old buildings on the Champ de Mars. No doubt 
these were admirably adapted for their purpose, and 
by retaining them great economy is effected. It is 
however, somewhat doubtful if the result could be 
satisfactory. It must be admitted that the designs 
proposed leave much to be desired. We may refer 
very briefly to some of these of the most promise. 
MM. Cassier and Cousin wish to utilise the first plat- 
form of the Eiffel Tower as the starting point for 
aerial passenger lines, and they would fill a large part 
of the Champ de Mars with an iron and glass palace 
devoted to electricity. Another competitor would 
erect a building similar to the Machinery Hall, at the 
opposite end of the Champ de Mars, along the side of 
the Seine ; a third finds a solution in circular build- 
ings filling the Champ de Mars. A fourth would 
cover the whole width of the Seine, and erect buildings 
on the platform thus created, regardless of the conse- 
quences to navigation ; a fifth would place the whole 
of the Champ de Mars under glass ; and several advo- 
cate the construction of rotundas as a leading feature, 
one proposal being for a glass dome 160 metres span 
and 150 metres high. A striking proposal is that of 
M. Girault, who would flank the Seine with two long 
lines of temporary palaces. Of course a large number 
of proposals include the destruction or transfiguration 
of the Palais de l’Industrie ; and, indeed, it is well- 
nigh time that this venerable Exhibition relic be re- 
moved. An interesting feature of one scheme is to 
represent the art of war from the earliest time, and 
M. Gautier’s scheme for a ‘‘ Palais de Siécle,” has at 
least an air of novelty ; it would be 780 ft. high, with 
storeys, the whole being covered in by a vast 

ome. 

The jury will shortly make their decisions and 
awards ; from what we have said it will be gathered 
that, excepting, perhaps, for occasional suggestions, 
the competition will have but little practical value, 
and that the design will have to be prepared by the 
engineers and architects of the State, who may be 
safely trusted to create buildings and perfect arrange- 
ments worthy of the great undertaking. 





SHIPBUILDING AND MARINE ENGINEER- 
ING IN 1894. 
(Continued from page 27.) 
Nortu-East Coast. 

In reviewing the year’s work in the several districts, 
we may first take the ports on the north-east coast of 
England from Blyth to Whitby, from which vessels 
aggregating 545,078 tons were launched, while in 1893 
the total was 435,349 tons. The increase is therefore 
equal to 25.4 per cent. On the Clyde there is an in- 
crease on the year of practically the same proportion, 
25.6 per cent. As indicated in the figures appended, 
the total for the north-east coast is 65,300 tons or 10.5 

ercent. below the average for the preceding five years, 
and on the Clyde 11,821 tons or 3.6 per cent. more. 
The decrease from the maximum in 1889 is most 
marked on the north-east coast—172,700 tons, or 24 
per cent., whereas on the Clyde the total is only 
14,000 tons less than the maximum in 1890. 

1894. 1893. 1892. 1891. 1890. 1889. 


, tons. tons. tons. tons. tons. tons. 
et ports 545,078 435,349 631,751 606,362 675,880 717,709 
yde .. . 


- 339,640 279,916 335,191 335,076 353,719 335,201 

The Tyne ports sent abroad ships aggregating 87,337 
tons, or 16 per cent, of the total, whereas in the pre- 
vious year the foreign tonnage made 96,685 tons, or 
22.2 per cent. of the total, while on the Clyde the pro- 
portion was 12.5 per cent. in 1894 and 14.7 per cent. in 


1893, indicating also a decrease. This is consistent 
with the fact that the foreign tonnage built in the 
kingdom is less than in the previous year — 14.3 per 
cent. against 17.94 per cent. Of the foreign tonnage 
sent from the north - eastern ports, Russia took 
18,011 tons, Norway 12,759 tons, Holland 11,364 tons, 
Belgium 8124 tons, and Germany 10,426 tons. Of 
the home tonnage the Clyde owned a much larger 
proportion of its own tonnage than did the north-east 
coast ; for 170,000 tons, or about a half of the Clyde 
tonnage, was locally owned, whereas of the north-east 
coast tonnage 140,000 tons, or 25.5 per cent., was taken 
by local owners, including 53,139 tons by the Tyne, 
39,353 tons by West Hartlepool, 37,041 tons by Sunder- 
land, and 10,696 tons by the Tees. London took 
112,072 tons from the north-east coast, 21 per cent. of 
the output, against 27.2 per cent. in 1893; and 69,001 
tons from the Clyde, or 20.5 per cent., against 25.4 per 
cent. in 1893. Liverpool took 63,481 tons from the 
north-east ports, or 114 per cent., and 23,621 tons from 
the Clyde, or 7 percent. On the north-east coast there 
were built six vessels over 5000 tons, 12 between 4000 
and 5000 tons, and 58 between 2000 and 3000 tons. 
On the Clyde there were 5, 10, and 20 of these respec- 
tive sizes, 

The engine production totalled 371,440 indicated 
horse-power, as against 293,903 indicated horse-power 
in 1893, but when comparison is made with preceding 
years, there are great decreases. It will, therefore, be 
seen that the power bears a small proportion to the 
tonnage—0.68 indicated horse-power per ton. On the 
Clyde it is 0.75 per cent., and there is little difference 
in either case in the power for vessels not built in 
the district and included in the tonnage. The greater 
ratio on the Clyde is due to the inclusion of more 
torpedo-boat destroyers and more fast steamers. We 
shall indicate in the shipbuilding returns the power 
of the machinery made by the respective firms, but 
give here a list of the firms which f ae themselves 
exclusively, or almost so, to engineering : 




















| 
Name of Firm. No. | 1894. | 1893. 1892. 1891. 
Hawthorn, Leslie, and 
Co. +s ee ~~ ee] 11 | 48,650 | 16,600 | 41,850 | 43,500 
North-Eastern Company, 
Wallsend and Sunder- 
land ee a ..| 47 | 36,836 6,350) 15,250 — 
Central Company, Hartle- | 
pol .. .. —_..| 21 | 32,050 | 36,550 | 34,250 | 14,450 
Wallsend Slipway and | 
Engineering Company | 19 | 21,250 | 16,640 | 25,700 | 4,560 
John Dickinson, Sunder-| | 
land es re --| 17 | 20,025 4,450*| 5,300*| 4,375* 
William Allan and Co., | 
Limited, Sunderland ..| 12 | 16,200 7,700 | 10,600 | 32,550 
Westgarth, English, and 
Co., Middlesbrough ..| 14 | 9,030 6,688 | 2,066 9,725 
George Clark, Limited ..| 18 tll 4,615"| 6,795*| 11,400 





* Nominal horse-power, t This only includes production of 
Wallsend works. 

The Tyne.—The total production of the yards on 
the Tyne was 115 vessels of 190,664 tons, as compared 
with 71 vessels of 147,248 tons in the preceding year, 
while in 1892 the total, 229,469 tons, was swelled 
unduly by the inclusion of two battleships. 
was, therefore, last year an increase over 1893 of 29.5 
per cent., so that the year’s total must be regarded as 
satisfactory, especially as it compares fairly well with 
the average for three or four years, although 90,000 
below the maximum in 1889. Of the total, only 
six barges built by Palmers’ Company for the Th 


1893, come second with an increased output for the 
past 12 months, The year’s return includes nine steel 
steamers of an aggregate of 32,104 gross tons, or an 
increase of one vessel, and 1016 tons. One of the 
vessels was 5670 tons, another 4776 tons, five others 
were over 3000 tons, and the remaining two were over 
2800 tons. One vessel was for Norwegian owners, 
while three were for Glasgow, and one each for Liver- 

ool, Belfast, Newcastle, Southampton, and London. 
imawe, Hawthorn, Leslie, and Co., Limited, return 
nine vessels of 22,612 tons, double the output of 1893, 
and machinery for these and four others, the total 
being 48,650 indicated horse-power, which gives them 
first place among north-east coast marine engineers. 
The vessels engined only, included a Russian battle- 
ship, a Japanese cruiser, and two large cargo steamers. 
Of the nine vessels launched, four were twin-screw 
steamers, one a large paddle steamer, and the others 
screw steamers. One of the first-named was the Peters- 
burg, a vessel of 5336 gross tons, and 11,250 horse-power. 
Another vessel of even larger tonnage was the screw 
steamer Banffshire, of 5526 tons and 3000 horse-power, 
for Glasgow owners. Messrs. John Readhead and Sons, 
West Dock, South Shields, have, as shown in the 
Table, an increase over 1893 of two ships built, and of 
3982 tons. There is a prospect of employment for 
some time to come, several vessels being in the early 
stages of construction. Sir W. G, Armstrong, 
Mitchell, and Co., Limited, who took second place 
on the list for 1893, have launched 10 vessels of 16,368 
tons gross register, an increase of three vessels 
launched, but a reduction of 8895 tons. Six of the 
vessels were of small tonnage. The list includes, 
however, two vessels of 4500 tons each, and one of 
3918 tons ; a torpedo-boat destroyer, and three paddle 
steamers. Three of the vessels were fitted with 
twin screws. At Howden, Edwards’ Shipbuilding 
Company, Limited, built four steel steamers and an 
iron pontoon dock. The gross tonnage of the steamers 
amounts to 12,763 tons, and they were for British 
owners. The increase over last year is three vessels, 
and 10,438 tons. Another firm which shows an 
increase over last year is that of Messrs. W. 
Dobson and Co., Low Walker. They have launched 
nine vessels, of 10,768 tons, as compared with 
five vessels of 7740 tons, last year. he return 
of the Tyne Iron Shipbuildn Compal, Limited, 
Willington Quay, shows a slight increase in tonnage 
over last year, but the number of vessels launched is 
the same. The number included two “Strath” 
steamers for Glasgow. Messrs. Wigham Richardson 
and Co. have launched fewer vessels than last year, 
and the tonnage has fallen from 17,853 for 1893 to 
8273 for the past ‘year. The power is 16,650 against 
20,000 indicated horse-power. The vessels numbered 
five, including the New Londoner, for the Channel 
service. Messrs. R. Stephenson and Co., Limited, Heb- 
burn, launched three steel steamers, of 8002 tons gross 
register. They have also engined these vessels and 
one other, the total indicated horse-power having been 
5800. Last year’s return, though it showed no vessels 


Production of Tyne Firms. 








and a small ship by Messrs. Dobson, were sailing craft. 
In the previous year one sailing ship, and in 1892 
several ships totalling 8468 tons, were included. But 
the proportion of sail craft seldom exceeds 2 per cent. 
In addition to the machinery for the steamers built, 
engines were constructed for several other vessels 
built elsewhere, so that the total power is 178,385 
indicated horse-power, an increase of 64,000 indicated 
horse-power on the total of 1893, although 50,000 less 
than in 1892. The ratio of foreign tonnage is 23.1 per 
cent., which is rather below the usual proportion. In 
1893 it was 26.4 per cent. ; but this year only 43,045 
tons were sent abroad, as compared with 38,828 tons 
in 1893. There was owned on the north-east coast 
60,000 tons, while London took 38,067 tons, Liverpool 
25,396 tons, Cardiff 5683 tons, and Southampton 5670 
tons. Palmers’ Company, having a larger tonnage 
than in the previous year, top the list. The return 
shows that 16 vessels, of 35,141 tons, have been 
launched. The Howden yard has been closed for 
some time, but at the Jarrow yard there is a good 
deal of work in progress, and the prospect of em- 
ployment to the workmen seems assured for some 
months, at any rate. Last year the company built 
only seven vessels, of 19,543 tons, so that this year 
there is an increase of nine vessels, and of 15,598 tons. 
The horse-power, too, shows an increase, 16,600 
against 8250 indicated horse-power. The largest 
vessel was of 5364 tons, with 2000 indicated horse- 
power engines. There were three others for Liverpool, 
three for Newcastle, and one each for Hull, Cardiff, 
and Rotterdam. Messrs. C. S. Swan and Hunter, 











There 1894. 1898. | 1892. 
Name of Firm, “ ; OP - 
i], esl . Heel 
&| € less| 2 lass] 
z| & |SP*| & |BRe| 2 
Palmers’ Company.. -| 16 | 35,141) 16,600) 19,542) 8,250) 45,470 
Swan and Hunter .. -+| 9 |82,104/ 17,400) 31,088] 15,100] 15,001 
Hawthorn, Leslie and Co. 9 | 22,612) 48,650) 11,100) 16,500) 19,760 
J. Readhead and Sons ..| 9 | 22,018| 10,800| 18,036) 10,050) 21,411 
Armstrong, Mitchell, and 

COs ss aA Jes -+| 10 | 16,368) 20,850) 25,263] 25,550) 36,043 
Edwards Company* 4 | 12,763) 4,760) 2,325 850) 15,761 
W. Dobson and Co. 9 |10,768| 6,740) 7,740) 4,260) 9,663 
Tyne henge oo ae . 3 |10,201) 4,900) 8,144) 3,800) 13,509 
Wigham Richardson and 

xs ee she --| 6 | 8,273) 16,650) 17,853) 20,000) 15,789 
R. Stephenson and Co., 

Limited .. ae e-| 8] 8, 5,800} — _ _ 
Wood, Skinner, and Co. ..| 6 | 6,242) 8,900] 2,889] 2,100] 13,238 
Scotswood Company 1 | 1,914) 2,600) — _— = 
Edwards Brothers .. --| 12 | 1,722) 515} 420)  936)16,761 
J. P. Rennoldson and Sons| 8 | 1,240) 2,965) 1,812| 2,528) 1,312 
J.T. Eltringham and Co.| 6 693; 1,310) 286) — 992 
Anderson and Laverick ..| 4 588} 730) 953) 1,480) 488 
C. Miller... ee oe 15 25) — — _ 























* The Edwards Shipb iD m0 also bui 
pontoon dock to lift Peo tone oa Ee ee 
launched. included the construction of six iron lock 
gates, an iron pontoon, and a floating dock. Messrs. 
ood, Skinner, and Co., Bill Quay, have launched 
six vessels, of 6242 tons, and the return shows an 
increase over 1893 of two vessels and 3353 tons. 
The firm have several steamers in course of construc- 
tion and fitting out. The Scotswood Shipbuilding 
Company, whose yard had been closed for some years, 
have built one steel paddle steamer, of 1914 tons, for 
Monte Video. Messrs. Edwards Brothers, who com- 
menced building at North Shields in 1893, and launched 
three iron screw trawlers, of 420 tons gross register, 
have floated 12 small steam fishing craft of 1722 tons, 





Wallsend, who headed the list of Tyne shipbuilders in 


Messrs. J. P. Rennoldson and Sons, South Shields, 
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| 
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have launched eight steam vessels, of 1240 tons, steam 
yachts, towing and fishing craft. The return of 
Messrs. Jos. T. Eltringham and Co., South Shields, 
includes several tugs and trawlers. Messrs. Ander- 
son and Laverick, Newcastle, launched one wooden 
and three steel vessels before closing some time ago. 
The Wear.—Although there is an improvement of 
36 per cent. on the total tonnage launched on the 
Wear in 1893, the production in 1894 still falls far 
short of the four preceding years, the average of which 
was nearly 200,000 tons, whereas for the past year the 
total is 166,441 tons, the measurement of 70 vessels. 
This is 20 vessels more than 1893. Looking to the general 
experience, the total must be considered satisfactory. 
All the vessels were steamers, whereas in 1893 there 
were two sailing ships, and in 1892 ten; but, asa rule, 
the Wear confines itself to steam craft. All the 
vessels, too, were of steel, as in the previous year. 
The great majority of the vessels are of the cargo- 
carrying type, so do not call for special comment. The 
ee tonnage is 2378, rather less than in the two 
=? ing years. The largest vessel was the Maroa, 
uilt by Messrs. Doxford for Messrs. Crow, Rudolf, 
and Co., Liverpool. She is of 6802 tons, having a dead- 
weight carrying capacity of 9550 tons, and with engines 
of 2800 horse-power makes 104 knots. The other 
seven vessels by this firm all exceeded 2000 tons, and 
the total deadweight capacity is 39,445 tons for 25,595 
tons gross register. Five of the vessels are of the turret 
type. The next largest was a Hamburg steamer by 
Mr. James Laing, of 4570 tons. There were 21 vessels 
between 3000 and 4000 tons, 28 between 2000 and 
3000 tons, and 10 over 1000 tons. There were more 
vessels over 3000 tons this year, and a larger number 
of small craft. As to clientéle 6.94 per cent. of the 
tonnage, representing five vessels of 11,535 tons, went 
to foreign owners, as compared with nine of 13,407 tons 
in the previous year, Holland, Antwerp, Sicily, and 
Austria taking one steamer each, while a small pas- 
senger tender went to Calcutta. As to the tonnage 
for home owners, London took about the same as in 
the previous year, 46,306 tons ; while local ports took 
very much more, 64,000 tons, in this order: Sunder- 
land, 37,041 tons; Newcastle, 19,167 tons; West 
Hartlepool, 8441 tons; and Middlesbrough, 491 tons. 
To Liverpool 22,665 tons were sent; to Hull, 3561 
tons ; to Newport, 1348 tons; and to Colchester, 115 
tons. It must have been satisfactory to the Wear firms 
to send six large steamers totalling 18,300 tons to 
Scotland; one to Leith and Aberdeen, and four to 
Glasgow, the centre of shipbuilding activity. The 
output of the firms is tabulated, Messrs. J. L. Thomp- 
son and Sons heading the list for the ninth year : 
Production of Wear Firms. 























1894. | 1893. | 1892. 
Name of Firm. —_— i— | 
No.} Tons. H.P. ons. | Tons. 
J. L. Thompson and Sons| 14 | 35,560 | 3,408*| 32,441 | 37,649 
Short Brothers : ..| 10 | 25,615 | aT 23,521 | 21,561 
W. Doxford and Son, Ltd.| 8 | 25,595 | 12,800 | 4,370 | 21,646 
James Laing =. «| 8 | 17,893 1,910*| 25,384 | 22,792 
R. Thompson and Sons ..| 6 | 13,937 | 6,900 | 1,817 | 14,187 
J. Priestman and Co. ../ 6 | 13,047 | 6,850 | 4,743 | 10,786 
Bartram, Haswell, and Co.| 3 | 9,689 | 4,700 | 6,219 | 12,254 
Sunderland Shipb’d’g Co.) 4 8,281 5,100 | 7,735 5,946 
W. Pickersgill and Sons../ 3| 6,955 | 2,800 | 2,223 | 141526 
8. P. Austin and Son 3 | 4,225 | 2,500 | 5,097 | 4,480 
Osbourne,Graham,andCo.| 1 | 2,697 1,000 —_ j — 
J. Blumer and Co.. «-| L| 1,645 800 | 8,065 | 13,586 
Strand Slipway Company 1) 980 600 920 te 
M’ Andrew, Covean,& Potts 2 322 60 —- | — 


| 
* These are nominal horse-power, the others indicated 
horse-power. 

The horse-power of engines constructed in the dis- 
trict totals 96,110 indicated horse-power, against 
77,655 indicated horse-power in the previous year, and 
104,261 indicated horse-power in 1892. Some of the 
builders do not construct the machinery for their ves- 
sels, and this is done largely by Mr. William Allan 
and Mr, John Dickinson and George Clark, Limited. 
The first-named reports that he constructed machinery 
for twelve vessels, the total indicated horse-power 
being 16,200, and only two of these vessels were built 
at West Hartlepool, the others at Sunderland. Mr. 
Dickinson constructed machinery for 17 vessels, the 
total indicated horse-power being 20,025. George 
Clark, Limited, report that they completed machinery 
for 18 vessels, the total nominal horse-power having 
been 4777. All, with two exceptions, were built on the 
Wear, and these two were Tynesteamers. At their Sun- 
derland works, the North-Eastern Company constructed 
26 sets of machinery of 17,780 indicated horse-power 
for vessels built at the Wear, but largely also on the 
Tyne and other ports. Several firms report that the 
year’s operations were injuriously affected by strikes. 

The Tees.—The six firms at Middlesbrough and 
Stockton completed 58 vessels, totalling 101,842 
tons, as compared with 55 vessels of 93,915 tons; 
while in 1890, when a maximum was reached, 
the total was 127,739 tons, so that the year’s 
production is favourable, and would have been 
much greater but for the strikes during the year. 
With the exception of a steam trawler, all the vessels 





were of steel, and only some small barges were sailing | grouped together, because they are the extreme points 


craft, totalling 1634 tons. These were built mostly 
by Messrs. Richardson, Duck, and Co. For this 
reason also the average number of vessels is smaller. 
Nineteen were under 500 tons, three between 500 and 
1000 tons, six over 1000 tons, 17 over 2000 tons, 13 


over 8000 tons, and one, the largest, of 4094 tons, the , 
Ceylon, launched by Sir Raylton Dixon and Co. for | 
| The production is better than in the previous year, but 


British owners. This firm top thelist with 12 vessels, 
the average size being 2685 tons; while Messrs. 
Ropner, who come next, have an average of 2800 tons, 
their total of 28,028 tons including vessels between 
2098 and 3276 tons. Messrs. Richardson, Duck, and 
Cu., and Messrs. Craig, Taylor, and Co., have also 


vessels of over 3000 tons. The proportion of tonnage | 


for foreigners is again large, although not so great as 
in 1893—29 per cent. as against 35.3 per cont. There 
were 26 vessels of 29,334 tons. As to home tonnage, 
one does not find the same extent of local ownership 
as in the case of the Wear, to which we have just 
referred, 

Production of Tees Firms. 


| 
1894. | 1893, | 1892, 


Name of Firm. ae: Beier: [Fane wT 


| No.| Tons, I.H.P. Tons. | Tons. 





Sir Raylton Dixon and Co.| 12 | 32,220 17,100 26,612 | 34,636 

Ropnerand Son .. ..| 10 | 28,028 2,210* 28,436 | 31,854 

Richardson, Duck, and Co.) 23 | 23,312 12,000 | 24,679 | 20,601 
5,000 








Craig, Taylor, and Co. ..| 5 | 12,809) 5, 9,376 | 8,758 

R, Craggs and Sons --| 7} 4,003} 3,100 2,352 | 3,180 

W. HarkessandSon ..| 1 1,470| 600 | 2,460 250 
Total.. ..  ..| 58 | 101,842 50,800 |  — = 


* Nominal horse-power. | 
About 20 per cent. of the tonnage is owned on the 
north-east coast and 18 per cent. in London. Messrs, 
Westgarth, English, and Co., construct a large num- 
ber of the engines for Tees-built vessels, and their total 
is 9030 indicated horse-power, against 6688 in the 
previous year, 

Hartlepool.—T wenty-nine vessels of 79,193 tons were 
launched by the firms at West Hartlepool, as compared 
with 24 vessels of 66,641 tons in the preceding year, 
and as the maximum of any year is under 100,000 tons, 
there has here also been moderate activity. The 
vessels, as is usual, are all large, the average being 2730 
tons, against 2777 tons in the previous year. Only 
one vessel of 3433 tons was for abroad, while in the 
preceding year there were five foreign vessels of 
11,378 tons. Asarule, West Hartlepool vessels are 
built in that port, and two years ago about a third of 
the total was home-owned; in 1893, 28 per cent. ; 
while in 1894 the ratio goes back to the periods 
of moderate prosperity, being again nearly a third. 
Of the remainder, London took about 12,000 tons; 
Hull, 5223 tons; Liverpool, 3212 tons ; Cardiff, 10,947 
tons ; and Glasgow, the four largest vessels built, four 
“Strath” liners of about 4030 tons. built by Messrs. 
W. Gray and Co. There were two vessels between 
3000 and 4000 tons, by the same company, and of the 
others in the total 17 were between 2000 and 3000 tons, 
and six between 1000 and 2000 tons. All were steam— 
that is usually the case at West Hartlepool. Messrs. 
Gray’s output was 17 vessels of 49,733 tons and 20,990 
indicated horse-power, one vessel and 1400 tons less 
than in the previous year, and 15,000 tons short of 
the record output of the firm. Messrs. Furness, 
Withy, and Co. completed nine vessels, all British 
owned, of 23,319 tons and 2025 nominal horse-power. 
This is four vessels and 7000 tons more than in 1893, 
and is the largest total of the present decade. Messrs. 
Irvine and Co. launched three vessels of 6141 tons and 
2765 indicated horse-power, whereas last year they 
were in the unfortunate position of not having com- 
pleted any vessel. The Central Marine Engine Works 
constructed the machinery for Messrs. Gray’s ships 
and others, and they have turned out engines for 19 
new steamers, aggregating 29,850 indicated horse- 
power, and in two cases converted old into new high- 
pressure compound engines ; making the total 32,050 
indicated horse-power, as against 25 vessels of 36,550 
indicated horse-power in 1893, and 23 vessels of 
34,250 indicated horse-power in 1892. Four boilers 
were also built for dredgers and tugs during 1894, 
making altogether 44 boilers of the marine type turned 
out of these works. The total output, as indicated, 
falls considerably short of 1893, as owing to the un- 
fortunate and prolonged strike of moulders and pat- 
ternmakers, ships a machinery which might have 
been completed in 1894 go over to 1895. The average 
indicated horse-power of the new engines built last year 
is slightly above that of 1893, being 1571, as against 
1548 in 1893, and 1500 in 1892. This is largely owing 
to the great size of the engines of the s.s. Aotea, 3250 
indicated horse-power, which are as large as any that 
have yet been built in the Hartlepools. The prospects 
for 1895 are not good ;_ the work secured early in 1894 is 
nearly finished, and is not being followed by fresh 
orders ; a slack time seems before the town, both in 
shipbuilding and engineering. 

Blyth and Whitby.—These ports we have usually 








of what is regarded as the ‘‘ North-East Coast” dis- 
trict. The Blyth Shipbuilding Company constructed 
two vessels; one, the Corbridge, of 2104 tons, for 
Newcastle, and the other, the Kirkwall, of 2081 tons, 
for Cardiff. Both have triple-expansion engines of 
970 horse-power, by the North-East Marine Engineering 
Company. The company have one steamer on hand. 


in 1892 the total was 8001 tons, and in 1891, 6973 tons, 
the horse-power being correspondingly greater. The 
other yard at Blyth, the Union Co-operative Com- 


| pany, have no return, while in the previous years they 
|usually had one or two small craft. At Whitby 


Messrs. Turnbull and Son launched the Phebe, a 
steamer of 2753 tons, with triple-expansion engines of 
242 nominal horse-power. They had only one vessel 
in 1893, but five of 13,202 tons in 1892, and 4781 tons 
in 1891. 

Tue HouMBER. 

The year has been one of considerable activity on 
the Humber, the total output having been 19,552 tons, 
against 9139 tons in the preceding year. This included 
14 sailing craft averaging little over 100 tons, anda 
larger number of trawlers, in the production of which 
Hull and Grimsby have always taken a prominent part. 
A very large proportion of this tonnage was locally 
owned—13,820 tons, while but two vessels, trawlers, 
were for foreign owners at Boulogne. The Earle Com- 
pany did the most important work. They completed 
two vessels for the Hook of Holland route to the Con- 
tinent of the Great Eastern Company, in addition to 
the others launched in the previous year for the same 
service. These vessels, of about 1750 tons and of 5000 
indicated horse-power, giving 18}-knot speed, were 
illustrated and described in our preceding volume. In 
addition, the firm launched the torpedo-boat destroyers 
Salmon and ese for the Navy, and have con- 
structed quadruple engines for the Egyptian Monarch, 
which will have Belleville boilers working at 250 lb. 
pressure. Their production, therefore, has been 
varied, and, as will be seen from the accompanying 
figures, the year has been one of activity at Mr. 
Seaton’s establishment : 

1889. 1890. 1891. 1892. 1893. 1894, 
Tons oe +» 18,455 4,429 11,789 10,601 4,558 12,580 
LH.-P. .. .. 85,395 39,380 54,729 18,475 21,110 24,875 

Many trawlers are of iron. Of the other firms, Messrs. 
Cook, Welton, and Gemmell launched 18 vessels 
of 2156 tons, including H.M.S. Satellite of 50 tons for 
the War Department and a Customs boat for Greenock, 
the others being fishing craft. In the previous year 
the total was 2341 tons. Messrs. Cochrane and Cooper, 
Beverley, completed 18 steam craft, all trawlers except- 
ing one pilot cutter, the total being 2571 tons, against 
2119 tons in the previous year. Mr. Joseph Scarr 
launched seven vessels of 1290 tons, Mr. H. Scarr six 
of 775 tons, Mr. T. Campbell one of 45 tons, Messrs. 
Turner and Leaver one of 70 tons, and Mr. Charlton 
one of 70 tons. 

BARROW-IN-FURNESS AND DISTRICT. 


The Naval Construction and Armaments Company 
completed 10 steamers, and in addition to engining 
these, supplied new machinery to two others, the total 
thus being 29,550 indicated horse-power, while the 
tonnage was 20,656 tons. One was a dredger of 282 
tons; with compound engines of 350 indicated horse- 

wer; seven others weremerchant steamers, the largest 

eing the Indrani, of 4994 tons and 2600 indicated horse- 
power, while of the others, five of 2600 to 2800 tons 
were forGlasgow owners, an indication that Mr. Adam- 
son continues to offer competition with Clyde builders. 
The connection with the Clan Line of Glasgow is 
also strengthened by Mr. Cayzer’s parliamentary con- 
nection with the town. The total includes two 
torpedo-boat destroyers, Sturgeon and Starfish, of 
270 tons, with engines of 4200 indicated horse-power. 
The comparison withfive previous years is interesting: 
1889, 1890. 1891. 1892. 1893. 1804. 
Tons es -. 26,847 24,665 31,444 27,080 19,552 20,656 
LH.-P. .. .. 27,375 52,660 26,975 35,300 31,340 29,550 
At Workington Messrs. Williamson completed the 
Queen’s Channel of 370 tons for Liverpool, and it was 
fitted by Messrs. Dunsmuir and Jackson, Glasgow, 
with engines of 60 horse-power. Five steel barges 
bring their total to 830 tons, as against 3617 tons and 
5057 tons in the two preceding years. Messrs. Ritson, 
of Maryport, launched the sailing ship Ladas, while in 
the previous year they built one ship of 3423 tons, and 
in 1892 one ship of 1352 tons. 


THe MERSEY. 


Sixteen vessels were launched on the Mersey, in ad- 
dition to a large number of small craft, &c., all total- 
ling 4666 tons. This,as the annexed figures show, is 
far behind the totals of some recent years. In 1892 
there was a battleship and two gunboats, but this year 
Messrs. Laird’s production is all of high-speed craft, 
and thus the collective horse-power is large. The fol- 
lowing are the figures for the Mersey: 

1890. 1891. 1892. 1893. 1894. 


Tons .. me .. 80,2538 25,975 40,125 9,071 4,666 
LH.-P... * .. 28,403 17,075 34,850 15,468 9,38 
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Messrs. Laird’s total includes seven vessels, amongst 
them a cruiser, the Patria, of 1050 tons, with engines 
of 204-knot speed, for a South American Navy, and 
four torpedo-boat destroyers—Lynx, Banshee, Contest, 
and Dragon—all of 27-knot speed. The first is 260 
tons and 4000 indicated horse-power, and the others 
290 tons and 4500 indicated horse-power. These craft 
we have illustrated and described in ENGINEERING. 
In addition, the firm engined the paddle steamer 
Banshee for the London and North-Western Railway 
Company. These were of 5000 indicated horse-power, 
so that the engine production of the firm was 28,620 
indicated horse-power. Messrs. Potter completed two 
barges and a twin-screw steamer. Messrs. Jones 
launched a small French steamer, a 400-ton coasting 
steamer, and four barges for Liverpool. Messrs. 
Cochrane and Co.’s total includes fishing craft and 
barges, 16 steam, mostly with compound engines, the 
aggregate power being 883 indicated horse-power, but 
the figures are appended : 





1893. 1892. |1890. 


} 
| No.| Tons.| No.} Tons.| No. Tons./Tons 


5 | 4382 | 7 | 26,125| 6231 














oe 
J. Jones and Sons -| 6 | 1382} 1] 400 | 13] 1,054] — 
W. H. Potter and Sons..| 3| 471] 4) 548 8 | 9,645) 5983 
Harland and Co... | 2 6o;/—| — | _ eas as 
Cochrane .. | 26 468 | 15 223 | 17 350 | — 
| 
(To be continued.) 





FEED-WATER HEATERS.* 
By Professor A. C. Extiorr, D.Sc. (Edin.). 


Tuat the operation of feed-heating is absolutely essen- 
tial to the attainment of high steam economy is a state- 
ment capable of proof. It must follow, therefore, that 
the subject of feed-heating invites attention as at once 
practically important and deeply interesting from a 
thermodynamical point of view. 

The essential parts of a steam plant are, of course, the 
furnace, boiler, and engine ; to each of these feed-heaters 
can be and have been applied. It will consequently be at 
once accurate and convenient to classify feed-heaters as 
connected with and adjuncts to (a) the furnace, (b) the 
boiler, and (c) the engine. The natural sequence of the 
classification is that just given, viz., (a), (b), (c); but in 
what a te it will be more convenient to take the order 
(a), (c), (6). 

The diagrams which accompany the paper have been 
drawn to scale for certain examples by Mr. W. H. James, 
student of engineering at the University College, Cardiff; 
but in perbaee. these examples are not laentien with those 
herein chosen for illustration. The diagrams must there- 
fore be regarded as mere sketches, but this circumstance 
in no degree diminishes their utility for the purposes of 
the present paper. 

Class Ved ground will be best demarcated by be- 
ginning with a preliminary survey of the possibilities of the 
method. The whole heat generated by the furnace 
cannot be given to the boiler, because the gas of com- 
bustion must leave the active conducting surfaces at a 
temperature not less than the temperature corresponding 
to the boiler pressure, which is necessarily much ter 
than the atmospheric temperature; whence it follows 
that even with a perfect furnace and boiler some part or 
the whole of the heat in furnace gas measured from the 
temperature of the boiler to that of the feed water is 
available for feed-heating, setting aside the question of 
how the draught is to be produced. It will be shown 
later that, considering the engine as responsible for all 
the heat passing through the boiler, there exists a method 
which, applied and carried out to its ideal limit, converts 
the ordinary steam engine into a perfect engine. In this 
case farther feed-heating by system (a) could not be 
applied, because the feed is supplied to the boiler at the 
boiler temperature. The matter now stands thus: if the 
engine feed-heater is perfect, the furnace sends to waste 
some heat which, were the engine imperfect, could be 
saved to the credit of the furnace. A curious question 
here arises: whether, supposing one had the choice, 
would it be better to work with a perfect furnace feed- 
heater and imperfect engine or a perfect engine and 
consequently no furnace feed heater ? 

Let ¢ be the boiler efficiency ; 7;, 7) the absolute tem- 
peratures respectively of the boiler and condensed steam ; 
and L, the latent heat of 11b. of steam at boiler tem- 
perature. Then, in the first case, where the furnace is 
supplied with a perfect feed-heater, and the engine has 
no regenerative feed-heater, the absolute efficiency of the 
plant, being the ratio of the work done to the mechanical 
equivalent of the total heat generated, is 


7 Ly +loge 7 5 
E,}= 41-7 1 soe {14 n-7 | - (1) 
Li +71-—7 L, J 


In the second case, where the furnace gas is exhausted 
at the temperature of the boiler and the engine is pro- 
vided with a regenerative feed-heater, the corresponding 
etticiency is 


ey aed Ee a rn 


1 
If we assume the boiler pressure to be 165.5 1b. per 
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square inch absolute; the temperature of the condensed 
steam at 126 deg. Fahr.; and e = .75, which is a high 
rather than a low value ; then one finds that 
E, = .2526, E, =.2176, 

showing that in this case the perfect furnace feed-heater 
is preferable to the perfect engine feed- heater. 

he term ‘‘ boiler efficiency ” as ordinarily used means 
the ratio of the heat given to the working substance to 
the total heat generated. Now it has been already 
pointed out that in a rationally worked boiler the gases 
must leave the heating surfaces at a temperature not 
less than that corresponding to the pressure. But the 
steam pressure corresponding to the atmospheric tempera- 
ture is far below even practical condenser pressure: the 
condition e = 1 on this system is, therefore, purely imagi- 
nary. Ifin the investigation of the last paragraph we 
assume unlimited boiler-heating surface, it appears that 
the action of a furnace feed-heater is curtailed in the 
sense that, when the gases are supposed to be delivered 
from the boiler at the temperature corresponding to the 
pressure, the available heat for feed-heating is insufficient 
to raise the feed to boiler temperature. For this case 


L, T ( 

= ] t 

E -| a. \ 1 itera) be 
Ms Ly + 71-7 C 


where j is the mean specific heat of the furnace gas, a is 
the ratio of mass of air to fuel burned, C is the heat of 
combustion per pound of fuel, and 7a is the atmospheric 
temperature. Taking C = 13,000, 7 = .238, a= 24, and 
assuming the atmospheric temperature to be 60 deg. 
Fahr., one finds 

FE, = 254. 


In the second case, where the furnace gases are exhausted 
at boiler temperature and the engine is supposed to be 
provided with a perfect feed-heater, 


— 7 -Tofy_Jj(a +1) (71—Ta ) 
By = Ti {1-406 A rad) . 4) 


Applying the same numerical values, one finds 
E, = .251. 

It appears, then, that though in the circumstances 
assumed the scope of the furnace feed-heater is restricted 
by the action of an ideally efficient boiler, still, as in the 
preceding paragraph, the first arrangement has the ad- 
vantage of the second, but now only to a small extent. 
As already remarked, the action of both types of feed- 
heater has been assumed to be the best possible under the 
several conditions. 

These considerations serve, of course, merely as finger- 
posts to practice. In both of these cases considered, 
ideal conditions have been assumed; on the one hand, 
an immense heating surface has been postulated, and 
where forced draught was necessary, no set-off in respect 
of power has been made; while, on the other hand, it 
has been supposed that the regenerative feed-heating on 
the engine has been carried far beyond practical limits. 

Nevertheless, enough has been said to show that feed- 
heating by method (a) is a powerful and practical process. 
Largely increased heating surfaces in boilers mean more 
loss by radiation and greatly increased first cost, both in 
respect to the boilers themselves and the appliances for 
ereating the necessary draught. The consequence is, 
that the furnace gas is invariably delivered to the chimney 
at a temperature far above that of the boiler. In fact, 
with overworked boilers—the usual occurrence — the 
capacity of the chimney becomes the ineasure of the power 
of the plant. Rankine has shown that a chimney works 
with maximum power when there exists between the ab- 
solute temperatures of the furnace gas and the external 
air the relation 

Nh= 2.083 To . . . (5) 


where 7, and 7, are the fore-mentioned quantities respec- 
tively. If we take the temperature of the external air at 
60 deg. Fahr., then, when the chimney is working hardest, 
the temperature of the furnace gas leaving the boiler 
must be 625deg. Fahr. In practice, cases such as this 
are not only common, but form the great majority. The 
author has come across engineers who, knowing their 
plant to be hardly pressed, gave that fact as their only 
reason for declining, at a little increase of capital, to 
secure the economy of feed-heating by method (a): the 
argument being, of course, that if heat were abstracted 
by the feed-heater from the chimney gas, then would the 
draught be less powerful, and the capacity of the plant 
diminished in proportion. In respect of the water gauge, 
this argument is quite valid ; nevertheless, it embodies a 
radicalerror. Fuel is placed in the furnace, and air is 
admitted to the extent of about 24 lb. of air to each pound 
of fuel ; the duty of the chimney is to dispose of the com- 
bination, which combustion brings about in the sbortest 
time, if the plant is hard pressed, or in a longer time, if 
the capital sunk admits. The function, then, of a chimney 
is to expel a certain mass of matter in a given time 
against certain resistances. Now, if the fact is that feed- 
heating on system (a) secures an economy of fuel, it fol- 
lows that, to produce a given power with a 
the chimney must be less hardly taxed than without feed- 
heating, unless, indeed, a small difference of temperature 
in the chimney gas makes a very large difference in its 
capacity. That the last alternative is inadmissible will 
appear if the matter is submitted to calculation. Let it 
be assumed that the chimney is working its hardest before 
the introduction of a feed-heater ; and let the problem be 
the discovery of the greatest amount of feed-heating which 
may occur without impairing the power of the plant. 

If, in addition to the symbols already enumerated 
there are introduced H, the height of the chimney, an 
h, the height of the column of hot gas taken as the 
measure of the propulsive power; then 
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The velocity of the chimney gas, say v, in feeb per second 
is related to h by an expression of the form 
ae 
iat; dda ee ° 4 a 


where g is the acceleration of gravity, and F is the 
measure of the resistance caused by friction and eddies. 
Hence 





at 29H @n 4 
v= se = l-1 ° 8 
V1+F a+1 2 ‘8) 
The density of the chimney gas in pounds per cube foot 
is, say, p; then 





p=tt 1 To = P 9 
aVo 7 ( ) 
where V, is the volume of 1 lb. of air at the standard 
temperature 7). Hence, if Q is the mass of gas discharged 
by the chimney in pounds mass per second per square 
foot of sectional area, 


I 4 ii OE ee 
Q=45 2, / 308 / @ m1_4 (10 
a@Vo aV 1+ FV a+1 7, (10) 
Now, the introduction of the feed-heater will cause the 
chimney-gas temperature to fall from 7, to another value, 
say 7. Taking .238 as the specific heat of the gas in” 
thermal units, the saving of heat per pound of fuel is 
238 (a + 1) (71 -— 7); 
and if C is the calorific value of the fuel in heat units, 
the heat saved per unit of heat evolved is 
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If es denotes the boiler efficiency, and My and M). the fuel 
consumptions respectively, without and with the feed- 
heater, then for equal steam power we must have 
My eo = Mn (eo + 8) - . (12) 
and the saving per cent. in fuel due to the feed-heater is 
M, - M 8 
100: = ee or he ee 
My am +8 Gn 
If we take 24 lb. of air to each pound of fuel, then a = 24. 


Taking numerical values for V, and 79, and the value of a 
just chosen (10) becomes 


— 41.46 4 /29H 9671 -1 14 
Qa HH 4/20 Af oon 1. as 


Let 7 be the limit of temperature with the feed-heater in 
action: that is to say, let T the temperature below 
which the feed-heater could not bring the gas without 
crippling the capacity of the chimney. From (12) we 
perceive that the action of the feed-heater is to diminish 
the fuel consumption in the ratio 


_& 

& + 8’ 
hence, with the feed-heater acting to the full extend per- 
missible 
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eo + 2 T ‘/3 a L/ 96 7 1, (15) 
F in this equation will be assumed to have the same value 
with F in (14): for although the introduction of the feed- 
heater increases the surface and eddy resistance, yet the 


effect is small and relatively negligible. From (14) and 
(15) we have 
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Take ¢ =.7 and C= 13,000. Then (12) gives r= 671, 
corresponding with a drop of 415 deg. at the heater. 
If e7 is the efficiency of the heater, then 
s=(l—a@)e. . «. © (17) 
Hence, if the temperature of the gas is lowered by the 
heater to the extent already mentioned, 
ey = .633. 
It appears, therefore, that a feed-heater of the Green 
type will not interfere with the power of the chimney, 
mol its efficiency exceeds 64 per cent. In practice the 
efficiency of such a heater may have an average value of 
about 50 per cent. If we take this last figure 
s= 1B, 
and the saving in fuel becomes per cent. 


100 _* = 17.65. 
+8 
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Class (c).—In the spring of 1890 the author took part in 
a discussion in ENGINEERING on ‘A Standard of Effi- 
ciency for Steam Engines.” The late Mr. P. W. 
Willans in effect contended then, as on previous occa- 
sions, that the steam-engine cycle possesses one hopeless 
imperfection; and that, inasmuch as the natural efficiency 
of any mechanism was the ratio of its actual to its best 
possible performance, the raticnal standard of excellence 
was the performance of an ideal engine possessed of no 
defects, such as cylinder wall action and incomplete ex- 
pansion, but withal working the ordinary and admittedly 
imperfect steam engine cycle. Mr. G. R. Bodmer, on 
the other hand, insisted that the standard efficiency 
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should be that of an ideal engine working the Carnot 
cycle between the given limits of temperature. The 
author, for reasons into which it is here unnecessary to 
enter at length, refused to accept either position ; and in 
the course of argument he pointed out that, although the 
Carnot cycle for a steam engine might be impossible of 
practical realisation, there was still another which. 
different in principle, was practically more hopeful, and 
equally with Carnot’s could be shown to be a perfect 
cycle. The cycle in question was the analogue of the 
regenerative system first proposed and practically applied 
to the air engine by Dr. Robert Stirling somewhat about 
1827. 

The feed-heating system of Mr. James Weir had not 
then come directly under the author’s attention, nor was 
he aware of the nature of the claim which Mr. Weir had 
in his own way put forth on many occasions before that 
date. On the other hand, Professor Cotterill had been 
furnished by Mr. Weir, so far back as 1887, with a descrip- 
tion of certain plans, and a statement in support of his 
assertion of the possibility of realisation, in a practical 
sense, of the perfect steam engine, but it would appear 
that, in spite of much effort, they were unable to reach 
common ground. Some two months after the cessation 
of the correspondence on ‘‘A Standard Efficiency for 
Steam Engines,” already referred to, Professor Cotterill 
gave in his adhesion to Mr. Weir by publishing in Enc1- 
NEERING a conclusive proof that Mr. Weir’s principle, 
carried to its utmost limits, formed that regenerative 
adjunct which the author had pointed out would render 
the steam engine cycle perfect. 

To elucidate, within moderate compass, this principle 
of regenerative feed-heating, without appeal to strings of 
symbols and the technicalities of thermodynamic reason- 
ing, is a difficult, but perhaps a not altogether impossible, 
task. In that frame of mind, the author will attempt to 
clearly explain and apply to the purpose in hand the 
method of the heat diagram which, thanks to the efforts 
of Mr. Marfarlane a has of late years become familiar 
to many engineers. he engineer who takes the trouble 
to make this diagram part of his mental stock-in-trade 
will ever regard it as one of his most treasured posses- 
sions, 

The indicator diagram is understood by all; its co- 
ordinates are p and v, and its area shows W or work done. 
Thus, if p be supposed constant for a moment, and v in- 
creases from v to v + Av, the external work done is 
pv. Quite similarly there is another diagram whose 
area shows Q the heat taken in on the whole—that is, 
the energy taken in on the whole; and obviously its 
co-ordinates must be such that if one be supposed 
constant for an instant and multiplied by the varia- 
tion of the other, the result must be the measure of the 
heat taken in. Hence, if we choose for one of the co- 
ordinates 7, the absolute temperature, then the variation 


of the other must be since 


=AQ. (18) 
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The only omg va difficulty here might arise in the 
question ‘‘ Why absolute temperature?” The answer is 
plainly: Because absolute temperature and no other is 
the true measure of the property of matter we call 
temperature, just as absolute pressure and not gauge 
pressure must be the true measure of pressure in reasoning 
on the mechanics of gases. Temperature is one of the 
things that fixes the condition of a substance, just as pres- 
sure is another; in respect of both we must measure for 
scientific purposes from absolute zero. 

Tf the mass of a body be 1 lb. and its real specific heat 
be denoted by K, then the actual heat therein is Kr. 

But in addition every body possesses a quantity of 
latent heat or potential energy in the form of mechanical 
stress acting through the medium between the particles. 
The increment of heat A Q then goes to do three things, 
viz., first to increase the actual heat of the body; 
secondly, to increase the latent heat or potential energy ; 
and worm to do external work. 

Obviously our diagram would give us little help in 
determining the external work to be got from the applice- 
tion of a certain quantity of heat if this were all the infor- 
mation we possessed. But introduce the condition that 
after any peregrination watever the body shall return 
to its original state. Then all doubt and difficulty at 
once disappear, since at the end of the operation the 


latent heat or potential energy and the actual heat have f 


respectively the same values as at the beginning. Hence 
it follows from Joule’s law that in this case the heat ex- 
pended on the whole (measured in mechanical units) 
— be exactly equal to the external work done on the 
whole. 

To illustrate these remarks. Let A C in Fig. 1 repre- 





sent 7, the absolute temperature of the body in question ; 
and let a small quantity of heat A Q be supplied thereto. 
During this process the temperature will in general vary 
sli — say from 7 to 7 + A at the end. 

ake 
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Then the area 


ABDC= 


4Q,7=4Q 
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supposing the variation tc be very small. This area is 
clearly equal to the increase of the actual and potential 
energies of the body together with the external work 
done: thatis to say, the area A C D B measures the heat 
taken by the body from the source. ; 

The indicator diagram is, in ordinary reasoning, re- 
stricted in its application to the usual cases where p and 


v vary continuously ; in other words, the pencil must 
describe a curve in passing from one point to another, and 
not pass per saltum, as in free expansion for example. 


Similarly, the application of the heat diagram is restricted 
to operations in which 7 and = vary continuously ; that 


is to say, in the language of thermodynamics, irreversible 
operations (which, again, are of the nature of free expan- 
sion) are excluded. A 

Apply the construction indicated to an engine working 
the Carnot cycle. A certainty quantity of heat, say H,, 
is taken in at a constant temperature, 7,"; then adiabatic 
expansion reduces the temperature to 7); compression 
takes place at the constant temperature 7, till a quantity 
of heat H, is expelled, such that in the last operation of 
adiabatic compression the body shall reach the same state 
not alone with respect to volume, but also to pressure and 
temperature. Fig. 2 is a diagram of such acycle. The 
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whole heat taken in is represented by the area A C D F, 
and the heat rejected is A B E F; hence the work done 
is BC DE. The efficiency E is given by 

E = area BCDE_H, - H,_ AF(AC— AB) 


ara ACDF 4A, 
aay 


~ AF.AC 


(19) 
71 

It is easily granted that such an engine, when practical 
difficulties are ignored, is reversible; and it being farther 
granted that heat cannot of itself flow from a place at one 
temperature to another at a higher temperature, the proof 
of this statement follows at once: a reversible engine is a 
perfect engine. 

In the Carnot cycle the temperature is lowered towards 
the end of the front stroke and raised towards the end of 
the back stroke by adiabatic expansion and compression 
respectively. It occurred to Dr. Robert Stirling to per- 
form these operations almost exactly at the end of the 
front stroke and the end of the back stroke, by actual 
abstraction and supply of heat, in such a way that the 
transaction, so to s , of take and give would be of the 
nature of an equal addition to the Dr. and Cr. sides of 
the account, so that in the end the balance would 
remain unaffected. The Stirling regenerative cycle 
is shown diagrammatically in Fig. 3. The heat taken 




















6 
in at the constant temperature 7, is H, as before, but the 
all of temperature is produced after the completion of 
the front stroke by means of a regenerator, which ab- 
stracts heat to the amount shown by the areaaG ED J 
The back stroke is e in connection with the refri- 
gerator or condenser, which abstracts heat to the extent 
of Hy, represented on the diagram by the area A BEG. 
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At the end of the back stroke the quantity of heat repre- 
sented by the area A BCF is returned to the working 
substance by the regenerator. Now, if the heat ab- 





* In the diagrams the symbol 7 has been replaced by T 


stracted by the regenerator is equal to the heat given back 
by the regenerator, it is clear that the areas G E D J and 
A BC F simply cancel out ; the net heat given in is the 
area F C D J, and the net heat rejected is the area 
ABEG. The diagram, in fact, may be altered as shown 
in Fig. 4, which is precisely the same with Fig. 2 in cer- 
tain essential particulars. The efficiency is therefore as 
before, 

Es 21-0 

T\ - 

and the cycle is perfect. 

In the ordinary steam engine cycle let as assume adia- 
batic expansion. For every pound mass of the substance 
a quantity of heat L, is taken in at the boiler temperature, 
say 7; ;, this is the latent heat. Cut-off takes place at the 
determined length of stroke, and exhaust takes place at 
the condenser temperature 70, in which operation the 
quantity of heat, Hy, is withdrawn. To complete the 
cycle it is necessary to withdraw 1 1b. mass from the hot 
well and heat it up from 7) to7,. The whole operation 
is depicted in Fig. 5. The heat taken in at the boiler 
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temperature is the area G C D F; the heat required by 
the feed water is the area A BCG; and heat rejected 
to the condenser is the area ABE F, 

Consequently the work done is the area B E DC; and 


the efficiency is 
,_ area BEDC 


~ area ABCDEF 
It appears at once that this efficiency is less than 
sol hee 
TL ° 
for in order to make the efficiency attain this value the 
area (shown in dotted lines in Fig. 6) B J C would have 
to be added both to the work done and the energy ex- 


pended. Now the effect of adding equal quantities to 
the numerator and denominator of a fraction is to increase 
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its numerical value; or, in other words, the addition 
would benefit the work done in a greater proportion than 
it would affect the expenditure of heat, since, in fact, the 
additional heat would be wholly converted into work. 
Hence follows the conclusion that its defect lowers the 
efficiency of the cycle below that of the perfect engine. 
_The general outline of the ordinary steam cycle is 
similar to Figs. 5 and 6; that is to say, the operation of 
heating the feed gives rise to the curved corner B C, 
which is strikingly different from the vertical straight 
line B C of the Carnot cycle diagram, Fig. 2. Take a 
numerical example: Let the boiler pressure be 110 lb, per 
square inch gauge and the condenser pressure 2 Ib. per 
square inch absolute. Assume farther that the expan- 
sion is adiabatic and complete, and that the temperature 
of the hot well is the same with that of the condenser. 
Then 7, = 805, 7) = 587 in deg. Fahr. If there were no 
feed-heating defect the cycle would be perfect and the 
efficiency would be 


E, 


71 ~ 70 = .9708 

Tl < 
or about 27 per cent. But reckoning with the necessity 
for heating up the feed to the boiler temperature—that is 
to say, with the curved corner, BC, in the ed 
figures, the efficiency is found to be say Ey); an 


Ey = .2472, 
or about 24.7 a cent. 
Hence the feed-water defect involves a loss reckoned on 
the ideal fuel consumption of 
100 E, — Eo 


0 
(Zo be continued.) 


= 9.55 per cent, 





Brean Coat Exrorts.—The exports of coal from Bel- 
gium in the first 10 months of last year were 3,686,129 
tons, as compared with 3,948,472 tons in the pump’ 
ing period of 1893. In these totals the exports to France 
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figured for 2,905,002 tons and 3,172,036 tons respectively. 




















Jan. 11, 1895.] 


ENGINEERING. 





65 








‘*ENGINEERING” ILLUSTRATED PATENT |: 
RECORD. 


CompPiteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 


UNDER THE ACTS 1883—1888, 
The number of views given in the Speci; 
in each case ; where none are y 
not illustrated. 
Where Inventions are communicated from 
&c., of the Communicators are given tn italics. 


C Specifications be obtained at the Patent O; 
pt fy may fice 


mch, 38, Cursttor-street, C 


8 ts stated 
» the Spectfication ts 


ge the Names, 


hancery-lane, B.C., at the 


iquid passes into the tray d. The tray d is provided with a 
battery nascent hydr 


bines with the oxygen of the same. 


oe is wholly or in great part prevented. 
ovember 7, 1894.) 


Pn H. P. Holt, London. Communicat 


making electrical contact with the vehicle. 


trough is provided with vertical holes 03 through which the 


i 

d? through which the liquid may be run off. By the action of the 

) ‘ogen occurs on the surface of the carbon con- 
stituting the negative element of the battery, and, meeting with 
the condensed atmospheric air in the pores of the carbon, com- 
The supply of air to the 
powdered carbon enters through the holes in the perforations in 
the jar b, The hydrogen thus never assumes a gaseous form, and 
(Accepted 


Elec- 
ty to Vehicles, (3 Figs] January 25, 1894.—The con- 
ductor C is ongeeree at intervals on non-conducting carriers A 


hinged straps E, and the springs drop. The spring-box A® is 
made of a square shape open at the bottom to provide for the re- 
moval of the springs, The spring or springs are as usual held 
between a flange A9* at the rear end of a tube A, and a disc Ald 
which is prevented from a than a certain distance away 
from the flange A* by a screw bolt A" screwing into the forward 
end of the tube A9, so that the springs are kept with the required 
amount of compression — them. The go I, preferably 
of the pattern patented in Patent No. 18,892 of 1890, are carried 
by a plate A!2 secured to the side of the cradle A. As shown, they 
are carried up to such a height that a full view can be obtained 
over the top of the front portion of the shield through a slot in 
the roof. (Accepted November 14, 1894.) 


Yorm price of Bd. = bs closed bor ps penny = a — frag hand gee gen = LIFTING AND HAULING APPLIANCES. 
arriers and the next are less than the length of the vehicle, z . 
The a a, the pre prog < the ae My — which hasan iron bar B extending its whole length near the wee a ty ay ery pig wee 
is, in each case, g ode oe cae bo , unless ground immediately over the line in which the movable conduc-| on which is mounted a crane B for loading from trucks or 
4 byes a —_— » when phe aga adn hy — date | Se placed. The bar B is magnetised by a number of electro- | barges by means of the bucket C the coal desired to be discharged 
, person may 1 oft time v — from A! | magnets E upon it or otherwise, The underground conductor C| by means of this improved punkering apparatus into the bunker 
give notice at the Patent Office of ; “4 the grant o r a be Seen ee _ whole length except at the points! holes of a steamer D. The bucket C is emptied into a hopper E 
 atent on any of the i FOR or yeh aa ere the movable conductors are placed ie ae pone ogg so constructed that the rear portion inclines upwardly at E!, and 


ELECTRICAL APPARATUS. 


21,420. W. H. Longsdorf, London. Primary Bat- 
teries. {1 Fig.) November 10, 1893.—This invention has special 
reference to ‘‘ gravity” batteries. A is the outer vessel, fitted 
with a cover @ of non-conducting material. Both electrodes C and 
Z may be attached to and supported by the cover a. The positive 
electrode C is made of carbon, while the negative electrode Z is 
made of zinc. The carbon electrode C is in the form of a cup or 
hollow cylinder closed at the bottom, and is secured to the cover 
a by pins and nuts. In the bottom of the cup there are perfora- 
tions c*, The thumbenut on the pin c' serves asa binding nut for 
the positive wire. The electrode C may be a little more than 
three-quarters of the height of the outer,vessel A, so as to leave a 
considerable space in the cell between the bottoms of the two 
vessels Aand C. The carbon cup O is made of dense carbon, and 
may be treated from its upper end down to the gravity line with 


~= 














21420. 


paraffin or other material to make that portion impervious to 
liquids. The zinc electrode Z is preferably in the form of a 
hollow cylinder surrounding and concentric with the carbon 
element C, and is attached to the cover a by a pin having a 
thumb-nut which serves as a binding nut for the negative wire. 
In the outer vessel A is placed a solution of common salt and 
sulphuric acid; or bisulphate of soda or of potash may be used. 
The quantity of solution is such as to nearly fill the veesel A when 
the electrodes C and Z are inserted. The carbon C contains 
powdered chromic acid, or crystals of bichromate of soda or of 
potash. Directly the electrodes are placed in the outer vessel the 
cell becomes active, Some of the solution in the outer vessel A 
passes through the perforations c2 into the carbon cup C, and 
attacks the crystals there, dissolving them and forming a dense 
depolarising solution which fills the lower parts of both vessels A 
and C up to the gravity line. (Accepted November 14, 1894.) 


646. W. Walker, Jun., Birmingham, and F. R. 
Wilkins, Handsworth, Staffordshire. ary 
Voltaic Batteries. (6 Figs.) January 11, 1894.—This in- 
vention has reference to single-liquid primary voltaic batteries, 
and has for its object to prevent wholly or in great part polarisa- 
tion in such batteries, a is a porous cell containing as electrolyte 
astrong solution of caustic soda or caustic potash, and situated 
concentrically in and supported on the raised bottom of a per- 
forated glazed earthenware jar or vessel b. The perforated 
earthenware jar b stands on the internal flange or shoulder d? of 
an earthenware tray d. The porous cell a and the raised bottom 
of the jar 6 have holes coinciding with one another. The s 
between the perforated jar b and porous cell a is filled with 
shea carbon ¢ which forms the negative element of the 

attery. Solid carbon plates or rods c?, extending from the top 
to the bottom of the jar b, are inserted in the carbon for the 
purpose of carrying cff the current from the carbon element of 





the battery. The tops of the plates or rods c? are preferably 
capped with lead, and are conn electrically together by means 
of screws and nute, and a metal ring w. The open mouth of the 
jar b is sealed with asphaltum or other cement 7. An amal- 
gamated zinc cylinder z constituting the positive element of the 
battery is d in the electrolyte by means of zinc strips / 
made in one piece with the cylinder z, and mded from the 
top of the porous cell a. A conducting wire s constituting one of 
the terminals of the battery is connected to the zinc cylinder, and 
the other ¢ constituting the other terminal of the battery is con- 
nected to the metal ring w. The bottom of the porous cell a and 
that portion of the top of the cell standing above the perforated 
jar b are glazed to prevent the creeping of the electrolyte over 
the upper part of the cell. When the porous cell a is filled with 





pace | against the forward end of the springs in the spring-box. A 


therefore no key-ways in the cradle, and the gun can be shipped or 

unshipped from the cradle much easier than heretofore. 

spring A‘ used 
> csskinesd 


end a valve-shaped iron head I. 
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paving. A cap F of non-conducting material shields the rod and 
tleeve N, preventing ingress of water, &c. he rod R has its 
lower part formed asa hook, which, when the rod is raised, makes 
contact with the conductor C, lifting it off its carriers A to such an 
extent as to insure good electrical contact. When the vehicle 
approaches one of the rods R, its bar B being magnetised, it at- 
tracts the iron head I as it passes over it, so that it raises the rod 
R and its hook, making contact with the conductor C, whilst its 
upper part makes contact with the bar B on the vehicle. Thus an 
electri current can pass from the conductor through the rod R 
to the bar B, and thence to a motor on the vehicle. The attrac- 
tion of the bar maintains the contact until the bar has 
from the head I, whereupon the rod drops to its lowest position, 
breaking its contact with the conductor. Before one rod thus 
drops, the next rod is already in contact with the bar B, and thus, 
as the vehicle runs along its track, there is always maintained con- 
ducting connection with the underground conductor C. (Accepted 
November 14, 1894.) 


GUNS AND EXPLOSIVES. 


508. Sir Andrew Noble, K.C.B., and R. T. Branks- 
ton, Newcastle-on-Tyne. Quick-firing Gun Mount- 
ings. (4 Figs.) January 9, 1894.—The improved mounting 
consists generally of a cradle A, in which the gun fits and is 
free to move backwards and forwards in the direction of the axis. 
The cradle is provided with trunnions A! and fitted with a recoil 
press A2, and a spring-box A3 for the springs A‘ for running out 
the gun into firing position after recoil. A horn A®5 projecting from 
breech end of gun is secured to the piston-rod of the recoil press. 
Rods A‘ extend forwards from the horn to a disc A? which bears 


carriage or Y tine B, fitted with trunnion bearings to receive the 
trunnions A! of the cradle, and having a shank which fits into a 
pedestal C, forms a pivot upon which the mounting revolves. 
A pedestal C forms a socket for the carriage, and has a 
movable piece C* at the base for access to the balls C’ upon which 
the carriage revolves. A shield D is carried from the carriage 
B and supported from it by means of yielding stays F. An 
inner shield G for the protection of the springs and the training 


if. ie 


omc 





wormwheel H is attached to the pedestal. In mountings of 
this description the gun is usually fitted with keys which fit 
into corresponding key-ways in the cradle and serve to prevent 
the gun from being rotated by the action of the projectile on the 
rifling, but the gun, according to this invention, is made to rest 
in a semicircular trough or channel formed along the top of the 
cradle. The gun is without trunnions and without keys, and the 
tendency of the gun to rotate is prevented by means of the horn 
A® upon its breech end, which engages the piston-rod. There are 


The 
for running out the gun is arranged to be shipped 
from beneath the cradle rearwards, and to be held 





the electrolyte, the latter oozes very slowly through the ung 
portion of the porous cell a and percolates through the carbon ¢, 
collecting in the annular trough b2 formed by the raising of the 


oO rer 
up in place by 
cuings it is only necessary to slack the bolts AS, attaching them 


straps E hinged at either end. To remove the 





middle portion of the bottom of the jar b. The bottom of the 





to the horn of the gun, and then to remove the bolt pin of the 


carriers A support the main conductors, and near these a rod R 
is arranged to move vertically. This rod passes through a 
sleeve N of non-conducting material, and has fixed on its upper 
Usually this rod R is in its lowest 
position, the head I resting on a seating S which is level with the 
ground, and is surrounded by a shield D forming part of the road 


formsa housing under which is erected on the floor of the hopper 





























a hydraulic engine F and a guide G containing a plunger H con- 
nected with the piston-rods of the engine F. The framing of the 
hopper E is mounted on wheels K and rollers L running on rails 
M and platform N carried by stagings D erected upon the pontoon 
A, 80 that the whole apparatus may be mioved forward or back- 
ward so as to cause the hoppers to correspond with the bunker 
holes of the steamer and be able to deliver into receiving chutes 
P by means of intermediary delivery chutes Q. (Accepted No- 
vember .7, 1894.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


25,085. H. Morris and F. Bastert, London. Fric- 
tional Apomanees for Revolving Shafts ha 
End-on Pressure. (9 Figs.] December 30, 1893.—A is the 
shaft, B a collar secured to the shaft, C acasing with an ex- 
tended socket D, and within which the free end E of the shaft has 
play both for rotation and for end-on motion. The socket D has 
a plug F for resistance against a point of contactatG. H, H are 
two expanding segmental blocks pes the box C loosely, and 
provided with inclined ends formed at the same angle as the faces 





of two double-faced wedges J, J, inst which they bear, and on 
which they can be caused to slide for circumferential contact with 
the inner periphery of the box C for friction against said inner 
periphery, and forwardly for surface frictional contact against the 
back inner surface of the casing C. The shaft hasa key slot fora 
feather on the collar B to insure the rotation of the wedges J and 
the segments H with the shaft A while the shaft is revolving in 
either direction, the box OC remaining stationary by the engage- 
ment of a pawl (not shown) in the teeth J' which are on the outer 
periphery of the box 0. (Accepted November 14, 1894.) 


17,520. H. merry. Leeds. Hydraulic Rivetin 
Machines. [2 Figs.) September 14, 1894.—This improv 
hydraulic riveting machine comprises a frame A on which arms 
C and D are mounted upon a trunnion B. One end of the upper 
arm C has attached to it the hydraulic cylinder C', having the 
ram E working within it. The outer end of the ram E &@ convex 
surface to work against the concave surface of the adjacent end of 
the lower arm D. The opposite ends of each arm carry the 
riveter snaps F and G respectively. Stop pieces H and J are 


Fig.2 




















provided on the frame A for limiting, in conjunction with the 
taps et K, the movement of the up 
rigidly attached to the arm C. 
vided u 
the auxiliary constant-pressure cylinder N. The action of the im- 
proved riveting machine is as follows: 
at the 
snap e! 
work to be riveted may be admitted between the sn 


r arm OC, the tappet K being 
A lug L is in like manner pro- 
nn the lower arm D against which presses the ram M of 


When the main ram E is 
— or inner end of its stroke the jaws formed by the 

of the arms C and D are fully open, and the seam of the 
F and G. 





On the admission of bydraulic pressure to the cylinder Cl, the 
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ram E is forced against the lower arm D, but the resistance offered 
by the ram M of the constant-pressure cylinder N, by its pressure 
against the lug L, prevents the full movement of the lower arm D 
until the snap F of the upper arm C has been closed on to the head 
of the rivet, and its further movement prevented by the — 
K coming into contact with the stop piece H. The rivet being 
thus securely held in position, the main ram E then moves for- 
ward under the influence of the pressure in the cylinder C', and, 
t+) ing the resist of the ram M of the constant-pressure 
cylinder N, causes the lower arm D with its riveting snap G to 
advance for forming and completing the rivet head. On release 
of the pressure from the cylinder C1, the ram M of the constant- 
pressure cylinder N forces back the lower arm D, and thus causes 
the withdrawal of the snapG. The upper end O is returned and 
thesnap F withdrawn by the weight of the cylinder O!, the stop 
piece J limiting the movement to the required distance. In this 
manner the jaws at the snap end of the arms C and D are auto- 
matically opened for the reception of the next rivet. (Accepted 
November 7, 1894.) 


MINING, METALLURGY, AND METAL 
WORKING. 





1556. A. Rodig, Laband,Germany. Manufacture 
of Composite Plates, Bars, Slabs, Sheets, &c., of 
Metal Welded together. (10 Figs.) January 24, 1894. Accord- 
ing to this invention, the connection of the surface metal to the 
core metal is insured independently of any adhesion result- 
ing from casting, by forming upon the surfaces of the core metal 
grooves, recesses, ribs, or projections into or on to which the sur- 
face metal fits either with simple dovetail edges, or with corre- 
sponding ribs, projections, grooves, or recesses; these being so 
formed with dovetailed, undercut, or wedging surfaces, as to hold 
the parts securely together while they are undergoing the rolling 
or welding process. This invention can be carried out in two dif- 


Fig .3, 























ferent ways. According to the one method, shown in Figs. 1 and 
2, the core or ingot, having the said grooves or ribs, &c., formed 
upon it, is placed into a mould, and the covering metal or metals 
are cast upon itas heretofore, the spaces in the mould for such 
covering metal being so formed that this will ¢ffectually fit into 
or embrace the said grooves or ribs, &c., 80 as to be securely held 
in position. According to the second method, shown in Fig. 3, 
instead of casting the covering metal on to the core metal, the 
covering metal is manufactured separately in the form of plates 
or sheets having the necessary configuration for fitting into or 
on to the grooves, receeses, ribs, or projections of the core metal. 
(Accepted November 7, 1894.) 


4533. T. Hampton, Sheffield. Casting Compound 
Ingots. (3 Figs.) March 3, 1894.—This inventicn relates to 
improvements in the method of casting the second and any sub- 
sequent layers of metal for the production of compound ingots, 
and to an improved construction of moulds used for that purpose, 
and refers more particularly to the manufacture of armour 
plates. The improved mould consists of a separate base-plate 1, 
with the sides 2 and 2a made in one piece or built up in sections 
The body of the mould is lined with a coating of loam or other 
refractory material 3. On the top of the side walls 2 and 2a is a 
heavy cover consisting of an under plate 4 and a top plate 5, 
secured together by bolts and cotters 6. In the upper face of the 
plate 4 int ting ch ls are formed to receive the conduit- 
pipes 7, and open recesses to hold the blocks 8 and spray nozzles 

of fireclay. The upper plate 5 is provided with funnels 10 and 
11 into which the molten metal is poured in the process of casting 
the ingot. The process of casting a three-layer ingot for a plate 
requiring a hard face, a soft central layer, and a semi-hard back is 











as follows : The molten steel for the hard face is first poured into 
the mould through the funnel 10, which communicates direct 
with the interior of the mould, When this is done the molten 
metal for the central layer is poured into one or more of the 
funnels 11, communicating with the conduit-pipes 7 and the 
nozzles 9, from which it descends in small streams upon the surface 
of the body of hard steel already in the mould. e division of 
the molten metal into small streains diminishes its power of dis- 
turbing the bulk of the metal upon whichit falls, which is a matter 
of the utmost importance in retaining the characteristics of each 
layer intact, The third layer is poured into the mould in a 
similar manner to the previous one. To permit the escape of gas 
generated in the mould the nozzles 9 are pierced vertically, com- 
municating with the channels in which the conduit-pipes are laid, 
and from which the gas can escape either through the joints of the 
plates or through grooves 12, made for the purpose. Also a 
number of grooves 13 are provided between the plate 4 and the 
sides of the mould for the same purpose. (Accepted November 7, 
4.) 


15,784. J. Immel, Ge: 
Heat: Furnace for Mill 


bridge ¢ the vault c to guard against the “‘acorifying”’ of the plates 
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on the rear half of the furnace, is provided with a second hearth a. 
This is attained by the upper vault-surface of ¢ being worked out 
with a plane surface as a new sole of a, and made accessible from 
one side of the furnace, according to the local circumstances, by 
the arrangement of a door d or d', for the heating mill-bars p to 





be placed thereon. In operation the hearth or the sole of the 
chamber b is charged with plates of sheet-iron which are heated 
ready for manufacture by the heating-gases generated at the left 
on the grate 7, beating over the fire-bridge e, and passing through 
thechambers a and b. During this time mill-bars p are placed 
in layers on the sule a, where they become heated, ready to be 
further worked. At the same time the heated plates are taken 
out of the chamber b ready for rolling, so that with this heating 
furnace working can be continued without interruption. (Ac- 
cepted November 7, 1894.) 
SHIPS AND NAUTICAL APPLIANCES. 

18,922. W. Carter and the Hydraulic eering 
Company, ted, Chester. Sraeeniie Ganchone 
(3Figs.] October 5, 1894.—According to thisinvention,which relates 
to a capstan of the kind which is worked directly by a hydraulic 
engine fixed under the base of the capstan, the capstan, engine, 
and base plate are mounted on trunnions, for the tay of 
allowing access to the engine for inspection, &. C is the capstan 
mounted on the base plate B carrying on its underside the engine 
E. Under the engine a well W is formed deep enough to it 
the capstan when inverted, as indicated by the dotted lines in 
Fig. 1, and in the fixed frame F surmounting the well, bearings F! 
F 2 are provided for two tubular trunnions A!, A? projecting from 
the body of the engine on opposite sides. These trunnions are 
connected by suitable unions, allowing rotation, to the hydraulic 














supply pipe J and discharge pipe K respectively. On one of the 
trunnions is fixed the segment D of a wormwheel, gearing with a 
worm E mounted in a long bearing E! fixed on the frame F. The 
base plate B is usually held in its horizontal position by a spring 
catch H, which can be disengaged by a bent lever I Eeipsbacel 
through a hole in the base B. When the catch is so disengaged, 
then, by turning a handle G (the end of which is inserted in a 
square or polygonal hole of the worm E), the worm is turned, 
turning the segment D and the capstan, engine, and base to a 
position such a3 that indicated by the dotted lines, the engine 
being thus presented upwards accessible for treatment such as 
may be required. The space in which the worm gear and supply- 
pipe and valve are situated is floored over with removable plates L. 
(Accepted November 14, 1894.) 


STEAM ENGINES, — EVAPORATORS, 
Cc. 


23,408. W. Cross, Newcastle-on-Tyne. Water-Tube 
Steam Generators. (8 Figs.) December 5, 1893.—In the 
arrangement shown in Figs 1 and 2 there is a single upper 
chamber, receiver, or drum A for steam and water, and from the 
lower: part thereof at either side of the vertical centre line, and for 
practically its full length, depends a series of groupe G of pen- 
dulous tubes T of small diameter and of suitable bent, sinuous, 
or more or less (J-shaped configuration. The tubes may be con- 
tinuous without joints, or in sections with joints at or about their 
lower parts or where required, asshown atc. Both ends of each 
tube are open and fixed into the drum below the water level, and 
each group G is arranged transversely to the direction of length 
of the drum, and may consist of any number of separate tubes 
fixed at suitable distances apart. The row of inner legs ¢ of each 
tube (group G) on either side is arranged to form the side walls of 
the furnace F which is placed between them at a suitable level 
and below the drum A, and in communication with a common 
uptake W. The outer legs ¢! are bent outwardly to such form and 
in such manner as to leave an open space S of a more or less U- 
shape between the inner and outer legs ¢, ¢!. In these spaces 8 
suitable baffle plates P are arranged for directing the gases as 
required to effect the best water circulation. Thus each bent 
tube T acts as both an upward and downward circulator, and 
forms with the drum A a complete water circuit in the direction 
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isweid, Germany. Combined | 
xs, Sheet-Iron, and | 
Steel. (8 Figs.) August 20, 1894.—In this improved furnace | 
the hearth b of the old heating furnace, wnich has behind the fire- | 














THE 


indicated by the full arrows. Inside the drum A baffle plates B 
are arranged for aiding the water circulation and for the better 


desired, smoke passages of suitable area being formed at either 
side leading to the uptake W. To increase the heating surface 
there may be provided, in combination with the above described 
drums and side groups of pendulous circulating tubes T, a row or 
group of “ Field” circulating tubes D arranged in the lower part 
of the drums bet the said pendul side tubes and above 
thefurnace. In the arrangement shown in Fig. 4 the pendulous 

ups G are disposed on the adjacent sides of two drums A and 
in such manner as to nearly approach one another at the upper 
parts, but inclined outwardly, so as to leave room for the furnace 
F between them. The drums are connected together by tubes 
a, a, and provided with doors M, M at their ends. (Accepted No- 
vember 14, 1894.) 

84. J. S. Raworth, London. Reduction Gearing 
for Steam Turbines. (3 Figs.] January 2, 1894.—This in- 
vention has for its object to reduce the speed of steam turbines by 
gearing to such an extent as to render such turbines applicable to 
ordinary industrial purposes without the intervention of electric 
dynamos and motors. Theimproved reduction gearing comprises 
friction gear for effecting the first reduction of speed, and friction 
or toothed gear for effecting further reduction of speed. On the 
turbine shaft 1 carried by a bearing 2, is fixed a small pulley 3, 
and diametrically on opposite sides of it are placed two larger 
pulleys 3a, 3b carried by shafts 4, 4a whose axes are parallel with 
the axis of the turbine shaft. The two shafts 4, 4a are arranged 
to be moved together in such a manner that the larger pulleys 
3a, 3b will nip the small pulley 3 on the turbine shaft without any 
unbalanced side strain. In the example shown the ends of the 








a, a 





a4, 


shafts 4, 4a@ are mounted in bearings in two levers, 5a, 5b, which at 
their lower ends are pivoted at 6, 6a to a base plate 7, and at their 
= ends are connected by a bolt 8 which passes through such 
ends, the head 8a of the bolt bearing against the outside of one 
lever, and a nut 8) on the bolt bearing through the interposition 
of a spring 8c against the outer side of the other lever. The 
arrangement is such that the pressure with which the larger 
pulleys 3a, 3b nip the smaller one 3 can be readily varied. Upon 
the other ends of the two shafts 4, 4a are fixed two pinions 9a, 9b, 
that gear with one larger spurwheel 9 on the power shaft 10 which 
is placed in a straight line coaxially with the turbine shaft. The 
ends of the shafts upon which the pinions are fixed are mounted 
in bearings carried by fixed pedestals, but adapted to allow of the 
movements of the thafts 4, 4a necessary to enable the pulleys 3a, 
3b to be thrown in and out of driving connection with the pulley 
3. (Accepted November 14, 1894.) 


MISCELLANEOUS. 


12,815. G. R. Steward, London. Furnaces. (3 Figs.) 
July 2, 1894. This invention has for its object to provide furnaces 
and appliances in connection therewith for preventing or consum- 
ing smoke. For this purpose the improved furnace door is made 
to cover the entrance to the furnace above the fire-bars, except at 
its lower edge, and is perforated at the sides and top near the 
edges of the mouth of the furnace with holesC. The lower edge 
of the door is about an inch above the dead-plate ; or the door may 
be made to comedown to the dead-plate and have holes pierced in 
it just above the dead-plate. The door has addilional openings E 
formed in an air-box attached to it, through which air enters the 
furnace by means of guides F on the inside of the door. These 
guides F are curved, the upper one downwards and the lower one 
upwards, and both slight] towards the door itself. The air enter- 
ing the furnace by the holes C, in conjunction with that coming 
from F,, causes an eddy which arrests the progress of the gaseous 
products from the fuel until they have been perfectly mixed with 
the incoming air. The bridge of the furnace is constructed of cor- 




















rugated form on the fire-bar side H, to provide a larger heating 
surface in a given sectional area of furnace than is done bya 
simple plane. It has an overhanging nose on the fire-bar side, 
and a hollow I init. The lower part of the hollow communicates 
with the underside of the space below the fire-bare ac J, and the 
upper end terminates at the top of the bridge. The admission of 
air to the hollow I is regulated by a door K, worked by a rod from 
the front of the furnace. The upper part of I is covered, but is 
provided with outlets L, constructed of metal or crucible fireclay, 
with openings M formed in them which face towards the flue and 
are shaped so as to present their sides at an angle to the current of 
the gases with the object of impeding the latter as little as pos- 
sible. From the position of the outlets I. in the furnace they 
become highly heated. The air that passes through the space 
I in the bridge and through the outlets, also becomes highly 
heated, and drawn in thin films into the furnace, and 
mixing with the current of hot gases from the fuel completes 
itscombustion. At the two sides of the furnace hollow fire-bars 
are provided, in which are inserted air distributors P, with — 
| ings Q at their upper ends, in such a position that the air which 








separation of steam and water. 
a — 2 rises and issues through them is drawn in above the fuel by the 


represents the main steam-pipe. In the arrangement 

Fig. 3 two or more —— drums A, A, connected together or not, 
are employed, in which case the series of groups G of continuous 
pendulous tubes T may be arranged at the outer sides of the 
centre lines of each drum, so as to form the walls of the furnace 


Desori: 
F which is situated at suftable level between them and beneath | United States of America from 1847 to the presen’ 


said drums. The upper drums with their pendulous tubes are 


draught of the furnace. (Accepted November 14, 1894.) 


UNITED STATES PATENTS AND PATENT PRAOCTIOB. 


with illustrations of inventions patented in the 
t time, and 


reports of trials of ¢ law cases in the United States, may be 


fixed in any suitable manner, and the back end of the furnace F | consulted, gratis, at the offices of ENGINERRIN and 36, Bedford- 
is closed either by a solid wall V asin Fig. 1, or by a water leg if | street, Strand. 2 . rg ” 
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THE DRAINING OF THE ZUIDER ZEE. 


A scHEME which will take 33 years to carry out, 
will involve a total expenditure of 26,250,000/., will 
lead to the reclaiming of 750 square miles of land 
from the sea for agricultural and other purposes, and 
will add a new province to the country which under- 
takes it, is one well deserving to rank among the 
greatest of practical projects that the science of 
engineering has yet advanced. Such, in effect, 
however, is the proposal put before the Dutch 
Government by the Royal Commission appointed 
for the purpose of considering the best method of 
draining and utilising a large portion of the area 
now flooded by the waters known as the Zuider 
Zee, though, at one time in history, forming part of 
the mainland itself. The problem has for many years 


that will certainly recommend itself to patriotic 
Hollanders, and insure for them, should they carry 
it out, the gratitude of future generations. 

The work to be done, according to the proposals 
of the Zuider Zee Association, and approved by the 
Royal Commission, is of a twofold nature : firstly, 
the construction of an extensive embankment from 
almost the extreme point of North Holland to the 
Friesland coast, so as to shut out the ocean from 
all further access to the Zuider Zee ; and, secondly, 
the formation, by means of further embankments, 
of four great ‘‘ polders” on different parts of the 
shores of the Zuider Zee for the purposes of land 
reclamation. These are shown, not only on the 
map, Fig. 1, but in greater detail on the plan, 
Fig. 2. This is a very different, and perhaps not 
quite so striking a proposal as the original idea, 


Zuider Zee. Instead, therefore, of the navigation 
to the principal ports being prejudicially affected, 
it will be greatly improved, because the possibility 
of vessels going out of their course, and getting 
stranded on the sandbanks, will no longer exist. 
This is a consideration to which much importance 
is attached, as it will practically abolish dangers 
of navigation which have led to the destruction of 
many a fine ship, and to the loss of many lives. 
There is hardly a sandbank in the Zuider Zee of 
=— some more or less tragic story could not be 
told. 

From an engineering point of view the most 
interesting part of the scheme is the construction 
of the great northern embankment which is to shut 
out the ocean, and change the region in question 
from a branch of the sea into an inland and, even- 








engaged the attention of the engineers in Holland, 
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first projected many years ago, of draining the 





tually, fresh-water lake. After a good deal of con- 
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the proposal being one that far surpasses in magni- 
tude any of the other works of land reclamation 
previously carried out there ; and the real question 
now at issue is not the practicability of the scheme, 
opinions on this point being almost unanimous, but 
whether the country will be justified in incurring 
the great financial obligations involved. Some 
members of the Royal Commission have, on this 
ground, hesitated to recommend the carrying out 
of the scheme ; but the majority hold that, while 
the project may be regarded as one that would 
not be a good commercial speculation, still the 
Government may at least hope to defray expenses 
by the sales of land, &c., while, on the broader 
considerations of national progress—in the expan- 
sion of territory, in the increase of trade and 
agriculture, and in the giving to thousands of 
people. the opportunities of profitable employment 
=e scheme, vast and costly though it be, is one 








whole of the Zuider Zee area, and converting it 
into one vast basin of agricultural or pasture land. 
But it has one merit which the original proposals 
did not possess, and that is practicability. The 
greatest of the various problems which the engi- 
neers had to decide was what they should do with 
the rivers that now find an outlet into the Zuider 
Zee, and one cannot but feel that no more satis- 
factory solution of this problem could be found 
than the one suggested, which is, not to attempt 
to drain the whole area in question, but to leave 
still a considerable expanse under water to serve 
the double purpose of providing an outlet for 
the rivers, and of leaving open the waterways 
to Amsterdam, Kampen, Stavoren, and other 
places. The plans, too, are so arranged that these 
waterways will be precisely along the deep-water 
channels, while the land reclamation will take 


sideration, in the course of which six different lines 
of direction were examined, the Commission de- 
cided to recommend that this embankment should 
begin on the north-west coast opposite the island 
of Wieringen, and, in the first place, join that 
island to the mainland, thus closing the neck of sea 
known as the Amstel-diep. Commencing again on 
the western point of Wieringen, the embankment 
would stretch for close on 25 miles right across the 
Zuider Zee to the coast of Friesland, where it would 
join to the land again at Piaam. This embankment, 
as shown on the map, Fig. 1, is not only to shut 
out the sea, but is to form a public highway be- 
tween North Holland and Friesland, and is to 
afford space, too, for a railway connecting two 
gees of the Netherlands between which, save 
or a very wide detour, communication “can now 
be carried on by water only. In order to fix the 





place ‘on what are the shallowest parts of the 





height of this embankment, the Royal Commission 
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had first to consider what possible sea levels must 
be provided against, judging from past experi- 
ence. The greatest height known to have been 
attained by the sea waves along the coast of the 
Zuider Zee was in December, 1883, when, during 
an extremely severe storm, the sea rose near the 
Noorderdijk of Drechterland, at Andijk, to a 
height of 2.30 metres above the sea level at Am- 
sterdam, while the waves ran up to the summit of 
the embankment there, a height of 5 metres, and 
washed away the gravel road. The average height 
of the new inclosing embankment has, therefore, 
been fixed at 5.40 metres, that is to say, it will 
commence at 5.20 metres on the western side, and 
rise gradually to 5.60 at the eastern. It is thus be- 
lieved that the summit of the embankment will be 
safe even during the severest storms that are likely 
to occur. The island of Wieringen will be pro- 
tected by an embankment of similar height. 

The total width of the embankment, above the 
sea level, will be 70.80 metres, though the actual 
summit will have a width of only 2 metres, so 
that this portion of the embankment will not be 
available for vehicular traffic, for which provision 
is made at a lower level on the inner side. The 
general method of construction will be seen from the 
section, Fig. 3, for the right comprehension of which 
we may state that ‘‘N. A. P.” is the abbreviated 
form of ‘‘Normal Amsterdamsch Peil,’”’ otherwise 
the normal sea level at Amsterdam. The embank- 
ment itself will be formed of sand and soil, with 
heavy stone facings on the lower portions on each 
side. The use of willow twigs will be an im- 
portant feature in the making of the embankment, 
their merit consisting in the fact, so well recognised 
by Dutch engineers, that they solidify the layers of 
earth, &c., thrown upon them, and help largely to 
form an impervious mass. 

The willow berme on the northern side will be 
protected by a mass of stone rubbish 1 metre in 
thickness, and just above it will be a stone ‘ lip” 
inclosed between two rows of oaken piles. Then 
will come a talus protected by stone facing to a 
height of 4.50 metres above the sea level, the 
average thickness of the stone facing here being 
0.40 metre, with a stipulation, however, that in 
the centre it must be not less than 0.55 metre. The 
stone facing of the inner side—where it will rise to 
a height of 3.50 metres (increasing to 4 metres) 
above the sea level—is to be of equal thickness to 
that of the outer side because, although this side 
will not be exposed, like the other, to the fury of 
the ocean itself, it will be steeper—3 in 1 as com- 
pared with 4 in 1—while the influence of wave 
action from the inland lake (otherwise the Yssel 
Meer, as it is to be called) must not be underesti- 
mated, more especially as such wave action may be 
of considerable force during the prevalence of 
gales from the south and south-east. Imme- 
diately above this inner talus there will be a stretch 
of level ground, 17 metres in width, of which the 
outer 10 metres will be the track of a railway from 
North Holland to Friesland, and the remaining 
7 metres, on the inner side, a carriage road. Then 
comes a space 3.50 metres in width, and rising 
24 in 1, which will be used for the storage of 
material for repairing the embankment, and still 
higher will be the actual summit. Above low 
water there will be a layer of clay or loam, 1 metre 
in thickness, except in regard to the railway track, 
where it will not be put at all, while in the case 
of the carriage road the thickness of the layer 
will depend on the material used for road-making. 

The one great idea of the engineers seems to have 
been to design an embankment which would be able 
to resist the strongest forces of nature ever likely to 
be brought to bear against it. On this point it may be 
of interest to quote the following observations from 
our Dutch contemporary De Ingenicur : ‘‘ The Com- 
mission have evidently tried to project a profile that, 
humanly speaking, affords absolute safety, and in 
our opinion they have succeeded in this. We are, 
however, not convinced that the same result might 
not have been attained in a somewhat more econo- 
mical manner. The construction of the outer talus 
is, owing to the extent of the basalt stone facing, 
likely to be very costly. If the outer berme were 
constructed under an incline of 4 in 1, at a some- 
what greater height than proposed by the Zuider 
Zee Association (0.50 metre, for instance), and if 
behind the incline a broad band of stone were 
ep would not this afford an equally secure but 
ess costly solution? Our second remark has refer- 
ence to the carriage road by the side of the railway. 
Is it really to be expected that between North 





Holland and Friesland the ordinary traffic along 
the enormous distance of about 40 kilometres will 
be such as to warrant the construction of this road- 
way? We cannot suppose so, yet this considera- 
tion alone would justify so great an expenditure. 
Thecarriage of materials for maintenance, &c., would 
be better, and in a less costly manner, provided for 
by the construction of a simple narrow-guage tram- 
way, whilst for the storage of such materials, the 
summit of the embankment, and the adjoining part 
of the inner berme, afford ample accommodation.” 

The fact that there will be a constant inflow of 
water into the Yssel Meer from the various rivers 
now running into the Zuider Zee, gives great import- 
ance to the question of constructing adequate sluices 
through which these surplus waters would escape 
into the sea, or, indeed, through which water 
could be admitted into the Yssel Meer for the pur- 
poses of military defence, or otherwise. The tinal 
decision arrived at with regard to the position of 
these sluices, and also of the necessary locks, was 
that they should all be concentrated at one point 
on the easterly side of the island of Wieringen. 
Right through this island there is to be cut a canal 
1000 metres in breadth, increasing at the northern 
end to a breadth of 1200 metres between the two 
pier-heads, of which that on the west will extend 
1200 metres, and that on the east 750 metres, 
beyond the Wieringen embankments. The depth 
of the canal will be 5 metres below low water. On 
the southern side the canal will widen to 1500 
metres at the junction with the Yssel Meer. The 
walls, constructed of basalt, will reach a height of 
1.50 metres above the sea level. Across this canal, 
and occupying altogether 775 metres of its total 
breadth, will be five groups of six sluices each, with 
plateaux 100 metres broad between the groups. 
These sluices are to have a depth of 4.40 metres 
below the sea level, and are to be limited in width 
to 10 metres each, so as not to afford facilities for 
the entrance of hostile ships into the Zuider Zee in 
case of war. In this large canal a dam _ will be 
constructed in order to form on the west and along- 
side of the sluices a navigable canal 150 metres 
wide (increasing on the north to 250 metres); and 
here there will be two locks lying side by side, one 
of them 10 metres wide and 97.50 metres long, and 
the other, intended for fishing-boats only, 6 metres 
wide and 40 metres long. The sluices, it may be 
added, will be so arranged as to allow of the height 
of the water in the Zuider Zee being strictly re- 
gulated, while the effect of their working, com- 
bined with the steady inflow of water from the 
different rivers, will be such that the waters of the 
Zuider Zee will be entirely changed from salt into 
fresh within three years of the time when the closing 
embankment is completed. 

Operations are to be commenced by the filling 
in of the Amstel-diep and the construction of an 
artificial island on what is known as the Breesand, 
situate half-way between Wieringen and Friesland. 
Each side of this island would have a harbour of 
1500 metres in length and 100 metres broad, as a 
basis of operations, so that work on the main 
embankment could be carried on independently 
from four different points at once, namely, the 
two harbours, the eastern point of Wieringen, 
and the coast of Friesland. But even in this way 
it is expected that the work of constructing the 
embankment alone would extend over a period of 
nine years. 

The second division of the scheme deals more 
especially with the land reclaiming, which will not 
be taken in hand until the great northern embank- 
ment has been finished, and operations can be 
conducted without the difficulties that would arise 
from tidal changes in the water level. The 
‘*polders,” as already stated, will be four in 
number (Fig. 2), and the course pursued by the 
Dutch engineers may be briefly described as 
follows ; Along the outer line of the space to be 
reclaimed, in each instance, a dyke will be con- 
structed powerful enough to keep out the force 
of water represented by the Yssel Meer, such 
dyke being much about the same in form and 
character as the northern embankment, though, 
of course, it will not require to be so strong as the 
one that is to keep the ocean itself in check. Each 
dyke will be broad enough to have its roadway and 
pumping stations, and as soon as it is ready these 
stations will be built, and the pumping engines will 
be set to work to pump the water out of the in- 
closed space into the Yssel Meer. As already 
mentioned, a great deal of the Zuider Zee consists 
of shallow sandbanks, and it will not take long, 





when the pumps are in full working order, before 
these banks appear above the surface of the water. 
As soon as a certain space is cleared it will be sur- 
rounded by a small embankment, and form the 
first section, on which operations with a view to 
preparing it for agricultural purposes may be com- 
menced at once, while the pumps are operating on 
the lower parts of the large inclosed space that are 
still under water. So the work will go on until 
the whole of the space inclosed by the main dam 
of the polder has been laid dry, and the different 
sections of that polder, each with a separate em- 
bankment of its own, and varying in shape accord- 
ing to depth, have been completed. The polders 
will, of course, be fully protected from any inflow 
of water from the Yssel Meer, while the drainage 
of an expanse of land which will lie considerably 
deeper than the surface of the lake shut out from it, 
will be secured by a network of canals of various 
dimensions and at different levels, the water being 
pumped from the lower into the upper, until it can 
run into the Yssel Meer, and thence, through the 
sluices, into the sea. All this, however, will be a 
familiar story to those who are familiar with the 
construction of the polders already existing in 
various parts of Holland. But, although the work 
itself may be much about the same, never befcre 
has it been projected on such a scale as this, fur 
the total extent of the area to be reclaimed is no 
less than 750 square miles. The four polders will 
be dealt with in the following order: (1) north- 
west ; (2) south-east; (3) south-west ; (4) north- 
east; and the plan of operations is so arranged 
that the whole work, including the construction of 
the northern embankment, will extend over 33 
years. The total cost, including compensation in 
respect to the destruction of the Zuider Zee 
fisheries, is put down at 26,250,000/. On the 
other hand, something like 25,000 acres of reclaimed 
land will be made ready each year, and the capita- 
lised value of the land to be recovered for the 
purposes of Dutch agriculture is estimated at 
27,166,0001. But the Commission urge in their 
report that beyond the mere question of pounds, 
shillings, and pence there are many substantial 
though indirect advantages which Holland would 
secure from the carrying out of this great scheme. 

The engineer who is chiefly responsible for the 
scheme in the form it has finally assumed is Mr. C. 
Lely, who was himself chairman of the Royal 
Commission, and was also for a time Minister of 
the Water Department of the Dutch Government. 
Mr. Lely has devoted great attention to the pro- 
ject, more especially since 1886, when the Zuider 
Zee Association came into existence. He it was 
who brought forward the proposal for the great 
northern sea wall, with its locks and sluices, and 
first offered something really practical for considera- 
tion, in place of a variety of other proposals which 
were all more or less impracticable. Whether or not 
the Dutch Government will be able to summon up 
sufficient courage to give the order for the execu- 
tion of this most ambitious and most costly scheme 
is a point that the future must decide. 





EXTENSION AND WORKING OF THE 
ST. GOTHARD RAILWAY. 


By C. S. Du Ricne Pretier, M.A., Ph. D., 
A.M.1.C.E., M.1.E.E. 
(Concluded from page 42.) 

Removal of Snow and Ice.—The expense-on this 
account was in 1893 about 155 francs per kilometre 
or 101. per mile of open line, while the annual 
average is about 100 francs per kilometre or 61. 10s. 
per mile. The fluctuations depend necessarily on 
the amount of snowfall and on the intensity of 
frost on the mountain sections, more especially on 
that north of the summit tunnel. During the month 
of January, 1893, for example, after an unusually 
heavy snowfall in the Alps, the masses of snow 
accumulated on the slopes above the line on the 
north side, began to move and so covered the line 
that it was blocked for about 20 hours, the removal 
having to be effected by men requisitioned from 
the south side, as the north side was too much ex- 
posed to avalanches. Such blocks are, however, 
extremely rare, as in addition to the use of snow 
ploughs, the numerous avalanche ‘‘ cuvettes” or 
troughs, as well as the snow parapets, on the most 
exposed sections of the line effectually keep the 
latter clear under all ordinary circumstances. 

Accidents.—The solidity of the works and the 
careful working of the line are proved by the fact 
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that the company can pride itself on practical 
immunity from serious accidents to trains ; and 
that the compensations for accidents to individual 
engers or employés are a mere trifle, such 
accidents being almost exclusively caused by the 
negligence of the victims themselves. Employés 
who have been injured, or the families of employés 
who have been killed in the exercise of their 
duties, are liberally provided for by the company 
out of sick, hospital, pension, and accident funds. 
Totals of Gross Receipts and Expenditure.—For 
the year 1893, these may be recapitulated as 
follows : 























Per Per 

Per | Train 
su wl | Kilo- | Mile, | Kilo- | Train 

| at metre. 
fr. oe ee gee | £ fe. |wids 
Gross receipts , 14,951,400) 598,056 | 56,210 | 3598 | 600 |7 8 

Working X- | | 

penditure .. 8,274,000) 330,960 | 31,100 | 1990 3.32 4 3 
Net receipts) 6,677,400] 267,096 | 25,110 | 1608 | 2.68 | 3 5 


The working expenditure is, therefore, equal to 

55.34 per cent. of the gross earnings. 
Diagrams.—The following diagrams (Figs. 16 and 

17) show the receipts and working expenses per 
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kilometre and mile, as well as the engine mileage, 
and the consumption and cost of fuel from 1883 to 
1893. 

It is seen that, while the receipts and also the 
working expenses have increased, in 10 years, by 
about 50 per cent., the engine-mileage has increased 
by 70 per cent., and the consumption of fuel 
per engine-mile about 30 per cent., whilst the cost 
of fuel is now less than it was 10 years ago, the 
average cost being 27 francs, or about 23s., per ton. 

Train Speed.—The average speed of fast passenger 
trains between Lucerne and Chiasso, has hitherto 
been 40 kilometres (25 miles), including stoppages ; 
the maximum between stations, 50 kilometres (31 
miles) per hour, which, with the new express 
engines lately put upon the line, will be increased 
to 60 kilometres (37.5 miles) as average speed, and 
to 90 kilometres (56.4 miles) per hour on flat 
sections. Having regard to the heavy grades of 
2.6 and 2.7 per cent., these speeds are highly 
creditable, and much better than those on the 
connecting lines from Lucerne to Bale, and from 
Chiasso to Milan, worked by the Swiss Central 
and the Italian Mediterranean Company respec- 
tively. In order to further accelerate the express 
service from Bale to Milan and vice versd, the St. 
Gothard Company contemplates running its new 
express engines over the whole distance between 
— two terminals, about 380 kilometres or 240 
miles. 

It is noteworthy that the speed on the St. 
Gothard Railway is also in excess of that on the 
other great Alpine railways, which have, moreover, 
easler maximum gradients, except the Arlberg line, 
as is shown by the following Table : 











Equivalent Length.—In order to realise what 
train speeds of 40 and 50 kilometres, or 25 and 31 
miles mean, on such a railway as the St. Gothard, 
it is necessary to determine the equivalent length 
of the whole line, viz., the length which the actual 
line, with its gradients and curves, represents on 
the straightand level. This equivalent length may, 
in this case, be determined according to Ghega’s 
formula : 

By 100 A 
EL=L+@ (1+ ——) +07 ss 
where L is the sum of all level sections (57 kilo- 
metres); G the sum of all grade sections (208 
kilometres) ; g the mean gradient (1 in 83), and A 
the sum of all curve angles (15,624 deg.). The result 


net profits after payment of 7 per cent. dividend to 
the shareholders. 
ConcLusIon. 

Although the St. Gothard Railway had to pass, 
during the period of its construction, and owing to 
the stupendous engineering difficulties, through the 
financial vicissitudes common to all undertakings 
of such magnitude, yet there never could be any 
question as toits success, both from an engineering 
and acommercial point of view. By careful main- 
tenance, by constant improvements of its property, 
by intelligent, economical, and yet liberal manage- 
ment, by the excellence of its rolling stock, by 
nursing its passenger as well as its goods trafiic, 
and aided by the unrivalled beauty and variety 


9.16. STGOTHARD RAILWAY. 















is as follows: 


342 miles. 


gradient, at average speed, divided by the same on 
the level at maximum speed. As before stated, 
the average train load on the St. Gothard Railway 
is 480 tons, the mean grade 1.2 per cent. (1 in 83), 
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or 12 metres per kilometre, the average speed 8.5 
metres per second, or 30 kilometres per hour, whilst 
the maximum speed on the flat sections is 50 kilo- 
metres per hour, or 14 metres per second. Taking 
the coefficient of traction at 5 kilogrammes (11 lb.) 
per ton, we have the coefficient of equivalent 
length : 
480 tons (12 + 5) x 85 _ 68,510 _ 9 o4 
480 tons(0+5)x 14 33,600 
Hence the equivalent length of the whole line : 
265 kilometres x 2.04 = 540 kilometres or 338 miles, 


or virtually the same as the length determined by 
Ghega’s formula. 

The coefficient of equivalent length being thus 2, 
it follows that the speed on the St. Gothard Rail- 
way of 40 and 50 kilometres is equal to 80 and 100 
kilometres, or 50 and 60 miles per hour on the 
straight and level, and that an average run per 
engine of, say, 60 miles per day on the St. Goth- 
ard Railway is equal to 120 miles on ordinary 
lines with easy grades and flat curves. 

In the same way, the total train and engine 
mileage on the St. Gothard Railway corresponds 
to double that mileage on the straight and level, 
and hence, inversely, the working expenditure of 
3.32 fr. per train kilometre or 4s. 2d. per train 
mile, is equal to half, viz., respectively 1.66 fr. and 
2s. 1d. on the straight and level. 

Total Capital.—This is composed as follows : 





Fr. £ 
Share capital .. a a 50,0€ 0,000 2,000,000 
Subventions from Switzerland, 

Germany, and Italy . 120,000,000 4,800,000 
Redeemable debentures 100,000,000 4,000,000 
Reserve, renewal, and other 

funds .. ee oe ae 9,000,000 360,000 
Construction fund (accumu- 

lated interest of available 

capital) us “ - 1,000,000 40,000 

Total . 280,000,000 11,200,000 


The present market value of the 500 fr. (201.) 
shares is about 850 fr. (341.). The concession was 


granted for 99 years from 1882, subject to the 
power of the Swiss Confederation to acquire the 
line by purchase after 27 years, viz., after 1909. 








jAverage Speed 
per Hour. | 
bes ie et 
Gradient. on | rs 
ilo- | 
. metres. ren i 
percent. | 
St. 40 25 /Old engines. 
t.Gothard .. | a7 { = | Pome 
Mont Cenis .. 2.5 35 | 22 | 
Arlberg ..  .. i, 3.0 34 | 21 | 
Brenner .. x : 2'5 32 | «20 | 
Semmering .. ; 2.5 35 22 | 
| 
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The three subsidising States are entitled toa share, 
| of 50 per cent., to be divided pro rata, in the 


57 + 208 (1 rs ” ) +0.76 net = 546.6 kilometres, or 


This result is strikingly confirmed if we deter- 
mine the coefticient of equivalent length in another 
way, viz, from the mechanical work on the average 


of lake and mountain scenery on both sides of the 
Alps, it has fully vindicated its claim to being in 
modern, what the old St. Gothard trade route was in 
mediseval times, viz., the most important and most 
frequented of all the great international Alpine high- 
ways. Its commercial prosperity is best attested 
by the fact that during the first decade of its work- 
ing, the company has paid, besides its large deben- 
ture interest, a steadily increasing dividend of 5 to 
7 per cent. per annum to its shareholders, while it 
has constantly ministered to the comforts and well- 
being no less than to the technical education of its 
large staff of employés. The palatial edifice which 
adorns the picturesque quay at Lucerne, and con- 
tains the central offices of the company, is an 
eloquent proof of the success of a remarkable and 
monumental undertaking of which those responsible 
for its management may justly be proud. 

The writer has to express his obligations to the 
St. Gothard Company, more especially to M. 
Dietler, the general manager, for the exhaustive 
returns, and other information kindly placed at his 
service. * 





THE APPLIOATION OF ELECTRIOITY 
TO WORKING SHIPS’ TURRETS. 
(Continued from page 38.) 

In previous articles we have described the 
general arrangements of some of the special features 
of the Chilian cruiser, Capitan Prat, and of one of 
the latest additions to the French Navy, the 
Latouche Tréville ; both of these vessels were con- 
structed by the Forges et Chantiers de la Medi- 
terranée. We have also made a comparison be- 
tween a standard type of the Canet system of 
hydraulic gear for working a ship’s turret and 
operating her guns (the example we selected 
being that of the French gunboat Acheron), 
and the first successful application of electricity 
to the same purposes, as carried out on the 
Capitan Prat. We now propose to carry the 
comparison a step further, by a general descrip- 
tion of the latest development in this direction, 
and which is receiving practical application on 
board other ships now in course of completion at 
the Forges et Chantiers’ shipyards. 

The machinery for manceuvring and serving the 
guns consists of the training mechanism, and 
the appliances for supplying ammunition from the 
magazines into the turret ; the turret, and with it 
the gun, may be turned either by hand or by means 
of electric motors. For this latter purpose a large 
toothed ring is bolted around the central ammuni- 
tion tube beneath the armoured deck ; a pinion 
gearing into this ring is mounted ona shaft, on 
which there is also a wheel with helicoidal teeth ; 
into this wheel there gears an endless screw upon 
the shaft of the electric motor. On the motor 
shaft there is also keyed a wheel, which is used for 
operating the turret by hand; this wheel can be 
thrown out of gear at will. The helicoidal wheel, 
deriving motion from the electric motor, is con- 
nected to its shaft through the intermedi of a 
number of friction discs that are dleeanesele fost on 
the shaft and on the wheel ; they are held up to 
their work by means of a Belleville plate spring, 
the tension of which is so calculated as to allow of 
a displacement of the discs in the event of a 
sudden check in the movement of the turret, 
and so excessive strain on any part of the me- 
chanism is prevented. The electric motor is con- 





* The sub-titles below the engravings of the St. Gothard 
locomotives on pee 48 ante were incorrect in the follow- 
ing respects. he 87-ton locomotive was constructed at 
the Maffei—not Maftie—Works, while the 100-ton com- 
pound locomotive, Fig. 15, is not of the Mallet type. On 
the other hand, the locomotive shown by Fig. 14, page 40, 
is of the Mallet pattern. 
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nected with a controlling apparatus (“‘ cartouche | 
électrique”), placed within the turret, and under the ELECTRICAL GEAR FOR SHIPS’ TURRETS 
hand of the officer in charge, who can obtain with | ° 
this device all the movements necessary for training | 
the gun; this apparatus will be described later | 
when we come to consider the details of manceuvr- | 
ing. The switches are secured as far as possible 
from damage, and, at the same time, are thoroughly 
isolated from the air in the turret, which, when the 
gun is fired, becomes charged with gases more or 
less deleterious, and sometimes inflammable, thus 
forming a possible source of danger if brought in 
contact withsparks. The mechanism for supplying 
ammunition to the turret includes an elevator of | 
the noria type, placed in the central tube, and com- | 
posed of the following parts : (1) An endless chain, | 
passing from the lowest to the highest part of the 
tube, of course within the turret. On this chain | 
brackets are fixed at intervals adapted to carry 
either the projectiles or the half cartridges contain- | 
ing the powder charge. (2) The hand and power | 
controlling mechanism, which comprises a pulley 
mounted on an elastic frame, a bevel wheel and | 
its pinion moving with this frame, a vertical shaft, 
carrying at its upper end a clutch and two 
bevel wheels that can be actuated by the electric 
motor ; the hand-worked gear is connected to the | 
vertical shaft by two bevel wheels and a clutch. | 
(3) Of a service platform made of steel plate, and | 
fixed around the tube at its lower part. (4) Of a/ 
table free to move around a vertical axis, and placed | 
at the upper part and to the rear of the turret, in| 
the extension of an inclined plane, on to which the | 
ammunition is delivered. (5) Of the starting and | 
stopping gear of the ammunition hoist. | 
The projectiles are brought from the ammunition 
stores to the service platform by means of a trolley 
travelling over rails laid on the lower deck. From 
these they are taken by hand and placed in the 
position they are required to occupy (see section, 
Fig. 12) in order that they may be raised by the i 
carriers fixed to the endless chain ; the two half [ ey Ob: eels : 2 
cartridges containing the powder charge are carried - ays 
by hand and placed in the elevator. As soon asa 
shot has been raised to the level of the gun platform, 
the elevator stops automatically, and the projectile 
is shifted upon the inclined plane, which conducts 
it to the rear of the turret and on the moveable 
table. The rotation of this latter brings the pro- 
jectile into a position which is an extension of the 
axis of the gun; the table is fitted with slides on 
which the shot is pushed forward until it is opposite 
the open breech. The half cartridges that have 
been delivered on to the inclined plane are lifted by 
hand on to the service table. The movement of the 
ammunition hoist is entirely under the control of 
the officer inthe turret. By means of this elevator, 
loss of time involved by the rising and falling of 
the older and ordinary type of hoist is avoided, as 
well as a considerable weight and complication of 
mechanism. The elevator for the 15-centimetre 
gun is made with a pitched chain rolled around two 
drums, that are placed one below the platform in 
the turret and the other at the bottom of the tube. 
A reference to the sections and plan, Figs. 11 to 
15, will enable the reader to understand the 
arrangement. As will be seen, the central tube is 
coned for nearly half its height, being bolted to the 
underside of the turret platform, and standing on 
a hydraulic footstep ; the position of the small 
force pump for maintaining the necessary pressure 
beneath the ram of this bearing is shown in Fig. 
12. The staging on which the turning mechanism | 
is placed is on the deck over the magazine, and | 
beneath the armoured deck ; the space between 
the latter and the fixed part of the turret is | 
occupied by the coned section of the tube which 
is protected by armour-plating. Beneath the 
armoured deck at the level a b, Fig. 11, is the plat- | 
form bolted to the tube and carrying the electric 
motor for working the elevator ; the vertical trans- 
mission and gear passes down the inside of the tube 
as far as the bevel gear on zhe shaft of the lower 
elevator pulley ; it is at this level that gear is in- 
troduced for working the elevator by hand. It will 
be seen that the elevator works within a casing that 
follows the form of the tube, but is extended above 
it nearly to the top of the turret, so as to inclose 
the chain and the upper chain pulley. At two points ville springs, so as to prevent rigidity in the lower | indicated in Figs. 11 and 12. They have a flat floor 
within the tube, when the parallel form changes to! pulley of the elevator chain. The section (Fig. 12) | to take the base of the shot, and curved sides, the 
the cone, and again beneath the gun platform, shows the position of the incline on which the shot | front being left open to receive the projectile. Two 
fixed guiding rollers are introduced to determine) is delivered by the elevator, and from which it| small rollers are placed beneath each carrier, and 
the constant position of the elevator chain. It will | slides to the revolving table that conducts it to the | run upon vertical guide-plates secured to the side 
also be seen that an elastic straining device is! opened breech of thegun. Upon the endless chain, | of thecasing. The projectile is also guided as it is 


placed at the bottom of the tube, made up with Belle- | carriers are secured at intervals, and of the form | raised by a light vertical plate within the casing 
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(For Description, see Page 77.) 
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PORTERS AUTOMATIC EXPANSION GEAR. 
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(Fig. 12). As will be seen from the section, a 
large opening is cut in the side of the tube, above 
the level of the magazine deck, and at the bottom 
of this opening, brackets are bolted inside and out- 
side the tube. Above the outer bracket is the 
overhead tramway, upon which the projectiles are 
brought in a horizontal position by a hangin 
trolley and slings; from this they are taken an 
placed in the vertical position with the tube, shown 
in Fig. 12. 

As already stated, movement may be given to 
the elevator either by hand or by electricity ; both 
means of control can be thrown in or out of gear 
by aclutch. The electric motor driving the ele- 
vator being placed on the small platform bolted to 
the tube, it has the same motion as the turret. 





72 





ENGINEERING. 


[Jan. 18, 1895. 








The motor is kept running continuously so long 
as the gun may be in operation. Upon the trans- 
mission shaft that connects it with the driving 
drum of the chain is placed a friction clutch, the 
purpose of which is to stop the hoist at very fre- 
quent intervals, if it is found desirable to do so, 
without checking the motor. When a cartridge is 
raised to the gun platform level, it lifts a door made 
in the floor of the platform, and continues to rise 
through a small distance ; as soon as the proper 
height is reached, the clutch is thrown out automa- 
tically, and the elevator is stopped. The men de- 
tailed for that duty remove the cartridge and close 
the door by releasing a small spring catch worked 
by the foot. Connected with this operation is an 
ingenious device, which prevents the hoist from 
being again started until the cartridge has been 
removed, and at the same time a bell is rung at the 
bottom of the tube. The men in charge of the 
ammunition stores below are thus notified that 
they can then throw the hoist again into gear by 
means of a starting lever at the bottom of the tube 
(see Fig. 11) ; when this has been done a fresh cart- 
ridge is placed on the elevator. Tests made to 
prove the efficiency of this arrangement show that 
it can be conveniently worked to supply the turret 
with eight rounds a minute. A special device is 
provided for reversing the travel of the elevator, 
either for returning unused ammunition into store, 
or for the embarkation of shot and cartridges. 

To summarise briefly the special features of 
this, the latest arrangement of M. Canet. The 
endless chain and noria type of hoist has been 
adopted, which possesses several important advan- 
tages over the older form of telescopic elevator ; 
it reduces to a marked degree the percussive strains 
on the deck; it is smaller and lighter, conse- 
quently the weight of the turret is reduced, a 
smaller opening in the deck is necessary, and the 
sighting apparatus can be installed under more 
favourable conditions. All manoeuvres, and espe- 
cially those connected with the handling of the 
ammunition, are performed with much greater ease. 
Loading can be effected in any position of the gun, 
with equal facility, so that the training officer 
can follow the target continuously and without 
interruption. All these features of the Canet 
system, as well as that of the recoil brake, are well 
known, and are only referred to here in connection 
with the modifications he has lately introduced, 
and which are now being adopted with success. 

The use of electricity on board ship is compara- 
tively of recent date; for purposes of lighting its 
application has rapidly become almost universal, 
and there now appears promise that before long it 
will be as generally used for the purpose of trans- 
mitting power on ships of war. After it had been 
recognised that theelectric current was indispensable 
for ships’ lighting, and especially for illuminating 
projectors, the use of which became necessary as a 
means of protection against torpedo-boats, dynamos 
were employed for working hoists and other minor 
machinery, and the latest development in this 
direction has solved the problem, at least so it is 
considered in France, of operating the turrets of 
ironclads by the same agency. Important though 
this change was, the period of experiment and 
investigation was only a short one, and that pro- 
gress was so rapid is largely due to the improve- 
ments recently introduced into hydraulically worked 
turrets, particularly in regard to the balancing of 
the heavy revolving weights of these great struc- 
tures, and in all positions required in practice. It 
was not possible simply to apply electric motors to 
existing turrets worked by hydraulic power ; the 
difference in the two types was by no means con- 
fined to the nature of the power by which they are 
actuated. Just as the use of steam employed for 
motive power involves the construction of special 
vehicles, so the application of electricity demands 
that the apparatus it operaves shall be designed for its 
use. As regards its application in heavy guns, for 
example, it is certain that if trials had been made 
with electricity on aturret that had beenconstructed 
to be worked by hydraulic power, and containing 
heavy calibre guns, and if the alterations had been 
limited to replacing the hydraulic machinery by 
dynamos, insurmountable difficulties would have 
been encountered, and the experiment would have 
been abandoned as possessing no prospect of suc- 
cess. It is not only that the great and sudden varia- 


tions in the work to be done are unavoidable, a condi- 
tion apparently incompatible with the regular work- 
ing of electric machinery, but the space available in 
ships of war does not allow, on the one hand, the 





installation of electric motors of too high power, 
while, on the other hand, great uniformity of power 
is necessary for giving to all training operations 
sufficient regularity to insure absolute precision. 
From this it results, without speaking of other 
conditions that electrically worked turrets must 
satisfy, that the balancing of the turret by making 
its centre of gravity coincide with the axis of 
rotation, is the first condition to be fulfilled in order 
to arrive at a judicious application for the re- 
quired manceuvres, including at the same time those 
of working by hand, a very necessary provision 
against any interruption of the current that may 
occur during an action. It is on this basis that the 
two applications made by M. Canet to which we 
have confined our attention are carried out ; these 
are the turrets on board the Capitan Prat, and those 
of the Latouche Tréville. The interesting results 
obtained with the electrically worked turrets on the 
Capitan Prat we published in our last article. 
Later installations in progress, and, among others, 
that of the Latouche Tréville, the first French 
warship fitted with electric turrets, the Danish 
gunboat Skjold, and the Spanish cruiser Carlos V., 
are designed on different principles to those fol- 
lowed out on the Capitan Prat. Instead of working 
the switches of the installation indirectly, MM 
Canet and Hillairet-Huguet, these two gentlemen 
being associated in the later designs, have regarded 
it as a necessary condition that the officer training 
the gun should, by himself, and without any in- 
termediary, operate the switch, the movements 
of which control the speed of the motor. If, in- 
deed, it is desired that the movements of the turret 
should be made directly dependent on the hand of 
the officer in the turret, it is preferable that all 
intermediate transmitting devices should be elimi- 
nated, because they must cause a certain, though 
perhaps an inappreciable, amount of delay, and 
also because they introduce complication, and 
therefore increase the chances of failure. If for no 
other reason, the officer in charge should have 
direct control ; with the turret under his hand, as 
it were, he can always be certain of regulating its 
movements with the greatest accuracy, and he can 
transmit to it with all necessary rapidity, the deli- 
cate displacements required for keeping the gun 
laid upon the object aimed at. By the new system 
each turret is fitted with its training mechanism, 
and with the motive power required for operating 
the ammunition hoist ; this may be placed within 
thetube. The motors and the various apparatus for 
working the turrets, &c., are supplied with current 
by two separate circuits, which are laid beneath the 
armoured deck ; these circuits are fed each by a 
generator working at 80 volts. Each generator is 
sufficiently powerful to supply both circuits, so that 
in case either of them is damaged, the operations 
of the turret are not interfered with. All of the 
motors are mounted on derived circuits from the 
two main circuits; the current is brought to the 
foot of each tube on the magazine deck, where there 
are two circuit closers, by means of which either 
the training or the hoisting circuit can be closed. 
For the latter service the leads are not brought 
any further, and the lift assistant has under his 
hand a special switch, with which he can start or 
stop it at will. On the other hand, the leads for 
operating the turret are taken through the tube and 
above the firing platform to the mechanism through 
which the training is effected, and which is fixed to 
the gun mounting. The details here introduced 
are the most interesting and the most original. in 
the whole installation, and to understand their 
operation it is necessary to consider the principal 
difficulties that had to be overcome. 
(Zo be continued.) 


THE AMERIOAN SOOIETY OF 
MECHANICAL ENGINEERS. 
(From our New York CorrESPONDENT.) 
(Continued from page 35.) 

THE last of Mr. Porter’s papers was entitled, 
‘* Comparison of the Action of a Fixed Cut-off and 
Throttling Regulation with that of the Automatic 
Variable Cut-off, on Compound and Triple-Expan- 
sion Engines.” He considered a fixed cut-off more 
economical if suitably selected and regulated by a 
throttling governor. But interesting as the argu- 
ment was, like all of Mr. Porter’s statements, it 
would be unfair to present it in a condensed form, 
and the title must suffice. 

Strains ON PULLEys. 
‘* Stresses in the Rims and Rim Joints of Pulleys 











and Flywheels,” by Professor Gaetano Lanza, was 
an able mathematical paper, and can be examined 
by any expert in the subject, but cannot be pre- 
ented in abstract. Your correspondent had no idea 
there were so many stresses, or that they required 
so much formule, but the Professor evidently found 
ample use for all of them, or he would not have 
presented them. The Professor’s second paper 
was more practical, being ‘‘The Application of 
Brakes to the Truck Wheels of a Locomotive,” the 
locomotive employed being of the eight-wheel, or 
American, type, the following being some of its 
principal dimensions : 


Diameter of drivers 66 in. 
18 in. by 24 in. 


Cylinders ... ee 

Weight on drivers 63,000 1b. 
” truck one eee 35,000 ” 

Total weight of engine ... 98,000 ,, 

Weight of tender loaded 64,000 ,, 


The cars used were 50-ft. passenger cars, having 
an average weight of 43,000 Ib. 

The objects of the experiments were to determine 
(1) the distance in which the train could be stopped 
with the truck brakes applied, as compared with 
that in which it could be stopped when the truck 
brakes were not applied, every wheel in the train 
having brakes acting on it ; (2) the distance in which 
the train could be stopped with all brakes applied, 
the throttle being closed, as compared with that in 
which it could be stopped when all brakes were 
applied and the throttle was left open. 

The following Table shows some of the results 
obtained : 
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Batanctine Locomorives. 


Next came Professor F. M. Goss, on ‘‘ An Experi- 
mental Study of the Effect of the Counterbalance 
in Locomotive Driving Wheels upon the Pressure 
between Wheel and Rail.” 

This was an account of a series of experiments 
made at Purdue University by passing annealed 
iron wires between the locomotive drivers and 
idlers placed underneath the drivers. The varia- 
tions of thickness in the wires after passing be- 
tween the wheels are used as a measure of the 
wheel pressures. From these experiments Pro- 
fessor Goss draws the following : 

The results of the experiments appear to justify 
the following conclusions : 

1. Wheels balanced according to usual rules 
(which require all revolving parts, and from 40 per 
cent. to 80 per cent. of all reciprocating parts, to 
be balanced, the counterbalance for the reciprocat- 
ing parts to be distributed equally among the 
several wheels connected) are not likely to leave 
the track through the action of the counterbalance, 
and cannot do so unless the speed is excessive. 

2. A wheel which, when at rest, presses upon 
the rail with a force of 14,000 lb., and which 
carries a counterbalance 400 lb. in excess of that 
required for its revolving parts alone, may be 
expected to leave the track icons the action of 
the counterbalance whenever its speed exceeds 310 
revolutions per minute. 

3. When a whetl is lifted, through the action of 
its counterbalance, its rise is comparatively slow 
and its descent rapid. The maximum lift occurs 
after the counterbalance has passed its highest 

int. 

4. The rocking of the engine on its springs may 
assist or oppose the action of the counterbalance in 
lifting the wheel. It therefore constitutes serious 
obstacles in the way of any study of the precise 
movement of the wheel. 

5. The contact of the moving wheel with the 
track is not continuous, even for those portions of 
the revolution where the pressure is greatest, but 
is a rapid succession of impacts. 

A very important paper was this, and was re- 
ceived with pleasure and regret—the latter because 
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of the recent fire at the institution where these 
experiments were undertaken, and the loss of the 
apparatus used in this and in similar tests. 

One of the most practical papers presented fol- 
lowed this; it was by C. J. Field, of New York, 
and was entitled, ‘‘Present and Prospective De- 
velopment of Electrical Tramways.” We need refer 
to this paper only by name, as the subject will be 
wholly covered by the series of articles on electric 
traction now appearing in this journal. 


Prorectinec [Ron SURFACES. 


‘‘Rustless Coatings for Iron and Steel,” by M. 
P. Wood, was a fruitful subject, and of great 
interest to the profession. The author cited various 
experiments made at different times under official 
sanction by various nations ; he also examined the 
causes of deterioration in iron and steel, and fur- 
nished much historical data bearing on the subject. 
He then took up the question of galvanising at 
considerable length, helping his remarks by photo- 
graphs. The following abridged paragraphs will 





show his ideas : 
Galvanising, as a protecting surface for large 























articles, may possibly have a large future. The 
dry or molten bath process is difficult of manage- 
ment in connection with large baths of molten 
material ; the deterioration of the bath, and other 
mechanical causes, at present limit the process to 
articles of comparatively small size and weight. 
The electro deposition of zinc has been subject to 
many patents, and the efforts to introduce it have 
been lamentable failures in both a mechanical and 
financial sense. 

To all intents and purposes the deposits obtained 
from acid solutions under favourable circumstances 
are fairly adhesive when great care has been exer- 
cised to thoroughly scale and clean the surface to 
be coated, and which is found to be the principal 
difficulty in the application of any electro-chemical 
process for copper, lead, or tin, as well as for zinc, 
and that renders even the application of paint or 
other brush compounds so futile unless honestly 
complied with. Unfortunately, these acid zinc 
coatings are of a transitory nature. 

The Cowper-Coles process of electro-zincing 
articles claims to overcome all these difficulties, 
and plants are in process of erection with a bath of 
some 14,000 gallons capacity, capable of turning 
out 40 tons of light work per week, and in which it 
is proposed to treat the plates of vessels 60 ft. in 
length upon one or both sides, and the frames of 
such vessels as torpedo-boat destroyers and kindred 
craft after riveting up. These plates and frames 
are given a thin coating of zinc by this process that 
appears to be perfectly uniform in character and 
extent, whatever the shape of the piece may be. 

To obviate any tendency of the paint to peel off 
from the zine surfaces it is recommended to coat 
them, previous to painting, with the following 
compound : One part chloride of copper ; one part 
nitrate of copper ; one part sal-ammoniac, dissolve 
in 61 parts of water, and then add one part 
commercial hydrochloric acid. When the zinc is 
brushed over with this mixture, it oxidises the 
surface, turns black, and dries in from 12 to 24 





of peeling. Another and more quickly applied 
coating consists of bichloride of platinum, one part 
dissolved in 10 parts water, and applied either by 
a brush or sponge. It oxidises at once, turns 
black, and resists the weak acids, rain, and the 
elements generally. 

The comparative inertia of lead to the chemical 
action of many acids has led to the contention that 
it should form as good, if not a better, protection to 
iron than zinc, but in practice it is found to be 
deficient as a protective coating against corrosion. 
A piece of lead-coated iron or terne plate placed in 
water will show decided evidences of corrosion in 
24 hours. This is to be attributed to the porous 
nature of the coating, whether it is applied by the 
hot or wet (acid) process. 

The author concluded that portion of his paper 
dealing with metallic coatings with further facts 
relating to the Cowper-Coles process, which he 
considered the most reliable now known. 

Non-metallic coatings he divided into the follow- 
ing classes : 

**(a) Oil paints. 

‘*(b) Pitch, asphalt, tar, or waxes. 
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‘‘(c) Varnishes consisting of resins and gums 
dissolved in volatile solvents. 

‘¢(d) Varnishes containing substances to give 
them body. 

‘**(e) Coatings of cement.” 

The results in regard to the first class are not 
sufficiently established to give them pre-eminence, 
although the Navy Department have just had the 
New York scraped to the clean iron and painted 
with red. paint. 

‘The second class of protectives, consisting of tar 
and tar products, such as pitch, black varnish, 
asphalt, and mineral waxes, are among the best 
protectives ; the waxes especially not being affected 
by the ‘sweating,’ and form durable coatings for 
the plates. In the case of tar and tar products, and 
particularly those products from coal-tar, which are 
liable to contain small quantities of acids and am- 
monia salts, if care be taken to eliminate these, 


protectives hot to warm plates, the question of pro- 
tection would be practically solved ; bituminous 
and asphaltic substances forming an enamel on the 
surface of the iron which is free from the objections 
raised against other protectives, that is, that being 
microscopically porous they are pervious to water.” 

These tar and coal-tar products, by a new method 
of oxidising them, are changed from a hard and 
vitreous coating to an elastic one resembling 
caoutchouc, that enables them to meet minor acci- 
dents of abrasion without destroying the adherence 
of the coating to the iron, and appear to be capable 
of receiving and holding about all the substances of 
nastiness in smell and taste that inventors have 
considered necessary to incorporate into their mix- 
tures in order to render them anti-fouling. 

‘The third class of protectives consists of var- 


d|nishes formed by dissolving gums or resins in 


volatile solvents, such as turpentine, naphtha, fusil 
oil, bisulphide of carbon, &c. Such varnishes are 
open to several objections ; they are acted upon by 
moisture, which causes a deposition of the resins or 





hours, and may then be painted over without danger 


gums as anon-coherent powder and destroys the 


and if it could be managed to apply this class of | | 


tenacity of the varnish. This action depends a 
great deal upon the proportion of the solids to the 
solvent. If the resin or gum is comparatively small, 
then the moisture will have little effect on the 
coating after it is dry, but in the drying process 
the evaporation of the comparatively large quantity 
of volatile solvent reduces the temperature of not 
only the metal but the surrounding air, and a de- 
position of moisture is had on the green coating 
that produces disastrous results. . . . 

‘*The fourth class comprises varnishes to which 
body is given by the addition of foreign constituents, 
generally mineral oxides ; and this class is prefer- 
able to the third class, if the solvent or vehicle used 
is not too rapid in its evaporation (which is seldom 
the case), and if care is taken to select substances 
which do not themselves act injuriously upon iron, 
or upon the gums and resins which bind them to- 
gether, and are also free from any impurities which 
could do so. 

“The fifth class of protectives, cement coatings 
for the protection of the external skin of vessels, 
in the form of vitreous glazes, glass, &c., have en- 
tirely been abandoned. Hydraulic cement, how- 
ever, is used successfully to a great extent upon the 
inner portions of the hull. Its weight and diffi- 
culty of attachment, as well as the porous character 
of the covering, even when externally coated with 
a silicate or paint compound, render it unfit for 
outside ship work.” 

The author concluded a long and valuable paper, 
to which our brief abstract does only scant justice, 
by a number of practical suggestions as to the 
proper selection and application of protective com- 
positions. 


TestiInG CALORIMETERS. 


Prof. D. S. Jacobus, one of the most reliable 
investigators, followed with a paper, ‘‘ Results of 
Measurements to Test the Accuracy of Small 
Throttling Calorimeters.” The results bore rather 
hardly on the accuracy of these instruments, and 
are given in the following Table : 

Comparison of Actual Percentages of Moisture with 


Amounts Indicated by a Throttling Calorimeter ; Steam 
Passing through a 3-In. Horizontal Pipe. 
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* In these tests the calorimeter was not attached to the same 
horizontal pipe as in the others, and the conditions were such that 
it is probable that moisture ran along the bottom of the pipe and 
entered the lower holes of the nozzle. 


Stream EnGIngE CLEARANCES, 
A paper that may be briefly referred to was by 
Mr. G. W. Bissell on ‘‘The Effect of Clearance on 
the Economy of Small Steam Engines.’ The author 
wished to ascertain by experiment : (1) the economi- 
cal effect on the engine of varying the clearance 
spaces at the ends of the cylinder ; and (2) to find 
out the ‘‘ variation of the economy in the engine 
with a varying load for each of the several magni- 
tudes of clearance.” Five different clearance mag- 
nitudes were decided on, and five series of tests 
were made, one for each variation. Each series 
comprised five carefully conducted tests for economy, 
under a constant load during each test, but varied 
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THE STEAM LIFEBOAT “CITY OF GLASGOW.” 
CONSTRUCTED BY MESSRS R. AND H. GREEN, BLACKWALL; ENGINED BY MESSRS. J. PENN AND SONS, LIMITED, GREENWICH. 
(For Description, see Page 77.) 
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through the series. The results of the trials were | five series ; the other the relation of economy to |small engine, the character of which suffered some- 
laid down in two sets of curves, one illustrating the clearance magnitude for four different values of what during the discussion. The cylinder was too 


“‘ variations of economy with load for each of the horse-power 


’ 
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The tests were carried out with a small to obtain the desired clearances, except by en- 
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THE STEAM LIFEBOAT “CITY OF GLASGOW.’ 


CONSTRUCTED BY MESSRS. R. 


AND H. GREEN, BLACKWALL. 


(For Description, see Page 77.) 














larging the indicator hole to receive a pipe, of which 
different lengths were used to obtain the variation. 
The —— (Figs. 17 to 20) show the arrange- 
ment, 

A clearance of 143 per cent., it appeared, gave the 
maximum economy at all loads, and the economy 
increases with the load, but not in direct proportion. 
The results were severely criticised ; one member 
thought the engine too small for a reliable result, 
and objected to the method of making the tests. 


(To be continued.) 








THAMES BRIDGES.—No. II. 
2.—Lonpon Brince. 

Unrit the close of the 10th century, the princi- 
pal line of communication between the north and 
south banks of the Thames, within the City limits, 
was maintained by a ferry that, in early times at 
least, had proved a rich source of revenue to the 
owner, John Audrey, or Over, so much so, indeed, 








that his daughter had been enabled to found the 
Church of St. Mary Overies, to which a monaster) 
was attached. In 993 the monks of this order 
built a wooden bridge near the site of the present 
London Bridge, which lasted for a century, and 
was swept away in 1093. It was replaced by » 
second timber structure, consumed by fire not 
long after. Then came the engineer, Peter of 
Colechurch, who devoted 33 years to the erection 
of the first stone bridge over the Thames. It was 
a famous, though not avery durable structure ; the 
foundations were of elm piles driven to support 
the piers of 20 pointed arches, narrow, irregular, 
and om, and varying in span from 15 ft. to 35 ft. 
The piers reduced the waterway by more than half, 
and converted the river at this place into a mill- 
race. Some of the piers were over 30 ft. in thick- 
ness, and their lengths varied from 26 ft. to 115 ft. 
The width of the roadway was but 15 ft. ; the 
height of this narrow platform from the river, 
60 ft. Military exigencies were satisfied by the 
erection of a drawbridge between two of the piers ; 


ecclesiastical requirements were fulfilled by the 
construction of a chapel on the largest and central 
pier. Dedicated to St. Thomas & Becket, then of 
recent memory, money and art were lavished on 
this chapel, which, from a utilitarian point of view, 
might have been better expended on the bridge, 
which fell rapidly into decay, and, in the first years 
of the 14th century, appears to have been almost 
impassable. Storms and floods had destroyed some 
of the arches, and fire had consumed the towers 
which had been erected to flank the approaches. 
The chapel, however, must have remained long 
after the superstructure had been renewed, for 
remnantsof thecrypt were discovered during the work 
of final demolition in 1832. The original founda- 
tion built by Peter of Colechurch remained through 
many centuries; but, apart from this, constant 
renewals and alterations were necessary to main- 
tain the line of roadway. The drawbridge, origi- 
nally intended for protection, was found useful in 
the 15th century, to enable the increased shipping 
on the Thames to pass upwards to Queenhithe, 
then the centre of the City. Houses had been 
built along the bridge, which had to be widened 
for that purpose, and the approaches were pro- 
tected by gates. In 1504, tire again was busy, 
destroying several houses and greatly damaging 
the bridge ; a similar cause inflicted further injury 
about a century later. It was in 1582 that the 
Dutch engineers obtained permission to utilise the 
water rushing through the narrow piers. Water- 
wheels were erected, and the first water supply of 
London was commenced. The Great Fire of 1666 
did not spare London Bridge ; all the houses were 
again swept away, and much destruction to the 
stonework was done; five years later this damage 
was repaired and two new rows of houses were 
built, leaving a roadway between them 20 ft. in 
width. In 1725 the Southwark end of the bridge 
was again much injured by fire, the old Bridge 
Gate being practically destroyed ; with the disap- 
pearance of this historic monument [a new gate was 
rebuilt in its place] the custom of exposing the 
1eads of traitors over the bridge was abandoned. 
Between 1754 and 1759 large sums were spent in 
.epairs and alterations, the work being entrusted 
to Mr. Labelye, the engineer of Westminster 
Bridge, and to Mr. Dance, the City Surveyor. The 
alterations included the removal of the houses, the 
widening of the bridge, and the substitution of a 
larger central arch in place of the two narrow ones. 
This latter change, of course, involved the removal 
of the middle pier of the bridge. The disturbance 
of the foundations arising from this latter improve- 
ment imperilled the safety of the whole structure, 
and by the advice of Mr. Smeaton, who was called 
in to give an opinion, large quantities of stone were 
deposited in the bed of the river along the line of 
the bridge, to fill up the cavities that had been 
made by the removal of the pier, and more espe- 
cially by the scour of the river. This precaution in- 
sured the safety of the bridge, but the scouring 
action continued with so much violence that large 
quantities of stone had to be deposited continually, 
and this being almost as continually swept away, 
there was gradually formed a sort of causeway a 
short distance below the bridge, that stretched from 
shore to shore, and was nearly uncovered at low 
tide, while the depth of water at the bridge itself 
was nearly 30 ft. This was not astonishing, since 
the fall of water on opposite sides of the piers was 
sometimes almost 5 ft., and under the best condi- 
tions the navigation was difficult and dangerous. 
his torrent served one good purpose, indeed—that 
of supplying power to the water works; but the 
presence of these wheels still further contracted the 
narrow waterway, and to improve this condition, 
the installation was finally removed in 1822. 

From the commencement of the century, agita- 
tion was persistent for the removal of the structure, 
which had existed for 650 years, and which had 
become not only inadequate for the traflic, but a dis- 
grace to the metropolis, the more striking since the 
completion of Blackfriars and Westminster Bridges. 
The City authorities and the controllers of the Port 
of London, stimulated by the remonstrances of the 
riverside property owners, and others, appointed 
successive committees, which issued a series of 
reports, and received many designs for a new 
bridge. Lhe most notable of these was prepared 
by Telford, and was a single arch of cast iron, 600 ft. 
in span. Cast iron for structural work was greatly 
in favour at that time, and many important bridges 
had been successfully built of it. This fact, coupled 
with the high reputation of Telford, and the monu- 
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mental character of the design he recommended, 
led to his proposal being favourably considered, 
although it was ultimately rejected. A bridge 
600 ft. span, 65 ft. above high water, with a road- 
way 45 ft. wide in the centre and 60 ft. at the 
abutments, was a magnificent, but too bold an 
undertaking, and the City authorities did not feel 
justified in accepting the responsibilities insepar- 
able from so great a work. Several more years 
passed without any action being taken, and it was 
not till 1823 that the necessary Acts of Parliament 
were obtained, and the design prepared by Sir 
John Rennie was accepted. That famous engineer 
had died the year before, but the work of con- 
structing the new bridge was entrusted to his two 
sons, Georgeand John Rennie. On March 4, 1824, 
the contract was let to Messrs. Jolliffe and Banks. 

The first pile was driven on March 15, 1824 ; con- 
siderable preliminary work had to be executed in 
clearing the bed of the river before the foundations 
could be commenced. This was done by means of 
dredgers and diving bells. The piers were all built 
within cofferdams carried down to a depth of 29 ft. 
below low water. The foundation stone was laid 
with great ceremony on June 15, 1825. From 
this time till 1831 the work was carried on continu- 
ously and successfully, and on August 1 in that 
year, the bridge was opened with much pomp. 

Sir John Rennie, in his Autobiography, gives 
many interesting particulars, not only concerning 
the construction of London Bridge, but also about 
the struggles connected with it, inside and outside 
Parliament ; for these details we must refer the 
reader to the pages of that very interesting book, 
contenting ourselves here with a brief summary 
of the most salient facts. Had he lived, the build- 
ing of the bridge would have been entrusted to the 
elder Rennie ; he enjoyed the confidence of the City 
and of the Committee of the House of Commons 
engaged on the scheme, and his successful works 
of a similar character at Southwark and Waterloo, 
naturally led to his being chosen for this more 
important task. He had demonstrated the impos- 
sibility of maintaining the old bridge in a state of 
passable repair, and his plans for the new work 
were prepared and approved ; that is to say, the 
general plans, for his death interrupted his detailed 
work. Hisson, speaking of this, says, ‘‘ The design, 
as I have already observed, was made by my 
father, but no detailed working drawings, specifica- 
tion, or estimate had been prepared by him; it 
fell to my lot, therefore, to do this.” It was the 
original intention that the new bridge should be 
built on the site of the old one, the latter being 
first destroyed and a timber viaduct erected to 
accommodate the traflic. This very reasonable 
proposal, however, was not acted on, and the new 
site was fixed immediately above the existing 
bridge. Great difticulties in constructing the 
foundations were incurred from this cause. Sir 
John Rennie thus described the situation: ‘‘ It 
should be observed the old bridge stood, as it were, 
upon a hill, the foundations of the piers being from 
28 ft. to 30 ft. above the bottom of the river im- 
mediately above and below it, occasioned by the 
great fall and scour produced by the contracted 
waterway ; thus it was necessary to secure the 
piers by large projecting starlings, and to throw 
considerable quantities of stone around them, in 
order to prevent the old bridge from being carried 
away.” Apart from the difficulties due to the cur- 
rent, the scoured-out bed of the river, and the masses 
of stone that had been deposited for purposes of 
protection, the work of constructing the cofferdams 
for the new piers was a formidable one. They 
were built of three rows of heavy piles driven 25 ft. 
into the river bed, the joints being carefully 
caulked, and each row braced to the adjoining one. 
The intermediate spaces were filled with puddled 
clay, and the structure inclosed a fourth row of 
piles driven into the outlin» of the actual founda- 
tion. So thoroughly was the work done that no 
trouble from water was experienced after they were 
pumped dry. The ground was excavated within them 
to a depth of 30 ft. below low water, well down 
into the London clay. Into the area thus cleared, 
series of piles were driven to a depth of 20 ft., or 
until they would not move under a weight of 
12 cwt. falling through 18 ft.; these piles were 
driven at intervals of 42 in. apart in each direction. 
When driven, the earth between the heads of the 
piles was excavated for about 1 ft., and filled in 
with stone bedded in cement. Tiers of beams 
14 in. square were then laid across each other, and 
the spaces between filled with masonry in cement. 








On this was placed a platform of elm 6 in. thick, 
as a base for the masonry of the pier. A similar 
method was followed with all the piers and 
the abutments. The stone used was grey 
granite for the exterior, and Yorkshire grit- 
stone. The bridge is composed of five elliptical 
arches ; the central span is 150 ft., the adjacent 
ones being 140 ft., and the two side spans 130 ft. ; 
the two centre piers are 24 ft. thick, and the side 
piers 22 ft. A system of centring similar to thet 
employed at Waterloo and Southwark Bridges was 
adopted. It consisted of eight independent braced 
ribs for each arch ; these ribs were built at Millwall 
and brought up the river ; on arriving at the site 
of the bridge they were transferred to a lighter in 
an erect position, and hoisted into place upon piles, 
a system of wedges being introduced beneath by 
which the exact levels were obtained. 

London Bridge was advancing towards comple- 
tion before a satisfactory solution of the problem 
of the approaches was arrived at. It was origin- 
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ally intended to use the existing Fish-street Hill, 
the gradients being so modified as to present 
nothing steeper than 1 in 30. It was obvious that 
the arrangement was wholly unsatisfactory, because, 
apart from the gradient being too severe for a heavy 
traftic, the crowds of vehicles crossing the bridge 
from north to south, would be in constant collision 
with those of Thames-street. The objections to this 
plan at last became obvious to the City authorities 
and to the Parliamentary Committee, and steps 
were taken to obtain powers for throwing an arch 
over Thames-street, so as to entirely separate the 
traffic and secure proper gradients. The change 
was very strongly opposed, and it was only after a 
severe struggle that the necessary powers were 
obtained in 1829, 

It was not until the new bridge had been 
opened that the removal of the old one was com- 
menced. The work was intrusted to the same 
contractors, Messrs. Jolliffe and Banks, who re- 
ceived the sum of 10,0007. and the old material ; 
the contract included the filling up of the holes in 
the river below both bridges to a depth of 14 ft. 
below low water of spring tides; moreover, all the 
old foundations, piles, &c., to the same depth had 
to be taken away. This work continued till 1834, 
when all traces of Old London Bridge had dis- 
appeared. 

The cost of London Bridge was 1,426,645l., or 
about 40,000/. in excess of Sir John Rennie’s esti- 
mate. Of this amount, there was an allowance to 
the contractors of 46,000/. for extra work ; the pur- 
chase of land figured for 692,000/., and the ap- 
proaches cost 57,0001. The Parliamentary expenses 
were 13,000/., and salaries and allowances to the 
engineers came to 22,192). The funds were largely 
raised from the Bridge House Estates, about 
700,000. coming from this source. -The Bank of 
England advanced 450,000/., and the Treasury, 
150,000/.. The sale of old material realised about 
22,000/. Annexed are some particulars of the 
dimensions, and the materials used in the erec- 
tion, of London Bridge : 





Length of piles under piers and 


foundations(about) ... ess 20 fo. 
Stone used in bridge and abut- 
ments 120,000 tons 


Total number of piles in coffer- 


dam 8 as aes ses 7708 
Number of houses removed at 

each end of bridge __... a 318 
Time occupied in the erection of 

the bridge a fs ... 7 years and 3 months 
Average number of men em- 

ployeddaily ... se a 800 
Maximum depth of foundations 

below water... aise ee 29 fb. 6 in. 


3.—TuHEe Cannon-Street BRIDGE OF THE 
SoutH-EAsTERN Ratnway CoMPANY. 


The railway bridge crossing the Thames to Cannon- 
street Station is now, with the similar bridge at 
Charing Cross, one of the most important and 
crowded links of communication in London. The 
original title of the line, of which these two bridges 
are such essential parts, is now almost forgotten, 
being merged in the general name of the South- 
Eastern Railway. But when Cannon-street Bridge 
was projected, it was with the intention of creating 
an extension into the City of the Charing Cross 
Railway, that ran through the Borough to London 
Bridge Station, and also to provide a City terminus 
for the South-Eastern system. The Act under 
which these important works were carried out was 
obtained in 1861. It authorised the construction 
of the bridge, the erection of Cannon-street Station, 
and the connecting railway. Under the direction 
of the late Sir John Hawkshaw the works were 
commenced in 1863, and were opened for traftic in 
September, 1866. We are at present, however, 
interested only in the Cannon-street Bridge. The 
width of the bridge between the abutments 1s 
706 ft. This distance is divided into five spans, of 
which the two side ones are 125 ft. in the clear, and 
the three central ones 136 ft. The platform 1s 
arranged for five lines of rail, and the normal width 
between the parapets is 80 ft.; but in order to 
provide siding accommodation near the station, the 
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span next the Middlesex shore is spread out ina 
fan, so that the width of 80 ft. over the pier is in- 
creased to 202 ft. at the abutment adjoining the 
station. The platform of the bridge is not level, 
each pier rising 4 in. towards the centre; the 
object of this arrangement is to prevent the parapet 
from appearing to sink in the middle of the bridge. 
The headway above Trinity high water is 25 ft. 
4 in. in the centre. The south abutment is ad- 
vanced about 40 ft. beyond the line of wharves. 
Tt is built on square cast-iron caissons, measuring 
12 ft. ona side and 18 ft. high; these were sunk 
with considerable difficulty to a depth of 36 ft. 
below Trinity high water. York landings were laid 
on the tops of the caissons, and on them the brick- 
work in Portland cement was built up to the under- 
side of the girders, 42 ft. above. The north abut- 
ment was built in brick from the gravel bottom, 
and, as the conditions were very favourable, the 
construction of a cofferdam was unnecessary, the 
work having been carried on in short lengths 
behind puddle dams. The thickness of the south 
abutment is 12 ft., and that of the north 16 ft. 
The facing is of red brick, with stone dressings. 
The piers are each formed of four cast-iron cylinders; 
that portion of these cylinders which is below the 
bed of the river is 18 ft. in diameter, and above, to 
the underside of the girders, this is reduced to 
13 ft., the smaller length being connected to the 
larger by a tapering junction. It will be observed 
that the cylinders are fluted for decorative purposes, 
and as it was impossible to sink all of them to the 
same level, special fluted bottom rings were cast of 
varying lengths so as to preserve uniformity. Only 
a limited amount of staging was allowed in the river, 
and from this the cylinders were lowered into place ; 
they were sunk by loading, and by excavation from 
the interior. This work was carried on in all cases 
until the London clay was reached; the interior 
was then filled with cement concrete until the 
bottom of the taper reducing ring was reached ; 
above this the filling was of brickwork in cement. 
Each of the cylinders was tested with a load of 850 
tons. On the top of the brickwork were laid the 
bedstones for the bed plate girders ; these are box 
girders, 4 ft. wide at the top and bottom flanges, 
and 2 ft. 4 in. high. They carry cast-iron roller 
paths, except at the two centre piers, where the 
main girders rest direct on the bearing girders. 
Cast-iron moulded caps at the top of the cylinders 
conceal the bearings. 

There are two outside main girders of box section. 
They are spaced 63 ft. 6 in. apart from centre, and 
are 8 ft. 6 in. high ; the webplates are 2 in. thick, 
except at the ends, where they are increased for a 
length of 10 ft. ; the webs are about 2 ft. 6 in. 
apart. Between these main girders there are 11 
single web girders, spaced 5 ft. apart except at the 
sides ; they also are 8 ft. 6 in. deep, and the top 
and bottom flanges are 2 ft. 2 in. wide, the webs 
being generally ¢ in. thick. Cross struts are in- 
troduced between the girders, and there are three 
tiers of diagonal struts in each opening; there are 
also tiers of horizontal struts made up of T-irons, 
fixed between the bottom flanges of the girders. 
The flooring is composed of flat wrought-iron plates, 
spanning the distance between the longitudinal 
girders and riveted to them. Of course in the 
widened part of the bridge, at the Middlesex shore, 
where the girders are radiated, intermediate bearers 
of a lighter section are introduced to support the 
floor, and the plates are riveted tothem. A layer 
of asphalte is spread over the floor-plates, surfaced to 
slopes on each side for the discharge of water, and 
upon this, cinder ballast is laid for the permanent 
way. On the outside of the main box girders, 
ornamental cantilevers are bolted to support a pro- 
jecting footway on each side of the bridge ; this 
footway is protected by heavy cast-iron parapets. 

The piers of the bridge contain about 2500 tons 
of cast iron ; the superstructure weighs 4200 tons, 
and there are 1100 tons of ornamental castings. 
The total cost was 193,0001., equal to 2I. 15s. per 
square foot.* 





_ THE NEW PORTER ENGINE. 

To complete the notice of this engine given in our 
last issue (see page 33), we publish on page 71 details 
of the valve gear and governor. The valves are cam 
driven, this cam being shaped as shown in Figs. 1, 2, 
and 3, and, as indicated in Figs. 4 and 5, gives a much 





.” For further articulars see Proceedings of the Institu- 
= of Civil Engineers, vol. xxvii., session 1867-68, 

‘he City Terminus Extension of the Charing Cross 
Railway,” by J. Wolfe Barry, M. Inst. C.E. 








more favourable steam distribution than is possible 
with a simple eccentric. When the cut-off is taking 
place at ,3,ths of the stroke, the opening to steam is 34 
times as great as with an eccentric having the same 
throw, and though this advantage diminishes as the 
point of cut-off is later, the opening with a cut-off 
at ,4,ths the stroke is still twice as great as it would be 
with an eccentric. Release does not take place till 
the piston has moved through }}ths of its stroke, and 
on the return, compression begins at the same point. 
At the same time the shape of the cam is such that the 
inequalities of the piston motion, due to the influence 
of the connecting-rod, are compensated for, the cut-off, 
release, and compression all taking place at the same 
point on both the in and out strokes of the piston. 
Since the port opening is so large, smaller valves can 
be used, thus decreasing considerably the clearance 
spaces, which can, it is stated, be kept as low as 14 
to 2 per cent. of the piston displacement even with 
engines having a piston speed of 750 ft. per minute. 
The cam roller is carried at the end of a rocker arm, 
and is held up to its work by steam pressure in the 
small cylinder shown behind it in Fig. 1. The valve- 
rod passes through a stufling-box, as shown, and is 
coupled to a light trunk piston. For determining the 
proper outline for the cam, a circle is divided into 180 
parts. The time taken to revolve through each of 
these divisions is, of course, known, and also the posi- 
tion of the piston at that time, and hence the proper 
position of the valve. From this the speed at which 
the valve is displaced can be ascertained and its 
acceleration at different parts of a revolution. The 
former permits the outline of the cam to be ob- 
tained, as indicated in Figs. 4 and 5. Thesteam pres- 
sure behind the follower must, of course, be sufficient 
to prevent the negative accelerations of the valve and 
rod bringing the follower out of contact with the cam, 
which would cause serious knocking. It is thus pos- 
sible @ priori to know the least size of cylinder neces- 
sary to keep the follower up to its work for any speed 
at which it may be desired to run the engine. 

The governor, which is of the throttling type, is shown 
in Figs. 6to9. As will be seen, the governor balls slide 
on turned arms, and when the engine is standing are 
kept home against the central spindle by the springs 
shown. When the speed rises, these balls move out- 
wards, and, through the bellcranks shown in Fig. 6, 
depress the spindle of an equilibrium valve, the details 
of which will be understood by a reference to Figs. 8 and 
9. The principal peculiarity of this valve is the means 
taken to balance the valve stem. With the high 
pressures now in use, this is of importance, as the load 
on the valve arising from this may vary from 150 lb. 
to 0, according as the valve is open or closed. 
This, of course, interferes with the sensitiveness of the 
governor, and to prevent this the valve stem, as shown 
in Fig. 8, fits into an accurately bored pocket, the 
lower portion of which communicates with the main 
steam pipe, and is thus kept under constant pressure. 





STEAM LIFEBOATS. 

Ir has long been recognised that the possibilities of 
service of the Royal Lifeboat Institution could be 
greatly increased, eminently satisfactory as these ser- 
vices are, if on the more dangerous parts of the coast 
steam lifeboats could be substituted for the sail and 
rowing boats, which in a high sea, when they are 
mostly needed, can only be worked with extreme 
difficulty. But the conditions were against the use of 
paddles or screw propellers, as the pitching of the boat 
would have involved racing so frequently that the 
engines might at the critical moment give way. The 
attention of the Board was thus directed to trials of jet 
propulsion, and in December, 1890, a boat was designed 
and completed by Messrs. R. and H. Green, Blackwall, 
for the Institution. This was the first mechanically-pro- 
pelled lifeboat built, and the success attained has 
solved the problem. The first boat, named the Duke 
of Northumberland, is 50 ft. long, 14 ft. beam, and her 
loaded displacement at 3 ft. 6 in. draught is 26 tons. 
Her propelling machinery, constructed by Messrs. 
Thornycroft, consists of a horizontal compound surface 
condensing engine of about 170 horse-power, driving a 
nearly horizontal turbine of 30 in. in diameter, which 
delivers its water through two outlets in the sides of 
the boat, and draws its supply through a vertical 
scoop-shaped inlet amidships. The boiler is of the 
Thornycroft water-tube type, with a heating surface 
of 606 square feet, and grate surface of 84 square feet. 
This boat, after going through an exhaustive series of 
trials, making during one of them the passage from 
Harwich to Holyhead, a distance of 1000 miles, with- 
out the least mishap, was eventually placed on the 
station at Harwich, and has since done excellent ser- 
vice in the saving of many lives and much valuable 
property. 

The experience gained was most satisfactory, and 
probably the reason why the Institution has not added 
more such vessels to their fleet than the City of Glas- 

ow has reference only to finances. This second and 
improved steam lifeboat, for there is no question of 
improvement, is the outcome of the liberality of the 








people of Glasgow, who, recognising the utility of the 
new type of lifeboat, decided, by instituting a ‘‘ Life- 
boat Raanhe ” each year, to present the Institution 
with the new vessel, e hope that the details and 
illustrations of the new vessel which we now give, may 
induce other cities to do likewise. 

Although designed in Glasgow, by Mr. G. L. Watson, 
of yacht-designing fame, the vessel has been con- 
structed in London, and very properly so, for the ex- 
perience gained in building the Duke of Northumber- 
land has given a better and a cheaper boat ; although 
larger, the new boat cost but 3500/., or 1500/. less than 
the prototype. The new vessel differs from the earlier 
vessel, besides being larger. In addition to having 
two jets for forward propulsion and for astern propul- 
sion, like the first boat, the City of Glasgow is 
able to throw a jet from the broadside which gives 
lateral propulsion, and this buffer will enable the life- 
boat to throw herself broadside off a ship. This is a 

reat gain, for the lifeboat is often in imminent 
Senger of being dashed against a ship or wreck. 
Again, instead of propulsion being dependent, .as in 
the case of the Duke of Northumberland, upon one 
horizontal turbine and inlet to feed it, the new vessel is 
fitted with two vertical centrifugal disconnecting pumps 
placed on the starboard and port sides, driven direct 
from the crankshaft—to which they are coupled and 
co-axial—of an inclined compound direct-action engine 
of 200 horse-power. The buoyancy of the new vessel 
has been very carefully considered, and to add to her 
safety she is divided into no less than 13 watertight 
compartments, by longitudinal and thwartship bulk- 
heads; moreover, should one of these be stove in, 
provision is made to connect it with the centrifugal 
pump inlets, so that the inflow of water would be 
utilised for the boat’s propulsion. 

The City of Glasgow is illustrated by our two-page 
plate this week, and on pages 78 and 79. It is 53 ft. 
long by 16 ft. beam, 3 ft. longer and 2 ft. more beam 
than the first boat, while the depth is 54 ft. The 
displacement is 30 tons, as compared with 26 tons, 
while the ne as a result of the greater beam, 
is less by 3 in., being 3 ft. 3in. She has thus greater 
carrying power, and will accommodate in the cock- 
pit (Figs. 2, 3, and 6) 30 to 40 passengers, while 
having on board 4 tons of coal and half a ton of fresh 
water in the reserve tanks. As may be seen from the 
engravings of the vessel in the graving dock, given on 
page 78, the model is very fine, the area of the rudder 
noticeably large, while deep bilge keels of American 
elm have been fitted. The floor is flat. She is con- 
structed for the most part of galvanised steel. The 
dimensions of plates, frames, decks, &c., are given 
with details of construction in the section on the two- 
page plate (Fig. 6). There isa double bottom under 
the boiler and engine spaces (Fig. 2). The general 
appearance of the vessel is shown by the engravings, 
pt ¥ the details of the deck structures on Figs. 2 and 3, 
so that it only need be mentioned here that the vessel 
carries sails for cruising, as shown on Fig. ] on page 79. 

The machinery is probably the most interesting 
feature of the boat. It was constructed by Messrs. J. 
Penn and Sons, Limited, Greenwich, and is illustrated 
in detail on the two-page plate, while the boilers, 
Hall’s patent water-tube steam generator, are shown 
by the drawings reproduced on page 79 (Figs. 13 
to 16.) Unlike most other designs, the boiler has 
two steam chests on the top as well as two water 
drums below (Figs. 15 and 16). The former are 16 in. 
inside diameter, placed at 1 ft. 10 in. centres, and 
the latter 84 in. ‘the steam-generating tubes pass dia- 
gonally from the right water drum up to the left steam 
chest. This arrangement allows of the escape of the 
products of combustion between the upper or steam 
chambers into the funnel, thus utilising as far as 
possible the effective heat of the fuel. The tubes on the 
extreme wing act as downcomers in the process of cir- 
culation. The tubes are all of steel, and are | in. in 
diameter. Another feature is that the steam-pipe on 
its way to the engine passes, as shown in Figs. 13 and 
16, through the uptake of the boiler for the purpose of 
drying the steam. The boiler is 7 ft. 7 in. long, and 
the firegrate 5 ft. 04 in. long by 3 ft. broad. The 
grate area is 15 square feet, and the heating surface 
712 square feet, a ratio of 1 to 47.5. The power de- 
veloped with 2in. air pressure in the closed stoke- 
hold was equal to 15 indicated horse-power per square 
foot of grate area, there being 3.16 square feet of 
heating surface per indicated horse-power. The boiler 
is placed in a separate water-tight compartment, as 
shown in Figs. 4, 7, 8, and 10 on the two-page plate. 

The propelling machinery is of Green’s patent 
hydraulic type. Two centrifugal pumps, one on each 
side of the boat, are driven by an inclined direct- 
acting compound engine, worked by steam of 150 lb. 
pressure. The general arrangement is shown in Figs. 
2, 4, and 5 on the two-page plate. Each pump is fitted 
with two outlets, one ahead and the other astern ; the 
astern outlets are also fitted to discharge in an 
athwartship direction, as shown by Figs. 4 and 10. 
The inlets are rectangular, 8 in. by 17 in., and the 
outlets for going ahead 12 in. in diameter, and for 
going astern or laterally, 9 in. in diameter. Throttle 
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valves worked from the deck direct the outflow fore 
and aft, and are connected on each side respectively, 
one closing as the other opens, the boat becoming 
stationary when both ahead and astern outlets are 
open half-way (Figs. 11 and 12), The athwartship 
discharge acts very efficiently for a sideways move- 
ment, keeping the boat from too near an approach to 
danger. The engines have cylinders 84 in. and 
15 in. in diameter by 12 in, stroke, while the turbines 
are 2 ft. 6 in. in diameter. The engines are fitted 
with a brass surface condenser and air pump worked 
off the crankshaft. The feed pumps are of Worthing- 
ton type, and are duplicated, one in engine-room and 
one in stokehold, A feed tank is also fitted to carry 
an extra supply of fresh water. A bilge connection 
is provided on one centrifugal pump for special use. 
The entire weight of the machinery is 10 tons. The 
engines developed on trial a maximum of 225 indi- 
cated horse-power, the contract being for 200 indicated 
horse-power. 

As to the steaming trials, it may be interesting to 
“oe the results of the three hydraulic propelled life- 

oats so far built. The first, the Duke of Northumber- 
land, we have already referred to. She had compound 
engines and one turbine and Thornycroft boilers; the 
other two are practically alike, with compound engines | 
and two turbines ; one was the City of Glasgow, and | 
the other, the President Van Heel, has been built for 
the Lifeboat Institution of South Holland. 


Dimensions and Trials of Steam Lifeboats. 


** Duke of “ President 





7 “* City of 

Northum.- ” Van 

berland.” Glasgow. Heel.” 
Cylinders... - in. Skand14,  8hand15  8and 15 
Stroke a ne ~ 12 12 12 
Diameter turbine - 30 30 30 
Heating surface sq. ft 606 712 810 
Grate area .. — 84 15 18.8 
Steam pressure » Ib 129.7 150 150 
Air pressure. . in. 2.1 2 2 
Revolutions .. - 425 400 405 
Indicated horse-power 186 225 230 
Speed.. . .. knos 8.18 7.75 8.2 


The indicator diagrams on page 79 (Figs. 17 and 
18) were taken from the City of Glasgow. Experience 
with the Duke of Northumberland has proved that the 
speed in a heavy sea is quite as satisfactory as on the 
measured mile, and that she can tow a boat at the same 
speed as if going alone, the power being the same. 
The two new boats, it may be further stated, can 
steam under natural draught. 

As to the manceuvring trials of the City of Glasgow, 
one jet going astern enabled the boat to turn a com- 
plete circle without the rudder in 5 minutes 5 seconds 
in the open off Sheerness, with a wind force 6. At 
the same time the craft turned with the rudder in 
1 minute 26 seconds, with both jets driving her ahead. 
Going full speed she stopped dead, and started astern 
in 20 seconds. Other manceuvring tests showed the 
vessel steady in a heavy seaway. The trials were 
attended by Sir Edward Birkbeck and the directors of 
the Royal Lifeboat Institution, by Captain Nepean, 
Mr. G. L. Watson, the naval architect of the Institu- 
tion, Mr. J. F. Green, of the builders’ firm, and Mr. 
J. P. Hall, of the engineering company. All were 
satisfied with the great utility of the vessel. She is 





now stationed at Harwich, whence the Duke of 
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Northumberland has been removed to New Brighton. 
The latter, during the gale of the 22nd and 23rd 
December, was out several tinies and saved three 
lives, while in her three years’ service she has been 
out 28 times, and saved 51 lives. The difficulty which 
was apprehended by many when the craft grounded on 
sand, has not been experienced, great care being 
exercised. The chief engineer, Mr. A. Simmons, who 
has been out on all occasions, has been awarded a medal 
by the Institution for his services. 





ELECTRICALLY DRIVEN CENTRIFUGAL 
MACHINES. 

ALTHOUGH electric motors would appear to lend 
themselves particularly to the driving of centrifugal 
machines, which are, as a rule, run intermittently 
and at high speeds, their application for this pur- 
pose is as yet limited. The Allgemeine Elektri- 
citats Gesellschaft of Berlin considers that the ordi- 
nary continuous-current motor requires too much 
attention to become successful in this field. As cen- 
trifugal machinery cannot be expected to run very 
smoothly, there may be a good deal of sparking, and 
the care of the motor is troublesome, since the brushes 
and commutator have generally to be fixed below the 
drum. Their own polyphase motors have neither 
commutator nor brushes, and are, they say, better 
fitted to start under a heavy load and to maintain a 
uniform speed. The application of these motors for 








aa —- 





























2250 





























special work would, in many cases, mean the adoption 
of the polyphase current in general. This circumstance 
gives particular interest to some electric installations 
which the Allgemeine Elektricitits Gesellschaft are 
now erecting. Messrs. P. Schwenger’s Sdhne, of 
Uerdingen-on-the-Rhine, are rebuilding their sugar 
works and arranging for polyphase electromotors 
throughout these works. The installations will com- 
prise 91 motors of 490 horse-power total, coupled, we 
are informed, in a novel manner. Two other sugar 
firms, Messrs. Fr, Meyer’s Sohn, of Tangermiinde, and 
Messrs. Schoeller, of Czarkowitz, Bohemia, have de- 
cided upon the adoption of the polyphase motor. The 
centrifugal machines, specially constructed for sugar 
works, are illustrated in Figs. 1 and 2, annexed. In 
this type the drum and its shaft rest in the patent re- 
volving oil-pressure bearing of Messrs. Fesca and Co., 
of Berlin. The armature is keyed to the shaft; the 
annular pole-piece, between which and the armature 
there is a clear space of a few millimetres, can follow 
the oscillations of the shaft. Figs. 3, 4,and 5 show a 
different arrangement of the same type, tension- 
rods with rubber cushions being interposed between 
the upper bearing and the frame. 

The Allgemeine Elektricitiits Gesellschaft supply four 
different types of centrifugal machinery in conjunction 
with various other firms. In the Weston type, built 
by Messrs. Watson and Laidlaw, of Glasgow, and 
Messrs. Orthwein, Karasinski, and Co., of Warsaw, 
the whole apparatus is suspended on a shaft with ball- 
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50 HORSE-POWER GAS ENGINE. 
CONSTRUCTED BY THE DAWSON GAS ENGINES SYNDICATE, LIMITED, LONDON. 
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and-socket joint ; the hollow shaft fitting over this rod 
carries the armature at its upper end (Fig. 6). Five 
sizes of electromotors are at present offered. They 
are all marked DRC, and vary in speed between 
1000 and 500 revolutions, and in power between 1 and 
7 horse-power. 





THE ‘“*DAWSON ” HIGH-SPEED GAS OR 
OIL ENGINES. 

Tue ‘*Dawson” gas engine has been brought 
forward as the first which may fairly claim the ap- 
pellation “high speed” in the same sense in which 
that term is applied to steam engines constructed for 
the direct driving of dynamos, fans, and the like. 

There are two or three different types of these 
engines, suitable for different classes of work. The 
“R. P.,” or rotary piston type, is in appearance and 
general outline not unlike an ordinary ‘‘ Willans” 
type of steam engine. There are no valves other than 
the gas valve, and no levers, cams, rollers, or springs 
of any sort to actuate the motion. The whole of the 
cycle of operation is effected by the piston, which is 
hollow, and has plain ports formed in its sides. These 
ports, by the rotary motion given to the piston, pass 
alternately over the openings in the cylinder walls 
with which the admission of the working charge, the 
ignition, and the exhaust respectively are connected. 
The motion is exceedingly simple, and is effected by a 
pair of peculiarly-shaped wormwheels cut and fitted 
im the crank on the main shaft, so that, as the shaft 
revolves, the piston is moved also in rotary direction 
as well as reciprocating the usual action of the crank. 
By this motion any frictional wear is most equally and 
evenly distributed over the entire surfaces of piston 
and cylinder, and there is no possibility of the piston 
wearing oval, 

, The whole of the working parts are inclosed in the 
pene 42 the wg Ht ning | in oil, and, by means of a 
ipper, s i i i 
and jou’ plashing the oil over the working parts 
Speeds are attained up to 1600 revolutions per 
minute in the small sizes, the normal speed of “4 
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engine stated to give 9 to 10 horse-power being given 
as 600 revolutions per minues. We are informed that 
many of these engines are already in use, coupled direct 
to dynamos for lighting purposes, as well as for other 
and more ordinary work, and very large sizes are in 
contemplation. 

We illustrate one of a slightly different type, which 
is designated the ‘‘T. V. G.” type, and is intended 
for large powers. The one in the illustration is from 
a photograph of a 50-horse-power engine, and represents 
the engine with its bedplate extended for a dynamo 
which is being made for it. The floor space occupied, 
with dynamo complete, is only 11 ft. by 3 ft., the 
greatest width being the 3 ft. measured over the 
flywheels. 

The diagram, taken at a speed of 600 revolutions 
per minute, is a fair proof that, if suitably constructed, 
the action of an explosive mixture is as good at that 
speed as at one-fourth the rate. 

An engine of 200 horse-power has been designed, 
and the floor space occupied is under 12 ft. by 
5ft. 6in., and the height is about 10 ft., a very con- 
siderable contrast to the large space usually required 
by gas motors for such powers, and when driven by 
cheap generator gas, it is estimated that a very large 
field is open to this motor for further development. 

As an oil motor the same engine identically is used, 
a simple vaporising attachment being fitted, and the 
gas valve and gas Bunsen burner being replaced by a 
simple spraying arrangement and an oil burner of 
novel construction. Gas engines of this type are on 
view at the premises of the Dawson Gas Engines 
Syndicate, Limited, of 76 and 78, Queen Victoria 
street, London. 








LORD AND LEASON’S POINTSMAN’S 
CHECK. 

THE equipment of our principal railway lines is now 
so complete, that such accidents as do occur are 
generally to be attributed to a failure of the human 
agent, and not to incomplete or inefficient plant. A 
certain number of accidents must be expected so long 
as we have railways, and each successive reduction 
in the percentage of loss from this cause is increas- 
ingly difficult, until doubtless a point will be 
reached at which additional security can only be 
attained at a prohibitive cost, which, of course, 
in the long run has to be paid in freights and 
fares. Each community has accordingly to make up 
its mind as to the degree of safety it is prepared to 
pay for, and out in thinly populated districts it may 
become a question of having either an unsafe railway or 
none at all, But, as already stated, even when every 


known mechanical device tending to promote safety 
has been adopted, accidents will still occur through the 
mistakes of signalmen or drivers, and it would appear 








impossible to secure complete immunity from these. 
The most serious accidents which have happened during 
the past few years have arisen from the inadvertence 
of signalmen. At Taunton, in the autumn of 1890, 
the ‘Castle ” special collided with a goods train on the 
up line, the presence of which the signalman had 
totally forgotten, and the Thirsk accident was almost 
precisely similar. A safe rule to observe in such cases 
is that the fireman of the shunted train shall stay in 
the signal cabin until the line is cleared. Another 
common plan is for the signalman in such cases to 
place a flag in the sector notches of the lever controlling 
the blocked section. ‘The presence of this flag reminds 











him of that of the train. For the same purpose Mr. 
John Lord, of Wilmslow, and Mr. T Leason, of 
Levenshulme, Manchester, have devised the attach- 
ment which we illustrate on this page. 

This pointsman’s check consists of a metal disc 
having the word ‘blocked ” painted on it on a red 
background. This disc is hinged to a split tube which 
fits over the handle of the point lever. Ordinarily, 
the disc is closed down, but when the signalman moves 
the lever over to turn an engine or train into the corre- 
sponding line, he presses a spring catch on the check, 
releasing the disc, which springs open and remains so, 
thus warning the man that the line is blocked. Some 
such mechanical aid to the memory would probably 
have prevented such disasters as those at Taunton and 
Thirsk, already referred to. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Earle’s Shipbuilding and Engineering Company, Limited. 
—The directors of this company, in their report, state 
that the balance-sheet, showing a profit of 15,479/., is 
better than could have been expected, considering the 
great and continued depression in the shipping trade. 
From this profit must be deducted interest, &c., on 
debentures and loans, 7110/. ; bad debts written off, 6551. ; 
and the balance of loss from last year, 2022/., leaving a 
net balance of 5689/., which it is ape pose to — or- 
ward. During the year, the output of work, though not 
large, has been satisfactory, and atthe present time there 
are orders in hand to keep the works fairly employed 
during the greater portion of the year. The company has 
claimed on the Admiralty for losses sustained in the 
construction of H.M.SS. Endymion and St. George, and 
the Controller of the Navy has arranged for arbitration, 
with Mr. Fletcher Moulton, Q.C., M.P., as assessor. The 
amount claimed is 84,0201. 


Landslip at a Reservoir.—A landslip has occurred cn 
the north-east side of the Lindley Wood reservoir in the 
Washburn Valley. It is about 100 ft. long, 14 ft. wide, 
and 30 ft. deep. As a result, the quantity of water in 
the reservoir has had to be reduced from 689.80 million 
gallons to 279.35 million gallons, or from 565 ft. 6 in. to 
38 ft. 10 in. The Leeds city engineer has been instructed 
to increase the staff of workmen engaged in rebuilding 
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the faulty retaining wall, and to push on with the work 
as rapidly as is consistent with a certainty that the new 
work will be secure. 


The Crisis at Wharncliffe Silkstone Collieries.—Two 
hundred miners are under notice to leave at these pits, 
and the whole of the colliers engaged there, about 2000, 
have threatened to strike, as a protest. A deputation of 
the men has waited on Mr. Blake Walker, the managing 
director, who informed them that he did not ask fora 
reduction in wages, but the price of coal had gone down, 
and that part of the pit they were stopping cost most to 
work. He was willing to find some of the 200 employ- 
ment in the firm, and he would put 42 sets into other 
parts of the pit. If trade revived he would reopen that 
part of the pit at present prices. The men have decided 
to consider Mr. Walker’s offer, and will probably reply to 
it next week. 


The Heavy Trades.—The local iron market is very flat, 
the reductions in Staffordshire prices last week having 
had a a effect on merchant buyers. In the 
heavy steel trade, however, there is considerable activity, 
some fair lines being on hand for railway material, but 
heavy orders are not as yet coming from the ship- 
yards. Bessemer billets, guaranteed carbon, are fetching 
651. 7s. 6d. per ton, and Siemens-Martin acid, 5/. 17s. 6d. 
to 61. More encouraging reports are coming from en- 
gineering firms, and a brisk spring trade is looked 
forward to. 





Coat at Hutt.—The quantity of coal sent to Hull last 
year was 2,256,824 tons, against 1,432,072 tons in 1893, 
showing an increase of 824,752 tons. The exports 
reached 978,009 tons, as compared with 887,291 tons in 
the previous year, showing an increase of 90,718 tons. 
The chief countries to which coal was exported were 
Sweden and Norway, 288,030 tons; North Russia, 
197,439 tons ; and Germany, 192,805 tons. The Danaby 
Main Colliery Company, owing to its exceptional position, 
headed the list of aaa purveyors to Hull, having sent 
during the year 256,968 tons, or an increase of nearly 
150,000 tons as compared with 1893. 





THE INTERNATIONAL CONGRESS OF HYGIENE AND 
DrmocraPHy.—The resolutions passed at the closing 
meeting of the congress at Buda-Pesth on September 9, 
1894, have been published in four languages. They 
relate to diphtheria, the disinfection of bedding and 
clothing, accidents resulting from intoxication, venereal 
diseases, accidents in factories, the condition of small 
industries, statistics of infant mortality, the teaching of 
hygiene, paving and sewerage, temperance, the disposal of 
refuse, and asylums for criminal lunatics. A large 
number of questions were put on the paper to be dealt 
with at the next conference. 





Two New Frencn Liners.—Arrangements are said 
to be well advanced for the construction of two new 
French Transatlantic liners. These new vessels, which 
will come next to the latest Cunard liners Campania and 
Lucania in point of size, are, it is stated, to be named 
Alsace and Lorraine. The new steamers are to be 557 ft. 
9 in. long, and 53 ft. beam, and at 26 ft. draught the dis- 

lacement will be 13,600 tons. Now the Campania is 
00 ft. and 65 ft. beam, while the American liners are 
5274 ft. and 63 ft. beam. The Alsace and Lorraine are 
larger than any non-British steamer. They will have a sea 
speed of 20 knots, but it has goneforth that they are to beat 
the Campania and Lucania in ocean steaming. The cost 
is put by the French Transatlantic Company themselves 
at from 750,000/. to 800,000/., and the company have ap- 
proached the Government with the view of securing some 
guarantee of financial return in the future. They point 
to the advantage of such vessels as auxiliary cruisers, 
apart from commercial gain, and seek directly, as com 
pensatory guarantee, that the Government should re- 
arrange the service from Havre and Bordeaux to Colon, 
giving the company a 10 years’ concession. Oa this route 
two of the present Atlantic steamers would be placed to 
make Guadeloupe 84 days distant from Bordeaux, Port 
of France 9 days, Cayenne 134 days, and Colon 14 days. 
This is equal to an acceleration of three sea miles per 
hour on the present service, and the advantage to French 
colonial tiade would be appreciable, 

TRANSFORMING CHAMBERS IN THE STREETS.—The Board 
of Trade have communicated to the London County 
Council their decision as to permitting transforming 
chambers to be built by electric supply companies under 
the public streets. They say: ‘The Board of Trade 
have consulted their legal adviser, who is of opinion that 
the expression ‘regulating or controlling the supply of 
energy’ means or includes the transforming of energy, 
and, accordingly, that there is sufficient authority in 
Section 12 of the County of London (North) Electric 
Lighting Order, 1892, and in the corresponding sections 
of the other orders mentioned, for the construction 
of such boxes as may be necessary for that pur- 

e, and further, that, so far as the section itself 
is concerned, there is no limitation with respect to 
the size of the boxes. In view of this opinion, and 
after a careful consideration of the representations 
made at the hearing. the Board of Trade are not pre- 
pared to hold that sufficient reasons have been advanced, 
either on the ground of public safety or of want of Par- 
liamentary sanction, to justify them in refusing to ap- 
prove of asystem of supply which involves the use of 
transforming chambers under the public streets. The 
Board of Trade, however, consider that the use of public 
atreets for such a purpose should be as much as possible 
limited, and that the chambers should be placed where 
they do not unreasonably interfere with existing under- 
ground works of any kind.” 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday the attendance 
on ’Change here was rather larger than usual, but the tone 
of the market was cheerless, and the amount of business 
transacted was only smalJ. Pig-iron makers were very 
reluctant to reduce their rates, but prices had a decided 
downward tendency. There were exhibits of working 
models of Gardner’s patent lifeboat and patent ships’ 
davits and boat-detaching gear, a description of which 
has already been published. A limited company, with a 
capital of 25,000/., is being formed to make the articles. 
Mr. W. E. Harrison, of Stockton-on-Tees, showed 
a very ingenious portable electric night - light and 
watchstand, by which the hour can at once be ascer- 
tained during the night by pressing a handle which 
may be attached to the side of the bed, and a light is 
at once generated, illuminating the face of the watch. 
There were complaints that the demand for pig iron was 
a good deal less than the production, and this, of course, 
had a detrimental influence upon the market. Reports 
from other iron centres were also orrde. here 
were sellers who put the price of No. 3 g.m.b. Cleveland 
pig iron at 34s, 104d. for early delivery, and they stated 
that that figure had been paid, but there was really no 
difficulty in buying the ruling quality at 34s. 9d. For 
No. 3 delivered to the end of June, 35s. 3d. was 
quoted, and some firms asked 35s. 6d. No. 
foundry was put at 34s. 3d., and grey forge at 
33s. 3d., both for early delivery. There was very little 
doing in Middlesbrough warrants ; after realising 34s. 9d., 
they closed weak at 34s. 8d. cash buyers. East coast 
hematite pig iron was very flat, the supply being abundant 
and the demand only small. About 42s. was the general 
quotation for early delivery of mixed numbers. Spanish ore 
was steady, 12s. still being asked for rubio delivered here. 
To-day the market was very dull, and there was hardly 
anything doing. Prices of makers’ iron, though hardly 
quotably altered, were decidedly easier. There were 
plenty of sellers of No. 3 Cleveland pig at 34s. 9d. 
Middlesbrough warrants were very weak, and they 
gradually declined to 34s. 6d,, which was the closing cash 
price of buyers. 


Manufactured Iron and Stcel.—Little new can be said 
of the manufactured iron and steel trades. Market rates 
are practically unchanged, but orders might be accepted 
at rather lower prices than are quoted. There are said to 
be more inquiries, and some firms are better off for work, 
but competition continues very keen, and orders are diffi- 
cult to secure. The following are about the market 
quotations: Common iron bars, 4/. 17s. 6d.; best bars, 
5l. 7s. 6d.; iron ship-plates, 4/. 15s. ; iron ship-angles, 
41. 10s. ; steel ship-plates, 4/. 153. ; and steel ship-angles, 
4/. 1¢s.; all less the customary 2} per cent. discounts for 
cash and f.o.t. The rail trade is very quiet. Heavy 
sections of steel rails are put at 3/. 12s. 6d. net at works, 


The Manurial Value of Basie Slag.—At a meeting of 
the Cleveland Institution of Engineers, held at Stockton 
on Monday night, the President, Mr. J. E. Stead, 
F.1.C., F.C.S., read a paper on ‘‘The Solubility and 
Relative Fertilising Values of the Various Constituents 
of Basic Slag.” The President referred to the experi- 
ments made by Herr Paul Wagner, of Darmstadt, show- 
ing the high value of superphosphates and the Thomas 
fine phosphate powder, which produced an extremely 
vigorous growth in plant life. Mr. Wrightson, M.P., in 
proposing a vote of thanks to the President, said 
the disposal of basic cinder was at one time a 
question of importance to the Middlesbrough North- 
Eastern Steel Company, of which he was a director, 
for they produced abouts 1200 tons per week. 
The idea some time ago was that the phosphates 
must be rendered soluble before being applied to the land, 
but his brother, Professor Wrightson, of the Downton 
Agricultural College, thought it would be sufficient if the 
cinder were ground into fine powder. At the instance of 
the directors of the company, Professor Wrightson experi- 
mented with basic slag manure on land near Ferryhill, 
Durham, and on a plot near the college in Hampshire, and 
the results were such that now a worthless material—a 
worse than worthless material, for the company had to 
pay to have it removed—was found to be a valuable pro- 
duct, which brought the company a substantial sum. 
The company, he was sorry to say, had to export the 
greater part of this product to Germany, which he 
thought was the fault of the English agriculturist in not 
taking advantage of it. He was proud that his brother, 
in England at least, was the first man to solve this 
problem of utilising basic slag ; and if the Germans were 
a little prior, it was unknown to his brother. Mr. 
Jeremiah Head seconded, and hoped more basic slag 
would be used on English farms. The vote was heartily 
accorded. 


The Fuel Trade.—Fuel generally is quiet. At New- 
castle best Northumbriam steam coal is 8s. 104d. to 9s. 
f.o.b., and small steam 3s. Gas coal quiet at from 
7s. 3d. to 7s. 9d. f.o.b. Bunker coal very plentiful at 
63. 9d. f.0.b. Manufacturing coal dull. Local consump- 
tion of coke continues heavy, and for good blast-furnace 
qualities delivered 12s. 3d. is still named. 





NOTES FROM THE SOUTH-WEST. 

Pembroke Dockyard.—Mr. J. C. Froyne, chief con- 
structor at Pembroke, will complete his period of service 
next month, after having filled his present important 
position for upwards of 12 years. 

Work at Devorport.—The ships now building at Devon- 
port are the Talbot, cruiser, and the Phcenix aud Algerine, 
sloops. The vessels which are being completed are the 


Flora, second-class cruiser, and the Harrier and the 
Halcyon, topedo gunboats. 

Naval Ordnance.—The Lords of the Admiralty have 
decided to make an advance in naval ordnance by the 
addition of quick-firing guns of small calibre. The first 
vessels to be armed with these guns are the Phenix and 
the Algerine, building at Devonport. Yor protecting the 
gun’s crew from an enemy’s gun-fire, an inner and an 
outer shield are so fitted as to work with the gun. The 
inner shield is attached to the front of the gun cradle, and 
is curved to clear the outer shield in the various positions 
of elevation of the gun. It entirely covers the port in the 
outer shield at the maximum elevation and depression. 


Cardiff.—Steam coal has ruled quiet, and prices have 
shown generally a downward tendency. The best de- 
scriptions have made 10s. 9d. to 1ls., while secondary 
qualities have brought 10s. 3d. to 10s. 6d. per ton. Cold 
weather has increased the demand for household coal ; 
No. 3 Rhondda large has made 10s. 6d. per ton. 
Patent fuel has been in steady demand at 10s. 9d. 
to lls. per ton. Coke has shown little change. As 
regards iron ore, business has been done in rubio at 
11s. to 11s. 3d. per ton. The manufactured iron and steel 
trades exhibit continued depression; heavy section steel 
rails have made 3/. 11s. 6d. to 32. 15s. per ton, while light 
section ditto have brought 4/. 5s. to 4/. 7s. 64. per ton. 
Bessemer steel bars have made 3/. 17s. 6d. to 4/. per ton. 


Llanelly.—Ata meeting of the Llanelly Harbour Com- 
mission on Tuesday, Mr. Fowler, harbour engineer, re- 
ported that 600 ft. of the new north training wall had now 
been constructed, and that good results were beginning to 
show themselves. There was already a general lowering 
of the banks outside the harbour, and vessels drawing the 
same depth of water as the depth registered on the new 
dock sill, could proceed in a straight course to the 
south training wall. Banks which were 8 ft. above datum 
were now only 2 ft, above, and the highest point was now 
only 1 ft. above the new dock sills. 


A Year’s Work at Barry.—Captain Davies, dockmaster 
at Barry, has completed a return showing the number of 
steamers and sailing vessels which visited Barry Docks 
last year. The steamers which entered numbered 1791, 
their aggregate burden being 2,094,257 tons. The corre- 
sponding number of steamers which arrived in 1893 was 
1756, and in 1892, 1675. The number of sailing vessels 
which entered the docks last year was 351, their aggregate 
burden being 383,078 tons. The corresponding number 
of sailing vessels which arrived in 1893 was 404. 


South Wales Coal and Iron.—The shipments of coal 
from the four principal Welsh ports in December, 1894, 
were as follows: Cardiff — foreign, 849,414 tons; coast- 
wise, 118,574 tons; Newport—foreign, 195912 tons; 
coastwise, 75,183 tons; Swansea—foreign, 79,097 tons ; 
coastwise, 48,483 tons; Llanelly—foreign, 10,042 tons ; 
coastwise, 3666 tons. It will be seen that the aggregate 
shipments for the month were, accordingly: Foreign, 
1,134,465 tons ; coastwise, 245,906 tons. The shipments 
of iron and steel for the month were: Cardiff, 112 tons ; 
Newport, 485 tons; Swansea, 281 tons; Llanelly, nil ; 
total, 878 tons. The shipments of coke for the month 
were : Cardiff, 10,488 tons; Newport, 505 tons; Swan- 
sea, 1168 tons; Llanelly, nil; total, 12.161 tons. The 
shipments of patent fuel were: Cardiff, 21,363 tons; 
Newport, 5387 tons ; Swansea, 23,782 tons; Llanelly, nid ; 
total, 50,522 tons. The shipments of coal from the four 
principal Welsh ports for the whole of 1894 were as fol- 
lows: Cardiff, 12,957,489 tons ; Newport, 3,695,043 
tons ; Swansea, 1,760,878 tons; Llanelly, 242,607 tons; 
making an aggregate of 18,656,217 tons, The shipments 
of iron and steel for 1894 were: Cardiff, 30,343 tons ; 
Newport, 24,339 tons ; Swansea, 2830 tons ; Llanelly, 197 
tons; making an aggregate of 57,709 tons. The ship- 
ments of coke were: Cardiff, 10,337 tons; Newport, 
5684 tons; Swansea, 3290 tons; Llanelly, nil; making 
an aggregate of 19,311 tons. The shipments of patent 
fuel in 1894 were: Cardiff, 286,957 tons; Newport, 
46,723 tons; Swansea, 317,089 tons; Llanelly, nil; 
making an aggregate of 650,769 tons. 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Tron Market.—The warrant market was flat 
on Thursday forenoon, when only a small amount of 
business was done, the turnover in Scotch being about 
6000 tons. One lot (500 tons) of Cleveland iron also changed 
hands. Scotch gave way 14d. per ton for cash. In 
the afternoon some 5000 or 6000 tons of Scotch 
were dealt in, and the cash price closed 4d. per ton 
better. Other sorts were not in demand. ‘The closing _ 
settlement prices were—Scotch iron, 41s. 74d. per 
ton; Cleveland, 34s. 9d.; Cumberland and Middles- 
borough hematite iron, respectively, 423. 104d. and 42s. 

r ton. Business was almost at a standstill at Friday’s 
orenoon market. The dealing in Scotch totalled some 
3000 tons, and was entirely on month account, and, in 
addition, two lots of Cumberland hematite iron changed 
hands, the price of which declined 24d. per ton, Scotch 
remaining unchanged in price. In the afternoon the 
market went flat just at the close on a pressure of sales of 
Scotch, about 8000 tons of which were disposed of, the 
cash price relapsing 14d. per ton. Cumberland hema- 
tite iron also lost 4d. per ton for cash. The settle- 
ment prices at the close were, respectively, 41s. 6d., 
34s. 9d., 428. 9d, and 41s. 104d. per ton. A fairly 
good business was done on Monday forenoon, some 
15,000 tons of Scotch and 200 tons of Cleveland 
iron changing hands. At the opening the tone was flat, 
sales preponderating, but as buying became more general 
there was a rally, and the close was firm. While deal- 





ing was quiet, the tone of the afternoon market was 
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very firm, Scotch gaining $d. per ton, and Cumberland 
hematite iron1d. About 5000 tons of Scotch and 500 
tons each of Cleveland and Cumberland hematite iron 
changed hands. At the close of the market the settle- 
ment prices were, respectively, 41s. 74d., 34s. 9d., 
42s, 7}d., and 41s. 74d. per ton. A fair amount of busi- 
ness was transacted in the market on Tuesday forenoon, 
when “' bears” found warrants rather scarce. The new 
shipbuilding orders recently placed seemed to have some 
little effect on the market, the tone of which was 
very firm. About 7000 tons of Scotch, 3000 tons of 
hematite iron, and 2000 tons of Cleveland were dealt in. 
Middlesbrough hematite iron rose 24d., and the other 
sorts 4d. to 1d. per ton. There was some influential sell- 
ing in the afternoon, and in consequence a number of 
operators came upon the market with iron, but it was all 
absorbed, and the cash price of Scotch just lost the 1d. 
which it gained in the forenoon. About 15,000 tons of 
Scotch were dealt in, close on 9000 tons being of an 
option character, at 41s. 104d. and 41s. 10d. one month, 
with 9d. forfeit in buyer’s option, while several lots were 
done at 41s. 8d. per ton Friday, witha ‘‘ call,” and 41s. 7d. 
Friday with a “plant.” The closing settlement prices 
were, respectively, 41s. 74d., 34s. 9d., 42s. 9d., and 41s. 9d. 
per ton. Business was very idle this forenoon. Only 
some 4000 tons of Scotch were dealt in at 41s. 7d. and 
41s. 64d. per ton cash. Cleveland and hematite irons 
were both down in price. In the afternoon a big busi- 
ness was done, about 20,000 tons of Scotch changing 
hands, and several lots of hematite iron. The closing 
settlement prices were, respectively, 41s. 6d., 34s. 6d., 
42s. 6d., and 41s. 6d. per ton. The following are some of 
the quotations for No. 1 special brands of makers’ iron : 
Clyde, 49s. per ton; Gartsherrie and Calder, 51s.; Sum- 
merlee, 51s. 6d.; Coltness, 54s.—the foregoing all shipped 
at Glasgow ; Glengarnock (shipped at Ardrossan), 50s. ; 
Shotts (shipped at Leith), 53s. 6d. per ton; Lang- 
loan and Gunes still out of the market. The 
number of blast- furnaces in actual operation is unchanged, 
73, as compared with 48 at this time last year. The ship- 
ments of pig iron from all Scotch ports last week amounted 
to 3704 tons, against 3626 tons in the corresponding week 
of last year. They included 120 tons for South America, 
125 tons for Germany, 310 tons for Belgium, smaller 

uantities for other countries, and 2902 tons coastwise. 

he stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood at 287,480 tons yesterday afternoon, 
as compared with 287,610 tons yesterday week, thus show- 
ing a decrease for the week amounting to 130 tons. 


Finished Iron and Steel Trades.—Neither of these 
branches of trade has undergone much change within the 
past few weeks as regards fresh orders. A very quiet 
business is passing in malleable iron, orders being in most 
cases of the ‘‘ hand-to-mouth ” character, and the prices 
being the lowest that have prevailed since 1887. Steel- 
makers report that specifications are slow of coming in, 
while new business can only be obtained at the very 
lowest terms. Every cut in price is being met by the 
North of England makers, and as the productive power is 
being steadily increased, the struggle amongst the makers 
to secure new work has resulted in the complete break-up 
of the steel combination. 


Glasgow Copper Market. — Last Thursday forenoon 
some50 tons of copper were sold, and at 40/. 17s. 6d. per ton 
sellers, three months, the quotation showed a drop of 2s. 
per ton. In the afternoon 100 changed hands at 40/. 17s. 
6d. per ton three months, the close being the same as in 
the forenoon. On Friday forenoon 25 tons were done at 
401. 103. per ton cash. and in the afternoon 50 tons were 
sold at 40/. 183. 9d. three months. One lot of copper 
changed hands on Monday forenoon at 40/. 10s, 9d. 
per ton cash, and another at 41/. three months. In 
the afternoon the market was idle, and prices were un- 
changed. Yesterday forenoon 50 tons changed hands at 
401. 13s. 9d. cash, and 41/7. 1s. 3d. three months. In the 
afternoon 100 tons changed hands at various prices, most 
of it outside the ‘‘ring ;” and the three months’ official 
price gave way 1s, 3d. per ton from the forenoon. Copper 
was idle this forenoon, but 1s. 3d. dearer, at 411. 2s. 6d. 
per ton. Lower prices ruled in the afternoon, when 100 
tons were sold. 


Glasgow Sulphate of Ammonia Market.—The Glasgow 
market for sulphate of ammonia, after being at a very low 
level, has now become considerably firmer, business having 
been done this week at 117. per ton for January, February, 
and March delivery. Most of the Scotch blast-furnace 
establishments are now sending large quantities of sulphate 
into the market. 


Royal Scottish Society of Arts.—The fourth meeting of 
the present session of the Royal Scottish Society of Arts 
was held on Monday night, Dr. Wm. Taylor, F.R.C.P.E., 
president, in the chair. A paper was read by Mr. S. Z. 
de Ferranti, electrical engineer, on the Ferranti electricity 
meter and its evolution, illustrated by limelight views and 
a collection of electric meters dating from 1883. Mr. Geo. 
Vair Tarnbull gave a short exposition on the taxameter 
or cab-fare indicator. The abstract of accounts of the 
Society for the past year showed that the income of the 
general fund, including a balance from the previous year, 
amounted to 336/. 6s, 7d., and the expenditure was 
187/. 11s, 11d., leaving a favourable balance of 148/. 14s 8d. 
The Society also administers several prize funds, all of 
which appear to be in a flourishing condition. The total 
property and funds under the charge of the Society as at 
November 15, 1894, amount to 61331. 17s. 1d., whereof 
27121. 0s. 3d. represents the price of the hall in George- 
street and furnishings, and of the additional premises 
purchased at Whitsuntide, 1863. 

More Shipbuilding Contracts.—Quite a number of new 
shipbuilding contracts have just been placed with Clyde 
and Dundee firms, Metsrs. Caird and Co., Greenock, 





have booked an order for another P. and O. liner, a 
vessel of 7500 tons register, with engines of 11,000 horse- 
power. The firm have now in hand some 28,000 tons of 
new shipping.—Messrs. Denny and Brothers, Dumbarton, 
have contracted with Messrs. Patrick Henderson and 
Co., Glasgow, to build a steamer of 5500 tons. She is 
intended for that firm’s regular line between Glasgow and 
Rangoon, and will be similar to the Prome, which was 
built at Dumbarton last year for the same owners.— 
Messrs. Alexander Stephen and Son, Linthouse, Glasgow, 
have secured contracts for three large steamers for 
Glasgow owners. Two of them will have a cargo- 
carrying capacity of close on 6000 tons. They are 
to the order of Messrs. MacLay and MacIntyre. The 
third steamer will have a capacity of about 5000 tons.— 
For the Marten Lanez Company, of Bilbao, Messrs. 
Charles Connel and Co., Whiteinch, Glasgow, have con- 
tracted to build a steamer which is to be similar to two 
vessels which they have in hand for the same firm, 
Mexsrs. Dunsmuir and Jackson will supply the engines. 
—Messrs. D. and W. Henderson and Co., Meadowside, 
Glasgow, have been commissioned by Mr. George L. 
Watson, naval architect, Glasgow, to build another Val- 
kyrie a yacht, with which Lord Dunraven proposes 
to run for the America Cup in the New York waters next 
autumn. The same firm built his former yacht, the Prince 
of Wales’s Britannia, and the Thistle, which com for 
the cup some years ago.—Mesers. Lobnitz and Co., Ren- 
frew, are about to lay down three steamers of about 3000 
tons deadweight carrying capacity for Danish owners.— 
For the Clyde Shipping Company Messrs. W. B. Thomp- 
son and Co., Dundee, have contracted to build two new 
steamers, each of about 1200 tons, for the Glasgow and 
Limerick and Glasgow and London routes. They are to 
be built to the classification of the British Corporation 
Registry, and the same is true of the steamer which 
Messrs. Denny are about to build for Messrs. Patrick 
Henderson and Co. 


The Institution of Civil Enyineers: Glasgow Associa 
tion of Students.—A paper on ‘‘ Permanent Way and 
Signalling of the Glasgow Central Railway ” was read on 
Monday night by Mr. R. C. Farreli, Stud. Inst. C.E, 
the President, Mr. D. Drummond, M. Inst. C.E., occupy- 
ing the chair. The paper was fully illustrated by large- 
size diagrams and drawings, and, after an interesting 
—— a vote of thanks was cordially awarded Mr. 

arrell. 





INSTITUTION OF JUNIOR ENGINEERS.—Abt a meeting of 
this Institution on the 11th inst., Mr. Henry M. Round- 
thwaite read a paper on ‘‘ Marine Engine Design of To- 
Day,” in which he referred to the different conditions 
which determined the design of the engines of vessels for 
different services and speeds, and showed how the mer- 
chant service had followed Admiralty practice in several 
details—in largely adopting fast-running engines, separate 
condensers, open framing, &c.—while, as to the water- 
tube boiler, he considered that it was probable that the 
attention being directed to the matter now would result 
in a satisfactory steam generator. What was needed was 
tubes of moderate length, approximately vertical, uniform 
in section, and each delivering into a separator drum in- 
dependently of all the others, with rapid circulation to 
make intense combustion possible. Copper tubes he con- 
sidered totally unsuitable, mild steel being preferable. 





Gas IN THE MipLanps.—The reductions which many 
gas companies are making in their tariffs must be regarded 
as a significant sign of the times. The directors of the 
Matlock Bath Gas Company have just reduced the price 
of gas supplied to ordinary consumers by 4d. per 1000 
cubic feet. . The company also proposes to divide among 
its customers any surplus profits realised, after payment 
of dividends upon its share capital at the rate of 10 per 
cent. perannum. The Louth Gas Company has also re- 
duced the price of gas which it supplies from 4s. 2d. per 
1000 cubic feet to 4s. per 1000 cubic feet, and a discount 
of 15 per cent. is allowed for prompt payment. One?is 
almost tempted to infer that it is not always an easy 
matter to collect gas bills at Louth, but whether this is 
the case or not, it is abundantly clear that gas companies 
are coming down in their charges, in consequence, no 
doubt, of the increasing competition of the electric light. 





SENTINELLI’s FrRRO-Sopium.— Captain Grenfell, R.N., 
of 39, Victoria-street, London. S.W., is now introducing 
a new flux for cast iron, which has been discovered by 
Mr. Sentinelli. The compound in question consists of an 
alloy of sodium and iron formed by bringing iron and 
common salt into contact at a high temperature. The 
ferro-sodium so produced contains about 85 per cent. of 
the iron, holding metal sodium in solution, if the term may 
be used. This latter has a powerful affinity for 
sulphur and phosphorus, and combining with these 
carries them out into the slag. The flux may be added 
either to the — or may be placed at the bottom of the 
casting ladle. The former plan is stated to be preferable, 
When used in either of these ways the metal in the ladle 
shows the characteristic yellow flame of sodium on its 
surface, and its temperature appears to be increased, 
Indeed, when placed at the bottom of the ladle, the re- 
action takes place with considerable violence. Ib is 
claimed that, by the use of this alloy, the amount of 
sulphur can be reduced to about one-tenth of its original 
value, and the phosphorus is also reduced, the cost of 
the purification being about 4d. per hundredweight. A 
demonstration of the use of the material was made this 
week at the worksof Messrs. David Hart and Co., Wenlock- 
road, N. Test bars were cast both with treated and un- 
treated metal, but comparative analyses of the metal and 
records of the breaking strength are not yet to hand, 





MISCELLANEA. 

At the meeting of the Royal Agricultural Society to be 
held at Darlington on Saturday, June 22 next, and the 
following days, prizes will be offered for the best hay- 
making machines and clover-making machines. In each 
case the first prize will be 20/., and the second, 10/. 
Particulars can be obtained on application to the secre- 
tary, ab 13, Hanover-square, London, W. 


At the fortnightly meeting of the Liverpool Engineering 
Society, held on Wednesday evening, the 9th inst., at the 
Royal Institution, the President, Professor H. S. Hele- 

aw, Inst. C.E., in the chair, a paper was read by 
Mr. John A. Brodie, Wh. Sc., Assoc. M. Inst. C.E., 
entitled ‘‘ Tramways and Tramway Traction.” The 
author, after a general 7¢sumé on tramways, dealt in detail 
with the question of permanent way, and then proceeded 
to discuss the relative merits of horse, locomotive, cable, 
and electrical tractions, and the comparative costs of these 
systems. A discussion upon the paper terminated the 
proceedings. 

An electric plough has been brought out in Germany 
by Messrs. F. Zimmerman and Co., of Halle. A chain 
is stretched round the field where required, and runs over 
a sprocket wheel on the motor. The latter is thus able 
to wind itself along, and drag the plough after it. The 
cable to the motor is carried ona number of small trolleys 
running over the ground. The length of cable is suffi- 
cient to reach across the field, as the motor, as it winds 
itself backwards and forwards, swings the cable over the 
ground. By starting work on the side nearest the 
engine and working up the field away from it, the cable 
does not foul the plough. The trials of the plant are said 
to have been most satisfactory. 


In his inaugural address to the Manchester Association 
of Engineers, Sir E. Leader Williams, M.I.C.E., dealt 
mainly with the Manchester Ship Canal. The total 
amount of excavation accomplished was, he stated, 
50 million cubic yards, one-fifth of which was sandstone 
rock, The German excavators, in favourable ground, 
took out as much as 2400 cubic yards in 10 hours, but, 
like the French machines, could only be used for soft 
ground. The English excavators took out in soft soil 
nearly 2000 cubic yards in 10 hours, but they could be 
used in very hard material, and even rock, when this was 
first loosened by blasting. There were 194 steam cranes, 182 
portable and other steam engines, and 209 steam pumps 
employed on the works, and the coal consumption was 
about 10,000 tons per month. The largest number of men 
employed was between 16,000 and 17,000. 


On Saturday last, the 12th inst., a deputation from the 
Conference of Railway Companies’ Signal Superinten- 
dents waited upon Major-General Hutchinson, at his 
office in Whitehall, to present him with a solid silver 
plate, suitably engraved, in recognition of the uniform 
courtesy and kindness always shown by the Genoral to 
the members of the railway signalling profession more 
particularly. In the absence of the President (Mr. H. 
L. Price, North London Railway), Mr. Steven — 
donian Railway) made the presentation, to which the 
General feelingly replied. 


Sir W. H. White, Director of Naval Construction, has 
just presented to the court of the Shipwrights’ Company 
of London (of which guild he is one of the wardens) his 
— on the working of the company’s educational 
scheme during the past year. The classes established 
for instruction in naval architecture at the Thames Iron 
Works, Blackwall, at Glasgow, Newcastle-on-Tyne, and 
other shipbuilding centres, are, he reports, being well 
attended, and furnish valuable encouragement to young 
men in poor circumstances who are being trained for, or 
are engaged in, shipbuilding in various parts of the 
country. Scholarships offered by the company for com- 
petition among those attending the evening classes in 
naval architecture, conducte1 by the Science and Art 
Department throughout the country, have been awarded 
to students at Dumbarton, North Shields, Devonport, 
Newcastle-on-Tyne, and Gillingham, Kent. At the 
Durham College of Science, Newcastle-on-Tyne, two 
exhibitions (of the value of 15/. and 10/. respectively) 
were awarded to Arnold Bennett and F. Rutherford ; a 
bursary of 25/. has been awarded to Mr. L. A. Smart, of 
Glasgow University, and money prizes to the students of 
the class at the Thames Iron Works. 





THe WaALKER- WILKINS NON-POLARISING VOLTAIC 
Battrery.—The Walker-Wilkins voltaic battery com- 

rises a split cylinder of amalgamated zinc immersed 
in a solution of caustic t apape contained in a porous pot. 
This pot is placed inside a cylindrical containing vessel 
having very numerous holes perforated through its wall. 
The intervening space between the porous pot and the con- 
taining vessel is packed with granulated carbon, that 
nearest the porous pot being powdered, and that nearest 
the perforated containing vessel in larger pieces. The 
current is collected by a perforated sheet nickel cylinder 
imbedded in the granular carbon. his cell has been 
tested by Professor Andrew Jamieson, who reports that 
it is the best of its kind he has ever tested. A two-pint 
cell, weighing 19 lb., and measuring 14 in. by 8} in., gave 
1 457 volts on open circuit, 1.324 volts when .467 ampere 
was flowing, and 1.264 volts when 1.346 amperes were 
flowing. The output of a cell was kept at 1.1 amperes b 
varying the resistance, and the potential difference fell 
from 1.173 volts to 1.015 volts in 226.5 hours. The cell 
was then allowed to rest, and the electromotive force 
measured every 20 minutes to test its power of recupera- 
tion. At the end of one hour it gave 1.260 volts; at the 
end of two hours, 1.285 volts; at three hours, 1 318 volts. 
The mean internal resistance of the cells varied from 
.112 to.161 ohm. 
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A PHASE OF FOREIGN 
PETITION. 

WueEn the members of the Iron and Steel Insti- 
tute visited Belgium last August, one of the prin- 
cipal objects of many of those who took part in 
the meeting was to find out how it is that Belgian 
iron and steel so often finds its way into England 
at prices which the British manufacturer cannot 
meet with profit to himself. As a rule, the in- 
quiries were fruitless. The Belgian manufacturer 
does not wear his heart upon his sleeve, and the 
reasons tending towards cheap production which 
were on the surface by no means accounted for 
the end reached. The fact is, the successful com- 
petition of ourneighbours across the water is not 
due to any one predominant factor, but is the 
cumulative result of a number of conditions. To 
discover, classify, and assign quantitative values 
for these—even with information freely at one’s 
disposal— would be no holiday task, to be got 
through in the intervals of a week’s excur- 
It is no wonder, therefore, British iron 
and steel makers returned from Brussels not much 
better informed than when they went there, so far 
as the true inwardness of Belgian competition was 
concerned. In the meantime we may remember 
that foreign competition, even in the steel trade, is 
not invariably successful, as the grumblings of 
some people would almost lead us to suppose. 

Some recent correspondence in the Times throws 
a little light on the subject. Mr. J. W. Durnford, 
an architect, wrote to that journal stating that a 
building contractor placed an order for an iron 
girder of simple construction with a firm in a 
certain town. Through delay in delivery, inquiries 
were made, in the course of which the following 
remarkable circumstances came to light. The first 
firm, A, had passed the order on to firm B, who had 
passed it on to firm C ; A, B, and C being English 
houses in business in Midland towns. Finally, firm 
C sent the order to a Belgian firm. 

The event does not do much to elucidate the 
problem of foreign competition, although it empha- 
sises very strongly that foreign competition exists, 
and is so strong that it is able to endure a tax of 


COM- 





three British middleman profits. Mr. Durnford 
uses the incident to introduce the British working 
man and the unemployed ; two expressions which 
will speedily become synonymous if inuch business 
is transacted on these principles. ‘‘ What did the 
English working man receive out of the order ?” he 
says; and, ‘if this policy is being pursued in other 
branches of industry, what bearing has it upon the 
unemployed question ?” 

These questions speedily receiyed an answer from 
Mr. H. J. Skelton, of 12, Lime-street, who has for 
many years been connected with rolled steel girder 
manufacture, and who has evidently made good use 
of the power to acquire knowledge which his posi- 
tion has given him. Mr. Durnford, together 
with other members of his profession, got a rap 
over the knuckles which probably that gentleman 
did not anticipate when he wrote his letter, and we, 
also, do not pass scatheless. ‘‘ If the members of 
Mr. Durnford’s profession, with the members 
generally of the engineering profession, had any 
real interest in the English wor eking man, or showed 
anything like scientific method in the practice of 
their profession, such an instance as the one he 
relates would be impossible.” So says Mr. Skel- 
ton, and before we proceed to his proof, we pause 
to protest against the working man being thrust 
into every memorial. Engineers, architects, and 
steelmakers no more run their businesses for the 
benefit of the working man than the working man 
gives his labour to_ benefit engineers, architects, 
and steelmakers. Business is not philanthropy, 
and any man who lets philanthropy override busi- 
ness does far more harm than good, both to him- 
self and those he employs. There are certain well- 
meaning, unthinking persons who will never buy 
an article bearing the legend, ‘‘ Made in Germany.” 
Now nothing is more certain than if German 
makers are beating native manufacturers threugh 
the foolishness of the latter, the sooner the home 
producers have this brought home to them the 
better for the country. It is a bad thing to con- 
firm people in their vices by a little encouragement. 
If, on the other hand, natural conditions give the 
foreign maker an advantage in any branch of in- 
dustry, the sooner our manufacturers abandon that 
branch, and turn their attention to something more 
fitted to our natural circumstances, the better. No 
trade can flourish solely on philanthropic or patriotic 
support. 

That, however, is by the way. What is more to 
the purpose is Mr. Skelton’s explanation of why 
girders for British buildings come from Belgium 
and Germany. Architects and engineers, it appears, 
‘generally specify such unnecessarily diverse 
types of sectional material for given work, that any- 
thing like economical and continuous manufacture 
becomes impossible. On the Continent schools 
of engineers have determined amongst themselves 
upon a range of sections of rolled iron and steel 
suitable for certain duties in given types of work.” 

We fear there is a good deal of truth in this. 
The magnates of both professions referred to are 
often too contemptuous of the cost of their work 
—or rather of their client’s work—and of the con- 
venience of the manufacturer. They have certain 
ideas and formulas which must be strictly 
followed. The unfortunate part of the business 
is that ideas and formulas of each magnate 
differ so essentially. This, however, does not 
account for the success of Belgian and German 
competition, for if the architects and engineers 
will not give way, the Belgian has to produce the 
strange section equally with the Briton. What 
we believe to be the fact, however, is that the mag- 
nates do give way when it comes to a question of 
getting the goods from abroad. Why this should 
be the case it is difficult to say, for it would be 
foolish to accuse English engineers and architects 
of a wish to injure the industries of their country. 
No doubt the reason chiefly lies in that untraceable 
characteristic which inclines us to yield more 
readily—especially our fads—to the stranger rather 
than to our own kin. It is a characteristic of 
human nature which undoubtedly exists, but which 
we need not pause to account for. Inany case it is 
a fact that dealers find it easier to get their customers 
to change a given section for a foreign standard 
than for one of home production. There is, how- 
ever, a solid reason for this flexibility in favour of 
foreign girders. The fact that sections have been 
standardised abroad gives the manufacturer an im- 
mense advantage ; it does not needa rolling mill 
manager to grasp that fact. As Mr. Skelton points 
out, the Continental manufacturers are engaged in 
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continuous manufacture of any given type of girder 
up to minimum quantity necessary to insure a mini- 
mum cost. Every manufacturer is safe in produc- 
ing a quantity of material and put the same into 
stock from which he can execute his orders as they 
are received. ‘‘ The British manufacturer is ever- 
lastingly changing his rolls or appliances to meet 
the irregular, unscientific requirements of profes- 
sional architects and engineers.” The British 
architect and engineer, therefore, if he will accept 
a Belgian section, gets all the advantage of this 
standardisation, which does not exist to the same 
extent in this country. It is plainly necessary 
to introduce a standard system into this country. 
If that standard were the outcome of a joint con- 
ference of our great engineering and architectural 
Institutions, it would be accepted by both profes- 
sions, and one great impediment to home trade 
would be removed. 

Mr. Skelton also makes reference to other points 
as affecting this matter. They come within the 
srovince of social rather than industrial science. 

e says our system of land tenure is detrimental to 
the use of rolled steel girders in this way: ‘‘On 
the Continent, as in Germany, the leasehold system 
is unknown, and, as a consequence, the houses are 
better built than in Great Britain. Rolled steel 
girders enter into the construction of every floor. 
The houses are intended to last longer than they 
are built to exist in this country, where the average 
middle-class dwelling has rooms in which every 
floor vibrates.” 

We fear it is hopeless to expect Parliament will 
make leaseholdings illegal in order to encourage the 
steel girder trade ; and our steelmakers must look to 
keep their mills rolling by cutting out the Belgians 
and Germans on their own ground. At one time 
the suggestion would have appeared no more than 
natural, but times have changed. It is, also, not 
only a question for the steelmakers-—i.e., the pro- 
wrietors of steel works—but those they employ. 

he British workman has his responsibilities, like 
his master, but that is another story. 

One other point Mr, Skelton makes: ‘* Our 
Continental competitors pay on the average in 
Belgium and Germany 4d. per ton per mile for car- 
riage to their port of shipment, while we in this 
country have to pay double, or 1d. per ton per 
mile.” 

That also is another story, and a very long one, 
too. Moreover, a large number of British steel 
manufacturers are close to, or right on, the port of 
shipment. 





FLAMELESS EXPLOSIVES. 


FLAMELESSNESS in explosives is a quality to be 
aimed at, rather than one which has been attained. 
The nitrate of ammonium and the nitro-glycerine 
compounds give, however, so much less flame than 
gunpowder, that they were, on their introduction, 
named ‘‘ flameless explosives,” and for a time it 
was contended that they were incapable of igni- 
ting mixtures of firedamp and air. Subsequent 
investigations showed that under certain con- 
ditions the fancied security they offered in coal- 
mining was not realised, and hence the term 
‘safety high explosives” was substituted for the 
former. If the word ‘‘safety’’ be understood in a 
comparative sense, there is no great exception to be 
taken to its use ; it is, however, unfortunately true 
that, up to the present, no blasting agent has been 
found that gives absolute security in fiery mines 
in the absence of very careful precautions. Under 
the provisions of the Coal Mines Regulation Act of 
1887 a great impetus was given to the use of high 
explosives, as they were supposed to comply with 
its conditions that, under certain circumstances, 
blasting must not be carried on with any agent that 
would inflame firedamp or c»al-dust. Doubts 
and controversies as to the action of the so-called 
flameless explosives rapidly arose, however, and 
to settle them the Council of the North of England 
Institute of Mining and Mechanical Engineers ap- 
pointed a committee to investigate and report on 
the subject. It took a long time, however, to get 
through the preliminary steps, so that, although 
© aeons in March, 1888, it was June, 1892, 
before the buildings and the apparatus were sutti- 
ciently complete for the experiments to be sys- 
tematically entered upon. The reputation both of 
the Institute and of the members of the committee 
required that the researches should be carried out 
in such a manner that the results should be un- 





assailable, and hence both time and money were 
freely spent over the testing plant. 

The outcome of the experiments, which were car- 
ried out under the direction of Mr. J. H. Hedley, 
Her Majesty’s Inspector of Mines, and Mr. A. 
C. Kayll, the Engineer to the Committee, was that 
none of the high explosives tried—ammonite, ardeer 
powder, bellite, carbonite, roburite, and securite— 
can be relied upon as insuring absolute safety when 
used at places where inflammable mixtures of air 
and firedamp may be present, and that when they are 
used the same examinations of the working places 
and the same precautions that are taken when blast- 
ing powder is employed, should be rigidly observed. 
Although this is so, yet it is evident that high ex- 
plosives are less liable than blasting powder to 
ignite inflammable mixtures of air and firedamp, 
and, therefore, there is a distinct degree of safety 
attending their use. The conditions that determine 
an explosion in a coal mine are difficult to de- 
fine; blasting may go on for years without an 
accident, when suddenly, apparently under the 
usual conditions, an explosion occurs. In a recent 
issue we gave an account of an explosicn that 
took place in a colliery that had been worked 
with gunpowder and naked lights for many years, 
and in which it was believed there was not a trace 
of danger. Gas had never been detected, while 
coal-dust existed in no greater quantities than 
it had ever done. The only assignable cause was 
that the draught had been increased, and hence 
the dust was possibly drier. When the lives of 
men hang upon circumstances that are not well 
understood, it is imperative that every factor of the 
problem should be studied, and the most scrupulous 
care should be bestowed on each, in order that 
danger from one cause may be met by reducing the 
risks from another. The idea of firing explosives 
in an atmosphere that often contains marsh gas is 
so suggestive of peril, that it is no wonder scientific 
societies and learned men in many countries are 
endeavouring to lessen the risks. 

To demonstrate the effects of a blown-out shot 
upon an explosive atmosphere, there was employed 
by the committee a plate-iron tube 101 ft. in 
length by 3 ft. in diameter. In the side of the tube 
there were formed 23 sight-holes, 4 ft. to 5 ft. apart, 
covered with plate-glass windows 5in. by 3 n. by 
lin. thick. A length of 223 ft. at one end of the 
tube was cut off from the remainder by a diaphragm 
of brown paper, and in this compartment the explos- 
sive mixture of gas and air was formed, previously to 
the firing of the charge. The end of the tube was 
closed by a wrought-iron plate, having in its centre 
a hole 16 in. in diameter, through which the muzzle 
of the cannon containing the charge of high explo- 
sive was passed. This cannon wasa cylinder of steel, 
hooped with five steel rings, and was 4 ft. 6 in. in 
length, and 18 in. in diameter at the breech for a 
length of 184 in., and 15? in. for the remaining 
length of 3 ft. The cannon was drilled out 1 in. 
bore for a length of 424 in., and was mounted cn a 
wooden block at such an inclination that its axis met 
the lower side of the tube at a point 38 ft. distant 
from it when in a firing position. The joint between 
the cannon and the tube was made by an india-rubber 
ring and puddled clay. To produce gaseous mix- 
tures of known composition, somewhat elaborate 
means were provided. Town gas from the mains 
was laid into the works, as well as firedamp, which 
was delivered by pipes out of the Hebburn Colliery. 
There was a gasholder of 52.79 cubic feet capa- 
city, a 3 horse-power Tangye gas engine, and 
Schiele fan. 

Many preliminary trials were made before the 
best means of producing the mixture in the closed 
end of the tube were found. We have not space 
to follow the various attempts, and will content 
ourselves with detailing the method eventually 
followed. The tube was cleared of after-damp from 
the previous explosion, the paper diaphragm placed 
in position, and a sheet of paper placed over the 
outer end of the tube to prevent daylight from 
penetrating and interfering with the observation. 
The explosive, having been previously prepared, 
was placed in the cannon, which was run up against 
the mouth of the tube. Gas from the gasholder 
was then admitted to the tube at such a pressure 
that the required quantity entered in one minute, 
the displaced air escaping through a cock and air 
pipe. The gas and air valves were then closed, 
and a valve opened from the experimental tube to 
the fan, which was driven at 400 revolutions for one 
minute. By this the gas and air were drawn 
rapidly through the fan, and returned to the tube 





completely mixed, after which it was allowed one 
minute to come torest. Frequent analyses demon- 
strated that a practically uniform mixture was thus 
obtained. After the explosion, the products of com- 
bustion were removed, either by allowing the wind 
to blow through the tube from end to end, or by 
drawing the gases out by the fan. 

The committee confined their experiments to 
six explosives, as already stated; they did not 
analyse them, but state that the following composi- 
tions are approximately correct ; 


Composition of Safety High Explosives. 

Bellite: 80 parts nitrate of ammonium; 20 parts 
meta-dinitro-benzole. 

Securite: 80 parts nitrate of ammonium ; 17 parts 
dinitro-benzole; 3 parts oxalate of ammonium. 

Ammonite: 874 parts nitrate of ammonium ; 124 
parts dinitro-naphthaline. 

Roburite : 87* parts nitrate of ammonium; 13 
parts chloro-dinitro-benzole. 

Carbonite: 25 parts nitro-glycerine ; 30 parts 
nitrate of potassium ; 4 parts nitrate of barium; 

40 parts wood meal; 1 part carbonate of 
sodium. 

Ardeer powder: 33} parts nitro-glycerine; 11 
parts charred kieselguhr ; 55 parts sulphate o 
magnesium and nitrate of potassium. 

In order that each explosive tested might emit the 
same length of flame into the tube, experiments 
were made to find equivalent quantities of each, 
and these were finally settled at: Bellite, 1 oz. ; 
securite, 1 oz. ; ammonite, 1} oz. ; roburite, 1} oz ; 
carbonite, 2} oz. ; ardeer powder, 3? oz. These 
weights were obtained by firing unstemmed charges, 
and the same proportions were followed with 
stemmed charges. The committee expressly state 
that the weights so used did not represent the rela- 
tive strengths of the several explosives when fired. 

In the North of England it is customary to use 
cartridges containing from 6 oz. to 16 0z. of ex- 
plosive, which is in excess of the weights of any of 
the shots fired in this inquiry. Consequently there 
was no injustice done to any of the samples tried 
by different weights being empleyed. Both 
stemmed and unstemmed shots were fired, the 
former representing cases of blown-out shots, and 
the latter instances in which the stemming is acci- 
dentally forgotten to be inserted. Damp puddled 
clay was employed for stemming or tamping, rolled 
up into cylinders from 1 in. to 3in. in length. 
The length of stemming varied from 1 in. to 8 in., 
and trial showed that ignition of the gaseous mix- 
ture occurred as readily with the greater as with 
the lesser amount, and in some instances 1 in. 
afforded greater safety than 3in., 6in., or even 
8 in. Of course, a long length of stemming is re- 
ang in blasting in stone to prevent blown-out 
shots. 

The first set of experiments was made with ex- 
plosive mixtures containing 8 per cent. and 10 per 
cent. of coal gas, this material being selected as 
having a lower firing point than firedamp, and 
having a constant composition. Researches made 
by Messrs. V. Meyer, Freyer, and Miinch show, 
however, that the firing points of marsh gas and 
oxygen, and of coal gas and oxygen, are respec- 
tively 1232 deg. Fahr. and 1198 deg. Fahr., and 
therefore are not far apart. Subsequent analysis 
proved that the gas piped to bank from the blower 
at Hebburn Colliery was sensibly uniform, its con- 
stituents being : 


Marsh gas... — ue — sc 78.8 
Nitrogen ‘tes ee ies ee ae 18.6 
Oxygen ay ey site = is 1.7 
Carbon dioxid a = Se sve 0.9 

100.0 


It was computed that 11.6 per cent. of this gas 
in air yielded the most violent ignition. The results 
with unstemmed shots were as follows: ‘‘ Bellite, 
securite, ammonite, and roburite each ignited the 
coal-gas mixture twice in two trials. The results 
obtained with carbonite and ardeer powder, although 
they ignited the mixture, were very different from 
these obtained with the other explosives. Bellite, 
securite, ammonite, and roburite ignited an 8 per 
cent. mixture violently in every case. Carbonite 
gave five feeble ignitions out of nine trials, flame 
being observed in each instance, and with a 10 
per cent. mixture, the first shot ignited the mixture 
violently. Ardeer powder exploded an 8 per cent. 
mixture at the sixth trial, with slight evidence of 
flame in the other five instances ; and with a 10 
per cent. mixture only two ignitions occurred in 


*Contains traces of carbonate of ammcnium and Cf 
chloro-nitro-naphthalene. 
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10 trials. A comparison of the experiments show 
that carbonite and ardeer powder, both stemmed 
and unstemmed, in 8 and 10 per cent. mixtures of 
coal gas, give a smaller proportion of ignitions and a 
smaller evidence of flame emitted by each shot, than 
the other explosives.” The results obtained with 
stemmed shots were much less uniform than those 
just quoted. : 

When pit gas was used in 10 per cent. and 11.6 
per cent. mixtures, neither flame nor explosion was 
observed with any of the samples when stemming 
was used, although 20 trials were made with each 
explosive. With unstemmed shots securite and 
ammonite ignited the mixtures in their first trial, 
and ardeer powder in its fourth trial. ‘‘ Bellite, 
roburite, and carbonite did not ignite the gaseous 
mixture, although 25 trials were made with each 
explosive. There was evidence of flame in eight 
of the experiments with both bellite and roburite, 
but flame was only once observed in the trials with 
carbonite. Bellite, roburite, and carbonite each 
underwent a total of 45 trials without causing an 
ignition of the gaseous mixture. Twenty of these 
trials were made with 3 in. of stemming, and 25 
with the shots unconfined. Ardeer powder failed 
in one instance, but the ignition of the gaseous 
mixture was in that case remarkable, occurring as it 
did some moments after the shot had been fired ; 
the flame from the shot being followed, after a 
distinct interval, by the flame from the ignition of 
the mixture.’ Throughout the experiments seven in- 
stances of similar delayed ignitions have occurred.” 
When unstemmed explosives were fired in air, and 
in weak gas mixtures, flames more than 16 ft. in 
length were observed in every case except one. 
Ignition of the mixture ofven took place if 8 per 
cent. of gas was present. In numerous instances 
during the trials the charge was not completely 
detonated, and a part remained unchanged in the 
bore of the gun, but this never occurred with either 
carbonite or ardeer powder. 

Not only has this committee reported* on the 
subject of flameless explosives, but a French Com- 
mission has also sat on the same subject, and both 
have come to substantially the same conclusion. 
No blasting agent yet seems to have been dis- 
covered that will afford perfect security to the coal- 
miner. His safety lies only in unceasing care, 
which shall never be relaxed even after years of 
undisturbed good-fortune have deadened all sense 
of apprehension. To forbid the use of explosives 
altogether would be to close a great number of 
mines, and hence this course is out of the 
question. Fortunately it is not necessary. It 
rests with the manager of a colliery to train 
his men in such a strict régime that they shall 
at all times do instinctively the right thing, just 
as an old soldier will fall into position at the word 
of command without any conscious effort. In course 
of time it becomes easier to perform a series of 
operations in the appointed order than to shirk 
some of them. But this mechanical action does 
not come at once ; for a long period, minute exacti- 
tude can only be secured under the compulsion of 
an iron will and a never-ceasing vigilance that re- 
fuses to overlook the slightest infraction of duty. 
The rules of a colliery, especially those regarding 
the firemen, need to be enforced with military 
severity ; no excuse, no dividing of duties into more 
important and less important, can be _per- 
mitted. The disaster gives no warning and no 
quarter ; once started, it cannot be averted by 
either skill or bravery, and hence the only way to 
meet it is to prevent its occurrence. It would be 
a good office for the mining trades unions to cir- 
culate abstracts of such reports as these among 
their members, in order to show how great is the 
need of care, and how, in other ways than strikes 
and benefit funds, union is strength. Miners cheer- 
fully submit to levies on behalf of their comrades 
In need, and the same kindly feeling should impel 
them to make sacrifices of personal convenience to 
avoid imperilling the lives of their companions. 
Constant use, however, blunts their perception of 
danger, and it would be well if, at timer, it could 
be brought home to them by scientific means how 
easy it is to ignite the explosive atmosphere that is 
seldom entirely absent from a mine. 


.” “North of England Institute of Mining and Mecha- 
nical Engineers : Report of the Proceedings of the Flame- 
less Explosives Committee. Part I.—Air and Com- 
bustible Gases.” By A. CO. Kayl, Engineer. London 
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DESTRUCTION OF THE NEW 
HOLLAND PIER. 

THE partial destruction by fire, on the 13th 
inst., at New Holland, of the pier belonging to 
the Manchester, Sheffield, and Lincolnshire Rail- 
way Company, carries us back in thought to the 
early days of railway construction. This pier was 
opened in 1849 to provide an outlet for the traffic 
of the railway, and to enable passengers and mer- 
chandise to be immediately conveyed on board ship 
at all states of the tide. The problem placed 
before the engineer, Mr. (now Sir) John Fowler, 
was an exceedingly difficult one, owing to the 
local circumstances. The River Humber has a 
low shelving shore, which very gradually descends 
into deep water, and consequently the picr had to 
be made very long to enable vessels to come along- 
side at all states of the tide. Owing to the alluvial 
nature of the district, stone was not to be obtained 
within a reasonable distance, and timber had to be 
employed as the material of construction. Immense 
quantities of it were required, for the pier is 
1375 ft. in length by 32 ft. in breadth, and accom- 
modates two lines of rails, a roadway and a foot- 
way, and at the extreme end a station with covered 
platforms, cattle pens, sidings, hydraulic machinery, 
and other accessories. 

The range of the tide in the Humber is 22 ft. 6in., 
and hence embarkation from a fixed structure would 
have been inconvenient, if notdangerous. Accord- 
ingly, Mr. Fowler provided a floating landing- 
stage of very large size, and connected it to the 
pier by hinged bridges of great length and 
strength. By this arrangement passengers always 
found themselves on a level with the deck of the 
steamer they were entering. The shallowness of 
the water at low tide prevented the stage being of 
the proportions that would naturally have been 
chosen. It is 400 ft. long by 51 ft. 8in. wide, and 
only 8 ft. in depth, its total weight being about 500 
tons. It is constructed of wrought iron, with 
water-tight bulkheads, and to add to its rigidity 
advantage was taken of the deck, which is 
of pitch pine 7 in. in thickness at the ends 
and 9 in. at the middle. The planks are 
trenailed one to the other, forming one entire 
piece from end to end, capable of  resist- 
ing both compressive and tensile stresses. The 
bottom plates in the middle are of ?in. uniform 
thickness. Rails were laid on the deck of the 
pontoon, and hydraulic cranes provided. At the 
time of its construction it was the largest pontoon 
of its kind in one piece. It was launched sideways 
complete in every respect. 

The connection of such a pontoon to a fixed pier 
required bridges of great strength to withstand 
the violent weather that often occurs in the 
Humber. Each bridge is 140 ft. long, 10 ft. wide, 
and 10 ft. high, and is of the same construction as 
the Britannia Bridge, except that the bottom is a 
simple plate with small cross-girders at intervals. 
Advantage is also taken of the timber floor to give 
the bottom rigidity and strength. Each bridge is, 
of course, movable, one end resting on a hinge on 
the pier, and the other upon rollers on the deck of 
the pontoon. The weight of each tube is about 
75 tons. 

It was upon this pier that high-pressure hydraulic 
cranes were first used. The working pressure was 
500 lb. per square inch, the water being stored in 
accumulators, and not in air vessels, as had been 
done previously. The new arrangements enabled 
the machinery to be greatly reduced in size, a most 
important point when it had all to be accommodated 
at the end of the pier. The hydraulic apparatus 
was on the fixed structure, and the chains were led 
to cranes on the pontoon, so situated that the 
could load from truck on to ship, and vice versa. 
Messrs. Armstrong and Co. constructed the whole 
of the hydraulic plant, which was throughout de- 
signed for the special circumstances of the locality, 
and represented a great advance on what had been 
attempted before. 

In connection with the pier there was constructed 
a harbour 600 ft. in length by 200 ft.in width. On 
the quays there were warehouses fitted with hy- 
draulic machinery, and a large crane for lifting a 
truck and its load, weighing 12 tons, and depositing 
it in the hold of a vessel. The silt in the waters 
of the Humber necessitated special provision for 
keeping open the navigation into the harbour. For 
this purpose there were provided 12 sluices, sup- 
plied with water from a reservoir behind the har- 
bour, the stream from each sluice being divided in 
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two, and used for scouring the -dock and entrance. 
The whole of the timber wharfing is revetted with 
a kind of chalk brought from a distance of 12 miles, 
and in consequence of the insecurity of the ground 
is, in many instances, 20 ft. to 30 ft. in thickness. 

This pier has continued in use up to the day of 
the fire, and has accommodated the whole of the 
traffic between Lincolnshire and Hull. The thou- 
sands of people who have been accustomed to cross 
it daily have had it suddenly brought home to 
them how great a part it played in their lives, for 
they must now either go round by Doncaster, or 
cross from Grimsby, which involves a voyage of 
several miles. For nearly 50 years Sir John 
Fowler’s pier has efficiently performed the service 
for which he designed it, and in spite of the ad- 
vances of engineering science in the time, there has 
been no attempt to supersede it. 





THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

On Thursday, the 10th inst., Mr. R. E. B. 
Crompton took the chair at the Institution of Elec- 
trical Engineers for the first time as President, 
and delivered his presidential address. He opened 
his remarks by saying that he should speak more as 
a mechanical than as an electrical engineer, as his 
professional life was well advanced before he turned 
his attention to electric engineering, which might 
be said to date from the Paris Exhibition of 1878. 
The most potent cause of its rapid advance was the 
invention of the glow lamp, which, in a few years, 
had caused the dynamo to increase from an insigni- 
ficant machine to one requiring 500 horse-power to 
drive it. No doubt the same advance would 
ultimately have occurred to meet the demands of 
arc lighting and the transmission of power, but it 
would have required many years to effect it. As 
regards the nature of electricity, he had always 
mentally pictured it as a connecting-rod of infinite 
flexibility, by aid of which action could be effected 
at a great distance. He had probably been led to 
this view by the fact that he had been largely en- 
gaged in his earlier days in the hydraulic transmis- 
sion of power, and it was an easy step to apply the 
conceptions of one method to the other. Part of 
the rapid progress of electric science might be 
attributed, the speaker continued, to the simplicity 
of the problems connected with it. It was a far 
easier thing to design an apparatus connected with 
electricity than with thermodynamics, for example, 
because the losses were so small, and their cause 
and amount so well understood. Nevertheless the 
question of leakage brought great difficulties in 
practice, from the fact that insulating materials were 
of a kind that did not adapt themselves to mechani- 
cal processes, and many of them were subject to 
great change under the influences of heat, damp, and 
grease. Mica was probably the most satisfactory 
in such cases, as it could be used in flat sheets be- 
tween plane surfaces ; slate, porcelain, and moulded 
compounds all left a great deal to be desired. For 
underground conductors it would take many years’ 
experience before they could pronounce as to the 
respective values of the different methods of insula- 
tion before them. 

In the matter of motive power, Mr. Crompton 
said electric engineers had done an immense 
amount of work. At first, of course, they had 
been obliged to adopt the methods of mechanical 
engineers. There were in existence mills and other 
works where large amounts of power were generated 
and applied, and they were told that all they had 
to do was to copy them. But the conditions they 
had to fulfil-were very different from those that 
existed previously, and it was necessary that they 
should provide new means to meet them. They 
had fully repaid whatever they owed the mechani- 
cal engineers, and they certainly led the profession 
in the scientific study of the steam engine. He would 
point, in proof, to the magnificent papers read by Mr. 
Peter Willans, which could never have been 
written had there been no electric lighting. The 
ease with which electric quantities were measured 
simplified experimenting, and in the future every- 
one must know more or less of electricity if he 
wished to have one of the surest methods of re- 
search in his hands. 

The prosperity of electric engineering, said Mr. 
Crompton, required for its attainment that the 
public should be educated in such uses of electri- 
city as would improve the load factor of the supply 
stations, filling up the valleys, and, by comparison, 
levelling the peaks. Even if they had a method of 
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storage comparable with the gasholder, that would 
not suffice for their wants. They needed that the 
small demand for lighting in the summer months 
should be supplemented by the use of current for 
cooking and heating. There was an idea, shared by 
electric engineers, that electric cooking must be 
costly, but it was a mistaken one. The heat was 
so entirely employed for the purpose for which it 
was intended, and so little was wasted in warming 
the air of the kitchen, that electric cooking was 
quite feasible. Again, there ought to be a greater 
demand for motive power. It was so in America, 
and all the inquiries he had made failed to show 
any great difference between the economic and 
social conditions there and those which obtain here. 
There the supply companies often derived quite a 
large return for motive power. The motors were 
of small size, and were used in small industries, and 
in time their use must follow here. Their great 
advantage was that they wasted so little energy at 
low loads. For instance, nothing could be better 
than electric power, in small cabinetmaking shops, 
to drive a circular saw whenever it was wanted. 
Probably the total time it would be in use would 
be 7 to 10 hours a week, and all the rest of the 
time the motor would be stationary, while a gas 
or steam engine must run the whole time, although 
it would be idle four-fifths of it. There were out- 
lets for power even in Mayfair, to assist in 
amateur work, and particularly to provide cold air 
for larders and store-rooms. 

In his Presidential address before the Institution 
of Mechanical Engineers, Professor Kennedy had 
compared the relative efficiencies of driving ma- 
chine tools in engineers’ shops by shafting and by 
separate motors. In each case he had brought the 
useful effect out at about 68 per cent. This, Mr. 
Crompton thought, was too favourable an estimate, 
and that it could only be properly applied to cases 
where the running of the machines was practically 
continuous, as in textile factories. He would place 
the figures at 42 per cent. for mechanical driving 
and 68 per cent. for electric driving. Any one that 
had taken the trouble to watch must have noticed 
how large a proportion of their time machine tools 
were stationary. Mechanical power suffered under 
the disability of giving only a small range of speeds. 
Cone pulleys had usually only four or five steps, 
and speeds intermediate between those correspond- 
ing to the steps could not be obtained. The 
‘* speed-torque-ratio” was not variable at will. In 
this respect the electrical flexible connecting-rod of 
his mental picture came to the rescue of the me- 
chanic. A method had been devised by Mr. Ward 
Leonard by which a transmission apparatus could 
give an enormous range of speed and torque. For 
instance, if the arrangement were applied to an 
electric railway, three dynamos would be mounted 
on the locomotive. The first would be driven by 
the current from the trolley or other line, and would 
act as a motor to drive the second—the generator. 
The current from this generator would drive the 
motor, or motors, coupled to the axle, and by vary- 
ing the fields of the generator and motor it was 
possible to get either a very powerful turning effort 
on the motor with slow speed—for starting the 
train—or a less powerful effort with more revolu- 
tions per minute, as the speed of the train in- 
creased. 

Mr. Crompton protested against the pretence of 
impossible accuracy in electrical measurement. 
He pointed out that many of the instruments were 
subject to only minute forces, and that they could 
only give identical results as long as the friction 
and the relation of the parts continued as they were 
when the calibration was effected. It was almost 
impossible that they should undergo a journey 
from Scotland to London, and yet remain accurate. 
Still less likely was it that the instruments carried 
about by an inspecting engineer should give reliable 
readings ; the probability was in favour of those in 
the works to which he went being the more correct 
of the two, yet there were men who would pretend 
to decide on the efficiency of electric machines, by 
such means, to 1 per cent., and make the acceptance 
of goods depend on such measurements. For his 
part, he had devoted his spare time for eight years 
past to the perfection of the potentiometer method 
of measurement, because by it the chief factors 
were length and weight, which could be accurately 
determined, and which were not subject to 
change. 

In storage batteries the progress during the past 
few years had been as great as it had in the con- 
struction of dynamos, but the Institution had not 





been kept so well informed on the subject as on 
some others, possibly because it was a chemical 
one. The speaker could, however, assure the 
members that the cost of maintenance had been 

reatly reduced. A great deal of attention had 
soe devoted to the subject, not only to the design 
of accumulators, but also to the proper proportion 
a battery should bear to the machinery of a station. 
It had been found out that it was of immense im- 
portance that the lead should be exceedingly pure, 
and should be free from copper and arsenic. Any 
impurities that were present collected on the nega- 
tive plate. 

Mr. Crompton’s concluding remarks were ad- 
dressed to young engineers, and constituted a 
warning against spending money, especially public 
money, on designs hurriedly got out, and with 
inadequate consideration. He considered that many 
electric lighting stations had been equipped without 
sufficient care, and that a few years would demon- 
strate the fact. No scheme ought to be got out 
without a special knowledge of the peculiarities of 
the town and the habits of the inhabitants. The 
Institution did not give sufficient helpin this respect ; 
it was too scientific, and did not take enough interest 
in the economic side of the problems it discussed. 
Many of its members were insufliciently equipped 
for their tasks ; they should travel more, inspect all 
the stations that were within their reach, ask ques- 
tions from every one that knew, and in all manners 
gain information. He would remind them of Pro- 
fessor Kennedy’s address* on the critical side of 
engineering training, in which it was laid down that 
the critical faculty takes years of observation to 
acquire. None were too old to learn, and it seemed 
to the speaker that it was the old that tried the 
hardest. Shyness and fear of criticism often deterred 
the young from exposing their want of knowledge. 
He begged they would cast these feelings aside, and 
lose no opportunity of cultivating a freer interchange 
of ideas. The tea-room presented opportunities that 
ought not to be neglected, and he wished the time 
spent there could be extended. He hoped that 
during his year of office the discussions would be kept 
short, and above all that they would not wander into 
irrelevant issues. It would be a good thing if the 
papers could be taken as read. He begged the 
members not to be led by personal motives in what 
they said, and not to mind commercial interests. 
It might seem damaging to them to follow this 
advice, but it would prove really good for them 
in the end. Mr. Crompton concluded by pointing 
to a diagram he had placed on the wall showing the 
combined load curve of all the London electric 
supply companies on December 20, 1894. He said 
he believed it was the largest output of any city in 
the world. 

We trust that Mr. Crompton may be able to 
carry out his intention of keeping the discussions 
strictly to the matter in hand. Mr. Siemens did 
good service by stopping speakers at the end of 
each 10 minutes, and putting it to the meeting 
whether they should be permitted to continue ; but 
more drastic measures are still needed. Speakers 
require to be kept rigorously to the subject of the 
paper, and not allowed to reply to one another 
concerning matters that are not before the audience. 
It is surprising how a chance remark will lead the 
whole field off on a wrong scent, and when the 
time comes for the reply, the reader of the paper has 
nothing to reply to, for the simple reason that the 
speakers have never criticised him at all. Another 
matter requiring attention is the advocacy of com- 
mercial interests that occurs at the Institution of 
Electrical Engineers, and at many other institutions 
as well. It is a difficult question to deal with. 
When the cobbler declared there was ‘‘ nothing 
like leather,” his neighbours must have felt that he 
knew a good deal about leather, even if he did not 


know much about fortifications, and they listened | Flood 


to him in the hope that he might drop some hint 
that would be useful under the circumstances. So 
it is now ; men who are known to advocate private 
interests cannot be summarily put down, because 
they are generally well-informed on one subject at 
least, and there is always the chance that they will 
make a valuable contribution to the discussion. It 
has to be left to their good feeling not to obtrude 
their own wares; an occasional hint from the 
chair will certainly exert a good influence, and we 
hope that Mr. Crompton, having made a good 
beginning in this respect, will not neglect the sub- 
ject in future. 





* See page 267 of our last volume, 





NINE MONTHS’ RAILWAY 
ACCIDENTS. 

A Boarp or TRraDE return of accidents and casual- 
ties occurring on the railways of the United King- 
dom during the nine months ending September 30, 
1894, has recently been issued. It is full enough 
of facts and figures to delight any statistician, but 
they are all so uninterestingly presented that the 
busy man passes them by, and those who fain 
would understand them run great risk of mental 
dyspepsia. We have, therefore, without omitting 
any fact or figure, recast them in the form of 
Tables—a form which directly appeals to the eye, 
and thus much facilitates comparison and study. 

In Table I. will be found particulars of accidents 
occurring in connection with trains, rolling stock, 
permanent way, &c. Table II. includes accidents 
which may be classed as personal; that is to say, 
they are those due to the presence or action of 
persons who are travelling or working on railways, 
and not necessarily to defects in the rolling stock, 
permanent way, &c. Table III. gives a summary 
of the two previous Tables, and compares them 
with the return for the corresponding period in 
1893. These Tables, together with I.a, I.b, I.c, I.d, 
Le, Lf, I.g, I.h, and Il.a (giving details of broken 
tyres, axles, and rails, and of shunting accidents), 
comprise all railway accidents properly so called, 
while in Table ITV. we have those accidents which 
actually occurred on railway companies’ premises, 
but which are not peculiar to railway working, and 
might have occurred in the streets or in any work- 
shop or factory. 

In all 866 persons were killed and 6532 injured 
on the railways of the United Kingdom during the 
nine months, or an average of over three killed 
and nearly 24 injured per day. Table V. gives 
particulars of these daily averages as regards the 
various classes not only of accidents, but also of 
persons to whom they happened. While mining 
disasters in their magnitude arouse public atten- 
tion, yet it must be remembered that the miner’s 
calling is not so hazardous as that of his railway con- 
frére, for in the latter case the deaths and injuries 
occur usually in single items distributed over the 
whole extent of the country, and are rarely noticed 
by the press, while a mining disaster affords 
usually plenty of ‘‘copy ” to our daily and weekly 
contemporaries. It must be noted, however, that 
about 58 per cent. of the casualties to ‘‘ servants ” 
comes under the head of accidents not peculiar to 
railways. 


TaBLE I.—Accidents to Trains, Rolling Stock, Permanent 




















ay, de 
| Passengers. | Servants. 
Nature of Accident. | o : : 
Sig lBisa| 8 
|] & a | 2 EI 
S45 os == =] > 
| z| R-} i a 
Collision between passenger trains) 17) .. 49 i 2 
” ” ” and) | 
goods trains 2s Pa «| DB 2 69 12 
Collision between goodstrains ..| 8 .. 3 i # 
Running into stations and sidings| | 
at high speed os ae z | 8 31 
Running over cattle* and obstruc-| | 
tions .. os se a2 --| 86 1 2 
Runnivg through level crossing) | 
gates.. oo we s a ee 
Running through points in wrong 
direction .. se as ‘ 1 10 Oe tee | 
Derailment of passenger trains ..| 37 37 1 2 
- goods trains os 5 ‘eo vis | 5 
Failure of machinery, springs, &c., 
ofengines .. os os 1 8 ij 2 
Bursting of boiler or tubes 1 | 
Failure of wheels .. oo ° ier Zz 
ees tyres (see Tables I.a, 
1.0, Le, Id) - s 308 
Failure of axles (see Tables I.e,1.f)} 142 Be 1 
” couplings ° wi 1 1 1 
ax incline ropes .. ee! 
os rails (see Tables I.g, I.h)| 188 
Bes ee oe oe * 2 
Sli ~~ ae o> 6 
Failure of tunnels .. 3 
Fires at stations 4 
Miscellaneous 1 | 
ld 1 | 202 3 | 34 
| 











* During the nine months 18 horses, 28 beasts and cows, and 38 
sheep were run over and killed, and 4 horses, 2 beaste and cows, 
and 3 sheep were run over and injured. 

We do not propose criticising these figures 
until the full returns for the year are issued, 
but we would point out that the prevention of 
accidents is largely an engineering matter, and 
we feel sure that a study of these Tables by 
practical railway engineers, especially the junior 
staff, cannot but be productive of increased 
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TABLE III.—Sommary 





or Tasks I, anp II. 















































. Persons at Level | Trespassers and 
Passengers. Servante,* Crossings. Suicides. Other Persons. 
Nature of Accident. ae eee es SS 
2 3 F 3 ‘ 3 " 3 > 3 
Pere; elT a] el] ae} alas 
iS & is R} eI s iS R=} is & 
From accidents to trains, rolling { 1894 1 202 3 34 
ae «oa lf et ee) a ee 56 
Increase oe | | 
Decrease ‘ 16 208 | “cn * 
81 12 ‘ BF | 
By accidents from other causes... { = 58 be 4 325 1862 | 
Increase os 23 98 36 73 | 
Decrease | 
1894] 82 814 8 | 1969 | 46 17 292 110 32 49 
Totals “ { 103] 75 | 924 | 332 | 191s | 45 | 18 | 265 | 108 23 65 
Increase ee 7 ae | 26 61 | 1 oS. 27 6 | es 
Decrease ; s 110 - i | b een See .~ | - 
Persons Killed. | Persons Injured. 
1894 | 2 
Grand total Pe { 1893 740 3029 
Increase oe 70 
Decrease ee 70 





~ * Of contractors’ servants, 


energy (if such be possible) in devising and econo- 
mically carrying out schemes for the further safe- 
guarding of the lives and materials committed to 
their charge. It is quite possible, though the dicta 
of the Board of Trade inspecting officers lead us 
to believe they do not always grasp it, that a line 
may be so overloaded with safety appliances as to 
make it impossible to run the traffic except at a 
serious loss ; and, though we are not amongst those 
who look on the payment of a dividend as the end- 
all of railway economics, yet we cannot ignore that 
it is an important factor, second only to the preser- 
vation of life and limb, in the running of all railway 
systems. To steer a reasonable course between 
these two conflicting aims forms the basis of the 
arduous duties of all railway officers, and that these 
duties are admirably carried out, on our own rail- 
ways, at any rate, is generally testified by the 
immunity from serious accidents on, and the average 
rate of dividend paid by, what we may justly term 
the most efficient railway system in the world. 


Details of Broken Tyres. 
Table I.a, 


Engine tyres 15 
Tender ,, 7 
Coach ae 2 
Van we es 15 
Wagon ,, private owners 233 
bs », railway companies 36 
308 
Table I.b. 
Iron tyres os a 224 
teel ,, ws ie 83 
Unclassified tyres .. 1 
308 
Table I.c. 
Fastened by Gibson’s method .. 3 
o Maneel’s PA 4 
ve Beattie’s _,, 1 
” bolts or rivets 265* 
os other means 35* 
308 
* Two left the wheels. 
Table I.d. 
Broke through rivet holes 27 
99 the solid .. oo 76 
Split longitudinally or bulged .. 205 
308 
Details of Broken Axles. 
Table I.e. “ 
Engine: Crank or drivin 75 
Leading or trailing 17 
Tender es oe ee 13 
Coach.. a ee 1 
Wagon, private owners’ .. 19\+ 
»» railway companies’ 17J 
142 
“ One salt wagon. 
Table I.f. 
Crank axles: Iron.. a 23* 
Steel 52t 
75 
* Average mileage of 22 = 264,274 miles. 
” ” 50 = ’ ” 
Details of Broken Rails. 
Table I.g. 
Double-headed so oF 54* 
Single a 105 
Bridge 9 
Vignoles 20 
188 
* 25 had been turned. 
Table I.h. 
Iron ss rs 6 
Steel .. 182 





15 were killed and 8 injured. 


TaBLE II.—Accidents from Causes other than Accidents 
to Trains, Rolling Stock, Permanent Way, &c. 





Ser- 
vants. 


Other 
Persons. 


Pas- 
sengers. 





Nature of Accident. | eee 





| Injured. 
| Injured. 


| Kitled. 


Falling between train and platform 
when getting in a as ° 
Falling between train and platform 
when alighting ss oo ° 
Falling on to ballast, platforms, &c., 
when gettingim .. a - 
Falling on to ballast, platforms, &c., 
when alighting pe ae Le 
Getting on and off trains when tra- 
velling .. we os oe ee 
Passing over lines at stations 
Walking or standing on line when 
on duty aa ee +e o 
Walking to or from work 
Working on permanent way a 
Crossing at level crossings, public 
roads .. os e = ie 
Crossing at level crossings, occupa- 
tion roads... - se ere 
Crossing at level crossings, footpaths) .. | .. | 13 
Attending to level crossing gates ..| .. | .. | .. | .. | 
Closing of carriage doors .. Pe eG 
Falling out of carriages and off 
engines when oe a ce Ce ae) oe 
Striking against over bridges, abut- | 
ments, &. a sé co) eal eee eee Wee 
Caught between vehicles .. ES ora eee | 
Attending to, or failure of, engines ‘ a Bias | 
Shunting (see Tabie IIa, oe as 
Trespassing .. se 
Suicides. . ak 
Miscellaneous .. 


Totals 





+o 
nw 
wo 


eS 5 Ss | Iojured. 
++ 


we 
. oS 
tw 


_ 
~~: 


os ll 
17 
119° }135* 
54 | 67 


24 





w 
~ 


14 


196+ 
96 
32 


612 [370 





16 | 95 


81 





1935 











176 65 


¥ Probably includes “fogging ” accidents. 

t Railway servants walking to and from work on foreign lines 
are legally trespassers, and are probably included in this list. 

t Includes those caught between trains and walls, &c. 


TABLE II.a.—Analysis of Shunting Accidents. 
Nature of Accident. Killed. Injured. 
Soames or ——— AP a sae 15 218 
Striking other vehicles (on adjacent 
lines) when riding on vehicles being 


shunted .. én as = 1 10 
Passing over or standing on buffers 12 
Falling off vehicles .. oe oe 12 144 
Braking or spragging es ee ae 2 124 
Attending to ground-points, marshal- 

ling, ee oe ee ee ee 21 
Moving vehicles by capstans, turntables, 

or props, &c., oe - ee us 15 211 
Various =. a «e ee 57 359 

Total 103 1099 


TABLE V.—Daily Average of Killed and Injured. 









































TABLE IV.—Accidents Occurring on Railway Premises, 
but not in Connection with the Movement of Railway 
Vehicles. 






































Pas- Other Ser. 
sengers. | Persons.| vants. 
Nature of Accident. = “eo 
2 ElglEla|k 
a\/8ie@/S8ia],s 
Falling on steps at stations .. ..| 3] 118 
Struck by barrows, falling over | 
packages on platforms “ . | 26 
Falling off platforms .. ws = 30 
Loading, unloading, and sheeting 
wagons.. = ae ee ee 5 | 1009 
Handling goods in warehouses 2 | 2C5 
Working at cranes and capstans, &c. re ae 
Falling of wagon doors, lamps, bales 
of goods, &e. .. se as es 1} 171 
Getting on or off stationary engines 
orvehicles .. “a as a 1 | 211 
Falling off platforms, ladders, scaf- 
folds, &c. oe ate es éohc ae 1l | 302 
Stumbling when walking on line or| 
platform - fy. pe ei ; 228 
Attending to stationary engines in| 
sheds .. ae Be ee — - | 146 
Injured by horses oa a Se RS ee ee 
Working on line or sidings .. ee ee ee 
Miscellaneous .. .. ..  ..| 1 56/ 20 | 151] 10 | 359 
Totals ..| 4 230) 20 | 151) 32 3192 
z 56 persons kitled. 
Grand total { 3573 ,, injured 
NOTES. 


South Arrican Diamonp MInine. 

Mr. Crcit Ruovgs has just announced another 
fabulous dividend on the part of De Beer’s Con- 
solidated Mines (Limited), of which he is the ener- 
getic chairman. It will be remembered that De 
Beer’s Consolidated Mines (Limited) is the outcome 
of a policy of amalgamation and consolidation of all 
the scattered and previously divergent interests of 
Griqualand West diamond mining. The object of 
Mr. Rhodes and those who associated themeelves 
with him in the formation of De Beer’s Coneoli- 
dated Mines (Limited), was first to abolish com- 
petition between South African diamond mining 
companies ; and, secondly, to reduce expenses of 
management. Thus far these two objects have 
been attended with success ; but a new factor is 
now observable in the situation, viz., the develop- 
ment of a new’ diamond field in the Orange Free 
State. The Kaap Vallee district in the Orange 
Free State appears to be almost as rich in diamonds 
as Kimberley itself; and as working operations 
have been commenced in the new district with 
considerable energy, it may yet prove a formidable 
competitor to De Beer’s Consolidated Mines 
(Limited). In that case the exertions of Mr. Rhodes 
to avoid competition in connection with South 
African diamond mining may prove fruitless. But 

erhaps the organising genius of Mr. Rhodes may 
S equal to the occasion, and the Kaap Vallee may 
simply prove a new world for him to conquer. In 
any case, future developments will be awaited with 
interest. 


THE INTERNATIONAL BurtpInG TRADES 
EXHIBITION. 

An International Building Trades Exhibition 
will be held at the Agricultural Hall next April. 
A strong consultative committee, comprising several 
well-known names, has been formed, amongst 
which we note that of Mr. John Mowlem Burt, of 
Messrs. Mowlem and Co., Professor Bannister 
Fletcher, and Mr. Thomas Minton. There have 
been exhibitions of a similar kind for some 10 
years past, but they have only achieved a moderate 
degree of success. An attempt is now being 
made to put the matter on a better footing, 
and to interest the whole architectural profession 
and the building trade in it, and it is believed that 
a much better show will be gathered together than 
ever before. Certainly the building trade, with its 
wide ramifications, ought to be able to support an 
annual exhibition. It has been decided to accept 
no exhibits save such as really are cognate to 
the building trade, and to insist on a rigid 
classification of the goods. An endeavour will 
at the same time be made to induce the manu- 
facturers of the goods, rather than the merchants, 
to become exhibitors. A series of lectures on tech- 
nical subjects have been arranged for, and will be de- 
livered while the exhibition remains open. Amongst 
theseit is to be hoped that some will begiven onstruc- 
tural ironwork, with respect to which our architects 





Passengers. ae: | Servants. 

a 3 ‘ 3 =] 

4 ‘| iq 4 i R-} 
From _accidents__ to; 
trains, permanent 

way, &c. on --| .004 74 -O1 12 
From personal acci- 
dents peculiar to rail- 

ways .. oe --| .297 | 2.25 | 1.36 -64 | 1.30 | 7.08 
From accidents 
not peculiar to 

railways os -.| .014 .84 .07 55 -12 | 11.70 

Totals .. .| .815 | 3.83 | 1.43 | 1.19 | 1.43 | 18.90 

oo 3.17 persons killed per diem. 
Grand total { °° 9.99PM rn 


seem to be much behind the times, as witness the 
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extensive use of cast-iron stanchions, and the in- 
efficient methods of fireproof construction so often 
adopted. The weight of ironwork in a fireproof 
floor to carry a given load is probably at least 30 
per cent. less in America than in current English 
practice. Possibly the hard-and-fast municipal bye- 
laws common here have much to do with this, as 
they certainly check enterprise, and no one cares to 
fight the local authority unless he has considerable 
pecuniary interests at stake. Hence almost the only 
chance of improved methods being adopted is for 
them to be patented, and as most of the best 
methods are now unpatentable, their adoption in 
the near future seems improbable. This is another 
instance of the truth of the late Sir William 
Siemens’ aphorism to the effect that, if a valuable 
but undeveloped invention were lying round in the 
street, it would pay the community to give some one 
man a monopoly in it, better than to leave it free 
to all comers. No one is going to take the trouble 
of overcoming the prejudices of local surveyors, 
and the ignorant obstructiveness of local boards, 
if he does not see his way to getting well paid for 
his trouble. 





THe Spence-Doutton System oF LAYING 
Exvectric Licut Mats. 

The method of laying electric light mains by 
supporting naked copper strips upon insulators in 
conduits under the footways is modified in the 
Spence-Doulton system by providing continuous 
vitrified stoneware tubes to carry each main. A 
number of tubes are grouped in a single conduit, 
which may be of concrete, brick, iron, or other sub- 
stance ; these tubes form a series of air and water 
tight channels within the conduit, through which 
the strips are laid. The tubes are supported about 
every 2 ft. on porcelain bridges, and in this way a 
high degree of insulation is obtained, first by the 
substance of the tubes themselves, and next by the 
insulating bridges. Even if the culvert should fill 
with water, the tubes will still protect the 
copper. The tubes are in lengths of about 2 ft., 
with spigot and socket ends provided with Doulton’s 
patent joint, which is practically an artificial bored 
and turned joint requiring no cement. The con- 
nections to the consumer’s premises are made in 
the way shown in the illustration. A part of a 
tube is enlarged to a PD section, and is fitted with 





a cover through which an insulated conductor is 
passed and soldered to a copper strip lying in the 
inside of a hooked bracket. The bottom strip of 
the bundle is sweated to the copper, and thus 
makes contact with the insulated conductor. 
This service box offers no impediment to addi- 
tional strips being drawn in as the demand for 
current increases. Each strip lies on the top of 
the preceding one, without straining devices or the 
possibility of sagging. ‘The joints between the 
tubes are sufliciently elastic to allow of moderate 
curves to be followed. Messrs. Doulton and Co., 
of Lambeth, London, are the makers of the new 
conduits, which have a great deal to recommend in 
them, as they provide a safe and durable method 
of laying mains. 


Tue Srpertan Ratiway. 


The works in connection with this large under- 
taking are being pushed ahead with the greatest 
energy, under the auspices of the young Emperor, 
whe intends to retain the presidency of the 
Siberian Railway Committee. There is reason to 
believe that the West and Central Siberian Rail- 
way will be ready by the year 1900. What is called 
the Baikal Ring Line will not be commenced till 
the other sections are taken in hand, but it is ex- 
pected to be completed by about 1904. The Baikal 
Lake will in the meantime be used for the trans- 
port of railway material for the Trans-Baikal sec- 
tion, from Myssonskaza to Stretensk. This section 
has an aggregate length of 680 miles, and on it a 
great number of engineering difficulties have 








to be overcome. The district through which 
the railway is to pass is very thinly popu- 
lated, there are many mountains and elevated 
plateaux, and the climate is very severe, the 
soil being at all times frozen. The highest 
point which the railway will touch on this section 
is about 3200 ft. above the level of the sea. On the 
railway lines referred to, there will have to be 
built the immense number of 973 bridges. The 
longest of these is the Selenga Bridge, which will 
be about 3000 ft. long ; for comparison’s sake, it 
may be stated that the large Griinthal Bridge over 
the North Sea-Baltic Canal is only 620 ft. It was 
originally under contemplation to use wood as 
bridge-building material in some places, and to use 
steam ferries at others, but both these plans have 
been abandoned, although this alteration will 
entail an additional expense of about 25 per cent. 
upon the originally calculated cost. Stretensk is 
situated at the Shelka River, which is an auxiliary 
to the Amur River. The connection between 
Stretensk and Chabarowka, a distance of some 
1300 miles, will, in the meantime, be carried out by 
steamers. At Chabarowka, which is situated at 
the entrance of the Usuri River into the Amur 
River, a bridge will have to be built of 7700 ft. 
length, which is more than 2} times the length of 
the Strelenka bridgeon the Central Siberian section. 
The last large section of the Siberian Railway 
will connect Chabarowka with the naval port of 
Vladivostok. One-half of this section, from 
Vladivostok to Grosskoia, will be ready in the 
present year, and the second, from Grosskoia to 
Chabarowka, a distance of some 230 miles, has to 
be ready in the year 1898. The headquarters of 
the West Siberian Railway are at Tschetjabinsk. 
The section which comes under this management 
terminates at the bridge over the River Ob, which 
bridge has a length of 2600 ft., and is situated at 
Kriwoschtokowa ; this section should Ye completed 
in the year 1896. The headquarters of the Central 
Siberian Railway are at Tomsk. Each section is 
divided into sub-sections of about 85 miles length. 
For about every 20 miles there is an engineer, with 
assistant engineers. Next year a large number of 
convicts will be employed in the building of the 
railway, and so as to remove any inducement to try 
to escape, they will obtain the same pay as the 
free labourer, and when the railway is completed, 





half their term will be wiped off. The proper earth 
and bridge-building works can only be carried on 
during the period from May to about the middle of 
October. 


ACETYLENE AS AN ILLUMINANT AND Gas ENRICHER. 

In a letter published in our issue of December 21 
last, Professor Henry Morton described a method 
of producing calcium carbide by heating together, 


in the electric furnace, a mixture of lime and| py 


coal-dust. The peculiarity of the product in 
question, originally discovered by Wohler, is the 
fact that in contact with water this carbide is 
decomposed, with the production of acetylene 
and lime. In a very interesting paper read last 
Wednesday before the Society of Arts, Professor 
V. B. Lewes proposes to use this material for the 
enrichment of coal gas. The illuminating power of 
acetylene is enormous, being no less than 240 
candles when burnt at the rate of 5 cubic feet per 
hour. Its advantages over other hydrocarbons are 
clearly shown by the following Table : 

Illuminating Power of Hydrocarbons for a Consumption of 

5 Cubte Feet of Gas. 


Candles. 
Methane 5. 
Ethane ... 35.7 
Propane... 56.7 
Ethylene 70.0 
Butylene 123.0 
Acetylene 240.0 


The cost of producing the carbide is said to be 4I. a 
ton, or 3/. 10s. if allowance is made forthe value of the 
lime recovered. As 1 ton of the compound will give 





11,000 cubic feet of acetylene, the cost of the latter 
may be taken at 6s. 43d. per 1000. The oil gas 
used in Young’s process for enrichment of coal gas 
costs, Professor Lewes states, about 3s. 4d. per 
1000, and has, per se, an illuminating value of 60 
candles, though it is claimed that for enrichment 


purposes it is equivalent to a 96-candle gas. Ad- 
mitting this, the oil gas would have to be produced 
at 2s. 6}d. per ton to be as cheap an enricher as 
acetylene. The Jatter has also considerable ad- 
vantages in the size of the plant required. The 
principal objection to the use of acetylene for the 
purpose is that it attacks copper and, to a less 
extent, brass pipes, with the formation of an explo- 
sive compound. As gas pipes in general are either of 
iron, lead, or compo, this point is of no very great im- 
portance, though it would be necessary to tin the brass 
tubing of gaseliers, &c. The calcic carbide, as pro- 
duced, can be cast into sticks, and one of these sticks 
would form a convenient means of producing a 
portable illuminant. It would only be necessary 
to place such a stick in water to have acetylene 
evolved, and this when burnt at the rate of half 
a cubic foot per hour would give a light of 24 
candles. In fact, the acetylene would be equivalent 
to ordinary London gas at 6d. per 1000. Professor 
Lewes suggests that this method might be used for 
railway carriage lighting, replacing compressed oil 
gas.. Similarly, if, as is possible in the future, 
gas works take to making fuel gas in place of 
illuminating gas, the former could be enriched on 
the consumer’s premises by means of acetylene 
produced in this way. Another advantage is that 
the temperature of the flame is low, being but 
1000 deg. Cent., whilst that of coal gas is as much 
as 1360 deg. Cent. At the same time the flame 
produces little carbon dioxide when compared with 
other flames giving the same amount of light. In 
illustration of this, Professor Lewes has given the 
following Table : 


B Gas | Diomde 
urner. ioxide 
Consumed. Produced. 
cub. fb cub. ft. 
Flat flame, No. 6 ... 19.2 10.1 
hs 22.9 12.1 
- ae 25.3 13.4 
London Argand 15.0 7.9 
Acetylene ... ie 1.0 2.0 


The gas is, it should be stated, poisonous, having 
similar effects to carbonic oxide, but whilst the 
latter is quite edourless, acetylene has a powerful 
smell, which would give warning of its presence 
long before the danger point was reached. 





ENGLAND AND THE LOw Countrigs.—The Dutch 
Government has granted a concession for the establish- 
ment of a direct telephone line between England and 
the Low Countries. 





LonpdON ASSOCIATION OF FOREMEN ENGINEERS AND 
DravGHTSMEN.—The annual meeting of this society was 
held on Saturday, the 5th inst., in the Cannon-street 
Hotel, when the balance-sheed was submitted and ap- 
proved of, — the total amount of stock, &c., to credit 
as 4867/. 12s. r. R. J. Cook, of Messrs. Thornycroft 
and Co., Chiswick, was elected president, and Mr. Wm. 
Royal, of Messrs. Mills and Knight, Fountain Dock, vice- 
president for the current year, and votes of thanks passed 
to the retiring officers; and after some miscellaneous 
business, the meeting closed. 





Tur INTERNATIONAL Rattway ConGRrEss.—The follow- 
ing programme has been arranged for the International 
ilway Congress to be held at the Imperial Institute, 
June 26 and July 9, 1895: 

Wednesday, June 26, 3 p.m. Ceremonial opening by 

H.R.H. the Prince of 
Wales. 

Excursions to objects of 
railway interest in Lan- 
cashire and elsewhere. 

Meetings (general or sec- 


Thursday, June 27 

Friday, +s 

Saturday, ,, 29 

Monday, July 1, 10 tol i 


2,,5 tional). 
Tuesday, » 210%11 Ditto ditto 
Wednesday, ,, 3,10. 1 Ditto ditto 
Afternoon Excursions to points of 
railway interest in or 


near London. 


Thursday, July 4, 10 tol \ Meetings (general or sec- 
2 


; ae tional). 
Friday, =» 51051 Ditto —_— ditto 
tB ] 
Saturday, » “G30 4, 2 Ditto ditto 
Afternoon Pleasure excursions. 
Monday, » 8, 10 to sf Meetings (general or sec- 
. tional). 
Tuesday, so Re eek Ditto ditto 


2,,5 Closing ceremony. 
Excursions start for Scot- 


Wednesday, ,, 10 
land, &c. 
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PHYSICAL SOCIETY OF LONDON. 


Ar an extra meeting of the Physical Society held on 
Friday, January 11, 1895, in the physical laboratories 
of University College (by invitation of Professor Carey 
Foster), Professor Riicker, President, in the chair, Pro- 
fessor Ramsay read a paper by himself and Miss Dorothy 
Marshall on ‘Zhe Measurement of Latent Heats of 
Vaporisation of Various Organic Liquids.” The liquid 
to be examined is placed in a small flask with a narrow 
neck, and within this is a platinum wire which has its 
two ends fused through the bottom, so as to be capable of 
conveying an electric current, and thus giving heat to 
the liquid. The flask is completely inclosed in a jacket, 
which is filled with the vapour of liquid of the same kind, 
kept briskly boiling in a somewhat larger flask. Before 
the current is turned on the vapour jacket is kept going 
for some time, so that the liquid in the flask is raised just 
to its boiling point, but no appreciable evaporation takes 
place. As soon as the current is turned on, boiling com- 
mences, and as the temperature of the liquid cannot 
be further raised, all the heat developed in the wire is 
expended in producing evaporation. By weighing the 
flask before and after, the mass of liquid vaporised is 
determined. So far the authors have only used the method 
for comparative determinations. Two arrangements of the 
kind described are placed side by side, and the same cur- 
rent is sent through their two wires, which are joined in 
seriesand haveapproximately equal resistances. The actual 
values of the resistances are found while the current is 
flowing, and allowance is made for their inequality. The 
ratio of amounts of heat expended on the two liquids 
divided by the ratio of the masses vaporised, is equal to 
the ratio of their latent heats. As a standard liquid of 
known latent heat, the authors prefer alcohol to water, as 
it vaporises more easily and with less bumping. The 
determinations made by this method agree well with 
those of other observers, but the authors’ object is to 
obtain values correct within about 4 per cent. for a large 
number of liquids, rather than a highly accurate value for 
any one substance. 

In reply to Mr. Griffiths, the authors stated that the 
platinum wire was found to rise about 20 deg. above the 
temperature of the liquid, and Mr. Griffiths said that his 
experience had been similar. He did not see why a very 
high _ of accuracy should not be obtainable by the 
method. 

Professor Riicker expressed his admiration for the work, 
and thought it justified by the fact that the results 
accorded more nearly with theory than those of other 
observers. 

Mr. Eumorfopoulos read a paper on ‘The Determi- 
nation of Thermal Conductivityand Emissivity.” In the 
first series of experiments described, two bars of the same 
material and polish, and each of uniform circular section, 
are heated, each at one end, until the distribution of tem- 
perature has become steady. By means of two thermo- 
joints (one on each rod), a series of isothermal points are 
then found. According to the ordinary theory, if the 
two bars agree in temperature at a given pair of points, 
they will also agree in temperature at distances x, and 
2 measured respectively from these points, where x, and 
2 are connected by the relation 2/22 = +/ (7;/re), 7, and 
ro being the radii of the rods. This relation was not 
found to hold good for the rods examined, some being of 
brass, others of copper and of German silver. In all 
cases 2,/%2 was further removed from unity than the 
ordinary theory would require. One conclusion was that 
the formula usually adopted in such cases could not be 
used for the comparison of conductivities, unless the 
radii of the rods compared are equal, and their surfaces 
in the same condition. For it seemed unlikely that the 
thermal conductivity of the smaller of each pair of rods 
was less than that of the thicker one. To settle the 
question, three brass rods were chosen, and their absolute 
conductivities compared by Angstrém’s method, one 
end of the rod being alternately heated and cooled, 
and the alternations of temperature observed at two 
points along the rod, as soon as they had assumed a 
periodic character. At each point of the bar the excess 
of temperature over surroundings may be analysed into a 
Fourier’s series, consisting of a constant term and series 
of sines and cosines. Hence both emissivity and conduc- 
tivity were calculated. The emissivity was found to 
vary considerably with the radius, being greater the 
thinner the rod; moreover, the value of the emissivity 
deduced from the first sine term of the Fourier’s series 
was in each case found to be about 1.2 times as great as 
that deduced from the constant term. 

Mr. A, W. Porter then read a paper ‘“ On the Influence 
of the Dimensions of a Body on the Thermal Emission from 
its Surface.” The ordinary assumption is that whether a 
body is in vacuo or surrounded by air, the ‘‘ emissivity” 
(i.e., the amount of heat passing outwards from unit area 
per second per degree excess of temperature) is indepen- 
dent of the size of the body. Results obtained experi- 
mentally by Péclet for cylinders and spheres of different 
sizes show that the emissivity depends materially upon 
the size of the body. Péclet’s formule for cylinders 
and spheres surrounded by air show that for each of 
these forms the rate of emission per unit surface, exclu- 
sive of the radiation effect, may be represented by a con- 
stant plus, a term inversely proportional to the radius. 
Experiments on thin wires by Messrs. Ayrton and 
Kilgour have also shown that the emissivity can be ex- 
pressed through a considerable range of radius in the 
form given by Péclet, and the experiments on rods made 
by Mr. Eumorfopoulos, and already described in this 
report, lead to the same conclusion, The author examines 
the results of supposing the loss to follow only in part 
the law of radiation, the remainder being assumed to 
pemana the law of conduction. He thus arrives at a 

ormula 





=h+- _ aan ; 

: ° a (log R—log a) 

where ¢ is the emissivity, a the radius of the rod, R the 
radius of a hollow cylinder which surrounds the bar, and 
above which the excesses of temperature are reckoned ; 
while h and c are constants. This formula has been com- 
pared with experimental results of Ayrton and Kilgour, 
of MacFarlane, of Bottomley, and of Péclet, and has also 
been directly checked by experiments on a brass rod 
when surrounded by water-jackets of different radii, as 
well as on the same bar unjacketed. The aubhor finds 
the agreement to be much closer than is the case on the 
theory of constant emissivity, or with empirically deduced 
formula of Ayrton and Kilgour, and he concludes that 
the inclosing boundary is as important a factor in debter- 
mining emissivity as the size of the body itself. 

Professor Carey Foster thought that in demonstrating 
the influence of the inclosure Mr. Porter had established 
an important point. 

Professor Ayrton agreed as to the importance of the 
influence of the inclosure. Some years ago he had 
noticed that when the diameter of a wire was small, the 
power required to keep it red-hot by the passage of a 
current was nearly independent of the diameter. This 
would also follow from Péclet’s formula. He urged that 
in such experiments as those of Mr. Porter and Mr. 
Eumorfopoulos, the conductivity and emissivity, which 
were functions of the temperature, should not be assumed 
constant along the bar. ; 

Mr. Trotter objected to the use of the term ‘‘emissi- 
vity ” as including loss of heat by contact with the air, 
in addition to the loss by radiation. Mr. Griffiths said 
that in some of his experiments, where a wire conveying 
an electric current was immersed in a liquid in order to 
heat the latter, the rise of the temperature of the wire 
above that of the liquid was found to be nearly indepen- 
dent of the diameter of the wire. 

Mr. Eumorfopoulos, replying to Professor Ayrton’s 
criticism, said that in each case his comparison had been 
between portions of bars in which the range of tempera- 
ture was the same. Moreover, the variation of emissivity 
and conductivity with temperature as found by other 
observers would be quite insufficient to account for his 
results. 

Mr. Porter said that the term emissivity had come to 
be accepted as referring to all heat lost at the surface of 
a body, whether by radiation or by conduction and con- 
vection. In thatsense he had used the term. 

Professor Riicker thought that emissivity, in this sense, 
was not a good term, but to change now would probably 
only make greater confusion, 

Mr. G. UP Yule then gave a brief outline of his paper 
** On the Passage of an Oscillator Wave-Train through a 
Plate of Conducting Dielectric.” By a conducting dielectric 
the author means a substance whose conductivity and 
dielectric capacity are both of importance in the case 
under discussion, and the paper is mainly an investiga- 
tion of the following problem: A train of plain electro- 
magnetic waves falls at normal incidence on an infinite 
parallel-sided plate of conducting dielectric, whose thick- 
ness is finite, and at the first face of the plate, the ampli- 
tude of the vibration-vector in the incident train is zero 
up to a certain instant, and then becomes equal to an 
harmonic function of the time, multiplied by an exponential 
function with negative index. To tind what proportion 
of the energy of the whole incident train is reflected back. 
what proportion is transmitted through the plate, and 
what proportion absorbed. At successive incidences of 
reflected and re-reflected wave-trains upon the two bound- 
ing faces of the plate, the amplitudes and phase changes 
of reflected and transmitted portions have tobe taken into 
account, and the resulting infinite series of terms have to 
be summed. The analysis is very long, but the results 
obtained are exact. Curves are given, showing (for 
special numerical values of the constants of the problem) 
the quasi-period, #.¢., variation of the amounts of energy 
transmitted and reflected, as the thickness of the plate is 
increased from zero up to a high value. Other curves are 
given showing the effect of varying the dielectric constant 
and the conductivity of the plate, and the difference be- 
tween a ‘‘damped” and an ‘‘undamped ” wave-train in 
regard to intensity of reflected and transmitted portions. 
The author compares his calculated results with measure- 
ments obtained in the case of oscillator waves travelling 
along a double-wire circuit, about 100 metres in length ; 
the wires at the middle of the circuit being run through a 
jar containing distilled water, alcohol, or a very dilute 
electrolyte. The necessary corrections, however, are diffi- 
cult and uncertain, and the author has not found it pos- 
sible to deal with them in a satisfactory way. 

A letter from Dr. EK. H. Barton was read, emphasis- 
ing the necessity for taking into account the damping 
in the oscillator-train, and at the same time pointing 
out why, in his opinion, the corrections applied bd 
Mr. Yule were inadequate, and failed to yield intel- 
ligible results. 

Professor Riicker congratulated Mr. Yule on his work, 
and on the importance of the results he had obtained. 
In returning the thanks of the Society to Professor Carey 
Foster for the invitation to meet in University College, 
he expressed the pleasure he had felt in observing the 
extent and completeness of the laboratories. Hitherto, 
London had been behind the provinces in this matter 
and it was gratifying to find that students in London had 
now such opportunities for practical instruction in physics. 
The papers which had been-read at that meeting were a 
proof that good use was being made of the laboratories for 
the purposes of research. The educational experiments 
they had seen in the laboratories were excellently devised, 
and he hoped that many of them would become a part of 
the regular course of instruction in the country. 

Professor Foster briefly replied. 


ROYAL METEOROLOGICAL SOCIETY. 


THE annual meeting of this Society was held on Wed- 
nesday evening, the 16th inst., at the Institution of Civil 
Engineers, Great George-street, S.W., Mr. R. Inwards, 
F.R.A.S., President, in the chair. 

The Council, in their report, reviewed the work done 
by the Society during the t year, and also stated that 
additional accommodation had been provided to meet the 
growing needs of the library. Forty-fivenew Fellows had 
been elected during the year, 

Mr. Inwards, in his Presidential Address, dealt with 
the subject of ‘* Weather Fallacies,” which he treated 
under the heads of saint’s-day fallacies, sun and moon 
fallacies, and those concerning animals and plants. He 
also referred to the almanac makers, weather prophets, 
and impostors who have from time to time furnished the 
world with fit materials for its credence or its ridicule. 

Mr. C. Harding read a paper on “‘The Gale of De- 
cember 21 and 22, 1894, over the British Isles.” This 
storm was one of exceptional severity, especially over 
the northern portions of England and Ireland and in the 
south of Scotland. It developed —— very quickly, 
and travelled with great rapidity. e self-recordin 
anemometers show that the greatest violence of the win 
occurred at Fleetwood, where the velocity was 107 miles 
in the hour between 8.30a.m. and 9.30a.m. on the 22nd ; 
and for four consecutive hours the velocity exceeded 100 
miles. This is the greatest force of wind ever recorded 
in the British Isles, and is 10 miles an hour in excess of 
the highest wind velocity in the great storm of November 
16-20, 1893. At Holyhead the wind, in squalls, attained 
the hourly velocity of 150 miles between 10 a.m. and noon 
on the 22nd. The strongest force was mostly from the 
north-westward. Much destruction was wrought both 
on sea and land, and there was a heavy loss of life, 





THE SCIENCE AND ART DEPARTMENT 
AND TECHNICAL TRAINING FOR 
ENGINEERS. 

To THE EprTor oF ENGINEERING. 

Srr,—Again may I trespass on your space in reply to 
‘* An Engineer,” whose letter appeared in your issue of 
the 5th inst? I may at the commencement tell him that 
before I took part in the discussion on the above subject, 
I thoroughly digested the whole of the article on techni- 
cal education which appeared some few weeks since in 
your journal ; as well as the whole of the letters which 
have been published, the one by ‘‘An Engineer” in- 
cluded ; and I at once concur with him that draughts- 
men and workmen should have the chance of being 
selected for a higher education in order to fit them for 
the more responsible positions peculiar to their particular 
profession, and which their abilities will allow them 
to fill, 

The Science and Art Department have led the way in 
this direction, and whatever may be the failings or other- 
wise of their system, many will have good cause to bless the 
day when they instituted a means by which a path for 
progress was opened up to the working classes of this 
country ; and which has given rise in various directions 
to the advancement of these classes educationally. With 
regard to engineers, I still maintain, as I did in my 
previous letter, that the advanced course in mechanics, 
&c., given at the Royal College of Science, compares more 
than favourably with similar courses given at other engi- 
neering colleges, two of the principal of which I in- 
stanced before. But while I maintain this, I do not say 
that no improvement could be made at the Royal College 
of Science. For instance, an engineering laboratory train- 
ing would be a welcome addition to the course, though, 
as I said before, this it is hardly necessary to a student 
who has had a good workshop experience during his 
apprenticeship. With regard to the course on chemistry 
and geology, I certainly agree with your correspondent, 
that so far as an engineer is concerned, too much 
time is devoted to these subjects, in fact, geology may 
be dispensed with altogether, except, perhaps, in the 
case of a mining engineer, and the time devoted to 
chemistry might be very reasonably curtailed, and 
lectures of a more practical nature substituted. Your 
correspondent suggests that these lectures should be on 
such subjects as foundry work, or mixing of brasses, &c.; 
these are, of course, good in their way, but the term engi- 
neering should not be confined to this narrow groove, 
but must be considered as comprising the great allied 
branches of naval architecture, civil engineering, &c.; 
and hence I think that a general engineering course should 
consist chiefly of design work and calculations. Now the 
advanced course at the Royal College of Science is of this 
nature, comprising not only ‘‘ machine design,” which 
— correspondent says is the only satisfactory element, 

ut also bridge construction and design, strength of 
materials, &c., and only those who have taken the course 
know the extent and intrinsic value of these lectures 
and work; and I think I can safely say that the train- 

ing here obtained is one of the best to be had from a 

theoretical point of view. 

I remain, Sir, yours sincerely, 
January, 1895, A MEcuHANIcs STUDENT. 


To THE Epitor or ENGINEERING. 

Srz,—‘‘ An Engineer,” in referring to my letter on the 
above subject, speaks of my ‘‘ tender years,” and then 
proceeds to ask me what he evidently considers an un- 
answerable question. 

This seems very unkind and inconsiderate of him if he 
really thinks I am so juvenile. However, his hasty con- 
clusions, like most others similarly arrived at, are wrong, 
as Iam not so very young (I only wish I were), and there 
is an answer to his question. The Royal College of 





Science is intended primarily for the instruction of 
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teachers and for the theoretical training of practical men 
of the industrial classes in various branches of science. 

Now there is an impression in the minds of many 
people that the college does not fulfil its intention, and 
that an ‘‘A.R.C.S.” is a degree of very little value, 
and its possessors inferior men. The letters of ‘‘ An 
Engineer ” and of some of your other correspondents tend 
to confirm this impression, and as it is a matter of some 
importance, I compared the ‘‘A.R.C.S.” with the 
**B.Sc.” degree as a standard, the ‘‘B.Sc.” being 
widely known, and its value considered very high. In 
doing so I looked at the matter from the point of view of 
teachers of science, and I think I proved that the 
** A.R.C.S.” is much more difficult to obtain than a 
‘* B.Sc.,” so far as scientific knowledge is required. I did 
not trouble myself about the practical engineer’s side of 
the question, as I hoped others would do that, and they 
have, successfully too, as witness the letters of “A 
Mechanics Student” and ‘‘H. D.” 

I may say, further, that in his last letter “‘ An Engi- 
neer ” makes several mistakes with regard to what course 
a student is compelled to take through the college. 

A student may take up Parts IT. and ITI. of Mechanics 
in his second year if he satisfies the council about Part I. 
(see regulation 9), but the instruction to the advanced 
class in Part I. is not to be despised. After this, if he 
wishes only to receive instruction in mechanics, he may 
resign his scholarship and thus save one year of his 
valuable time, or he may take Parts II. and III. in 
Physics, or apply for the Metallurgy course, and thus 
obtain the knowledge, re mixing brasses, which ‘‘ An 
Engineer” sets such store by. 

With reference to the training of chief draughtsmen 
and works managers, he himself admits that a very little 
would make the course the finest in the kingdom for 
machine design, and I venture to say, with all due defer- 
ence to “ Pry oe metal that no alteration in the course 
would make it suitable for future works managers, unless, 
indeed, the college be converted into an engineering 
works and the students allowed in turn to manage it for 
12 months, under the superintendence of an experienced 
works manager, which I fancy would just meet “‘ An 
Engineer’s” wishes. 

With regard to the future Professor of Mechanics, if I 
may venture an opinion, I should say that, since me- 
chanics is essentially a mathematical science, he should be 
a first-class mathematician and engineer, and the mathe- 
matical instruction might have more time devoted to it 
than is at present, considering the great amount to be 
done in order to obtain the associateship. Then, with a 
more extended use of the engines and machines already 
in the possession of the college or the neighbouring 
museums, the course could not be surpassed in the king- 
dom, bearing in mind the class of students for whom it is 
intended. 

Having now more than answered ‘* An Engineer’s ” 
question, perinit me to ask him what has ‘‘ tender years ” 
got to do with the subject under discussion ? 

I remain, yours faithfully, 


« 








CYLINDRICAL v. WATER-TUBE BOILERS. 
To THE EprToR oF ENGINEERING. 

Srr,—With your permission I would like to make a few 
remarks upon the correspondence which is taking place 
in your journal upon the subject of water-tube boilers. 
The letter in your issue of January 11, signed *‘ Italicus,” 
induces me to take a part, although a feeble one, in the 
correspondence. 

‘** Ttalicus”” objects to the comparative trials between 
water-tube and cylindrical boilers quoted by Mr. Sampson 
upon the ground that the cylindrical boiler was not forced 
sufficiently. In your issue of January 4 we find that 
** Consulting Engineer ” enters a protest on the way that 
the cylindrical boilers were pushed. It is very evident 
from this that to please all ties is impossible. Per- 
sonally, I think, considering the steam pressure and other 
points, the evaporative trials referred to may be con- 
sidered as highly satisfactory for the water-tube boiler. 

However, to return to “Italicus,” he quotes the 
Lagrafel and D’Allest boiler, together with results of 
evaporative trials, and appears to glory in the fact that 
31 1b. of coal can be burnt per square foot of grate. He, 
together with many others, labours under the impression 
that the Belleville boiler burns a limited amount of coal 
per square foot of grate perforce; there was never a 

eater mistake. he simple facts of the case are as 

ollow : 7 the peculiar design of the Belleville 
boiler, nearly the whole of the area of the boilers in plan 
represents grate surface, with the result that forced 
draught is unnecessary, and, therefore, why use it? 
Surely when a certain quantity of water can be 
evaporated in a given space, upon a given weight, 
burning 20 lb. of coal per square foot of grate, the 
boiler which can accomplish this is much to be 
preferred to a boiler which will evaporate the same 
quantity of water in the same space, but has to burn 
31 Ib. of coal to do it, owing to the deficiency of grate 
area, Forced draught came upon‘us as a necessary evil; 
we were obliged to use it in order vo burn the requisite 
amount of coal, and because we could not design a boiler 
with grates sufficiently large to burn that coal with 
aa! draught only. If one likes to brick up half 
the Belleville grate, there is not the slightest reason why 
one should not indicate the power consuming 40 Ib. of 
coal per square foot, but it is generally preferred by sea- 
going men to use the large grates and moderate rate of 
combustion, So much ie the quantity of coal per 
square foot of grate, or, in other words, indicated horse- 
power per square foot of grate, a term which should 


‘of cylindrical v, 


seldom be used, as it is most misleading 
“Ttalicus” rather goes off the track 


water-tube boilers in his efforts to show that the Lagrafel 


and D’Allest boiler is better than all others. Let us take 
a broad view of the situation. The simple facts are 
these : Tocompare the Lagrafel and D’Allest boiler with 
the Belleville is to compare a comparatively untried 
enerator with one that has stood the test of many years’ 
—_ service. The Belleville boilers have been for over 
10 years in constant navigation. We will quote, for 
instance, the cruisers Milan and Hirondelle, which have 
scarcely been out of commission since they left the dock- 
yard ; also the Alger, which, after many years in com- 
mission, has now ed selected for the China Seas, as 
being the most suitable cruiser in the French Navy for 
the purpose of making long commissions without _necessi- 
tating serious repairs, thanks to its possessing Belleville 
boilers. It would be interesting to note that the cruiser 
Alger, carrying 24 Belleville boilers, made the voyage 
in company with the English cruisers Edgar and 
Spartan, which upon their official trials made 20.88 knots 
and 19 knots respectively, and although the British 
cruisers had the start, the Frenchman arrived first at 
Colombo, also at Saigon, notwithstanding a detour which 
increased the route by 65 miles. Take, again, the instance 
of the Russian ironclad Minine, which has, on two occa- 
sions, made voyages round the world. Also let us quote 
the Messageries Maritimes’ vessels, constantly running 
from Marseilles to China and Australia, nob recently 
fitted with Belleville boilers, but performing this work 
for several years past to the satisfaction of all who have 
had to deal with them. 

Now as to the Lagrafel and D’Allest boiler, there is 
not a single vessel either of the battleship or cruiser 
class, actually in service in the French Navy, furnished 
with these boilers; they are, therefore, to a great extent, 
experimental. After og | have borne the test of time, 
say five or seven years hence, then let an opinion be 
expressed as to their suitability for sea service and their 
advantages, if any, over the Belleville system. 

As for evaporative efficiency at sea, take the Brennus, 
the result of her recent trials being as follows: 

Burning 224 lb. per square foot of grate, 9 lb. of water 
were evaporated per pound of coal from cold feed to 
200 lb. steam pressure, and burning at the rate of 284 lb. 
per square foot of grace, 7.82 lb. of water under similar 
conditions of temperature and pressure. In comparing 
these trials with others, it should be noted that they are 
trials made, not by a single boiler on land, but on board 
an ironclad of the first class, under sea-going conditions, 
with 32 boilers under steam. 

I beg to inclose my card, and remain, 

Yours obediently, 


January 15, 1895. BRITANNICUS. 





To THE EpiTor oF ENGINEERING. 

Srr,—On page 808 of your issue of December 21 last 
Mr. John Sampson gives some interesting particulars of 
certain experiments made by his firm—Messrs Maudslay, 
Sons, and Field, Limited—on water-tube and cylindrical 
boilers. May I ask Mr. Sampson if there is any objection 
to giving the names of the vessels in which the boilers so 
tested were fitted? As I understand Mr. Sampson’s 
letter, the trials in question were to be considered as 
rendering unnecessary the public trials which Mr. 
Howden proposed. If this be so, surely there can be no 
motive for keeping back any information respecting 
these experiments. 

Yours truly, 


London, January 14, 1895. MARINE. 





THE EXPLOSION ON THE ‘“ BRANDEN- 
BURG.” 
To THE EpiToR or ENGINEERING. 

Srr,—Can any of your correspondents state the circum- 
stances that caused the terrible explosion on the 
“Brandenburg”? As far as the writer is aware, no 
explanation of interest to engineers has appeared in the 
German press, or in any newspapers in this country. 

Yours faithfully, 

London, January 16, 1895. Dvuptex. 

{We fear that our correspondent is not a regular reader 
of ENGINEERING. The circumstances which led to the 
Brandenburg explosion were described on page 86 of our 
last volume.—Ep. E. 





COMPOUND LOCOMOTIVES ON THE ST. 
GOTHARD RAILWAY. 
To THE Eprtor oF ENGINEERING. 

S1r,—I beg to = out a mistake in your last issue. | 
My name has nothing to do with the express compound | 
locomotive of the St. Gothard Railway, Fig. 15, on page | 
48; while it has been omitted in the title of Fig. 14, 
on e 40, which illustrates the compound duplex loco- 
motive of the Landquart-Davos Railway. 

As to the statement of Mr. C. S. Du Riche Preller 
concerning the compound 12-wheel locomotive of the 
St. Gothard Railway, I believe that if the said loco- 
motive did not give the same favourable results as | 
the similar engines working on the Swiss railways, the 
result is due chiefly to an insufficient proportion of the 
cylinders, a defect I have, from the beginning, pointed 
out to the makers. 

No less than 25 engines of this type are working on five 
Swiss railways of normal, or 1-metre gauge, of which 16 
are on the Central Railway, weighing from 56 to 60 tons 
in working order (all with eight wheels), and are giving 
unmixed satisfaction. 

I remain, yours truly, 
A. Matter. 

30, Avenue Frudaine, Paris, January 14, 1895. 








[A note on this matter will be found on page 69.—Ep. E.] 





PORTLAND CEMENT. 
To THE EpIToR oF ENGINEERING. 
Srr,—Perhaps your readers would like to know what 


this Kentish ragstone really is, and with this object I 
send you analyses of three separate samples supplied direct 
from their source, From these it will be seen to consist 
chiefly of carbonate of lime, mixed with some sand and 
a small quantity of clay. 


L is a light coloured sample. 
D is a dark Ss a 
B is from quite another source. 


Composition in 100 Parts. 


: s B. 
Sand, &c., (insoluble) 27.220 11.560 8550 
Silica (soluble) s 3.440 1.940 2.500 
Alumina and oxide of 
iron ... Ss 3.900 2.700 2560 
Lime (CaO) ... 33.488 44.688 47.516 
Magnesia (Mg) on 759 702 436 
Sulphuric anhydride 
(S0,)... see sa 252 538 128 
Carbonic acid : 29.500 36.000 37.848 
Organic matter and 
loss ... Ss S 1,441 1.872 -462 
100.000 100.000 100.000 


Mr. Percy Neate’s theory, as given in your last issue, 
that this substance is merely added to the cement to 
supply acertain quantity of water to slake the freed lime 
in the cement, may be a neat one, but may, I think, be 
readily consigned to a watery grave. 

It is not very complimentary to Messrs. Macevoy and 
Holt to say that they would go to the trouble and ex- 
pense of fetching from a distance, and finely grinding 
20 tons of this substance merely to supply 24 tons of 
water, which the bulk may, or may not, contain. 

Moreover, if it was only the water that was required, 
that can be, and frequently, is added to the cement, espe- 
cially in damp weather, by the moist air blown through 
the cement during the process, now generally adopted, of 
separating the finer particles of the ground cement from 
the coarser by means of fans, 

Messrs. Macevoy and Holt have not yet told us if they 
use it in its raw state or calcined. If the former, it is 
little more than adding chalk to the cement, which must 
weaken it. If the latter, itis adding to the cement that 
bugbear of cement users—free lime. ; 

If Messrs, Macevoy and Holt will kindly supply me 
with sufficient quantity (10 lb. of each) of their cement 
without ragstone, and also of the same mixed with the 
full quantity of ragstone they use added, both ground to 
an equal degree of fineness, I will make fair and accurate 
analysis of each, as well as briquettes of each, neat, and 
with three times their weight of standard sand, and test 
them fairly for tensile strains at the usual periods, upon 
the understanding that the results shall be published in 
ENGINEERING. 

With regard to their briquettes made from the residue 
of cement left on a 50-sieve having set after three years, 
and then bearing atensile strain (average) of 294 lb. ; a 
good cement ground to leave 10 per cent. residue on the 
same sieve would average about 500 lb. in seven days. 
Moreover, the setting of this coarse cement so long after 
the concrete in which it is, has set, may prove a serious 
source of weakness, similar to that of particles of free 
lime lcft unslaked in the concrete. 

This may be entirely avoided by fine grinding and the 
use of sufficient water in grinding this finer cement. 

I have been supplied by a firm, who regularly grind very 
finely, with samples of their cements, one ground to leave 
only 15 per cent. on a 200 sieve (40,000), which, when 
gauged with three times its weight of standard quartz sand, 
stood an average tensile strain per square inch of, 7 days, 
262 lb. ; 14 days, 293 Ib. ; 21 days, 313 lb. 

Another sample of the same cements, ground to leave 
only 5 per cent. on the same 200 sieve, when gauged with 
three times its weight of standard quartz sand, gave an 
average strain per square inch at 7 days of 313 lb. Other 
briquettes await testing at 14 and 21 days. 

ill Messrs. Macevoy and Holt’s cement, either with 
or without ragstone, equal this unless ground to a similar 
degree of fineness ? 

Yours truly, 
Henry Ketway Bamper, F.I.C., &c. 

Westminster Chambers, 9, Victoria-street, S.W. 








TREADLE LATHES. 
To THE Eprror OF ENGINEERING. 

Srr,—With regard to Mr. A. H. Roylance’s letter 
which appears in your issue of January 11, he certain] 
could have obtained what he required without muc 
delay. We, and doubtless many other makers, have made 
lathes similar to that suggested by him. We think index 
on nose of mandril would be preferable to fixing it at back, 
but it can be made either way. We can geta j-in. hole 
through a 12-in. nose, and would advise keeping it as 
small as ible, to avoid extra weight in chucks, &c. 
For leading screws a VY or square thread either English 
or millimetre to any pitch. The appliance for milling 
with upright and cross slide and by another device is 
regularly made. There is nothing in his specification 
which need require much delay, and while he was tryin 
to gain information from foreign firms, many Englis 
firms would have made him a first-class lathe for the price 
he stipulates. We have made over 300 varieties of lathes 
to suit the fancy of various wotkers, and every month we 
have some special alteration to make to suit some peculiar 
process or to suit the fancy of the buyer. 

We are, yours truly, 
Britannia Co, 
100 and 101, Houndsditch, January 15, 1895, 
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Tuts jack is constructed with a standard _— 
a suitable foot to place between railway ties, an 
within it and guided by it, isa rectangular lifting bar 
with suitable head and a hook, which, when the jack 
is down, falls to the level of the foot of standard. 
This lifting bar is operated by a pinion engaging in a 
rack on the one side of lifting bar. The pinion is 
moved by a lever, in the socket of which is a lifting 
dog, operated by a spring holding the dog in engage- 
ment with the pinion or otherwise. The front side of 
the lifting bar is constructed with suitable notches that 
engage with a holding pawl, with double teeth hinged 
to the front side of the standard; these teeth support 
the load as fast as it is raised by the lever and pinion. 
The holding pawl has a projection extending across the 
standard with a hinged lip folding back on itself, and 
so constructed that when folded back, a solid cam, 
which extends from and is part of the lever socket, 
passes the holding dog freely, but when thrown for- 
ward engages the projecting cam of the lever socket, 
disengaging the teeth of the holding dog from the lifting 
bar and dropping the load instantly, the lifting dog in 
the lever socket at the same time being thrown back, 
aap the pinion to move freely. Or the load can 

readily lowered by the manipulation of the lever and 
the holding dog. The advantages claimed for this 
device are : 

1. Its Speed in Operation.—The pinion runs the load 
up a large distance above the stroke of the lever, and the 
throw of the pinion is subject to the will of the operator. 

2. Its Simplicity of Construction.—The parts are few 
in number, simple, easily arranged or separated for 
any purpose, fully in view, and not liable to injury or 
derangement. 

3. Its Adaptation to Close Alignment of Track.—The 
holding notches are fine, and the load can be placed 
at the point desired by the operator with accuracy. 

4. Its Complete and Positive Trip.—The holding 
notches and pawl are so fitted and shaped, and the 
leverage so great of the cam on the lever socket upon 
the holding pawl, that it can be instantly released by 
less than one-sixth the power required to raise the 
load, and the pinion runs freely, the load drops fully 
and completely, and the jack is entirely free for re- 
moval from track. 

Other forms by the same inventors are illustrated 
by Figs. 4 to 7, above. The ball-bearing screw 
jacks are constructed with a standard having an 
internally screwed head or nut, in which works a 
lifting screw, having on its upper portion a bevel 


NORTON’S RAILWAY JACKS. 












7-7-7 


























Z 
Yi 


F196 





gear, and above this a fixed and a loose disc, be- 
tween which are antifriction balls, separated by con- 
centric rings. The upper disc revolves about a turned- 
down portion of the upper end of the screw. This disc 
supports an outer covering or sleeve, which is a close- 
sliding fit to the standard, is free to revolve about it, 
and is provided with a lifting foot, or eo to carry 
a lifting hook removable at pleasure. The casing or 
sleeve has an opening left therein through which a 
second bevel gear, adapted to engage with the first, 
readily es. The shaft of this gear is carried by a 
cap or plate, which closes the aperture of the casing, 
and is adjustable by a screw regulating the engagement 
of the gears. When this adjustment of gears is made, 
the plate is solidly fastened by bolts and nuts to the 
casing or shell. 

The shaft of the second bevel gear is operated by a 
ratchet wheel engaging a double anchor-shaped pawl, 
and this second bevel gear turns the first, and the 
screw on which the first bevel gear is fixed, raising the 
shell or casing and the load under which it is set, or 

ushing the load against which it is placed. The pawl 
os a spring-controlled pin engaging with a shoulder 
in the lever socket, to which the pawl is pivoted. 
This lever socket is arranged to move the ratchet in 
either direction, and either end of the pawl may be 
thrown into engagement, so that the same reciproca- 
ting motion will raise or lower the shell or casing, the 
application of power being made at the upward or 
downward motion of the lever, as may be preferable, 
by applying the force on one side or the other of the 
ratchet shaft. 

The casing or shell turns readily on the standard 
when free, so that before the top of the shell is in con- 
tact with the load the lever can be placed in any posi- 
tion most convenient for use. 

Near the base of the shell is a spring catch which 
presses against the standard and engages with a groove 
turned on the upper part of the standard, when the 
shell is raised high enough for safety. , 

The shell is readily removable in whole, or in part, 
for inspection of the ball bearing. _ ' 

In jacks of less than 15 tons capacity the ball bearing 
is not used, but, instead, the — — or head of 
screw has its bearing in the inside of the top of the shell 
(Fig. 4). The general construction and action are like 
those of such jacks as are made with ball bearings. — 

Another construction of these jacks is by placing 
the gears in a base which becomes a sleeve or casing, 
the operation of the screw forcing the standard and 


load; the base of the outer form of construction is 
placed at the top and the head of the shell at the bottom 
as the base, with nece: changes in these \. 

It is claimed for these devices that the form of the 
thread of the screw is such that they will not strip, run 
down, or crush under twice their rated load. The 
standard and shell form together a column of support 
several inches in diameter. The stop dog at the sm 
of the shell prevents the screw from running out beyond 
its proper limit, while within that limit the screw can- 
not bend or become upset in use. There are no valves 
or packing to get out of order, or cause disaster by 
unskilled or careless manipulation. 





SHIPBUILDING AND MARINE ENGINEER- 
ING IN 1894. 
(Concluded from page 63.) 
THE CLYDE. 

THE vessels launched on the Clyde make up a total 
of 339,640 tons, which shows an increase on. the ton- 
nage of 1893 of 25.6 per cent., while when comparison 
is made with the average output of the preceding five 
years, there is a gain of 3.6 per cent., or some 12,000 
tons. Moreover, the total is but 79,000 tons less than 
the maximum which was attained in 1883, while from 
the highest total in recent years (1890) there is a de- 
crease of but 14,000 tons, so that it must be accepted 
that Clyde builders have had a year of activity. 
Prices, however, have not at all been satisfactory, and 
it can scarcely be said that the work has been very 
profitable. The cause of the large tonnage is due to 
the low freights. With thelow freights which have been 
ruling for the past few years, owners of highly capital- 
ised tonnage felt themselves heavily handicapped, and 
to keep pace with the times they were compelled, how- 
ever reluctantly, to build the more economical article. 
That this has been rather overdone of late is only too 
apparent, The inducement to build at present is still 
very tempting, money, material, and labour being 
cheap. It follows that the depreciation on tonnage 
constructed during the last two or three years must be 
considerable, as will be understood when it is stated 
that tonnage contracted for in the autumn of 1893 
could to-day be built at a reduction of 15 per cent. 
And this again proves that the business is not profit- 
able either to builder or owner. 

As to the vessels built, it may be said that five, 
aggregating 2000 tons, were war vessels, three being 
‘* destroyers,” whereas last year none were launched, 
but in 1892 the total was about 25,000 tons displace- 
ment. On hand there are five cruisers, one battleship, 
and five destroyers. There were fewer paddle steamers 
than usual—14, of 7419 tons—but now the railway com- 
panies are building several for the Clyde service, while 
a number of Channel steamers are under construction. 
Screw steamers for the merchant service make up 72 
per cent. of the total, as against 57 per cent. in 1893, 
The tonnage of such is 81,000 tons more than in 1893, 
and the average size of merchantmen was greater last 
year. Sailing vessels of all kinds, on the other hand, 
made 89,868 tons, or 26.4 per cent. of the total. This 
is very much less than in some recent years, and indi- 
cates the preference for the economical steamer making 
8 or 9 knots with certainty. In 1893 the percentage 
of sailing vessels was 35.2 per cent., and in 1892 it 
was as high as 47.7 per cent., while in 1891 it 
was 32 per cent., and in 1888 18.4 per cent. There 
can be no question, therefore, of the tendency of the 
owners towards steam tonnage, for the Clyde has 
always been the most important district for sailing 
ships. Indeed, nine-tenths of the sail tonnage is 
usualiy turned out from three or four Clyde yards. 
Four large hopper dredgers were built for the British 
Government, and three for the Russian Government. 
Others were for the East and West Indian, Australian, 
Danube, and home employment. Of fishing and traw]- 
ing steamers the tonnage was about a third less than for 
the previous year. f screw steam tugs, there were 
built seven of 1612 tons, and one paddle tug of 410 tons, 
in all 2022 tons. Of the more powerful tugs one was for 
the British Admiralty ; a screw for London, another for 
Clyde, and another for Southampton. Yacht build- 
ing has been very brisk, especially in steam yachts, 
14 vessels of 3516 tons having been built on the Clyde. 
Quite a little fleet has also been turned out by Messrs, 
Ramage and Ferguson, Leith, who top the list of 
steam yacht builders in the country. e@ more im- 
portant were the yacht for the Khedive of Egypt, con- 
structed by Messrs. Inglis, and the Giralda, for Mr. 
McCalmont, constructed by the Fairfield Company. 
Of sailing yachts the tonnage built was 567 tons, being 
626 tons under the output in 1893, but that year was 
a record year with such large yachts as the Britannia, 
Valkyrie, and Calluna, aggregating themsélves about 
750 tons. However, some fine racing cutters of the 
40, 20, 10 rating classes were turned out on the 
Clyde, and quite a fleet of small yachts of 17 ft. and 
23 ft. and 2} raters were built. 

Of the total, 43,029 tons, or 12.5 per cent., was for 
foreign owners. This is a much less proportion than 
in previous years. In 1893 the ratio was 14.7 per 





cent., and in 1892 21.37 per cent., while in the years 
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of great activity the ratio was about one-third. The 
fact, therefore, that the past year’s aggregate is as 
great asin 1891 and 1892, when so much tonnage went 
to foreign owners, indicates a larger home tonnage—a 
fact not satisfactory for owners, because foreigners are 
unquestionably building more for themselves. Of the 
foreign tonnage built on the Clyde, 9748 tons was for 
South America, 7322 tons for Holland, 4095 tons for 
Austria, 3806 tons for Germany, the other foreign 
clients being from Russia, Egypt, Africa, India, Siam, 
Australia, and Portugal, each with a moderate-sized 
vessel, 

Of the home tonnage, 177,600, or 60 per cent., was 
locally owned, as against 40.85 per cent. in the 
previous year. This is the largest for many years. 
Glasgow owned 160,984 tons; Greenock, 4663 tons ; 
Port Glasgow, 5100 tons ; and Ardrossan, 7031 tons of 
the Clyde production, and to this must be added 3969 
tons owned in Aberdeen, and 2086 tons for Dundee, to 
make the total Scotch proportion 61.9 per cent. , against 
49.2 per cent. in the previous year. Of the remainder, 
London took 69,001 tons, or 23.6 per cent. ; Liverpool, 
23,621 tons, or 8 per cent. 

We have already indicated that three-fourths of 
the tonnage was steam, a larger proportion than is 
usual, and naturally the power of machinery con- 
structed is larger, but not so much more than one 
would expect in view of the increase in steam tonnage. 
The total for the Clyde is 297,325 indicated horse- 
— only 42,000 indicated horse-power more than 
ast year, when the total steam tonnage was 180,000 
tons, as compared with 250,000 tons now. There have 
been fewer high-speed and therefore large - power 
vessels constructed, and, moreover, the number of 
vessels re-engined, and the number of vessels built 
elsewhere having engines from the Clyde, is less, 
Messrs. Thomson sent engines of 5000 indicated horse- 
power for the old battleship Sultan; Messrs. Inglis 
made engines of 3000 indicated horse-power for the 
paddle steamer Triton of South America; Messrs. 
Scott re-engined the steamer Loa, 3500 indicated 
horse-power ; Messrs. Lobnitz supplied new machinery 
to two foreign steamers (together 7600 indicated 
horse-power); Messrs. Fleming and Ferguson sent two 
sets of quadruple-expansion engines of 800 indicated 
horse-power abroad ; Messrs. Hutson and Co. re- 
engined with compound engines of 200 indicated 
horse-power the Albatross, while the other engines 
were for Grangemouth and Alloa built vessels ; 
Messrs. Ross and Duncan, Govan, sent eight 
sets aggregating 2930 indicated horse-power to Tyne 
and other English-built vessels, and seven sets of 1395 
indicated horse-power were shipped abroad. With 
the exception of compound engines of 425 indicated 
horse power for a small steamer built at Workington, 
all Messrs. Dunsmuir and Jackson’s engines were for 
Clyde-built vessels. Messrs. Muir and Houston sent 
two sets, one of 1500 and the other of 1700 indicated 
horse-power, for two steamers built by Messrs. Har- 
land and Wolff, and one set of 650 indicated horse. 
power to an Inverkeithing steamer, the remainder of 
their large production being for Clyde steamers. 

Indicated Horse-Power of Engines. 
1894. 1893. 1892, 1891. 1890. 1889 


Scotland .. 327,126 278,445 307,304 371,996 415,895 342,077 
Clyde -. 297,325 255,485 275,899 332,006 374,324 306,156 


The output of the several firms is —_ in the appended 
Table, the asterisk indicating firms not themselves 
constructing the vessel. 
Marine Engine Production by Principal Clyde Firms. 
1894. 1893. | 1892. 


Sets. vei lamin LH.P. 








J. and G. Thomson, Limited ..; 12 | 30,800 | 42,100 | 22,600 
Fairfield Company, Limited .. 6 | 30,100 48,300 31,5661 
Denny andCo. .. = : 16 26,400 30.060 | 25,390 
Caird and Co. ae = ee 4 | 20,000 | 3,000 31,000 
Muir and Houston* as --; 29 | 18,400 | 14,500 | 13,150 
Alex. Stephen and Sons . A 14,900 | 16,950 7,740 
D. Rowan and Son* << --| 19 14,110 9,975 9,800 
Dunsmuir and Jackson* | 9 13,545 | 10,180 | 11,050 
Lobnitz and Co. .. bie --| 8 | 11,760 8,840 7,253 
D. and W. Henderson andCo. | 5 | 11,100 9,000 11,200 
A. and J. Inglis se . 4 10,900 6,785 7,470 
Scott and Co., Greenock .. 5 10,756 2,620 84,300 
R. Napier and Sons, Govan 6 9,650 5,500 15,500 
Barclay, Curle, and Co. .. 5 8,520 3,700 800 
Ross and Duncan* Ae 23 8,025 7,525 5,485 
Blackwood and Gordon .. 3 8,000 _ 600 
Huteon and Son* .. ie 8 7,900 7,250 10,450 
Bow, McLachlan, and Co.* 28 7,590 7,450 9,151 
London and Glasgow Company 3 } 7,300 2,240 1,650 
W. Simons and Co. - -| 7 | 6,470 6,320 7,170 
D. J. DunlopandCo. .. 3 | 5,725 7,200 | 3,150 
Fleming and Ferguson .. <i 7 | 5,600 9,400 8, 
Hall-Brown, Buttery, andCo...| 12 | 5,175 350 - 
Rankine and Blackmore* i re 4,240 700 8,200 
Hanna, Donald, and Wilson 1 280 - _ 
Ritchie, Graham, and Milne 7 585 230 — 


Messrs. Russell and Co, again top the list of builders 
on the Clyde, as given in the next Table, having com- 
leted 25 vessels totalling 56,964 tons, a sixth of the 
Slyde total. Sixof the vessels were steamers aggre- 
gating 22,000 tons, one a paddle steamer for Bahia, 





four others “Strath” liners, and the sixth a “‘ Fall” 
steamer. The remainder of the tonnage is sailing 
craft, two for Germany, and the others largely Clyde- 
owned. The figures appended are interesting, showing 
the firm’s average to be well over 50,000 tons. For 


1889. 1890. 1891. 1892. 1893. 1894. 
Tons +» 46,500 70,370 56,667 54,240 47,093 56,964 


the last three years they have only had two yards, 
that now occupied by Messrs. Rodger being formerly 
theirs, and the two firms from the three yards have 
produced 72,589 tons in 1894—the largest total for these 
yards. Messrs. Connell’s total includes five ships and 
five steamers, one of the latter, the Knight Bachelor, 
being of 6394 tons—the second largest produced on the 
Clyde during the year. The total is the largest in the 
history of the firm. All the vessels were cargo 
carriers. Messrs. Stephen and Son are practically in 
the same position, with eight steamers of the cargo 
type, the largest, the Mazagan, of 5247 tons and 2270 
indicated horse-power, being for the P.andO. Company. 
Three P, and O. boats were also built by Messrs. Caird, 
of Greenock : the Caledonia, of 7556 tons and 10,000 
indicated horse-power, the largest steamer built on the 
Clyde, and intended for the mail service, and two 
vessels of 5884 and 3600 tons for intermediate service. 
One other vessel for the Netherlands makes the firm’s 
total four vessels of 22,998 tons and 20,000 indicated 
horse-power. This compares well with previous years, 
being above the average. Messrs. Hamilton’s total 
includes two ships, five steamers, and a yacht. 
Messrs. Henderson, Partick, completed a composite 
40-ton cutter for Admiral Montague, and a cruising 
yawl yacht of 60 tons, in addition to five large steamers 
for general trading, the total being 17,043 tons, and 
11,100 indicated horse-power. The Fairfield Company 
have, as usual, a varied production—the South African 
mail steamer Tantallon Castle, with an intermediate 
sister liner Arundel Castle, the Thames excursion 
paddle steamer La Marguerite, the steam yacht Giralda, 
and an Eastern trader Machew ; the more important 
of which vessels have already been illustrated and de- 
scribed. The total, 15,706 tons, is rather below the aver- 
age tonnage. Messrs. Thomson’s return is remarkable 
more for the speed of all the vessels than for their size, 
there being three 27-knot torpedo-boat destroyers, all 
now ready for trial, and two 20-knot Channel steamers, 
the Columbia and Alma, now on the Southampton 
and Havre nightly service. These are specially 
interesting, alike for the large sleeping accommoda- 
tion provided and for the great speed on small power, 
and we hope soon to illustrate them. The firm also 
constructed new engines for the old battleship Sultan. 
Messrs. Rodger have built three sailing vessels and 
four steamers, and their total is better than in the two 
preceding years. Messrs. William Denny and 
Brothers have again several notable vessels in respect 
of speed, the Seaford, of 997 tons, for the London and 
Brighton Company, already illustrated ; the Calvados 
and Trouville, for the same company; the Duke of 
York, of 1531 tons, for the Fleetwood and Belfast ser- 
vice ; and the Prince Rupert for the Canadian Pacific 
Railway. The largest steamers were the Semiramis, 
of 4095, for the Austrian Lloyd, and the Bhamo, of 3127 
tons, for the Burmese Co. The total is 14,368 tons and 
24,335 indicated horse-power. This is below the 
average as mere units go; but the character of the 
work, as in the case of Fairfield and Messrs. Thomson, 
is satisfactory. Messrs. Scott and Co., Greenock, 
launched three steamers and a steam yacht, the 
Lutra. Two steamers were 4350 tons, with engines of 
2750 indicated horse-power. Although better than in 
the previous year, the total, 10,835 tons, is considerably 
below the average. The London and Glasgow Com- 
pany have greatly improved on their totals for the 
preceding four years, and it is to be hoped that greater 
activity is in store for the firm. They built a ‘‘Glen” 
liner of 3650 tons, and two other steamers of 4420 and 
2700tons. Messrs. Barclay, Curle, and Co. have been 
and continue fairly busy. Their total includes an inter- 
mediate steamer for the Castle Company, an Admiralty 
tug, a paddle steamer for Southampton waters— 
the Ajax, of 280 tons, and two merchant steamers. 
Messrs. McMillan, Dumbarton, have a less total by 
6000 tons than in the previous two years, but it is 
equal to that of the years 1889, 1890, and 1891. There 
were two ships and three steamers. Messrs. Inglis 
built a steam yacht for the Khedive of Egypt. This 
vessel, which is of 677 tons and 1100 indicated horse- 
power, has given great satisfaction, and the senior 
artner of the builders’ firm was awarded a decoration 
or the excellence of his design, which alone secured 
them the contract. The other vessels were for the 
British India Co.—the Matiana, of 5263 tons and 3500 
indicated horse-power, and the Dumra, of 1694 tons. 
The totals of all firms for three years are tabulated in 
the appended Table. The vessels are mostly small craft 
for special service, with an occasional cargo steamer, 
seme alone precludes our referring to them all in 
etail. 

It may be added that the Peninsular and Oriental 
Steam Navigation Company have been the best patrons 
to the Clyde this year, having had four ‘large steamers 





Production of Clyde Shipbuilding Firms. 



































1894. | 1893. | 1992, 
Name of Firm. | => 

No. | Tons. | Tons. | Tons. 

Russell and Co., Greenock 25 | 56,964 | 47,093 | 54,240 
C. Connell and Co., Glasgow 10 | 30,556 | 20,060 | 23,753 
A. Stephen and Sons, Linthous} 8 | 27.186 | 26,230 | 13,532 
Caird and Co., Limited, Greenock} 4 | 22,998 4,319 | 18,962 

W. Hamilton and Co., Port Glas- 

gow.. a i as 7 8 | 17,263] 2,211 | 11,742 
D. and W. Henderson, Partick ..} 7 | 17,043 | 10,723 | 8,718 
Fairfield Company, Govan ..| 5 | 15,706 | 17,252 | 17,505 
A. Rodger and Co., PortGlasgow| 7 | 15,625 3,417 | 11,717 
W. Denny and Brothers, Dum- 

barton... = an . | 18 | 14,368 | 24,210) 17,141 
Scott and Co., Greenock .. 4 | 10,835 | 4596 | 21,213 
London and Glasgow Company 

Limited .. Be af ..| 8 | 10,770} 3,583 | 2,195 
Barclay, Curle, and Co., Limited 5 10,390 | 14,268 | 12,431 
A. McMillan and Son, Limited 5 9,552 | 13,153 | 16,518 
R Napier and Sons, Govan 6 9,333 | 5,700 | 10,400 
A. and J. Inglis, Pointhouse 3 7,635 | 6,556 868 
Mackie and Thomson,Govan ..| 16 7,115 | 2,898 | 7,003 
D. J. Dunlop and Co., Port Gias- 

OS Pa Ee te ee 
J. Reid and Co., Ltd., Whiteinch| 3 5,200 441 | 3,705 
W. Simons and Co., Renfrew . 7 5,000 | 5,040) 5,881 
R. Duncan and Co., Limited 5 4,785 | 3,896 | 11,742 
Campbeltown pany . ..| 8 | 4,242] 2,493] 1,990 
Ailsa Company, Troon .. A 6 4,010 | 5,749| 6,508 
Thomson, Limited, Clydebank ..| 7 8,588 | 21,852 | 18,530 
Lobnitz and Co,, Renfrew oie 8,125 | 5, 8,245 
Napier, Shanks, and Bell, Yoke 4 3,112 | 2,524 | 3,516 
Murdoch and Murray, Port 

Glasgow .. Ns is oe ae 8,082 | 2,118 | 2,723 
Scott and Sons, Bowling .. re 8,010 | 2,006 | 2,493 
Fleming and Ferguson, Paisley 4 2,650 | 5,180) 5,300 
M‘Knight and Co., Ayr .. oe 4 | 1,602 | 660 1,367 
Ritchie, Graham, and Milne, | | 

Govan... ......~—«-| -20 | «=*1,558 | 1,860} 309 
Fullerton and Co., Paisley --| 4 | 1,500] 1,967; 2,163 
Blackwood and Gordon, Port | | 

Glasgow .. - ce oof 2 | 25800 | - 276 
Shearer and Son, Kelvinhaugh . 3 | 1,025 — | 1,830 
J. M‘Arthur and Co., Paisley ..| 7 601 1,171 1,541 
Fife and Sons, Fairlie .. at 313 136 99 
T. B. Seath and Co., Rutherglen 3 210 257 720 
J. and J. Hay, Kirkintilloch 2 200; 220 142 
J. H. Gilmour, Irvine 1 200 | 700 - 
Abercorn Company, Paisley 1 101 | 400 600 
D M. Cumming ce ae 65 211 87 
Mechan and Sons .. _ 42 108 525 


of 24,359 tons; Messrs. Burrell and Sons, Glasgow, 
come second with five steamers of 21,471 tons; Messrs. 
R. M‘Killand Co., Glasgow, third, with four steamers 
of 14,536 tons ; Messrs. Donald Currie and Co., Lon- 
don, fourth, with three steamers of 14,536 tons ; Messrs. 
M‘Lay and M‘Intyre, fifth, with four steamers of 
11,741 tons; and the Ocean Steamship Company, of 
Liverpool, sixth, with two steamers of 8696 tons. 


OrHER ScotrcH Ports. 


Only one or two of the firms in the other Scotch 
ports have improved their total of 1893, so that the 
aggregate for 1894, while 10,000 tons better than 1893, 
is little more than half the average of the preceding 
four years. On the Forth, Tay, and Dee there were 
launched 68 vessels of 32,447 tons, while in 1893 the 
total was 22,723 tons, and in 1890 wasas high as 69,155 
tons, receding to 59,361 tons in 1892. Of the total 
8691 tons, or 26.7 per cent., were for foreigners, rather 
less than usual, while 10,367 tons, or 31.9 per cent , 
were sailing craft—about an average. We have tabu- 
lated the totals of the various firms in the annexed 
Table. As to the Forth, Messrs. Ramage and Fer- 
guson’s list includes five steam yachts from 264 to 702 
tons, and the latter, La Belle Sauvage, was fitted with 
Belleville boilers. The power was 600 indicated horse- 
power. The others were mostly coasting steamers, the 














1894. 1893, | 1892. 
Name of Firm. © ce a 
No.| Tons, | I.H.P. | Tons. | Tons. 
‘orth. | | 
Kamage and Ferguson,| 
isa. we 2] BO 5547 | 5650 | 5192 | 10,219 
Grangemouth Company ..| 3 | 4841 _ 5281 | 21,704 
Scott and Co., Kinghorn) 4 2302 — 1706 | 988 
Cumming and Ellis, Io- 
verkeithing A --| 5] 1840 - 1144 |, — 
H. McIntyre and Co., | 
Alloa* .. oi ois 388 _ - j- 
Hawthorne and Co., Leith; 2 206 — 158 _ 
Cran and Co. es eS oe 128 773 _ — 
Croom and Arthur _ 110 — aa _- 
Dundee, &c. 
W. B,. Thompson.. .-| 5| 5116 | 9618 £0 | 10,748 
Gourlay Brothers and Co. 3 795 2730 | 4780 | 8,685 
A. Stephenand Sons ..| 1 3080 — | 1611 2,857 
Montrose Company .| 21 | 2899 | 1900 | 470 - 
Aberdeen. | | | 
Hall, Russell, and Co. 8| 6109 | 5760 | 1950 | 2,418 
A. Hall and Co, .. | 3 658 1580 | 480 | 850 
John Duthie and Co. x 167 | _ | — | _ 

















* This yard was formerly occupied by the Grangemouth Company. 


largest being 1021 tons. The Grangemouth Company’s 
total ismade up of three steamers—two for oe de 
all engined by Messrs. Hutson and Co., Glasgow. 
Messrs. Scott and Co., Kinghorn, have one French 
and one Spanish steamer amongst the four, the largest 
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being 1233 tons. Messrs. Cumming and Ellis’s total 
is made up of two tugs, a barquentine, and two 
steamers, one of the first-named being for Bangkok. 
The firm have also been busy on repairs. Messrs. Cran 
and Co., Leith, launched a screw steamer of 128 tons and 
450 indicated horse-power for foreign owners, and sup- 
plied compound surface-condensing engines of 200 indi- 
cated horse-power for the screw steamer Gleneagle, 
compound surface-condensing engines of 210 horse- 
power for the screw steamers Scotia and Bernicia, and 
launch engines of 13 indicated horse-power. Several 
vessels were, in addition, overhauled and extensively 
repaired by the firm. Messrs. Croom and Arthur, 
Leith, launched a barge of about 110 tons, On the 
Tay the industry has been very dull, Messrs. Thomp- 
son completed a barge and four Channel steamers, for 
Scotch firms, ranging from 12 to 17? knots. The 
largest and fastest was for the London and Edinburgh 
trade. It is named Fingal, and is of 1549 tons and 
4725 indicated horse- power. Messrs. Gourlay 
Brothers launched three paddle steamers and made 
engines for three other vessels built at Montrose. 
Messrs. Stephen constructed a barque. The engine pro- 
duction was, therefore, as follows: Messrs. Gourlay 
Brothers seven sets of engines, and Messrs. W. B. 
Thompson and Co. three, aggregating 1795 nominal 
horse-power—all of the latter being of the triple- 
expansion type. Messrs. Gourlay’s seven sets were 
all of the compound type. The,Montrose Company’s 
includes fishing craft and barges, the largest being 
a steamer of 545 tons and 550 indicated horse- 
power for Swansea. The others are about 100 tons 
each. Twelve vessels of a combined tonnage of 6929 
were launched from Aberdeen yards, as against five 
of 2574 in 1893. Exactly one-half of the vessels 
were steam trawlers, all, with one exception, ordered 
for the port of Aberdeen. Messrs. Hall, Russell, and 
Co. turned out five trawlers and three steel steamships. 
Messrs. Alexander Hall and Co. launched the Miz- 
pah, 163 tons, a trawler, for North Shields, and two 
lighters. Messrs. John Duthie and Co. launched only 
one vessel, the Sunlight, 167 tons, a trawler, for the 
Aberdeen trade. 

Of the total included under this heading—32,447 
tons—4309 tons were for Germany, 2385 tons for 
Spain, 1394 tons for Greece, with a small amount for 
France, Siam, and Para. Of the home-owned tonnage, 
4621 tons were for Liverpool, 4193 tons for Glasgow, 
2460 tons for Cardiff, 3360 tons for Aberdeen, and 
1894 tons for London. 


IRELAND. 


As has been already incidentally remarked, there 
are only two shipbuilding firms to send returns— 
Messrs. Harland and Wolff and Messrs. Workman, 
Clark, and Co., Limited, the latter having taken over 
the works of Messrs. McIlwaine and McColl, while 
the Londonderry yard is still closed. But the two 
firms have shown surprising success in getting work. 
They launched 23 vessels of 97,901 tons, which is 
10,000 tons more than in 1893, and is only 2000 tons 
b-hind 1892, and 5500 tons less than in 1891, when the 
total reached a maximum, All the vessels were steam 
and all of steel. Of the total 11.99 per cent. were for 
foreign owners. This is a considerably larger per- 
centage than usual, and probably indicates greater difli- 
culty in getting orders, The two foreign ships of 
5840 and 5857 tons were for Hamburg, and were by 
Messrs. Harland and Wolff. This firm, as has already 
been mentioned, top the list of private firms. They 
launched 13 vessels totalling 65,448 tons. The figures 
for some previous years may be interesting : 

1894. 1893. 1892. 1891. 1890. 1889. 


-- 65,448 65,660 68,614 64,962 48,626 56,430 
-- 41,800 41,640 37,550 34,650 22,900 51,800 


Tons.. 
1.H.P. 


No firm in the kingdom has a record like 
that. The year’s work included the Union liner 
Norman, 7392 tons and 7500 indicated horse-power, 
fully illustrated and described in our preceding volume. 
There were two steamers of 6250 tons and 3300 indi- 
cated horse-power for Liverpool—the Ulstermore and 
the Scotsman ; six vessels between 5500 and 6000 tons ; 
a Union liner—the Guelph—of 4917 tons ; one of 3730 
tons and one of 2286 tons, the smallest being 395 tons. 
Nine of these vessels were twin screws, and of the 
total, 31,801 tons were registered in Liverpool, 9641 
tons in Belfast, and 12,309 tons in Southampton. In 
addition to the machinery for these vessels, the firm 
re-engined the Coptic, which brings the power to 
41,800 indicated horse-power. Messrs. Workman, 
Clark, and Co. launched 10 vessels of 32,453 tons, 
all with triple-expansion engines of 19,080 collective 
horse-power. This compares with nine steamers of 
16,635 tons in 1893, eight vessels of 19,215 tons in 1892, 
and 12 vessels of 24,982 tons in 1891. They had one 
steamer of 4878 tons, two of 4370 tons, and four others 
were over 3000 tons; Liverpool took 20,702. tons of 
the firm’s production, and London 11,210 tons. Thus 
the Mersey port is responsible for 52,500 tons, or 
=— 52 per cent. of the total. This is usually the 

se, 


engines for the Theme, built by the Ailsa Company, 


and this brings the total powers of machinery pro- 
duced by the district to 62,880 indicated horse-power, 
the highest on record, being 7000 more than in 1893, 
and about 20,000 indicated horse-power over the 
average of preceding years. 


THe THAMES. 


The total tonnage produced in 1894 was 7203 tons, 
of which only about 800 tons were sail, while the 
horse-power of machinery for vessels built on the 
Thames and elsewhere was 114,194 indicated horse- 
power, which is above the normal total. The tonnage 
compares with 8235 tons in 1893, while in 1892 it was 
22,377 tons; in 1891, 8897 tons; and in 1890, 21,588 
tons. In the years having totals over 8000 or 10,000 
tons cruisers or battleships swelled the amount. This 

ear neither cruiser nor battleship was floated. The 

hames Iron Works establishment, although it has 
only turned out a few barges, is now much busier than 
for some time. The company are building a 27-knot 
torpedo-boat destroyer for the Admiralty, a battle- 
ship of 12,250 tons for the Japanese Navy, and 
a small transport for the Russian Government. 
Messrs. Yarrow constructed the following vessels : 
Five torpedo-boat destroyers, already illustrated and 
fully described in ENGINEERING ; two have success- 
fully passed through their trials. There were also two 
first-class single-screw torpedo-boats, 142 ft. long by 
14 ft. beam, with triple-expansion engines of 1600 
indicated horse-power, and 234 knots speed. The 
displacement was about 110 tons. One first-class 
torpedo-boat, 140 ft. long by 14 ft. 3in. beam, with 
quadruple-expansion engines of 1400 indicated horse- 
power, and 234 knots speed. These vessels were 
all for the British Navy, and have all been de- 
scribed at length in ENGINEERING in connection with 
their trials. One second-class torpedo boat, built of 
aluminium, 60 ft. long by 9 ft. 3 in. beam, fitted with 
‘* Yarrow ” patent water-tube boiler. This vessel was 
for the French Government. There was also a shallow- 
draught steel steam launch 50 ft. long by7 ft. beam, with 
high-pressure engine, and ‘‘ Yarrow” patent water- 
tube boiler; one paddle steamer, 50 ft. long; two 
tugboats, 60 ft. long; one shallow-draught steam 
launch, 50 ft. long. ; one steel steam launch, 55 ft. 
long ; one steel paddle steamer, 105 ft. long; two 
shallow-draught steam launches, 70 ft. long, and 
three steel shallow-draught paddle steamers, 89 ft. 
over all; all with high-pressure engines, generally 
with locomotive boilers, and all for foreign service. 

The principal craft turned out by Messrs. Thorny- 
croft, Chiswick, were three torpedo-boat destroyers for 
the British Navy—Decoy, Ardent, and Boxer. Messrs. 
Thornycroft also completed two first-class torpedo- 
boats. Messrs. R. and H. Green, Limited, Blackwall, 
have an aggregate total of 830 tons, against 420 tons 
in the previous year. The total includes two passenger 

addle steamers of 250 tons each for the Bosphorus. 

hey had oscillating engines of 620 indicated horse- 
power, giving a speed of 14 knots, made by Messrs. Penn. 
The Cecil Rhodes, as the name suggests, was for the 
Cape—an iron twin-screw tug, 160 tons gross, with 
compound engines of 625 indicated horse-power, giving 
a speed of 12 knots. These were made b essrs. 
Alex. Wilson and Co., Limited, London. The other 
craft were an iron barge for grain-elevating machi- 
nery, and 14 lighters. Messrs. Green have a large 
South-Eastern Railway steamer on hand. Messrs. 
Edwards and Syme, Isle of Dogs, have also been busy 
with similar craft, and Messrs. A. W. Robertson and 
Co., Canning Town, E., completed the Olga, of 27 tons 
and 60 indicated horse-power, and 32 lighters. Messrs. 
Forrest and Sons, Limited, have turned out quite a 
flotilla of pinnaces, tugs, sailing, and steam craft. 

Coming now to machinery, Messrs. Maudslay, Sons, 
and Field have been very busy. They passed through 
the trials of H.M.S. Theseus, built by the Thames 
Company. She had triple-expansion engines of the 
usual Maudslay pattern, which at 96 revolutions de- 
veloped 10,608 indicated horse-power, the speed being 
19 knots. The Dryad, built in the Chatham Dock- 
yard ; at 242 revolutions the power was 3709 indicated 
horse-power, and the speed 18} knots, while on natural 
draught the power at 207 revolutions was 2621 indi- 





Messrs. Victor Coates and Go. constructed the | 





cated horse-power, and the speed 164 knots. The 
Monarch, re-engined, as described in the precedin 
| volume of ENGINEERING, at 82.47 revolutions develope 
6823 horse-power, giving a speed of 134 knots under 
| natural draught, and at 86.56 revolutions developed 
| 8216 indicated horse-power, giving 14 knots. The firm 
also completed engines for torpedo-boat No. 94, which 
at 338 revolutions developed 1950 indicated horse- 
power, giving a speed of 23.269 knots, while No. 95, 
at 335 revolutions, developed 1998 indicated horse- 
power, the speed being 23.227 knots. The firm also 
engined the Russian ironclad George Victorious, 320 ft. 
long, 69 ft. beam, and 11,000 tons displacement. 
Under natural draught the revolutions were 92, the 
power 11,600 indicated horse-power, and the speed 16.8 
knots. The Admiral Oushakoff has also been supplied 
| with engines of 5000 indicated horse-power, but 
owing to the formation of ice on the Neva the trials 
were postponed. The firm have on hand the engines 


of 12,000 indicated horse-power for the Renown, 
building at Pembroke; the engines of the same power 
for the Cesar, building at Portsmouth ; and of 4500 
indicated horse-power for the destroyers, Conflict, 
Teazer, and Wizard, building by Messrs. White, of 
Cowes; and for the Zebra, building by the Thames Com- 
pany. The firm, as is well known, are the manufacturers 
in Britain for the Belleville boiler, and they have made 
boilers for the yacht, La Belle Sauvage, being built and 
engined by Messrs. Ramage and Ferguson, of Leith, 
700 horse-power ; for the Egyptian Monarch, Wilson 
Liner, being re-engined by the Earle Company, of Hull; 
and for the Imperial Russian Volunteer Fleet vessel, 
12,500 horse-power, to be built and engined by Messrs, 
Hawthorn, Leslie, and Co. Abroad, at the establish- 
ment of Messrs. Gio. Ansaldo and Co., of Genoa, from 
Maudslay, Sons, and Field’s designs, there are building 
engines id the Garibaldi and St. Bon, Italian cruisers, 
13,500 horse-power. At La ——— Terrestre y 
Maritima, of Barcelona, also from esigns of Maudslay, 
Sons, and Field, there are building engines for 
Carlos V. and Cardinal Cisneros, 15,000 horse-power, 
and three torpedo gunboats of 3500 horse-power 
Messrs. Penn (Limited) completed machinery aggre- 
gating 13,694 indicated horse-power, including the 
machinery of the Magnificent (12,000 indicated horse- 
— launched at Chatham, and engines for two 
ifeboats and the two Constantinople steamers con- 
structed by Messrs. Green. They have on hand the 
engines of 12,000 indicated horse-power for the Illus- 
trious, and of 4000 indicated horse-power for the 
South-Eastern boat building by Messrs. Green. The 
important work completed by Messrs. Humphreys, 
Tennant, and Co. (Limited) include six sets of engines 
for three vessels of 17,000 indicated horse-power, 
14,500 indicated horse-power, and 10,600 indicated 
horse-power for European Powers. They have on 
hand the machinery of two Japanese battleships of 
14,000 indicated horse-power each, and of the British 
— Prince George, besides engines for smaller 
crait, 
OTHER ENcGuIisH Ports, 

Firms in other ports constructed 60 vessels aggrega- 
ting 13,749 tons, of which 3035 tons was sail, while 
2175 tons was for abroad. The power totals just over 
3000 indicated horse-power. Messrs. Fallow, of Yar- 
mouth, completed a river boat of 49 tons with com- 
pound engines for local passenger service, and a lighter 
for the Thames; and they have on hand a wooden 
ketch and steam wherry and a lighter. Messrs. W. 
White and Sons, of West Cowes, completed eight 
vessels of 461 tons, including two racing cutters. The 
largest craft was a yacht of 324 tons and 577 indicated 
horse-power. Messrs. Camper and Nicholson, Gos- 
port, launched four vessels of 75 tons, as compared 
with two of 68 tons. Messrs. Banks and Co., Ply- 
mouth, launched a barge of 36 tons, and have on hand 
a wood flat of 80 ft. by 24 ft. by 54 ft. Messrs. Wil- 
loughby Brothers, Plymouth, launched a paddle 
steamer of 60 tons and 100 indicated horse-power for 
local owners, and a screw tug of 50 tonsand 170 horse- 
power for the Thames, and have on hand two tugs 
and a launch. Messrs. Cox and Co., Falmouth, 
launched four vessels—a pa ger steamer of 66 tons 
and 210 indicated horse-power, a yacht of 46 tons and 
150 indicated horse-power, a launch and a tug, the 
total being 179 tons and 615 indicated horse-power. 
They have a large amount of work on hand. Messrs. 
Simpson, Strickland, and Co., Limited, Dartmouth, 
completed craft totalling 186 tons and 597 indicated 
horse-power, seven of them having quadruple-expansion 
engines. Messrs. G. and T. Smith, Rye, completed 
seven vessels of 432 tons, mostly sailing craft for fish- 
ing. This is the largest total since 1885, when the 
output was 473 tons. The executors of Mr. T. A. 
Walker, Sudbrook, who in 1893 produced 926 tons and 
in 1892, 1011 tons, launched seven vessels of 1059 tons, 
mostly dredging craft. Two were steam craft with 
engines of 710 indicated horse-power. They have a 
hopper barge building of 414 tons and 400 indicated 
horse-power. Messrs. Morder, Carney, and Co., 
Limited, Newport, Mon., launched two barges, each 
of 300 tons, and the John Laurence, a screw steamer 
of 60 tons and 120 horse-power. A small screw 
tug is in course of construction. Messrs. F. J. 
Carver and Sons, Bridgewater, launched the Kate 
and Annie, a ketch of 96 tons, for Gloucester 
owners. Messrs. T. R. Oswald, Limited, Milford 
Haven, launched two steam trawlers of 147 tons and 
50 nominal horse-power for local owners. They were 
engined by Messrs, Ross and Duncan, Govan. 
Messrs. W. Thomas and Sons, Amlwch, whose total 
last = was 226 tons, launched the Celtic, an 
iron barquentine of similar measurement, for Beau- 
maris owners. <A third vessel of the same t and 
size is on hand. Messrs, E. Finch and Co., Limited, 
Chepstow, who produced 571 tons last year, launched 
a hopper barge of 200 tons, four lighters of 150 tons 
for Para, and four of 40 tons for Cape Verde. The 
work on hand includes 16 lighters, ranging from 50 
to 120 tons, and a steel screw tug. ro ame J. and 
W. B. Hardy, Littlehampton, launched two lighters 








and a barge, total 360 tons. 
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DIRECT-ACTING AIR COMPRESSOR. 
CONSTRUCTED BY MESSRS. JOSEPH EVANS AND SONS, ENGINEERS, WOLVERHAMPTON. 


Fig. 


Tue direct-acting air compressor which we illustrate 
on this page was constructed by Messrs. Joseph Evans 
and Sons, of Wolverhampton, for supplying the blast 
to one of Messrs. Meldrum’s furnaces, The steam and 
pump cylinders are arranged at opposite ends of a 
stiif distance-piece, and the pump and steam pistons 
are keyed to the same rod. The steam-valve gear is 
of the direct-acting type (Tonkin’s patent), and en- 
ables a flywheel to be dispensed with. The com- 
pressor valves are, as will be seen from Fig. 2, very 
neatly arranged, both the suction and delivery valve 
seats being formed in one piece. The outside of the 
seat is made taper, and is driven into the casing of 
the compressor. The lift of the suction valve is regu- 
lated by a stop on the underside of the delivery valve, 
and that of the delivery by a screw plug in the top of the 
casing, by removing which also access is gained to the 
valves. The compressors can be run at 200 ft. per 
minute piston speed, and give economical results 
when working with low air pressures. A large 
number have, therefore, heen supplied for working 
blowers, agitating liquids, oxidising oils, raising 
acids, &c. 





INDUSTRIAL NOTES. 


Tue Miners’ Conference held in Birmingham during 
the past week had nothing of the sensational character 
of some former conferences, when rumours of gigantic 
disputes were in the air, and when questions arose as 
to stoppages, play-days, or play-weeks, as the case 
might be. The most significant thing at the whole con- 
ference was, perhaps, the vindication of Lord Shand, who 
was rather bitterly attacked during the negotiations in 
connection with the conciliation board, which has 
to a great extent promoted harmony between the coal- 
owners and the miners over the very large area covered 
by the federation. That those attacks were unwise 
and impolitic was felt on all hands at the time. Indeed, 
the fear was that they would lead to the abandonment 
of the negotiations. Fortunately, however, they ended 
without serious mischief. The President of the con- 
ference referred in rather a bitter tone to the action of 
the Durham and Northumberland miners, both in con- 
nection with the movement for a minimum wage, which 
he describes as a “‘ living wage,” and to the dissensions 
in connection with the Scottish strike, which ended in- 
gloriously for the men. The next significant thing 
was the resolution approving of the new standing 
orders for the Trades Union Congress, and instructing 
the federation delegates to support it. The conference 
agreed to support a measure for insuring competency 
on the part of persons engaged to examine the work- 
ings of mines, and of those who fire the shots, so as to 
prevent accidents. The delegates pledged themselves 
to support at the general election only those who will 
vote for the Mines Eight-Hours Bill, and support it in 
all its stages in the House of Commons. But they 
were averse to any clause making te men responsible 
for a violation of the Act, as well as the employers, 
managers, or others inauthority. They condemned the 
attempt to give power to contract out of the Employers’ 
Liability Act, and urged that the measure be presse 
forward. It appears that the federation contributed 
over 76,192/. to the Scottish miners. The officers of 
the federation were reappointed, and delegates to the 
Trades Union Congress, the International Congress, 
and other bodies were appointed. Generally the con- 
ference was for business pertaining to mines and miners, 
and the delegates did not travel much beyond that 
line. There were some little differences of opinion upon 
minor questions and upon procedure, but otherwise 


Yj; Yj Y Vf yj 1 7 ywury 








the conference was most harmonious, It appears that 
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a strike fund of sufficient amount is to be provided in 
case of any attempt to change wages or the conditions 
of labour, but this is merely a precautionary measure. 





The state of trade is scarcely ascertainable during 
the last week of the old year and the first two weeks of 
the new year, by reason of the holidays, and matters 
more or less personal and peculiar to the various firms 
and establishments. The Amalgamated Engineers show 
an increase on donation of 895, but this may be a mere 
accident of the season of the year. The total members 
are 75,367, of whom 6761 were on donation, 1854 on sick, 
and 2539 on superannuation benefit. Of the total on out- 
of-work benefit, 3362 were in receipt of 10s. per week, 
2145 received 7s., and 1248 received 6s. per week. Of 
the sick members, 1281 were in receipt of 10s. per week. 
Superannuation benefit ranges from 7s. to 10s. per 
week, The latter is worth consideration by the side 
of the proposals for old-age pensions ranging from 
2s, 6d. to 5s. per week. Though the number on dona- 
tion is large, attention is called to the fact that there 
was a steady decrease during the last four months of 
last year, so that it gives hopes of greater activity now 
that the holiday season is over. The Amalgamated 
Society has now been strengthened by the inclusion 
of a new body—the Metal-Planers’ Society—started 
many years ago. About 1000 have joined the Amalga- 
mated Society of Engineers, the members being trans- 
ferred to the local branches in the towns in which the 
metal - planers had members. The increase is but 
small, for a large number seem to have left the latter 
union during the progress of the negotiations ‘‘through 
want of confidence in their executive.” The Amalga- 
mated Society of Engineers seem determined to bring 
the question of the position of practical engineers 
in the Dockyards to the front. Itis said that very 
soon, unless a change is effected, their members will 
be an unknown quantity in connection with the Navy, 
and that men, by no means versed in the practical 
details of the engine-shop, will take their place. 
There has long been some friction with respect 
to Dockyard work between several bodies of men 
—the shipwrights, the boilermakers and iron ship 
builders, and engineers—with respect to the class of 
work belonging to each separate branch. This is a 
matter which requires to be dealt with by practical 
men, not ‘‘ Sea Lords,” most of whom are as innocent 
of any knowledge of the engineering requirements of 
the Royal Navy as His Imperial Majesty the Em- 
peror of China; and yet it cannot be too often re- 
peated, the strength of the Navy depends not only 
upon the seamen, but also upon the men in the 
engine-room, and those that have otherwise to do with 
the mechanical appliances. 





The report of the Ironfounders’ Society shows that 
there was an increase on donation benefit of 206 over 
last month. There was also an increase of 60 on the 
sick list, and of 37 seeking work by travel. There 
was a decrease of six on dispute benefit, only four 
ets receipt of strike pay. The total number of 
members was 15,195, of whom 1990 were on donation 


d | benefit and 245 otherwise out of work ; 392 were on 


the sick list, and 714 were in receipt of superannuation 
allowance—total, 3345 on the funds, as against 3049 
last month. The weekly cost of benefits was 1102/., 
or ls. 53d. per member per week. The balance in 
hand is now reduced to 17,635/. 14s. 1d., as against 
34,9337. 14s. 3d. in the corresponding period of last 
year, or a loss in funds of 17,298/. during the year 
1894. The state of trade, as shown by the detailed 
returns of the lodges, is by no means reassuring. In 
no single instance is trade described as very good, not 
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even as good, In 35 places, employing 3505 men, trade 
was from moderate to slack, as against 42 places, 
employing 4980 members, last month. On the other 
hand, in 87 places, employing 11,390, trade was very 
slack to very bad, as against 80 places, employing 
10,173, last month. The report states that three of the 
members have been elected on the London vestries, 
and one on a district council in Kent. The total 
collections for the late general secretary have only 
amounted to 5/. 3s. 10d., but presumably he is entitled 
to superannuation if his membership has been long 
enough to qualify him for that benefit. The society 
has been exercised over the refusal of the National 
Debt Commissioners to take money on deposit beyond 
the amount allowed to individuals, and a vote is now 
to be taken with respect to investments in other ways. 
The story of these investments is a rather curious one. 
When the Post Office Savings Banks were established, 
a deputation waited upon Mr. Gladstone to ask him to 
allow the same privileges of deposit as to friendly 
societies, This was done. The same thing continued 
for about 30 years; but about four years ago the 
Chancellor of the Exchequer and the National Debt 
Commissioners began to refuse such deposits, and 
since then there have been continual refusals, even to 
societies which have used the banks for 30 years. The 
excuse is that there might be a run on the savings 
banks by a gigantic sale. This is almost as likely 
as for there to be a run on the savings banks by a 
gigantic epidemic, for the richer the union the better 
are its benefits, and the less likely are they to under- 
take a great strike. But the ways of Government are 
inscrutable. Instead of encouraging savings, the 
National Debt Commissioners seem to deprecate thrift. 





We have looked in vain for any guidance as to the 
probable conflict in the building trades, in so far as 
the monthly report of the Amalgamated Carpenters 
and Joiners is concerned. It is, therefore, pretty 
evident that the society, as such, has not been brought 
into the dispute up to the present time. It is to be hoped 
that this is a good augury, and that it may be possible 
to avert the threatened disaster. The society has now 
43,738 members, of whom only 2681 were on unem- 
ployed benefit; of these 2132 were in receipt of 10s. per 
week, and 549 of 6s. per week. There were also 959 
on sick benefit, and 505 on superannuation allowance. 
The Newcastle branch has begun a protest against 
the socialistic tendencies of the Trades Congress, and 
urges the withdrawal of the delegates of the society. 
In that resolution the change of secretary is depre- 
cated as a result of the Socialists’ votes. The resolu- 
tions from some other of the branches are very curious 
—for the term is given to what may be termed an 
essay or a speech. But being called a resolution, and 
being submitted to the branch as such, and being 
carried, it has to be inserted in the monthly report. 
Some of these resolutions fill a whole page of a large 
octavo sheet in small t This is a new develop- 
ment of the resolution form, and judging by one or 
two, may involve the executive in libel cases. 


The delegates of the Building Trades Federation are 
very busy, preparing for eventualities in connection 
with the notices to terminate the existing agreement. 
But there is one sign, small in itself, but important, 
which may indicate that things will run more 
smoothly than some anticipate. The district secretary 
was made to say, in a brief report of his speech, ‘‘ that 
every workman throughout the metropolis, and, in 
fact, the country, denounces the policy of the Master 
Builders’ Association.” He denies the accuracy of the 
report, and he does so having no desire to provoke 
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hostility on the part of the Master Builders’ Associa- 
tion. Whathe did say, itappears, was that the work- 
men would oppose sub-contracting, which is a very 
different thing. If hasty words are spoken at a meet- 
ing, it is wise to modify them ; and if words are put 
into a speaker’s mouth which he did not use, he 
must contradict them. The labourers of various 
sections are organising to take part in the confer- 
ences which will take place on the subject of the 
agreement, when it is hoped that some modus vivendi 
will be found without resort to a strike to settle the 


differences. 

There are no tangible signs as yet of the expected 
improvement in the condition of the engineering trades 
throughout Lancashire. Machine tool makers and 
stationary engine builders are only moderately 
employed, except where there is special work, in 
which cases they keep fairly busy. Boilermakers 
are rather short of orders, and locomotive builders 
for the most part are quiet; The whole of the 
24 or 25 branches of the Amalgamated Society 
of Engineers report the state of trade as bad in the 
Manchester and Salford district, in which large 
district a large number are unemployed, particularly 
fitters and turners. Inthe Oldham district about one- 
half of the branches report trade as being moderate, 
the other half as bad, and many are out of work. In 
the Bolton district the ny is half moderate and half 
bad; Barrow moderate, Live 1 bad, Lancaster bad, 
and most of the other places bad. On the whole, the 
outlook in Lancashire is not good, for the cotton indus- 
tries are in a state of ferment over the Indian duties on 
cotton goods. Employers and employed alike com- 
plain, and doubtless there will be a fight over the Indian 
measure in Parliament. That measure also increases 
the duties on iron and steel manufactures generally, 
except machinery ; but possibly the low rates will not 
much affect the industries of this country. 





In the Wolverhampton district a change of policy 
has secured a large extension of immediate trade. It 
appears that some half-dozen of the leading makers 
of marked bars had unexpectedly, if not suddenly, de- 
cided to reduce the price of best qualities as much as 
10s. per ton. This drop was followed by the placing 
of some extensive orders for best qualities. Singularly 
enough, buyers of medium and common qualities were 
refused any benefit by the reduction, on the ground 
that makers of unbranded iron had already reduced 
rates as low as they can possibly go. Local producers 
of pig iron express themselves equally determined not 
to accept fresh contracts below the quotations of a 
month ago. What the effect of the change of front 
will be generally it is not possible to foresee, but for 
the present, business is very slow, except in the 
qualities where prices were reduced and large orders 
were placed in consequence. The engineering in- 
dustries in the district are moderately well employed, 
for only one man is reported out of work and on dona- 
tion benefit in the branches of the Amalgamated 
Society of Engineers, Trade also keeps fairly well as 
regards constructive work generally, such as bridge 
work, girder work, ogg 4 construction, tank con- 
struction, and the like. Labour questions are quiet, 
but what effect the reduction above mentioned will 
have on wages, when the Midland Wages Board have 
to revise the lists, it is too early to foresee. 





In the Birmingham district a fairly large amount of 
orders appears to have been given out, but it is said 
that there is a feeling in favour of a curtailment of 
production in order to keep prices up. Improved 
shipping orders have come in for galvanised sheets, 
but the prices are very low. The drop of 10s. per ton, 
as above described, seems to have had no material effect 
upon general quotations, as it is regarded as restoring 
the balance which usually exists between list iron and 
other descriptions. The engineering trades seem to be 
fairly busy, though in the returns only described as 
moderate, for in the six branches of the Engineers’ 
Society only 48 are unemployed, the larger proportion 
being fitters. The recent conference on employers’ lia- 
bility, old-age pensions, &c., does not appear to have been 
so cordial or unanimous as the papers reported, for the 
direct appeal to those who were present has disclosed 
the fact that few were in accord with their member on 
the two main questions discussed. 





The new standing orders of the Parliamentary Com- 
mittee continue to excite a good deal of comment in 
trade union circles. As was to be expected, the trades 
councils and Jabour councils are the most furious in 
their attacks upon the Parliamentary Committee, 
inasmuch as the adoption of the new orders will 
practically exclude them from future congresses. The 
older trades councils have never provoked any opposi- 
tion in congress, though it was known and recognised 
that they often represented, in a duplicate capacity, 
the bond-fide trade unions of the district. But they 
also represented the smaller unions who were not able 
to send special delegates of their own. It is question- 
able whether the new orders are levelled against those 


in any sense. They are rather levelled at the newer 
‘labour unions,” which are but aggregations of the 
newer labourers’ unions under another name, thus 
giving to unskilled labour an undue proportion of 
representation. But from a financial point of view, 
neither trades councils nor labour unions give any real 
strength to the congress. They seldom contribute 
more than the delegates’ fees of 10s. each to the 
congress, except in a few instances where a sum is 
voted in the hope of the delegate representing the 
body having a seat on the Parliamentary Committee. 
The financial support comes from the great unions of 
Engineers, Boilermakers and Iron Ship Builders, Iron- 
founders, Smiths, Carpenters and Joiners, the cotton 
trades, the miners, and similar bodies. These object 
to be exploited in the way they have been during the 
last five years. The idea of capturing the congress 
was thought to be a grand one, a stroke of policy which 
would turn the unions into socialistic bodies whose 
object was to be to ‘‘grasp capital by the throat,” and, 
presumably, to strangle it. It was felt that this kind 
of operation could not go on. 





No further steps have been taken as regards the 
boot and shoe trades and the pending disputes, except 
the reference of the St. Albans case to an umpire, 
whose decision up to the present has not been given. 
But there are signs of a possible reconciliation, or at 
least of a modus vivendi, so as to avert a strike or lock- 
out. Trade is reviving. It is said that never since 
Jubilee year, 1887, has the new year opened so favour- 
ably as the present. With a prospect of good trade, 
both sides will hesitate to throw away a ‘‘ season ” in 
a trade dispute. The main difficulty seems to be the 

uestion of non-union labour. Some are advocating 
the introduction of the ‘‘free labour party” as a 
balancing element. But some of the larger and older 
es deprecate this. ‘They say that they prefer 
to deal with a powerful and responsible union, with all 
its faults. This seems to be the general view. More- 
over, they all admit that it will be very difficult to 
break up the union; some say it is impossible. This 
is the employers’ view generally, and, of course, the 
men adopt that view. The chief thing is to try to 
bring the union and the federation into a closer alliance, 
and to resolutely refer all disputes to the joint com- 
mittee. Much has been done in this respect ; much is 
even now being done. A little patience, better trade, 
and brighter prospects will facilitate negotiations for 
a more permanent settlement of all 
real proximate cause of the dissension was the St. 
Albans strike ; that is so far settled that the men are 
at work, and the matters in dispute are being dealt 
with by an umpire ; this ought to end the affair. 


The London Chamber of Commerce have been able 
to effect a settlement of the London Docks dispute 
between the master stevedores of the London, Liver- 
pool, and Manchester steamers loading at the London 
Docks, After full consideration of the whole case an 
agreement was arrived at, which is not to be deviated 
from except after three months’ notice by either party, 
which notice is to be given through the board. The 
latter stipulation will have the effect of keeping the 
board in touch with the parties, and thus enabling 
it to ease off any friction that may arise. This 
action should give encouragement to other parties to 
do likewise. 





The ‘‘Free Labour Party” are almost competing 
with the ‘‘ Independent Labour Party,” in so far as 
popularity-hunting is concerned. But the two parties 
are on different lines, and seek different objects. The 
Free Labour Association is supposed to be a revolt 
against the tyranny of trade-unionism. In its mani- 
festo just issued the association boldly throws itself 
into the threatened dispute in the building trades. 
The new organisation refers to the way in which the 
agreement of 1892 was won. The manifesto states 
that the non-union men were made catspaws of, and 
after helping to win the battle were struck against 
unless they joined the union. The association urges 
that men shall be free to join or not to join a 
union. This is merely a reiteration of the legal posi- 
tion of a workman under the labour laws. The coer- 
cive action of some of the newer unions was sure to 
bring about a revolt, and it seems to be on the eve of 
realisation. The misfortune is that while workmen 
are fighting each other, employers will be as badly off 
as though the fight was against them personally. 


The South Wales tinplate trade continues to feel the 
depression. Other works have been stopped at Hendy 
and Glamorgan, and now notices have been issued to 
terminate all contracts at the Landore Tin Works. 

The unemployed question seems destined, like the 
poor, to be always with us. It is now arranged to 
hold a great open-air demonstration in Trafalgar- 
square just before the meeting of Parliament, and it is 
rumoured that a procession is to proceed to the House 





of Parliament on the first day of the session to in- 
fluence the members. 


disputes. The damaged 


THE NORTHALLERTON SMASH. 


GENERAL HuTcHINSON’s report on the above accident 
has just been issued, it a been delayed owing to one 
of the witnesses being too ill to give evidence when the 
inquiry was first opened. 

As most of our readers probably remember, the first 

rtion of the 10.40 p.m. up express from Edinburgh to 

ing’s Cross came into collision at Castle Hills Junction 
(nearly three-quarters of a mile north of Northallerton 
station on the North-Eastern main line) with the tail of 
a mineral traip, with consequences most disastrous to 
rolling stock and permanent way, but happily not so 
much so to life and limb as we have recently had to 
deplore at Chelford. The collision occurred at 3.6 a.m. 
on October 4 during a thick fog, and in view of the 
terrible smash it is marvellous that it resulted in the 
death of but one person. Nineteen passengers were 
injured, only two oy and six servants, mostly 
seriously, as follows : he driver of the leadin 
engine of the express, whose thigh was fractured an 
arm injured, and who died in hospital eight days 
later without recovering consciousness ; his fireman, who 
sustained concussion of the brain and other injuries; the 
driver of the second engine, who had to have his arm 
amputated ; his fireman; the conductor of the train, 
who had a most marvellous escape, his van, the leading 
one, being completely smashed, and he being pitched on 
his feet on to the front platform of the Pullman car, the 
third vehicle, with his legs injured, but no bones broken ; 
and the rear guard, who was knocked down and but 
slightly injured. The guard of the mineral train jumped 
out just in time to save himself. 

The express train consisted of two engines and tenders 
and 13 vehicles, counting as 14, marshalled as follows : 
Engine and tender No. 905, engine and tender No. 1622, 
brake-van No. 1028, third-class carriage No. 139, Pullman 
car “‘ Iona,” composite No. 72, and the rest as shown in 
the diagram on the next page, taken from the report. The 
weight of the train was about 360 tons, of which about 260 
tons were carried on wheels controlled by the Westing- 
house brake. 

On the collision occurring, the leading engine and 
tender deflected to the right, crossed the down line and a 
siding alongside it, and turned nearly completely round, 
with the engine on its left side and the tender on the 
down side of it, and resting upon its framing ; the second 
engine and tender were thrown on to the down line, the 
— being turned over on its right side; the front van 
and carriage next it were more or less destroyed ; the 
Pullman car ‘‘ Iona” mounted on the wreckage, and was 
badly damaged ; the two next vehicles were off the rails 
and also damaged ; and the eight rear vehicles remained 
nearly straight on the rails, none of them being badly 
The mineral train, which consisted of engine 
and tender, nine loaded wagons of coal, 30 loaded wagons 
of coke, and a brake van, was broken into four portions : 
first the engine, tender, and 10 wagons, the ninth and 
tenth being off the rails; then, after an interval of about 
30 yards, three wagons ; next, 21 wagons close up to the 
three ; and then five wagons and the brake van, more or 
less destroyed. The permanent way suffered severely, 
some 5 chains of line requiring renewal, including three 
crossings. 

At Castle Hills Junction the Bedale branch joins the 
down main line with trailing points, and there are also 
trailing point connections with a down shunting siding 
and up relief siding, as shown in the figure. The u 
distant signal is 814 yards north of the home signal, an 
there isa a worked by a lever in the cabin 
3 yards north of the distant. Wiske Moor cabin is 
14 miles to the north, and is provided with distant, home, 
and advanced signals ; the heights of the signal lam 
here and at Castle Hills vary from 12 ft. 10 in. to 43 fb. 
10 in., and the distance from the outer rail of the up 
line being from 4 fb, 9in. to 17 ft. 4in. The Wiske 
Moor advanced signal lamp is 12 ft. 10 in. high and 8 ft. 
44 in. from the rail. All the signal posts are on their 
proper side of the line. There are two bridges between 
these two cabins, the second being 230 yards outside the 
Castle Hills home signal. The line is perfectly straight 
at and near this cabin, and practically level. 

The circumstances leading up to the collision are as 
follows: A ground fog came on about 2.30 a.m., and 
gradually became denser, thus making it difficult for 
drivers to see the signals, At 2.50 an up goods, with two 
wagons above its load and an engine that was steaming 
badly, arrived at Castle Hills, and the signalman there 
thought it best to shunt it into the up reliet siding, as the 
express was expected in 13 minutes. This was according] 
done, and ‘‘ Line clear” given back to Wiske Moor at 2.54. 
Thereupon an up mineral train which had been slightly 
checked at Wiske Moor owing to the goods shunting, was 
at once given on, and arrived at Castle Hills at 3.5, 1 
the signals were seen by the driver of the goods train, and 
all except the Castle Hills distant signal (where, however 
he ran over a fog signal placed on the line by the *‘ fog- 
lever” ) were also seen by the mineral driver. As he was 
ing the cabin the signalman shouted to him to shunt 
into the up relief siding in front of the now stationary 
goods train, and as he was drawing slowly forward to 
clear the points, and when his van was about opposite the 
home signal, the express came dashing into it, with the 
disastrous consequences already given. 

The express arrived at Darlington at 2.43, nine minutes 
late, and, owing to the engine steaming badly and the 
oe donkey pump being defective, a six- 
wheeled tender engine, coupled in rear, was in 
front of the train engine, and the train left at 2.50, 13 
minutes late. For the first five miles the weather was 
clear, but about Dalton (84 miles from Castle Hills) fog 
was entered, and the driver of the second engine failed to 
see any more sigcale, at Cowton, Danby Wiske, Wiske 
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Moor, or Castle Hills, although he was looking out for 
them, owing to the fog, and the steam from the leading 
engine blowing down. He saw the light at Wiske Moor 
cabin, but the first intimation of anything being wrong | 
was given him when about 300 yards from Castle Hills 
Junction by the driver of the goods engine in the relief 
siding giving several sharp whistles. He was then 
travelling at a speed of 50 to 60 miles an hour, and at 
once shut off steam, and the brake was applied at the 
same time by the front driver. Speed was reduced by 


In the case of the signalman, however, we cannot but 
think it most unfortunate, to say the least of it, that he 
did not give the signal, ‘‘ Vehicles running away on the 


right road ” (14 beats on the bell), as soon as he saw the 


express pass. Had he done so, the Castle Hills man 
would have had time to realise the danger, and might 
have got his fog apparatus into action in time. Con- 
sidering that there appeared to be no s ing instru- 
ment between the cabins, it is not surprising the Castle 
Hills man was unable to quickly read the message, pro- 


Frame of Van 1028 





wrote that “‘ allowing for a greasy rail and a speed of 
from 50 to 60 miles per hour, the reduction of speed 
ought to have been considerably more than it appears to 
have been.” 

It must be remembered also, in considering the 
results at Northallerton, that of a total train weight of 
about 360 tons only 260 tons rested on braked wheels. 
This is a much smaller proportion than is desirable, and it 
means that to reduce the speed from 60 to 40 miles per 
hour, in a distance of 200 yards, the mean retarding force 
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© was 
thrown off to the right, across the down line and siding as 
far as the fence at the bottom of the low embankment on 
which the line is formed, and was seriously injured. The 
driver of the first engine was also severely injured, and 
never recovered consciousness before his death, eight days 


about 10 miles an hour (not more, owing to the 
state of the rails) when the collision took place. 


later. His fireman sustained concussion of the brain, 
which affected his memory, so that he recollects nothing 
after entering the fog until he heard the brake whistles of 
the goods engine, whereupon his driver said something 
and at once placed his hand on the brake tap. F 

The Wiske Moor signalman, after sending the mineral 
train on, received the ‘‘ Train on line ” for the express from 
Danby Wiske at 3.3 a.m., and as he had not received 
** Line clear” for the mineral train from Castle Hills, he 
kept all his signals at ‘‘ Danger” and sent the shunt signal 
(11 beats on the bell) to Castle Hills, which was duly 
acknowledged. After receiving this signal, the signalman 
intended to cross the down line in order to put a detonator 
on the up line, but was prevented from doing so by a down 
train passing. Just as this train cleared, the express dashed 
past ata high rate of speed, and there was no time to 
show any red light. The signalman heard no whistle on 
its passing the advanced signal, which the guard of the 
mineral train had seen goto *‘ Danger,” and heat once rushed 
to his block instrument and shook Castle Hills violently 
up, and commenced telling him that the express had 
passed his signals at ‘‘ Danger,” and that the Castle Hills 
man must put a “fog” on. This was at 3.5, and the 
Castle Hills signalman not only was unable to read the 
message clearly, but had to leave his instrument in the 
middle in order to tell the driver of the mineral train, 
whose engine was then passing the cabin, to shunt. 
While speaking to the driver he heard the goods engine 
whistle sharply, and at 3.6 he returned to the instrument 
and made out what Wiske Moor man had to tell him. 
He at once threw up his home signal and pulled over his 
**fog lever,” but it was too late, as the express had then 
passed the distant, and in another instant the crash 
took place, the fog being exceedingly dense just at the 
time. 

General Hutchinson, in considering the causes of this 
aceident, lays the chief blame on the deceased driver, who 
in some unaccountable way failed to see so many signals, 
and yet maintained so high a rate of speed. This man bore 
an excellent character, and his eyesight had been certified 
as right only last July; he had been 9 hours and 20 
minutes on at the time of the accident, and was booked 
for a turn of 12 hours, which the inspecting officer charac- 
terises as too long. The second driver, though not con- 
sidered equally culpable with the first, is not held to be 
free from blame, as he certainly ought to have kept a 
better watch on the signals. Asregards the two firemen, 
they may have been busy with the fire, and so General 
Hutchinson gives them the benefit of the doubt, and 
exonerates them from all blame. The conductor in the 
front van, he also considers, should have seen the, Wiske 
Moor advanced signal, if no other, and therefore is not 
free from blame. As regards the rear guard, he was sort- 
ing parcels, and even if he had seen any signal at 
** Danger,” he could hardly have ventured to apply his 
brake, as the signal might have been off for the driver, 
and somewhat quickly thrown to ‘‘ Danger ” by the signal- 
man, for all he knew to the contrary. General Hutchin- 
son further considers that the collision might have been 
prevented had the Wiske Moor signalman been more 
prompt in going down to place fog signals on the up line, 
and had the Castle Hills man also put a fog signal on the 
same line behind the mineral train by means of his rr. 
ratus as soon as he was sure that it had cleared his 
distant signal, which duties were doubly binding on both 
men, as neither had taken any steps to summon fog- 
signalmen. The latter man excui the delay in using 
bis apparatus to protect the mineral train by stating that 
his attention was taken up by the violent shaking of his 
block instrument. For his promptitude in thus shaking 
up, the Wiske Moor signalman receives credit from the 
Government inspector, as also does the driver of the 


goods train for whistling as soon as he heard the express 
approaching, and thus giving the sole warning appre- 
ciated by the drivers of the express, and without which 
no doubt the accident would have been very much more 
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bably very flurriedly sent, for without constant practice 
the art of quickly reading a single-needle instrument is 
soon forgotten. 

As ‘‘ another cause which contributed to the collision,” 
the driver and guard of the goods train, together with 
the foreman shunter at Darlington, are blamed for over- 
loading the goods train, especially when it had lost time 
before a oe owing to the engine steam- 
ing badly. ile agreeing that this procedure was most 
improper and wrong, we cannot but consider that it is put- 
ting it rather too strong to call it a contributory cause of 
the collision. If such be the case, then the mere fact of 
another train travelling slower than the express, and 
preceding it by, it may be, several hours, and either 
directly or indirectly causing delay to the traffic gene- 
rally, might be taken as a contributory cause, which would 
be absurd. The report concludes as follows : 

**The following consideration arises out of this serious 
collision, taken in conjunction with the other more serious 
one which occurred near Thirsk about two years since, 
viz., whether the time has not arrived, in view of the heavy 
traffic of all descriptions and speeds, for duplicating the 
line at any rate between Darlington and Thirsk, so as to 
be able to separate the passenger traflic as far as possible 
from the goods and mineral traffic. 

‘* Again, it is most desirable, as shown by the results of 
the collision, that in marshalling express trains, the large 
heavy carriages should as far as possible be placed in front 
of the train, or where this is not practicable, that light 
carriages should not be placed between heavy ones. 

“It is much to be regretted that there was no fog- 
signal apparatus for the up line—though there was one for 
the down line—at Wiske Moor cabin. Had there been 
one, it would very probably have been the means of pre- 
venting the collision. It is to be hoped that their use 
will be now largely increased on the line, as they are 
valuable in the sudden incidence of fogs before fog-signal- 
men can reach their posts. 

“The action of * ag Westinghouse brake with which 
the express train was fitted cannot be regarded as entirely 
satisfactory. There is good reason to believe it was fully 
applied at least 200 yards from the point of collision, but 
judging by results, the speed could not have been reduced 
by more than perhaps 20 miles an hour from a probable 
speed of about 60 miles an hour. In 400 yards on a level 
line such as this, with the rails in good condition, the train 
should have been stopped ata speed of 60 miles an hour; 
but allowing for a greasy rail and a speed of from 50 to 
60 miles an hour, the reduction of speed ought to have 
been considerably more than it appears to have been. 
On the other hand, the brake did excellent service in 
confining the damage to the first five vehicles, the last 
eight having kept the rails and having been practically 
uninjured.” 

As regards the duplicating of the line between Dar- 
a and Thirsk, this is largely a matter of finance, 
and no doubt will be done as soon as the North-Eastern 
directors see their way to making it pay. With the 
suggestions for marshalling express trains most railway 
men will probably agree, but in the matter of employing 
fog apparatus, we can do so only on the strict under. 
standing that such apparatus is to be used only until the 
fogmen arrive at their posts. To do away with these men 
appears to us quite impracticable until some intelligent 
fog apparatus is brought out, which will not only stop a 
driver, but also tell him when to go on again. As tempo- 
rary adjuncts to fog-signalmen, we have nothing to say 
against any reliable apparatus. 

In his remarks about the action of the brake at 
Northallerton, General Hutchinson has made a somewhat 
curious slip, to which it is desirable to direct attention. 
We quite agree with him that with rails in good condi- 
tion a properly braked train should be brought to a stand 
from a 8 of 60 miles per hour within a distance of 400 
— this meaning the application of a mean retarding 

orce of about 10 per cent. of the weight of the train. 
But a brake which would effect this stop would, durin 

the first 200 yards, only reduce the speed by about 17h 
miles per hour, or bring it down to, say, 424 miles per 
hour, so that the reduction of s by 20 miles per hour, 
with which General Hutchinson is dissatisfied, is really a 
better performance than that which he considers ought 
to be obtained with rails in good condition. General 
Hutchinson must have quite overlooked this fact when he 
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must equal over 15 per cent. of the load on the wheels 
fitted with brakes. This, we need scarcely say, is a 
greater percentage of retarding force than can be obtained 
with certainty in all conditions of weather, and if this 
result was obtained at Northallerton, it speaks highly 
for the promptitude with which the brake was fully 
applied and for its subsequent efficiency. 

The passengers and the North-Eastern Railway Com- 
pany are certainly to be congratulated on the compara- 
tively small amount of injury to life and limb caused by 
this collision. 





Population OF NEw ZEALAND.—The population of New 
Zealand (exclusive of Maoris) on September 30 was esti- 
mated at 360,830 males, and 319,767 females. The births 
during the September quarter were 2431 males and 2880 
females, and the deaths 1079 males and 864 females. The 
arrivals for the quarter were 2921 males and 1471 females, 
and the departures 3701 males and 1448 females, showing 
an increase of European population of 2011 for the quarter, 
but an excess of departures over arrivals of 757. 





Tur Raritway BRIDGE ovER GuLDBoRG Sounp, Dern- 
MARK.—The works in connection with the new bridge 
over Guldborg Sound are now completed, and an iron 
bridge has replaced the old wooden structure, of which 
only the swing bridge, which is of iron, and swing bridge 
pier, have been maintained. The traffic has been carried 
on without interruption during the rebuilding of the 
bridge, which is about 1000 ft. long, the rails of the new 
and of the old bridge being exactly on the same level. 
Eight trains pass the bridge daily, and not one of these 
has even been delayed. The bridge is supported by 18 
piers, of which 15 each consist of two wrought-iron 
cylinders, filled with concrete; the others are stone 
piers. The average depth of the piers is about 30 ft. 
under ordinary water level. The sinking of the piers 
was commenced in the month of June, 1893, and the mild 
winter made it possible to proceed with the work without 
interruption, so that the work in connection with the 
upper structure could be commenced in May, 1894. 

e upper structure was brought from Copenhagen 
partly completed, and has been riveted on the bridge. 
As soon as one section was ready it was made to act as 
a portion of the bridge, and the wooden structure was, 
thus far, removed. The bridge has been built for account 
of the Lalland Railway Company. The upper portion 
was contracted for by a Copenhagen, and the lower by a 
Frankfort-on-the-Maine, firm. 

SANITATION IN THE MipLanps.—An interesting report 
has just been issued by Dr. Barwise, medical officer of 
health for Derbyshire. The report relates to the public 
health of the county during 1894. It appears that the 
population of Derbyshire is now estimated at 426,768, 
viz., in the urban districts of the county, 224,570, and in 
the rural districts 202,198. The births of the year were 
15,620, and the deaths 7849, the rate of ae, being 
174 per 1000 per annum. The county was troubled last 
year with a small-pox epidemic which was introduced by 
navvies working on the Dore and Chinley Railway, and 
which quickly spread all over the county. The navvies 
were overcrowded, the accommodation provided for them 
by the contractors being pronounced by Dr. Barwise 
wholly insufficient. They worked in day and night 
shifts, and as one lot turned out of bed another lot turned 
in. In addition to this, the men wore the same overalls. 
To avoid a similar epidemic in the future, Dr. Barwise 
suggests that a clause should be inserted in all future rail- 
way Bills making it incumbent upon the undertakers to 
provide accommodation for at least 75 per cent. of the 
men employed. The cost of the epidemic introduced into 
Derbyshire last year by the Dore and Chinley navvies 
was 10,000/., or more than 10/. per case. The mortality 
amongst the vaccinated cases was barely 4 per cent., 
while among the unvaccinated it was 25 cent. Dr. 
Barwise recommends the establishment of 12 isolation 
hospitals in different parts of Derbyshire. One circum- 
stance may be aek te the credit of Leicester, viz., 
that the sanitary arrangements of the town have 
been greatly improved of late years, and that the annual 
rate of mortality has been od ee from 25 per 1000 in 
1854 to 144 per 1000 in 1894. 
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FEED-WATER HEATERS.* 
By Professor A. C. Exziort, D.Sc. (Edin.). 
(Continued from page 64.) 

inciple of regenerative feed-heating is precisely 
un bee by Dr. Stirling, a worked out in 
theory and practically applied by Mr. Weir, apparently, 
in a different way. eat is abstracted from the working 
fluid during expansion at one, two, three or more stages 
by the feed on its return path to the boiler. If the number 
of stages be indole increased, the feed will obviously 

reach the boiler at boiler temperature. _ : 
Fig. 7.shows the complete regenerative steam-engine 
cycle, Thecurve D E is similar, and, indeed, parallel to 
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the curve B C. Thearea A B CF is the heat employed 
in raising the feed from the temperature 70 to 7 ; the area 
F CD J is the heat (latent) taken in during evaporation 
at the constant temperature 7, ; the area J D EG is the 
heat abstracted for feed-heating, and is consequently 
equal to the area A BC F; and the area AB EG is the 
heat rejected to the condenser. But since the area A BC F 
is exactly neutralised by the area G E D J, it is clear that 
the net heat expended is the area F C DJ, and the net 
heat rejected is the area A BEG. Hence the work done 
is the area BC D E, and the efficiency is 

_ areaBCDE _ 1-7, 

area F CDJ : 

that is to say, the cycle is perfect. _ 

Practically, Mr. Weir’s plan applies to compound or 
multiple expansion engines ; and, putin short, steam to 
heat the feed is taken from the receiver or receivers. For 
a compound engine the heat diagram is shown by Fig. 8 
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Hardly any explanation is ee DN is the curve 
of perfect regeneration, D K L MN is the practical ap- 
proximation thereto. The area P L K Q shows the heat 
in the steam abstracted from the receiver, and as this is 
returned to the feed it falls to be subtracted from the area 
ABCDQ, representing the gross heat given in. The 
net heat expended is therefore the area A BC D K LP, 
and the net heat rejected is the area ABMP. The 


efficiency is therefore 
p= sea BCDKLM | 
area ABCDKLP 
Figs. 9 and 10 show the same things for triple and quad- 
ruple engines respectively, where sufficient steam to heat 


the feed is abstracted from each receiver. In the case 
to which Fig. 9 refers the gross heat expended is the ares 
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ABCD J; but since the heat represented by the area 
J LEFG K is returned to the feed, the net heat ex- 
pended is the area ABC DL EF G K, or, for shortness, 
the areaC K. The work done is, shortly, the area C H: 
and the efficiency is therefore 
EK = area CH . 
area C K — 

* Paper read before the South Wales Institute of 

Engineers, 
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Similarly, in the case represented by Fig. 10 the efficiency 
8 
area C N 


E= 





area C K* 


It is clear, then, that if the number of cylinders and 
the places of abstraction of heat for feed-heating become 
indefinitely great, the broken lines at the right-hand side 
of the diagram merge into a curve shown by the dotted 
line D U in Fig. 10. 
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This new state of affairs is shown by Fig. 11, The heat 
abstracted for feed-heating is the area K U D J, and since 
this is just equal to the heat required for feed-heating, 
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namely, the area A B C V, it follows that the curve D U 
is parallel to the curve C B. Hence by a simple shear 
Fig. 11 can be transformed into Fig. 12. In either figure 
the work done is C U, and the heat expended on the 
whole is CJ. But from Fig. 12 

; = area OU 1-1, 

area C J TI 

Whence it follows that this method of feed-heating, 
carried to its uttermost limit, makes the steam-engine 
cycle absolutely perfect. Fig. 12is, in fact, identical with 
Fig. 2, which represents the Carnot cycle. 
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To begin the consideration of the magnitudes involved, 
take first the ordinary steam cycle and assume the expan- 
sion to be truly adiabatic and complete. Let 7, 70 be 
respectively the absolute temperatures of the boiler and 
condenser; L;, the Jatent heat at the temperature 7; ; c, 
the specific heat of water ; W, the work done per pound 
mass of steam or water measured in heat units; Ho, the 
corresponding amount of heat abstracted by the con- 
denser ; and Ko, the efficiency. Then by the first law 


(Joule’s law) 
7, 
wars fose-tt (20) 
TO 
and by the second law 
Tl 
ly f c67_ Hy _g (21) 
T T To 
TO 
Hence 
ee W Ho 
ene an oe =1— 
nef cor nt fe 
Tv To 
ry 
L, cor 
Ty Zs f 7 
a J (22) 3 
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In the calculations which follow, Regnault’s results, 








error, will be used. Ran- 


uncorrected for real or sup 
i ightly altered, the author will 


kine’s expression for c¢, 
write as pa 
=1+ — (r-493). . 23 
c + io (r ) (23) 
Then it follows that 
| 


= 113 oe . 
[: iran —% + { (7, — 493)3 - (7-493) } (24) 
0 


and 
7) 
céorT T 34 
—— = 1.0826 log,—! —*— (7,- 7 986 — 
F i Re ioe (2 of 
T) 


T, + To 
bear el ae . . . 


If we assume c = 1, the first three of the preceding ex- 
pressions become simplified as follows : 


(25) 


W=1,+7,- %— Hy; . (26) 

Th + loge 71 - Ho 0; (27) 
~ To T) 
L! 7) 

ro i" ae 


Kk, = 1 Tt ae 
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The error contained in the assumption c = 1 is in any 
individual case practically unimportant, but, on the other 
hand, it is large enough to introduce appreciable con- 
fusion when stating comparative results. The author 

roposes, then, to simplify the form of the expressions 

ereafter used in this = to the extent of writing c=1; 
but in the actual calculations the more complex and 
accurate formule obtained by adopting the variable value 
of c above mentioned will be employed. 

Now take the case of a compound engine whose feed is, 
by a connection to the receiver, allowed to abstract as 
much steam (and heat) as it can take up. Leb 7}, 72, To, 
be respectively the absolute temperatures of the boiler, 
receiver, and condenser. Consider 1 lb. mass passed com- 
pletely through the engine, while a lb. mass are ab- 
stracted from the receiver; thus 1 + alb. pass through 
the high-pressure, and 1 1b. through the low-pressure cy- 
linder.* Calling L, the latent heat at the boiler tem- 
perature, Hy the heat exhausted to the condenser, and G 
the heat which the steam taken from the receiver parts 
with to the feed, we have by the second law, when the 
expansion is truly adiabatic and complete, 


Ly 1 _ Hog, 


1 + log € » (29) 
Ti T) To 
al1 + aloge  —F=0, (30) 
Ty Te Te 


where the specific heat of water is taken as constant and 
equal to unity. Also, since the feed is heated from 7, to 
7, by received steam, “ ‘ 

+=t-_ 





Hence . “s 
1 = te. 
72 
a ee ee < . ee 
I, + loge TL 
T) 72 
The work done is by the first law 
W = (1+ a) (Ly + t;—72) —Hy;. » (32) 
and hence the efficiency 
E=l— —— re ee = 
l+ta l+7,—7. 
L; 1 Tr 
Fe ie Sener? ee 
l+a L, +7; —Te2 


For the sake of illustration, let it be assumed that the 
condenser pressure is constantly 2 1b. per square inch ab- 
solute, which corresponds nearly with 


7 = 126 + 461 = 587 


on the Fahrenheit scale. Farther, let the drop in tem- 
rature from the boiler to the condenser be equally 
ivided between the cylinders ; or otherwise expressed for 
this case, let 
3 m1 +f o. 
Then denoting by 


p, the boiler pressure in pounds per square inch, 

E,, the efficiency without eabheune, * 

E,, the efficiency with feed-heater, 

Ep, the efficiency of the corresponding ideal engine 

of maximum efficiency, und by 

8, the saving per cent. in fuel consumption for an 
engine working the feed-heater cycle as 
compared with one working the ordinary 
cycles, the successive results may be set out 
as in Table I. on the next page. 


The last column of Table I. shows the saving that 
could be realised were an ideally perfect system of 
regenerative feed-heating attainable ; and the last column 
but one shows the practically realised saving in a com- 
pound engine with a ae connection to the 
receiver. It appears from the that by this 
method and in this type of engine about one-half of the 





* a is, of course, really a small fraction. 
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‘ explained that to give the formule definite and simple 
TaBiEz I.—Compound Engine: 7)=587. shape, the condition c= 1 has been imposed ; but in all 
2 ae ; *e .s.¢, | calculations the variable value of c, already specified, has 
go [22.18 | 3a ya Salsts | ge" =, | been employed. The following Table II. sets out some 
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the object of fully depicting the nature of the variations | the cylinders are assumed to be equal. ; ; 
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Tas_E III.— Triple Engine: 7 =587. Feed-Heating 


boiler may be broken up into two circuits; the first cir- 
culating through the whole apparatus, and the second 
short-circuiting the low-pressure cylinder and the con- 
denser. Fig. fs is a similar diagram for a triple engine 
with feed connections to each receiver. — 

For the triple engine as shown in Fig. 14 let the pro- 
portions of the parts of the total f be as marked 
thereon ; and farther, let G., G, be the number of heat 
units derived by the feed from the circuits a, and a, re- 
spectively. Then, taking the specific heat of water as 
unity, we have, similarly as in the case of the com- 
pound, 


Th + loge ™ —Ho zg, . .  . (84) 
7) T To 
a, 1 + azloge ™-G2=0 . . (88) 
7) TT Ts 
In te-toge S220 . . (96 
«., berg iege ag (36) 
G; =T, — To) ) 7 : (37) 


Gy = (1+ @3)(72 — 73)-J 


Henve 
a, = (1 + 45) as 
T> fla 4 log ”' | 
= T) Te f 
tT, —7, ‘ 
a, = = Se » «s ee 
r, fia + log 7 | 
T! Ts) 


The work done per 1 1b. mass passing through the con- 
denser, or per 1+ a,+ a, pounds passing through the 
boiler, is 
W=(1 + de + a;) (Ly + 7 — 7) - H, 
= (1+a.+a;)(Ly + 7 —72)- Tof L, + loge Ta, (40) 
“ r TT) TI 


And the efficiency is 





a W - 
“(1+ a2 + a3) (Ly + 7) 72) 
To { Ty + loge! \ 
Ti Ty 
1 --———__ . 4) | 


(1 + a, +a,)(L, +7 — 72) ° 
These expressions embody, as gt the assumptions | 
of adiabatic and complete expansion. It 


has been already 





Connection to Second Receiver alone. 


























© sos ] a a ae oe S oe 
fe. 82 GF 28 22 3 ie. Slele 
"22 58 fz (FS | OR al (EF 12 
zs es | lee tla pe | am 2 ne a= 
Bs R< ing (2a8/2" |28 | gen o2fs 
we in, (88 [Se |S5 [58 | h?s , | 5d 
58 de 38 ceglee sess is8a | #5 8 
g< gers SEss Bee |gea| gon ™ ra 
104.9 792 | .0803 | .2365 | .2457 | .2588 | 3.7 8.6 
124.9 805 | .0864 .2465 | .2568 | .2708 4.0 9.0 
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205.9 845 | .1047 | .2789 | .2870 | .3054 | 4.5 10.3 
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It appears from the preceding Table that for a triple 
engine the saving to be effec by regenerative feed- 
heating, when steam is abstracted from the lower receiver 
alone, is a little over 4 per cent., as calculated for an 
engine with truly adiabatic expansion, and no cylinder 
wall action. But the losses due to non-fulfilment of these 
conditions (including those due to initial condensation and 
re-evaporation, —— expansion and radiation) are 
much too serious to neglected. When these inevit- 
able losses are taken into account the equation previously 


written 
Ly + loge 7! — Hy _ 
7) To To 
Tn loge —Ho yx B=0, . (49) 
Ty) 


To To 


becomes 


where B is an essentially positive quantity. For some 
time the author has been in the habit of estimating B by 
a process which, though rough, and no doubt open to 
criticism, has withal bridged on more than one occa- 
sion the gulf which separates the calculated performances 
of the ordinary ideal from those of the actual engine. 
In a triple-condensing engine, jacketed as in common 
practice, and working under first-class conditions, B 
seems fairly constant throughout the range of boiler 


TaBLE IV.—Triple Engine: T) = 587; Probable Actual 
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A glance at Table IV. shows that the actual saving to 
be effected in the case of an ordinary triple condensing 
engine by the application of a regenerative feed-heater 
on Mr. Weir’s plan, with one receiver connection, is 
about 6} per cent. This gain entails, however, the use 
of an auxiliary feed pump ; and if we set off something 
against loss on the pumpand apparatus, the net gain may 
be fairly put down at 5 per cent. 


(Zo be continued.) 


LAUNCHES AND TRIAL TRIPS. 
A LARGE twin-screw steamer has been launched at 
Stettin, built for account of the Hamburg-American 
Steamer Company. It has been christened Palatia, and 
is intended to carry, besides 50 first-class passengers, 
2500 steerage passengers. The tonnage is 7600, and 
it is also intended to carry 400 head of cattle. It is in- 
tended for the Hamburg-New York trade. 
Messrs. David and William Henderson and Co., Par- 
tick, launched on December 27 a large steel screw steamer 
named Canova, which they have built to the order of 
Messrs. Lamport and Holt, of Liverpool, for their South 
American trade. The dimensions are: Length, 410 ft.; 
breadth, 48 ft. ; .~ 29 fo. 2 in., with a gross tonnage of 
about 4600 tons. The vessel is primarily intended as a 
cargo-carrier. There are eight steam winches, and th 
derricks are capable of lifting weights up to 20 tons. Th 
masts are telescopic, to render the vessel suitable for pas- 
sage along the Manchester Ship Canal. The machinery 
has been constructed by the builders’ firm, and is of the 
triple-expansion type, with cylinders 27 in., 46 in., and 
76 in. in diameter, with a stroke of 5 ft. There are three 
large double-ended boilers, constructed for a working 
pressure of 180 lb. 


Her Majesty’s torpedo-boat destroyer Boxer, built by 
Messrs. J. I. —— and Co., of Chiswick, was taken 
out for her second preliminary trial of speed at the 
Maplins on the 8th inst., having on board a full load of 
30 tons. On one hour’s trial, tested by six runs on the 
measured mile, three being with the tide and three against 
it, the mean speed attained was 29.314knots This is the 
highest on record, and is the more remarkable as the boat 
was down to her load draught of water, 7 ft. 2in. The 
Boxer is 201 ft. 6 in. long, and has a beam of 19 ft., and 
is fitted with engines and boilers of the same type and 
size as those of the Ardent, by the same builders. On 
the trial the Admiralty was represented by Mr. Pledge 
and Mr. Harding, the contractors b . Donald- 
son and Mr. Barnaby, Mr, G. Brown being in charge of 
the machinery. 





The new s.s. Baron Cawdor, built by Messrs. A. Rodger 
and Co., Port Glasgow, for Mr. Hugh Hogarth, Glasgow, 
has completed her speed trial fully loaded. Her dimen- 
sions are : — 825 ft. ; breadth, 43 ft. ; depth, 29 ft. ; 
gross tonnage, 3200; deadweight carrying capacity, 5100 
tons. Her machinery, consisting of a set of triple-expan- 
sion engines, having cylinders 24 in., 39 in., and 64 in. in 
diameter by 45 in. stroke, with two single-ended boilers, 
fitted with Howden’s forced draught, working pressure 
170 lb., has been supplied by Messrs. Dunsmuir and 
Jackson, Govan. On the run between Cloch and Cumbrae 
a speed of 104 knots was obtained. 

The Friant, one of the new French protected second- 
class cruisers, launched in 1893, made her steam trials off 
Brest on the 9th inst. The Chasseloup Laubat and the 
Bugeaud are sister vessels to the Friant; all three were 
designed to attain a sea speed of 19} knots. During the 
trial the ventilation in the engine-rooms was found defec- 
tive, and when forced draught was — the bearings 
became wane sory 3 J hot; at her highest s she 
scarcely reached 19 knots, and she has gone back to dock 
for alterations. This class are — to carry six 7-ton 
quick-firing Canet guns, four of these in sponsons, 
besides four smaller quick-firing guns and 12 machine 
guos, altogether a much heavier armament than is placed 
| in British vessels of an approximate class. Their heavy 
armament and massive fighting tops will probably 
diminish their seagoing capabilities. 


Messrs. Scott and Co., Greenock, launched a steel 
screw steamer built by them for the China Navigation 
Company, Limited. The following are the dimensions 
of the vessel: Length, 250 ft.; breadth, 38 ft.; depth, 
22 ft. 6in.; and 1950 tons gross. The vessel, which is 
named the Hunan, will be supplied by the builders with 
triple-expansion engines of 1500 indicated horse-power. 








The s.s. Hopedale, a turret deck steamer, was launched 
from the yard of Messrs. William Doxford and Sons, 





pressures to which the triple principle is applicable. If 
we assume B = .15 we have the snlia given ™ Table IV. 





Limited, of Sunderland, on the 12th inst., having been 
| built to the order of London owners, ; 
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ELECTRICAL APPARATUS. 


908. W. L. Williams, W. T. Goolden, and H. W. 
Ravenshaw, London. Apparatus for Heating Cy- 
linders and Parts of Hydraulic Machinery by the 
Aid of Electricity. [1 fig.) January 15, 1894.—This inven- 
tion relates to the heating of cylinders or parts of hydraulic 
machinery by the aid of electricity to prevent the freezing of the 
liquid used therewith, and consists of arrangements of the con- 
ductors of any electric current, whereby the heat generated in such 
conductors is prevented from radiating to the outer atmosphere, 
and is communicated by conduction to the metal cylinders or 
casings containing water or other liquid of hydraulic machinery. 
Or the conductors of such an electric current may be disposed 
about the metal cylinders and casings of hydraulic machinery in 
such a manner that the metal cylinders or casings are internally 
heated by hysteresis and eddy currents caused therein by the 
action of the electric current in the conductcrs. The figure 











illustrates the application of this invention in connection witha 
hydraulic cylinder and pipes on acrane. Upon the framework A 
is mounted the hydraulic cylirder B having a ram C working 
therein, the lower end of the cylinder terminating as usual with 
agland D. The water supply pipe E is shown connected to the 
upper end of the cylinder B. An insulated wire conductor F is 
wound around the pipe E, cylinder B, and gland D. At the lower 
end of the cylinder B adjacent to the stuffing-box and at the gland 
D, alarger number of turos of conductor F are wound to increase 
the heating effect, because the liquid freezes more readily at that 
pit in consequence of the heat extracted through the ram or 
piston-rod C. Theends of the conductor F are coupled with the 
electric mains csr-ying an electric current. In the case where a 
continuous current is used, it is desirable to cover the conductor 
F with a costing G of a non-conductor of beat to retard the trans- 
mission of heat outwards to the surrounciig atmosphere. (Ac- 
cepted November 21, 1894). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


23,791. G H. Lloyd and T. Pigott and Co., 
Limited, Birmingham. Method of, and Appliances 
for, Riveting. [4 Figs.) December 11, 1893.—This improved 
method of riveting up tubes, boilers, or other long hollow articles 
by hydraulic or other power, has for object to obviate the diffi- 
culty at present experienced in holding the riveting tool to its 
work in the interior of the tube or boiler at a considerable dis- 
tance from the end of the tube or boiler. According to this new 
methcd an internal riveting tool and cylinder A is mounted on the 
end of a long arm B, which may be pivoted and free to move. The 














head or riveting tool so carried is arranged to fill or nearly fit the 
interior of the tube diametrically in the direction of the pressure to 
be given to close the rivet. The outside riveting tool C3 is set to 
oppose the inside riveting tool. The head C2 carrying the outside 
tool is attached to a strong crosspi . ted by bolts D with 
@ similar crosspiece C passing behind the back of thetube. The 
tube H to be riveted thus passes over the inner riveting cylinder 
A and tool A', and within the space formed between the two cross- 





pack up between the back of the tube H and the back crosspiece 
C, so that when the riveting pressure is brought to bear on the 
rivet the strain 1s transmitted through the internal head or 
cylinder A, and is taken up by the back crosspiece C held in place 
by the bolts D connecting to the first crosspiece C. The strain 
of the riveting is thus taken up directly by the hydraulic cylinder 
A in itself holding up the inside tool A! to its work by means of 
the crossheads and bolts, and so no strain is transmitted to the 
internal arm B. The only purpose served by the internal arm is 
to secure that the inside too) A' shall properly oppose the outside 
tool C as to position within the tube H. The internal riveting 
tool A! is operated by a ram in the bydraulic cylinder A, which is 
fitted with a curved packing-piece A? to oppose the outside pack- 
ing head C!. The riveting tool A! is arranged to be withdrawn 
sufficiently after closing the rivet to release the head A from con- 
tact with the interior of the tube, and so permit the tube H to be 
moved. The pressure on the rivet forces the head A? into con- 
tact with the interior of the tube. The internal riveting cylinder 
A may also be arranged with a ram at the opposite end of the 
cylinder to the riveting tool A', which ram may be forced out by 
the pressure actuating the tool, so as to provide a firm abutment 
within the tube. An outer hydraulic cylinder may be used to 
operate the outside tool-holder C. Long tubes are manipulated 
vertically by means of a riveting tower I, and hoisting appliances 
G also acting torotate the tube H. The crossheads C, C, with 
their attached parts, are mounted on pillars E, E, fastened to a 
bedplate F surrounding the riveting pit. The arm B is carried by 
the pivot B® on the casting Q fixed in the bottom of the pit. 
Gripping gear may be provided to fill up between the back cross- 
head and the outside of the tube. (Accepted November 21, 1894). 


649. Siemens Brothers and Co., Limited, London. 
(Siemens and Halske, Berlin.) Percussion Drills. (2 Figs.) 
January 11, 1894.—P is a tubular drill-bar, the cylindrical bore H 
of the rear part of which is of sufficiently larger diameter than the 
thickened head B! of the drili stem B to pass freely through it, 
while the bore A of the front end is accurately turned of a 
smaller diameter to fit the head B!, the bores H and h being 
connected by a coned part c. The front part of the bar P has 
opposite slots J, 7, through which is passed the abutm: nt piece 
Q after the drill B, B! has been inserted in position. The piece 
Q has two small projections at the rear side, the slots J being of 
sufficient size to allow of their passage, so that when Q has been 
inserted and is moved back against the rear ends of the slots, 
the projections prevent it from shifting laterally. When the 
abutment Q has thus been placed in position, the head B! of the 
drill stem is slid slightly back, so as to bear with its rear end 





against the front face of the piece Q, and the drill is then fixed in 
this position by any suitable means, such as set screws, &c. The 
arrangement shown consists in forming a flat notch on one side 
of the head B!, with which engages a wedge k inserted through a 
slot in the bar P, and secured in that position by driving a ring + 
over it from the rear, so that the blows of the drill only tend to 
tighten the ring. The loss in the effective feed usually experi- 
enced when changing drills with percussion drilling apparatus of 
the ordinary construction in which the drill is inserted from the 
front, is practically entirely avoided with this improved construc- 
tion, as the end of the drill bar P need only be removed from the 
face of the working a distance equal to the length of the drill 
shank projecting beyond it when in position, plus the small dis- 
tance which it is required to shift the drill forward in order to 
allow the small projections of the piece Q to pass through the 
slots of P. (Accepted November 21, 1894) 


650. Siemens Brothers and Co., Limited, London. 
(Siemens and Halske, Berlin.) Percussion Drills, &c. 
{3 Figs.) January 11, 1894.—The sliding carriage A of the 
machine within which the reciprocating frame L works, is carried 
at one side in a guide-piece B pivoted to an adjustable sleeve C on 
an upright standard Cl. The opposite, or outer, side of the car- 
riage A is formed with the necessary guide ribs or grooves A! for 
the sliding frame L to work upon, so that by this means the drill- 
bar P is brought as near as possible to the pivoting support on the 
standard. The sliding frame comprises a longitudinal frame L 
working on the before-mentioned guides on the carriage, and 
having at one end the head-piece L! and the slot L? for the pin of 
the crank K to work in; the end-plate or discs e through which 
and through a hole in L’ the drill-bar pass°s ; and two oppo- 
site longitudinal tie bolts that pass through lugs a!, a2 on plate 
e, and a, a4 on head LI, and thus secure e to L. The lugs a', 





a3, at work in longitudinal grooves A? of the carriage A, thus 
affording additional guides to the motion of the sliding frame L. 
The outer ends of the helical springs F, F2 surrounding the bar P 
bear respectively against the head Ll and the plate e. The inner 
ends of these springs bear against the abutment flange g on the 
sleeve O, which is secured upon the drill-bar P between collars 
Pl, P2 on the latter, so as to allow the bar to rotate in the sleeve. 
The sleeve O has two lugs a5, a6 which slide upon the tie-bolts 
within the grooves A2, so as to prevent the sleeve from turning 
with the drill-bar. The crankshaft K is driven by bevel gear and 
flexible shaft W froma separate motor. The crankpin imparts 
a reciprocating motion to the sliding frame L, which transmits this 
motion in an elastic manner to the drill-bar P through the helical 
springs Fl, F2, and abutment g, the spring F? being put in com- 
pression for effecting the forward stroke while the Ye gpa F! is 
put in compression for the backward stroke. (Accepted November 
21, 1894). 


MILLING AND SEPARATING MACBINERY, 


272. P. Prevost, B.S. Waite, A. L. Sawyer, and R. 
J. Sawyer, Menominee, Mich, U.S.4. Grain Scour- 
ing and Cleaning Machine. (5 Figs.) January 5, 1894,— 
The operation of this improved machine is as follows: Upon the 
rotation of the shafts D, D2 with scouring discs P, Q and fan E, 
the grain is paesed through the inlet chute O and between the 
discs N and Q, so that the action of the revolving disc rubs the 
grain against the fixed disc N. The suction of the fan at the same 
time loosens and removes the impurities, which with the grain 
pass over the edge of disc Q into the annular groove of ring K, 
thence through slots K5 and aperture K¢ into the conical sieve I, 





pieces C and their connecting bolts D. A head C! is arranged to 





and from the latter through the chute J over the partition F2 to 


a2, | 


the chute G! and channel H!, the grain passing to the outside of 
the machine. Of the impurities, part passes through the sieve 





I to partition F" and chute G, and part into the channel H!, bein 
in both cases finally drawn upwards by the fan and discharg 
from the machine. (Accepted November 7, 1894.) 


PUMPS. 


24,397. F. W. Golby, London (C. 7. de Paul, Meur- 
chin, France.) Injectors for Steam Boilers. [4 Figs.) 
December 19, 1893.—This invention relates to injectors for steam 
boilers, whereby cold water or hot water, or a mixture of both, 
can be fed into the boiler, and whereby also the difficulty hitherto 
experienced of starting the feeding of hot water to the boiler is 
overcome. The essential feature of the invention is the forcing of 
hot water to the feed tank by means of the suction produced by 
a jet of cold water under pressure. The cold water inlet pipe 
leading to the injector passes through a chamber communicating 
with the feed-water tank. In this chamber is fixed a valve which 
in one extreme position opens communication between the cold 
water supply and the injector, and in the other extreme position 
opens communication between the feed-water tank and the in- 
jector. In the middle position of the valve the injector is open 
to both the cold and hot water supplies, so that a continuous 
stream is supplied to the injector. The figure shows the 7 
paratus partly open. By rotating the spindle E, the valve B is 
drawn off the ccnical valve seats a and b, and communication is 





opened with the inlet tube e to the interior of the tubular exten 
sion of the valve B by means of the apertures fh therein. The 
total capacity of these apertures h is equal to the capacity of the 
inlet e, which is equal to the capacity of the outlet d. e cold 
water then flows from the inlet tube e, through the apertures /, 
into the tubular extension of the valve B; from thence it passes 
into the casting F, situated inside the feed-water tank G, ard 
having curved interior surfaces, whereby the inrushing water is 
formed into a vortex, and caused to return outeids the tubular 
extension of the valve B, passing through the valve-box @ to the 
tube d leading to the injector. ‘The amount of cold water passing 
through the valve B being as much as can flow off through the 
outlet d, no suction wil be produced on the water contained in 
the tank G, and, therfore, no admixture of the hot and cold 
water will take place, and the water passing to the injector will 
be practically of the same temperature as when it entered the 
inlet e. Ifthe injector is not working, then the water coming 
through the tubular extension of the valve B will pass from the 
evi F into the feed-water tank G. (Accepted November 21, 


RAILWAYS AND TRAMWAYSE. 


18,816. J. Priotz, Castelar, C. F. Anderson and 
Vv. H. ed-opmn Omaha, Neb., U.S.A. Railway 
Car Wheels and Trucks, [3 19s.) October 4, 1894.--The 
axle A has fixed on it the two wheels B, which are provided with 
the usual driving and guiding flanges. The guiding flange C, in 
this instance, however, extends at an angle to the wheel B, and 
comprises a guide flange 2, and a friction flange 3. This flange 3 
forms an integral part of the wheel proper, and is provided with a 
number of corrugations 5. The track upon which this wheel is 
adapted to run comprises the main portion D, having the ususl 
riding surface 6, and being provided below with the circular 
seating 7. Within this seating the detachable friction rail E is re- 
movably held by mears of bolts F, which pass through a central 
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opening 9 in the rail. This detachable friction rail is the shape of 
a flattened pyramid, and is provided with two rounded edges 10, 
The rail D is also provided upon the inside with the angular seat- 
po 12, adapted to accommodate the angular portion of the friction 

1E. This friction rail has depressions 15 within which those 
of the wheel work. The two-part rails E, D, are placed at points 
where gradients are tered. The wheels leave the riding 
surface of the rail D, and are guided upon the friction rails E, as 
shown in Fig. 1, so that these flanges my ma the whole weight of 
the car. By means of the bolts F these flanges may be given ad- 
justment. When the upper edge of the friction rail E is worn out 
the flange section C is reversed, so as to present the lower surface 








of this flange, which is made reversible and interchangeable. (Ac- 
cepted November 14, 1894.) 
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SHIPS AND NAUTICAL APPLIANCES. 


1079. W. H. Harfield, London. Ships’ Steering 
Gear. (2 /igs.) January 17, 1894.—a, a are the standards in 
which the spindle b carrying the chain barrel ¢ is journalled. 
The spindle is operated directly by the steering wheels d, d. a' 
are tie-bolts bracing the stanchions a, a together. The spindle b 
is provided with a screw thread, and the chain barrel c is corre- 
spondingly screw-threaded in such a manner that when the chain 
barrel and the spindle are rotated relatively to one another a 
slight longitudinal movement will be imparted to the chain barrel 
upon the spindle. e, f are wheels loosely mounted upon the spindle 
b, and g, h are gripping pawls working in connection with the 
wheels ¢, / respectively, each of the pawls being so arranged as 
to prevent the rotation of the wheel with which it engages in one 
direction, but to allow of its rotation in the opposite direction. 
These pawls are each pivoted between a pair of plates 2°, which are 
flanged so as to be supported upon the flanges of the wheels e, /. 
Bolte h} hold the plates together. The tailsof the pawls rest upon 
the bolts a'. i,j are collars which prevent the longitudinal move- 
ment of the wheelse, f upon the spindle b. These collars are at 
such a distance apart that the space between the adjacent faces of 
the wheels ¢, / is slightly greater than the thickness of the chain 
barrel c. lis the wheel chain, and m are the guide pulleys over 
which the chain runs. When the steering wheels are rotated in 


y 


llc, 





the direc’ion of the arrow, Fig. 1, the spindle J! rotates indepen- 
dently of the chain barrel c and moves the latter slightly longi- 
tudinally, whereby it is caused to jam against the wheel ¢ insuch a 
manner that the continued rotation of the steering wheels causes 
the rotation of the chain barrel, the pawl g allowing of the rotation 
of the disc e with the barrel. If now the steering wheels be let go, 
or if the rudder is struck by a sea which, with ordinary apparatus, 
would overpower the men and turn the steering wheels in an 
opposite direction to that of the arrow, then the pawl yg by grip- 
ping against the surface of the wheel e prevents such backward 
rotation. Orif a sea which tends to move the steering wheel in 
the same direction as that in which it is being turaed strike the 
rudder, then the chain barrel c is rotated upon the spindle b inde- 
pendently of the spindle until it jams against the surface of the 
wheel /, when, owing to this wheel being unable to turn in the 
direction of the arrow, by reason of the engagement of the pawl h 
therewith, the movement of the barrel is arrested. If the steer- 
ing wheels are moved in a reverse direction to that of the arrow, 
then a contrary but similar action to that just described takes 
place, the jamming being now against the wheel /, and the back- 
ward movement of this wheel prevented by the pawl h. (Accepted 
November 21, 1894). 


STEAM ENGINES, ae, EVAPORATORS, 
C. 


25,086. J.S. Raworth, London. Steam Turbines. 
(2 Ftgs.] December 30, 1893.—This invention relates to improve- 
ments in the construction of steam turbines of the impulse or 
Pelton wheel type, and its object is to provide a steam wheel 
capable of revolving at extremely high velocities without deforma- 
tion by centrifugal action. In Fig. 1 each of the buckets a, shown as 
of spoon-shape, has a shank a' of wedge-shape in cross-section, 


and formed with a hole a2, having its principal dimension in a L 


radial direction. The buckets with shanks thus formed are 
threaded on to a metal ring } having a transverse slit in it to 
enable this to be done. After all the buckets have been threaded 
on to the ring, the two ends of the divided ring are electrically 
welded together so as to make it continuous and equally strong at 
every point in its circumference. The buckets are then packed 
at equal distances apart by distance-pieces placed between the 











shanks of the buckets and partly embracing the ring }, and the 
whole is soldered or electrically welded together so as to form 
practically one piece. Fig. 2 shows another construction of 
turbine wheel, wherein, instead of threading the buckets on a 
divid.d ring, a similar result is obtained by using two rings b!, b? 
let into recesses a' of the buckets, the buckets and rings being 
then soldered or welded together as before. A turbine wheel, 
constructed as described, may be mourted on a suitable case 
by soldering or electric welding ; or it may be mounted upon a 
boss or sleeve c on ashaft d, as in each of the examples shown, by 
clamping it between two centrally perforated metal discs or 
cheeks ¢, e! that are forced tightly against the opposite sides of 
the wedge-shaped shanks a! by nuts /,f] screwed on the boss or 
sleeve c 80 as to firmly fix the wheel on the latter and prevent any 
liability of parts of the wheel being thrown outward by centri- 
fugal force. (Accepted November 21, 1894). 


1889. W. Lord, Wakefield, York. Steam Boiler 
{6 Figs.) January 29, 1894.— According to this 

invention of improvements in steam boilers and other furnaces 
for consuming smoke, utilising heat, and saving fuel, a series of 
chambers or channels A are formed underneath the furnace or 
firebars B from the front or dead-plate C of the furnace to the 
bridge D. Tato each of these chambers or channels A there is 





injected a mixture of air and steam by providing each of the said 
chambers or channels A with a tapering air tube E, within which 
is a tapering steam tnbe F connected to a steam supply pipe G, 
and so adapted that on the passage of the steam, air is drawn in 
or injected into the chamber or channel A, and mixes with the pro- 
ducts of combustion by passing under and through the firebars 
B, so preventing the formation of dense smoke and creating a 
heat which prevents condensation of the steam, and by this 
means prolongs the duration of the efficiency of the firebars by 
preventing fusion and clinkering. In close proximity to and 
projecting over the bridge D is a hollow chamber H (made of 
earthenware, fireclay, or other suitable material) having perfora- 
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tions or slits J. This chamber is provided with an air tube K, 
within which is steam tube L, through which steam is passed, so 
drawing inair, which, along with the steam, passes into the chamber 
H, and through perforations or slits J, and mixes with the smoke 
and products of combustion, so increasing the temperature of the 
furnace and distributing the heat on to the sides of the furnace, 
also increasing the efficiency of the furnace as a steam raiser, and 
eflecting a saving in the consumption of fuel. Instead of forming 
a series of chambers or ch 1s under the furnace or firebars, as 
above set forth, one or two chambers may be provided, if pre- 
ferred, and fitted with the injecting apparatus above described. 
(Accepted November 21, 1894). 

21,687. W.and J. Donald, Paisley, Steam Boilers. 
(12 #igs.] November 14, 1893.—This invention is a development 
of improvements in steam boilers forming the subject of Patent 
No. 1889 of A D. 1892, and it has for its objects to provide more 
convenient access to the tubes in boilers of that type, and to 
insure better utilisation of the heat generated by combustion of 
the fuelin the furnace. The tubes A are placed at such distances 
apart as to permit of readily removing and renewing any indi- 
vidual tube. Additional heating surface is obtained by means of 
one or more rows of tubes B extending in a vertical or approxi- 
mately vertical line from the lower drum C to the upper drum D 
Two fires E are used and placed one on each side cf the central 


















































row of tubes B, so as practically to form two furnaces within the 
outer rows of tubes A in the case of asingle-ended boiler, as in 
Figs. land 2. The fire gases rising from the furnace pass directly 
through the outer rows of tubes A to the chimney F. The fires E 
may be placed externally under the outer rows of tubes A, as indi- 
cated in Figs. 3 and 4, the return flue carrying the gases back 
through between the tubes of the central row B, or the fires may 
be situated between the central and outer rows of tubes, in which 
case an ash-box H may be provided under each firegrate to con. 
stitute the flue wall G or part of it, when the gases are returned 
through between the tubes of the outer rows. An outer casing 
with suitable doorways to give access to the drums and tubes is 
provided as usual. (Accepted November 21, 1894). 


TEXTILE MACHINERY. 


22,977. J. Mackie and A. W. Metcalfe, Belfast. 
Machines or Frames for Spinning and Twisting 
Fibres, (4 Fizs.) November 30, 1893.— These improvements re- 


late to machines or frames used for spinning and twisting fibres 
such as flax, hemp, cotton, &c., in the wet state, and comprise im- 
provements in the construction of splash-boards for the fronts of 
the frames for the purpose of catching the water, dirt, and waste 
flying from the machine, together with better means of disposing 
of the same at the end of the frame. In place of the ordinary 
construction of splash-board heretofore usually employed, the 
present inventors propose to use a steel or wrought iron section, 
combining a gutter at bottom and a bead flange or fold at the 
top edge; also a similar splash-board with a bead or fold at both 
top and bottom edge in conjunction with a separate gutter; the 
above splash-board in either case being made by either rolling, 
folding, or stamping the sheets in convenient lengths in the hot 





or cold state. In conjunction with the above there is placed at 
the end of the gutter to which the water and waste fall a box or 
frame, preferably with a loose bottom in the form of a grating, 
having a handle attached to it rising from the centre. This 
grating is intended to be let down into the box, 80 as to collect the 
waste falling into it and drain the water away. From time to 
time the accumulation upon the grating may be pressed to expel 
the water, and then lifted out upon the grating for removal. In- 
ternally the sides of this box may be ribbed in such a way as to 
allow the water to be more freely pressed out of the contents. 
Fig. 1 shows a splash-board A with gutter C and a fold or bead B 
at top edge supported by a bracket D to front of spindle rails X 
and Y. Fig. 2 illustrates the waste pot to be placed at the 
end of the frame as found convenient, J being the loose bottom 
with a handle K attached. (Accepted November 14, 1894.) 


MISCELLANEOUS. 
15,061. J. E. Schumacher, York, T. E. Pickering, 
Garforth, A. Whittam, York, and S. C. Platts, 


Scarborough. Hydraulic Engines. [9 Figs.) August 
7, 1894.—This invention relates to improvements in hydraulic and 
other engines in which the supply of water or other fluid is 
controlled by a circular valve L having a continuous rotary 
motion imparted to it by suitable gearing from the flywheel 
shaft or other moving part of the engine. The action of the, 
engine is as follows: Water under pressure enters the hoods M1 
through the pipe O above the vaive L ard passes through the 
openings J, /', [2 to the valve ports N9 simultaneously, and thence 
by the passage K* to port J** of cylinder J. At the same time 
the valve ports N7 will be uncovered and opened to the recesses 
3, 14, 5 which communicate with the central recess l* over 
exhaust N5 and pipe Ol. This allows any water in the cy- 
linder J! below piston J*** to escape through port J? and 
passage K2 into valve port N’, and from thence into the 
exhaust N5 and pipe Ol. When the valve L is in the position 
shown, the other valve ports N6, N*, are momentarily closed by 
the face of the valve. But by the continuous rotation of the 
valve before comparatively any pressure is obtained in the closed 
valve ports which would tend to lift or force the valve from its 
seat, the valve will have been moved partially over the adjoining 

















valve ports N° and N&, gradually opening them and closing the 
previously open ones, so that when the openings J, l!, /? and re- 
cesses 13, /4, (5 are respectively midway between two sets of valve 
ports N*, N¢ and N7, N&, water for pleting the d stroke 
of piston J4 and downward stroke of piston J*** will be able to 
pass simultaneously through openings /, 2, /2 to valve ports N°, N°. 
At the same time the water above piston J4 and below piston J*** 
will be forced through ports J*, J’ of cylinders J, J! along passages 
K, K*, up valve ports N7, N* and conveyed by recesses ¢%, 1, 15 to 
centrel recesses /*, and thence down exhaust N5and away through 
pipe O'. Thus on pressure water being admitted to the hood M! 
above the valve L it will find three supply valve ports partly open 
which communicate with the ports in the cylinders, whereby the 
pistons J+, J*** are caused to reciprocate, and by their connection 
with shaft D, by means of piston-rods J5, heads J’, connect 
ing-rods J*, crankpins J°, and cranks F, F', a rotary motion is im- 
parted to the shaft D, and by it transmitted through gear wheels 
G, G!, boss G2, and clutch P slidiog on valve shaft or spindle H, to 
valve L, At the same time three valve ports will simultaneously 
be opened to the exhaust. By the gradual simultaneous opening 
and closing of the inlet and exhaust valve ports an easy and uni- 
form mc tion is imparted to the moving parts of the engine. (Ac- 
cepted November 21, 1894). 
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AN UNDERGROUND RAILWAY IN 
PARIS. 


For a number of years the question of better 
railway facilities has been before the municipal 
authorities in Paris, and many schemes have 
been brought forward only to be abandoned, and 
the problem postponed. Necessity, however, set a 
limit on the time when it was possible to admit 
of further delay, and the commencement of an 
underground railway in Paris is now becoming 
an accomplished fact. As may be imagined, many 
serious difficulties have been encountered in the 
execution of the works, which it is hoped may be 
regarded as a forerunner of the metropolitan rail- 







The Paris, Sceaux, and Orsay line, which dates 
almost from the commencement of French railway 
history, was made chiefly because a special class 
of articulated rolling stock had been designed for 
running on lines with sharp curves and steep 
gradients. This rolling stock was devised by a M. 
Arnoux, and it received so much commendation 
that the inventor obtained the first prize for 
Mechanics, awarded by the Académie des Sciences, 
in 1840. Encouraged by this, M. Arnoux applied 
for, and obtained, in 1844, the concession for a 
short line between Paris and Sceaux. The railway, 


the length of which was 6? miles, was opened for 
traffic in 1846. Six years later an extension was 
made to Orsay, and again, in 1867, there was a 





The railway was originally built with a gauge of 
5 ft. 10% in., but this was afterwards reduced to 
4ft. 84 in. Since 1867 numerous changes and 
improvements have been made on this railway, 
which is interesting on account of the advanced 
ideas of its promoter. 

A few words may be added on the Arnoux system 
of rolling stock, which, though now, of course, wholly 
obsolete, is interesting from a historical point of 
view. The locomotives of the latest type, weighed 
about 43 tons ; they had two pairs of coupled wheels 
3 ft. 5in. in diameter, with broad (12 in.) flange- 
less tyres for passing freely round the very sharp 
curves, which were laid with a double rail. The 
engine was supported at each end by a two-wheeled 
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way system which it is intended shall be well ad- 
vanced in time for the Great Exhibition of 1900. 
Before describing the works of the short railway, 
now nearly completed, we may refer to the dia- 
gram plan, Fig. 1, on which its course is marked. 
The directions of the various lines entering Paris 
are clearly marked, as well as their terminal 
stations. On the south side will be noticed a 
station called Denfert, which is also known as the 
Gare de Sceaux or Denfert-Rochereau. This 
station is the terminus of a line that runs through 
one of the most important suburbs of Paris and to 
the towns of Sceaux, Orsay, and Limours. It 
belongs to the Orleans Railway Company, and is, in 
fact, the somewhat famous Paris and Limours line, 
of which a short description should be given here. 








further extension to Limours, but before that date 
the Paris and Orleans Railway Company had pur- 
chased the undertaking, which had never proved a 
profitable one, on account of the limited traflic 
available. The total length of the line thus com- 
pleted was 23? miles. As constructed, the railway 
was a long succession of sharp curves and steep 
gradients. The terminal station at Paris was 
made circular and with a radius of 82 ft., and at 
Sceaux a similar arrangement was adopted; the 
platforms followed these curves, and the trains were 
thus able to discharge and take up passengers at 
the terminals, and to proceed on their journey by 
following the curve at the stations, and without 
disconnecting the engines. The steepest gradients 
are 1 in 50, and the sharpest curve 168 ft. radius. 
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truck, the wheels running loose on their axles and 
fitted with radial axle-boxes ; on both sides of each 
wheel of the trucks were small bevel-edged wheels 
mounted, at an angle, on the truck frame, and 
bearing at their periphery against the inner face of 
the head of the rail. These guiding wheels had at 
first been used on the carriages as well as on the 
locomotives, but modifications were afterwards 
introduced, that rendered them unnecessary. The 
vehicles were all mounted on four-wheeled frames, 
the wheels running loose on the axles, that were 
free to turn with the curves. The movement was 
controlled by connecting the axles of each carriage 
by crossed rods, so that the motion of one was at 
once transferred to the other; the rear axle of 
one carriage was also connected to the forward 
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axle of the adjacent one by coupling levers, insuch| It was necessary to start with a 1.6 per cent. 
a way that each vehicle as it entered a curve in- | grade, increased after about 300 yards to one of 
fluenced the one behind it and imparted the re-|2.1 percent. In this way the line reaches the new 
quisite movement to its axles; the frames were | Denfert station, the position of which is marked on 
coupled by rods rigid in one direction, but possess-| the plan. Fortunately at its commencement the 
ing sufficient elasticity in another to avoid concus- | railway passes beneath a large square (marked on 
sion between the carriages. Although now entirely the plan), so that no buildings were interfered with, 
obsolete, the merits of M. Arnoux’ ingenious de- | and the work was carried on in open cutting, after- 
vices were proved by many years’ successful work- | wards closed by covered way, except for a length 
ing under conditions of exceptional difficulty. of about 170 ft., which was kept clear for ventila- 
tion ; one end of the covered way forms a part of 
|the station. The type of structure adopted is very 
| like that used in some of the covered ways of our 
|own metropolitan railways. It consistsof two longi- 
| tudinal beams resting on iron columns of [-section ; 
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The station and buildings of the Sceaux line 
will temporarily serve for the new railway. The 
well-known loop on the old line, which is shown 
on the left of the plan, Fig. 2, was made in order 
to facilitate train handling, the train being entered 
at one end and turned around the loop to bring it 
back to the departure platform, as explained above. 
This arrangement is now a thing of the past, and 
has only been shown in Fig. 2 to indicate the old 
state of things. The old station was quite re- 
mote, and it was of great importance to the com- 
pany that they should have a terminal nearer the 
centre of the city. After many delays, the com- 
pany obtained the necessary authorisation from the 
Government to commence the work we will now 
proceed to describe. 

The construction of the new line, which was 
necessarily below the street level, and for a con- 
siderable distance in tunnel or covered way, pre- 
sented great difficulties. It was impossible to adopt 
an even approximately direct course, because of 
interfering with buildings; and passing beneath 
the streets, especially the Rue Denfert and the 
Boulevard St. Michel, presented much  difli- 
culty. The Municipal Council of Paris is for 
many reasons opposed to the creation of a metro- 
politan railway, and they did not fail to impose 
onerous conditions under the pretext of saving the 
public from inconvenience during the progress of 
the work. Besides this, one of the most important 
tramways of Paris runs along the two streets above 
named. This tramway, which extends from the 
Gare de l'Est to the fortifications a little further 
south than the Gare Denfert, could not be inter- 
fered with during the process of construction. 
The Rue Denfert is very narrow, and some means 
had to be designed by which the railway could be 
constructed without stopping public traffic. But 
the ordinary way of driving tunnels was out of the 
question, on account of the nature of the ground. 
A network of mains and sewers beneath the sur- 
face, added to the difficulty, and in addition the 
whole of this part of Paris overlies a vast system 
of catacombs, the arched roofs of which are apt to 
fall in at very slight provocation. As will be seen 
in Fig. 3, which gives the profile of the line and 
the level of the streets under which it passes, the 
surface, after rising for a short time, descends 
again very rapidly towards the Seine; this condi- 
tion involves the adoption of somewhat severe 
gradients to keep it sufficiently beneath the ground. 
The close and unavoidable apy roach of the line to the 
Observatoire rendered the authorities of that insti- 
tution naturally apprehensive that the vibration 
caused by passing trains would interfere with delicate 
observations, and special precautions had to be taken 
to avoid this. By reference to the profile, Fig. 3, it 
will be seen that the platforms of the stations, and 
the archway of the tunnel, are shown by a double 
line when made in masonry, and by a sectional tint 
when ironwork is adopted, and by comparing this 
with the general plan, a good idea of the character 
of the whole work is obtained. The new rails leave 
the old ones outside the entrance to the old station, 
where the levels are considerably higher than those 
of the street. 





the longitudinals are connected by transverse 


girders 29ft. 6in. in length, and bear at the 


ends on the side retaining walls; brick arches are 
turned between the transverse girders, forming the 
roof of the covered way and carrying the street 
above. Beyond the station the level of the rails is 
not low enough to permit of anything but covered 
way, of the type shown in Fig. 4; this is carried 
on for about 280 ft.; in this length is included a 
curve of 738 ft. radius, rendered necessary to bring 
the line towards the Rue Denfert. Various 
gradients, the steepest of which is 1.6 per cent., 
extend for about 1800 ft., so that the rail levels, 
which are only 15 ft. below the street at the Denfert 
station, are gradually lowered till they reach a 
depth of 27 ft. 7 in. beneath the surface. 

This section terminates with the Port-Royal 
station, which is located, like the preceding one, 
in a large “place,” an open space rendering it 
possible to construct this station in open cutting. 
One end is covered by a heavy iron bridge carrying 
the Boulevard St. Michel over the line diagonally 
at the part where it leaves the Avenue de l’Observa- 
toire. The bridge is made of two main longi- 
tudinal girders, carrying transverse girders between 
them, the intermediate spaces being filled with 
brick arches ; the longitudinals are supported by 
a central pier, as well as by the side retaining 
walls. The station andthe line beyond are in open 
cutting for a distance of 286 ft., beyond which a 
length of ordinary tunnel commences, of the type 
shown in Fig. 5. This section is continued under 
the Boulevard St. Michel, where the gradients are 
almost uniform, the ruling incline being 1.6 per 
cent. These grades are continued to the end of the 
line, where the rails are 36 ft. below the surface ; 
there was, of course, no necessity for adopting such 
a depth, but it was considered probable that in the 
future it would be desirable to connect to the 
coming metropolitan system, and that such a level 
would probably be found convenient. 

On the section, Fig. 3, is shown the position of 
the Luxembourg, also called the Medicis station ; 
before entering this station the form of construc- 
tion is altered to that shown in the section (Fig. 6). 
A little beyond is an iron bridge (Figs. 2 and 3) 
composed of six girders 55 ft. 9 in. long and 
5 ft. 10 in. in height, connected by cross-girders 
with small arches turned between them, to carry 
the street. The tunnel is extended beyond the 
station, the space being utilised for engine-sheds, 
stores, &c. To make the line at this point nearly 
horizontal, the formation has been made up with 
ballast to compensate for the fall inthe tunnel. If 
the line is extended in the future towards the 
interior of Paris, this ballast will be taken away, 
and the gradient continued. 

Before passing on to describe the stations, refer- 
ence should be made to the manner in which the 
difficulties arising from the crowded condition of 
the subsoil, with pipes, &c., and the presence of 
the catacombs beneath, were overcome. The 
drain, gas, and water pipes, though numerous, 
were fortunately only small; and although the 
work was tedious, it did not present many difficul- 
ties. But consolidating the ground over the old 
quarries or catacombs, above which the railway 
passes, was a more serious matter. The roofs of 
these excavations lie from 39 ft. to 72 ft. under the 


| rails, but their existence has long been a source of 


danger, as is proved by the too frequent incidents 
of houses falling, from the foundations giving 
way; the danger is all the greater because in 
some places these excavations have been made in 
two storeys. Where the roofs of the quarries had 
nt fallen in, a wall was built from the floor to the 
top under the right side wall of the tunnel ; when, 
on the contrary, the roof had broken down, the 
process adopted is shown in Fig. 7. A well was 
sunk to the floor of the quarry, and lined with 











heavy masonry, the top being arched, so that the 
tunnel was firmly supported. About 20,000/. were 
expended on this work. As said above, the direc- 
tors of the Observatoire protested against the con- 
struction of the line ; they insisted, and with much 
apparent reason, that the vibration caused by pass- 
ing trains would almost certainly affect the records 
of delicate instruments, but the Compagnie 
d’Orleans proved satisfactorily that these fears 
were not well-founded, for at the time when the 
directors were protesting against probable future 
disturbances, ballast trains were travelling con- 
tinually through the unfinished tunnel on a tem- 
porary track without the knowledge of the Obser- 
vatory authorities, or to the detriment of the 
instruments. The precaution, however, was taken 
of introducing a thick backing of sand between the 
wall of the tunnel and the gardens of the Obser- 
vatoire. 

It was necessary to carry on the construction of 
the tunnel in such a way as to inconvenience the 
public as little as possible, and at the same time to 
push the work rapidly forward, and without undue 
cost. The plan adopted was as follows: The two 
lines of the tramway running from Montrouge to 
the Gare de l'Est, were shifted to the sidewalks, 
while ordinary vehicles were allowed to circulate 
onthe Rue Denfert and the Boulevard St. Michel, 
except in those places where there were parallel 
streets, as indicated in the plan. The system of 
construction adopted, left one side of the street un- 
disturbed, and rendered the building of the tunnel 
without centering comparatively easy. A trench, 
or, where more convenient, a series of pits, was ex- 
cavated, and in these the piers were erected for a 
certain length ; the street surface was then lowered 
to the width of half the tunnel and to a level and 
form corresponding to the contour of the arch ; this 
contour was covered with a bed of plaster, and thus 
served as a foundation on which to lay the masonry 
of half the arch. After the work was completed in 
this manner, and the street level restored, a similar 
method was followed on the other side, and the 
lengths of covered way were put in in the same 
manner. Assoon as the work was completed as 
described, the excavation was carried forward with- 
out any interruption to the traffic, and the invert, 
drains, &c., were put in. Of course, such a method 
of construction would be followed only under the 
difficult conditions imposed by the necessity of not 
interfering with the traffic, but, though somewhat 
slow, the result was in every way satisfactory. 

The three different types of construction occur in 
this work in the following proportion : Masonry 
tunnel, 79.7 per cent.; iron and brick covered 
way, 15.2 per cent. ; and open cutting, 5.1 per cent. 
The tunnel, of which a section is given in Fig. 5, is 
made with a segmental arch, 15 ft. 9 in. radius ; it 
is entirely in dressed stone set in Portland cement, 
and is covered at the back with a coating of cement 
and a second one of asphalte. The invert is 
also in masonry set with hydraulic lime mortar ; 
the curve of the upper side has a radius of 41 ft. 
The height of the vertical side wall is 9 ft. 5 in., 
aud the width 45 in., including the voids filled with 
loose stone for drainage channels. The width of 
the tunnel is 29 ft. 6in. It may be added that 
along the side walls refuges are formed for the use 
of the trackmen, at intervals of about 50 ft., and a 
narrow walk is left at the foot of the walls 17 in. 
wide. Similar arrangements are made in the 
girder covered way (Fig. 4); here the clear head- 
way is 15 ft. 9 in. to the underside of the girders 
(in the tunnel section it is 19 ft. 8 in.), and the 
side walls are somewhat thicker. 

A few words may be added about the arrange- 
ment of the stations. At Denfert the old circular 
building has been retained. The rail level is 19 ft. 
beneath that of the booking-office, and a light 
girder bridge is thrown over the track with three 
passages leading from it towards the arrival and 
the departure platforms, and also to a baggage ele- 
vator. There are two staircases on each side from 
this passage to accommodate the double stream of 
traffic. The walls of this station, and, indeed, of 
all three, are lined with white glazed tiles, and the 
arches between the cross-girders are of white 
brick, an extra expense that is well compensated 
by the additional light obtained. The width of 
the platform is 16 ft. 5 in., and in their construc- 
tion English practice has been followed by raising 
them as high as the footboard of the carriages, 
instead, as in the usual French fashion, making 
them at a low level. 

The Port Royal station is built over the track ; it 
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is about 33 ft. high, and is carried on eight wrought- 
iron columns. The booking office is on the street 
level ; opposite the entrance is a stairway divided 
into three parts, the centre leading to, and the 
two side ones from, the platform (Fig. 8); 9 ft. 
below the street there is a waiting-room for depar- 
ture passengers, and it is here that tickets are in- 
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spected and collected. No special building has 
been constructed for the Luxembourg station, 
because the company could not obtain sanction to 
build one in the Luxembourg Gardens (see plan, 
Fig. 2), and it was not possible to secure space on 
the boulevard; the company therefore bought a 
private house standing on the spot marked in the 
plan. The cellars of this building were used partly 
for the necessary staircases, and also to contain the 
machinery for the elevators, &c. On the ground 
floor are the waiting-room and ticket offices. A 
special stairway accommodates the departure pas- 
sengers, and leads to an iron gangway which crosses 
the two lines at a height of about 13ft. abovetherails. 
At each end of this bridge, staircases descend to the 
platforms. Othersymmetrically disposed stairs bring 
the arrivals to the same gangway, the traflic being 
controlled by a railing dividing the opposite cur- 
rents, and leading the ascending stream to a stair- 
case opening direct on the street. There aré also 
provided elevators and a special passage for luggage. 

We have already said that the whole of the 
underground portion of this station is in masonry, 
and that only a short length is of iron covered 
way. A section of the former is shown in Fig. 6 ; 
its width is 55 ft., the thickness of the side walls 
is 9ft. 10in., the width of platform 16 ft. 5 in., 
and the distance between the platforms 22 ft. 3 in. 

Ona line constructed chiefly in tunnel, and espe- 
cially at a station like that of the Luxembourg, 
adequate ventilation is a matter of great import- 
ance. Provision for this is made by the construc- 
tion at intervals of downcast shafts that convey air 
into the tunnels either through openings in the side 
walls or at the top of the arch. There is, in addi- 
tion, a channel running through the tunnel, and 
connected to a powerful fan installed in the base- 
ment of the Luxembourg station, in the house under 
which this station has been constructed ; this fan 
drives the vitiated air into a chimney constructed 
close to the station. The ventilator is to be driven 
by electricity, and current is to be brought from a 
power installation now being erected near the 
Denfert station ; it will contain dynamos for light. 
ing the stations and lines, operating elevators, &c. 

It is not possible at present to ascertain what has 
been the cost of this interesting work, but it may 
be safely assumed that it was far heavier than was 
anticipated. The estimate was 348,000/., but no 
less a sum than 58,0001. was expended solely in the 
purchase of the house that was utilised for the 
Luxembourg station. 

In a very admirable report addressed to the 
Board of Rapid Transit Commissioners of New 
York, on “ Rapid Transit in Great Cities,” by W. 
M. Barclay Parsons, chief engineer to the board— 
a report which we shall take an early opportunity 
of reviewing in some detail—there are some refer- 
ences to this underground railway, to which we may 
allude. Mr. Parsons characterises the work ‘‘ as 
the most important piece of underground construc- 
tion in Europe, as it is the only case where an 
attempt has been made to produce a really hand- 
some structure.” Itshould be borne in mind that 
the commendation, fully justified as it appears to 
be, must be accepted with the reservation that it is 


| remarkable rate of progress made with the tunnel, 
under the difficult conditions we have referred 
|to above—those of maintaining the street traffic 
and removing the core only after the masonry was 
finished. Mr. Parsons also gives some conclusions 
arrived at by the French engineers engaged on the 
work, and based on the experience that they ob- 
tained. The conclusions are : 

First, to use masonry instead of iron. 

Second, to avoid dimensioned or special stones 
in the masonry. 

And they also give it as their experience that it 
was better and cheaper— 

(1) To remove and introduce all material by 
train, and not through the streets by wagon. 

(2) To use simple material, especially concrete. 

(3) To keep the rail level as close to the surface as 
possible, as the difficulties and expense increased 
with the depth. 

The prices obtained by the contractors are given 
by Mr. Parsons as follows. It should be mentioned 
that the material to be dealt with was chiefly sand, 
and it is stated that the most profitable work was 
oe to be the removal of the core at 2s. 3d. per 
yar 


Per 
Cubic Yard. 
s. d. 


Excavation removed by carts, with haul 


of three miles , eee ae ga 3 10 
Excavation piled on one side and used 

as back filling... ree ass a E¢ 
Excavation removed by railway, with 

haul of 3? miles es = ee 28 

Masonry, rubble inlime ... 16 6 

r a cement 20 2 

+ cut stone, soft ... 35 6 

e = hard 46 0 

- exposed voussoirs ~ 79 6 

Brickwork (not exposed) in lime 28 10 

99 (exposed) in cement ... cae, 


Iron, wrought, in girders, per ton, 17/7. 5s. 
cast 121, 12s. 





THE NEBRASKA CITY BRIDGE. 
(Concluded from page 44.) 

Comine to the 325-ft. deck span, the designed 
live and dead loads were the same as in the main 
spans, and the resultant stresses for which the 
various members were proportioned are shown in 





52, page 104. The left-hand side of Fig. 50 refers 
to the through span, and the right-hand side to the 
deck span. As will be seen, the floor consists of a 
planking of 23-in. pine boards, nailed to the 9 in. by 
9 in. ties originally designed to carry the rails. 
Above this 23-in. planking comes a wearing floor of 
oak plank 1} in. thick, which is laid diagonally, and 
can be renewed without disturbing the work below. 
The floor is thus brought up to rail height, so that 
the latter offer little obstruction to vehicles. A 
light iron parapet capped with a heavy wooden 
handrail has been constructed on each side of the 
roadway, the width of which, between parapets, is 
15 ft. 9} in. 

The expansion gear, Figs. 47 to 49, page 104, de- 
serves special notice, as Mr. Morison has given great 
attention to the design of roller bearings for bridges. 
One end of the span is, as usual, firmly anchored 
down, but the connection between the girder and 
its anchorage being through a pin joint, no special 
rocker is required. The roller bearing at the other 
end consists, in the first place, of a cast-iron bed- 
plate 14} in. high, to the top of which 13 heavy steel 
rails 44 in. high are riveted. The flanges of the 
rails being wider than their heads, there is a space 
between the latter into which falls all dust and dirt, 
which might otherwise collect under the rollers. 
The tops of these rails are planed to form one level 
surface. The rollers used for the deck span are 3 in. 
in diameter and 12 in number, and are fitted 
in a frame as usual. The plate transmitting the 
weight of the truss to them is 14 in. thick, and is 
also planed true. The many good points of this 
bearing will commend themselves to bridge con- 
structors, though the roller diameter is much less 
than is usual in English practice. 

The material used in the structure was subject to 
a stringent specification, though either Bessemer 
or open-hearth steel might be used. Sample bars 
? in. in diameter had to be rolled from every melt- 
ing, and tested without annealing. Such bars were 
specified to show an elastic limit of at least 
40,000 lb. per square inch, an ultimate strength 
of between 67,000 and 75,000 lb. per square inch, 
and an elongation of at least 20 per cent. in 8 in. 
A piece of the same bar was to stand bending 
through 180 deg. without showing crack or flaw. 
Should the contractor desire to use British steel, the 
requirement as to elastic limit was waived, the 




































£ 6 
¢. 
<, a 
< <7 
Z, “E. 
05730, GO 
x "2 eo, 
D.L. 1§2000 aL. 7/52. 
d.t. (52000 i 
Le Le 
























































Figs. 53 to 55, and the ‘‘ make-up” of the bars in 
Fig. 33 on the two-page engraving which we pub- 
lish this week. It will be noted that to allow for 
camber the panel length is figured as 25 ft. at the 
bottom of the truss, and 25 ft. 0,% in. at the top. 
The details of the various joints and connections 
will be clearly understood by a reference to Figs. 35 
to 46. The cross bracing is, of course, somewhat 
simpler than in the case of the through spans. The 
cross-girders rest on top of the upper boom, to 
which they are riveted, and carry two floor stringers, 
spaced at 8 in. centres, as shown in Fig. 34, 

Though originally designed for rail traftic only, 
it was finally decided to change the floor so that 
the structure could be used for vehicular and 
pedestrian traffic in the intervals between trains. 
This practice is, of course, very common in India. 





only 6240 ft. in length. Mr. Parsons refers to the 





The style of floor adopted is shown in Figs. 50 to 
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quenching and bending tests of the Hawkesbury 
Bridge specifications being substituted. In working’ 
the metal all punched or sheared surfaces had to be 
machined. The eyebar heads were formed by upset- 

ting, and 10 full-sized bars had to be submitted for 
test, and when broken the fracture had to occur in 

the body of the bar, and show a uniform and ductile 
quality of material. These full-sized tests had to be 

made at the expense of the contractor, though he 

might dispense with them if he increased the section 

of the bars by 20 per cent. without extra charge for 

the increased weight. The pins, when more than 

6 in. in diameter, were drilled from end to end. 

The amount of play allowed in the fit of eye and pin 

was zy in. The time required for the completion 

of the bridge from the start was 364 days, inclu- 

sive of Sundays and holidays. The cost of the 

superstructure was as follows : 
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Through Spans. 
Tron, steel, and ornamental 
work ey es See 
Freight charges on same 
from Chicago... cab 


20,000 
635 


Erection... = — 
Cement, iron borings, &c. } 
Freight on above ... 98 
24,7 
Deck Span. 
Tron and steel si — 
Freight charges on same 
from Chicago cs 


6,760 


205 

6,965 
Erection en ' 1,436 
Cement, iron borings, &c. 
Freight on same... 
Work-train service... 
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1l 
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Railroad Fioor. 
Material 
Freight 
Labour ie 
Work-train service 


899 
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1,277 
Highway Floor. 

Material ss 
Freight 

Labour 


1,154 
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Painting. 
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Freight 
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173 
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Total superstructure 37,327 





THE APPLICATION OF ELECTRIOITY 
TO WORKING SHIPS’ TURRETS. 
(Continued from page 72.) 

Tue efficient manceuvring of a ship’s turrets for 
lateral training, by electricity, was a problem differ- 
ing from any that had been previously presented 
for solution. The accuracy required for training 
guns involves several conditions conflicting one 
with another. These conditions may be sum- 
marised briefly as follows: (1) To turn the turret 
to the right or left, at will, by shifting a lever in 
the direction of the desired movement ; (2) With 
whatever force the lever may be thrown over, the 
movement of the turret must be gradual, in order 
that the maximum speed may be attained after 
having passed through various defined rates of 
speed from a state of rest ; (3) In this way a speed 
proportional to the angle described by the con- 
trolling lever must be obtained ; (4) To insure the 
sudden arrest of the turret, but in such a way that 
no shock takes place, and that no trouble may 
arise from the inertia of the mass in movement ; 
(5) The turret being in motion, to bring it to a 
state of rest, passing successively through all the 
phases of speed, from a maximum rate, gradually 
to rest; (6) To obtain at will extremely small 
ranges of movement, either to the right or left, 
for the purpose of finely adjusting the laying of 
the gun, this result to be obtained by a succession 
of impulses imparted to the controlling lever 
towards the right or left, according to the direction 
it is desired should be transmitted to the turret ; 
(7) To insure that the turret shall stop automatic- 
ally at the end of its travel in either direction, and 
before it comes in contact with the buffer provided 
for contingencies, or, at all events, that the contact 
shall be so arranged as to interrupt the motor cir- 
cuit instantly, and prevent sparking. 

The first condition can be filled with comparative 
ease by means of a suitable combination of resist- 
ances and a rheostat containing a sufficient number 
of divisions to give a series of slowly progressive 
variations to the motor current. In order to stop 
promptly, a new element comes into play, because 
after the current is cut off the inertia of the moving 
turret is such that rotation will continue for quite 
an appreciable time. Exact training under these 
conditions would be impossible, and in order that 
the officer laying the gun may be able at will to fix 
his line of sight upon a mark, it is necessary that 
he should have at his command, and by the simple 
movement of a lever or its equivalent, not only a 
means of interrupting the current, but also of short- 
circuiting the motor. This is effected by connect- 


ing the terminals of the armature through a small 
resistance ; thanks to this arrangement the motor 
is transformed during a very short period into a 
generator, and as the work it does in continuing to 
revolve by its momentum is, for the time, consider- 
able, it becomes for the moment an energetic and 
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very effective brake. The necessary alterations 
in the connections are produced by a special 
arrangement connected to the spindle working the 
rheostat. By shifting the contact brushes of the 
rheostat alternately, but to a very small extent, 
from one side to the other of their normal position, 
the motor receives successive rotating impulses as 
minute as may be required. The most delicate and 
difficult point, as well as one of the most important, 
is, perhaps, that relating to the prompt arrest of the 
turret at the end of its movement without shock, 








This problem has been most ingeniously solved by 
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means of a magnetic clutch device, the current of 
which is interrupted by the buffer stops themselves, 
and which, releasing the contact brushes of the rheo- 
stat, enables it at once to return to the zero posi- 
tion under the action of a spring. From the fore- 
going remarks it will not be difficult to obtain a 
conception of the principle of the controlling 
apparatus, called the ‘‘cartouche électrique.” 
The installation is completed by the buffer stops 
(there are two of these), which are placed 
under the armoured bridge, and which are 
in electrical connection with the magnetic con- 
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nector of the “cartouche.” The stops have 
the effect of insuring the instantaneous arrest 
of the turret when it reaches the maximum 
range of travel to the right or left ; that is to say, 
the limiting horizontal angle of range of the gun. 
They each comprise a cylinder made of insulating 
material, in which slides, axially, a metal rod kept 
in position by means of a spring, and in contact 
with a very short metal strip fixed within the 
cylinder in such a way as to close the circuit of the 
connector, and to interrupt it, when, actuated by a 
stop moving with the turret, the sliding rod is 
pushed into the cylinder against the action of the 
spring. One result of this arrangement is, that no 
matter how rapid the stop may be, it is never sud- 
den, so that the turret, and all the delicate machinery 
it contains, are never subjected to any violent 
shock. Thanks to short-circuiting the motors, all 
the effects of momentum due to the heavy mass in 
motion are neutralised or avoided. The various 
operations that are produced by the displacement 
of the lever in one direction, are also reproduced in 
the opposite direction, the connections being auto- 
matically reversed on the return of the lever to the 
zero point. It will thus be seen that, no matter in 
what position the turret may be, the officer training 
the gun can always bring it round rapidly to the 
desired line of fire by a simple movement of the 
lever in the direction that he wishes to take. But 
however simple and certain this operation may be, 
it does not of itself insure that the turret will be 
stopped at the exact spot required ; the position, 
however, will always be approximately correct, and 
the final adjustment can then be given by a few 
slight and rapid movements of the lever. By this 
means it is easy so to control the motion of the 
motor that it turns only through a few degrees, 
and this small range, together with the speed- 
reducing devices interposed between the motor and 
the turret, suffices to render the fine adjustment of 
the gun a matter of practical certainty very rapidly 
effected. 

In Fig. 17 is shown diagrammatically the general 
arrangement of generators, circuits, and motors on 
board a vessel having eight turrets. The details 
are intentionally withheld, but we can give a general 
description that will serve to explain the method of 
working. At each end of the diagram is shown an 
engine A or A! coupled direct to two shunt-wound 
generators. By means of the three switches C, D, 
and D' it is possible to couple either generator to 
the mains, or both generators in parallel into the 
mains, or both in series, according to the number 
of turrets to be worked. The different circuits in 
the figure are characterised by different lines, the 
thick and thin full lines being the negative and 
ect mains, the thick and thin dash-and-dot 
ines being the exciting circuits of the motors, and 
the thick and thin dotted lines the exciting circuits 
of the generators. The main current of each 
generator is led through an amperemeter A, while 
a voltmeter V is placed between the circuits, and 
is accompanied by a switch to break its circuit. In 
addition there is an amperemeter A on each posi- 
tive main, close to a double-pole switch E and a 
safety apparatus F. The eight turrets are each 
marked by a circle, and are shown provided with 
two electric circuits. G represents the two motors 
in series that rotate the turret, and J the motor for 
working the ammunition hoist. These motors are 
all shunt wound, and have two circuit breakers, 
shown thus =, in the magnet circuit, and a con- 
trolling apparatus H in the armature circuit. 

The arrangement of the ‘‘ cartouche ” is indicated 
in Figs. 18 and 19, page 105, it being understood 
that the section does not show the actual con- 
struction, which for obvious reasons it would not 
be desirable to publish; it is, however, sufticient 
for our purpose, which is to explain in general 
terms the very beautiful combination of MM. 
Canet and Hillairet. The appar:tus comprises a 
stop switch for electrically connecting the buffer 
stops; a switch for reversing the direction 
of motion of the electric motors, and hence 
called the reversing switch ; an electro-magnetic 
clutch ; a shaft, on which is mounted a brush- 
carrier ; a brush-carrier proper, or operating arm 
carrying the brushes and the short - circuiting 
contact-pieces ; a spring for returning the brushes 
and their connections to their normal positions ; a 
commutator-like collector; and a rheostat com- 
posed of flat coils of copper wire placed one above 
another. The casing is formed of thin cast-iron 
standards 2 bolted to the base-plate 3, and 
carrying sheet- metal covers, At the top is a 





bearing for the central shaft 1. This shaft is 
turned by a handle, with a spring catch 
4 dropping into notches on a quadrant 5. The 
catch can be slidden over the notches, the object 
of which is to enable the handle to be stopped at 
points when the internal electric contacts are fair 
with one another. The stop switch is an ordi- 
nary switch provided with the fixed contact-pieces 
33, 34, and 35 (Fig. 19) on an insulating base, with 
a movable contact 6 keyed on the operating shaft 
1. The contact-piece 33 is in constant electric con- 
nection with the entering terminal of a shunt cir- 
cuit from the main circuit, and is of sufficient extent 
to remain always in contact with the movable con- 
tact 6 over its entire rangeof movement. Each of 
the contact-pieces 34 and 35 is connected to one 
of the electrical buffer stops 8 and 10 in such 
a way that the return portion of the circuit of the 
electro-magnetic clutch 20 is formed through both 
of the electrical turret stops at the same time that 
the handle is in the zero position, and the switch 
6 touches both the contact-pieces 34, 35. The 
circuit is formed through one stop only when the 
handle is turned either way out of the zero posi- 
tion, as shown in the figure. 

The reversing switch is similar to the stop 
switch, and is located immediately below it. It 
consists of a movable contact-piece 11 keyed on 
the central shaft, and moving over contacts 12, 13, 
14, 15, 16 (Fig. 19). Of these the two marked 12 
are in constant electrical connection with the enter- 
ing terminals of the generator circuit ; other two, 
14, 15, are connected to the brushes of the electro- 
motor M, one of them through the commutator 
and rheostat. The remaining two constitute neutral 
or dummy contacts corresponding to the zero posi- 
tion of the handle at the top of the instrument. 
Whatever may be the position of the movable con- 
tact 11, it is always in contact with the pieces 14 
and 15, and as it moves either to the right hand or 
the left, it connects them alternately to one or 
other brush of the motor M. 

The stop switch and the reversing switch are the 
only apparatus fixed directly to the spindle 1. 
The remaining appliances are operated through 
the transmitting sectors 17 and 18. These are 
parts of bevel wheels, and the latter is fixed to 
the casing of the electro-magnet 19. This magnet 
runs loose on the horizontal shaft, on which is 
also mounted the keeper 20 and the toothed coup- 
ling sectors 21 and 22. These parts constitute the 
electro-magnetic clutch. The coil of the magnet is 
contained in an annular space within it, as shown, 
its circuit being a shunt from the main circuit, con- 
necting the stops 8, 10 in parallel, when the 
switch for the stops is in the zero position. The 
keeper of the magnet carries a pin 36, held with 
some slight amount of lateral play by the two tail- 
pieces 37 and 38 on the coupling toothed sectors 21 
and 22. These sectors are loose on the cross-shaft, 
and are constantly in gear with the bevel pinion 
23 in such a manner that when the apparatus is in 
operation only one sector is transmitting motion at 
any time. The other sector is moved in the oppo- 
site direction by the pinion without actuating any 
mechanism, and is brought back into its initial 
position when the operating handle is turned to 
zero. The keeper 20 carries on its flat surface a 
tooth adapted to engage in a recess formed in the 
shell of the magnet, to insure that the two shall 
move together when the magnet is excited. When 
the magnet is not excited a spring pushes the 
keeper away, and disengages the tooth. 

The pinion 23 drives the brush-holder 26 on the 
operating arm 24, the brushes being constantly in 
contact with the commutator-like collector 25. The 
arm 24 carries also a contact-piece 27, which short- 
circuits the armature coils of the motor M, when 
the handle is brought back to zero. The short- 
circuiting is effected by means of two rubbing con- 
tacts 28 and 29, each of which is connected to one 
terminal of the motor, and both of which are electri- 
cally connected together by the contact-piece 27 at 
the zero position of the handle. A spring 30 brings 
the brushes back to the neutral contact-piece on 
the commutator when the circuit of the magnetic 
coupling is automatically broken by the turret 
operating one of the stops 8 or 10. The collector 
25 is similarly constructed to the commutator of a 
dynamo ; and its contact-pieces are connected to 
the several coils constituting the resistances 31 of 
the rheostat. In the middle is the neutral contact- 
piece, which is insulated from the others. The flat 
wire coils 31 are separated from each other by discs 








32 of insulating material. 





If the handle be in the zero position, and the 
generating dynamos be s » no current will 
pass, except that through the electro-magnet 19, 
which thus causes the shaft 1 to be connected to 
the brush-carrier 24. On moving the handle in 
one or other direction, the stop switch is altered in 
position to allow the return of the current from the 
electro-magnet 19 only through the stop 8 or 10, 
corresponding to the direction of motion. At the 
same time the movable contact-piece 11 of the 
reversing switch will send the current into the 
motor M in the desired direction. The extent of 
movement of the handle that is sufficient to effect 
the double operation corresponds exactly to the 
amount of play left between the pin 36 of the 
keeper 20 of the electro-magnet 19, and the tail- 
pieces 37 and 38 of the two sectors 21 and 22. 
Consequently, the induced or armature coils of the 
motor M will still be short-circuited and no motion 
of the motor will be produced. On continuing to 
operate the handle, the brush-carrier 24 will be 
operated by the coupling sectors 21 and 22 and the 
pinion 23. The brushes are then moved away from 
the neutral contact-piece of the rheostat, and 
come into contact with the active contact-pieces 
thereof ; the short-circuiting ceases, and the current 
is sent into the motor M at alow potential. The 
potential increases with the extent of travel of the 
handle, until the brushes arrive at the contact-piece 
corresponding to the potential requisite for start- 
ing. At this moment the motor M starts, and its 
velocity of rotation will gradually increase as the 
handle moves towards its extreme position, which 
corresponds to the maximum velocity. To every 
position of the handle there corresponds, as before, 
a definite velocity, which may thus be caused to 
assume all values comprised between zero and the 
predetermined maximum. 

When the handle is moved back towards zero, 

the returning spring 30 causes the corresponding 
sector 21 or 22 and the brushes to move back 
through all the positions assumed during the first 
movement. The velocity of the motor M is thus 
caused to diminish gradually until the motor stops 
altogether. At zero the short-circuiting is again pro- 
duced. Oncontinuing the motion of the handle the 
stop switch and the reversing switch change the 
stop 8 or 10 in connection therewith and the 
direction of the connections respectively. The 
second coupling sector 21 or 22, as the case may 
be, then in its turn drives the pinion 23, and con- 
sequently also the brush carrier 24 until the elec- 
tro-motor M assumes a rotary movement in the 
opposite direction to that of the previous move- 
ment. By moving the handle very rapidly alter- 
nately to each side of zero, the motor M may be 
caused to make successive fractional revolutions of 
any desired small extent. At the extreme limit of 
the range of travel, one of the electric stops 8 or 
10 will be opened, and the shunt current will be 
cut off automatically. At the same time, the motor 
will be short-circuited and stopped instantaneously. 
In order to start the motor anew, the handle 
must first be brought to zero. Should the officer 
in charge be killed, the turret will stop at the end 
of its travel. 
The system of which we have endeavoured to 
give a general idea can be applied to all the turrets 
on any one ship. The motors, as has been said, 
are arranged on a derived circuit, and consequently 
each turret is absolutely independent of all the 
others. 

The problem of working the ammunition hoists 
was a less complicated one, because, on the one 
hand, the speed is constant, and, on the other, the 
stoppages above and below are always made at the 
same levels ; for these reasons the mechanism re- 
quired is comparatively simple. The hoists are 
started and stopped by the movement of a com- 
mutator lever, and if the operator desire to do so, 
he can arrest the elevator at any intermediate 
positive point by throwing over the lever to zero. 
At the upper and lower levels, electric stops are 
placed to arrest the travel at the points usually 
required. 

(Zo be continued.) 





ELECTRIC TRACTION.—No. III. 
By Pui.tre Dawson. 

WHILE the rapidity with which electric traction 
has secured universal acceptance and adoption in 
America is well known to us, it is very doubtful 
whether we fully appreciate the extent and im- 
| portance of a similar movement in Europe, or of 
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= . nm 
Name of Town (a). a o g¢ SB. . 33 ns é a" ra qe ‘ Type of Steam Engine Used. - How Driven. a 
° S 22 a2ao ° i) 2 go | an Me oo Su: 
fs = = is so 2°! amy 
g 8 ge jgs=| & |88| 83/38) 2 Fs B&| \q_8 
E | #5 (3as| § Bol Pa |s5| 2m |saa 5g) | $8 
a a a & Aa \|4 a” | 42” |< a*| | a 
Sen | } | } \ big 
Lines Constructed by the Electric Construction Company, Limited, Wolverhampton. 
Liverpool Overhead (0) (e) .. ..| March, 1893 ‘ 13 ,1to040 | 462 , Standard! 40 500 4 400 Horizontal compound condensing ..; 4, Rope-driven .. ethnic 
South Staffordshire .. a a January, 1893 ..| 8 1,, 40 40 |3ft.6in.| 16 300 on , | 125 | Horizontal compoun - | 3 i “s eel 8 
— — ‘ota! 
Total | 21 | ere 56 H.-P. .. 1975 ! | 
Lines Constructed by Messrs. Mather and Platt, Manchester. 
Bessbrook-Newry (0).. es ..| October, 1885 .. 3 | 1to50 | 55 st. | 8 250 1 62 | Turbine .. aa ea ee -| 2| Belt-driven .. ae 
City and South London (6)(c)_.. | December, 1890.. 63 | 1,,30 | .. | Standard! 16(c) 500 4 400 | Vertical compound condensing -| 4 oi ta es 25 
Douglas and Laxey .. oe - | August, 1894 14 {1,, 30 | 100 Narrow | 9 500 -_ : 90 | Compound condensing <o -| 5] = 
— —— —— ‘ota! 
Total .. ..! 23} _ A | a | 12 H.-P. .. 2112 | | 
Lines Constructed by Messrs. Siemens Brothers and Co., London. 
Port Rush (0) .. | 1883 6 ; 1to 30 a | o 5 ea 250; 2 | 52 | Turbines 34 ian 2 | Belt-driven 
Guernsey oe ..| March, 1892 S 12,80 75 | Standard 7 2 600 | 2 80 | Semi-portable compound 2 * 10 
Panama... = 1893 ‘eer ae oe %|oas. | aloe | err oP 
Hobart Town .. ..| September, 1893 | 8}|1,, 17 70 | 20 500 | 3 200 | High-speed vertical 3 | Direct-coupled 
es | — -—— ‘0 
Total 19} Pr ec qlee oe H.-P. .. 
Line Constructed by Mr. Magnus Volk. 
Brighton Beach (0) .- + -. | August, 1883 ..] 1 | ltol4 | | s%& {| &{ &@ | Me} a | 12 | Gas engine we «- | 1 | Belt-driven | 
Line Constructed by Mr. Holroyd Smith. 
Blackpool (/) .. ee . = 1884 be 4 woe < as f-c [aaa Ss | 25 | Compound semi-portable . | 2 Belt and shaft | 
Lines Constructed on the Thomson-Houston System, 
Bremen .. .-| May, 1892 10 | 1to33 | 66 | Standard| 25 500 8 | 150 | Horizontal compound.. 3 | Belt-driven .. 8 to 10 
Remscheid --| July, 1893 S i200 | oe Metre | 7 500 2 | 160 pe es ae wt & = ae 8 
Hamburg --| March, 1894 26 1,, 15 60 | Standard| 36 600 3 170 | 2continuous-current transfor mers, 
| | 1 steam engine & | ee ‘i 
Erfurt . ° --| June, 1894 y | 236 48 Metre 29 500 3 | 160 va 3 
Gotha ee .| May, 1894 13 1,, 25 60 99 5 am | 
Bordeaux oe . 1893 63 | m Pe 16 4 | 160 4 7k 
Lyons ee ss 1894 6 1, 12 <a 2 | 200 es ee os ; 
Havre A ..| July, 1894 1 1 2,38 ae ne 40 500 3 800 | Corliss condensing 8 | Rope-driven .. 
Roubaix ; ..| December, 1894..| 10 | .. | .. a 18 500}; 8 | 150 Te eee ; 3 
Florence ‘ --| April, 1891 ne 5 |1,, 12.5 60 | Standard; 12 500 3 ol 90 | Vertical compound * 3 | Belt-driven 
Milan ..| November, 1803..| 8 |1,, 95 = 19 500 | 4 {5 10 hss einen, cat 4 
Brussels. . -.| May, 1894 18 | 1. 18 66 35 500 5 | 180 | Horizontal compound.. 5 | Belt-driven -.| 8to18 
Liége os 1893 = £ilwe 82 PY 5 550 2 | 60 * ae ee 2 9 t 
Leeds .. -.| November, 1891..; 5} | 1,, 20 .. | Standard 6 300 1 200 simple 2 sa | 8 
Belgrade 1894 “A 64/11,,16 | oe 7 500 2 | 150 2 
Big | —— Total 
Total 132 ! 272 H.-P. .. 6390 
(a) Where not mentioned otherwise, the overhead conductor is used. (b) Third rail conductor. (c) This line is run by electric locomotives. ‘d) Overhead conductor is a 
slotted copper tube inside which collector slides (e) Two cars form a train, each car having motors wound dir-ct on axles. (f) Conduit system. 


the results already attained, especially on the 
Continent. 

As amatter of fact, the progress made has been 
most remarkable, and both engineer and financier 
have displayed the greatest enterprise in adapting 
tc European needs the system of electrical motive 
power which has so conclusively demonstrated its 
superiority in the United States. 

It has been repeatedly stated by the American 
engineers who have from time to time addressed 
the several societies, that the conditions prevailing 
on this side of the Atlantic, so far as traction is 
concerned, differ in no essential feature from those 
which they had to encounter a few years ago. They 
have confidently predicted that the manifold advan- 
tages of the electric ‘‘ trolley car’ would induce its 
adoption in Europe on a scale well-nigh as exten- 
sive as in America, and that, with the introduc- 
tion of mechanical power, the social status of the 
tramway would be vastly improved, and it would 
take its rightful place as an essential public con- 
venience. 

To a certain extent this prediction has already 
been fulfilled. The electric railways of Europe 
have closely followed the most approved American 
practice. With but few exceptions, all employ a 
single elevated conductor, using the rails to com- 
plete the circuit. Dynamos, motors, speed-con- 
trollers, &c., are in every practical particular the 
same as those which have been developed by 
American engineers and electricians. It could not 
well be otherwise, for nothing but experiment 
on a grand financial scale could definitely establish 
the commercial value of so radical a departure from 
established traction methods. That practical test 
having been applied in the United States, we cannot 
be blind to the immense advantage to Europe of 
— the results attained at its full and free dis- 
posal, 

The only possible particular in which a divergence 
from the American system has been made, is in the 
steam engine plant, and therein American engi- 
neers show a decided tendency to adopt European 
methods in future installations. 


mate distribution of electrical motive power in the 
several European countries, contrasted with the 
United States and Canada : 


TaBLE XIV.—Approximate Distribution of Electrical 























Traction. 
: Total Total : 
Name of Country. — - Number | Horse- i 3 —_ 
Track of Electric| Power of | P Track 
*| Cars. | Engines. ‘ 
Germany Ss 190 | €30 8,500 260,000 
Great Britain .. 65 | 130 4,700 635,000 
Austria-Hungary 50 150 2,000 760,000 
France .. 60 140 4,700 635,000 
Switzerland 30 35 1,700 120,000 
Belgium 20 40 1,100 300,000 
ee 15 35 1,000 2,000,000 
Other countries 30 100 1,200 4,600,000 
All Europe 460 | 1260 | 24,700 765,000 
United States and Canada. 
United States an 
Canada a --| 9000 | 20,000 850,000 | 8,200 








Germany is well to the front, having, as com- 
pared with Great Britain, three times the mileage 
of track electrically equipped, over five times as 
many motor cars, and about 75 per cent. more 
engine power. 

It may also be said that the distribution of elec- 
tric traction is much more general in Germany than 
in England, the installations in the former country 
being almost wholly converted city horse tram- 
ways. The English totals are made up very 
largely of the heavy installations of the London 
electric underground railway, and the Liverpool 
elevated line. 

With such an active and rapidly increasing in- 
dustry, it is very difficult to give exact statistics, 
for figures which stand correct to-day are unreli- 
able and obsolete in a few months, or even weeks. 
The following data are therefore given as applying, 
somewhat imperfectly, to the actual condition of 
electric railroad construction at the present time. 
It would appear that the names of 12 companies 


already completed is given in Table XV. In sub- 
sequent Tables the mileages under construction are 
also given. 


TaBLE X V.—Names of Companies Constructing Electric 
Railroads, and Mileage Completed. 


Lengths of 
Name of Company. Lines 
Completed. 
iles, 
1, Electric Construction Company, Wol- 
verhampton ... ead igs ses 21 
2. Messrs. Mather and Platt, Manchester iat 
3. Messrs. Siemens Brothers, London ... 19: 
4, Mr. Magnus Volk af “a 1 
5. Mr. Holroyd Smith a ae 1 
6. The Thomson-Houston System ; 132 
7. Messrs. Siemens and Halske, Berlin... 81 
8. Compagnie de l’Industrie Electrique, 
Geneva ... ie ie ‘eee aa 20 
9. Maschinen-Fabrik Oerlikon, Zurich... 154 
10. Elektricitits Aktiengesellschaft, Nu- 
remberg ... eae aed ses = 104 
11, Allgemeine Elektricitiits Gesellschaft, 
Berlin... ae Raa ais 885 
12. Kummer and Co., Dresden sie 125 


Detailed particulars of the railways completed by 
the first six of these companies are given in 
Table XVI., and similar particulars of the remain- 
ing lines will be given in our next article. 

The following data are undoubtedly incom- 
plete, but they give as fully as possible the lines 
now known to be under contract (see Tables X VII. 
to XX.) : 


TaBLe X VII.—Electric Roads now being Built by Siemens 


























include the whole of those interested in the con- 





The following Table shows the present approxi 


struction of such lines, and the mileage they have 


and Halske. 
| 
ae Number| Number Aggregate 
t+) ° t+) | orse- 
Hame of Town. Track in | Motor | Trailer | Power of 
Miles. | Cars. | Cars. | Engines. 
Budapest underground 
tunnel .. ae 5 15 ; 1200 
Gelsenkirchen 18 ! 16 
Bochum... 4} D 4 200 
Basel ES ota = 3 | i se 150 
Lichterfelde extension .. 6 6 4 110 
Pankow (Berlin) .. 4 8 240 
Barmen extension 24 10 | 
Totals .. ..| 48 | 8 1900 
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TaBLe X VIII.—Lines under Construction by the 
Allgemeine Elektr icitats-geselischaft, Berlin. 














Length of Total Horse- 

Name of Town. Track in + senna ad Power of 

Miles. : Engines. 
Plauen ie oa 4 9 200 
Christiania .. - 4 100 

Dortmund 1} 4 

Spandau ; 73 24 250 
Altenburg .. 4 3 7 350 
Genoa.. # : 12} 45 1200 
Konigsberg 32 8 100 
Totals 82} | 101 2200 





Contracts have been signed with the following 
towns for installing electric trolley lines : 

Kiel, Stettin, Leipsic, Duisburg, Munchen-Glad- 
bach, Danzig, Breslau extension, Halle extension, 
Karlsruhe, and Nurnberg-Furth. The approximate 
total mileage of these lines will be 100 miles. 

If we assume that the same amount of motive 
power and rolling stock will go with each mile of 
track, as has accompanied the track mileage of the 
lines already constructed by this company, we find 
that 4700 horse-power and 420 cars will be em- 
ployed. 

TABLE XIX.—Lines under Construction by the 
Thomson-Houston Company. 











Length of Total Horse- 

Name of Town. Track in ae of Power of 

Miles. oe Sas Engines. 
Lyons.. 50 100 2500 
Hamburg 45 100 2500 
Dublin =f a 16 20 600 
Bristol | 7 8 400 
Algiers ; oc 5} 10 300 
Montfermeil . R ~ 5 200 
Varese o% a 3 5 150 
Oporto = --| 1 3 150 
131} 251 6800 





This gives us a grand total of considerably more 
than 2000 electric motor cars already working or 
now under contract. 


TABLE X X.—Lines under Construction by Messrs. 
Schuckert and Co., of Nurnberg. 


Same ot Town. Length of Track Number of Motor 





in Miles. Cars. 
Aix-la-Chapelle 25 40 
MA os 24 8 
Dusseldorf 2 8 
Munich — 2 
294 58 





Messrs. Ganz and Co., of Budapest, have two 
electric lines under construction, which, toyether, 
will be 16 miles in length. Messrs. La Société 
Electricité et Hydraulique, of Charleroi, Belgium, 
are about to construct a line at Liige, 1} miles 
long, and to operate three motor cars. 

In the face of the numerous Continental instal- 
lations, either now in operation or about to be con- 
structed, it is impossible to reasonably maintain 
that the trolley system fails to meet the require- 
ments of city transit to an extent unparalleled by any 
other known method of traction. Already some 
of the most beautiful cities—Liibeck, rich in archi- 
tecture and in historic associations ; Milan, where 
stands that most wonderful of cathedrals ; Brussels, 
Marseilles, Havre, Dresden, Lyons, &c., justly 
famed for all that goes to made a city attractive 
to both resident and visitor, have given full 
approval to the trolley wire and the motor car. 








Laxton’s Prick Boox.—This well-known price book for 
architects, builders, engineers, and contractors, is now in 
its 78th edition, and contains 72,000 prices, two facts which 
attest the popularity and extensiv> utility of the work. 
It has undergone improvements, and the prices have all 
been revised to bring them to current rates for the best 
materials. Excavating, bricklaying, masonry, paving, 
slating, carpentry, ironmongery, plastering, smithy, 
foundry, engineering, plumbing, bell-hanging, lighting, 
painting and glazing work—all are included. Special 
attention may be directed to a very interesting note on 
bricklaying in frosty weather, as carried on in Chris- 
tiania, and to the text of the new London Building Act 
of 1894, which has just come into operation, consolidating 
the law, and including regulations to insure a proper 
width and direction of streets, the sound construction of 
buildings, the diminution of dangers arising from fire, 
the securing of more light, air, and space round build- 
ings, and generally the control and regulations of streets 
and buildings. The book is published at 4s. by Messrs. 
igh Holborn, W.C. 


Kelly and Co., Limited, 182, 


ELECTRIC TRAMWAYS IN LUBECK AND ESSEN. 
THE ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT. 























Evectric TRAMWAY IN LiiBECK. 
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THE UTILISATION OF WATER PowERr.—It is not without 
interest to see with what satisfactory results water power 
is being employed elsewhere, and a few particulars in 
this respect from the Grycksbo paper mills in Sweden 
throw some light upon this subject. Asmall river passes 
through the works, but its power would be altogether 
inadequate were it employed direct. The river has, how- 
ever, several small falls, which are utilised for electric 
transmission. At a distance of a few miles several of 
these falls are, through a canal of about 1 mile in length, 
collected to a fall of 51 ft. in height. The water is conveyed 
to the engine-house through a pipe 800 ft. long, and works 
thereaturbine of 200 effectivehorse-power. Directly coupled 
with this is a generator with a capacity of 3500 volts and 





30amperes, The current is conveyed oyerhead to Grycksbo, 











Exectric TRAMWAY IN Essen. 


where it works an electric motor of 150 effective horse- 
power. The installation has been working for several 
weeks, and has given entire satisfaction. About a mile 
further down the river the water is employed for a similar 
wed station, which is intended to supply the electric 
ight at the works. At the mills themselves, where the 
river, as mentioned, makes several falls, there are in- 
stalled five or six turbines, which are used for various 
purposes. More power is, however, required, and this 
will be taken from a fall some 4 miles distant. The 
station to be erected there will be larger than the others, 
and the generator to be used will be the largest in Sweden, 
viz., 300 effective horse-power, from where power will be 
taken for the new paper mills which are being built at 
Grycksbo, 
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ELECTRIC TRAMWAYS IN BREMEN AND HAMBURG. 






CONSTRUCTED BY THE ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT, BERLIN. 


(For Description, see Page 106.) 
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Exectric TRAMWAY IN BREMEN, 








Evecrric TRaMwWay IN HambBura. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—A quiet feeling ruled in the 
pig-iron warrant market last Thursday forenoon, only some 
5000 tons of Scotch and a few lots of Cleveland iron chang- 
ing hands. In both cases there was an advance of 4d. per 
ton. In the afternoon the market was idle, until near 
the close, when a prominent operator bought about 5000 
tons of Scotch iron, and the price left off 4d. per ton 
better than in the forenoon. Close on 10,000 tons were 
dealt in, and in addition 1500 tons of Cleveland and 1000 
tons of hematite iron were sold. At the close the 
settlement prices were—Scotch iron, 41s. 74d. per ton ; 
Cleveland, 34s. 74d. ; Cumberland and Middlesborough 
hematite iron, respectively, 423. 6d. and 41s. 6d. 
per ton. The market was more active on Friday 
forenoon, when about 10,000 tons of Scotch iron were 
dealt in, of which one-half or so, however, were in 
‘* options.” A few thousand tons of Cleveland changed 
hands—2000 tons at 34s. 9d. two months fixed. A couple 
of thousand tons of hematite iron were likewise sold, and 
prices rose 14d., 1d., and 1d. per ton respectively. Firm- 
ness was also shown in the afternoon, when there was a 
scarcity of sellers. Scotch closed 4d. down from the fore- 
noon, but Cleveland made 4d. per ton. About 7000 tons 
of Scotch and a few lots of hematite iron changed hands. 
The closing settlement prices were, respectively, 41s. 74d., 
34s. 9d., 42s. 74d., and 41s. 6d. per ton. On Monday fore- 
noon there was very little business doing in the pig-iron 
warrant market. Ab first the price for Scotch iron was 
strong at 41s, 9d. per ton, but there were sellers at the best 
at 41s. 8d. per ton, with no buyers. About 5000 tons of 
Scotch and one lot of Cleveland iron changed hands. 
The market was rather dull in the afternoon, when only 
about 5000 or 6000 tons of Scotch iron were dealt in, and 
the cash price fell 1d. per ton ; 1000 tons were sold at 
42s. 4d. three months, with 1s, forfeit in buyers’ option. 
Cleveland was quoted ld. per ton lower for cash. The 
settlement prices at the close were, respectively, 41s. 6d., 
34s, 74d., 42s. 9d., and 41s, 6d. per ton. More activity 
was shown in the market on Tuesday forenoon, but the 
feeling was flat. Scotch iron was freely sold, 20,000 
tons changing hands, including 10,000 tons at 41s. 6d. 
next week fixed, with 3d. forfeit in sellers’ option. One 
lot of Cleveland was sold. In the afternoon the market 
was steady, and some 12,000 to 15,000 tons were dealt in, 
prices leaving off practically unchanged. At the close 
the settlement prices were—4ls. 6d., 34s. 6d., 42s. 6d., 
and 41s. 6d. per ton respectively. Business was 
very quiet this forenoon, and not more than 3000 
tons being dealt in, mostly Scotch. Prices were barely 
steady. The market was dull in the afternoon, 
Scotch and Cleveland dropping 4d. per ton, and hematite 
irons each 1d. Not more than 5000 tons of Scotch were 
turned over. Settlement prices were, respectively, 41s. 44d., 
34s. 6d., 42s. 6d., and 41s. 6d. The following are the 
current prices of several special brands of makers’ iron : 
No. 1 Clyde, 49s. per ton; Gartsherrie and Calder, 51s.; 
Summerlee, 51s. 6d.; Coltness, 54s.—the foregoing all 
shipped at Glasgow ; Glengarnock (shipped at Ardrossan), 
50s. ; Shotts (shipped at Freith), 53s. 6d. per ton; Lang- 
loan and Carron still out of the market. There are still 
73 blast-furnaces in actual operation in Scotland, as com- 
pared with 50 at the same time last year. The shipments 
of pig iron from all Scotch ports last week amounted to 
6080 tons, against 3480 tons in the corresponding week of 
last year. hey included 380 tons for South America, 
165 tons for Australia, smaller quantities for other coun- 
tries, and 4230 tons coastwise. In the shipping depart- 
ment the trade is excessively dull. There is no improve- 
ment in the demand locally from consumers, but it is 
currently reported that some fair contracts have been 
laced for steel, which in turn should cause more inquiry 
or pig iron. Comparatively little interest is being taken 
in the market even by members of the trade, and the 
outside public have not yet shown any desire to specu- 
late, but a desire to do so may awaken sooner than is 
indicated by present appearances. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores stood 
at 287,448 tons yesterday afternoon, against 287,480 tons 
yesterday week, thus showing a reduction for the past 
week amounting to 32 tons. 


Finished Iron and Steel Trades.—In both of these 
branches of trade makers report that specifications are 
very slow of coming in. A considerable amount of 
material was bought before the close of the past year, 
largely as a speculative venture. Prices were low, and 
there was in some quarters an impression that business 
would expand after the turn of the year. Those sanguine 
purchasers have not found consumers so responsive as 
they had anticipated. Unless matters improve in the 
malleable iron trade, makers may be forced to close down 
their works, The steel trade is certainly getting to be 
better employed, and considerable additional orders are 
coming into the market, but, so far, prices are not any better, 
competition amongst the makers beng exceedingly keen. 
A few ~— ago there was a conference of Scotch and 
North of England steelmakers at Newcastle, with a view 
of forming a combination to maintain prices. It was 
found, after considerable discussion, however, that no 
agreement could be come to, and the proposal has, in the 
meantime, been abandoned. 


Glasgow Copper Market. — Copper was neglected last 
Thursday forenoon, but the price showed an advance of 
3s. 9d. per ton. Some 25 tons were sold in the afternoon, 
when the price was 1s. 3d. per ton lower, the three months’ 
quotation being 41/. 2s. 6d. per ton, and the cash price 
40/. 12s. 6d. On the following forenoon one lot was sold 


at an advance of 2s. 6d per ton. The afternoon sales 
amounted to j100 tons, and the price was 1s. 3d. dearer. 
The market was str: ng on Monday forenoon, and an 





advance of 6s. 3d. was made. In the afternoon sellers 
were wanting 41/. 7s. 6d. three months, and a sale was 
made at 40/. 17s. 6d. per ton cash. Copper was dull 
yesterday forenoon, and in the afternoon 41/. 2s. 6d. three 
months was paid. Copper was quite idle this forenoon, 
and 1s. 3d. per ton lower, at 40/. 11s. 3d. cash buyers, and 
411. three months. No business was done in the afternoon, 
and the close was weak. 


Edinburgh Association of Science and Art.—An ordinary 
meeting of this Association was held on Monday night. 
There was a very large attendance, over which Councillor 
Hunter presided. r. James Dunbar read a short 
paper on the advantages of an automatic contrivance for 
measuring liquids. The principal advantages were speed, 
accuracy, and cleanliness. For general use the machine 
might not be very useful, but in some trades, and espe- 
cially in the manufacture of aerated waters, the lecturer 
claimed that the machine would be very useful. Mr. 
Matthew Buchan, late of the Edison and Thomson- Houston 
Electric Company, Boston, U.S.A., also read a very 
interesting paper on the subject of ‘‘ Electrical Engineer- 
ing.” Speaking of electric traction, the lecturer said it 
had many advantages over cabling and other methods, 
especially in suburban and country sections. The cars 
could be run at any speed, and they might be traversed 
in both directions on asingle line. No system of traction 
was found to be so economical, comfortable, and popular 
as the modern tramway which is lighted and heated as 
well as driven by electrical power. Mr. Buchan said he 
eee the Town Council of Edinburgh would not lose 
sight of this mode of traction, in some of the suburban 
districts at least. With regard to the method of haulage, 
the lecturer pointed out that the overhead system was by 
far the best. 


James Watt Dinner in Glasgow.—The annual dinner 
held in Glasgow to celebrate the birth and life-work of 
James Watt came off last Saturday evening. It was 
held under the auspices, for the first time, of the Institu- 
tion of Engineers and Shipbuilders in Scotland. The 
President of the Institution, Mr. John Inglis, occupied the 
chair, and there was an unusually large gathering, including 
many distinguished guests. In addition to the chairman, 
the speakers included Lord Kelvin, Sir W. H. White, 
K.C.B., Sir Charles Cameron, Bart., M.P., Dr. James 
Campbell, M. P.; the Lord Provost of Glasgow, Sir Donald 
Mathieson, K.C.B.; Rev. Donald Macleod, D.D., &c. 
Much of the success of the gathering was due to the 
enthusiasm brought to bear on the preliminary work of 
organising the feast by Mr. James Rowan (of Messrs. 
David Rowan and Co.), who was convener of the dinner 
committee. 

Watt Dinner in Edinburgh.—On the same evening a 
similar function was held in Edinburgh, under the 
auspices of the Edinburgh Watt Club. Sir James Russell, 
president of the club, occupied the chair, and in a very 
able speech proposed the toast of the evening, ‘*The 
Memory of Watt.” 


Institution of Engineers and Shipbuilders in Scotland.— 
An ordinaty meeting of this institution was held last 
night—Mr. John Inglis, President, in the chair. A dis- 
cussion took place on Mr. H. A. Mavor’s paper on ‘* A 
New Mining Motor.” The only speakers were Pro- 
fessor Jamieson and Mr. McWhirter, Govan; Mr. 
Mavor briefly replied. ee, Professor W. H. 
Watkinson read a paper on ‘‘ Water-Tube Boilers,” the 
discussion on which was postponed till next meeting. A 
paper py Mr. W. Carlile Wallace, Port-Glasgow, on ‘‘ Elec. 
trical Transmission of Power in Shipyards and on Board 
Steamers,” was held as read. Sir W. H. White, K.C.B,, 
who was present as the guest of the President, then de- 
livered an interesting little speech, in which he thanked 
the Council and the members for electing him an honorary 
member of the Institution, with whose work for the past 


thirty years or so he was well acquainted. He also spoke | }, 


in feeling terms of Professor Rankine, the first President 
of the Institution, whom he knew well. The speech 
was listened to with much pleasure by a very large 
audience. 


The New Glasgow Bridge.—At a meeting of the Town 
Council sub-committee on Glasgow Bridge, held last 
Friday, the offer of Messrs. orrison and Mason, 
Limited, to take down the existing, and erect a new, 
Glasgow Bridge, of British granite for 81,175/. 5s. was 
made binding on the contractors, so that the work can 
now be set going without any further delay. 


Large Sugar Machinery Orders,—Measrs, A. and W. 
Smith and Co., Glasgow, are exceptionally busy at pre- 
sent with several orders for sugar-mill plant recently 
received from Queensland. The orders include six triple- 
effets, sugar mills, vacuum pans, and about 18 boilers, 
with all the attendant details comprised in complete 
sugar plant fit-up. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Probable Closing of a Pit.—The officials of the York- 
shire and Derbyshire Miners’ Association met the men 
employed at the Birley Colliery yesterday respecting the 
company’s demands for a reduction at Parkgate pit. The 
men unanimously a resolution refusing to accept 
the proffered terms, and this, according to the company, 
will mean the closing of the colliery, which employs some 
hundreds of men. 


The Dispute at Wharncliffe Silkstone Coliiery.—In this 
case, in which 2000 men threatened to strike if 200 of their 
number were discharged, the matter has been brought 
before the executive committee of the Yorkshire Miners’ 
Association. The report from the committee stated that 
after hearing the report of the deputation which had met 








Mr. G. Blake Walker, managing director, on the question 
of the discharge of the men employed in the kley 
Parkgate seam, the men employed at the colliery had 
agreed to give the matter a trial for a week or two, and 
if, after such trial, the arrangement does not answer, 
they will ask the district to allow them to give notice to 
terminate all contracts. The arrangement thus on trial 
is that the 200 men employed in the Rockley pit having 
been discharged because the pit could not be worked with- 
out loss, Mr. Walker has promised to find them work, so 
far as possible, in the other pit, where they will have to 
share with the men previously employed. 


Iron and Steel.—Though orders for finished iron are not 
coming in rapidly, the mills are steadily filling with work, 
at reduced prices to those prevailing at the end of De- 
cember last. It is believed that no further decline in 
prices will take place, but that a slight upward movement 
will supervene before the end of a month. Home orders 
for best qualities are coming nicely to hand. The export 
call—Australia, India, and South Africa particularly—is 
for medium qualities at about 5/. 5s. per ton. In the 
heavy steel trade orders for railway material are coming 
in from several of the home companies and wagon works, 
and a better export trade is looked for at a short date. 
For marine materia] there is a slow demand at present, 
excepting for the big ships on Government account. 
Bessemer billets are 5/. 5s. to 5l. 7s. 6d. per ton, and 
Siemens-Martin 61. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on ’Change, and the market was 
somewhat depressed in tone. Quotations for pig iron 
were a shade easier if anything, but sellers were very 
unwilling to reduce quotations, and some of them, rather 
than do so, held off for the present. Buyers were shy, 
and, as a rule, they would only purchase small lots for 
immediate delivery. A good deal of surprise and com- 
ment was caused by the announcement that a well- 
known firm of London merchants, doing a very con- 
siderable business with this district in Spanish ore, 
had suspended payment. Almost any quantity of 
No. 3 g.m.b. Cleveland pig iron could be bought at 
34s, 9d. for prompt delivery, and business was done at 
that price. It was difficult to secure any of the 
ruling quality below the foregoing quotation, but several 
buyers endeavoured to do so. Middlesbrough warrants 
were weak, and they closed 34s. 6d. cash buyers. The 
lower qualities of pig iron were steady, No. 4 foundry 
realising 34s. 3d., and grey forge 33s. 3d. East coast hema- 
tite pig iron was weak, the supply being still very much 
in excess of the requirement, the fact that the Normanby 
Iron Company have blown a furnace out having little or 
no effect upon the market. For early delivery of Nos. 1, 
2, and 3 as low as 41s. 9d. was said to have been accepted, 
but most sellers asked 42s. It might be well for the trade 
if other firms followed the example of the Normanby 
Company and reduced the output. Spanish ore was 
— To-day there was no change whatever in the 
market. 


Manufactured Iron and Steel.—A somewhat better 
account is given of the manufactured iron and steel 
trades, but quietness still characteriees them. Prices, 
though a trifle firmer, are not quotably altered, and 
present market rates must be barely, if at all, remunera- 
tive. Most of the firms keep pretty well employed, and 
some of them do not care to enter into further contracts 
at the quotations now ruling, believing that by waiting a 
while they will be able to secure better terms. It must 
be admitted, however, that it is difficult to find anything 
to indicate that an improvement of any consequence is at 
and. Common iron bars are 4/. 17s. 6d.; best bars, 
5l. 7s. 6d.; iron and steel ship-plates, 4/. 15s.; and iron 
and steel ship-angles, 4/. 10s.—all less the customary 24 
per cent. discount for cash and f.o.t. For heavy sections 
of steel rails 37, 12s. 6d. net at works is still named. 


The Coal and Coke Trades.—A fair demand continues 
for gas and household coal, but stil] many important 
collieries have not sufficient work to keep them fully em- 
Ee. On Newcastle Exchange the general quotation 
or best Northumbrian steam coal is 9s. f.o.b., and steam 
small can be bought at 2s. 9d. Although gas coal is being 
largely consumed, the supply is very plentiful, and quota- 
tions are about stationary. Iu one or two cases we under- 
stand that contracts for gas coal have gone to other dis- 
tricts which offered cheaper fuel. Bunker coal is de- 
pressed and cheap. Coke is rather quiet, but the local 
consumption continues heavy, and, consequently, sellers 
are firm. Here 12s. to 12s, 3d. is asked for good blast- 
aneemer m9 ¥ delivered at Cleveland works, and some 
firms will not listen to anything below the latter quota- 
tion. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Steam coal has been in moderate demand 
and prices have shown some weakness ; the best-descrip- 
tions have made 10s. 6d. to 11s., while secondary qualities 
have brought 10s. 3d. per ton. There has been a slightly 
better demand for house coal, but there has, at the same 
time, been no pressure, No. 3 Rhondda large has made 
10s. 3d. to 10s. 6d. per ton. Patent fuel has been quiet. 
Coke has been in fair request ; foundry qualities have 
made 15s. to 16s. 6d. per ton, while furnace ditto has 
brought 12s, 6d. to 13s. per ton. The manufactured iron 
and steel trades have exhibited no improvement; the 
tinplate trade has, however, been a little better, and 
steel producers are looking in consequence for a larger 
demand for Bessemer steel bar. 
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ortishead Pier.—A Bull for powers to extend and 
oie the pier at Portishead has been deposited in the 
Private Bill Office of the House of Commons. Under 
this Bill, it is proposed to incorporate the Portishead 
Pier Company, and to confer upon it power to extend the 
existing pier or jetty to a further distance seaward of about 
560 yards, or, in other words, to a point on the northern 
side of the Firefly Rock. In connection with this exten- 
sion, it is proposed to widen the existing pier on the 
western side throughout its whole length ; but this widen- 
ing is not to be commenced unless, as provided for in the 
Bill, the company purchase the pier from the Great 
Western Railway Company. The capital sought to be 
raised is 375,000/., in 37,500 shares of 101. each. 


South Wales Institute of Engineers.—A general meeting 
of this Institute was held at Cardiff on Thursday, under 
the presidency of Mr. A. J. Stevens. A discussion took 
place on ‘* Jordan’s Tipping Coal Screen,” and Mr. Robert 
Jordan replied to some of thecriticism made on his paper 
at the last meeting. In the course of the discussion Mr. 
H. W. Martin, of Dowlais, stated that he proposed to in- 
crease the width of the roads. The probability was that 
the hours of working might get shorter, and what they had 
to consider was how to get up a large quantity of coal 
in ashort time. At present the underground roads at 
Dowlais were 2 ft. 11 in. in width, and_ he pro 
increasing the width to 3 ft. 2 in. and to have suitable 
trams made for carrying on an average at least two tons. 
The discussion was again adjourned. The paper read by 
Mr. G. E. J. M*Maurtrie, at the last meeting, on the 
variation of pressure in Cornish and other pumps was 
again considered, and a brief discussion was adjourned. 
A discussion also took placeon Mr. J. Parry’s paper read 
at the last meeting on “ The Chemistry of Iron and Steel.” 
The following papers were taken as read, and ordered to 
be printed in the Pr ings, viz.: ‘‘An Outburst_ of 
Water, and Means of Dealing with It,” by Mr. E M. 
Hann, M. Inst. C.E.; ‘‘ Observations on the Western 
Part of the South Wales Coalfield,” by Mr. Thomas 
Arnold, Assoc. M. Inst. C.E. The President announced 
that it was intended to hold the annual dinner of the 
Institute some time in April. 


Pembroke Dockyard.—Mr, H. Cock, constructor at 
Chatham, has been appointed to succeed Mr. J. C. 
Froyne as chief constructor at Pembroke. Mr. Froyne 
retires on the 6th prox. Mr. Cock has arrived at the 
dockyard ; he will temporarily occupy the office vacated 
by Mr. H. John, ex-assistant constructor. 


The ‘* Hecate.”—The Lords of the Admiralty recently 
requested the dockyard officials at Devonport to examine 
the Hecate, turret ship, and to report the estimated 
cost of fitting her with a new set of boilers. The local 
officials having reported that the work cannot be done 
under 9000/., the Admiralty have directed a further 
examination of the present boilers to be made, with the 
view of ascertaining if they can, with ordinary repairs, 
be made to last another two years, provision to be made 
in the estimates for 1896-97 for a new seb. 


MISCELLANEA. 

Ir is calculated that about 640,000 tons of rails, &c., 
will be required for the Siberian Railway, besides some 
2000 locomotives, 3000 passenger carriages, and 36,000 
other railway vehicles. 


The Agent-General for West Australia is about to 
invite tenders for 350 miles of rails and fastenings. 
A number of German firms will be, it is said, included in 
the list from whom tenders will be invited. 


A syndicate has applied to the Norwegian Government 
for a concession for the building of a railway from Chris- 
tiania to Holmenkollen.. The syndicate has also applied 
for the optional right to use electricity as motive power. 


By the adoption of the Rodgers ballast plough on the 
New South Wales railways, 72 cubic yards of ballast can 
be unloaded from the wagons and spread in 54 minutes, 
as timed by Mr. R. Price Williams, MI C.E. Only two 
permanent way men are employed in the operation. 


The large Berlin Horse Tramcar Company has just 

ut three Tudor accumulator cars in service between 

ichterfeld and Moabit. Every car has accommodation 
for 20 sitting and 11 standing passengers, and the weight 
of the car, without passengers, is close upon eight tons. 


The Russian Steamship Company in Odessa is ip 
negotiation with the Lindholmen Engineering Company 
in Sweden about the building of a good-sized ice-break- 
ing steamer, The Lindholmen Company will build the 
boat, and the Motala Engineering Company engine her. 


By the — Acts of the railway companies having 
termini in London, they are obliged to run 11 workmen’s 
trains daily a distance of 47 miles. As matters stand, 
the actual number running last year was 476, and the 
distance 2732 miles. 


. Though the attention of that part of the public which 
1s interested in gold-mining is now concentrated mainly 
on South Africa and Western Australia, the resources of 
New South Wales are still far from exhausted, as several 
important finds have recently been made there. The 
most valuable of these is said to be at Mount Drysdale, 
<o Cobar district, in the north-western portion of the 
ony. 


In a contribution to the Minutes of the Proceedings of 
ths Institution of Civil Engineers, Mr. C. A. Friend, 
M.1.C.E., states that the head lost on the new Sevill: 
water main, which is 42,050 ft. long and 21 in. in diameter, 
was 63.57 ft. The flow was 7.098 cubic feet per second, 
which corresponds to a velocity of 2.91 ft. per second. 





The head lost is rather less than is given by most of 
the formule in common use. 








An alloy consisting of aluminium with 8 per cent. of 
copperand 12 per cent. of zinc is being used in America for 
bicycles. The castings are said to be very rigid. Another 
alloy, consisting of aluminium with 3 per cent. of German 
silver, also gives good results. As cast, its specific gravity 
is 2.73, and its tensile strength 10 tons per square inch. 
By rolling, the former is brought up to 2.83, and the latter 
to 18# tons per square inch. This alloy is whiter than 
pure aluminium. 


The Scotch oil companies have, as the result of a joint 
meeting in Glasgow with Mr. Bedford, of the Standard 
Oil Company in America, come to an agreement whereby 
the arrangement of 24 years ago will be renewed. Solid 
paraffin is to be increased jd. per pound, which will 
advance the revenue of the Scotch oil companies by 50,0000. 
annually. The competition with American petroleum 
is also to come to anend. The final arrangements are to 
be made in London. 


A German-Scandinavian Exhibition is to be held at 
Liibeck from July 1 to September 30 this year. It is 
intended to illustrate the commercial and industrial inter- 
course between Germany, on the one side, and Russia, 
Finland, Sweden, Norway, and Denmark, on the other. 
A guarantee fund of 400,000 marks (20,000/.) was sub- 
scribed in Liibeck—where the undertaking is being em- 
braced with the greatest interest—in the course of a 
couple of days. 


A paper was read at the ordinary meeting of the Civil 
and Mechanical Engineers’ Society on Thursday, 
January 17, x Mr. A. Hanssen, C.E., on ‘‘ Checking 
Engineering Calculations.” In it he dealt with the neces- 
sity of systematically carrying out the work, and the ad- 
vantages of using mechanical aids, more particularly 
alluding to the slide rule, calculating machines, and 
various forms of planimeters. A discussion ensued, and 
after the usual vote of thanks to the author, the meeting 
was adjourned. 


According to the last report from the Copenhagen Corpo- 
ration, the experiments made with incandescent gas (Auer) 
burners for street lighting have so far not given any satis- 
factory results from a pecuniary point of view. Auto- 
matic gas meters have been tried, but without satisfactory 
results. The central electric station, which is municipal 
property, is — very well, and it is expected that the 
consumption at the end of 1895 will have reached 13,500 
amperes, or 27,000 lamps, which is the full capacity of the 
station in its original state, wherefore an extension is 
looked upon as unavoidable. 


The traffic receipts for the week ending January 13 
on 33 of the principal lines of the United Kingdom 
amounted to 1,272,763/., which was earned on 18,728} 
miles. For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,279,378/., with 18,522? 
miles open. There was thus a decrease of 6616/. in the 
receipts, and an increase of 206 in the mileage. The 
aggregate receipts for the first two weeks of the year 
amounted on the same 33 lines to 2,469,451/., in comparison 
with 2,505,512/. for the corresponding period last year; 
decrease, 36,0611. 


The Association of German Iron and Steel Makers 
publishes the following statistics as to the production of 
pig iron in Germany during 1894: The output of pig iron 
in the German Empire (including Luxembourg) amounted 
in December last to 498,233 tons, an increase of 16,324 
tons on the previous month, and of 49,592 tons on De- 
cember, 1893. The December output included 146,217 
tons of puddling and spiegel iron, 38,115 tons of Bessemer 
pigs, 239,239 tons of Thomas pigs, and 74,632 tons of 
oundry pigs. For the whole year 1894 the output of 
raw iron has been 5,559,322 tons, against 4,953,148 tons 
in 1893, an increase of 606,174 tons, or 12.3 per cent. 


In a communication to the Société d’Encouragement, 
M. Osmond gives some particulars as to his recent re- 
searches in the microscopic analysis of steel. By these 
means he claims to have recognised five different con- 
stituents in steel, viz.: (1) Ferrite, or pure iron; (2) 
Cementite, an iron carbide having the composition 
Fe, C ; (3) sorbite, a constituent accompanying cementite, 
and one in which the carbon appears to be in the state of 
“temper” carbon; (4) martensite, the principal con- 
stituent of tempered steels, consisting of crystals of iron, 
containing the temper carbon dissolved in them; (5) 
Troostite, a constituent found on the edges of cementite. 
M. Osmond has investigated how these constituents vary 
with steels containing different percentages of carbon at 
different temperatures, and how they are effected by 
rapid cooling from high temperatures. 


The Compagnie Francaise pour l’exploitation des Pro- 
cédés Thomson- Houston, 27, Rue de Londres, Paris, have 
sent us a copy of the report of the committee appointed 
to adjudicate on the memoirs sent to compete for the 
Thomson-Houston prize. This prize, it will be remem- 
bered was founded by Professor E. Thomson when he was 
awarded the 20,000-franc prize of the Municipality of 
Paris for his meter. The best two of the memoirs sent 
in were of very equal merit, and learning this, Professor 
E. Thomson and the French and British Thomson- 
Houston Companies arranged to provide a second 5000 
francs, so as to award an equal prize to each paper. One 
of these papers was by Dr. A. Webster, of the Clark 
University, Worcester, U.S.A., and described a new 
method of getting and measuring electrical oscillations of 
very small period. The second paper, also on the subject 
of electric oscillations, was written by Dr. Oliver Lodge, 
in conjunction with Dr. Glazebrook. The judges were 
MM. J. Carpentier, — Fontaine, E. Hospitalier, 
E. Mascart, A. Potier, and B. Abdauk-Abakanowicz. 

At a recent meeting of the German Electro-Chemical 
Society, Mr. Werner Bolton exhibited a number of incan- 








descent lamps in which aluminium had been used for the 
leading-in wires instead of platinum. The coefficients of 
expansion by heat of aluminium and glass being very 
different, special means have to be adopted to secure a 
tight joint. The plan adopted is as folows: A wire of 
aluminium is placed in a glass tube and heated until both 
it and the glass fuse. The aluminium core and its glass 
jacket thus produced are allowed to cool, when the latter 
cracks, but this is of no importance, as the object of this 
jacket is simply to prevent the aluminium melting when 
it is being soldered on to the thick envelope which is to 
form the base of the lamp. This having been done, and 
the filament fixed, the bulbs are exhausted, a drop 
of a strong solution of mercuric chloride having been 
previously placed on the outer ends of the leading-in 
wires. As the vacuum is formed in the bulb, this solution 
is drawn in past the aluminium wires. These latter then 
firs) become amalgamated and then oxidised, and the 
alumina thus formed is said to lute up the wires per- 
feotly air-tight. 





SALE OF THE ExxzctTric LicHTING PLANT AT BRIGHTON. 
—In accordance with instructions from the Official Re- 
ceiver, Messrs. Wheatley, Kirk, Price, and Goulty will 
sell by auction on February 6, 1895, the whole of the plant 
at the central electric station, 48, Gloucester - road, 
Brighton. The plant is new, much of it not more than 
18 months or two years old. Amongst the —— 
items are four Lowrie-Parker alternators, one Mordey- 
Victoria, and other dynamos. There are also four 50 
horse-power under-type engines and boilers, built by 
Messrs. Fowler, of Leeds. A large number of trans- 
formers are also to be disposed of, with several miles of 
cable, many arc lamps, and otherfittings. Full particulars 
can be obtained on application to the auctioneers at 49, 
Queen Victoria-street, London, E C., or at the works, 





EARLE'S SHIPBUILDING AND ENGINEERING CoMPAXY, 
LimitEp.—The directors in their annual report state that 
the balance-sheet, showing a profit of 15,479/., is better 
than could have been expected, considering the great and 
continued depression in the shipping trade. From this 

rofit must be deducted interest, &c., on debentures and 
seo 7110/.; bad debts written off, 655/.; and the balance 
of loss in the previous year 2022/., leaving a net balance 
of 5689/., which it is —— to carry forward. During 
the year the output of work, though not large, has been 
satisfactory, and at present there are sufficient orders on 
hand to keep the works fairly employed during the 
ter portion of 1895. ‘The company has claimed 
4,020/. from the Admiralty for lossses sustained in the 
construction of Her Majesty’s ships Endymion and St. 
George, and the Controller of the Navy has arranged for 
arbitration with Mr, Fletcher Moulton, Q C., as assessor. 





Tue Late Mr. Epwarp WILLIAM Barnett, F.R.G.S , 
C.E.—We regret to hear of the death of Edward William 
Barnett, F.K.G.S., C.E , which took place on January 14 
at his residence, 11, St. Petersburgh-place. He served 
his articles with the late firm of Messrs. McClean and 
Stileman, and was employed by them on various works in 
Lancashire and Cumberland. In the year 1859 he went 
to India, and among other important works he executed 
there we may mention 220 miles of the Madras and Bom- 
bay Railway, on which section was the celebrated Chil- 
travirlty bridge, at that time the.third longest in the 
world, and which was opened in January, 1868, by his 
then Excellency Lord Napier ; the Presidency College at 
Madras ; and at his own expense he built the native work- 
house and a boys’ school, the latter of which he also 
endowed. In 1871 he returned to England, and amongst 
other contracts he then entered into were the Portishead 
Docks, Ryde and Newport Railway, Cadiz Water Works, 
and various railway and harbour works in South America. 
In 1873 he was elected as the Conservative member for 
Dover, but in 1875, owing to ill health due to his resi- 
dence in India, he retired from all active business. 

CaTaLoGuEs.—We have received from Messrs. E. R. 
and F, Turner, of Ipswich, a copy of their new catalogue 
of flour milling machinery. Messrs. Turner’s wheat 
dryer is fully illustrated and described, as well as their 
various makes of roller mills, separators, and purifiers. 
The engravings of the various machines are in most cases 
from photographs. The latter portion of the compi- 
lation contains sections and descriptions of complete 
mill plants of capacities ranging from one sack of 
flour per hour upwards.—Messrs. the Nobel’s Explosive 
Company, Limited, of 149, West George-street, Glasgow, 
have sent us a copy of their pamphlet issued for the guid- 
ance of those engaged in shaft-making, tunnelling, &c., 
and explaining in detail the use of electricity for firing 
the shots. Illustrated and priced descriptions of the 
various forms of exploders and fuzes used are given, 
together with detailed instructions as to the preparation 
of the borehole for firing. The method of simultaneous 
firing is also illustrated by several woodcuts.—The new 
catalogue issued by Messrs. Thomas Parker, Limited, of 
Wolverhampton, contains illustrated descriptions of the 
different conti current dynamos made by this 
firm. A uliarity of the field magnets is the 
~— pole-pieces, which can be turned back out 
of the way, thus exposing the armature for exam- 
ination or repair. The catalogue is fully priced. 
—Mr. J. Stannah, of 20, Southwark Bridge-road, 
London, 8.E., has sent us a copy of his illustrated 
price list, containing descriptions of the lifts, cranes, and 
hydraulic engines made by him. Amongst the most 
interesting of these is an electric passenger lift. The 
water-saving crane is also worthy of attention, as with it 
Pte used can readily be adjusted to the work to 

one, 
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THE SCHMIDT MOTOR. 
CONSTRUCTED BY MESSRS. L. AND W. SCHRODER, ENGINEERS, ASCHERSLEBEN, GERMANY. 
(For Description, see opposite Page.) 
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THE SCHMIDT MOTOR. 
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Tue advantages of superheated steam were strongly | of superheaters, those of Gehre and also of Corliss, did 
advocated by Hirn in 1857, and have received ontleaiae not provide very high temperatures, for which, indeed, 
attention from his pupils in Alsace, The earlier types | the engines of those days would not have been suited 





























Some of the newer types, ¢.g., those of Schwérer and 
of Uhler, which have become popular in South Ger- 
many, have gone above 500 deg. Fahr. Mr. Wilhelm 
Schmidt, of Wilhelmshéhe, near Cassel, has now ex- 
ceeded 700 deg., and appears to have achieved con- 
siderable success with his motors, which are constructed 
by Messrs. L. and W. Schréder, of Aschersleben, and 
which are being introduced in this country by Mr. G. A. 
Schade van Westrum, 11, Savage-gardens, London, 
E.C. Asummary of independent tests of these motors 
recently made by Messrs. Schneider and de Grahl will 
be of interest. They are published in the ‘‘ Zeitschrift 
des Internationalen Verbandes der Dampfkessel- 
Uberwachungs-Vereine,” 1894, Nos. 16 and 17. Mr. 
Schmidt combines boiler and superheater, the latter, 
placed immediately above the boiler, consisting of three 
parts, The vertical boiler is provided with only a few 
cross-heating tubes, Charged with much water, the 
steam passes directly into the preheater, consisting of a 
few turns of steel coil. Thence a wide vertical tube, 
styled by the inventor the post-evaporator, conveys the 
steam to the upper end of the main heater, through the 
numerous coils of which the steam rushes downward with 
considerable velocity to the cylinder. The preheater is 
exposed to the highest temperature, but the wet steam 
protects the coils. In the post-evaporator, both a me- 
chanical separation of the water particles and a further 
evaporation take place, the latter at the expense of the 
heatofthesteam. The direction of the flow in the main 
heater being reversed, the steam is again heated more 
and more in its downward course. 

The first series of tests concerns a 35 horse-power 
motor, having the boiler illustrated in Fig. 1, page 112, 
and an — similar to that in Figs, 2 and 3, but verti- 
cal instead of horizontal. The boiler and heater coils 
are clothed against losses by radiation. The fuel gases 
either circulate through the coils and pass through 
the holes of the perforated plate above the coils into 
the chimney, in which case the damper is closed, 
or they take that way directly without playing upon 
the coils. By means of a lever, the stoker can 
manipulate the two dampers, and keep the tempera- 
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ture within the boiler fairly constant. The dimensions 
were: Heating surface of boiler, 70 square feet; of 
preheater, 71.8 square feet; of main heater, 358.8 
square feet (hence ratio of heating to superheating 
surface was 1: 6); grate area, 7.5 square feet ; diameter 
of cylinder, 9.84 in. ; stroke, 15.75 in. The motor is 
a vertical engine with two single-acting cylinders and 
long pistons ; the piston rings are at the open cooler side, 
not exposed tothe superheated steam. The two pistons 
move in opposite directions, and are provided simply 
with connecting-rods; there are no crossheads and 
guides nor stuffing-boxes, The valve gear comprises two 
counterbalanced piston slides worked by eccentrics, one 
for admitting steam into both cylinders, the other for 
exhausting the steam. As lubricant there was used 
Messrs. Breymann and Hiibener’s valvoline, a mineral 
oil which is recommended by several users of Schmidt 
motors. Coal and feed water were weighed, and the 
feed water heated by the exhaust steam. The tempera- 
ture of the superheated steam varied between 660 deg. 
Fahr. and 716 deg. Fahr. The analysis of the West- 
phalian coal gave: Carbon, 85.4 per cent. ; hydrogen, 
4.63 ; oxygen, 2.36; sulphur, 0.94; ashes, 4.66; mois- 
ture, 1.01. The coal was dried at 240 deg. Fahr. ; 1 per 
cent. of nitrogen was assumed. From this analysis 
a calorific effect of 14,589 British thermal units was 
calculated ; this figure was checked, in the second 
series of tests, by analyses of the fuel gases. Indi- 
cator diagrams were taken every 10 minutes, the 
indicator being alternately connected with the one or 
the other cylinder by means of a pipe bent at right 
angles, The experimenters were quite aware that 
these sharp bends were objectionable, but lack of 
time did not permit of any other arrangement, and 
the Prony brake tests were chiefly relied upon. The 
objections will be discussed later on. Tables I. and 








II. summarise the results of the tests. Doubtful 
values are bracketed. 
TabLE I.—Boiler. 
Number of Test 1 2. 
Duration of test os -» bre 8 | 8.1 
Coal consumption, total .. Ib. 597.5 | 705.5 
a na per hour ~ 74.69 | 87.08 
Calorific value of coal B.T.U. 14,589 - 14,589 
Feed water evaporated, total 1b. 5436.5 | 5,466 
Ss o per br. ,, 679.55 675.8 
. temperature before en- 
tering heater .. deg. Fahr. 59 | 61 
Feed water temperature before en- 
tering boiler deg. Fahr. 194 194 
Steam, mean pressure - Ib 128,29 127.25 
Evaporation of water per pound of 
coal .. oe oe oo. ae 9.1 7.76 
Equivalent evaporation calculated 
for feed water of 32 deg. Fahr. | 
and steam of 212 deg. Fahr. 1b. 8.16 6.94 
Mean temperature of steam for mean 
pressure = .. deg. Fabr 354 352.4 
Mean temperature before entering 
main heater.. deg. Fahr 422.5 442.4 


Mean temperature before entering) 
engine te .. deg. Fahr. 687.2 694 
Temperature of fuel gases entering 
the chimney . deg. Fahr. 703.5 692 
B.T.U. ‘perct.| B.T.U. |per ct. 
Heat utilised for generating steam) 9356.4 64.14 7972 (64.65 
» superheating| 











steam ..| 1440 | 9.87 | 1260 | 864 
Total heat utilised for steam .. | 10796 4 74.01 | 9232 68.29 
Tasie II,.—Motor. 
Number of Test — oe | a. 2 
ees ees oe 
Duration of test hrs. 8 8.1 


Work done. Indicator tests : | 
Temperature of superheated 


steam a * eg. Fahr. 687.2 694 
Mean pressure, from diagrams lb. (39.26) (41.10) 
Revolutions per minute .. 161.5 162.8 
Mean work .. ee +» H.-P. (39.45) (40.92) 

Work done. Brake tests: 
Weight carried .. 7 138.9 141.78 
Length of lever - fc. 8.798 8 83 
Kevolutions per minute .. ~e 161.5 162.8 
Mean work ow H.-P. 37.96 39.20 
Efficiency es ++ percent. (96.22) (95.85) 
Consumption of steam, total Ib. 6496.5 5466 
- per indicated horse- 
power per hour .. os Ib | (17.22) (16.5) 
Consumption per brake horse- 
power per hour . es Ib. 17.90 17.22 
Consumption of coal, total ay 597.5 705.5 
a. - per indicated 
horse-power per hour .. Ib. | 1.89) (2.14) 
Consumption of coal per brake! 
horse-power per hour .. Ib 1 967 2.222 
Heat utilised by exhaust steam 
B.T.U. 135 133 
Resulting in a saving of coal of 
per cent. oe . - 8 42 7.09 


| | 

Heat Balance.—The heat generated by the combus- 
tion of 1 1b. of coal was utilised in : 

1. Generating steam. 

2. Superheating the steam. 

3. Heating the feed water. 

1. In both tests the mean temperature of the feed 
water before entering the boiler was 194 deg. Fahr. To 
produce 1 lb. of steam of 128.29]b. pressure, therefore, 
1028 thermal units were spent, and to generate the 
total 9.1 Ib., 9356.4 thermal units were absorbed on 





the first day, i.c., 64.14 per cent. of the heat available. 
On the second day the arrangements were less econo- 
mical ; the figures were 7972 British thermal units, or 
54.65 per cent. 

2. In the first test the temperature of the steam 
was raised by 333.2 deg. Fahr. Taking the specific 
heat of steam at 0.475, the quantity of heat spent in 
superheating the steam was 333.2 x 9.1 x 0.475=1440 
$citish thermal units=9.82 per cent. The second test 
yielded 1260 British thermal units and 8.64 per cent. 
A comparatively small quantity of heat is hence sufli- 
cient to superheat the steam. This heating is accom- 
panied by an increase in the volume of the steam of 
45 per cent., a point to which Mr. Schmidt draws 
attention. 

3. The exhaust steam raised the temperature of 
the feed water on the two days by 135 and 133 deg. 
Fahr. respectively, so that 1228 and 1033 British ther- 
mal units were utilised for this purpose. In this way 
8.42 and 7.09 per cent. of coal were saved. The sum 
total of these three terms is 12,024 and 10,265 British 
thermal units and 82.43 and 70.38 percent. There is no 
doubt a great deal of priming in the preheater, and this 
is fully intended by Mr. Schmidt. The higher the heat 
the more priming, and the greater the protection which 
the water particles afford to the preheater coils. Mixed 
with already superheated steam of from 550 deg. 
Fahr. to 570 deg. Fahr., this water passes into the 
wide vertical branch connecting the two coils, the 
post-evaporator. The assumption of water particles 
at such high temperatures is not so strange. The 
experimenters, Messrs. Schneider and De Grahl, re- 
mind us of the Leidenfrost phenomenon. We may also 
recall the views of Helmholtz and of Professor J. J. 
Thomson, who believe in the existence of water nuclei 
at far higher temperatures, or at any rate, in the pos- 
sibility of their existence. In the vertical branch, as 
we pointed out already, we have a mechanical separa- 
tion of the water and also a further evaporation, 
so that a decrease of temperature is observed in 
this branch. The temperature of the steam leaving 
this branch varies between 419 deg. Fahr. and 457 deg. 
Fahr. The temperature of the steam when leaving the 
superheater runs parallel to that leaving the branch ; 
the mean increase in this coil was 264.6 deg. Fahr. on 
the first day and 252 deg. Fahr. on the second. The 
heat regulation by means of the two dampers was 
evidently not very perfect, as the temperatures vary 
by 180 deg. Fahr. 

The steam consumption per brake horse-power per 
hour was 17.90 lb. and 17.22 lb. respectively on 
the two days, and the coal consumption 1.967 Ib. 
and 2.2221b. On the first day the stoker had a thick 
layer of coal and a slight excess of air; on the second 
day he was less successful. The efficiencies, 96.22 
and 95.55 per cent., the authors themselves point 
out, are certainly too high. There was no doubt a 
throttling of the steam in the indicator pipe. The 
pressures as observed in the boiler and in the indi- 
cator differed by more than 7 lb., which does not 
appear probable considering the high temperatures, 
and that the cylinders were so close to the boiler. 
Another source of error suggested itself, but was not 
verified : the high temperatures might have affected 
the indica or; but careful tests made on the spot 
showed no error of this kind. The authors hold, in 
view of the easy working of the motor, that an efli- 
ciency of 90 or 92 per cent. is not improbable. 

The second series of tests were made with a 
small three horse-power motor. The boiler is pro- 
vided with a heater coil and a mud separator. The 
latter is partly filled with water, the space above 
forming the steam chamber, into the highest part of 
which the feed-pipe enters. The water falls in thin 
jets through this space, and the mineral admixtures 
either collect on the partitions fixed in the middle of 
the mud collector, or pass down a vertical tube to 
settle at the bottom. The purified water enters below 
the partition into the boiler, from which steam and 
water are thrown up into the steam space. This space 
is too small to allow of a complete separation of the 
water, so that the preheater will be charged with wet 
steam as in the former case. The temperature regula- 
tion is also effected by means of a damper. 

The admission and exhaust valves of the motor 
are — with springs which lift them off their 
seats when the motor is at standstill. The entering 
steam tends to shut the admission valve, but can- 
not do so before a certain speed has been attained, 
which will take place sooner or later ; the period can 
be altered by adjusting the lift. The valve opens 
again during compression, when the difference in pres- 
sure under and above the valve is able to overcome 
the tension of the spring. The steam escapes partly 
after expansion near the end of the upstroke through a 
port which the piston clears, and partly on the return 
stroke through the discharge valve, whose lift is ad- 
justed so as to close the port at a certain height in con- 
sequence of a slight throttling of the steam. Within 
certain load-limits the speed regulation is automatic. 
For larger variations of load a governor is provided 
which regulates the lift of the admission valve. The 
motor can turn either way. The dimensions are : 





Heating surface of boiler, 17.22 square feet ; of pre- 
heater, 16.98 square feet ; of main heater, 38.79 square 
feet ; ratio of the latter two, 1:4; area of grate, 1.61 
square feet ; diameter of cylinder, 5.11 in. ; stroke, 
7.87 in. The tests were conducted in essentially the 
same way as those already described. 

The feed water was pumped directly into the mud 
collector ; the exhaust steam was allowed to escape. 
The indicator was screwed to the cylinder. The fuel 
was the same coal. The results of these tests are sum- 
marised in Tables III. and IV. 


TaBLE III.—Boiler. 











Number of Test be ie oe i | 2. 
Duration of test .. « Sine 7.87 | 7.82 
Coal consumption, total .. Ib. 122 79 123.46 

a ioe per hour a 13.608 13.785 
Calorific value oe % 14,589 14,589 
Feed water evaporated, total Ib 738.76 778.22 

9 per hr. ,, 93.872 99.627 
i temperature before en- | 

tering boiler deg. Fahr. 66.2 66 2 
Steam, mean pressure se 114.495 112.362 
Evaporation of water per pound of 

coal .. a ; . Ib. 6.02 6.3C 


tion calculated 





Equivalent evap 
for feed water of 32 deg. Fahr. 
and steam of 212 deg. Fahr. 1b 6.06 6.34 

Mean temperature of steam for | 
mean pressure deg. Fahr. 345.9 | 345.€ 

Mean temperature before entering H 
main heater .. deg. Fahr. 563 | 668.4 

Mean temperature of steam before 


entering motor deg. Fahr. €83.6 701.6 
Fuel gases : | 

Carbonic acid mean per cent. 7.0 | 8.1 

Temperature deg. Fahr 474.8 760.4 

Loss of heat per cent. 20.0 | 16.5 


0 
™ B T.U. |perct,| B.T.U. \perct. 
Heat utilised for generating steam] 6942.6 | 47.59 | 7268 49.79 
» superheating | 
ee on 969 8 | 6.62 | 1067.4 7.32 


.| 7907.4 |54. 21 | sase.d 87.11 





” 
steam 


Total heat utilised for steam 











TaBLe 1V.—Motor, 





| 


Number of Test os oe +s] Z 2. 





Duration of test... o» bre. 7.87 7.82 
Work done. Indicator tests : | 
Temperature of superheated | 





steam... is eg. Fahr. 683.6 | 701 6 
Mean pressure, from diagrams lb. | 44.233 45 514 
Number of revolutions .. 2 246.73 260.7 
Mean work.. = os 4.468 4 85 

Work done. Brake tests : 
Weight = os ee Ib. | 19.841 19.841 
Length of lever .. oo ft.) 3.795 3.8 
Revolutions per minute .. --| 246.73 260.7 
Mean work .. on -- H.-P.) 8.54 3.75 
Efficiency ee -. percent. 79.26 77.22 
Consumption of steam, total Ib. 738.76 778.22 
” ” per indi-| 
cated horse-power per hour Ib.! 21.01 20.515 
Consumption of steam per brake 
horse-power per hour Ib. 26.52 26.56 
Consumption of coal, total.. 122 79 123.46 





” oe per indicated 
horse-power per hour .. asf 8.492 8.255 
Consumption of coal per brake 
Ib. 


horse-power per hour 4.41 4.214 











Heat Balance.—The percentages of heat utilised for 
generating steam and for superheating the steam were 
47.59 and 6.62respectively inthe firsttrial, and 49.79 and 
7.32in the second. These poorer results, comparing 
unfavourably with those of the previous tests, may be 
due to several causes. The grate area was too large, 
and the losses by radiation decidedly great, as the 
lower part of the boiler was bare, and the upper 
insufficiently protected. The combustion of 13.6 lb. of 
coal put on the grate per hour took place with a very 
considerable excess of air. The percentage of carbonic 
acid in the fuel gases varied between 10.4 and 6; on 
the average it was 7 and 8.] in the two trials. From 
this figure, with an outside temperature of 61 deg. Fahr., 
and assuming the specific heat of the gas as 0.307, 
the authors calculated a loss of heat of 2936 British 
thermal units, or 20 per cent. of the fuel. The 
coal contained 85.40 per cent. of carbon. The 
calculation is not clear. During the second trial, 
the loss would appear to have amounted to 16.5 per 
cent, As the total heat utilised was 54.21 and 57.11 
per cent., the losses by radiation would represent 25.79 
avd 26.79 of the heat generated. 

Efficiency.—The brake test yielded 3.54 and 3.75 
horse-power per hour respectively on the two tests. 
The indicated horse-power being 4.468 and 4.85, 
the efficiencies 79.26 and 77.22 were realised. 
Although the temperature of the steam was 18 deg. 
Fahr. higher on the second day, a lower efficiency 
was found. The diagrams show, however, that the 
lower efficiency has nothing to do with this tempe- 
rature, but is solely to be ascribed to the higher speed 
maintained during the second series of trials, for 
which the motor is not suited. The consumption of 
coal and steam, although not so low, naturally, as 
in the experiments with the 35 horse-power motor, 
speak in favour of the motor; 3.49 and 3.255 lb. of 
coal were burnt per indicated horse-power per hour 
and 4.41 and 4.214 per brake horse-power. Not 
less favourable results were obtained with a small 
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motor which worked the pumps at an industrial exhi- 
bition at Erfurt. The manufacturers claim to have re- 
duced the coal consumption below the 1.96 lb. per brake 
horse-power per hour, which Messrs, Schneider and 
De Grahl found at their experiments with the large 
motor. The respective tests, particulars of which we 
have not seen, were conducted by Professor Schroetter. 

Figs. 3, 4, and 5 show a horizontal boiler fitted with 
Mr. Schmidt’s superheater. The boiler has a corru- 
gated furnace, leading into an Adamson flue provided 
with cross tubes. The vertical flue is practically 
similar to that in Fig. 1. The steam passes through 
the two lower coils, then through the separator on the 
right-hand side, and then down through the remainder 
of the coils, except the two upper layers which consti- 
tute a feed-heater. Figs. 6 to 9 show an engine 
similar to Figs. 1 and 2, but of a larger size. Figs. 10 
to 14 are diagrams showing how little the expansion 
line deviates from the theoretical curve, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 16, 1895. 

DuRING the past 10 days steel rail orders have been 
placed for 55,000 tons rails and 60,000 tons plate and 
structural material, of which 40,000 tons is for a bridge 
at New York. Another order amounts to 4000 tons 
for three small bridges. The market is quiet, and, as 
to prices, weak. Manufacturers have enough options 
out, if taken, to keep them at work on present unre- 
munerative rates for four months. The bar mills out- 
side of the Pittsburgh district are working about half 
capacity, and business is improving slowly. Large 
orders will soon be placed by the Cramps for warship 
work, and by carbuilders for work that is promised by 
February. Pig iron production is stationary for the 
present, on a basis of a little under 9,000,000 tons per 
year. The general policy of consumers here is to buy 
the least possible, hence stocks are very low, and any 
moderate activity among buyers would drive mill men 
into market for supplies. Forge iron is 10 dols, 
50 cents; steel billets, 17 dols. ; steel rails, 22 dols, 
Southern furnace managers have secured some un- 
usually large orders for rails, 





BOILER EXPLOSION NEAR STOURBRIDGE. 

A FORMAL investigation by the Board of Trade, under 
the Boiler Explosions Act, 1882, has been held at the 
Town Hall, Stourbridge, with reference to the cause and 
circumstances attending an explosion which occurred on 
October 10 at Spout Mill, Hagley, tenanted by Mrs, 
Aldridge, who there carried on the business of a corn 
miller. The Commissioners were Mr. Howard Smith and 
Mr. J. H. Hallett. 

Mr. Gough appeared for the Board of Trade, and in his 
opening statement said he had not been successful in 
finding out when or by whom the boiler was made, though 
it had been working at Spout Mill since 1858. Ib was of 
the egg-ended, externally-fired class, 17 ft. 6 in. long Ly 
about 2 ft. 6 in. in diameter, the plates having originally 
been Zin. thick, and the working pressure being 50 lb. 
In 1868 the mill came into the possession of Mr. John 
Amphlett, with Mrs. Aldridge as tenant, and was then 
used as acorn mill. It contained two millstones, which 
were driven by steam power when the water supply failed. 
In 1871 Mr. Amphlett had the boiler thoroughly repaired 
at a cost of 38/., and he was then prepared to pay for any 
other repairs that were needed had any further defects 
been pointed out to him. Mr. Amphlett, however, had 
had no mechanical training, and did not know that any 
periodical examination of the boiler was necessary, the 
result of which was that no inspection had ever been made 
since the repairs named as having been effected in 1871. 
No agreement as to keeping the boiler in proper condition 
had been made between Mr. Amphlett, the owner, and 
Mrs, Aldridge, the tenant. From 1871 to 1885 the boiler 
and engine were very little used, as the mill was worked 
by the waterwheel. “About the year 1885 the engine was 
examined and repaired by Mr. James Attwood, an 
engineer at Stourbridge, and Mrs. Aldridge was under 
the impression that the boiler was examined at the same 
time, and that she was then told that it was in a suitable 
condition for bearing a working pressure of 50 lb. per 
square inch. In September last a son of the tenant 
cleaned the boiler out and sounded the plates with a 
hammer, but failed to discover any defects. On October 9 
it worked all day at a pressure of 40 Ib. to 50 lb., and 
failed to show any signs of weakness. On the morning 
of Wednesday, October 10, at about ten o’clock, it ex- 
ploded, killing a boy named Trow, who had been working 
in the garden, and had just gone into the boiler-house to 
shelter from the rain. 

Since the explosion the boiler had been examined by 
Mr. Brown, engineer-surveyor to the Board of Trade, 
and he had found the plates so wasted by external corro- 
sion that they were reduced from their original thickness 
of 2 in. to about ;{ in. 

Mr. Gough then called Mr. John Amphlett, who stated 
that he came into possession of the mill on the death of 
his father in 1868, and had a verbal agreement with Mrs. 
Aldridge as to the tenancy, but nothing was said as to 
the up-keep of the boiler. Soon after he took to the pro- 
perty the boiler was repaired by Messrs. Bradley and 

0. ab a cost of 38/., and if any further defects had been 
pointed out to him he would have had them seen to, but 
- complaints had been made to him as to its condition. 

e had been at the mill just before the sad occurrence, 


were named as needing attention, nothing was said about 
the boiler. He had never thought it worth while having 
it examined or insured, as it was used so little. 5 

Walter Trow, father of the lad who was killed, said he 
thought the boiler was put in in 1858, but was certain it 
was there when he went to work at the mill in 1860. He 
used to attend to the boiler, and worked it at about 40 Ib. 
pressure, though this was occasionally exceeded by a few 
pounds. He had cleaned it out several times, and ham- 
mered it and removed the scale, but no one had ever told 
him how to makea proper examination. I was ten years 
since he was inside 1t, and he had always been afraid that 
it was very thin in places, remembering the time it had 
heen in, and knowing that it was not worked much and 
that the plates must be cankering away. 

By Mr. Gough: He had thought the boiler dangerous, 
and had told Mrs. Aldridge to be careful. If he had 
known it was at work at the time of the explosion, his boy 
should not have been near it. 

Mrs. Aldridge, tenant of the mill, said she had never 
had the boiler examined by a competent — since she 
had had it. Prior to 1887 it was not used for five years. 
Some years ago Messrs. Jones and Attwood, engineers, 
Stourbridge, repaired the engine, and she then told Mr. 
Jones she should like the boiler tested. He inquired the 
pressure carried, and she replied that she had seen it at 
70 lb., upon which hesaid that was a sufficient test. She 
was quite unaware that a periodical examination was 
necessary, and the boiler worked very little. She herself 
superintended its working, and saw that it contained suffi- 
cient water, that the pump was right, and the water 
gauge free. 

Mr. Howard Smith: Did you think the boiler would 
go on working for ever? 

Witness replied that she thought it was less likely to 
go bad from standing idle, and felt quite safe about it. 

Mr. C. W. Aldridge, son of the last witness, said he 
had the management of the mill. He had received no 
mechanical training, and had never had ———< to do 
with boilers, except the one in question, which he had 
looked after for the last 12 years. He had examined it 
from time to time by getting inside, removing the scale, 
and hitting the plates bard with a hammer, so as to try 
to knock a hole through. No one had taught him how 
to examine a boiler. 

Mr. Howard Smith: You thought that if you could not 
knock a hole in it the boiler was safe ? 

Witness: Quite safe; he had no fear of danger. He 
had sounded the plates about six days before the explosion, 
and found no weak places. On the morning of October 10 
he had employed Trow to dig potatoes, and as rain was 
falling the lad came into the shed to shelter, and was 
killed immediately afterwards by the explosion. The 
boiler was fed from the mill dam, which was 6 ft. above, 
and the shed would be damp. 

Mr. Jabez Attwood, engineer, Stourbridge, formerly a 
member of the firm of Jones and Attwood, said that 
some years since they repaired the engine at Spout Mill, 
but received no instructions with regard to the boiler, 
and made no examination of it. He did not express any 
opinion as to its condition, but he set the weight on the 
lever at 50 1b., as he was told that that was the working 
pressure. He had seen the boiler since the explosion, and 
his opinion was that the plates had rent from being 
weakened through external corrosion. z 

Mr. George E. Brown, engineer-surveyor to the Board 
of Trade, deposed to having examined the boiler a few 
days after the explosion. It was of the externally fired 
class, as already stated. Mr. Brown described in full its 
general construction, and gave particulars of the fittings, 
which included a safety valve with lever and movable 
iron ball. When the ball was on the lever in the position 
in which he found it, and which he understood was the 
position in which it was worked, the pressure would be 
about 50 lb., but if the ball was at the end it would be 
741b. The boiler was fed from a tank supplied by the 
mill dam, which was 6 ft. or 7 ft, above the tank, The 
boiler was very liable to the effects of dampness, and the 
plates were wasted by corrosion to the thickness of ,', in 
In fact, they were generally very thin, and at the part 
which failed a piece of irregular shape was blown out. 
In illustration of the extent to which the plates were 
worn, Mr. Brown produced a portion which he had 
broken off at his examination, and the presiding Com- 
missioner remarked that it was ‘‘simply the thickness of 
writing-paper.” At the line of fracture the plates could 
be readily broken by the fingers. The corrosion could 
have been easily seen if an examination had been made 
by a competent person. The boiler was not fit to work 
at any pressure whatever. 

This concluded the examination of witnesses, and Mr. 
Gough then submitted the following questions for the 
judgment of the Court thereon : 

1. Whether es measures were taken by the owner 
and the user of the boiler to insure that it was being 
worked under safe conditions ? 

2. Did Walter Trow and Charles W. Aldridge, or 
either of them, possess the knowledge and experience 
necessary to enable them to make a proper examination 
of the boiler? 

3. Was the boiler periodically examined by a com- 
petent person ? 

4, Did Walter Trow convey to Mr. or Mrs. Aldridge 
any suggestion that the boiler was dangerous ? 

5. What was the cause of the explosion and loss of 
life ? 

6. Whether blame attaches to Mr. Amphlett, Mrs. 
Aldridge, and Mr. Charles W. Aldridge, either or all 
of them ? 

Addressing the Court, Mrs Aldridge said she was quite 
ignorant as to the state of the boiler: she had done the 
best she could: she had not been at all careless, indeed 


reduced circumstances, and would be unable to pay any- 
thing in the shape of expenses, even if ordered to do so 
by the Court. 

Mr. Howard Smith remarked that he did not think 
that due care had been exercised. Mrs. Aldridge had 
simply done nothing at all to keep the boiler safe, as she 
bad not had it examined. 

Mr. Charles W. Aldridge said that he did his best in 
regard to attending to the boiler, and would not have 
worked it had he known it was liable to explode. He 
thought the boiler was about the best part of the plant, 
and always felt safe with it. 

After the Commissioners had deliberated in private, 
Mr. Howard Smith gave judgment. He reviewed at full 
length the general circumstances attending the construc- 
tion and working of the boiler, and gave a résumé of the 
evidence laid before the Court. The Commissioners did 
not attach blame to Mr. Amphlett, the owner of the 
mill, but, in their opinion, no proper measures had been 
taken by Mrs. Aldridge, the user of the boiler, to insure 
its being worked under safe conditions. It was certainly 
35 years old, and probably much more, yet it had not 
been examined by any competent person since the year 
1871. It was = in a position where it was entirely 
unprotected and exposed to damp, so that, looking at the 
general neglect and the treatment it received, the wonder 
was that it had not burst before. Mrs. Aldridge was 
responsible, as she was the user of the boiler, and did not 
take the trouble to ascertain its condition. If a practical 
man had been called in, he must have condemned the boiler 
many yearsago. She was, therefore, much to blame, though 
the Commissioners could quite believe that she thought the 
boiler could be safely worked without examination. That, 
however, was no excuse ; for if she chose to use a boiler 
which — be a very t danger to other people, she 
ought to have taken the precaution to insure its being 
worked under safe conditions, and ought to have had i 
periodically examined. If the explosion had eccurred in 
a populous neighbourhood, probably great loss of life 
would have resulted. 

Mr. Amphlett, the owner of the mill, addressed the 
Court at this juncture on behalf of Mrs. Aldridge, who 
he said was in very poor circumstances. 

In reply, Mr. Howard Smith said the Court must make 
an order for costs. They took a very serious view of the 
case, and if they had thought Mrs. Aldridge was able to 
pay, they would have ordered her to bear a substantial 
share of the expenses of that investigation. They could 
not help thinking, however, that if they made a heavy 
order, a portion of the burden would be thrown upon Mr, 
Amphlett, which they did not desire, so that they would 
exercise leniency, and would therefore only order Mrs. 
Aldridge to pay the sum of 10/. to the Board of Trade 
towards the costs of the inquiry. 





Captain K. C. J. Nretsen.—Captain K. C. J. Nielsen 
has been appointed managing director of the dockyard of 
Messrs. Burmeister and Wain, Copenhagen, which is the 
largest private apae in Denmark. Captain Nielsen is a 
navy man, and has had a most varied experience. Ap- 
pointed midshipman in 1860, be took part four years later 
in the battle of Heligoland, and was mentioned in the 
despatches. Promoted to lieutenant in 1866, he applied 
for permission, which was granted, to take a post as 
engineer on board a mail-boat, so as to get a working 
knowledge of engines and boilers, and, after completing 
his term of service here, he became one of the teach- 
ing staff at the newly established school for officers 
of the Danish Naval Reserve, but returned to active 
service in 1869, when he was appointed navigat- 
ing lieutenant to the Denmark. In 1872-3 he was 
instructor in ship construction, and shortly afterwards 
was requested to abandon his career as a sailor, in order 
to devote himself entirely to technical matters. In 
order to better qualify himself for this, he spent some 
time in the drawing office of Burmeister and Wain, and 
in the great French yards of Le Havre and La Seyne, 
and finally in Napier’s works on the Clyde. From this 
time forward his attention was exclusively devoted to 
engineering and shipbuilding matters, and in 1883 he 
became chief constructor to the Danish Navy, and has 
been responsible for the designs of all the additions made 
since, 





Locomotive Drivers’ TrovuBLes.—A_ considerable 
amount of anxiety is being felt in engine-driving circles 
in the midland and northern districts with reference to 
the speeds of trains and therules. In the time-tables the 
figures show that no train should have to run more than a 
mile a minute, but if a driver carries that out, he never 
can run to time ; he must run several minutes behind his 
time for passing one station, and then make it up again . 
on some falling gradient by going probably 75 miles an 
hour. The passengers seem to have taken a scare at the 
publication of a record of 84 miles an hour with an 
ordinary train, and, consequently, these very high speeds 
are not to be run. An experienced express driver said at 
a meeting a few days ago: ‘* We are fined if weare late; 
we are fined if we are too soon; we are fined if we keep 
our time but run too fast at any one spot. If the 
passengers would all sit in the carriages and read their 
newspapers instead of timing our speed, and think them- 
selves well off to arrive safe, instead of writing off to 
report us to the general manager for running too fast 
here or too slow there, engine-driving might be a pleasure, 
instead of, now, the greatest worry I know on earth.” 
Irresponsible passengers, some of whom time trains with 
a watch without even a second-hand, ought to under- 
stand that the less worry a driver has on his mind the 
better, and avoid causing all this trouble to the man who 
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THE GOVERNMENT AND FAIR 
WAGES IN ENGINEERING FIRMS. 
A mosr important and influential deputation 

waited on Lord Spencer, the First Lord of the 

Admiralty, and his lordship’s colleagues, on the 

17th inst., with respect to the wages paid in Lon- 

don to working engineers and others employed by 
certain firms having Government contracts in hand. 

The deputation consisted of representatives of the 

Amalgamated Society of Engineers, the Boiler- 

makers and Iron Ship Builders, the Steam Engine 

Makers, the Patternmakers, the Ironfounders, the 

Hammermen, the Drillers, and the labourers em- 

ployed by engineering firms in connection with 

their business. The object of the deputation was 
to call attention to the Resolution of the House of 

Commons with respect to “‘ fair wages,” sub-letting, 

and other conditions of work, and to the practice 

in certain firms of non-compliance with the terms 

of that Resolution. Mr. John Burns, M.P., 

introduced the deputation, and stated the case 

generally, calling upon a representative of each 





4/of the bodies represented to substantiate his 


statements by specific facts relating to the firms in 
question. 

The allegations thus put forward were, and 
are, that three eminent London firms—Messrs. 
Maudslay and Field, Messrs. Humphrys, Ten- 
nant, and Co., and Messrs. Penn, Limited, 
each of whom are at present engaged on Govern- 
ment contracts for the Admiralty—fail to fulfil 
the terms of the Resolution of the House of 
Commons passed in 1891, and subsequently re- 


1 
affirmed and acted upon by the several departments 


of the State, as regards all contracts entered upon 
since that Resolution was passed. The contention 
was that the Resolution referred to was a solemn 
declaration by the House of Commons in favour 





of fair wages and better conditions of labour, 
as a duty on the part of the State. It 
was further contended that the House of 
Commons and the Government had declared 
against ‘‘ sweating,” as disclosed by the report of 
the Lords’ Committee on Sweating, as being de- 
rogatory to the departments of the Government, 
and injurious to the community. 

The deputation to Lord Spencer sought to 
hold the Admiralty, as one of the chief depart- 
ments of the Government, to the spirit and 
intention of the solemn resolve of the House of 
Commons, in all contracts done by private firms 
under, or in connection with, the Admiralty. The 
allegations against the three firms in question were 
three in number: (1) That they did not pay the 
recognised rates of wages in the branches of in- 
dustry represented at the deputation; (2) that 
they employed an undue proportion of boy and 
unskilled labour; and (3) that one or more of 
them sublet a portion and an important part of the 
work. Each of these allegations was supported by 
specific statements by various members of the 
deputation in connection with the firms. 

1. With respect to the rates of wages, it was alleged 
that the whole of the firms named underpaid the 
engineers, steam engine makers, patternmakers, 
boilermakers, hammermen, drillers, and labourers ; 
but it appears that they paid the recognised rates 
to the ironfounders, because, as their representative 
stated, they could not obtain men at lower rates. 
In some instances the difference between the trade 
union rates and the wages paid by those firms was 
considerable ; in other instances not so great, but 
still an important difference to the men. It was 
urged that the rates referred to as the recognised 
rates were paid by all other London firms, and 
specific firms were mentioned as Government 
contractors of repute, all of whom paid the 
standard rates. It was further urged that the firms 
who paid the full rates were placed at a disadvan- 
tage as compared with those who paid the lesser 
rates, while the men employed by the latter firms 
were the sufferers inso faras their means of living 
were concerned. 

2. As regards the employment of boy or un- 
skilled labour, specific figures were given by the 
deputation to show the large proportion of unskilled 
or only partially skilled labour in comparison with 
the skilled mechanics employed, and it was urged 
that the work turned out was inferior in conse- 
quence. Much stress was laid on the fact that the 
British Navy required the best skill and the best 
workmanship upon the gigantic battleships of the 
Navy, and in the construction of the enormous and 
complicated machinery by which they are propelled, 
and which is also used in connection with their 
armaments. In the case of one of the firms it was 
stated that they took a large number of “‘ premium 
apprentices,” and that these were worked up to the 
period of the completion of their apprenticeship, 
and, perhaps, shortly afterwards, and that they 
then had to give place to others, and so on with a 
continuous succession of boy labour, and only a 
small proportion of skilled men in the several 
branches of trades. With regard to this point, 
Lord Spencer admitted that in one case at least 
the attention of one firm had been called to the 
large proportion of ‘‘boy labour,” as compared 
with the number of skilled mechanics. But apart 
from the apprentices, learners, or improvers em- 
ployed by the firms in question, it was stated by 
the deputation that a number of handy men were 
employed, at lower rates of pay, and that these 
practically ousted skilled mechanics, or consider- 
ably reduced the proportion employed. 

3. The allegations of sub-letting were not spe- 
cifically made against all of the firms, but two were 
mentioned, and one in particular, the latter sub- 
letting the cylinders which are an important 
factor in the construction of the machinery, as well 
as some other parts. It was urged that there was 
no necessity for this sub-letting either on the 
ground of want of room in the workshops of the 
firms, or lack of men to do the work, cheapness 
alone being the reason, as alleged by the members 
of the deputation. 

The foregoing were the chief points urged by Mr. 
Burns and byall the subsequent speakers. The repre- 
sentatives of the labourers, indeed, urged also the 
insufficient wages of the labourers apart from lower 
rates paid by the firms in question, taking their 
stand rather on what is termed a ‘“‘living wage,” 
irrespective of the recognised rates paid by other 





firms, so as to enable the workmen to live up toa 
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standard of decency and comfort. Lord Spencer, 
replying to the deputation, complimented the 
speakers upon the moderate way in which they had 
stated their case, but he said that the inquiries 
made into some matters had not resulted in com- 
plete agreement with the allegations of the several 
speakers. However, the whole of the facts would 
be considered by the light of the evidence brought 
before them that day, with the view of remedying 
any grievances complained of. He assured the 
deputation that the Lords of the Admiralty were 
quite in accord with the spirit and intention of the 
Resolution of the House of Commons, and their 
desire was that it should be honestly carried out in 
all respects. As regards the question of the standard 
rates of wages, Lord Spencer said that the Admi- 
ralty had been assured that the rates were paid in 
cases which were disputed. But the speakers 
challenged the statement on the ground that the 
rates were quoted by employers, and not by the 
workmen or trade unions. Lord Spencer replied 
that the statements were not wholly by employers, 
but that the Labour Department had investigated 
the matter, and their report bore out the statement 
of the employers. In this instance there is a con- 
flict of evidence, but the matter is capable of 
demonstration by a mere statement of the exact 
facts in each particular case. Of course the locality 
has something to do with the matter, for the 
wages in some localities are lower than in others. 
In London the trade union rates are tolerably 
uniform, and great stress was laid upon the fact 
that all other engineering firms paid the recognised 
or standard rates, whereas the three firms men- 
tioned did not in the instances referred to by the 
speakers. 

It was especially urged by the deputation that 
the Government should not be influenced by the 
fact that men can be obtained at this or that rate 
of wages. The necessities of men led them to 
accept rates below the market rates in times of de- 
pression and distress, but a Government department 
fike the Admiralty ought not to take advantage 
of the necessities of poverty. We wonder what 
sort of a reception Lord Spencer would give to a 
deputation of contractors who waited on him to 
urge that the Admiralty should not take advantage 
of a depressed market, and of competition among 
manufacturers, but should pay the highest rates ever 
quoted for iron, copper, and steel. The time, how- 
ever, has gone past for such speculations. The 
House of Commons has solemnly pledged itself to a 
standard rate of wages in all Government work. 
The resolution was carried by one of the members 
of the present Government, with the full assent of 
the House of Commons. It has been affirmed over 
and over again by Ministers, either generally or 
specifically. It has been enforced by the Secretary 
for War, by the President of the Board of Works, 
by the Secretary to the Treasury, in printing and 
other contracts, and by the Admiralty itself. The 
nation is committed to the policy, and, therefore, 
there can be no turning back. 

The resolution was originally passed with a 
desire to prevent sweating, and to rescue the 
ignorant and downtrodden from the exactions of 
small manufacturers. No one imagined it neces- 
sary to lend Government aid to powerful unions 
like the Amalgamated Society of Engineers, to help 
them to secure market rates for their members. 
Events, however, have carried the affair far beyond 
what was expected by most of the members that 
concurred in it, and all that remains is to see that 
the resolution shall not be made an engine of 
injustice, or pushed beyond its legitimate meaning. 

The statements made by the deputation have not 
yet been replied to by the firms interested, and it is 
very possible that the other side of the tale may 
differ essentially from that put forward. Evidently 
the officials at the Admiralty and at the Labour De- 
partment of the Board of Trade a.efar from agreeing 
with all that the deputation stated. When we 
come to examine the first contention, we do not find 
it very clearly stated that the firms do not pay the 
minimum trade union rates of the district. It is 
well known that skilled fitters in London often 
obtain wages distinctly in excess of the minimum 
rates, and that a kind of elevated standard has 
arisen for superior workmen. This, however, is 


not the standard referred to in the resolution, for 
if it were, the result would be that all men—good, 
bad, and indifferent—would be paid at the same 
rate. 

The contention that only the best skill and the 
best workmanship should be used in the construc- 





tion of naval work, was simply an attempt to “tie 
to the gallery. The immense advances in machine 
tools have rendered it possible to greatly reduce 
the proportion of skilled labour required in work- 
shops. Where skill is specially wanted is at the 
head of the concern, to buy the right tools, and 
above all to enforce such a rigid discipline and such 
unceasing supervision that no man shall dream of 
evading it. The cause of bad work is nowadays by no 
means always want of skill on the part of the work- 
man but either carelessness or faulty tools. It isa 
characteristic of human nature to become lax in its 
exertions unless it be stimulated to constant care. 
The motive power may come from within or with- 
out. In the former case it results from a high 
standard of skill, which renders the sight of inferior 
production so distasteful that the first signs of it 
nerve the man to do his best. This, however, is 
an expensive means of gaining the end, and the 
trend of modern manufacturing processes is to 
supply an external force that keeps the work- 
man up to the required standard, by pointing 
out to him the slightest falling away from the 
degree of perfection that has been settled upon 
as the standard of the establishment. Of 
course, system and routine cannot entirely dis- 
place handicraft skill, but it can do so to an 
immense extent. The exact proportion to which 
the substitution can be carried must be settled in 
each individual case, and, as we have said, varies 
in some degree with the amount of brains at the 
head of the concern. It is a legitimate matter for 
any body of citizens—workmen or not—to urge 
on the Government that it should get the best class 
of workmanship, and it is reasonable that the 
Government should withhold its orders from estab- 
lishments that turn out inferior work. It has 
inspectors in all shops where work is being 
done, and every piece is closely scrutinised, so 
that deception cannot be practised. But it 
it is no business of the Government—under the 
Fair Wages Clause or any other—to prescribe an 
expensive method of work when a cheap one will 
give equally efficient results. If work comes from 
the machines so accurate that a ‘‘handy man” at 
24s. a week can put it together perfectly, there is 
absolutely no reason why the Government should 
demand that a mechanic at 38s. a week should be 
put on the job. It would be as reasonable to de- 
mand that each screwing machine should be tended 
by a turner instead of a boy, on the yround that it 
needs a skilled man to cut a good thread with a 
chaser. There is no proper proportion of handy 
men and boys to fitters; the ratio varies with the 
kind of work, the variety of tools, and, above all, 
with the system and discipline of the workshop. 

Sub-letting is undoubtedly contrary to the spirit 
of the House of Commons Resolution, for it is often 
the cause of sweating. In many cases it is, how- 
ever, impossible to avoid it, since it is necessary to 
make one contractor responsible for an entire 
machine, and this may contain parts so specialised 
that they need to be obtained from firms with 
plants laid out on purpose for their production. 
All that is needed to prevent abuse is a distinct 
statement showing what the tenderer intends to 
make himself, and what he intends to purchase. 
With such a schedule before them, the Admiralty 
can distinguish between the genuine manufacturer 
and the middleman. 

If the practice of protecting labour, and of 
encouraging competition between manufacturers be 
carrried logically out, it means, we fear, the extinc- 
tion of the great marine engineering firms of 
London, or at any rate their removal, at ruinous 
loss, to other parts. The Admiralty has no choice 
but to carry out the instructions of the House of 
Commons, and to enforce them as rigidly on the 
Thames as on the Clyde. It would be intolerable 
that officials should choose when and where they 
would insist on standard wages, and when and where 
they would be discreetly blind. If some firms are 
allowed to evade the House of Commons resolution, 
and other firms doing the same class of work for the 
Admiralty fulfil all its conditions, the latter will 
either not be able to compete, or they will be tempted 
to follow suit and reduce the wages of their workmen, 
with the probability of a strike. The tide has turned 
in favour of ‘‘ fair wages” —far too strongly we think 
—but the principle has been aftirmed and is acted 
upon by the London County Council, the School 
Board, by other municipal councils and local bodies, 
and by most of the Government departments. 
There can be no going back, and the only thing to 
do is to make the policy general and uniform. 





Wages are, and must be, higher in London than 
in the country, and hence provincial firms ought to 
be able to undersell those in the metropolis for 
such goods as marine engines. We suppose the 
unions do not want to shut up the three large shops 
about which theyare complaining, althoughitis abun- 
dantly evident that the leaders are prepared to make 
large sacrifices—or, rather, to let their followers do 
so—in order to establish the union rates as official 
standards. Probably theycalculate that the more the 
workman is protected the less will be the care 
exercised on behalf of the taxpayer, and that the 
oftener the law of supply and demand is broken 
at one end of the scale, the less it will observed at 
the other. In this we are entirely at one with them. 
It would, however, be nothing less than a national 
calamity if the three great marine engineering esta- 
blishments of London were shut up. The time may 
come when the Navy will want all the help it can get 
from private firms, and when only those in aprotected 
situation will be of muchavail. It is practically im- 
possible to convey large marine engines by rail, and if 
we should ever lose command of the sea, cur enemies 
will render it quite useless to send them by sea. Until 
we are absolutely conquered, however, there will 
always be a safe waterway from London to Chat- 
ham, and from this circumstance the metropolitan 
firms are most important to the national security. 
It is certainly worth while to pay them slightly in- 
creased prices to keep them in existence. A few 
hours’ conference between a Clyde man and one 
used to work in London would suffice to get out 
a schedule that would put the two places on an 
equality, and enable the Admiralty to act between 
them with strict impartiality, and yet without 
imperilling the existence of either. The same 
inquiry would naturally determine what is 
the standard rate of wages in each place, and 
set this matter at rest. We know this is a 
dangerous doctrine to preach, and that each de- 
caying local industry would demand to have it 
applied to it. It is, however, easy to discriminate 
between matters of national and merely individual 
interest. The sturdy workers of the North may be 
relied upon to see that no undue favour is paid to 
the metrepolitan district. 





SHIPPING IN PARLIAMENT DURING 
1894. 

THE report, just issued, of the Shipowners’ Par- 
liamentary Committee gives an account of the 
Bills specially affecting the shipping interest which 
were introduced during the last session of Parlia- 
ment. The most important of these was the Merchant 
Shipping Acts Consolidation Bill, which resulted 
in the Merchant Shipping Act, 1894. The Bill 
was introduced by the late President of the Board 
of Trade, the Right Hon. A. J. Mundella. It was 
to be a consolidation pure and simple, and very 
properly received the support of the committee. 
The report describes it as ‘‘a huge measure,” and 
the justice of this title will be recognised when it 
is remembered that it constituted an effort to bring 
within the four corners of one Act the legislation 
contained in 27 Acts, a mass which was described by 
Mr. Baron Pollock and Mr. Justice Bruce as ‘‘con- 
stitutinga legislativelabyrinth ofrecentgrowth with- 
out precedent in any other branch of the law.” It 
must be evident that such a work of compression 
and classification must be a benefit to all concerned, 
and the committee naturally congratulate British 
shipowners on the passing of the Act which came 
into force on the first day of the year. Although 
the declared intention of the framers of the Act was 
beyond question in its benefit on shipowners, the 
committee would have failed in its duty had it not 
watched carefully to see that no new legislation 
detrimental to the shipowning world crept in— 
a circumstance not beyond the bounds of pos- 
sibility in dealing with so vast and complex a 
subject, however single-minded the supporters of 
the Bill may have been. After the second read- 
ing, the Bill was referred to the Statute Law Re- 
vision Committee, consisting of seven members 
from each House. It was, we are told, carefully 
gone over in detail by a sub-committee of the 
Shipowners’ Parliamentary Committee, and a good 
deal of work was done in the shape of conferences 
at the Board of Trade. Agreement was finally 
come to, and the Act was passed to the satisfaction 
of every one. An example appears to have been 
thus afforded of the way legislation should proceed 
on common-sense principles. 

The next piece of parliamentary work the com- 
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mittee was engaged on did not bear the same 
amiable complexion. Mr. Neville introduced a Bill, 
known as the Merchant Shipping Acts Amend- 
ments Bill, which the committee by no means 
approved of ; a fact which will hardly cause sur- 
prise. It was proposed, inter alia, that all British 
vessels over 500 tons should carry a certificated 
master and two certificated mates, and in the case 
of vessels over 1000 tons a certificated master and 
three certificated mates. It was also proposed 
that no certificate for master, mate, or engineer 
should be issued to any person except a British 
subject. Although the objects aimed at may have 
been admirable from certain points of view, it will 
be evident that the shipowning community was 
not likely to approve of it, and the committee, 
therefore, took steps to get it blocked, so that it was 
finally dropped. The next Bill referred to in the 
report is Sir Albert Rollit’s ‘‘ Bill to Amend the Law 
Relating to Pilotage,” by which it was proposed that 
the master or mate of a vessel should be allowed to 
act as pilot to the vessel on which he is engaged, 
provided he had passed the necessary examination. 
The proposal is eminently reasonable, and the com- 
mittee very naturally offered no opposition. It was 
equally as natural for the pilots to pursue an oppo- 
site course, and the opposition prevailed, Sir Albert 
withdrawing the measure. Another abortive at- 
tempt at shipping legislation was the revival of the 
Steam Engines (Persons in Charge) Bill. By this 
it was proposed that every man working a steam 
winch on board ship should have a Board of Trade 
certificate. This Bill was also blocked at the in- 
stigation of the committee, and was finally dropped. 
The Derelict Vessels Report Bill, a harmless 
measure proposed by an amiable amateur, Mr. 
Macdona, by which, if it had become an Act, 
every master of a ship would have been 
obliged to report derelicts met with, had 
the misfortune to jostle the susceptibilities of the 
Board of Trade, as it interfered with inquiries 
being made by a committee of that department 
in conjunction with the Admiralty. The combined 
forces of Whitehall were naturally quite sufficient 
to extinguish Mr. Macdona’s little Bill, though the 
shipowners saw nothing to object to in it. 

The last piece of legislative work of a purely 
shipping interest referred to in the report, was of a 
far more serious kind, namely, the Lord Chan- 
cellor’s ‘‘ Bill for Codifying the Law Relating to 
Marine Insurance.” This is a very thorny subject, 
and Lord Herschell merely introduced it just at the 
close of the session with a view to eliciting before 
next session observations from those who are 
familiar with the subject, in order that he might 
make ‘‘a creditable piece of codification.” The Bill 
was published, and copies were sent to the various 
associations of shipowners. The Shipowners’ Com- 
mittee sought counsel’s opinion, retaining Mr. W. 
F. K. Taylor to report to them on the Bill; but 
in the meantime Lord Herschell had determined 
to form a small committee to consider the 
draft of the Bill, and invited the Shipowners’ 
Committee to send a representative. It was pro- 
posed Mr. Taylor should be appointed, but the 
Attorney General, who was acting as chairman, was 
of opinion that ‘‘ the legal element was sufficiently 
strong upon the committee, and that what the 
committee were anxious to obtain was the practical 
view of men of business.” Mr. William Milburn, 
Jun., the chairman of the Shipowners’ Committee, 
and Mr. John Glover, were nominated. The 
committee, at the time the report we are consider- 
ing was drafted, had already held three sittings, 
and when they have concluded their labours the 
amended draft will be reprinted, and another 
opportunity will be afforded of considering the pro- 
visions before it is finally introduced into Parliament. 

Reference is also made in the report to various 
other proposed measures, such as the Employers’ 
Liability Bill, the Boards of Conciliation Bill, and 
the Trades Disputes Arbitration Bill. None of 
these, however, made any progress, evidently 
much to the relief of the Committee, as the report 
concludes by stating that ‘‘Your committee are 
therefore glad to be able to state that, with the 
exception of the Shipping Consolidation Bill, no 
public measure affecting British merchant shipping 
received the Royal assent during the parliamentary 
session of 1894.” It is evident that what British 


shipowners mostly desire is to be let alone and not 
be harassed by undue State interference, of which 
they have now a larger share than falls to the lot 
Ps their yearly increasing competitors under foreign 

ags. 


The report is signed by the chairman of the 


Committee, Mr. William Milburn, Jun., and Mr. 
W. H. Cooke, the secretary. 





THE INDUSTRIAL SITUATION. 

THE measure of the prospect of industries can 
alone be deduced from existing conditions, and even 
then much depends on the courage, some might say 
optimism or pessimism, of the reviewer. At the 
present moment, too, the situation is so complex 
that the difficulties of interpretation are the greater. 
There is every need for improvement, indeed 
there is a necessity in almost all directions, for 
trade could not well be more unsatisfactory, and 
yet there is plenty of money seeking employ- 
ment at very moderate rates of interest. But 
what is lacking is confidence. Politically we know 
not what an hour may bring forth, and such a 
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state of uncertainty has ever overshadowed any 
tendency to confidence. Again, there is still un- 
easiness as to the movements of labour or labour 
agitators, although this is not so pronounced as was 
the case a year ago. This may be due to some 
feeling of heedlessness by many capitalists; for 
recently profits have been so low, asarule, that any 
cessation of works, for a time, might not be so very 
unsatisfactory. There have been cases lately of 
railway bridge building work being let for 101. and 
121., erected in position; steel plates for ship- 
building sell at 5/, 10s. a ton, angles at 4/. 15s., 
steel rails at 3/. 11s. 9d.; and with such prices 
the surprise is that any profit can be made. It is 
only, of course, by the keenest economies that the 
material can be produced, and in this direction it 
has become a necessity to get rid of old plant, and 
Jay down in lieuof it the most economical machinery. 
This explains much of the work moving, and also 
the number of steamers constructed during the 
year. With marine engines constructed for 331. 
per nominal horse-power, and steamers practically 
at the price of sailing craft, one can understand that 








the former is preferred to the latter, especially 
- when the coal consumption is so very low. A ship 





might be got for about 8/. a ton, and even high- 
speed steamers are costing very little. Indeed, 
some builders are themselves surprised at the rates 
quoted by competitors. We have heard, however, 
much regarding charges for management, and from 
owners know that some builders can really quote a 
price, plus 5 per cent. profit, which is equal to the 
price, minus profit, of other builders, the difference 
being due to better management, equipment, reason- 
able compactness, and low charges incidental to a 
particular establishment. Thus some builders have 
been compelled more and more to consider closely 
all the little conditions which go to make profit or 
loss even to an almost infinitesimal fraction. 

All the economies in shipbuilding, as well as in 
ship working, are needed to meet the freights now 
obtainable. Some instances may be given. For 
outward rates sailing ships get but lls. 6d. coal 
from Cardiff to the Cape, and 10s. to Colombo, the 
same rate as for salt from Liverpool to Calcutta, while 
to Hong Kong the rate for Cardiff coal is but 14s, 
to Japan 16s., to Port Pirie 15s., and to San Fran- 
cisco 15s. 6d. To Melbourne from London 16s. 6d. 
may be got, while to the River Plate the rate is 
9s. 6d. Homeward freights are almost as bad, 
although here there is some slight recovery from 
the lowest point of the year. For steamers the 
rates have been weaker, and the outlook is less 
hopeful. To Adentherate for Cardiff coal again is 
7s. 9d., Bombay 7s. 6d., Colombo 8s. 9d., Madras 
9s. 6d., Java 10s., Shanghai 17s., Japan 17s. 6d., 
and Buenos Ayres 8s. Thus is the world encom- 
passed for little more than the railway rate from 
Newcastle to London, and yet steamers pay. 
Homeward rates compare somewhat favourably 
with those ruling 12 months ago, for they did 
not fall to such an extremely low level. There 
was, however, little or no steadiness in any of the 
markets throughout the past year. The business 
done was much of a hand-to-mouth nature. The 
outlook for 1895 is not promising, especially for 
steamers, and until there is a considerable expan- 
sion in trade, shipping as an investment cannot be 
expected to yield an adequate return. 

Such low rates of freight, of course, tend to assist 
our foreign trade, especially when such low prices 
aswe have indicated, canbe quoted. But the volume 
of exports is about as low as it could be, and 
returns show that even if there is no improvement 
it is not likely to be worse. There is, however, a 
belief in better trade during the current year, and 
this might well be when it is recalled that the iron 
and steel exports are lower than they have been for 
15 years. The total is 2,656,000 tons, 200,000 tons 
less than in the previous year, while in 1882 they 
made 4.35 million tons, and in 1889, when a high 
figure was again reached, 4.14 million tons. Pig iron 
has dropped very considerably, the exports having 
been 830,544 tons, which is about an average for 
four years, so that the effect of the Scotch coal 
strike only gave English makers their opportunity. 
Bar, angle, bolt, and rod iron shows a drop of one- 
half in five years, the total being 129,180tons. So 
also with railroad iron, while tin plates and sheets 
made 354,081 tons, a little less than in the two 
previous years, and 76,000 tons less than in 1889. 
There is an appreciable gain in unwrought steel, 
which partly compensates for the decrease in iron, 
the total having in five years gone up from 149,060 
to 212,015 tons, but there is a decrease in steel 
manufactures. They have only twice exceeded 
20,000 tons, in 1889 and 1890, and are for 1894 
18,855 tons. They do not, therefore, appear on 
the diagram we annex, and which shows the exports 
of the principal manufactures for a series of years. 
The most remarkable curve is that referring to the 
exports of railway trucks, which started at 404,558/. 
in 1882 and reached 24 millions in 1890, returning to 
near the point of starting, 526,003/.,in1894. Clearly 
nothing can be deduced for the future from such 
movement, but it is interesting to note from the 
diagram that as a rule the top point was touched 
in 1883-84, and again in 1890-91, and that by the 
general rule of the undulation, we should now have 
touched bottom, and be starting on the upward 
grade. So many circumstances operate that it is 
difficult to speak with any degree of certainty. 
The figures as regards hardware and cutlery, and 
machinery and millwork, in addition to steam 
engines, may be given in figures. Here are the top 
and bottom points (1=1000/). 


1882, 1884, 1887. 1890. 1894. 
Hardware 4111 3140 2920 2,764 1,838 
Machinery 8400 8859 8341 11,967 11,187 


Only in shipbuilding can precise figures be given 
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as to the amount of work actually in hand, and 
although this indicates the prospects for the imme- 
diate future, it only carries the mind forward five 
or six months, for the work on hand can scarcely 
be said to cover operations for a greater period. 
Within the past three or four weeks an unusually 
large amount of tonnage has been placed, but 
notwithstanding this we are not over sanguine as 
to the prospects, for the condition of the freight 
market and the existence of so many obsolete or 
highly capitalled vessels not of the modern type 
does not encourage any early improvement. The 
tonnage on hand at the beginning of the quarter 
represents six months’ work. It totals 658,286 
tons of merchant shipping, and private firms have 
in addition 122,445 tons of warships, including 
for the British Navy, battleships of 14,900 tons 
at Clydebank and Laird’s; the cruisers Terrible 
and Powerful, of 14,200 tons, at Clydebank 
and Barrow; and six cruisers of 5600 tons— 
two at Fairfield, two at the London and Glasgow 
Company’s, and two at Barrow; 31 torpedo-boat 
destroyers, and five torpedo-boats. For foreign 
navies there are two Japanese battleships of 11,000 
tons, one at Blackwall and the other at Elswick, 
and three other vessels, bringing the total for 
foreign navies to 26,555 tons. At the Navy 
yards there are 138,540 tons under construction. 
To this several cruisers will be added shortly under 
the Naval Estimates for 1895-6, while one or two 
more will go to private firms. The total of all 
tonnage is, therefore, 919,271 tons. This, as shown 
in the appended Table, is more than at the corre- 
sponding date for several years, thanks largely to 
the naval work. The merchant tonnage is 16,300 
tons better than in the previous year, and 88,000 
tons better than in 1893, although less than in the 
three preceding years, 1890 having had 872,957 | 
tons merchant, and 1,142,767 tons aggregate. 
Aggregates of Work under Construction. 


| 


1895. | 1892. 

















1894. 1893. | 1891. 
Steamers .., 632,443 | 578,026 506,782 | 595,508 620,424 
Sail 25,843 | 63,955 63,959 | 198,405 113,586 
658,286 | 641,981 570,741 | 793,913 734,010 
Navy ships: Private | 
yards <4 «.| 122,445 | 45,855 2,210 | 89,675 125,885 
Navy ships: Royal 
yards whe .. 188,540 71,214 64,780 78,200 117,094 
919,271 | 759,050 637,731 | 961,788 | 976,989 
Foreign-owned mer- 
chant tons .. 92,615 | 68,495 88,579 126,520 158,677 
Per cent. of total ..| 14 10.7 15.5 15.9 21.6 
Per cent. of sail to, 
total merchant ..; 3.94 9.95 11.2 25 


15.5 


The low ratio of sailing tonnage is especially note- 
worthy, being only 3.94 per cent. of the total. This 
is the lowest ratio on record, and bears out what we 
said in reviewing the shipbuilding industry during 
the year in a recent issue (page 25 ante), that 
owners now prefer the economical 9 or 10 knot 
steamer, with certain speed at sea, to the ship 
with its fitful progress, for the slight difference in 
first cost and work is readily made up. Moreover, 
the freights do not differ much. Taking coal from 
Cardiff as a basis, the steamer gets but 6d. more to 
the Cape, 1s. 3d. less to Colombo, the same to 
Singapore, 1s. 6d. less to Java, 1s. 6d. more to 
Japan, and 6d. more to Buenos Ayres. The prospects 
of suitable return cargoes of course affect not only 
the rates, but also the diffsrences between steam 
and sailrates. San Francisco, Oregon, the Pisagua 
range, and the west coast of South America gene- 
rally, are still retained by the sailing vessel. The 
retarding influence is the long distance, and the large 
quantity of fuel that must be stored for the 
voyage reducing the freight capacity. But here 
also it is only a matter of time and further coal 
economies, 

Of the total merchant tonnage, 146,086 tons, or 
22.4 per cent., is in the initial stages of construc- 
tion. This, while less by several points than the 
average last year, is above that of 1893. The pro- 
portion of sailing to the total in this case is 7.15 
per cent., slightly higher than in the two preceding 
quarters, when the ratios were 5.4 and 6.16 per 
cent. respectively ; while a year ago it was 12.7 
per cent. As to the apportionment of work 


throughout the kingdom, we find the Clyde occupy- 
ing a fairly satisfactory position alike with regard 
to Government and merchant work. The tonnage 
represents some seven months’ work, the mer- 
chant shipping being 208,132 tons, 5000 more than 
a year ago, and 50,000 tons more than two years 
ago. Moreover, they have the greater portion of | 





the British naval work, 54,000 tons out of the total 
of 95,890 tons. The Tyne has a total of 42 mer- 
chant vessels of 98,656 tons, with 16,000 tons of 
naval work, equal to but six months’ work. 
A year ago they had 50 per cent. more work, but 
they started 1892 with less. The Wear shipbuilders 
have about the same as the Tyne—36 vessels of 
97,958 tons, about the same as a year ago, but 
28,000 tons more than in 1893. On the Tees 24 
vessels are building, making 67,274 tons—seven 
months’ work, while at the beginning of 1894 
five months of the year’s work only was in sight, 
and in 1893 a similar proportion, 53,715 tons. 
Hartlepool has now seven months’ work on hand, 
46,796 tons; about the same as a year ago, but 
9000 tons less than in 1893. The Mersey occupies 
a poor place ; only 810 tons of merchant shipping 
is being constructed, but Messrs. Laird have the 
14,900-ton battleship Mars, some torpedo - boat 
destroyers, and a foreign gunboat of 300 tons. 
Last year the merchant tonnage on hand was but 
3680, and in 1893 10,675 tons. Barrow and 
adjoining ports have about the same merchant 
tonnage, 11,721 tons, while the Naval Company 
have the Terrible, two cruisers, and three de- 
stroyers, in all 26,500 tons. At Belfast there is 
the prospect of activity, the number of vessels being 
16, and the tonnage 97,950 tons—equal to the past 
year’s output. This is 26,000 and 17,900 tons better 
than at the beginning of 1894 and 1893 respec- 
tively. 

The shipbuilding trade is, therefore, in a mode- 
rately active state, and altogether we are not in- 
clined to adopt any pessimistic view of the pro- 
spects generally. The capitalist is learning to be 
satisfied with a small return, and to direct his 
attention to all that goes to secure economy, and 
if labour will co-operate and move in a conciliatory 
spirit, better times will wait upon the confidence 
which comes with political stability. 





THE WEATHER OF THE YEAR 1894. 

‘“‘The inaudible and noiseless foot of Time” 
having paced the year 1894, ‘‘ the 12 celestial signs 
have brought about the annual reckoning.” The 
year commenced with a week of intense frost. At 
all central localities in Great Britain the thermo- 
meter sank to zero. Frost of short duration and 
moderate intensity occurred at the end of January 
and beginning of February. Otherwise the winter 
was warmer and more sunny than usual, the rain- 
fall, though frequent, was not excessive, except in 
Scotland, where rain was abundant, with occasional 
snowstorms. About the middle of March a spell 
of dry weather set in and lasted to the middle of 
April, attended by clear skies and brilliant sun- 
shine. This delightful period was the perfection 
of the year, but was too premature, and its bene- 
ficial effect on vegetation was marred by the sub- 
sequent conditions. The percentage of sunshine 
for the entire kingdom was 41 in March, and no 
other month had nearly so large a_ portion 
of the possible amount. The third week of May 
brought a most severe frost for that advanced 
period of the year, which proved highly injurious 
to vegetation. Spring had a seasonable temperature 
and a good supply of sunshine. Real summerlike 
weather was absent till the last week of June, 
which was brilliant with sunshine, and much sun- 
shine was prevalent during the first 10 days of July. 
Something like summer weather appeared in the last 
week of August. On the whole, summer was dull, cool, 
rainy, lacking in sunshine. September was a dry 
month, but dismal. Not till the middle of October did 
the heavy autumnal rains set in ; they then soon be- 
caine torrential, and by the middle of November had 
put many river valleys in high floods, such as had 
not been experienced for 40 years. These rapid 
rainstorms afforded intervals of clear atmosphere, 
favouring brilliant sunshine for two or three hours 
daily. The floods were relieved by a spell of dry 
weather in the latter part of November. Thus 
autumn began dry, became excessively wet, and, 
as regards temperature, was seasonable. The 
mean pressure and temperature of the atmosphere 
for the entire year at extreme positions of the 
British Islands, to which the Isle of Man is central, 
are given in the above Table. 

The annual resultant wind was W.S.W., and 
normal. The bright sunshine of the year, esti- 
mated in percentage of its possible duration, was 
for the United Kingdom 30, the Channel Islands 
39, south and south-west England 35, east England 

2, south Ireland 30, central England and wes; 





Scotland 29, north Ireland, north-east England, 
and east Scotland 28, north-west England 26, 
north Scotland 23; generally agreeing with the 
normal values. 





























. Mean . 
ae Mean Difference Difference 
Positions. Pressure. | from Normal. — | from Normal. 
| | ! | 
in. | in. | deg. | deg. 
North 29.76 below 0.01 47 | above 2 
South 29 99 | above .02 52 | nil 
East 29 88 ee! 51 | above 2 
West 29.92 i 03 49 nil 
Central 29.90 | .02 50 above 1 








The distribution of rain during the year in fre- 
quency and quantity may be roughly inferred from 
the following results : 








Difference 


| 
Rainy Days. || Amount from Normal. 


Places. 

















| 

in. in 
oe 235 36.80 | 
| 


Sumburgh .. | 0.10 less 
Scilly an 199 | 38.05 3.67 more 
Valentia .. rs 242 | 54.54 2.02 less 
Yarmouth | 212 | 26 02 1.56 ,, 





The weather of each month may be briefly de- 
scribed as follows: January had seasonable but 
extremely variable weather, consisting of frost, 
snow, cold for the first part; mild and genial for 
the second part; changeable in the latter part ; 
excessive rain only in north Scotland. February 
had very variable weather ; mild, rainy, windy ; 
then cold, frosty, snowy, quiet; excessive rain 
in north Scotland, deficient supply in all other 
parts of the kingdom. March had _ splendid 
weather ; mild, showery, stormy ; then fine, dry, 
bright. April was mild, extremely fine for the first 
part, followed by colder, unsettled weather and 
several thunderstorms. The four weeks ending 
April 15 had scarcely avy rain ; plants were about 
a month in advance of their usual time of flowering. 
Excess of rain fell in the west of Ireland, very 
little in north Scotland. May was cold, with fre- 
quent rain and some sharp frost ; a resultant wind 
from N.N.W. gave a large rainfall to the east 
coast. June was dull and cloudy far into the 
month, which ended clear with brilliant sunshine ; 
rain was excessive in south-west England and in 
south-west Ireland. July’s successive weeks had 
weather warm, dry, quiet ; rainy; variable, cool, 
showery ; fair. August was wet, and misty, with 
scanty sunshine. September had variable weather, 
chiefly overcast, misty, with heavy dews, not sur- 
prising with wind resultant from N. by E. ; very 
few rainy days and small rainfall. October had 
variable though normal weather, deficient sun- 
shine, prevalence of storms. November was very 
mild in its entirety ; first part boisterous winds and 
heavy rains, causing widely extended floods ; latter 
part cold, hazy, dry ; in south England and Ireland 
the rainfall was excessive. December was very mild, 
with boisterous winds and moderate rainfall ; very 
overcast, stormy, and rainy in north Scotland. 
Although for the entire year sunshine scored nearly 
a normal duration, and temperature slightly ex- 
ceeded the normal, while the rainfall fell short of 
the normal quantity in all parts except south-west 
England, where it greatly exceeded the normal, 
yet the moist atmosphere and clouds kept off the 
ground the sunshine when it was most wanted. 
The yield of wheat, barley, and oats was above 
average, but of very inferior quality. A noteworthy 
fact is that the lowest price of British wheat on 
record was reached on October 20, 17s. 6d. per 
quarter. This may be contrasted with the highest 
price of hay, 9/. per ton, in the droughty and parch- 
ing weather of 1893. The public health may be 
inferred to have been well maintained during 1894, 
from the fact that the metropolitan death-rate fell 
steadily from 29 in January to 14 in September, 
and though it attained 18 in October it fell to 15 in 
November, rising again to 18 in December. 

Notable events connected with the weather of 
the year deserving of mention are the following : 
The lowest temperature, minus 4 deg., occurred on 
January 6 at Braemar, the highest, 86 deg., on June 
30 at Lairg, and the same on July-6 at Greenwich. 
The least atmospherical pressure, 28.1, occurred on 
March 11; the greatest, 30.9 in., on December 27. 
The greatest rainfall in 24 hours was measured 
on November 12, at Scilly, 3.06 in.; on June 5, 
2.26 in. at Donaghadee ; on September 23, 2.75 in. 
in an hour and a half at High Wycombe ; and on 
October 24, 2.09 in., in four hours, at Westbourne. 
On January 5, a fierce gale blowing from 8.E., while 
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the temperature at Stornoway was 36 deg., at 
Dover it was only 10 deg. On the 27th of the 
same month wind pressure attained 23 1b. on the 
square foot at Greenwich. On October 23, while 
the temperature at Scilly was 57 deg., at Lough- 
borough it was only 26 deg., though there it rose 
27 deg. during the ensuing 24 hours. On November 
14 the Greenwich anemograph registered 29.5 lb., 
and again on December 22, 291b. The year 1894, 
with its sullen summer and autumnal floods, con- 
trasts remarkably with its predecessor, which 
abounded in sunshine and teilitanay of weather, 
with a concomitant drought of unexampled 
severity. 


LONDON SOCIETIES—No. XLII. 
Royat Instirut1on—continued from vol. lwvi., 
page 578. 

In 1867 Dr. Tyndall published the first edition of 
his well-known work ‘‘OnSound.” It had a world- 
wide circulation, and by directing men’s minds to 
the true principles of transmission, reflection, and in- 
terference of sound waves ; greatly assisted the deve- 
lopment of those inventions which have culminated 
in the phonograph, telephone, and microphone. 

This work is the subject-matter of a course of 
lectures delivered in the previous season, which 
drew full and attentive audiences to the Royal 
Institution. They were less interesting than the 
previous series on ‘‘ Heat,” on account of the 








physical limits set by nature to the subject. The 
widest range of acoustics can be but conterminous 
with the atmosphere, whose vibrations give rise to 
the property of sound. And there are limits also 
to the power of the ear, and the brain, to receive or 
to appreciate the vibrations of that medium. On 
the other hand, the phenomena of light and heat 
connect us with the furthest range of cosmical 
forces, and carry us on the wings of imagination to 
the extremes of infinite space. Of these lectures a 
writer of the period* says: ‘‘ Professor Tyndall 
deservedly holds a place among the foremost of our 
lecturers on science. His style is clear, connected, 
and animated. He hasthe art of seizing at once 
the most essential and prominent features of his 
subject, while at the same time throwing himself 
into the mental position of his auditors, so as to 
appear a fellow-learner withthem. It is thus that 
he seems to make himself a link of intelligence 
between them and the body of facts under illustra- 
tion, and to enable them, so to say, to see through 
the medium of his own mind. His experiments are 
unsurpassed in neatness, and never miscarry. His 
voice and manner join with the habitual perspicacity 
of his language in engaging the attention and 
kindling the intelligence of his hearers. A certain 
glow of enthusiasm acting with a fine imagination 
and a happy command of language gives an air of 
poetry to what in common hands is often bald, 
prosaic, and uninviting in the extreme, and throws 








a artistic finish over the hard substratum of 
act.” 

In the autumn of 1866, whilst preparing the ex- 
periments for one of Dr. Tyndall’s juvenile lectures, 
Mr. Barrett (at that time his assistant) made some 
discoveries in connection with the phenomena of 
sounding flames. These attracted Dr. Tyndall’s 
attention, and with a view to a discourse on the 
subject, and also to the requirements of his forth- 
coming work on sound, sounding and sensitive 
flames were made the object of a special examina- 
tion in the laboratory of the Royal Institution. 

The principal results of his inquiry are embodied 
in the following abstract. 

The sounding of a hydrogen flame when enclosed 
within a glass tube was noticed by Dr. Higgins in 
1777. The subject was afterwards investigated by 
Chladni, De la Rive, Faraday, and Wheatstone. 
The action of unisonant sounds on flames enclosed 
in tubes had been investigated by Count Schaff- 
gotsch and Dr. Tyndall. The jumping of a naked 
fishtail flame in response to musical sounds was 
first noticed by Professor Leconte at a musical party 
in the United States. He made the important 
observation that the flame did not jump until it was 
near ‘‘ flaring.” Professor Leconte, from a spirit 
of chivalrous respect to the labours of the English 
investigator, did not pursue the subject, and Dr. 
Tyndall in the Royal Institution Proceedings 
remarks, ‘‘ That Leconte’s discovery was not 
further followed up by this learned investigator 


was probably due to too great a stretch of courtesy 
on his part towards myself.” 

Friction is always rhythmic. When a resined 
bow is passed across a string, the tension of the string 
secures the perfect rhythm of the friction. When 
the wetted finger is moved round the edge of a glass 
tumbler, the breaking up of the friction into rhyth- 
mic pulses expresses itself in a musical sound. 
Friction of water through a small orifice produces a 
musical note. The tube A B, Fig. 1, is filled with 
water, its extremity B being closed by a plate of 
glass, which is pierced by a circular orifice equal to 
the thickness of the plate. On removing a little 
peg, which stops the hole, the water issues from it, 
and as it sinks in the tube a musical note of great 
sweetness issues from the liquidcolumn. This note 
is due to the intermittent flow of the liquid through 
the orifice, by which the whole column above it is 
thrown into the state of vibration.* The plate W 
is placed where the liquid vein breaks into drops to 
stop the noise of the water jet. 

The same intermittence is observed in the black, 
dense smoke which rolls in rhythmic rings from the 
funnel of asteamer. The unpleasant noise of un- 
oiled machinery is also a declaration of the fact that 
friction is not uniform, but is due to the alternate 
‘* bite” and ‘‘ release ” of the rubbing surfaces. 

Where gases are concerned friction is of the same 
intermittent character. A rifle bullet sings in its 
passage through the air ; while to the rubbing of the 








* Saturday Review, August 31, 1867. 


* F. Savart, 1833-4. 








wind against the boles and branches of the trees are 
to be ascribed the ‘‘ waterfall tones ” of an agitated 
pine wood. 

Pass a steadily burning candle rapidly through 
the air, you obtain an indented band of light, while 
an almost musical sound heard at the same time 
announces the rhythmic character of the motion. 
If, on the other hand, you blow against a candle- 
flame, the fluttering noise produced indicates a 
rhythmic action. 

When a fluttering of the air is produced at the 
mouth of an organ pipe, the resonance of the pipe 
reinforces that particular pulse of the flutter, whose 
period of vibration coincides with its own, and 
raises it to a musical sound. 

When a gas flame is introduced into an open tube 
of suitable length and width, the current of air 
passing over the flame produces such a flutter, which 
the resonance of the tube exalts to a musical sound 

Introducing a gas flame into a tin tube 3 ft. long, 
a rich musical note is obtained ; introducing it into 
a tube 6 ft. long, a note is obtained which is an 
octave deeper—the pitch of the note depending on 
the length of the tube. 

Introducing into a third tube (a b, Fig. 2) 15 ft. 
long and 4 in. wide, supported by the steady stand 
(SS!), the flame of a tall burner (shown enlarged at 
B), the sound assumes extraordinary intensity. The 
vibrations which produce it are sufficiently powerful 
to shake the pillars, floor, seats, gallery, and the 
seven or eight hundred people who occupy the seats 
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and gallery. The flame is ofttimes extinguished 
by its own violence, and ends its peal by an ex- 
plosion as loud as a pistol shot. 

The roar of a flame in a chimney is of this charac- 
ter ; it is a rude attempt at music. 

When the flame is made small and raised within 
the tube, it again sings, but it is one of the har- 
monics of the tube that is heard. On turning the 
gas fully on, the note ceases—all is silent for a 
moment ; but it soon bursts forth in a hurricane 
of sound. By lowering the flame the fundamental 
note is abolished, and the first harmonic of the 
tube is heard. Making the flame still smaller, 
the first harmonic disappears and the second is 
heard. 

Passing from large tubes to small ones, a series 
of musical notes is obtained, which rise in pitch 
as the tube diminishes in length. Dr. Tyndall 
by arranging suitably the length of the tubes was 
able to get a perfect scale containing the eight 
notes of the gamut.* 

Dr. Tyndall placed a paper slider round some 
of the tubes (S, Fig. 3), by which the resounding 
tubes could be lengthened or shortened. If while 
the flame is sounding the slider was raised, the 
pitch instantly fell; if lowered, the pitch rose. 
This device indicated a means of getting the 
pipes in complete tune with each other. 

A flame surrounded by a pipe 17% in. long 


* An attempt (partially successful) was made in Paris 
to build an organ actuated by musical flames, 
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vibrates 459 times in a second, while that con- 
tained in a tube 102 in. long vibrates 717 times in a 
second. Owing to the intense heat of the sounding 
column, these numbers are greater than those 
corresponding to organ-pipes of the same length 
sounding in air. 

Dr. Tyndall at once divined that the vibrations 
of the flame consist of a series of partial extinc- 
tions and revivals of the flame. 

The singing flame appears continuous, but if the 
head be moved to and fro, or if an opera-glass 
directed to the flame be caused to move to and 
fro; or if, after the method of Wheatstone, the 
flame be regarded in a mirror which is caused to 
rotate, the images due to the revivals of the flame 
are separated from each other, and form a chain 
of flames of great beauty. 


With a longer tube and larger fiame, which | 





A position can be chosen in the tube at which the 
flame bursts spontaneously into song. A position 
may also be chosen where the flame is silent, but at 
which, if it could only be started, it would continue 
to sound. Dr. Tyndall found he could start such a 
flame by a pitch pipe, by the syren, or by the human 
voice ; and that it was also possible to cause one 
flame to effect the musical ignition of another. 
The sound which starts the flame must be nearly 
in unison with its own. Both flames must be so 
near unison as to produce distinct beats. 

He proved that a flame may be employed to 
detect sonorous vibrations in air. Thus, in front 
of a resonant case, which supported a large and 
powerful tuning-fork, he moved a bright gas flame 
to and fro; a continuous band of light was pro- 


|duced, slightly indented through the friction of 


the air. When the fork was sounded, the band 


therefore vibrated less rapidly, Dr. Tyndall, by | instantly broke up into a series of distinct images of 
mcaos of a concave mirror, enabled his audience | the flame. 


to see this intermittent action. Over the gas 
flame (Fig. 4) is placed a glass tube A B, 6 ft. 
long and 6 in. in diameter. The tube is in part 
blackened, so as to prevent the light of the flame 
from falling directly upon a screen which is kept as 
dark as possible. In front of the tube is placed a 
concave mirror M, which forms upon the screen an 
enlarged image of the flame. The mirror is turned 
by the hand and the image caused to pass over the 
screen. When the flame is silent and still, a con- 
tinuous band of light appears, but within the tube 
it quivers, and emits at the same time a deep and 
powerful note. On twirling the mirror, therefore, 
instead of a continuous band a luminous chain of 
images 0, p is seen on the screen. By fast turn- 
ing these images are drawn more widely apart ; by 
slow turning they are caused to close up, the chain 
of flames passing through most beautiful vibrations. 

Clasping the lower eud B of the tube so as to pre- 
vent the current of air which causes the flutter from 
passing over the flame, Dr. Tyndall so impeded the 
air as to stop the flame’s vibration ; a continuous 
band was the consequence. When he withdrew his 
hand, the band broke up into the chain of images 
already described. 

When a small vibrating coal-gas flame is carefully 
examined by the rotating mirror, the beaded line is 
a series of yellow-tipped flames, each resting upon a 
base of the richest blue. In some cases Dr. Tyndall 
was unable to observe any union of one flame with 
another, the spaces between the flames being abso- 
lutely dark to the eye. But if dark the flame must 
have been totally extinguished at intervals, a residue 
of heat, however, remaining, sufficient to light the 
gas. This is at least possible, for gas may be 
ignited by non-luminous air. A _ gas-jet, for 
example, can be ignited 5 in. above the tip of a 
visible gas-flame when platinum foil shows no 
redness. * 

By means of the syren Dr. Tyndall determined 
the number of times any of these flames were ex- 
tinguished and relit. As the note of the instrument 
approaches that of the flame, unison is preceded by 
‘**beats ” which become gradually less rapid as the 
two notes blend into perfect unison. Maintaining 
the syren at this pitch for a minute, at the end of 
that time the dial record is read off. In the case 
quoted the little flame was extinguished and relit 
453 times per second. : 

A singing flame yields so freely to the pulses 
falling upon it that it is almost wholly governed by 
the surrounding pipe. Almost, but not altogether. 
By altering the size of a flame, Dr. Tyndall drew 
forth the harmonic overtones of the tube which 
surrounded it. 

When a glass tube nearly 7 ft. long is placed over 
a large hydrogen flame, the fundamental note of the 
tube is obtained. Placing a second tube, half the 
length, over the same flame, no musical sound 
whatever is obtained. The flame, in fact, is not 
able to accommodate itself to the vibrating period 
of the shorter tube. But, on 'essening the flame, 
it soon bursts into song, its note being the octave of 
that yielded by the longer tube. Dr. Tyndall then 
removed the shorter tube, and once more covered 


the tlame with the longer one. It no longer sounded | 
its fundamental note, but the precise note of the| 


shorter tube. Thus by varying the size of the 
flame Dr. Tyndall could with the one tube obtain 
in a series of notes the fundamental tone and its 
first four harmonics. 


* A wax match or taper can be lit by the hot air 
ascending from the chimney of a paraffin lamp. The 
flame is seen to descend upon the match from above. 





Approaching the same flame towards either end of 
one of the two tubes already mentioned with the 
sounding flame within it, and causing it to move to 
and fro, the sonorous vibrations also effect the 
breaking up of the band of light into a chain of 
images. 

Dr. Tyndall took a glass tube 14 in. long, in 
which a flame was sounding, and brought the flat 
flame of a fishtail burner over the tube, the broad 
side of the flame being at right angles to the axis of 
the tube. The fishtail flame instantly emitted a 
musical note of the same pitch as that of the singing 
flame, but of a different quality ; its sound, in fact, 
being that of a membrane, the part of which it, 
indeed, here plays. 

Against a broad batswing flame he caused a sheet 
of air, issuing from a thin slit, to impinge. A 
musical note was the consequence. The note can 
be produced by air or carbonic acid ; but it is pro- 
duced with greater force and purity by oxygen. 
The pitch of the note, he found, depended on the 
distance of the slit from the flame. © 

He took a candle with a flame burning brightly ; 
a shout, clap of the hands, whistle, blow on an anvil, 
even explosion of mixed hydrogen and oxygen, had 
no effect on it. Though sonorous waves pass in 
every case through the air, the candle was absolutely 
insensible to the sound ; there was no motion of 
the flame. 

He then urged from a small blowpipe a narrow 
stream of air through the candle, producing 
thereby an incipient flutter, and reducing the 
brightness of the flame. On sounding the whistle 
the flame visibly jumped. Indeed, matters could 
be so arranged that, when the whistle sounded, the 
flame was either almost restored to its pristine 
brightness, or the amount of light it still possessed 
made to disappear. 








NOTES. 
Tue Wart LEctTUREs. 

THE Watt Anniversary Lecture, at Greenock, 
James Watt’s birthplace, was delivered this year by 
Dr. Francis Elgar on the 18th inst., the eve of 
Watt’s birthday. The subject was ‘‘ James Watt 
and Ocean Navigation,” and a report of the lecture 
will be found on page 129. These lectures were 
founded in 1865, upon the centenary of the year in 
which Watt made his great discovery of separate 
condensation, and the first lecturer was Dr. J. P. 
Joule. Since then many eminent men have occu- 
pied the position of Watt Lecturer, including Lord 
Kelvin, Sir F. Bramwell, Sir Andrew Noble, Mr. 
Scott Russell, Professor Clerk Maxwell, Professor 
P. G. Tait, Professor Balfour Stewart, Professor 
Fleeming Jenkin, Professor Barr, Mr. John 
Scott, C.B., Mr. William Denny, Mr. R. E. Froude, 
&c. There was a large number of Clyde ship- 
— and engineers present to hear Dr. Elgar's 
ecture. 


An AvromaTic CartRIpGE CLosinc Macuine. 

A new shot cartridge closing machine has recently 
been introduced by the Electrical Installation Com- 
pany, Limited, of 66 and 64, Victoria-street, 

estminster. The usual method of doing this 
work is to use a lathe, fitted with a special form of 
chuck into which, whilst rapidly revolving, the 
open ends of the cartridges are pressed. The 
material is thus ‘‘ spun” down on top of a wad placed 
in front of the shot. The cartridges are fed in by 
hand, and are removed by similar means. The new 


machine performs the work automatically, and the 
| Output is very much increased. The cartridges are 





placed in batches of 15 on an inclined shoot, from 
which they pass singly into a revolving carrier 
fed round step by step by a ratchet and pawl. 
The cartridge is thus carried opposite the revolving 
chuck, and when in this position is forced forward 
on to the chuck by a rammer behind it, actuated by 
a cam. When completed, it is withdrawn, and 
on the carrier revolving further, the finished 
cartridge is dropped into any suitable recep- 
tacle. The output of the machine is from 3000 to 
4000 12-bore cartridges per hour, which is from 
three to four times as great as that of the 
hand-fed machines. The muscular strain on the 
attendant is also reduced, as he has no longer to 
exert the pressure necessary for forcing the cart- 
ridge end into the chuck. Young lads are quite 
capable of doing the work. The machine, as shown 
at Victoria-street, is driven by an electric motor. 
The chuck necessarily is revolved at a very rapid 
rate, but for working the feeding mechanism this 
is reduced by means of worm gearing, which drives 
the camshaft actuating the feeding gear. The 
cams used are of the three-lobed type, so that for 
each revolution of the camshaft three finished 
cartridges are delivered. 


Tue NapnutHa INDUSTRY OF GROSNOJE. 


Since the port of Petrowsk has been connected 
with Vladikowkos by means of a railway, the Gros- 
noje naphtha stores have obtained direct connection 
with the Caspian Sea and the Volga, vid Petrowsk, 
with the South Russian markets vid Rustow, and 
with the Black Sea vid Noworossijsk. On all these 
points the Grosnoje naphtha products will have to 
compete with those from Baku, as well as with the 
Donez coals. As regards the Caspian Sea and the 
Volga district, they cannot be expected to compete 
with Baku, as the freight from Baku to Astrachan 
is only about two-thirds of what it is from Grosnoje. 
The chances for the naphtha products from the latter 
place, in connection with the Rostow district, are 
still less favourable ; the distance per rail between 
the two places is 495 miles, whilst the transport 
from Baku to Rostow can be by water, except for 
a distance of 48 miles per rail, and, in spite of five 
transhipments, comes much cheaper. The opposite 
is, however, the case as far as the Black Sea out- 
let is concerned, the distance from Grosnoje to 
Noworossijsk being 540 miles, and from Baku to 
Batoum 560 miles. The naphtha residues from 
Grosnoje are so thick that special arrangements 
are required for their transport. In winter time 
they cannot, for instance, be pumped through 
pipes, nor can they be poured from one recep- 
tacle to another. This is a circumstance with 
which it is necessary to reckon in connection 
with the, in certain quarters, contemplated 
erection of large naphtha distilleries at Gros- 
noje. As regards the disposal of the residues, the 
Rustow- Wladikowkos Railway would, no doubt, 
be the principal consumer, as this railway has 
already decided to abandon coal and adopt residues 
from naphtha as fuel. The railway company in 
question has applied to the Roads Department 
about the construction of a naphtha pipe from the 
Grosnoje springs to the Grosnoje railway station, 
and the cost, comprising the necessary installations 
for storing and cleansing the naphtha, is calculated 
at 500,000 roubles. The consumption of naphtha 
residues by the Rustow-Wladikowkos Railway is 
estimated at between 100,000 and 120,000 tons, 
which is not considered a sufficiently large quantity 
to justify any very extensive installation. It is, 
besides, advisable to construct the naphtha dis- 
tilleries as far away as possible from the springs, 
and as near as possible to the place where the 
naphtha products are to be disposed of. The best 
places for this purpose would apparently be 
Petrowsk and Noworossijsk, more especially the 
latter, as the port of Petrowsk cannot in any 
respects vie with that of Baku, where there is 
sheltered room for hundreds of vessels to load at 
one time. The conditions are far more favourable 
at Noworossijsk, in spite of the fact that the dis- 
tance is four times as great as from Grosnoje to 
Petrowsk. When the naphtha pipe from Grosnoje 
to Noworossijsk is laid over Prochleinaja and IIsk, it 
will be about 100 miles shorter than the distance 
between Baku and Batoum, as its length need not 
exceed 430 miles. This naphtha pipe would, in 
addition, pass through some 46} miles of the 
naphtha-carrying district of the Terschen Govern- 
ment, and about 66 miles of the naphtha regions 
of the Kubau district. The port of Noworossijsk 
possesses distinct advantages over Batoum, which, 
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it should be remembered, is the only place for the 
export of the Baku naphtha products. The former 
port has sufficient room for a large traffic, and round 
it is an expanse of uncultivated land, where there 
is room br 100 naphtha distilleries, or more ; 
besides, the Transkubau mountains possess a 
wealth of stone and timber for building materials. 
Tron structures can, no doubt, be erected cheaper 
at Noworossijsk than at Baku. The chances of 
disposal, not only of the naphtha, but of all the 
residuary products, are absolutely better at Nowo- 
rossijsk than at the other place, ss everything can 
be exported. Although, therefore, the Grosnoje 
naphtha industry in its present shape cannot be 
considered as a dangerous competitor to that of 
Baku, there are possibilities for it becoming 80, 
but this will entail’ heavy outlays of capital and 
much-improved handling of the naphtha. 








PORTLAND CEMENT. 
To THE EpiToR oF ENGINEERING. 

S1r,—We have heard it said that diplomatists look 
upon language as a vehicle for disguising their meaning ; 
but we have always considered that scientific men, at 
least, set a more precise value upon the words they 
employ. Judging from Mr. Bamber’s interpretation of 
his own very definite statements about the inertness of 
cement residue, it would seem that one more of our 
ancient faiths has exploded. Mr. Bamber said, ‘It is a 
fact that all the cement which will not pass through a 
180-mesh sieve is quite useless as a cement, and is no 
better than so much sand, if as good, amounting in 
cements ground to leave 10 per cent. residue on a 50- 
sieve to about one-half the weight of the cement.” 
That amounted to saying that half the weight of 
cement, ground to leave 10 per cent. on a 50-sieve, is 
inerb matter, and no better than so much sand. This 
statement, of course, is too ridiculous to need confuting. 
We, however, showed that the coarse 10 per cent. residue 
from a 50-sieve had stood, after three years, an average 
tensile strain of 249lb. Now, if a 10 per cent. residue of 
this grinding stood such a strain, it is very evident that a 
50 per cent. residue of the same grinding would be quite 
astrong cement. Mr. Bamber was, therefore, if his words 
had any precise meaning, proved to have made an utterly 
inaccurate statement. He now attempts to throw ridicule 
upon the strain of 294 1b. borne by the 10 per cent. residue 
at three years by comparing it with the strain of 500 lb. 
borne by a good cement in seven days. This comparison 
is too futile to be taken seriously. Mr. Bamber is com- 
paring the tensile strength of something which he says is 
‘*no better than so much sand, if as good,” with the 
strength of a high-class neat cement. If he wishes to 
prove the accuracy of this statement about the inertness 
of residue, let him gauge some sand (he says the residue is 
‘*no better than so much sand, if as good”) and compare 
its tensile strain, after three years, with the 295 lb. strain 
stood by that substance which is ‘‘ no better than sand, 
if as good.” This would at any rate be a fair and 
logical comparison ; but we are afraid it would not 
prove the accuracy of his opinions, There is another 
point to which we would call attention. We did not 
say that the residue of a 50-sieve had set in three years. 
We said that it was tested three years after it had been 
gauged. Of course it would have set in a comparatively 
short time, and would, if it had been mixed with even a 
small amount of cement flour, have given a much higher 
test in a short period. Mr. Bamber does not improve his 
argument as to the inertness of residue by advancing a 
proposition as to its activity. He says, ‘‘ the fact of this 
coarse cement having combined with water and set after 
such a length of time, shows what I have on a former 
occasion pointed out, that it may become thereby a 
danger to concrete by this setting so long after 
the concrete has done so, and act as a disruptive 
agent in the same manner as small particles of free lime.” 
So, when Mr. Bamber said that residue was ‘‘ quite use- 
less as a cement, and no better than so much sand,” he 
also held that it was dangerous to concrete from its 
cementitious action at a late period ; in fact, that it was 
at the same time both inert and active. 

Mr. Bamber states that cement ground to such fine- 
ness as to leave only 15 per cent. on a 200-sieve is about 
twice as strong as the ordinary ground cements. This 
cement, mixed with three parts of sand, gives, it appears, 
at seven days a tensile strain of 262 lb. Our cement with 
the 10 per cent. residue on the 50-sieve will commonly 
give a strain of 200 lb. under the same conditions. It 
therefore appears that cement ground nearly 20 times as 
fine bears nothing nearly like twice the strain.. We 
believe that fine an¢ uniform grinding is an undoubted 
advantage, if not carried to an unpractical excess ; but we 
also hold that mea ome | to prove too much will only 
prove prejudicial to the cause of fine grinding. 

When Mr. Bamber says that extraneous matters added 
to the ground clinker can never be Portland cement, we 
can agree with him. The extraneous matters cannot, of 
course, be Portland cement, any more than chalk or clay 
separately can be Portland cement; but the extra- 
neous matters can be improving additions to Port- 
land cement. Is not 2 per cent. of gypsum an addi- 
tion, and is it not provisionally sanctioned by the 
cement section of the London Chamber of Commerce ? 
When Mr. Bamber proceeds to say that such extraneous 
matters ‘are only admixtures for the sake of cheap- 
hess, not for improving the cement, which is only 
effected by the finer grinding,” he assumes an omniscience 
to which he can have no valid claim. Dr. Michaélir, the 








cement expert, uf Berlin, holds distinctly contrary views 
to Mr. Bamber. He contends that Portland cement can 
be improved very materially in all respects by such addi- 
tions as limestone, &c. Ina pamphlet, which he wrote 
some time ago on this subject, he gives a series of very 


elaborate tests, which appear to conclusively prove his | pag 


contention. The addition of ragstone, as our tests have 
proved, does better Portland cement in every way; and 
the addition was not made to cheapen our product but to 
improve it. 

As regards Mr. Bamber’s offer to test our cement, we 
thank him very sincerely, and we hope that he will not 
consider it any imputation upon his fairness when 
we confess that we should prefer our manifacture to be 
tested by some one who could approach the matter with- 
out preconceived opinions upon the admissibility of addi- 
tions to Portland cement. The same invitation to visit 
our works which has been offered to all who take an 
interest in the present discussion is, of course, extended 
to Mr. Bamber. 

Periodical tests of our produce are now being taken by 
Messrs. Stanger and Blount, the analysts ——— by 
the Cement Section of the London Chamber of Commerce 
to inquire into the matter first raised at the Cannon-street 
meeting. 

We are, Sir, yours truly, 
Maocevoy AND HOLT, 

Britannia Cement Works, Northfieet. 





To THE Eprror or ENGINEERING. 

Srr, —I pass over Messrs. Macevoy and Holt’s essay on 
humour, as being under the oe that we are deal- 
ing with quite another matter, but to most people there 
is, I admit, opportunity enough for fun provided by 
gentlemen coming forward at this time of day with a 
wonderful discovery of a method of improving Portland 
cement by the addition thereto of limestone, and appeal- 
ing to all and sundry to investigate and test the value of 
this wonderful discovery. The practice is aa old as the 
hills, and has been discussed and investigated years ago. 
The tests I laid before you were made in 1884. These 
tests I see Messrs. Macevoy and Holt dismiss by saying 
they are * no more infallible than the German Associa- 
tion’s pronouncement or Mr. Spoor’s convictions.” If 
that is the only method of disposing of scientific data they 
have at their disposal, the sooner they abandon this dis- 
cussion the better. 

Here are further tests made years ago to clear up this 
same point as to limestone. 


Days. Days. Days. One Year. 
Portland cement ab 7 28 90 -— 


+ »» neat Ib. 657 732 806 826 

“ » +3sand,, 199 253 337 359 
90 parts cement + 10 fine 

sand aa si ... 621 649 688 712 
90 parts cement + 10 fine 

sand + 300 parts stan- 

dard sand sia .. 133 217 316 320 
80 parts Portland cement 

+20 fine sand + 300 

standard sand ... 35> TS Bl 281 
90 parts cement + 10 lime- 

stone + 300 standard 

sand eae oss .. 154 196 311 311 
80 parts cement + 20lime- 

stone + 300 standard 

sand ss hee . 137 206 304 293 

These tests were made by an unbiassed expert, and I 


hope Messrs. Macevoy and Holt will not think that I am 
either ‘‘ dogmatic” or stupid in concluding froin this addi- 
tional data that Portland cement is not improved, but de- 
preciated by the addition of limestone and that one might 
as well add sand ! 

I regret to see these gentlemen suggest as being ‘‘ more 
than probable” that the German normal rules were 
framed with a view of enabling the larger manufacturers 
to crush the smaller men. This is as unjust as it 
is ungenerous, and can only arise from ignorance of 
the position of the trade in the German empire. There 
are 82 members of the Asssociation representing a make 
of 12,000,000 casks a year. 


25 of these make under 180 tons a week 
> ” ” %) ” 


” 3 ”? ” 


so that 60, or the great majority, are small makers ! 


I accept, as another sample of Messrs. Macevoy and 
Holt’s ** logic,” their advice that I should consider certain 
remarks made by Dr. Michaélis, of Berlin. 

They refuse to attempt to grapple with the conclusions 
arrived at by German Portland cement maker’s union re- 
presenting a make of 2,000,000 tons per annum; indeed 
they say, ‘‘ Are the Germans so infallible that we should 
follow blindly in their footsteps?” and then straightway 
refer me to certain remarks of a German expert in Berlin 
in justification of their positions in this matter. 

It is true that ‘‘the world has not stood still” since 
the German Association was formed, but it is true that 
their Association has led the world on all matters relating 
to cement. I donot hold a brief for German cement, 
and, indeed, am aware of the excellent work done in 
recent years by our own makers and experts, and make 
bold to say that there are in England to-day makers who 


have — to learn from the Continent. It is also 
quite clear that there are corners where as yet more light 
is needed 


As for Dr. Michaélis’ remarks, I presume my advisers 
are fully aware of his long standing feud with the trade 
on this matter of adulteration, of the offer made by him- 
self and Dr. Tetinajar, of Zurich, to sell to the Associa- 
tion at a price their “composition” for admixing with 





Portland cement so as to improve its quality, and the 
result of such offer. If so, perhaps our good friends will, 
when the politic moment arrives for the appearance of their 
** tests and analyses of all sorts,” at same time give us 
data and history enough to enable the readers of your 
es to make a just estimate of the assistance rendered 
by Dr. Michaélis. 
T an, Sir, yours ey: 
J. L. Spoor. 





To THE EpiToR OF ENGINEERING. 

Sir,—As I lay no claim to being a north-countryman, 
I accept Mr. H. K. Bamber’s chaff in all good part, merely 
pointing out that he has apparently expended all his 
energy in producing this chaff, and forgotten to give any 
— refutation of my theory. 

‘a points only are raised, and these I can easily deal 
with. 

1. My theory was to the effect that the water had to be 
supplied to the free lime in the form of vapour, and, con- 
sequently, a vehicle must necessarily be employed. Rag- 
stone is a cheap vehicle, so why not use it until a better 
can be found, if my theory prove correct ? 

I have heard that some German firms kill the free lime 
in the half-burnt portion of their clinker by pouring water 
upon the hot mass from a finely perforated watering can. 

If this is true, it is only another and cruder method of 
carrying out the same idea, for the water is absorbed by 
the spongy, half-burnt lumps, but quickly evaporated and 

lied from the hotter and more solid clinker. 

. Atmospheric separators are not pera used in 
the cement trade, though they will, doubtless, become 
more common. 

They cannot, however, act in hydrating free lime in 
the cement, as they circulate the same volume of air after 
the first half-minute’s work. 

Apropos of this subject, I should mention that I have 
experimentally obtained better results at seven days with 
10 per cent. of dried ground slurry added, than with an 
equal “nmap of dried ground rag ; indeed, the former 
seemed to produce but little effect on the strength of the 
neat cement, while the latter showed nearly a 10 per cent. 
drop in strength. 

I am, Sir, yours faithfully, 


Percy J. Nears. 
Rochester, January 22, 1895. ; 





To THe Epiror oF ENGINEERING. 

_ Srr,—I have followed with great interest the discussion 
in your columns on the above subject, which is of vast 
importance to users as well as to manufacturers of Port- 
land cement. A point which seems to have been gene- 
rally lost sight of by your correspondents is, that Kentish 
rag, being a more or less impure limestone, its presence is 
easily detected by chemical means. I may also add, from 
experiments I am carrying out on the subject, that the 
addition of any appreciable quantity causes the neat 
cement to develop peculiar characteristics in the process 
of mechanical gauging which would enable an expert 
operator to detect it; the consumer, therefore, at all 
events has it within his power to distinguish between the 
ordinary kiln product and the compound material. 

The sand test has been advocated as a means of detect- 
ing additions of Kentish rag, but samples containing a 
considerable addition of that substance, which have 
reached me for testing in the ordinary course, compare 
favourably with average English cements when tested 
with three parts of standard sand. I have also found in 
the course of my experiments that an admixture of 
Kentish rag tends to make the mortar cohere better 
during the operation of filling the moulds, and if a more 
compact briquette is thus obtained, a higher tensile 
strain would naturally result. This may perhaps account 
to some extent for the improved results claimed by 
Messrs. Macevoy and Holt, 

The fineness of cement, on which some of your cor- 
respondents lay great stress, isa very important matter, as 
it largely determines its value as a constructive material, 
but, as — out by my late principal, Mr. Henry 
Faija, the fineness is entirely governed by the cost of 
grinding, as a point is eventually reached when it is more 
economical to use a larger proportion of cement than to 
pay @ greatly enhanced price for finer grinding. 


Yours trul 
D. p. Butter. 


41, Old Queen-street, Westminster, S.W., 
January 23, 1895. 





THE SPEEDS OF WARSHIPS. 
To THE EpiTor oF ENGINEERING. 
Sir,—The following extracts are from the Times of 
Monday, January 21: 


Her Majesty’s ship Blenheim, which conveyed the remains of 
Sir John Thompson to Halifax, returned to Portsmouth on 
Saturday morning. She encountered very boisterous weather after 
getting into the Atlantic, and her broadside guns were frequently 
under water. Her behaviour in a seaway, however, was satis- 
—— and a uniform speed of from 12 to 14 knots was main- 
roan After coaling, the Blenheim will rejoin the Channel 

quadron, 


Stormy Passace or Tus ‘‘ LucaniA.”—The Cunard steamer 
Lucania was detained loading her outward cargo by bad weather on 
the 12th inst., and did not leave the Mersey until 10.40 p.m., in the 
face of a strong south-easterly gale. Owing to the delay of the mails 
she was obliged to stop at Queenstown for about six hours, passing 
Daunt’s Rocks Lightship outwards at 4.20 p.m. on the 13th. A tele- 
gram received in Liverpool on Saturday announces that she had fresh 
westerly winds throughout, but nevertheless made the passage in 
5 days 16 hours 28 minutes, her average speed being 20.41 knots per 
hour. She Sandy Hook Lightship at 4.18 a.m. on Saturday. 
sna daily runs were as follows: 422, 474, 525, 542, 529, and 296 

nots. ; 


Now the Blenheim is the fastest vessel‘in the British 
Navy. Her function in time of war is to overtake and 
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capture the fast cruisers and armed merchant vessels of 


the opposing force. S is therefore her most essential 
feature. In Lloyd’s ‘‘ Warships of the World” we find 
the Blenheim and her sister ship, the Blake, are both 
credited with a speed of 22 knots. The same volume 
isters 21? knots as that of the Campania and Lucania. 
at the value of these figures may be can best be judged 
by the above quotations. 

Naval apologists will, no doubt, be ready with the re- 
joinder that the Blenheim was not runat full speed. But 
we would like to know, in the first place, whether in the 
opinion of the officers on board at the time she could with 
safety have been run ata higher speed, and, secondly, 
if not run at her best speed, why was not such an excel- 
lent opportunity made use of for the purpose of testing 
her capacity to do the work for which she was designed ? 
Such a test would have been simply invaluable, and more 
lessons might have been learned in a few days than a 
whole term of foreign service is capable of teaching. 

The Atlantic in mid-winter is an ideal training ground ; 
there are many vesselsin the British Navy which would 
reap infinite benefit from a single voyage to New York or 
Halifax at full speed, and one point would be gained, the 
importance of which does not seem to be realised by the 
Admiralty, namely, the confidence of the men. Had the 
Blenheim returned from Canada at a s averaging 
18 or 19 knots, the fact would have become known to every 
man in the service, from the Admiral of the Fleet to the 
second-class firemen. Instead, we have flaunted before 
our eyes the splendid achievement of the fastest ship in 
Her Majesty’s Navy, which vessel has attained a maxi- 
mum speed of 14 knots with a gale of wind blowing from 
the most favourable quarter ! 

I am, Sir, yours snes - 


He 


January 23, 1895. 





LATTICE PARADOX. 
To THE EpiTor oF ENGINEERING. 

Sir,—In your issue of the 4th inst. appears a graphic 
— to the lattice girder question of the previous 
week. 

The result is all right, but the stress diagram appears 
to me to be upside down. In other words, to determine 
whether the bars are in tension or compression, you 
have to read them by going round each joint, in a left 





hand direction. I always understood that the opposite 
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method was the proper one to use ; for instance, thinking 
of joint O, the rafter is named B C, and by reference to 
stress diagram, BC acts towards the joint; therefore, 
the rafter is in compression. 

Similarly the tie-rod C A is found to be in tension. 

I should like to know which method is the correct 
one. Of course it does not matter which we adopt; but 
it is very necessary we should all adopt and stick to the 
same method. 

Yours faithfully, 

Birkenhead, January 22, 1895. 


Maks. 





THE BALANCING OF LOCOMOTIVES. 
To THE Eprror oF ENGINEERING. 

Sir,—I am pleased to observe that Mr. Rolfe is a 
strong advocate for the distribution of the counterweights 
for the reciprocating parts among all the coupled wheels, 
as I feared, from earlier contributions to this corre- 
spondence, that any attack on existing English practice 
was supported only by the custom of other countries. 

Handsome external appearance being comparatively 
easy of attainment, and always securing the approval of 
**the gallery,” is apt to prove an attractive lure to en- 
gineers when not rest.ained by the wholesome influence 
of financial considerations. Railways that have to study 
the stern laws of economy with greater persistence than 
is necessary in this favoured isle, cannot afford to indulge 
in the luxury of double and triple framing, or incur the 
expense of pilot working, duplication of trains, and in- 
creased maintenance of way, which result from the work- 
ing of heavy traffic with single drivers. 

ff we consider that the rate of wear of rail and tyre is 
determined not only by the normal ye ab point of 
contact, but rather by the amount of sliding motion, we 
can account for the appearance of flats pot in line with 
the counterweight, and even when there is no excess of 
vertical action, the unbalanced horizontal disturbances of 
an engine, having a high ratio of tractive force to dead- 
weight and pulling hard at high speed, may very readily 
overcome the contact friction of the wheel treads, as the 
accelerations approach their maximum, and give rise to 


fore and aft surges, with consequent destructive motion 
between tyre and rail, and serious loss of efficiency. 

Imperfect balance of the reciprocating parts is the onl 
reason I can assign for the great weight of material whic 
goa designers deem it ex 
high- 


ient to work into modern 


speed locomotives of moderate power, 





In view of the exceptional facilities afforded in a four- 
cylinder locomotive for complete balance of reciprocating 
parts and suppression of couples, by fixing the outside 
cranks at a suitable angle, might one request Mr. Du 
Riche Preller to supplement his instructive article on the 
St. Gothard Railway with further particulars of the 
10-wheel passenger engines recently put into service ; 
noting the slight preference expressed for the three-cylin- 
der type, it would be interesting to know how far advan- 
tage was taken of the above in arranging the balance of 
the four lines of motion of the rival engine. 

Inote that in the Table of Chief Particulars, Class XV. 
is indicated as four-coupled, whereas the diagram shows 
coupling-rods passing forward to the inside connected 
axle, and also gives a driving wheel base of 2.52 metres, 
whereas the rigid wheel base is quoted as 1.73 metres, 
which would be its value in the event of the trailing tyres 
being flangeless. [See page 39 ante. ] 

Heilmann locomotives might be expected to work to 
advantage on this exceptional railway, as the wear and 
tear of moving parts on the long down grades would be 
avoided, brake friction replaced by generation of energy 
in the motors (the transmission of the same to assist an 
ascending train being a possibility of the future), and 
perfect balance assured for the runs at high speed on the 
easier grades with an economical degree of expansion at 


all speeds. 
January 14, 1895. 


Yours, &c., 
= Dine Neg i 





CAM VALVE GEAR FOR HIGH-SPEED 
ENGINES. 
To THE Epiror oF ENGINEERING. 

Si1r,—We have been much interested in your paper, 
page 33, last week’s issue, and pages 71 and 77 of the 
current number of ENGINEERING, in which Chas. T. Porter 
describes a cam for actuating the valves of high-speed 
steam engines. We would say that in 1887 Mr. Chandler 
designed, constructed, and set to work one of his well- 
known “silent engines,” the valves of which were 
actuated by a cam on the crankshaft, and a roller at the 
lower end of the valve-rod, oA in position by a rock 
lever, all precisely the same as Mr. Porter’s arrangement 
(minus the cog-wheels). This engine had 8-in. cylinders 
and 6 in. stroke, and we ran it up to 500 revolutions per 
minute in perfect silence. The cut-off was arranged for 
25 per cent. of stroke, and we obtained excellent cards at 
400 revolutions ; since that time Mr. Chandler has per- 
fected the ag cme making it as safe and durable as 
an eccentric, and we are about to apply this cam gear to a 
triple-expansion Chandler engine of 350 horse-power, 
cutting off steam at about 35 to 40 per cent. of tke stroke, 
and to guarantee an extremely low steam consumption. 
It is not necessary to give particulars of steam distribu- 
tion, as it is evident that the most perfect distribution 
may be obtained by the cam. 

We may state that one of the principal features of a 
cam gear is its great strength and non-liability to de- 
rangement, owing to the very large wearing surfaces, 
and the whole running in an oil bath. 

Yours obediently, 
BuMSTED AND CHANDLER, 
Per W. T. 

Cannock Chase Foundry and Engine Works, 

Hednesford, Staffordshire, January 22, 1895. 





COMPOUND LOCOMOTIVES ON THE ST. 
GOTHARD RAILWAY. 
To THE EpiToR oF ENGINEERING. 

Sir,—With reference to Mr. Mallet’s letter in your issue 
of last week, I may point out that the name let was 
inserted in the sub-title of the illustration of the new 
100-ton passenger engine, and was omitted in that of the 
Davos duplex engine, simply by a misprint. This is 
perfectly obvious from the text o' | paper, which speaks 
of the Davos engines as of the Mallet type, built at the 
Maffei Works of Munich, and of the 100-ton St. Gothard 
poe engines as of the compound type of the Swiss 

motive Works, Winterthur. 

As regard the duplex 87-ton Mallet goods engine on the 
St. Gothard Railway, Mr. Mallet’s contention that the 
cylinders are not large enongh, no doubt accounts in some 
degree for the deficiency in tractive force. At the same 
time I must adhere to my statement that in a duplex, 
and hence complex, engine of this exceptional size, the 
friction and inertia of parts, in other terms, the inner 
resistances, must of necessity cause considerable loss of 
effective tractive force. As isseen from the Table I gave 
on page 39, ENGINEERING, January 11, this particular 
(tank) engine shows no appreciable saving in consumption 
of fuel as compared with the 80-ton and 85-ton eight- 
wheeled tender engines of the St. Gothard Railway; but 
the lighter Mallet type, such as the 41-ton Davos engine, 
does show a saving of about 10 per cent. as compared 
with the ordinary type used on the Davos line. 

Yours faithfully, 
C. 8S. Du Ricue PRELLER. 

18, Margaret-street, Cavendish-square, W., 

anuary 21, 1895. 








A CEMENT WANTED. 
To THE EpiToR oF ENGINEERING. 

Sir,—I am desirous of knowing of a composition to 
form a cement having the following properties: To be of 
fluid form of such consistency that it will run by gravita- 
tion in a groove formed in cast iron (the iron being cold). 
wae contraction in setting to be very slight (preferably 


Vhen set not to be brittle, but more the nature of gutta- 
percha or lead. 





Cost not so much an object as something efficient, but a 


cheap composition desirable. 
If any of your readers can oblige by giving something 
to answer the purpose they will confer a favour on, 
Yours very truly, 


January 21, 1895. 





ANNOYANCE FROM VIBRATION CAUSED 
BY MACHINERY. 
To THE EpIToR oF ENGINEERING. 

Srr,—In reply to ‘‘ Vibration,” who asks for information 
through your columns (see page 56 ante), I can instance 
the case of Wilding v. itworth. Canon Wilding, of St. 
Augustine’s Catholic Church, Granby-row, Manchester, 
complained of injury to his church, schools, dwelling- 
house, &c., arising from vibration caused by a Nasmyt 
hammer in use at the Whitworth Gun Manufactory ad- 
joining. After prolonged litigation the decision favoured 
complainant, and an injunction was given against the use 
of the hammer. As it was impossible under such restric- 
tion to execute the heavy forgings so much a speciality of 
the Whitworth firm, the works were of necessity removed 
and established at the present site in Gorton. The dis- 
used site facing Granby-row and Sackville-street will soon 
be covered by the new technical schools. 

If ‘‘ Vibration” sends name and address, I may be able 
to furnish more detailed particulars of the case. 

Sincerely yours, 
RicHakD HENEBRY. 

13, Montrose-avenue, Didsbury, Manchester, 

January 21, 1895. 








Frencu Biast-FuRNAcES.—At the commencement of 
January this year there were 27 furnaces in blast in the 
Longwy district, while four furnaces were out of blast. 
The corresponding number of furnaces in blast in the 
Nancy district at the same date was 16, while seven 
furnaces were out of blast. The Steel Works Company 
of France is building a furnace at Isbergues. 





New Gravine Dock at WALLSEND.—The Wallsend 
Slipway and Engineering Company recently completed 
the construction of a new graving dock which adds con- 
siderably to the resources of the firm. The dock in ques- 
tion is 540 ft. long, 66 ft. wide at the entrance, 70 ft. wide 
at the floor, and 80ft. wide between copings. The depth 
on the sill at high water spring tide is 25 ft. The pumpin 
equipment consists of two 36-in. Tangye centrifug: 
pumps, capable of discharging 50,000 gallons per minute, 
the time required to empty the dock ranging from an 
hour to 14 hours, according to the depth of water on the 
sill, A 10-ton hydraulic travelling crane is provided for 
handling heavy weights during the process of repairing 
a vessel, whilst for the hauling the same into position 
powerful hydraulic capstans have been fitted. To facili- 
tate the execution of repairs at night, a complete electric 
lighting planton the incandescent system has been supplied 
by Messrs. Clarke, Chapman, and Co. The plans for the 
work were prepared by Messrs. Sheriton Holmes and 
John args 1 civil engineers, and the contractor was 
Mr. Best, of Edinburgh. 





Sgii’s Directory OF R&GISTERED TELEGRAPHIC AD- 
DRESSES.—This directory, published by Mr. Henry Sell, 
167, Fleet-street, London, is compiled from official lists 
supplied by the authority of the Postmaster-General, and 
is the only work where such official lists can be consulted, 
The London lists are revised up to December 31, and the 
provincial lists to November 11, while this year there has 
been added in all cases the telephone number. The regis- 
tered addresses, too, are used by all cablegram companies, 
so that it does not matter by which a cable comes, it is 
delivered. A statistical review, ‘‘ British Trade for the 
Last Fifteen Years ”—fluctuations of trade, men em- 
ployed, wages paid, market prices, &c.—has been prepared 
from figures and facts published in the most recent official 
blue-books, and is of considerable interest. Another 
feature is a complete list of railway stations where public 
telegraphic business is transacted. To the other features 
of this most serviceable work we referred at length last 
year, and need only add that the price to subscribers 
(18s.) includes quarterly supplements giving new regis- 
tered telegraphic addresses. 





LEIcEsTER WaTER SuprpLy.—For the present Leicester 
has got over the difficulties of the water supply, the 
report given at the meeting on Monday, the 2Ist inst., 
indicating that Thornton reservoir was full, 333 million 
gallons being in store, and that at Bradgate reser- 
voir the quantity is 474 millions, within 82 millions of the 
full supply. It is anticipated, however, that this week’s 
rains will cause both reservoirs to overflow. Ab the 
corresponding time last year the deficiency was 659 
million gallons, and the reservoirs have not been so full 
as at present since March, 1893. The restrictions on the 
supply which have been in operation so many months are 
to be suspended, the water being available for the whole 24 
hours. But it has been found that with the water turned off 
during the night the number of cases of burst pi and 
leakages has been greatly reduced. The rainfall this 
year at Bradgate has already reached 2.85 in., against 
.77 last year, and at Thornton it has been 2.75, against .52. 
The accumulation of stock has been bi | rapid. On 
August 31 there was a 74 days’ supply, the quantity in 
November touching its lowest point, 89 million gallons. 
The only supplementary supply being continued now 1s 
that got at Ellistown, and progress is being made 
with the new reservoir at Swithland. They will be ready 
for storing water in 18 months. 
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CONSTRUCTED 


Tue illustrations above show the ‘‘ compact” high 
steam and low-water safety, and the deadweight safety 
valve, both patented by Mr. W. H. Fowler, and manu- 
fuctured by Messrs. Meldrum Brothers, Atlantic Works, 
City-road, Manchester. The former, shown by Figs. 1 
and 2, has been designed to take up less space than 
the ordinary arrangement of a long weigh-beam lever 
inside the boiler with a tile float at one end and a 
balance-weight at the other, while greater efficiency 
and reliability are secured, since in the older type the 
friable nature of the float results in pieces being 
broken off, so that the equability of the balance is 
affected. The arrangement adopted in Fowler’s valve 
is clearly shown. There are two valves, one seated 
within the other. The inner valve is kept to its seat 
by a weight suspended from a rod, and hanging in the 
steam space of the boiler. On this rod there is a flange 
which rests lightly on two beams (Fig. 2) when the 
water is at its normal level, but which is pressed 
upwards to raise the valve when the water level falls 
unduly low. The beams are pivoted at each end to 
levers ; one end of each lever is coupled by a rod to 
a pair of cylindrical floats, and the other end to a 
balance-weight situated above the weight that loads 
the valve. The floats are filled with water, and the 
balance-weight is only equal to their immersed weight, 
so that when the water in the boiler leaves the floats, 
the weight of the latter is greater than that of the 
balance, and thus the greater weight acting through 
the laver arrangement, with its purchase of about 4 to 1, 
raises the valve. The space required inside the boiler 
is about 38 in. by 21 in., and, moreover, the system 
is such that the whole apparatus can be exactly 
balanced before leaving the makers’ works. There is, 
too, little likelihood of it being subsequently affected. 

The deadweight safety valve, shown by Fig. 3, con- 
sists of ahollowspherical casing resting on twoseats, one 
face of the valve and one of the seat forming portions of 
concentric spheres, so that the valve is free to oscil- 
late slightly on its seat, while the dead load required 
is only necessary to weight the annulus represented 
by the two valve diameters. The total weight of the 
valve is thus reduced by about one-half. 








INDUSTRIAL NOTES. 

THE general summary of the state of trade, as given 
by the Labour Department of the Board of Trade, 
states that notwithstanding the apparent increase in 
the percentage of unemployed at the end of the year, 





FOWLER'S SAFETY VALVES. 


BY MESSRS. MELDRUM BROTHERS, ENGINEERS, 











the reports received are not such as to indicate any 
material check in the upward movement in the labour 
market noticed of late. In other words, there is an 
improvement, and the signs are favourable to its 
continuance. The 67 unions reported had an aggre- 
gate of 367,796 members, of whom 28,484 members, 
or 7.7 per cent., were unemployed, compared with 
7.0 per cent. in the 62 unions reporting in the pre- 
vious month, and 7.9 per cent. in the 32 unions 
making returns a year ago at the same date. The 
larger the number of unions reporting, the more reli- 
able are the figures upon which to base the averages, 
inasmuch as more industries are covered, and the 
percentages are not confined to a select number of 
the more skilled trades. The proportions of unem- 
ployed in the 67 unions are thus classified : 


Unions. Members. Unemployed. 

16 A Under 3 per cent. out 
of work, 

17 53,077 Three per cent. and 
under 5 per cent. 
out of work. 

11 69,329 Five per cent. and 
under 7 per cent, 
out of work. 

9 83,407 Seven per cent. and 
under 10 per cent. 
out of work. 

14 82,975 Ten per cent. and over 
out of work. 

67 367,796 Aggregate, 7.7 per cent. 
out of work. 


The above Table shows that the proportion over 7 per 
cent. is tolerably large, being considerably over one- 
third of the total. The actual numbers are: 201,414 
members in 44 unions have under7 percent. unemployed, 
whereas 23 unions, with 166,382 members, show over 
7 per cent. to be out of work. The chart lines for 
1893 and 1894, respectively, show that the average 
in 1893 varied from 10 per cent. to a little over 6 per 
cent., the lowest, in June, and ending with over 8 
per cent. in December unemployed. In 1894 the 
average started with 8 per cent., an to 6 per cent. 
or a little over, for March, April, May, and June, 
and ending the year with less than 7? per cent. at the 
close. It is also noticeable that so far the cry of the 
unemployed has not been so pronounced this winter, 
and during the two preceding winters. The state of 
trade is still in so uncertain a condition that every 
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the near future. But, taking all the facts into con- 
sideration, it does seem possible to hope shat we have 
at last turned the corner, and that we may expect a 
more prosperous year than last. 





The engineering trades generally, and all kindred 
trades, werelargely affected by the Christmas and New 
Year’s holidays, the percentage of unemployed increas- 
ing to 9.7 per cent., as compared with 8.7 per cent. in 
the month previous, and with 10.3 per cent. in the 
same period of 1893, so that trade was better at the 
commencement of the present year than last year. In 
the shipbuilding industries trade has been very quiet, 
and many out of work. As a matter of fact, the 
percentage out of work is almost appalling, being 
18.0 per cent, as compared with 17.4 per cent. in 
the previous month, and 17.1 per cent. at the same 
period of last year. But the prospects are said 
to be good for the current year. In the pig-iron in- 
dustry things remain about the same; only one blast- 
furnace less was in operation than in the previous month, 
while the number employed was about the same, with 
no material change. In the steel trades there was a 
slight decrease in employment. 

In the ironstone mining districts employment has 
been quite regular, the average number yin worked 
being 5.85 per week, the same as in the previous month. 
The percentage given represents the average for each 
four weeks, so that the work has been uncommonly re- 
gules for this class of workmen. In the coal-mining 

istricts also employment has been more regular. At 
1136 collieries, employing 292,231 workmen, the 
average time worked has been 4.97 or very nearly 
five full days per week, which shows an improve- 
ment as compared with the previous month, and 
with the general average for the whole year. 

The building trades are always affected more or less 
in winter, but the proportion of unemployed has so 
far been very moderate. The percentage out of work 
was 5.7 per cent., as compared with 4.2 per cent. in 
the previous month, but it was less than at the same 
period of last year. Considering the season of the 
year, the proportion is not very large, comprising as it 
does a number of separate branches, many of which 
can do but little work out of doors in bad weather, 
such as the masons and bricklayers, and a large pro- 
portion of carpenters, plasterers, and painters. More- 
over, even the inside workers are generally less busy 
Auring the winter months, and more especially during 
the latter part of December and in nearly the whole of 
January in each year. 

The textile trades have been somewhat variable and 
unsettled. In the cotton industries the spinners and 
weavers have been moderately employed, with only 
about 2.8 per cent. of the former out of work. The 
Indian import duties are injuriously affecting the 
cotton districts, not so much by what has been done, 
as yet, as by what is feared and anticipated. The 
woollen trades have been less busy, short time being 
worked in some districts. But employment in the 
worsted trades has improved ; in some districts over- 
time is being worked. Blanket mills have also been 
busier. The hosiery trade has been depressed gener- 
ally, but in some districts a slight improvement has 
been manifest. Nearly all branches of the lace trades 
have been quiet, employment being but moderate. 
The silk trades have improved in all the more im- 
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portant centres, but short time is still being worked 
in others. 

In the shipping trades the number of seamen shipped 
at the principal ports shows a decrease of 5.6 per 
cent. as compared with the previous month, and of 
1.2 per cent. as compared with the same period of 
last year. The dock and riverside labourers have 
experienced a falling off in employment in the London 
district, but at most of the principal ports employ- 
ment has been fairly good. Agricultural labourers 
have been better employed than usual at this period 
of the year. The foregoing synopsis of the condition 
of employment is not, on the whole, discouraging, 
and may be said to give a basis for the hope 
that the current year will be better than its prede- 
cessors. 





The condition of employment in the metropolitan 
district is rather more variable than in the country 
generally. The various groups of the engineering, 
shipbuilding, and cognate industries show an improve- 
ment both as compared with the month previous, and 
with the corresponding period of last year. In 85 
branches of the unions, with a membership of 15,031, 
there were 1138, or 7.6 per cent., unemployed, as 
against 8.7 per cent. in the previous month, and 9.7 
per cent. at the same time last year. In the Woolwich 
Arsenal departments full time has been resumed. The 
building trades show only 642, or 5.6 per cent., out of 
work in the 155 branches enumerated, with a total 
membership of 11,429, or 1 per cent. less than last 
year at the same date, and 1.6 per cent. more than 
in the month previous. Of the total membership in 
all the unions, 21,328 describe trade as dull, and 3345 
as bad. The furnishing and woodworking branches 
show a decline in all branches, with 6.7 per cent. un- 
employed, But the figures give only 308 out of a total 
of 4585 as out of work. 

In the shipping trades there is a decline of 7.5 per 
cent. in the number of seamen employed, but 5.7 per 
cent. more were shipped than at the same period of 
last year. In the dock and riverside branches there 
was a falling off of about 7 per cent. as compared with 
the month previous, but that month was a rather high 
average of employment for the docks, As latterly 
there has been some dispute as to the average number 
employed, the Shipping Federation will in future supple- 
ment the returns. The average number employed was 
7293, as compared with 7305 in the corresponding 
month of last year, and as compared with 7817 last 
month. But the total number employed on the 
average was 8955, or nearly 9000 men. The employ- 
ment fluctuated a good deal in the last two months, 
with a downward tendency from the third week in 
November. The fruit wharves were very busy for a 
time, then they became slack, but at Wapping employ- 
ment has been active, and south of the Thames busy. 
There can be no doubt but that irregularity is ‘the 
curse of this branch of labour ; the difficulty is how to 
avoid it, A decrease of about 600 in employment in 
one month is a large proportion of the whole, and 
keeps alive a feeling of discontent. 

The number of disputes shows an appreciable de- 
crease as compared with the previous month, being 
only 43, as against 56 last month. But the number in 
the same month of the year previous was only 24. Of 
the 43 disputes 10 were in the building trades, nine in 
the textile trades, six in the iron and steel trades, six 
in the mining industries, four in seafaring and dock 
labour, two in the shipbuilding trades, and one in the 
clothing trade, leaving five for miscellaneous indus- 
tries. None of these disputes were of a serious 
character, or of great magnitude. In 36 of the total 
some 5838 persons were affected. Eleven disputes of 
—— dates were settled, affecting 1223 persons; 
ut 10 new disputes and 22 old ones were unsettled, 
affecting about 3500 persons. Greater quietude, there- 
fore, existed in connection with labour than for some 
time past. This is an encouraging sign so far as it 
oes. 

, The changes in rates of wages and hours of labour 
were not great, all things considered. About 5500 
persons suffered reductions ; but in the month previous 
some 117,000 persons suffered reductions. The reduc- 
tions included 1200 surface workers in the Cumberland 
coalfields, and 1620 blastfurnacemen in Cumberland 
and Lancashire, 1900 tinplate worl.ers in South Wales, 
and 400 glass bottle makers. Increases of wages are 
reported of 800 workers in the linen trades of Perth, 
550 plumbers in Edinburgh and Leith, and over 350 
workpeople had their working hours reduced, with- 
out any loss in wages in most cases. The reductions 
of working hours were in the iron and steel trades, 
and the woodworking trades, all in Scotland, and in 
Battersea among the vestry employés. The decrease 


in wages ranged from 10s. per month to 5s. per month 
among sailors and firemen ; 3s. per week among the 
glass bottle workers, to ls. 6d. per week ; decreases 
from 10 to 124 per cent. in the tinplate trades ; 2s 
per week in Liverpool and Birkenhead among the 
dockers ; 1s. per week in the clothing trades, and 1s. 


in the textile trades ; and 2s. 3d. per week in Wolver- 
hampton, among carpenters and joiners. The latter 
change was, however, merely a reversion to the old 
rates of January, 1893. It thus appears that so far the 
reductions have not been of a very serious character. 
In the building trades the reduction in one place was 
more than compensated by the advances in three other 
towns. In the coal districts of Cumberland the reduc- 
tions only ranged from 3d. to 6d. per week, and in the 
iron and prin trades (blastfurnacemen) from 1 per 
cent. to 14 per cent. under the sliding scale, which is 
now below the standard of 1889. 





The monthly report of the Boilermakers and Iron 
Ship Builders states that all the district committees 
and delegates are working in perfect unison with the 
executive, and that the relationship of the society with 
all employers is of a very satisfactory character. 
Having demonstrated the possibility and desirability 
of working in harmony with the employers, the 
latter can see that it is to their interest to employ 
members of the union. Attention is called to irregular 
employment and to non-employment, and efforts are to 
be made to secure more permanent and regular work. 
The report states that the outlook is undoubtedly better. 
Many orders have been booked on the Clyde and on 
the north-east coast. The recent gales and disasters 
at sea have given employment in the repairing yards, 
the slipways, dry docks, and pontoons being better 
employed than in the autumn. The total number on 
the funds was 9010, as against 8997 last month. Of 
the total, 7318 were out of work, 1293 sick, and 399 
on superannuation allowance; a few less were on 
donation. The percentage of unemployed was 18.8, 
or about the same as last month. It appears that some 
of the members have complained of the terms of the 
agreement between the shipbuilders of the Tyne, the 
Wear, the Tees, and Hartlepool and the executive 
council of the Boilermakers and Iron and Steel Ship 
Builders’ Society as regards wages, disputes, &c., and 
the branches have been circularised in respect thereto. 
The report deals with the malcontents, and reprints 
the terms of the agreement. It points out the un- 
soundness of the reasoning, and the misstatements of 
facts in the circular. The conclusions drawn are that 
the agreement is most beneficial to the union and all 
its members, and fair and just to employers. With 
respect to the statement that ‘‘ the employers intend 
taking advantage of the agreement, and have done so,” 
the council say that the statement ‘‘is untrue, and 
such statements ought not to be made.” The report 
shows ‘‘that the employers have honourably acted up 
to the principle introduced. Greatly to their credit, 
they have not taken back the 20 per cent. gained in 
advances,” and it expresses the belief that they will 
not do so. It further says, ‘‘ While other trades 
have suffered terribly by strikes, we have been free 
from them, our wages have been maintained, and the 
society’s funds saved through acting on the principles 
contained in the agreement.” In all respects, the 
council adhere to the terms of the agreement entered 
into. 





The report of the Ironmoulders of Scotland showsthat 
there are more in employment than there were, though 
theidle benefit has been exceptionally heavy; butthe New 
Year’s holidays in Scotland always affect this benefit. 
The votes of the members have been given in favour of 
sectionising the trade, but only by a small majority of 
496. In view of this fact, the executive will take time 
to mature ascheme, This union is always the first to 
publish its annual report, and it has this year been 
quite as early, or earlier, than usual. The year 18938 
was entirely free from labour disputes, in so far as the 
society was concerned, though it suffered by the 
disputes of other bodies—the miners in Scotland, and 
the patternmakers and ironfounders on the north- 
east coast. The report says: ‘‘ We will work in the 
future, as in the past, to keep clear of strikes, as they 
are not beneficial to either party.” They look to con- 
ciliation rather than to strikes for the settlement of 
disputes. The income for 1894 was 19,307/. 15s. 5d. ; 
balance from previous year, 28,123/. 19s. 1d. ; total, 
47,431/, 14s. 6d. The total expenditure was 20,5371. 
2s. 2d. The latter included 11,411/. 1s. 7d., out of 
work ; 4693/. 13s, 9d., superannuation ; funeral benefit, 
2293/7. 12s. 8d. ; cost of management, salaries, &c., 
952/. 6s. Sd. ; rent, postage, printing, and stationery, 
6981. 17s. 2d. ; miscellaneous, 487/. 10s. 2d. The total 
balance in hand at the end of the year was 26,894/. 
12s, 4d.; decrease in the year, 1229/. 6s. 10d. The 
funds are divided—in Clyde Trusts, 12,000/. ; Royal 
Bank, 56697. ; Bank of Scotland, 4000/. ; Commercial 
Bank, 4230/. ; in districts, 984/, 15s. ; treasurer’s hands, 
10/. 8s, 





The Iron Ship Builders estimate the work in hand 
on the Clyde as 45,000 tons of warships, and about 
10,000 tons more of ordinary work than at the beginning 
of 1893. It is expected that locomotive building will 
be better this year than last. Bridge building is less 





prosperous, as in 1893, but there are anticipations of 





an increase in this branch. Boilermaking is more 
active, the orders on hand being larger than for some 
time past. All these industries suffered severely by 
the Scotch coal strike, and references are made to the 
disastrous character of that dispute. Whatever the 
miners may say, all the iron and steel industries com- 
plain of the effects of that strike ; it paralysed trade 
for the time, and many branches of industry still suffer 
in consequence. Perhaps that fact has given an 
impetus to conciliation in Scotland. 


The condition of trade in the engineering industries 
of Lancashire remains pretty nearly the same, without 
any signs of material improvement. Machinists in 
many instances are fairly well employed, and there 
are rumours of some tolerably large orders for loco- 
motives coming into the market. But generally the 
several branches of engineering are but indifferently 
supplied with work, except upon specialities. Boiler- 
making is slack, and is generally in an unsatisfactory 
condition. Inthe Manchester and Salford district thereis 
little change ; the holidays were prolonged in most cases, 
In the Barrow-in-Furness district marine engineering is 
fairly busy, and will shortly be brisk, and shipbuilders 
are wellemployed. Steel-workers generally are slack, 
but some have been busy on ship-plates recently, and 
are still. The pig-iron trade is, however, depressed. 
In the Liverpool and Birkenhead district shipbuilding 
is slack ; about 30 per cent. of the boilermakers and 
riveters are out of work. Engineers and pattern- 
makers are quiet to dull. Generally in Lancashire 
there is a fair amount of inquiry for iron, and a mode- 
rate weight of business has been put through, but at 
prices deemed to be exceedingly low. Nut and bolt 
makers have been doing more business, but prices 
continue low. In the steel trades a fair amount of 
business is reported, but generally the tone is quiet. 





In the Wolverhampton district the reports are that 
trade generally is ina depressed condition ; some say 
that the staple trade of the district has not been so 
depressed for 20 years. But there is always a ten- 
dency to exaggerate depression, and to minimise pro- 
sperity. For a long time past Wolverhampton has 
been busier than most districts. But it appears that 
the lessened demand for finished iron, in consequence 
of the increased use of steel for railways, bridge- 
building, and other purposes, has somewhat deranged 
local industries. Several of the old-fashioned puddling 
furnaces have been blown out, and many hands have, 
in consequence, been thrown out of employment. It 
appears that the recent reductions in the prices of 
branded bars have not stimulated trade, the difficulty 
in getting orders being quite as great as before. The 
steel trade seems to , & fairly busy in steel rolling, 
wire, bridge, girder, and other kinds of work; but 
steel-smelters have not been so active. Engineers and 
constructive machinists have only about 4 per cent. 
unemployed, the percentage having steadily declined. 





In the Birmingham district engineers are fairly 
busy, for at some establishments overtime has been 
the rule continuously. Toolmakers report trade as 
quiet ; bedstead ine are fairly busy, some work- 
ing overtime, some short time, but only 1.6 per cent. 
are out of work. Brass and copper workers are busy 
in some branches, in others pe! but on the whole 
the trades are quiet. Ironmoulders are dull, but 
railway carriage work is busy. In the outlying dis- 
tricts constructive work is busy generally, and there 
are general signs of improvement in many of the local 
branches of trade, and an early season is expected. 
There are no labour disputes to interfere with indus- 
trial prospects. 





Last week was a week of deputations. The Trades 
Council waited upon Sir William Harcourt with refer- 
ence to the right of combination among the employés 
of the Government. The Chancellor of the Exchequer 
said that he quite agreed that Government workpeople 
should have the same political rights as those enjoyed 
by workmen in private firms. 

The deputation to Mr. Asquith represented the 
Trades Union Congress, and the speakers covered a 
variety of questions—Factory Legislation, Employers’ 
Liability, the Truck Acts, Electoral Laws, Jury Laws, 
Conspiracy Laws, Government Employés, &c. 





The miners have also been busy as regards the 
Mines Eight Hours Bill, Employers’ Liability, and 
other matters. The other deputation, on Government 
contracts, is dealt with elsewhere in this issue of 
ENGINEERING. Altogether the Government will have 
its hands full if it attempts to deal with all the 
matters pressed upon the attention of Ministers. But 
the declarations of Mr. Asquith and Sir William Har- 
court show a determination to carry out the policy of 
the House of Commons resolution as regards labour, 
and to try to amend the laws where defective in other 
respects. Some of the points urged are political rather 
than industrial, but the purely industrial legislation 
sketched out for next session is almost enough, apart 
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from the political programme of the Government. 
The Factory Acts and the Truck Acts are each im- 
portant, both of which series of Acts require consoli- 


dation. 





ON RESULTS OF EVAPORATIVE TESTS 
ON LAND BOTLERS.* 


By Mr. Gro. CannuTHERS THomson, F.C.S. 


THE questions of smoke abatement and the combustion 
of coal have been brought prominently before the public 
of late, and, if only from a sanitary point of view, are of 
great importance and special interest to the dwellers in 
Glasgow and its suburbs. ; 

Tt seems passing strange that, while the consumption 
of coal in our factories and workshops is large and con- 
stant, and, while any number of patented methods and 
appliances for effecting a saving in the quantity of fuel 
used have been tried again and again, carefully conducted 
experiments, to find the actual work done = the fuel 
under consumption, have been conspicuous by their rarity 
or total absence. ; ae : 

In looking over the Transactions of the Institution since 
the first session, I can find no detailed trials of the 
evaporative power of boilers, or analyses of the fuel used 
and the gases given off, nor am I aware that any reports 
have hitherto appeared in the ordinary engineering 
journals, of a sufficiently —— nature to be of general 
use to factory owners in this district. 

When the Glasgow Exhibition of 1888 was being 
organised, strong efforts were made to have a series of 
experiments carried out on the boilers necessary for the 
machinery-in-motion exhibit, so that their evaporative 
power, while working with various smoke abating or 
consuming appliances, could be thoroughly tested. 

These efforts were without avail, and a good oppor- 
tunity was lost. Subsequent to this date a Smoke A bate- 
ment Association was organised in Manchester, which 
carried out a number of tests, the results of which have 
not been published as yet, but I understand they will be 
made public shortly. 

Later still, on October 29, 1890, the Glasgow and West 
of Scotland Smoke Abatement Association was formed, 
and a number of trials carried out, and a report issued in 
August, 1893, containing the results of a few of the trials 
and the recommendations of the executive committee of 
the association. Having carried out the trials for this 
association, I considered that the results obtained were 
of sufficient value from an economic point of view to 

ermit of their being laid before the members of this 
nstitution. 

Along with these results I have also given those of other 
trials carried out by me after the work of the association 
ceased. 

In order that the results of these trials should represent, 
as nearly as possible, what is obtainable under usual 
working conditions, the following points were kept in 
view, Viz. : 

That the boiler under trial should be doing its regular 


work, 

That the fuel should be of the average quality used at 
the factory. 

That the regular fireman should pursue his usual prac- 
tice in firing, cleaning, &c. 

That it be intimated to the fireman that a note of the 
smoke emitted from the chimney would be made. 

When considering what length of time the boiler should 
be under trial, it was necessary to take into account the 
varying nature of the work in different factories, and the 
elimination, so far as possible, of sources of error in the 
measurement of materials used, atmospheric changes, 
state of fires, change of firemen when night and day work 
was carried on, and as far as possible the avoidance of 
any disturbance of the usual working conditions, as well 
as the length of time the observer and assistants could 
remain in good working form. 

A full review of all these considerations determined me 
to fix on 10 hours as being the best time for a trial, as 
beginning at 7 a.m. and stopping at 5 p.m. gave time for 
fixing instruments in position, and seeing to the fires 
being in good condition, water aba good height in gauge 
glass, coals weighed, and everything ready to begin, 
while the time after 5 p.m. was taken up in weighing 
ashes, putting up samples of coal, weighing back any coal 
left over, and leaving things generally in order, so that 
usually 12 to 13 hours were taken up on each day’s run. 

In order to carry out these trials it was necessary to 
arrange, in the first place, that the boiler, with its fittings 
and connections, be put in such a state that the various 
instruments to be used for ascertaining temperatures, 
measuring water, collecting gas samples, &c., could be 
placed in such positions that the necessary observations 
could be made, without interfering with the ordinary 
working of the boiler. 

After the various connections had been made, a trial 
run was carried out to test if everything was in good 
working order. To test the regular work of the boiler, 
and to insure that the special trials were of a representa- 
tive character, and such as could be obtained in every 
work, a control run or runs were carried out. 

These control runs were carried out in every way the 
same as the special trials, with the exception that the coals 
and gases were not sampled for analysis, and that the 
observations were only taken every hour, instead of ever 
half-hour, as in the special trials, and it was only when 
was satisfied with the working of these control runs that 
I proceeded with the special trials recorded here. 

In trials Nos. 1, 2, 3, and 4, these control runs extended 
over @ continuous period of seven days and seven nights, 





* Pai r d bef . . . 
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observations being taken hourly from 6 a.m. till 6 p.m., 
and one observation at 10 p.m. in addition. 

The special trials were taken on one of these days, and 
lasted as nearly as possible 10 hours, during which time 
observations were taken every half-hour, and coals and 
gases sampled for analysis. 

In the remaining trials the control runs only lasted 
one, two, or three days, or just sufficiently long to allow 
the assistants to thoroughly understand the duties de- 
volving upon them, and as soon as this was the case, the 
special trial was taken. The results of these control 
runs agreed very closely with those obtained in the 
special trials, and were within the limits of observation 
errors. 


DETAILS REGARDING INSTRUMENTS AND THE CONDUCTING 
OF THE TRIALS. 


Chimney.—The height of chimney is given as above the 
level of furnace bars. 

Barometer.—The readings were taken from a tested 
aneroid barometer, graduated to ,; in. 

The direction of the wind was determined by means of 
@ compass, and its strength, as well as the state of the 
weather, was noted. 

Steam Pressures.—The steam gauges on the boilers were 
each tested and compared with a standard steam pressure 
gauge of Messrs. Schiffer and Budenberg’s manufacture, 
and corrections made when necessary. 

Analyses.—The analyses of the fuels were carried out 
by Mr. R. R. Tatlock, city analyst, who is also respon- 
sible for the analyses of the gases in Nos. 16 and17. Mr. 
Lindsay Burnet, Govan, analysed the gases in all the 
other trials. 

Carbon Value.—This represents the value in pure car- 
bon of 100 lb. of the fuel used in each trial. 

Fuel. —The system of checking the weight of the coals 
supplied varied according to the circumstances of the 
works, and the weighing machines in each case had been 
tested shortly before for this purpose. 

Where the fuel was delivered in trucks, these were 
weighed, emptied, and the empty truck weighed, and the 
difference was taken as the weight of fuel. In the 
majority of cases the fuel was delivered in carts, and the 
same method of weighing adopted as with trucks, while 
in a few cases the fuel was weighed in barrows in 2-cwb. 
lots. The ashes were weighed in carts or barrows as was 
found most convenient. 

Sampling.—In sampling the fuel for analysis, a shovel- 
ful was laid aside every hour, and just before the close of 
the test these were well mixed and quartered, half thrown 
aside, again mixed and quartered, and so on till only a 
small portion was left to be taken for analysis. This 
method of sampling the fuel is the same as that adopted 
by the Society of Engineers in Germany. (See “‘ Thurs- 
ton’s Manual of Steam Boilers,” page 486.) 

In sampling the gases, the samples were taken just 
before reaching the damper, and were drawn in glass 
stoppered sampling flasks, over a concentrated solution 
of common salt, and were so taken as to obtain a fair 
average of the gases passing into the chimney. 

Temperatures.—The temperatures of the air and of the 
feed water were ascertained with mercurial thermometers, 
which had been checked by comparison with a ‘‘ Kew” 
standard thermometer. The temperature of the exit 
gases was taken before passing the damper, the instrument 
used being in some cases a ‘‘ Murrie’s” water pyrometer, 
in others a ‘‘ Bailey’s” pyrometer, and in the majority of 
cases a mercurial thermometer—in which the space over 
the mercury was filled with nitrogen gas under pressure— 
was used, so that temperatures up to 950 deg. Fahr. could 
be noted with accuracy. This instrument is known as 
a Jena thermometer, and is of Messrs. Schiffer and 
Budenberg’s manufacture. Where the temperatures were 
higher, one of Messrs. Schiffer and Budenberg’s mercury 
thalpotassimeters was employed, giving readings up to 
1400 deg. Fahr. 

The readings from each of these pyrometers were 
checked by the use of a ‘‘ Fischer’s” water calorimeter 
(see Transactions, vol. xxxv., page 148), which gave con- 
cordant results with the two last-mentioned instruments, 
the Jena thermometer and thalpotassimeter; hut the 
other two instruments named required their readings to 
be corrected. 

Anemometer.—The speed of the air in feet per minute 
entering the furnaces below the firebars was taken with 
an ordinary ‘‘ Biram” anemometer, either 4 in. or 6 in. 
in diameter, according to the amount of room below the 
furnace bars. A “Davis” self-recording anemometer 
was used in test No. 7, but owing toan accident occurring 
to it, the readings are not givenin the Table. After 
repair it was used in tests Nos. 5 and 6. I preferred 
using the “ Biram ” instruments, as they gave indications 
ranging over any period of time desired, while the 
‘* Davis” instrument only gave the speed at the second 
at which it was tried. 

Draught.—The power of the draught in flues and 
chimney measured in inches of water was obtained by 
using an ordinary U-tube half filled with water, and con- 
nected by a flexible tube to the flue or chimney. The 
draught in the flues was measured alongside the pyro- 
meter, and the chimney draught taken either in the 
chimney itself, or in the main flue close to the base of the 
chimney. 

Water Measurement.—In trials Nos. 1, 2, 3, and 4, the 
feed water was measured by passing through a Siemens 
rotary hot-water meter, #0 placed as to be as little 
affected as possible by the working of the donkey feed 


ump. 
i: ie 12, 13, 14, and 15 a Worthington water meter 
was employed, to measure the cold water into the tank, 
from which the injector or feed pump drew its supply for 
the boiler, the height of water in the tank being noted, 








and brought to the same height at the end of the trial. 


In Nos. 5, 6, 7, 8, 9, 10, and 11, two tared tanks, with 
suitable connections, were used, a Worthington duplex 
pump being employed, except in Nos. 10 and 11, in 
which a duplex pump, by Messrs. Carruthers and Co., 
Polmadie, was used; one tank being filled while the 
other was being emptied by the pump. 

In Nos. 16 and 17 the cold water from the main was 
run into the ‘‘ tared” tanks, and from them measured 
into the tank which supplied the injector, the overflow 
from injector at starting being returned to the tank 
which supplied the injector, and in which the level at 
beginning and end of trial were the same. 

The temperature of the feed water in the first four 
trials was taken every half-hour in the tank from which 
the pump drew its supply. In Nos. 5 to 11 inclusive the 
temperature of each tank of water was taken, while in 
the remaining trials the temperature was taken after 
passing through the meter or measuring tanks, and also 
between the injector and boiler. 

Cleaning Fires.—In the hand-firing trials the fires were 
cleaned in the usual sense of the term, and work conducted 
at each according to the regular practice of the fireman. 
All the mechanical stokers being fitted with self-clean- 
ing bars, the clinker and ashes were drawn out from the 
bottom of the furnace when necessary. 

Working of the Boilers.—In trials Nos. 3 and 4 the 
makers of the mechanical stokers tested supplied men to 
work the boilers, and were assisted by the regular attend- 
ant. In all the other cases the firing was done by the 
regular attendant, and in the cases of the other mechanical 
stokers the machines had been in use for a considerable 
time, and were in charge of the usual attendant. 

In No. 10 a breakdown of some of the machinery 
immediately after the beginning of the trial reduced the 
load considerably. 

In Nos. 12 to 17 inclusive the boilers were run at two 
rates of speed. 

The boilers were worked at full average daily work, 
with the exception of Nos, 12, 15, and 17, which were 
purposely wrought at a lower speed. 

Trials 1 to 7 inclusive and No. 11 took place in calico 
printing establishments, where the demand for steam 
was great. 

In. Nos. 8 and 9 the steam was used for driving the 
engines of a cotton spinning mill and heating purposes. 

In No. 10 the boiler supplied steam to a compound 
engine driving the machinery in a paper mill. 

In Nos. 12 and 13 the boilers supplied steam to the 
engines and steam hammers of an engineering establish- 
ment. 

In Nos. 14 and 15 the boiler supplied steam to several 
foundry cranes, steam hammers in smithy, &c., in an iron 
foundrv. 

In Nos. 16 and 17 the boiler formed part of a range 
— supplied steam toa rolling mill plant in a steel 
work. 

Priming.—There was no priming in the usual sense of 
the word, and the water in the gauge glasses was prac- 
tically free from disturbance in every case. 

The actual percentage of moisture in the steam was not 
experimentally determined, as after a careful review of 
all the different methods and apparatus proposed for the 
purpose of determining this quantity, I considered the 
sources of error so great and so easy to arise, that I de- 
cided they were entirely out of place in a boiler trial under 
the usual working conditions. 

Factor of Evaporation.—This is the figure obtained 
when reducing the results of boiler trials to the common 
standard of evaporation from and at 212 deg. Fahr., and 
is obtained thus: Let 


H = Total heat of steam in British thermal units at 
temperature corresponding to the pressure, 
calculated from zero Fahr. 

t = Temperature of feed water in deg. Fahr. 

W = Pounds of water evaporated in test per pound 
of fuel from feed temperature. 

W\= ee evaporation from and at 212 deg, 


I 
Q 


‘ahr. 
Latent heat of water = 966. 
Factor of evaporation. 


Q= = and W, = Wx Q. 


It ll 


Calorific Value of Fuel.—The calorific value of the fuel 
as given in the Table, was arrived at by calculation from 
the analysis, and was not determined experimentally. As 
it was desirable that the results should be comparable 
with those obtained by the Manchester Smoke Abate- 
ment Association, I asked Professor Kennedy, if he 
would kindly give me the number of thermal units he 
used for carbon and hydrogen, in calculating the results 
of the trials he carried out for them. He did so, and the 
values are 14,540 for carbon and 52,200 for hydrogen, 
This is practically the same as Dulong’s formula, which is 
used by the Society of Engineers in Germany, for calcu- 
lating the heating power of fuel from the chemical 
analysis. 

My reason for not determining the calorific value ex- 
perimentally was that the coals were burnt as they came 
to hand, whether wet or dry, and if the coal was burned 
in a calorimeter if required to be perfectly dry, or the 
experiment could not be carried out satisfactorily. 

A comparison of the results obtained by P. Mahler* in 
his researches on the calorific values of fuels by actual 
experiment, with the results given by calculation from 
the chemical analysis, shows that the formula of Dulong 
agrees more closely with these results than the formula 
proposed by Mahler. 


*See “Bulletin de la Société d’Encouragement pour 
Industrie Nationale,” Tome vii., page 319. Also, ‘‘Tests 
of the Heating Power of Coala,” by William Kent, 











in Mineral Ii.dustry, vol. i., page 97, year 1892. 
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Dulong’s formula* is based upon the heating values of 
the two elements, carbon and hydrogen, and assumes that 
the oxygen in the fuel renders unavailable for heating 

urposes one-eighth of its weight of hydrogen, while 
Mahler's roposed formula takes account of the nitrogen, 
and introduces an empirical constant 3000. 

Smoke.—In several cases the smoke emitted during the 
trial could not be observed, owing to several other boilers 
being connected to the same chimney, and in these cases 
no observation was taken. 

In the remaining cases the boilers tested were either 
connected to a single chimney, or, if other boilers were 
connected to the chimney, no smoke issued from it. 

The quality of the smoke emitted from the chimney 
was classed as dense, medium, faint, or no smoke, and 
the average amount per hour of each description given in 
minutes. 

Practical and Theoretical Heating Power of Fuel.—This 
was calculated from the proximate analysis of the fuel by 
means of Playfair’s formula, 

Duration of Trials.—The time given in Table represents 
the actual steaming time, after deducting meal hours or 
time during which no steam was drawn from the boilers. 


(Zo be continued.) 





PreTROLEUM AT Warsaw.—The Russian Minister of 
Finance has decided upon organising a petroleum bourse 
at Warsaw. 





TRON AND Coat IN Russia. —Efforts are being made to 
form a large syndicate of Russian colliery-owners and 
iron-producers. A meeting to discuss the necessary 
details will be shortly held at St. Petersburg. 





Coat IN THE Caucasus.—The coal deposits at 
Tkwibul, in the Caucasus, which were formerly private 
property, are now being worked by the Crown, for which 
purpose a considerable sum has been allotted. The 
Government sent a special expedition of experts to the 
district in question in order to fully investigate all the 
questions in connection with the Tkwibul coal deposits. 
Numerous new borings and analyses were undertaken, 
and a quantity of the coals was sent to France in order 
to ascertain whether they were suitable for briquette 
manufacture, &c., with the result that the working of the 
deposits was considered likely to give remunerative results. 
Pending the building at some future date of a railway, 
the installation of a rope railway was deeided upon. 





MAacciesFIELD Srewace DisposaL.—An inquiry was 
held on January 9 v4 Major-General Crozier, R.E., 
Inspector to the Local Government Board, to consider an 
application from the Macclesfield Town Council for sanc- 
tion to a loan of 60,0001. for sewerage and sewage dis- 
908al purposes. The Corporation were represented by 
fr. Balfour Browne, Q.C.; the Cheshire County Council 
by Mr. E. H. Lloyd; Mr. Legh, of Adlington Hall, by 
Mr. B. Brown, solicitor; and the Prestbury Highway 
Board and the Macclesfield Rural District Council by 
Mr. J. F. May, solicitor. Mr. W. H. Radford, C.E., of 
Nottingham, engineer to the scheme, gave evidence that 
the Macclesfield Corporation had obtained a Provisional 
Order, and had already purchased 594 acres of land below 
Prestbury, for the sewage disposal. The dry weather 
sewage is 800,000 gallons a day, and manufacturers’ foul 
liquids 200,000 gallons, making 1,000,000 gallons a day in 
all At present all the sewage is turned into the river, 
which is black and filthy. The corporation originally 
proposed an irrigation scheme, but this had been altered, 
Pith the engineer’s approval, to precipitation and land 
filtration, in consequence of the opposition they had met 
with from the landowners, in order to get a better effluent, 
and because of the heavy price they would have had to 
pay for a larger area of ary The sewage will be de- 
eewed by gravitation, and first clarified in Dortmund 
tanks, followed by a second clarification process in ordi- 
nary rectangular tanks. The effluent will then be filtered 
through coke beds, and finally filtered through 594 acres 
of land. The land will be well drained, and laid out 
with sewage carriers. The mud will be pressed, and all 
the arrangements will be of the most modern character. 
The whole of the sewage of the borough will be collected 
by means of intercepting sewers following the course of 
the river and tributaries, and would then be conveyed 
through a 2-ft. outfall sewer to the disposal works, situated 
about three miles below Macclesfield. Iron pipes would 
be used for the large sewers where there is much water. 
There was some opposition from the county council, who 
asked for a special sewer to be laid in Victoria-road for 
the convenience of the county asylum. The county 
council also asked for a special clause giving them addi- 
tional powers to control the works passing under Beech 
Bridge and Prestbury Bridge, but they afterwards with- 
drew the opposition as to the bridges. Mr. Legh’s re- 
presentative asked that a stcrm overflow at Prestbury 
Bridge should be dispensed with, that there should be no 
sewer ventilators near that bridge, and that the sewer at 
Broken Cross should be deepened. The Macclesfield 
Rural District Council asked that the sewage of Prest- 
bury should be received into the Macclesfield system. 
The inspector made appointments to view the district on 
the following Saturday, and said he would report in due 
course. 





. Formula by Dulong : = 


1 T goso © + 34500 (#-2)] = heating value, 
100 8 


Formula proposed by P. Mahler : 
8104 C + 34506 — 3000 (O + N) 
100 
Formula given in metrical units. 


= heating power. 





DUPLEX HIGH-SPEED GAS ENGINE. 


CONSTRUCTED BY MESSRS. SCOTT BROTHERS, ENGINEERS, 








THE gas engine which we illustrate on this page, 
Figs. 1 and 2, is of a type recently introduced by Messrs. 
Scott Brothers, Halifax, and is intended to be run at 
unusually high speeds, the designed speed of the 16 
indicated horse-power engine being 220 revolutions per 
minute. Very effective balancing of the engine is 
attained by the use of two pistons arranged as shown 
in Fig. 2, and working in opposite directions in the 
same cylinder. The cranks are placed at 180 deg., 
and the engine workson the ordinary Otto cycle. As 
the pistons separate, gas and air are drawn in, to be 
compressed on the return stroke as the two pistons 
approach each other. The charge is then fired 
by tube ignition, no timing valve being used, thus 
driving the pistons apart and making the work- 
ing stroke of the engine. On the return stroke the 
spent gases are expelled through the exhaust pipe. The 
valves used are of the pot-lid type, and are operated by 
cams on a valve shaft driven by skew gearing from the 
crankshaft. This gear is inclosed in a cast-iron casing, 
the bottom of which forms an oil bath. The ignition tube 
used is made of a special alloy, and will last from nine 
to twelve months. The engine, being fitted with two 
heavy flywheels and a very sensitive governor, is, it is 
claimed, well adapted for dynamo driving, for which pur- 
pose its comparatively high speed is also advantageous, 
as the belt pulleys on the crank and dynamo shafts are 
more nearly equal in diameter than with slower run- 
ning engines, thus tending to reduce the slip of the 
belt. The speed of the engine can be altered, even 
when running, by adjusting the governor. A positive 
feed lubricator driven by a belt from the camshaft 
supplies oil to the cylinder. The engines are said to 
be economical in gas, as would be expected from the 
high initial pressure adopted, viz., 300 lb. to 320 lb. 
per square inch. They are made in sizes of from 
2.75 to 20 indicated horse-power. The latter weighs 
124 tons, and is designed to run at 170 revolutions per 
minute. 








UTILISING THE SUSQUEHANNA.—Some Baltimore capital- 
ists have incorporated a company which proposes to utilise 
the water of the Susquehanna as a means of generating 
electric power, to be transmitted to Philadelphia, Balti- 
more, Wilmington, and other points. It is proposed to 
dam the Susquehanna, near Conowingo, Maryland, and 
to erect there a large electric power-house similar to that 
at Niagara Falls. Extensive tracts of land have been 
purchased near Conowingo, and surveys have been com- 
pleted for an extensive plant. Work, it is announced, 
will be commenced on the dam as soon as the spring 
freshets are over. 





SwEDISH ae — ee the past year the production 
of pig iron has considerably exceeded that of the previous 
year, whilst the output of other kinds of iron has remained 
about the same as in 1893. The exports show an increase 
as regards pig and ballast iron, but a decrease of some 
importance as far as bar iron is concerned, and will, on 
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the whole, prove some thousands of tons less than in 1893. 
The consumption within the country of iron and steel 
has materially increased, and will probably counterbalance 
the decrease in the exports. Taken all round, last year 
has, however, been unusually dull, both as regards price 
and demand. 





Stormy PassacE or THE ‘* Lucanta.”—The Cunard 
steamer Lucania was detained loading her outward cargo 
by bad weather on the 12th inst., and did not leave the 
Mersey until 10.40 p.m. in the face of a strong south- 
easterly gale. Owing to the delay of the mails, she was 
obliged to stop at Queenstown for about six hours, passing 
Daunt’s Rock Lightship outwards at 4.20 p.m. on the 
12th. A telegram received in Liverpool announces 
that she had fresh westerly winds throughout, but never- 
theless made the passage in 5 days 16 hours 28 minutes, 
her average speed being 20,41 knots. She passed Sandy 
Hook Lightship at 4.13 a.m. on the19thinst. Her daily 
runs were as follows: 422, 474, 525, 542, 529, and 296 
nautical miles. 





_ Coat IN THE Farox Istanps.—In several of the Fiirie 
islands there are coal deposits, more especially in Suderi. 
Through a long series of years researches and tests have 
been going on, without, however, much coming of it, and 
the rights have changed hands morethan once. A syndi- 
cate has now the matter in hand, and whilst Professor 
Johnstrup, the Danish geologist just dead, estimated the 
deposits as containing upwards of 50,000,000 tons, the 
last reports bring the figures up to some 225,000,000 tons 
in Suderé alone, in addition to which there are deposits 
of iron and copper ore, &c. The quality of the coal is 
understood to be quite satisfactory, and the cost is cal- 
= at some 33 per cent. less than that of the Scotch 
coal, ; 


Coat IN Potanp.—The demand for Dombrowa coal 
has increased, owing both to the increased requirements of 
the southern portion of Poland, and tothe transit through 
Prussia having been allowed to the Government Kalisch, 
where the industry is extending every year. Hitherto 
this Government has obtained coals from distant stations 
on the Warsaw- Vienna Railway by horses, or from Lody, 
or the manufacturers were compelled to use expensive 
imported coal. As a result, the output of Dombrowa 
coal rose in a twelvemonth from 3 million tons to 33 
million tons. The colliery-ownersof that district are, how- 
ever, preparing to meet further increased demands, and do 
not anticipate any difficulties in connection with a much 
larger output. A further impetus will be given to the 
Dombrowa coal industry by the establishment of a water- 
way from there to Warsaw and the district beyond, and this 
— solely upon the Prylsna River being made navi- 
gable, which river is a tributary to the Weichsel, and 
flows through Austrian, Prussian, and Russian territory. 
The authcrities are giving this matter every attention, 
and steps are being taken to make the said river navi- 
gable. The railway department is also assisting the 
matter by the lowering of the tariffs in direction of 
Alexandrowsk, where the coal is reloaded into barges, 
and whence it can be transported by water to Odessa. It 
is even possible that the Dombrowa coal may enter into 
competition in the Donau districts, where coal is scarce. 
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JAMES WATT AND OCEAN NAVIGATION.* 
By Professor Exear, LL.D. 

I xsreem very highly the honour of being invited to 
lecture before you this evening on the eve of the anniver- 
sary of the birth of your great townsman, James Watt. 
Many men of the highest attainments and distinction— 
great philosophers, mathematicians, and engineers—have 

pred x me in this yearly duty and privilege of ow 

fore you to recall the memory of the great mechani 

enius who was born and brought up in Greenock a cen- 
tury and a half ago. I could not presume to come after 
the illustrious men whose names I find upon the list of 
lecturers in previous years except for one qualification 
which I do venture to claim, and that is of being second 
to none in respect and admiration for the genius and the 
immortal works of James Watt. Feeling that my only 
justification for being here on this memorable anniversary 
is that of being a humble admirer and student of James 
Watt’s works, I have thought I might do best by simply 
trying to recall to your minds something of the vast 
extent and importance of the improvements that have 
arisen out of Watt’s inventions in a field from whence 
Greenock acquires much of its fame and prosperity—that 
of ocean navigation. In taking this course, I cannot 
profess to tell you anything new or strange, for the extent 
and rapidity of progress in steamship construction, the 
enormous increase of the shipping trade, and the social 
and economical changes these have caused all over the 
world, are among the most frequently told and the best 
known marvels of our modern nineteenth century civili- 
sation. On an occasion like the present, however, which 
is essentially commemorative and contemplative in its 
character, I thought it might not be undesirable to subor- 
dinate during the short time we are together all ideas of 
novelty and originality of thought and expression to that 
of reflecting calmly and as intently as we can upon what 
James Watt was, what he did to create and develop one 
of the most potent factors in the progress and happiness 
of mankind, and the manner in which his efforts have 
borne fruit, and inspired others to follow with success and 
advantage in the same path of invention and improve- 
ment. But if I be asked what James Watt did during 
his long, busy, and eventful life to improve ocean naviga- 
tion, or to adapt the steam engine to the work of propel- 
ling ships, I am obliged to reply that I am not aware he 
personally did anything, or even that he concerned him- 
self much about the matter. He took no personal part 
that we know of in applying or adapting his steam engine 
to the propulsion of ships. The reason probably was that 
Watt’s life, after his attention was first directed to the 
subject of the steam engine, or fire engine, as it was then 
called, by his friend Professor Robinson in 1759, when 
Watt was twenty-three years of age, was devoted first to 
learning all he could by close study and by numerous and 
exhaustive experiments about the working of the steam 
engine, next to inventing the long and brilliant series of 
improvements which immortalised his name and gave to 
steam power its great promise of success and usefulness, 
and afterward to what really proved the most difficult 
task of all—that of embodying his inventions in real 
working engines which would realise their theoretical 
possibilities and actually perform what was expected of 
and promised for them, and of making such engines in 
sufficient numbers and keeping them at work continuously 
with the efficiency and economy requisite to make them 
mechanically and commercially successful and remunera- 
tive to their proprietors and makers. The popular idea 
of a great inventor is that of one who by some grand 
conception or sudden inspiration, or perhaps a lucky 
accident, acquires fame and wealth almost by one brilliant 
stroke, or a series of such strokes, as a prospector for 
valuable ores or precious stones might by good judgment or 
fortune light upon a mine rich in gold, silver, or diamonds. 
It may be true in some instances that inventions have 
been of the nature of ‘“‘ happy thoughts,” which have been 
simple and opportune enough to meet with immediate 
recognition a rich reward. But in the case of most of 
the greatest and most valuable mechanical inventions— 
Watt’s among the number—it has not been the ideas or 
the inventions by themselves that have brought success, 
prosperity, or even satisfaction to their owners. ‘These 
results have had to be painfully and slowly evolved out 
of long and costly practical demonstrations and experi- 
ence of the alleged merits of the invention. James Watt 
toiled, suffered, and endured for more than 20 years after 
his discovery of separate condensation in 1765 before he 
could see that his steam engine would ever bring him 
anything but disappointment, loss, and misery. It was 
in 1790, when the steam engine had at last become esta- 
blished as a working power, and was being used not only 
for pumping mines—the purpose for which it was origi- 
nally designed—but for operating corn and cotton mills, 
rolls and hammers in iron works, coining money, and 
working machinery of various kinds, that Watt and 
Boulton were asked to take up 


THE QuEsTION oF SHIP PROPULSION. 


The resources of their establishment were then strained 
to the utmost to keep up the supply of reciprocating and 
rotary engines that were required; and the trouble 
was no longer how to get orders, but how to keep 
orders from coming in too fast, and how to execute 
those that could not be kept back any longer. Watt’s 
earliest interest and his first experiments with the 
steam engine were in connection with its applica- 
tion to driving wheel carriages, that being the idea 
Professor Robison had when he first mentioned the 
subject of the steam engine to Watt in 1759. Yet 
when Wm. Murdock, Watt and Boulton’s right-hand 


* Abstract of paper read before the Greenock Philo- 
sophical Society. 

















man, succeeded, in 1784, in making a working model 
of a locomotive which nearly frightened the worthy clergy- 
man out of his wits in Redruth, when he met it one 
evening hissing and glowing in the avenue leading to his 
own quiet parsonage, Watt advised that Murdock should 
be recommended to give up his scheme, because, if it were 
pursued, it might have the effect of withrawing him from 
the work of the firm, to which he was indispensable. 
Watt’s attention was now fixed upon the satisfactory and 
profitable execution of the work that poured into the firm, 
and upon keeping together theskilled workmen and foremen 
who had been trained there for engine making. He was 
not anxious to undertake new forms or applications of the 
steam engine himself, and he did not want his best hands 
to be tempted away by others for such a purpose. He 
therefore threw cold water upon Miller and Symington’s 
scheme for propelling vessels by steam, as he had pre- 
viously done upon William Murdock’s invention of the 
locomotive carriage. It is highly characteristic, however, 
of Watt’s fertile and original genius, and significant of 
what he might have done to develop the marine engine at 
the commencement of its history had he taken the matter 
up, that upon the two principal occasions we know of 
when he applied his mind to the subject he made very 
pregnant suggestions. Thus, when Watt sent drawings 
of his engines to Soho in 1770 for Mr. Boulton to construct 
one by for experiment, and had been told that it was 
intended to make an engine to draw canal boats, Watt 
wrote, ‘‘Have you ever considered a spiral oar for that 
purpose, or are you for two wheels?” and to make his 
meaning clear, he sketched a rough but graphic outline of 
a screw propeller. This is the 


TARLIEST SUGGESTION OF A SCREW PROPELLER 

I know of, except that it was proposed by Daniel Ber- 
noulli, the mathematician, in 1752. Again, in 1816, four 
years after the first Clyde steamboat, the Comet, was 
built at Port Glasgow and engined by a Greenock firm— 
the ancestors, I think, ina primitive state of development 
of — great firm of Messrs. Caird and Co.—when 
Mr. att was upon his last visit to Greenock, he 
went to Rothesay and back in a steamboat. Ab that 
time the engineer did not reverse his engines, but simply 
stopped some time before the vessel reached her moor- 
ing place and let her gradually slow down. James Watt, 
then an old man of 80, tackled the engineer of the boat, 
and showed him how the engine could be reversed. He 
tried to explain this with the aid of a foot-rule; but 
not being successful in doing it to the complete satisfac- 
tion of the engineer, he is said to have thrown off his 
overcoat and given a practical demonstration. Although 
Watt never took up the subject of steam navigation and 
never made a marine engine, still he was in reality its 
originator, because he discovered and provided the means 
by which it could be — with advantage to the pro- 
pulsion of ships. Each of his great improvements upon 
the old engine that worked by atmospheric pressure and 
condensed its steam in the cylinder—such as the separate 
condenser, the double action of the steam in the cylinder 
on both sides of the piston, working the steam expan- 
sively, the centrifugal governor for automatically regulat- 
ing the speed of the engine, and many others—was a 
direct adaptation for marine purposes. Once the matter 
was actively taken up here in this part of the 
Clyde by building the little Comet; and it was found 
that, rude as were the arrangements of machinery 
and the workmanship, the boat could actually travel 
between Greenock and Glasgow and beat the old 
** flyboats” which plied between the two places, 
steamboats were built in rapid succession and growing 
numbers, of constantly increasing size, — and speed, 
and for longer and longer voyages, until the stupendous 
results have been achieved in steam navigation 82 or 83 
years after the Comet was built, which are so familiar to 
all of us, and now constitute such a potent factor in the 
affairs of the world and the fortunes of our race. 

After referring to shipping from an historical point of 
view, and comparing modern ships with those of the 
ancients, and the new conditions of life at sea with the old, 
Professor Elgar said : There is one point at which we can 
draw a definite line between old and new, at which changes 
were made so radical in their nature, and so rapid and 
universal in their operations, that all which came after is 
fundamentally different from what existed before. 
period of transition falls in the early part of the present 
century, when the propulsion of ships by steam power 
was substituted for propulsion by the wind—the motive 
power that had been employed from time immemorial— 
and when the material out of which their hulls were built 
was changed from wood to iron.’ The recency of this 
period and its near proximity to that at which we now 
are, is illustrated by the fact that it was not till after the 
accession of Her Majesty Queen Victoria that steamships 


and ships built of iron came to be regularly employed in. 


ocean navigation. At the close of the first third of the 
nineteenth century, the oversea trade of the world was 
carried on with ships that were all built of wood 
and propelled by sails. Only about 200 of these 
were over 500 tons in burden or much over 100 ft. long. 
Nothing approaching to such a rapid and complete re- 
volution as the two great changes I have mentioned 
brought about in the dimensions, forms, and all the 
characteristics and qualities of ships, in the conditions of 
life on board ship, and in travelling by sea, was ever 
experienced before in the known history of shipping. All 
the old ships of which we have any knowledge—and by 
old ships I mean all that existed prior to the introduction 
of steam power—were built and fashioned entirely by 
manual power, with the aid of very simple tools; and 
they were either propelled through the water by manual 
labour or by sails that could be worked in the simplest 
manner by the crew. One of the broadest distinctions 
between the ships of the past, that were built of wood and 
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propelled by sails, and those of the present, that are built 
of iron or steel and — by steam, is that everything 
had to be done in the former by the hand of man, with- 
out any aid from machine tools or other modern labour- 
saving and labour-helping appliances. And this was so 
both in preparing the materials used in building the hull 
to their requisite form, putting them in position and 
fastening them together, and in working the ship at sea 
and handling the sails, so as to make the pressure of the 
wind most effective for propulsion. In the modern ships, 
such as are built in large numbers in this district, almost 
everything is, on the other hand, done by steam power 
in its various applications. It is by this means the plates 
which form the hull are first of all rolled and afterwards 
cut, drilled, bent to form, and many of them riveted ; 
and it is by steam power also that ships, after being built, 
are propelled through the water, steered, pumped and 
drained, ventilated, lighted, loaded, and discharged ; the 
anchor is weighed, guus are trained, loaded, and fired, 
and all the a working operations are carried on. 
There could have been no great difference in size between 
the skip of 2000 years ago and the trading vessels of the 
last century. It is the 


APPLICATION OF StKAM POWER TO PROPULSION 


and to manufacture that has enabled vessels to be pro- 
duced — recent years whose dimensions and propor- 
tions were formerly unapproachable. The employment 
of iron and steel as the material of construction would 
have been impossible without the aid of steam power ; 
and it is the extra strength of hull obtained by these 
means which alone enables ships to be built of the large 
size thathas now become common. Ib is thus not merely 
that steam power has furnished a mode of —— that 
is certain and regular in its action, and enables ships 
to make their voyages with little or no regard to wind or 
weather, but it has, by its use in manufacturing the raw 
material out of which ships are built, enabled the dimen- 
sions to be very largely increased, and that not only with- 
out risk and inconvenience, but with very great increase 
of accommodation, comfort, and safety. It is sometimes 
thought that the largest ships are essentially more unsafe 
than those of smaller size; the fact is, increase of size 
enables a vessel not only to be made easier in her move- 
ments at sea, and less affected by the waves across which 
she is travelling, but it also enables her, in the case of the 
largest ships, to be divided into so many separate water- 
tight compartments that she would be practically un- 
sinkable by the action of the heaviest seas upon her, or 
by the worst effects of a collision. In small vessels the 
same degree of safety could not be obtained. Safety is a 
quality that can be much increased by growth in dimen- 
sions. I hope I have succeeded in showing—though in a 
disjointed and incomplete way—that although James 
Watt may not have helped aciively in the a of 
steam power to ships, it is really to him and his inven- 
tions we have to look as the source from whence all the 

+ modern improvements in ocean navigation have 
Goan derived. We find in 


JAMES WATT THE TYPICAL ENGINEER. 


He possessed just the combination of qualities and the 
temperament which are required to enable a man to 
ascertain what is known of the forces of nature and their 
mode of operation, and to utilise and apply these in the 
most direct way for producing a required result. He 
formed that happy union of what is commonly called the 
‘*theoretical” with the ‘‘ practical” man. For as there 
was no better practical mechanic than Watt in the 
country, so was there no more diligent student of the 
sciences related to the subjects of his work, or a more 
patient and thorough investigator of the principles or 
theories upon which it depended. He tested everything 
by experiment ; and it is said that when asked an opinion 
of a povel invention or proposal, his reply invariably 
was, ‘‘ Make a model.’ But having ascertained by ex- 
periments all he could learn of the facts connected with 
any subject he was investigating, he was never satisfied 
till these could be explained by some physical law with 
which they could be shown to accord. His mental atti- 
tude towards the great mechanical problems he took in 
hand was that of one engaged in a close and desperate 
struggle with Nature herself, questioning, cross-examin- 
ing, testing by experiments, attacking from all sides, and 
refusing to give in till he had succeeded in wresting from 
her the particular secret he required to know. A favourite 
saying of his was, ‘‘ Nature can be conquered, if we can 
but find out her weak side.” We thus see what are the 
—— that are necessary to make a great engineer. 

hey are mechanical skill and experience, scientific 
knowledge and capacity, great powers of Observation 
and original investigation, energy, patience, and untiring 

rseverance. There have been great engineers who 
ave exhibited certain of these qualities in a very hig 
degree, but none who possessed all of them together 
in such full measure and in such harmonious blend- 
ing as we see in the case of Watt. No one man 
could otherwise, in a few years, have transformed such 
a rude and imperfect machine as the steam engine was 
when Watt first took hold of it into the most perfect in- 
strument that the working capabilities of the time ad- 
mitted. The proof of Watt’s great powers as a mechanic 
and philosopher combined are to be found in the fact that 
he perfected in such a short time, within the limitations 
that were im by the quality of the materials and the 
workmen of the day, the greatest work that has been 
—— by any engineer of modern times. We often 
ear the quession asked by anxious parents or aspiring 
youths, How can my son—or, How can I, as the case may 
me an engineer or a naval architect? This is 
sometimes asked as though the making of an engineer or 
a naval architect were, perhaps, a matter of three or four 
years’ work in an office, combined with a certain amount 
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of study of books or attendance at lectures. There are 
few persons not belonging to one of the many branches 
of the engineering profession who know what the question 
really means. HEngineering—and when I say engineering 
I include in the term shipbuilding and all other branches 
of that grand profession ‘‘ whereby the great sources of 
power in nature are converted, adapted, and applied for 
the use and convenience of man ”—engineering has of late 
become somewhat fashionable, and has attracted the notice 
of classes in the community who at one time would have 
despised it as a base, mechanic art, and turned their backs 
upon it. It has apparently acquired the reputation of 
being a well-paid profession, and of being worth belonging 
to, in amoney sense. To the general body of inquirers 
who thus look to engineering as offering better prospects 
than the army and navy, than the law, medicine, or the 
church—including some who think there might be a chance 
in that direction after failing to qualify for one of the 
professions I have named—let me say that the prospects 
of success are very remote unless he who enters upon it 
is gifted with mechanical aptitude and skill, is willing to 
gain experience by a long course of hard work, and at 
the same time has the capacity and the taste, and can 
find the time for acquiring a sound knowledge of the 
mathematics and the physical sciences that relate to the 
particular branch of engineering he may think of 
taking up. 
ComPETITION 1s Now Very KEEN 
in all departments of engineering, and what prizes there 
may be to strive for in them can only fall to those who are 
exceptionally gifted with knowledge, experience, energy, 
and determination. An ordinary student or apprentice 
who can only learn what some one teaches him, and has 
not much faculty for independent observation or for 
reflecting upon and discovering the reason of the many 
things he sees going on all around him, is never likely 
to be more than a subordinate in the ranks of the profes- 
sion, a hewer of wood and a drawer of water for others 
who have greater power of acquiring knowledge, of 
thinking for themselves, of observing and investigating 
closely and accurately the causes of defects and difficulties 
that arise out of their work, and of devising the necessary 
means of removing them. If poets ‘‘are born and not 
made,” I am sure it is equally the case with a great engi- 
neer such as James Watt. His wonderful mechanical 
skill and ingenuity was natural to him, and was the means 
of determining the course his life would take. But even 
with all that it is quite clear he could never have made 
his great discoveries and improvements had he not 
been a naturally gifted and diligent student, and 
acquired all the knowledge that was obtainable at the 
time of mathematics and natural philosophy. It is true 
that scientific study alone cannot make an engineer; 
but with the example of such a great mechanic as James 
Watt before us it would be very presumptuous for any to 
say of himself that his own practical knowledge and 
judgment was sufficient to make him a fully qualified 
engineer without studying what others have said or done 
upon the subjects of his work, or the physical laws that 
underlie the whole fabric of his practice and his ideas, I 
would be the last to encourage any young man to suppose 
that a short course of study, or ever great progress in 
mathematics and the physical science., would justify him 
in thinking himself an engineer, but I am at the same 
perfectly sure that no one, however great his mechanical 
skill and ability might be, could ever become an engineer 
in the true sense of the term without following Watt’s 
example of studying, thinking, and diligently acquiring 
all the knowledge of nature and nature’s laws he can 
obtain ; and applying such knowledge to the better under- 
standing of the principles which relate to his work, and 
upon which the degree of success he may achieve in it de- 
nds. One other remark with regard toJames Watt. I 
ave spoken of the great benefits we have derived in this 
country from the application of his steam engine to ocean 
navigation by drawing the various parts of the world 
closer towards us, and converting the sea into a broad 
highway that unites us to the different continents 
and islands which are upon it in a neighbourhood 
which is becoming nearer and more intimate every 
year. We often speak complacently of the advan- 
tage this is to our own country in particular—of what 
it has done in enormously increasing the wealth and 
prosperity of the rich, and ameliorating and brighten- 
ing the lives of the poor--in promoting the growth of our 
manufacturing trades—in enabling food to be imported 
from abroad in large and regular supplies at much cheaper 
rates than we could produce it ourselves in these islands, 
and in the great increase of E mpewrneg that the growing 
srosperity of the country and the easier conditions of life 
. thus brought about. All this is true, and it repre- 
sents an extent of change and of progress during a short 
space of time, that we can only look and marvel at, as 
being due to so large an extent to the results of one man's 
inventions. But there are orher feelings with which we 
do well to regard the matter besides those of wonder and 
admiration, and of self-satisfaction with the great pro- 
sperity and the numerous advantages the country has 
eael. 
FAVOURED ABOVE MOST OTHER PEOPLES 


We have been 

by all these great changes, and have been blessed in very 
bountiful measure. We must not forget, however, that 
among the privileges we thus enjoy, that of immunity 
from danger and harm is not included. There are few 
pleasures or privileges to be had that are without alloy ; 
and we now find, as a set-off against the benefits we enjoy 
through the improvements in ocean navigation, that we 
have much greater responsibilities and difficulties in pro- 
tecting ourselves against danger, and in preservin 

unimpaired for the future the heritage of power an 

prosperity that has been handed down to us. The same 


causes that make ocean navigation easy, swift, and 
certain for us, make it easier also for any possible 
enemies to attack us. The great increase of population, 
which is due to the recent growth of wealth and pro- 
sperity, requires for its existence constant supplies of 
raw material to be kept up from abroad, in order that 
our surplus hands may be profitably employed in manu- 
factures, and it requires also large and continuous food 
supplies from outside in order that it may be fed. 
Hence the great problem of the time for this country 
—how to protect .ourselves against the dangers and 
drawbacks of the new state of things, while enjoying 
for the time its advantages and reaping its rewards ; 
and how to effectually shield the vulnerable points 
in our armour that have arisen out of changes and im- 
provements which brought so much good in other ways. 
It is upon the sea that any real danger to England would 
arise ; and upon the sea it would have to be met. Let us 
hope that the nation which has covered all the seas of 
the world with its ships will not now fail in energy and 
enterprise, or be slow in providing and maintaining 
adequate defence of what it has produced with such 
success, and out of which it has reaped such rich reward. 
If we were to fail thus in our duties, and so shirk our 
responsibilities, which God forbid, the improvements and 
benefits we owe to the genius of James Watt might after 
all prove to usa curse instead of a blessing ; and we should 
be utterly unworthy of the country and the race which 
produced the great engineer who taught his contem- 
poraries more than 100 years ago how to manufacture 
power. 





At the conclusion of Professor Elgar’s address, Mr. 
John Scott, C.B., said it had been his good fortune 
on more than one occasion. to have listened to Watt 
lectures delivered by eminent men who had done them 
the honour of coming to Greenock, and he had been asked 
by their President to propose a vote of thanks to the 
lecturer that night. It gave him avery great amount of 
pleasure to be able to doso, because his friend Professor 
Elgar had delivered to them an eloquent and suggestive 
lecture. The time had been taken up in addressing them 
on the great subject of Watt, which was always of per- 
manent interest in Greenock, and he (Mr. Scott) trusted 
it would ever remain so. The subject had been rather 
different from what they had heard from previous 
lecturers ; and especially by young engineers (whom he 
noticed were present in considerable numbers that 
evening), he trusted that at least the latter part of the 
lecture would be taken to heart, and that it would 
prove to them an incentive to truly learn their 
profession. Possibly engineering was studied in a rather 
slip-shod way nowadays. They had too many young 
men in their drawing offices and gy ose | fac- 
tories who began to think they were James Watts, 
and that by turning over the leaves of their notebooks, 
which they could get for eighteenpence, they could 

uire as much knowledge as the great philosopher of 
whom they had been hearing. He was sure they had all 
listened with profit to the advice given by the eminent 
lecturer, whose name was well known to them through 
his having been Professor of Naval Architecture in the 
University of Glasgow, and he trusted that the wise 
words which had fallen from Dr. Elgar would result in 
profit not only to the profession in Greenock, but to the 
profession in general. 

Professor Elgar said he had to thank them most cor- 
dially for the great attention which they had given to him 
that evening. He felt it a great honour to have been 
asked to give the lecture, and it was an honour he would 
not soon forget. 





An Iratian Concress.—It is proposed to hold a con- 
gress of Italian engineers and architects at Genoa in the 
autumn of this year. The congress will be divided into 
the following sections: Hydraulic engineering, architec- 
ture, sanitary engineering, bridges and roads, railways 
and tramways, naval architecture, and general mechanical 
engineering, electrical engineering, mineralogy, metal- 
lurgy and industrial chemistry, geodesy and agricultural 
engineering, military engineering, and technical educa- 
tion. 





BELGIAN Ratt Exports.—The exports of steel rails from 
Belgium in the first 11 months of last year amounted to 
67,682 tons, as compared with 42,482 tons in the corre- 
sponding period of 1893. The exports of iron rails from 
Belgium in the first 11 months of last year were 124 tons, 
as compared with 18,512 tons in the corresponding period 
of 1893. It will be seen that the exports of Belgian iron 
rails have greatly declined of late, but that this has been 
more than compensated for by an increased inquiry for 
Belgian steel rails. 





SETTLEMENT IN THE UNITED StatEs.—The area of public 
lands still available for settlement in the United States 
at theclose of June, 1894, was 606,040,313 acres. Of this 
vast area 314,564,238 acres had been surveyed, while the 
balance was unsurveyed. The following States and Terri- 
tories still contain undisposed of areas of public land to 
the extent of 50,000,000 acres and upwards: Arizona, 
55,707,224 acres ; California, 52,025,831 acres; Montana, 
72,765,307 acres ; Nevada, 52,914,635 acres ; New Mexico, 
57,783,790 acres; and Wyoming, 54,396,172 acres. It 
should be observed that a good deal of this still unoccu- 
pied land is not adap for settlement, being either 
mountainous or arid. On the other hand, no account has 
been taken in our enumeration of public lands still un- 
occupied in Alaska and certain military and Indian reser- 





vations. 








LAUNCHES AND TRIAL TRIPS. 


THE steel screw steamer Normandy, 305 ft. by 41 ft. 3in, 
by 20 ft. 3 in., constructed by Sir Raylton Dixon and Co., 
Cleveland Dockyard, Middlesbrough, had a successful 
trial trip in the Tees Bay on January 5. The vessel has 
been built to the order of Messrs. David Iver, Sons, 
and Co., Limited, of Liverpool and London, and has 
been specially designed for the requirements of the River 
Plate trade, being titted for a few ngers and specially 
arranged for carrying cattle. Triple-expansion engines 
have been fitted by Messrs. Blair and Co., Limited, 
Stockton-on-Tees, with cylinders 23 in., 37 in., and 61 in. 
in diameter by 42 in. stroke, with two large steel boilers 
working at 160 lb. pressure. 





Messrs. Alex. Stephen and Sons, Linthouse, Glasgow, 
launched on the 11th inst. a steel screw steamer, the Dur- 
ward, the second of that name built for Messrs. George 
Gibson and Co., Leith, the first having been recent y 
sold. The vessel is designed for Messrs. Gibson’s 
Continental trade, and intended to carry passengers 
direct from Leith to Antwerp without calling at any 
intermediate port. She is of the following dimensions: 
Length between perpendiculars, 260 ft.; breadth (ex- 
treme), 324 ft.; depth moulded, 174 ft. Accommodation 
is provided in the poop aft for 50 first-class engers, 
with ladies’ cabin and all usual accessories. er engines 
are of the triple-expansion type, having cylinders 23 in, 
37 in., and 59 in. in diameter by 42 in. stroke, supplied 
with steam from two large single-ended boilers con- 
structed for a working pressure of 170 lb. 





The latest addition to the fleet of steamers owned by 
the American Petroleum Company, Rotterdam, was 
launched on January 12 from the shipyard of Messrs, 
Palmers and Co., Jarrow-on-Tyne, and named the 
Rotterdam. The vessel is built for the carriage of 
petroleum in bulk, her dimensions being 360 ft. by 46 ft. 
6 in. by 27 ft. 10 in., and she will have power sufficient 
to drive her at a high rate of speed at sea. She is 
designed to carry 4900 tons of petroleum in bulk, and is 
built to the highest class at Lloyd’s and Bureau Veritas. 
Her engines, also by Messrs. Palmers, will have cylinders 
284 in., 46 in., and 75 in. in diameter, having a stroke of 
48 in, Steam will be supplied by four single-ended 
boilers. She is built to the designs and under the super- 
vision of Messrs. Flannery and Blakiston, London. 





Messrs. Ropner and Son, Stockton, launched on the 
11th inst, a steel screw steamer of the following dimen- 
sions, viz. : Length over all, 326 ft. ; breadth, 40 ft. 6 in. ; 
depth moulded, 23 ft.7 in. Her triple-expansion engines 
are by Messrs. Blair and Co., Limited, and are of 1000 
indicated horse-power, with two large steel boilers, 
working at 160 lb. She has been built for Newcastle 
owners, and the name of Isle of Kent was given to her. 





The Montrose Shipbuilding Company launched on 
Saturday, the 12th inst., a steel screw cargo steamer 
named Savoy—dimensions, 130 ft, between perpendiculars 
by 25 ft. by 13 ft. 117 in. moulded—having engines with 
cylinders 16 in. and 32 in. in diameter by 24 in. stroke, anda 
boiler 11 ft. by 10 ft., working at 130 lb. pressure. This 
vessel is one of three that the company are building; she is 
to the order of Mr. Joseph Constant, London. The vessel 
will carry about 430 tons on 12 ft. draught ; she has water 
ballast in double bottom throughout, and in after-peak 
tank. The machinery is by Messrs. Hall-Brown, 
Buttery, and Co., Govan. 


H.M.S. Salmon, the first of two torpedo-boat destroyers 
on order from Earle’s Shipbuilding and Engineering Com- 
pany, Limited, was launched from their yard at Hull on 
the 15th inst. She is 200 ft. long, 19 ft. 6 in. beam, and 
5 ft. 6 in. draught of water, the engines being twin screws 
of the triple-expansion type, and the boilers, made by 
Earle’s Company, are of the Yarrow design. The pre- 
liminary steam trials will take place within a few days, 
after which the ship will be put upon her official tests, 
prior to being handed over to the Admiralty. 





The Grangemouth Dockyard Company have launched a 
steel screw steamer of the following dimensions: 363 ft. 
by 37 ft. by 19 ft. 3 in., fitted with double bottom all fore 
and aft for water ballast, and designed to carry 2500 tons 
deadweight. The vessel is of the raised quarterdeck type, 
with bridge and forecastle, and has accommodation pro- 
vided for crew forward, and for captain, officers, and 
ey 8 in a large cabin amidships. She is to trade 
on the Mediterranean. The vessel been built to the 
order of Marquis J. Scicluna, of Malta. The vessel was 
named the Joseph Scicluna. 





Messrs. Murdoch and Murray, Port Glasgow, launched 
a steel twin-screw steamer of the following dimensions: 
150 ft. by 33 ft. by 17.4 ft. depth to awning deck. The 
vessel is intended for passenger and cargo service on the 
River Amazon, and has been classed in Lloyd’s Register. 
On leaving the ways she was named the Rio Tapajos. 
This is the last of four steamers which the firm contrac 
for some time ago, and, like the sister vessels, will be 
engined by Messrs. David Rowan and Son, Glasgow. 





There has been launched from the shipbuilding yard 
of Messrs. Robert Duncan and Co., Limited, the East 
African, a three-masted steel sailing vessel of the follow- 
ing particulars: 240 ft. by 39 ft. 8 in. by 23 ft. 114 in. 
(moulded) dimensions, 1750 tons gross, built for the East 





African Shipping Company (Limited). 
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ON RELATIVE TESTS OF CAST IRON.* 
By W. J. Kzep. 


RELATIVE tests are such as are applicable to every case. 

In such a test, any size of test piece might be selected ; 
and having made one test record, every other record by 
the same method is so much greater or less than the 
original, which is regarded as standard. There is a direct 
relation between the test record and the composition of the 
iron, also between the record and size of the casting, and 
also its shape. A relationship also exists between the 
test record and the conditions attending the melting and 
handling iron, and the making of the castings. It would 
be well to fix upon a given size of test piece, which would 
be used by all, and a fixed routine should be prescribed so 
as to prevent as much as possible variations in conditions, 
The only variable would then be composition. The test 
record would, in ordinary foundry practice, indicate 
changes in composition. Ifthe composition and routine 
‘in each case were known, records by different persons 
could be compared. Itis the object of this paper to pro- 
vide a means for determining the physical quality of 
a casting of any size or shape, from the test record of any 
size-of test piece which it may be thought best to use. 

We deaired to use grey iron with as low silicon as would 
be used in any ar making grey iron castings. 
The Iroquois Furnace Company, of Chicago, sent us 
3 tons of No. 3 Mal. Bessemer pig iron, of clear uniform 
grey fracture, very strong and tough in the pig. It con- 
tained TC 4.07, GC 3.15, CC 0.92, P 0.23, Si 0.88, 
S 0.035, Mn 0.50. This iron was made from Lake 
Superior ore with coke. 

The Ashland Iron and Steel Company of Ashland, 
Wis., also sent us 3 tons of charco: Pig iron, brand 
Hinkle, also from lake ores containing TC 3.507, GC 
2.69, CC 0.817, P 0.13, Si 1.09, S 0.015, Mn 0.72. Both 
of these companies analyse each cast and furnish iron on 
a guaranteed analysis when required. 

he Pencost ferro-silicon, by which silicon was added 
to these irons, was made at Bessic Furnace in the Hock- 
ing Valley district, from carbonaceous ores with coke. It 
contained T C 2.833, G CO 2.072, CC 0.761, Si 10.87 
(another analysis of another pig gave 10.27, and still 
another 14.77), P 0.49, S 0.142, Mn 0.70. 

Six series of test bars were made with Iroquois pig iron ; 
six series with Hinkle pig iron; three series with De 
Bardeleben pig iron ; two series with Hinkle and scrap iron. 

All series were melted in a cupola with Connellsville 
coke ; the first 12 series were each melted separately, but 
the three De Bardeleben series were regular foundry 
mixtures of the Michigan Stove Company, while the last 
two were cast from a regular foundry mixture with Hinkle 
pig iron. 

Description of Test Bars.—Kach test bar for trans- 
verse testing was cast horizontal, two bars exactly alike 
being run from the same gate, which was set so as to 
feed the iron from the underside of the casting. There 
was one gate near each end of the mould. This arrange- 
ment made the lower half of the casting solid, and im- 
perfections on the upper surface would do comparatively 
little harm. Cast-iron yokes were bedded in the sand 
so that parallel iron surfaces should form the ends of the 
mould to chill each end of the bars, and to permit of the 
measurement of the shrinkage of the bar. 

Series were to be made containing 1.00, 1.50, 2.00, 2.50, 
3.00, and 3 50 per cent. of silicon, which would represent 
all grey iron mixtures for machinery and light castings. 
To represent all sizes of bars in use, and all sizes of 
foundry machine castings, the following test bars were 
made in each series : 


2 test bars 7; in. by lin. by 12 in. oe 
10) jb» square by 12, } Keop's size, 
” ” ” J ” 7 
2 ne cc by 26. Engineers. 
2 fm» BYE | Architects, 
: ” : ” b 5 rid 14 ” 
” » Dy 4in. by ” 
2 . 1) by2,, by 26, \ Water works. 
a 2 ,, square by 26 ,, 
2 ¢ Se. y 26 ,, Heavy castings. 
; ” 4 ” di ” - by 12 ” 
” Ie »» Glameter by ” x ° 
’ = 1k a we by 14, \ For comparison 


In the 17 series there were 612 of these test bars for 
testing transversely or by cross breaking. 


For tensile test the following bars were made in each 
series : 

Two test bars, 14 in. in diameter by 12 in. with spherical 

eads ; two test bars, }fin. in diameter by 12 in. with 
spherical heads; two test bars, 14 in. in diameter by 
15 in. to be turned to 14 in., or 102 bars in all for tension. 

For compression, cylinders were turned from the broken 
ends of the last-named bars. 

Depth of Chill.—Each test bar was cast between yokes 
presenting a chilling surface to each end. The iron 
entered from the under side of the mould, 3 in. from the 
chill at each end. It will be seen that theiron first struck 
the bottom edge of the chill, and rose along its surface as 
the iron filled the mould. In the }-in. bars, and to a less 
extent in the l-in. bars, the moulds were filled more 
quickly, and with less agitation of the metal on the chilling 
surface. We have often previously noticed, even in 4-in. 
bars, where a chilled end of a bar has tilted up and fallen 
inward, so that the fluid metal would flow around it and 
against the chill. The smaller test bars seem to give the 
truest indication of chill, and in the larger bars the chill 
is wholly washed away after the chill surface has become 
too hot to produce a chill. This is proven by the following 





* Abstract of paper read before the American Society 
of Mechanical Engineers at the New York meeting, 
December, 1894. 












































TaBLeE I, 
} r=] ‘os ] | ° 
i = eid a : : 
~ de | Pio |g g| § A E Is 
& 2i= \ verage = 
Date, 3 iBsé m Ele Slee D Gnpele 3 32 
1004. Gels! & lod S828 S| Scrap. (gBleles 
BES 3 lséedjes| | “P |szigias 
ESS BOBO?! a a? |A\3 
August 16 1 | 0 600 | 608 a 559 | 69 675| | 17 
: 0 | 400! 573| 88 . | 708 8 
» | 8 | 0 |400/ 622] 78/539) 68 arto. | 982|--] 7 
| #200 700 | 687 113|558| 69 | 45‘cath | 674|.-| 10 
» | 5 | 0 |600| 552) 148/523) 68 | “Opthe |638} | 15 
August 176 | 0 |600/ 517| 183/581 67| Qhtae, |633)..| 15 
i 7 100 '600/ 700} 0/659| 79 685 |..| 15 
He 8 [100 '690| 664| 36|544| 52 643 |..| 15 
is 9 |100 | 600 | 628) 72/530) 62 639 8 
August 2010 | 0 '650|/592/108|494| 60; 6531b. |607|..| 14 
» {LL | 0 |650| 656 | 144| 544| 69 | average |656|..| 9 
»  /12 | 0 | 600/620) 180 560 75 | of last 8 |687|..| 10 





chill records (Table II.), there being only one gate at one 
end of the mould: 


TaBLE II.—Depth of Chill. 

















| | | | 
Number of Series 2 | 8. | ai RS re pees 
lin. square bar, end no 
gate .. os .. -15| 04) 05.80; .03 .10)| .04| .03 .02 
1 in. square bar, end! | | | | 
with gate .. .| 06 | 02] .04/ 55 °.19 .10] O |.02 01 
lin. x 2in. bar, end no | | | | | | 
gate .. .. ..|.04) 0 | 0 | 50/12; —| 0 | 0 | o 
lin, X Zin. bar, end) | | | | | | 
with gate -;0]0|0|.80 .06;-|/o]0 0 
| i | 


All other bars had two gates, and in most cases the chill 
: heap washed away, as shown by the following 
able ITT. : 








Taste III. 

we to oa > Ps | 3 é 
28) .¢] 4] .3|4 a] 24% 
as) #8 | ge | ge | go | ge | 28 | 8 
Zn| go rd | = n ) at | oe | G2 
1 83 .80 .80 80 .80 80 | .80 

2 | 1.09 63 .30 0 01 80 | .80 

$ | 278 09 =| .04 0 0 0 0 

4 | 2.18 12 105 0 0 0 0 

5 | 2.42 05 105 0 0 0 0 

6 | 2.74 .07 108 0 0 0 0 

7 “91 .80 :80 .60 45 .30 0 

s- | 16 .36 .30 135 115 05 =| .80 

9 .93 .65 125 145 .20 0 0 
10 | 2.84 .05 .05 0 0 .04 0 
11 2.56 a we 15 0 0 0 
12 | 2.77 of | .04 0 0 0 0 























Shrinkage of Cast Iron.—The general understanding is 
that the a of a casting is the difference in length 
between it and the pattern from which it was made, or 
between it and the mould in which it was cast. It is 
given in thousandths of an inch per foot of length. A 
patternmaker’s shrink rule is 4 in. longer than the stan- 
dard foot, as for practical purposes cast iron is estimated 
to shrink 4 in. to each foot of dimension. As a matter 
of fact, the shrinkage is a very variable quantity, and is 
influenced by the composition of the iron used, and by the 
size and shape of the casting. The fluid iron, by its 
specific gravity, fills every portion of the mould. hat 
which touches the mould cools, and becomes solid by 
crystals forming on all such surfaces. New crystals 
form on the inner surface of this shell until it becomes 
rigid. As soon as this shell is formed, it begins to con- 
tract in every dimension, and this continues until the 
casting is perfectly cold. In all castings, on the forma- 
tion of each crystal, a portion of the contents of the 
cast iron crystallises out and is caught between the 
crystals of iron. The principal element which thus sepa- 
rates is graphite. The size and compactness of the crystals 
is due to the size of the casting, and is a secondary cause 
of variation in shrinkage. All carbon in fluid iron is 
supposed to be combined with the iron, and fluid iron is 
capable of holding more carbon in combination than it 
could hold when cold. For this reason, pig iron that is 
saturated with carbon, that is, contains all that it can 
dissolve and hold when it is melted, will be grey when it 
colidifies, on account of the particles of black carbon being 
caught between its crystals. Silicon lowers the saturation 

int for carbon at the temperature of solidification of the 
iron, so that, by adding silicon to cast iron that is not 
grey, it will become so. ; 

Silicon of itself increases shrinkage and hardens cast 
iron, but by its influence on carbon—that is, by driving it 
into the graphitic state—it softens the casting and 
decreases shrinkage. We therefore say that silicon in 
foundry mixtures controls shrinkage and softens cast iron 
When a farther portion of the fluid metal inside the shell 
solidifies, it also shrinks and tends to pull towards the 
shell, and when the lust portion at the centre crystallises 
there may not be enough to fill the spaces and form a solid 
casting. 

If acavity is likely to be left at the centre of the cast- 
ing, by churning the metal in the gate, a connection may 
be made to the open spot, through which fresh fluid metal 
may be fed to fill such cavity. The slower a casting cools 
the larger will be the crystals ; therefore, a large castin 
will shrink less in its outside dimensions than a smal 
casting from the same metal. , 

The amount of shrinkage then varies: _ 

1. In proportion to the total quantity in the pig iron. 

2. In proportion to the percentage of silicon present. 

3. In proportion to the size of the casting. 

It has been stated that a close-grained pig iron with 


’ 


2 per cent. of silicon will produce as soft a casting with 
as low shrinkage as a pig with 2 per cent. of silicon with 
a dark, open grain, astings from foundry or grey 
forge or No. 3 pig, with the required silicon added es 
silvery iron, will generally have a higher shrinkage than 
if made from pig iron containing the silicon required in 
the casting. As an example, take the following extreme 


case : 

Gaylord white pig iron (Si 0.18), with Si increased to 
2.42 per cent., gave shrinkage . 160. 

FL. M. grey pig iron (Si 1.25), with Si increased to 
2.41 per cent., gave shrinkage .140. 

The silicon in some silicon irons will exert more in- 
fluence than that contained in others, For example: 











TabBE IV. 
a "evn 
Per Cent. Per | Shrink- Strength 
Cent.| age. | 
Si. | in.per| Ib. 
foot, 
F. L. M. grey pig+4.36 Pencost, casting | 2.50 | .148 380 
a » +4.70 Ashland, ,, 2.60 | .143 378 
+ » +4.35 Dayton, ” 2.50 | .145 375 
a » +4.41 Sloss, a 2.50 | .190 | 407 





The latter silicon iron contained only 1.21 total carbon, 
and did not leave enough carbon in the casting for the 
silicon to act upon. The treatment of the iron in remelt- 
ing and in handling before it reaches the mould influences 
shrinkage, hardness, and strength. For example, the 
iron that first comes down on to the cupola bottom is 
harder and has a higher shrinkage than that which comes 
after the cupola is thoroughly hot, though it may con- 
tain more silicon. 


TABLE V. 
Shrinkage. Strength. 
First iron with 3.22 per cent. 
ie aes a “es, alee 390 
Last iron with 3.14 per cent. 
| ae ad : 121 400 


And the average difference for 11 days between the 
rhrinkage of the first iron and that half an hour later was 
0.026. 

Tron as it comes from the blast-furnace generally has 
a less shrinkage and issofter than after being remelted 
in a cupola, as the following will show: 


Tass VI. 
Shrinkage. Strength. 

Hinkle melted in covered 
crucible cad es << one 408 
Hinkle melted in cupola 176 338 

Iroquois melted in covered 
crucible ae ‘sie sive 157 324 
Iroquois melted in cupola ... _.172 338 


As the conditions vary in different shops, and as dif- 
ferent mixtures give different results irrespective of the 
percentage of silicon, the percentage of silicon necessary 
to produce a given result can only be ‘approximated. But 
in one shop with substantially one mixture the shrinkage 
record will vary in proportion as silicon varies, 

Table VII. is a record of tests of 4-in. bars from a 
foundry running four days each week, making light cast- 
ings wholly from southern iron, softened by a northern 
silvery iron. The individual irons were varied on account 
of irregular receipts from the furnace or for other reasons, 














Tasie VII. 
| | 
on | Oe P as 
c d ag 3d = ge % 
Date, 1894. 23/19 /8é¢ ea] 2183/42 
= 8 |€é == 2 |. | 2s 
BS | a l|aé| a & |A%| ae 
September 11 ne -131 | .188 454 -20 -03 
1g -» | 183] .140| 480] .22 | .09 
ae 13 ‘se 145 147 446! .21 08 
ein Oe .» | 142] .144] 438] .22 | .05 
on a .. | 6185 | .141 | 460] .22 | .07 
Se 19 8.24 | 2.87 | .181 | .144 | 485] .20 | .u9 
» 20 -» | o. | 165 | .166 | 440] .21 | .07 
“a 21 2.81 | .162 | .162 403 | .22 07 
.—  S .» | 166 | .156 | 445] .20 | .11 
7 95 .» | .164| .160 | 450] .22 | .11 
4 26 os -172 | .170 | 422] 22 -09 
v6 27 ~ 2.17 | .180 | .175 |} 415 22 -05 
on -- | 174] .165 | 442] .21 | .07 
October a 8.13 141 a 436 21 -03 
ie 2 ..| 3.08 | 2.85 | .172 413} .21 | .04 
Aa 8 ..| .. | 289] 168] .. | 486} .21 | .02 
es 4 3.06 150 | .149 | 344 * 03 
‘ = 8.04 166 | .148 | 402 22 04 
‘ 8; -- | .184] .189 | 460] .60 | .04 
‘ o % 1:9 135 463 | .23 -04 
es 10:<. 161 | .143 | 443] .20 | .06 
s 1 .133 | .188 | 379] .28 | .03 
x tee -. | .188| .142 | 414] .20 | .04 
“ 15 3.81 | .132| .137 | 425] .21 | .02 
i 16: 3.19 | .146| .148| 430] .22 | .03 
S 17 at 128 | .189 | 421 21 05 
a 18 3.87 | .126 | .184 | 478] .21 | .07 
os 19 ee -128 | .136 | 448 21 04 
3 22 127 | .142 | 470] .20 | .04 
a 23 -128 | .141 | 405] .23 | .02 
24 127 | .186 | 450] .20 | .08 
+ 25 -126 | .187 478 | .19 10 
ni 29 ; 127 | 188 | 469] .20 | .05 
a 80 .127 | .187 | 461} .20 | .O1 
8 31 125 | .184 | 465] .20 | .03 
November 1 Pp. see 445 | .21 05 























For several months previous the shrinkage had been 
quite uniform at about .130. On and after the 20th the 
iron received contained less silicon, though the appear- 
ance of the pig “iron gave no such indications. From 





September 25 to 28 the mixture was all southern, no 
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silvery iron being used. After that date the extra silicon 
was imparted by the silvery iron. 

It will be seen that the shrinkage is as good if not a 
better indication of the silicon required, as the actual 
chemical analysis. The hardness of the castings varied 
with the shrinkage. 

While these shrinkages and silicons may not correspond 
with those of any other foundry, yet compared with each 
other there is a direct relationshir between shrinkage 
and silicon. Often by changing the quantity of each 
iron in a mixture without affecting the percentage of 
silicon, the shrinkage may be lowered on account of the 
physical quality of some of the irons. Often this physical 
quality will exert more influence than the chemical con- 
stitution. As seen in Table VIIL., irons having the same 
chemical constitution may have totally different physical 
qualities. For these reasons there is no given shrinkage 
for any given percentage of silicon. It is impossible to 
prescribe agiven chemical composition that will at all times 
give a required physical record. There are too many un- 
known conditions existing to make the metallurgy of cast 
iron an exact science. For example, the 19th and 2nd of 


























last Table. 
Tasie VIII. 
—- Carbon. Silicon. | Shrinkage. | Strength. 
One mixture is 3.24 2.87 «131 485 
Another mixture . 3.08 2.85 172 413 








In these cases, the same brands of iron were used, and 
both were tested in the same way, and the chemical 
composition is substantially the same, and yet the 
physical quality is very different. 

‘able 1X. shows the shrinkage of each size of test bar 
in the six series made from Iroquois iron, 


TaBLe IX.—Iroquois. 
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2 | Shrinkage ..| 172] .150| .1388, .125/ .110] .106 

| Si. 2.00 .. ..{ 1.73 |1.78 | 1.70 1.50 | 2.17 | 2.50 

3 | Shrinkage ..| .166] .145| .130, .109| .069| .039 

| Si. 2.50 .. .-/ 2.18 |1.69 | 1.60 | 1.80 | 2.17 | 2.67 

4 | Shrinkage .| 1.62 143 .123 .099| .066| .128 

Si. 3.00 .. ..| 242 1265 | 2.40 3.36 | 3.67 | 4.67 

5 | Shrinkage .-| .157] .105| .094! .075| .067| .057 

| Si. 3.50 .. ..| 2.74 |2.69 | 2.70 2.62 | 4.80 | 3.22 

6 Shrinkage -161| .130) .086, .077 | 0.85 033 





Table X. shows the shrinkage of the six series of 


* Hinkle.” 
TABLE X.—Hinkle, 
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| Si. 8.00 .. -.| 2.56 | 2.76 |2.97 | 2.49 | 2.64 | 2.84 
11 | Shrinkage ..| 157 | .102| .090| .062] .053] .023 
| $i.3.50 .. ../277 |375 | .. | 291 |2.89 | 2.95 
12 Shrinkage --| «144 .098| .092/ .068 i -023 


_ Table XI. shows the shrinkage of Southern Ala. pig 


iron 
TABLE \.I.—Southern. 
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15 Shrinkage 

The author then gave a number of examples showing 
the use of the charts, which must be omitted, although of 
great value. 

The variation in shrinkage in different sizes of castings 
is due to the difference in rate of cooling. 

In the study of cast iron, and in the control of a foundry 
mixture (see Table VII.), the 4-in. test bar has an advan- 
tage, for it is so small that it is only influenced by the 
composition of the casting. Therefore, its record is a 
mechanical analysis, telling whether more or less silicon 
is required. 

It gives this information better than a chemical 
analysis, because it takes into account not only the in- 


TaBLeE XII.—Keep's Tables. Approximate Relation of 
Shrinkage to Size and Percentage of Silicon. 
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fluence of all the elements entering into the composition 
of the iron, but it also takes into account all local condi- 
tions and the nature of all the irons used in the mixture. 
It also tells its story in a definite way, and does nob re- 
quire the trained judgment of an expert to make it of 
practical value. Whatever may be due to influences out- 
side of the silicon contained in the casting, an increase or 
decrease of silicon will lower or raise the shrinkage. 

In the study of the influence of other elements, if the 
silicon and conditions are kept uniform, and a single ele- 
ment is varied, the variation in shrinkage will be due to 
that element. For this practical use no other size of test 
bar will answer. Ina 1-in. square bar, and more so in 
those of larger dimensions, the secondary influence of the 
increased size of crystalline structure varies the record, 
oftentimes more than the composition of the iron. It is 
true that in large castings this secondary influence com- 
pletely overshadows the influence of composition, and 
thus prevents the large test bar from indicating the com- 
position. The 4-in. bar gives the information needed by 
a founder regarding composition more accurately than 
any other known method. The use of a larger test bar, 
and by finding the record of a 1. bar, would make the 
composition approximate, which is the one thing that 
should be definite. The influence of any test-bar record 
on the final cating must be approximate, any way, 
because the size will necessarily vary, and outside com- 
plications will also exert an influence. The convenience 
of the use of a 4-in. bar is also greatly in its favour. 


(To be continued.) 








COLLISION AT CARLISLE CITADEL 
STATION. 

In the early morning of November 13 last a Glasgow 
and South-Western up express train came into very slight 
collision with the tender of a Midland engine which was 
attached to eight vehicles forming the Manchester and 
Liverpool portion of the North British up train, and 
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which was standing at No. 2 platform, Carlisle station. 
The coupling between the engine and the vehicles became 
detached, and they were driven forward a few yards, but 
no damage was done to them or the engine. One pas- 
senger in the Glasgow and South-Western train com- 
plained of injury, and but slight damage was done to that 
train. Nothing left the rails, and the permanent way was 
not disturbed. 

The accompanying figure gives diagrammatically a 
plan of the station and such signals as are necessary for 
the clear poserenemees. Yl the report. Owing to the large 
amount of shunting at this station, permissive block work- 
ing is authorised, and has been worked under a very effi- 
cient set of rules ever since September, 1883. No. 1 road 
is a down one; No. 2 for both up and down traffic ; Nos. 
3 and 4 are sidings, though the former is signalled as a 
down road, while No. 5 is the up line. The lines are quite 
level. The station, being used by so many companies, is 
worked under a joint committee. 

From Major Marindin’s report we gather that the rear 
portion of the North British up train was left at the north 
end of the platform between the footbridge from one plat- 
form to the other and the viaduct carrying a street across 
the line at the end of the platform. A Midland engine, 
with its tender to the north, was brought out of No, 3 
siding through 31 points and backed on toit. Points 19 
were then pulled over and No. 6 signal lowered for the 
train to be pushed into the siding in order to allow the 
Glasgow — South-Western train, then overdue, to also 
draw into the siding after stopping at the platform. 
Some fish and parcels traffic was being taken out of the 
North British train, so the driver was waiting for a hand 
signal before pushing the train back. The Glasgow and 
South-Western train was given on from No. 3 cabin just 





after the Midland engine had backed on to its train, and 
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the signalman at No. 4 cabin thereupon kept it waiting 
at his home signal, as the signalman at 4a cabin had not 
pulled his slot off. After a three minutes’ detention, the 
4a man, with the permission of the platform inspector, 
accepted the train and pulled off his slot on 4’s home 
signal, but he kept his ‘‘ disc” to ‘‘ Train on line,” so that 
in accordance with the rules the signalman at 4 cabin, 
after lowering his home signal, showed a green light to 
the driver to intimate that he was to come in at “‘ Caution,” 
another train being already in the station. The Glasgow 
and South-Western driver ran into the station in steam, 
and seeing No. 6 signal off, took it for a signal that he 
was to run up to No. 19 points, and, after stopping at the 
platform, to run through them on to the siding, this being 
his usual programme. He alleges that he saw no red 
lights in front of him, and was not aware of any obstruc- 
tion until within 20 or 30 yards of the tender, whereupon 
he at once shut off steam and applied his brake. On the 
other hand, there is no doubt that the side lights at the 
northern tail of the North British train were showing 

ood red lights, but on the Midland tender there was at 
frat a white light, as the driver was under the impression 
that he was going to pull the North British train towards 
the No, 4 cabin and so into the siding, which he some- 
times does, but he states that he changed this to red on 
seeing No. 6 signal off just as the Glasgow and South- 
Western train was coming in. 

Major Marindin holds the driver of the Glasgow and 
South- Western train responsible for this slight collision, as 
he thinks that had he been keeping a good look-out he could 
not have failed to have seen the tail lights, and such a 
good look-out was necessary here, as the line is often 
occupied between the platform end and No. 19 points. 

The Inspector adds, that although the rules for permis- 
sive block working have been very carefully drawn up 
and very strictly adhered to, as is evidenced by this acci- 
dent being the first that has occurred since their coming 
into force 11 years ago, yet he would suggest additional 
safeguards as follows: First, a rule to the effect that no 
trains be allowed to enter the station even at “ Caution ” 
unless the platform is quite clear up to Nos. 5 and 6 
signals, He points out that nothing is now gained by 
allowing two trains to be in together north of the above 
signals unless such trains are exceedingly short ones, for 
the second one would overlap the platform, and this 
might lead to injury to some passenger alighting too soon. 
Secondly, as trains stopping at the present home signal 
would prevent access to No, 5 line, a set of stop signals, 
slotted from 4a central cabin, should be provided at 
No. 4 cabiu or between it and the platform, such signals, 
on being lowered, to give access to the platform either up 
to Nos, 5 and 6 signals or up to any train standing north 
of them. The distance would be so short that not sufficient 
speed could be got up to fear the risk of a collision, but 
in order to avoid all such risk, “‘calling on” arms might 
be provided below the stop signals, such ‘‘calling on” 
arms to be used only when there was any obstruction be- 
tween them and Nos. 5 and 6 signals, Until this is done, 
Major Marindin thinks it would be better not to pull 
No. 6 signal off or set 19 points until the incoming train 
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has stopped at the platform. He also considers that the 
Midland engine, when employed as a shunting engine, 
should carry a red light at each end in accordance with 
ye usual rule applying to shunting engines in yards and 
sidings. 





THE RHINE AND THE MEvUSE.—The commissioners of the 
Rhine and Meuse Canal have had an interview with the 
provincial engineer of Northern Brabant with reference 
to a junction of the canal of the Nord with the Meuse at 
Venloo. It is understood that the junction has been 
decided on in principle, although the details are not yet 
arranged. 

ATLANTA.—Atlanta, the capital of Georgia, has been 
growing greatly since the close of the American Civil 
War, in April, 1865. During his celebrated incursion 
into Georgia in the winter of 1864-5, General Sherman 
took Atlanta, but he treated it, upon the whole, with 
clemency. In 1870 Atlanta had a population of 21,789; 
in 1885 the place boasted 56,857 inhabitants ; a census 
just taken carries the total to 108,644. 

ELEVATED RaILRoaps AT CHIcAGo.—An agreement has 
been finally arrived at with a view to building a belt loop 
line through the business district of Chicago to be used 
in common by all the elevated railroads of that city, The 
agreement has been signed by the officers of the Lake 
Street Elevated and the North-Western Elevated Rail- 
road Companies, and it is also to be signed by the officers 
of the Chicago and South Side, Rapid Transit, and Metro- 
politan. The loop is to be built by the Union Elevated 
Railroad Company, which was incorporated November 
22, 1894, with a capital of 5,000,000 dols, 
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ELECTRICAL APPARATUS, 


546. A. Muirhead and G. W. Green, London, 
Electric Telephony and Telegraphy. [1 Fig.) Janu- 
ary 10, 1894.—In carrying out this invention there are employed 
at each telephone station an induction coil or transformer P §, 
with open magnetic circuit having a plurality of primary circuits 
and a single secondary circuit wound concentrically on a core of 
iron wires. The diagram shows an arrangement of three primary 
circuits of the transformer, in one of which, P!, is placed a telephone 
transmitter T, which is preferably one of the granular carbon 
type with thin diaphragm, with a contact key K and a battery B. 
In another primary circuit, P?, isincluded an ordinary Morse key 
M K with battery B!. In thethird primary circuit P? is included 
the telephone receiver R with coils of low resistance and a dia- 
phragm preferably of large diameter. The secondary circuit S 
of the t former ig ted to the line and earth or return 
wire. At intermediate points on the line there may be placed a 
transformer constructed in this manner with the secondary circuit 
either continuous with the line wire as shown at X, or between the 
line wire and the return wire or earth as shown at Y. Whena 
number of telephone receivers are required to be included in the 
same circuit the transformer is wound with a corresponding 
extra number of primary circuits. When it is desired to transmit 














the same messages to a number of stations at the same time, a 
corresponding number of secondary circuits are wound on the 
transformer. This system is adapted to transmit and receive 
telegraphic as well as telephonic signals. In order to call upa 
correspondent, or to uce audible telegraphic signals at a 
distant station, the telephonic transmitter T is placed with its 
diaphr: near, or in front of, or in a position relative to that of 
the receiver R, and the transmitter circuit being closed by the key, 
reciprocal effects are produced between the diaphragms of the 
transmitter and receiver respectively, resulting in the emission 
from the receiver of a loud and continuous sound. To call the 
distant station it is only necessary to close the circuit at the key 
K, when the reciprocal action between the receiver and transmitter 
will be set up, and a sound will be produced in the receivers at 
both ends of the line. A return signal having been given, the 
transmitter and receiver can then be employed for carrying on 
conversation over the telephone line. By the aid of the Morse 
key M K, and the additional circuit P2, messages can be sent 
through the system in accordance with the Morse code, the 
signals producing an audible and readily distinguished clicking in 
the receiver diaphragm, and this may be continued at the same 
time as, and without unduly disconcerting, the speech transmission. 
(Accepted December 12, 1894). 


2623. W. M. Mordey, London. Apparatus for 
Regulating and Controlling Dynamos. [3 Figs.) 
February 6, 1894.—In dynamos, especially in those of the series 
type, as used for the generation of constant direct currents, one 
method of keeping the current constant when the speed or the 
external circuit is altered, is by a variable shunt on the field 
magnet winding, controlled either by hand or by some automatic 
device. In thus regulating the current it is necessary to vary the 
position of the collecting brushes on the commutator in order to 
avoid destructive sparking and improper working of the machine. 
Now the object of this invention is to provide improved means for 
effecting this movement of the brushes automatically and in com- 
































bination with automatic field shunting devices. Referring to Fig. 1, 
the brushes a, which bear on the commutator b, are mounted on 
a rocker or frame e which is capable of movement about the same 
centre as the commutator, to an extent sufficient to include the 
required range of motion of the brushes, The rocker c is attached 
to the movable part d of an electro-magnet or solenoid ¢, the 
winding f of which is in series with the resistance g used asa 
shunt on the field circuit h of the dynamo D. The position of the 
movable part d of the electro-magnet or solenoid and of the 
rocker c is such that when no current is being shunted from the 
field h, the rocker is at the “ backward ” position on the 


armature current. When a portion of the current is shunted 
from the field Ah through a circuit comprising the regulating re- 
sistance g and the winding /, the latter pulls the rocker c round 
till the brushes a occupy the “forward” position required 
by the new conditions. The variations in the current thus shunted 
from the field, by varying the pull exerted by the electro- 
magnet, cause the rocker and brushes to assume the proper 
position for all conditions within the range of output. The 
rocker and the electro-magnet are connected by a cam j that 
turns about a centre jl, and is provided with a prolongation j?, 
controlled by a weight K (or spring) to give the required move- 
ment, the “ forward” pull of the electro-magnet being exerted 
against the opposition of the weight or spring. The brushes 
assume the extreme “backward” position when no current is 
being generated, or when the full current is being generated in a 
fully excited field—that is, in a field from which no current is 
shunted; the “forward” pull taking place when the field is 
shunted, and varying with the amount of current shunted. Figs. 
2and 3 illustrate an improved automatic regulator, comprising a 
water resistance arranged between electrodes forming ashunt on 
the field. The variation of this resistance is effected by altering 
the dist. bet the electrodes 2 or their depth of immer- 
sion, the shunt circuit being broken by the withdrawal from the 
water of one or both of the electrodes. As the liquid evaporates its 
level is kept constant by means of a water vessel m closed at the 
top, communicating at the bottom with the main vessel M con- 
taining the electrodes. Where d posable electrodes are em- 
ployed aswitch n is provided for the purpose of reversing the 
connections from time to time in order to equalise the wearing 
away of the two electrodes. The movement of the electrodes / is 
effected by an electro-magnet o in the main circuit through the 
intervention of a lever p provided with dash-pots q and a counter- 

ce weight 7, the electro-magnet being preferably controlled 
by a sensitive relay s. (Accepted December 12, 1894). 


2738. W. C. Mountain and G. T. 0. Carew, New- 
castle-upon-Tyne. Regulating Mechanism of Elec- 
tric Arc Lamps. [1 Fig.) February 8, 1894.—Referring to 
the drawing, the spaces S, S! represent the series and shunt 
coils of solenoids wound on bobbins B, B!. a is +‘ e core of the 
series coil, the upper end of which may convenienuy work in a 
dash-pot D for the purpose of steadying the action of the solenoid. 
Mounted eccentrically in a bracket b is a lever L, the short arm 
of which is connected to the core a; the longer arm being 
connected to the core a! of the shunt coil. The opposite 
end of this core is connected to a chain c, which may pass thence 
round a drum or pulley P, and be connected to the end of the 
core of the series coil through the intervention of a spring e or its 
equivalent. Or irstead of this arrangement, the long arm of the 
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lever L may be connected to a chain which may pass thence 
directly round the pulley P. The pulley axle may have a pinion 
n on it adapted to gear with a rack tube or bar n', the end of 
which may carry a carbon holder. The other or negative carbon 
or holder may be stationary or arranged as above described. When 
the current enters the series coil, the attraction of the core draws 
in or downwards the short end of the lever L, but the longer end 
moving relatively faster has the effect of tightening the cord or 
chain ¢ on the pulley, and causing it to revolve so as to actuate 
the rack tube through the pinion, and consequently regulate the 
arc itself. According as the strength of the current in the 
solenoid varies, so will the core operate the lever L to revolve the 
sulley P, and regulate the arc as above described. (Accepted 
December 12, 1894). 


21,461. C. Riordon, Toronto, Canada. Electric 
Motors. [3 Figs.] November 7, 1894.—A is the main shaft of 
the motor, and B is the core of the armature, which is made in 
two parts. Care the end discs of the armature, and C! the cen- 
tral disc. Dis the wire of the armature. The two parts of the 
core B are separated by the central disc Cl, and are separated 
from the shaft A by a sleeve B! of a non-magnetic metal, such as 
brass. The core B has arc-shaped recesses b, the edges of which 





coincide in position with the edges of the cores e of the field 
magnets E which are bolted to the frame F, thus forming an air 
gap in the core between the cores of the field magnets. The end 
discs C and central disc C’ are rigidly secured to the shaft by 
screws cand cl, The wire D of the armature forms a complete 
circle around the core B, and is composed of a series of rectan- 
gular loops arranged around the periphery of the digcsa in the 
shown in Fig. 3. The sides of the section of four loops 





sides d of each loop fit over the oppcsite side d! of a correspond- 
ing loop around the complete periphery of the discs, with the 
exception that the ends d? of the loops overtop or are piled on 
each other, as indicated in Fig. 2. The two ends d3 and d4 of 
each coil lead to corresponding sections e in the commutator E, 
which is suitably formed and insulated from the shaft. In this 
motor the lines of force passing from the field magnets to each 
other through the armature and core will necessarily take an 
inward course on account of the recesses dD, consequently 
there will be no fluctuation of the field at that portion of the 
armature between the field nets at the point opposite the 
recesses b where the row changed. By reason of the 
peculiar construction of the recesses b, the core will be prevented 
from revolving, although the shaft will revolve within it, thereby 
minimising the eddy currents and obviating the hysteresis which 
would result if the core of the armature revolved. The weak 
field maintained at the point of change of polarity in consequence 
of the recesses b prevents sparking. The construction is com- 

t, and such as to reduce the danger of short-circuiting. 
Accepted December 12, 1894). 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2656. A. R. Bellamy, Stockport, Chester. Gas 
Engines. [4 Figs.] February 7, 1894.—This invention relates 
to an improved arrangement of the igniting apparatus for gas 
and similar motor engines, It is particularly applicable to engines 
of large size, and has for its object to prevent loss of time in case 
the ignition tube should burst or give way. The improved 
igniting apparatus comprises two ignition tubes a, a, their 
chimneys , b, and the atmospheric burners ¢, c, by which the 
tubes are heated. hh tube a@ is surrounded by a chimney 3b, 
and is open to a separate passage e which leads through a valve f 
to aspace g in connection with the busti hamber of the 
cplieder, not shown. The valves f are kept normally closed by 
springs h. One valve and one ignition tube are held in reserve, 
while the valve spindle f! of the other valve fis actuated by an 
adjustable striker i which is carried in a swivel piece j pivoted on 
a stud k carried by a lever / fulerumed on a stud m secured to a 
bracket. The lever Z is actuated by a cam o fixed on the rotating 











shaft p. In case of accident to the ignition tube in use, it can 
immediately be thrown out of action, and the other tube a brought 
into use by simply turning over the swivel piece j, and so bring- 
ing the striker 2 into position to act upon the other —— Sand 
open the other valve / when the lever lis next raised by the cam 0. 
To make the change automatic from one valve to the other in the 
case of fracture of one ignition tube, a bracket may be fixed on 
each chimney, and to e bracket there is pivoted a lever with a 
disc or vane over its chimney, the lever being connected by a link 
to the underside of the swivel piece j. When an ignition tube 
bursts, the escape of fluid mixture under pressure ae the 
broken tube moves its vane, and raises the lever on which it is 
fixed, and so 7 the connecting link tilts over the swivel piece j. 
Consequently the striker ¢ begins to act upon the other valve 
spindle /' to admit mixture to the reserve ignition tube, The 
broken tube can then be cooled, and a new one put in its place, 
on necessarily stopping the engine. (Accepted December 12, 
1894). 


MINING, METALLURGY, AND METAL 
WORKING. 


52. J. C. Mewburn, London, (The United States Pro- 
jectile Company, Brooklyn, N.Y., U.S.A.) Dies for 
Gear Forging. (7 Figs.) January 1, 1894.—Patent No. 5537 
of 1892 relates to a method of forging gear wheels or pinions, 
&c., of steel or other metals, according to which a heated billet 
of metal is placed in a female die B (Figs. 1 and 2) and subjected 
to hydraulic pressure transmitted evan a male die or punch 
which enters the female die, the pressure being sufficient to cause 
the billet to flow and a into and fill the teeth formed within 
the female die, so as to form a compressed gear or pinion having 
its teeth ready finished and of great strength and toughness. The 
ear thus formed is forced out through the die. Now the present 
nvention relates to improvements in the method of making effi- 





cient female dies of the kind above referred to, according to 
which, first, a blank gear or pinion of cast iron c is made and cut 
accurately with teeth of thesame diameter and pitch as those in 
the pinion to be forged, except that it is made enough larger to 
allow for shrinkage. This cast-iron blank is also made longer 
than the pinion to be forged, its length being equal to or exceed- 
ing the height of the die. _Its teeth are finished with the amount 
of smoothness required. This cast-iron blank ¢ is then used as a 
core, being placed in the mould in which the inner portion a of 
the die is cast, and the latter is then cast around it in the ordinary 
way, so that the cast-iron blank c serves as a chill core, to impart 
the requisite hardness to the inner surfaces of the die. Fig. 4 is 








tator, or at that pcsition required for full excitation and full 


are formed on an arc-shaped bevel to fit the discs perfectly. The 





a section of the casting thus produced around this core c. The 
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core is then bored out in the manner shown in Fig. 3, with as 
large a bore as c2n be made within the hard metal of the casting. 
This leaves the teeth of the chill still embedded between the teeth 
of the casting, but they are easily removed by driving them out, 
thereby leaving the die perfect in shape and size, and with ite 
teeth smooth and finished. Its outersurface being then turned down 
if necessary, the cast steel ring bis shrunk upon it, thereby com- 
pleting the die, as shown in Figs. 1and 2. The outer ring b, instead 
of being made of solid steel, as heretofore, is now provided with 
a tortuous channel for the circulation of water to cool the die. To 
this end the ring b is formed of cast steel with a series of upright 
passages d, d cored out in its outer portion, and connected to- 
gether alternately at top and bottom by cross passages ¢, e. The 
water is admitted by a pipe / and flows alternately up and down 
through the successive passages d, finally being conducted away 
by a pipeg. By means of this water circulation the die is kept 
cool, and its life is thereby greatly prolonged. (Accepted No- 
vember 21, 1894). 

2343. 8.Fox, Leeds. Apparatus for Pressing 
Metals. (5 Figs.) February 2, 1894.—This invention has refer- 
ence to an improved construction of apparatus for pressing metal 
so arranged that after a piece of metal, such as for example a steel 
plate, has been pressed to any desired form, the pressed article 
will, when the moving part of the press has returned to ite normal 
position preparatory to making another operating stroke, be sup- 
ported in a position clear of the dies and free to be removed, and 
this without the employment of special rams or the like for re- 
moving the pressed article from the die. For this purpose the 
female die is constructed with a movable bottom made either in 
one or more pieces provided with legs that rest upon transverse 
or longitudinal girders which are suspended by chains or other 
devices connected to a part of the press in such a way as to admit 
of the necessary movement of the wall of the female die in relation 
to its bottom for effecting the pressing operation, and to insure 
that at the termination of the return stroke of the press the mov- 
able bottom of the female die with the pressed article upon it shall 
occupy a position in or near the mouth of the die, and in which 
the pressed article will be clear of the die and free to be removed 
as aforesaid. Upon the press table:1, hollow metal blocks 2 are 
secured by bolts 2a. Between some of these blocks distance-pieces 
8 are introduced to afford spaces 3a for the transverse beams 4 
intended to support and raise the movable bottom 5 of the female 
die. The distance pieces 3, spaces 3a, and beams 4, may, if de- 
sired, be arranged longitudinally instead of transversely, but the 
latter arrangement is ———- Upon the hollow blocks 2 there 
are arranged at intervals transverse ribs6 that form part of hollow 
distance-pieces upon which the movable bottom 5 rests during 
the completion of the pressing operation. The sides and end walls 
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of the female die are built up in sections 8 bolted together and 
strengthened by longitudinal and transverse bolts 9 and 9a respec- 
tively, the latter bolts pressing through recesses in the hollow 
distance-pieces between the transverse portions6, The transverse 
(or longitudinal) beams 4 are connected to chains 10 that hang 
from the fixed upper portion 11 of the press. The movable 
bottom 5 of the female die is supported og f by the hollow dis- 
tance-pieces and partly by upright slabs 12 that rest upon the 
beams 4 and pass between the central and end distance-piecee. 
The arrangement is such that in the normal position of the 
respective parts shown in Fig. 2, preparatory to the commence- 
ment of an operating stroke, the upper surface of the movable 
bottom 5 of the femaie die will be practically level with or 
slightly above the top surface of the surrounding walls of that 
die and some distance below the male die 14 which is secured to 
the underside of the fixed upper portion 11 of the press. If now 
the plate to be pressed, shown in full lines at 15 in Fig. 2, be 
placed upon the movable bottom 5, and the press be put into 
action, the plate 15 will be carried up by the walls of the female 
die into contact with the male die 14, and as the upward stroke 
of the press continues, the ~— 15a of the plate 15 will be bent 
up as shown in dotted lines, and the hollow distance-pieces carried 
by the hollow blocks 2 will be brought up to the underside of the 
female die bottom 5, which will, at this time, be well within the 
female die, the chains 10 then being slack (Fig. 8). During the re- 
turn stroke, the female die will descend clear of the male die 14, 
and so soon as the chains 10 get taut, the die bottom 5 and the 
pressed article 15 will be arrested, but the rest of the female die 
will continue to descend until clear of the pressed article 15 
( oe. = which can then be readily removed. (Accepted December 
2, 1894). 
RAILWAYS AND TRAMWAYS. 


19,717. F. Willdey, Leeds. Rail Joints of Rail- 
ways. (3 Figs.) October 17, 1894.—The object of this invention 
is to prevent the rail springing at the joints by the provision of a 
rigid support for the rail joints, which shall be continuous from 






Bee Coca 
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one sleeper to the other, between which the joint in th» rail 
ovxcurs. For this purpose there is employed a combination in one 
and the same casting, in iron or steel, of two rail chairs A, A, one 
h.am B, and one fish-plate C. The beam B formsa span or girder 





between the two chairs A, A, and connects with them at its ends, 
having its upper or straight surface level with that part of the 
chairs A, A upon which the rail rests. The two chairs A, A thus 
connecting with the ends of the beam B, form feet whereby the 
beam B is supported at either end by one of the two sleepers 
between which the joint in the rail occurs, so that the two chairs 
A, A, the beam B, and the fish-plate C, being combined in the same 
casting, form collectively a beam, a at both ends by 
the sleepers, and having the joint in the rail which it supports 
directly above its centre or strongest part. The fish-plate C fills 
up the e between the two chairs A, A, and combines with 
them at its ends, as also with the beam B, around the lower bulb 
of the rail. A fillet D, running along the top surface of the beam 
B, is provided for the better securing of the rail sideways. The 
rail is held in the chairs by wooden wedges, on the same side of 
the rail as the loose or old pattern fish-plate E, the joint being 
secured by bolts in the ordinary way, and the chairs A, A spiked 
to thesleepers. (Accepted November 21, 1894). 


STEAM ENGINES, ae, EVAPORATORS, 
Ce 


19,236. J.A. McKie, Ernespie, Kircudbright, N.B. 
Water-Tube Boilers. (2 Figs.) October 10, 1894.—Ac- 
cording to this invention the steam boiler A is connected to the 
steam drum B by means of the chamber C formed at each end of 
the boiler A. The inner walls of the passage C constitute the 
tubeplates D, which are of a semicircular form. The boiler A 
may be fired from either or both ends. The tubes E pass from one 
end to the other of the tubeplates Din an inclined manner. To 














admit of free access to the tubes EF, hea,y doors or ends F are 
bolted to the flange L, and form the outer wall of the chamber C. 
These doors are provided with small hand-holes G disposed around 
the semicircle, so as to further facilitate access to the tubes E. 
The stays H of the boiler A pass from end to end of tubeplates D 
internally through large water-tubes I, and thence through the 
doors F, thereby firmly binding the whole together. The large 
tubes I protect the stays from the action of the fire, and also 
afford an increase of heating surface. (Accepted December 12,1894). 


21,542. Simpson, Strickland,and Co., Limited, and 
F. Strickland, Dartmouth, Devon. Water-Tube 
Boiler. (3 Figs.) November 8, 1894. The improved boiler com- 
prises a combined steam and water drum D, transversely arranged 
atthe upper part of one end of the generator, from the lower part of 
which, in longitudinal direction and almost for its full length, 
depend a series of rectangular headers or water-boxes H, H in 
contact laterally one with another. They are provided with 
angularly-formed and bored tube bosses B, B on the tubeplate 
side, and at the back with a removable plate h, or alternatively 
with screwed boeses and screw plugs P on a fixed plate A as illus- 
trated. The lower ends of all these back headers H are in open 
communication with a lower transverse collector C by means 
of circular screwed nipples N, N on each part, and a union or 
collar n. Each back header is connected direct by a group of 
straight tubes T to the lower portion of an opposite correspond- 
ing header H', forming one of a similar series of front headers 














arranged at a higher level, and at a distance from the back series, 
which is determinable by the space available. The height of the 
front headers H! above the baseplate L of the boiler, and con- 
— inclination of the series of tubes T, is determinable by the 
height required for the firebox F, which, with its door f and grate 
G with ashpit below, is disposed beneath and for the full width of 
the several tube groups T. The upper parts of the front headers 
H! are directly connected to the inner side of drum D by means 
of a second series of tubes T', the direction and angularity of 
which is determined by the height of the headers H!' in regard to 
the drum D. Circulation of water takes place in the direction of 
the full arrows from drum D, down headers H, up tubes T and 
headers H', returning to drum D by tubes T'. The whole is in- 
closed in a casing E. The hot gases pass upwards, as indicated by 
the dotted arrows, to an uptake arranged either as at U or at one 
end of the casing E, (Accepted December 12, 1894). 


MISCELLANEOUS. 


2745. T. orth, Bradford, Yorks. Stop 
Valves. (4 Figs.) February 8, 1894.—These improvements 
have reference to that ns of stop valve in which a spindle is 
rotated to open or close the valve, and their object is to provide 
an indicator adapted to clearly show whether the valve is closed 
or to what extent it is opened. According to this invention the 
spindle A of the valve A? is made longer than usual, and the 
pinion B is loosely mounted thereon but is made to revolve with 
the spindle by means of the key A‘ fitting the key-way A3 formed in 
the spindle A. The pinion B engages a double stud wheel B2 B3, 
mounted upon the stud or pin C fixed to the casing C*. This 
casing is fixed to the valve by the arms C® connected to the clip 
C+ clamped around the neck of the valve. The finger or pointer E 
is loosely mounted upon the spindle in front of the pinion B, and 





this finger has a semicircular rack B+ formed on it behind, engag- 
ing the portion B3 of the double stud wheel. A dial or index F is 
formed around the casing C2. The parts are so relatively arranged 
that on turning the valve spindle to open or close the valve, the 
pointer will move over the dial. The pointer is set in such a 





manner that when the valve ia closed it lies over that part of tle 
dial marked “Closed,” and as the valve is opened the pointer is 
moved towards the portion of the dial marked ‘‘ Open,” which it 
oply reaches when the valve is fully open, as shown by the dotted 
lines in Fig. 1. (Accepted December 12, 1894). 


13,195. T.H.L. Bake and H. A. Leverett, London, 
— Skins and Hides. [1 Fig.) July 7, 1894.—This 
invention has for its object to greatly expedite the process of tan- 
ning, and to produce superior qualities of leather at a cheap rate 
by means of the application of currents of hydrogen gas (contain- 
iug arsenic) which are caused at intervals to pass through the 
tanning liquor in the pit or vessel containing the hides or skins to 
be tanned. The pipe A from the hydrogen generator conveys the 
gas to the gasholder B, and the gasis, bya pipe C, led to a smaller 
gasholder D, and thence by a pipe E to the lower part of the 
tanning pits F containing the hides or skins, which may be 
suspended from rods or crossbars G. Taps or valves Al, Cl, and 
E! are provided to regulate the admission of the gas. The gas 
from the generator is admitted to the gasholder B, the bell of which 
isloaded to the required pressure. Gas is admitted from it to the 
smaller gasholder D which may be adapted in size for a number of 
tanpits, and has its bell weighted for the pressure required to drive 
the gas through the liquor in the pit or pits without causing 
the liquor to flow over. The use of the smaller gasholder D 
insures an even pressure of the gas admitted to the tanpits, and 
enables that — to be regulated. The periodical ‘‘ hand- 
ling” of the skins is dispensed with. The tap E! (or taps ifa 
number of pits are used) having been opened, the gas flows into 











the lower part of the pit F, distributing itself into a nest of pipes 
H in the lower part of the pit, and issuing from fine holes in the 
said pipes, passes up through the spaces between the skins, 
thereby agitating the liquor and passing off into the air at the 
open pit (or, if desired, when the cover K is put on, and the 
weight of the bell of the gasholder B has been suitably relieved, 
the gas is made to return to the gasholder B). The bydrogen is 
admitted for the space of a minute, or a few minutes only, at a 
time, that is to say, at intervals of one to four hours, according 
to the nature of the hides and the class of leather to be produced. 
The length of time of admission may be effected by the appa- 
ratus itself if the cubic contents of the gasholders and the tan- 
pits are properly proportioned. When the tap C! between the 
two gasholders is closed and the tap or taps E! to the tanpit or 
pits are open, the gas in the gasholder D will flow into the pit or 
pits until its power to pass up through the liquor is equalled by 
the resistance of the liquor, and will thus cease of its own accord. 
The action will not commence again until the gasholder D is 
recharged with sufficient gas pressure from the gasholder B. 
The periodical opening and closing of the tap C! between the 
two gasholders B and D may be effected either by hand, or 
automatically by means of suitable machinery. (Accepted 
November 21, 1894). 

21,231. C. Becher, Eckesey, Germany. Adjustable 
Spanners, [4 “igs.] November 5, 1894.—b is the fixed jaw 
which projects laterally from the end of the handle a, so that its 
key face forms an angle of 120 deg. with the handle. d isa 
passage way through the handle a, perpendicular to the side faces 
of the handle, and at an angle of 30 deg. with the key face of jaw b. e 

















isthe jaw at end of shank c, which is guided in passage d. The key 
face of this jaw e is at an angle of 150 deg. to its shank, so that 10 
is always parallel to the face of jaw b. fisa pin preventing the 
shank c from falling out of the passaged. The sliding of shank c 
causes the faces of jaws b and e to approach or recede within 
limits. (Accepted December 12, 1894). 
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STATICALLY J]NDETERMINATE STRUC- 
TURES AND THE PRINOIPLE OF 
LEAST WORK. 

(Continued from page 22.) 

Suppose A C B, Fig. 12, to be the centre line 
of an arch rib, and let it be loaded by a weight W 
as indicated. Assume DE F to represent the line 
of resistance of this load. Thena certain thrust T, 
say, acts on the arch along the line D E, and another 
thrust along the line EF. Let G be the point at 
which the line D E cuts the vertical through C. 
Now the action of the left-hand part of the arch on 
the right-hand part can be replaced by a force equal 
to T, acting in the direction indicated in Fig. 14, 
whilst the action of the right-hand part of the arch 
on the left-hand part can be replaced by a numeri- 
cally equal force T acting as indicated in Fig. 13. 
These forces T may be resolved into their hori- 





justifiable to assume that N is 0; but there being 
inges at A and B, we should have 


N+Ph+Sa-We=0 


and 
N+Ph-Sa=0. 
Whence 
= We 
2a 
as before, and 
on 


6 


Thus in this case the three unknown quantities 
reduce to one, and this latter cannot be determined 
by pure statics. Finally, if there are no hinges at 
A and B, it is not justifiable to assume that the 
moments at the abutments are zero ; and hence, in 
this case, no one of the quantities N, P, and S can 
be determined by pure statics. We have, however, 
the general result holding for all elastic bodies, that 





zontal and vertical components P and S, as shown. 
Now consider a section H J taken at the right-hand 
side of the arch. Then the bending moment at 
this section is evidently 


P(at+y)+Sx—-Wz; 
Pa=N, 
the above expression will reduce to 
N+Py+Sa-Wz. 


Turning now to the left-hand portion of the arch, 
> it will be seen that the bending moment 
at H’J’ is 


or if 


N+ Py—Sx 


where P and S now tend to bend the beam in oppo- 
site directions. This relation will always hold, and 
in whatever way the arch is loaded. P andS on one 
half will tend to bend the arch in the same direction, 
and on the other half in opposite directions. 

From the above it will be evident that if N, P, 
and S can be determined, then the bending stresses 
at all points of the arch can be found. Thus, if 
the arch is hinged at A, C, and B, the bending 
moment at each of these points must vanish, as the 
arch cannot resist bending there. In that case we 
should have N=0, as T must pass through C, 

Also taking the right-hand half, we have 


Moment at B=Ph+Sa—-We=0, 
and on the left hand 
Moment at A = Ph - Sa =0. 


Whence 
P= ve 
and 
s= We 
2a 


If, however, there is no hinge at C, it is no longer 








es 


* 


26221.' 


I\ 


‘the work done in deforming them is always the 


least possible consistent with the maintenance of 
equilibrium, If, then, in the case of the two- 
hinged arch we determine P so that the work done 
is a minimum, N can then be found from the 
equation 

N= wt Ph. 


In the case of the arch rigid at both abutments and 
crown, the whole three quantities, N, P, and S, 
must be chosen so as to make U a minimum. 

As an example of a two- hinged arch, take the case 
shown in Fig, 15, which represents diagrammatic- 
ally the Washington Bridge over the Harlem River, 
New York. The span in this case is 510 ft. 
between the centres of hinges, and the rise of the 
centre line is 90 ft. ‘The dead load on an inter- 
mediate rib is said to be 1469.5 tons, and the live 
load 370 tons. Each rib is 13 ft. deep, and is of I- 
section, built up of plates and angles. 

The work done by the various stresses acting on 
the rib can be divided under three heads, viz., that 





due to bending, that due to direct comprers.un, 
and finally, that due to the shearing forces. As 
has been shown, the work done in bending a bar is 


M2 
1)’ 
where M is the bending moment at any point ot 


the bar, and I the corresponding moment of in- 
ertia of the cross-section ; and similarly 


adUs_ly mean value of @ | ¢M q 
a@P E Ek @Fr 


To determine this mean value, divide up the centre 
line of the arch as indicated in Fig. 14, and deter- 
mine the bending moment at each of the points of 
division. As before, the action of the left-hand 
half of the arch on the other half may be replaced 
by a moment N, a horizontal thrust P, and a shear 
S. Then, similarly to the previous instance, 
Fig. 14, the moment at any section, say (3), will be 


M,=N+Py+Se-w%, 


l 
Us aE x (mean value of 


and taking lengths in inches, 
M;=N + 277.9 P + 16224S — 395,626 for the igh 
hand side, 
= N + 277.9 P — 1622.4 S — 316,049 for the left- 
hand side. 
These bending moments are given in Table I., 
which has been calculated on the assumption that 
the live load extends over the right-hand half of the 
span only. The values of I, as determined from 
the drawings, will be found in the fourth column. 
At section 6 there is a hinge, hence here the bend- 
ing moment and [ are both zero. 

In this Table N, P, and S denote, as before, the 
bending moment, the horizontal thrust, and the 
shear at the crown, and this notation will be main- 
tained throughout. Then at section 2, say, on the 
right hand, we have: 








M dM _ ;N+1242P + 109338 = 179,648 
I ‘aP 1,364,000 
aN f 
x iss + 124.2 \; 
but 
aN — _ 4, =—1090in, 


h being the versed sine of the arch, 
M dM _ (N+124.2P + 1093.38 - 179,644) 
eee { 1,364,000 f 
x { — 955 8 }. 
Similarly at the corresponding section on the left- 
hand side of the arch, we shuuld have 


M dM_ ;N+12%4.2P— a 
aie) ‘ 1,364,000 
x { = 955.8} 


From which it will be seen that the terms in S 
cancel each other. Hence, neglecting terms in 8S, 


the values of 
M dM 


I‘ daP’ 
will be found in Table II., the coefficients of S not 
being calculated as taking both sides into account, 
they cancel each other, as mentioned above. 
Then by Weddle’s rule already explained, the 


mean value of 
M dM 
Tt oF 
taking the average of both sides of the arch, will be 
— .538592 N — 113 187 P + 141.772 
1000 bi 





and therefore 


d Us = = U 
aP~ 1000 5 {-53594 N + 118.187 P — 141,772} 


To this must be added the terms due to the work 
done in compressing the arch U, , and that done in 
shearing it, U, , say. 

If T is the normal thrust at any point of the 
arch, and’ Z the shear there, 


L 


Ue 
E 


x (mean value of *) 
a 


and 


U; 


l 
2E 
A being a constant depending on the form of cross- 
section, and © the area of cross-section. 

The work done by shear is, however, always very 
small compared with that due to bending, save 
when the bar is also twisted. U, may, therefore, 


x (mean value of a2) 
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complied with. They recorded their opinion based 
TABLE I 4 < ae 
pert 2 xis ee Pe kee ee ee _ |upon these trials, that, as regards simplicity and 
1.7 te ow " : facility and accuracy in manceuvring, the electric 
| nah as RES eae ae I neinntensernecicossssin sce en installation of MM. Canet and Hillairet, is in all 
inch-tons inch tons meen respects superior to the results ge with 
-4 rd wb i i r devi 
1 N+ 811P+ 550.28— 45,490 N+ 38L1P— 550.2S— 36,340 | 1,257,000 hydraulic machinery, and of all other devices of 
2 2 = ve N + 124.2 P — 1093.3 S — 143,510 | 1,364,000 which they have had experience. 
2 N + 124.2 P + 1093.38 — 179,644 Y+1 3 x 7364, 7 hi , 
3 N + 277.9 P + 1622.48 — 305,626 4 + 277.9 P — 1622.4 4 = ngind yond Such opinions as these cannot fail to carry much 
; | 3 eee teen cease | eet Sg 1'887'000 weight, and it may be reasonably assumed that the 
é ee | ee ee “ trials of the Latouche Tréville mark the commence 
6 0 0 nee- 
# — of : — —— . ~~ i a 
on board ships of war. wi conceded, we 
z intent - é _. a |think, that French authorities are at least as 
: | cautious as our own, in recognising the merits of 
Section. | a 1 a 7.” | any new thing, and they probably are even more 
1° dP 1000 1’ dP 1000 careful in testing, investigating, and finally recom- 
eames a aman Se —— | mending any great and most important departure 
0 _—,. 20 I 4 2! 4 e 
oe "83445 N— 25.051 P — aS + 37,960 183445 N— 25.951P + 4S + 30,324 from established ay weg far > a ! emi 
2 | -70073 N — 87.031 P — BS + 125,883 — .70073 N — 87.031 P + gS + 100,562 marine is concerned the option of t e electric 
 -“y .55895 N — 155.692 P — y S + 220,628 — .55895 N — 155.692 P + yS + 176,658 system suggests the probability that this method 
i 4 .41073 N — 201.605 P — 5 $ + 280,208 — 41073 N — 201.505 P + 5 S + 223,918 of operation will be employed on new warships, 


bo 


-24016 N — 182.261 P — € S + 246,278 
0 


a 


in all arch problems, be put equal to 0 without 
practical error. There thus remains 


a Ue 
aPVP 
only to be determined, and this is equal to 
o x (mean value off r - ). 
The values of ; 
a.Tandt , aT 
ao 4&P 


will be found to be those given below : 


Right-Hand Half. Left-Hand Half. 
7 z. 











Section. {) 
0 257.4 P Pp 
1 262.4 .995 P—.118S + 165.4 | .995 P + .1188 + 132.1 
2 282.4 .976 P— .2248 + 328.6 | .975 P + .2248 + 262.5 
3 294.9 943 P —.333S + 487.7 | .943 P + .333S + 389.6 
4 | 494.9) .900 P—.4378 + 640.5 |.900 P + .4378 + 511.7 
5 | 277.4 | .844 P —.536S + 785.1 |.844 P + .5368 + 627.2 
6 2.5 | .778P —.6288 + 919.8 |.778 P + .6258 + 734.8 
Right-Hand Half. Left-Hand Half. 
Section. a ak Rs T " qT_1 
Q' @P 1000 Q dP ww 
0 3.886 P 3.886 P 
1 8.780 P —cS + 627.2 | 3.789P +aS+ 600.8 
2 3.367 P bS 4+ 1134 3.367 P + 6S 4+ 906.5 
3 3.018 P — cS + 1557 3.018 P + cS + 1243 
4 2.747 P — ds + 1954 2.747 P + dS + 1562 
5 2.567 P — eS + 2389 2.567 P + eS + 198 
6 1.877 P—fS + 2219 1.877 P + (8 + 1772 


From Weddle’s rule, then, the mean value of 
a. 22 
ao ade 
from one end of the arch to the other is 
dT _ 3086P + 1319 


ap 1000 


T 
mean value of — . 
a 
Hence 
dU. _ 


aP 


1 gene 
sf { 3.086 E + 1319). 
But 

dU _ dU , aU, 
dP aP aP 
*, .5859 N + 110.1 P — 143,091 = 0. 

Also, since the bending moments at the abut- 

ments are zero, we have 
N + 1080 P — 1,265,689 = 0. 

Solving these equations, 

N = 82,500 inch tons, and P = 1140 tons. 

It will be observed that, to calculate the stress 
arising in the arch, it was necessary to know the 
dimensions of its various parts, whereas the very 
object of finding the stresses is to determine these 
dimensions, and in this way a difliculty arises. 
Experience shows, however, that for a first ap- 
proximation the work done in deforming an arch 
by the normal pressures is small compared with 
that done by bending. In the case considered 
it only affects the value of the horizontal thrust by 
about 1 per cent., hence, in a first approximation, 
it, and the variation of I, may be neglected. Hav- 


0; 


ing obtained this, the values should be revised 
by a fresh calculation, taking into account the 
variation in the moment of inertia of the rib and 
the work done by the tangential thrust. 

The theory of the stiffened suspension bridge is 





— .24016 N — 182.261 P + € S + 196,741 
0 


precisely similar to that of a two-hinged arch. 
But whilst in an arched rib the bending and tan- 
gential forces are both resisted by asingle member, 
the work is in the suspension bridge divided up 
between two separate members, one of which (the 
chain) resists the tensional forces only, and the 
other resists the whole of the bending. The theory 
and method of calculation is exactly the same. The 
chain is considered to be an inverted arch, and the 
bending on it determined by the method of least 
work, as already explained, the moment of inertia 
of the stiffening girder taking the place of the 
moment of inertia of the rib itself in the case of a 
rigid arch. 
(To be continued.) 


THE APPLICATION OF ELECTRIOITY 
TO WORKING SHIPS’ TURRETS. 
(Concluded from page 106.) 

Tue power for working eight turrets on the 
Latouche Tréville is obtained from two indepen- 
dent electric installations ; each of these comprises 
a generator of 30 horse-power. These generators 
are worked at 80 volts and at a speed of 350 revo- 
lutions. On board the same vessel the motors 
for turning the turrets have a speed of 1200 revo- 
lutions, and develop an energy of 250 kilogram- 
metres (1808 ft.-lb.) for the 19-centimetre (7.47-in.) 
guns and 14-centimetre (5.51-in.) guns. The dia- 
gram, Fig. 17 (page 105 ante), shows the method of 
distributing the current on board of any ship. The 
generators can be placed either in the centre, or 
near the ends of the ship. The circuits can be 
arranged on either side and brought forward or aft 
as may be found most convenient. In fact, the 
disposition must depend upon the internal arrange- 
ments of the vessel. The tests to which the Latouche 
Tréville were subjected by the inspecting officers 
of the French Marine Department, before she 
was aecepted, were prolonged and very severe. 
Each turret was tested to prove the correct work- 
ing of the mechanism, and to ascertaining results 
as to convenience and to accuracy of operation. 
After this had been done tw the satisfaction of the 
inspectors, a three hours’ consecutive test was 
carried out, at first with the ship on an even keel, 
and afterwards inclined to an angle of 10 deg. 
During this time all the turrets were operated 
simultaneously ; in each turret the officer training 
the gun was occupied in continuously operating 
the control lever and making the turret traverse 
backwards and forwards through the whole of its 
course from one stop back to the other one. At 
the same time the men in charge of the magazines 
were engaged in delivering ammunition with the 
electric hoists, the turrets, of course, being in 
motion. These tests were in all respects very suc- 
cessful ; they had as a special object not only to 
prove the power of the dynamos, but also the com- 
plete independence of each turret with reference to 
sll the others, and also the entire independence of 
the two operations in the same turret—those of 
training and of working the elevators. The rate 
obtained was 180 deg. during 30 seconds for the 





300 deg. in 50 seconds for the 19-centimetre 
(7.47 in.) guns. The inspecting officers re- 
ported that all the conditions required for the 
satisfactory working of the gun service, had been 








14 - centimetre (5.5 in.) gun and turret, and 


and that hydraulic transmission in the French 
Navy will become obsolete. Of course, it must not 
be forgotten that this is no new thing. In 1889 
M. Canet was already experimenting in this 
direction, the firstfruits of which were shown at 
the Paris Exhibition of that year. Since that 
date he has pursued the subject indefatigsbly, 
assisted by the vast resources of the Forges et 
Chantiers de la Mediterranée, and the Latouche 
Tréville, so far as its electric installation is con- 
cerned, may doubtless be considered as a type that 
will be repeated for some new ships of the French 
Navy in the immediate future. It should be men- 
tioned that the commission appointed to test this 
vessel prior to her being accepted was presided over 
by Admiral Escande, and the trials were made in the 
presence of Admiral de Cuverville, the Maritime 
Prefect of Cherbourg. As electricity is to take the 
place of hydraulic power, on board the Jaurégui- 
berry, the D’Entrecasteaux, the Pothuau, and 
other vessels, it may be assumed that this new de- 
parture is now definitely recognised. The Jaurégui- 
berry and D’Entrecasteaux will have the system 
of the Capitan Prat, the Pothuau the system of the 
Latouche Tréville. 

To complete this investigation, a few general 
considerations may be referred to with a view of 
explaining more clearly the advantages which are 
claimed by M. Canet for the use of electricity in 
manceuvring turrets on war vessels. Thanks to the 
most recent methods of mounting heavy naval 
guns, and to the practically perfect balancing of the 
masses composing the turrets, training for elevation 
can be effected without difficulty by hand-worked 
mechanism alone. For thesame reasons the power 
required for training horizontally absorbs only a 
small amount of energy, and for this reason elec- 
tricity suggests itself as the most convenient means 
of transmission. The same agency has now become 
one of the recognised necessities in the equipment 
of a modern warship, and an extension of its use- 
fulness appears a logical conclusion, especially 
when the many advantages, as compared with 
hydraulic machinery, are considered. The em- 
ployment of water under pressure has certain in- 
conveniences which are unavoidable. Such are, for 
example, the weight of the mechanism and the 
complicated system of mains required ; the oxida- 
tion of surfaces, the possible freezing of the water 
in the mains, the leakages arising from the failure 
of the leather packings, which are a frequent 
source of trouble and loss of time in working the 
turrets. It is said that on board French ships— 
and there is no reason to suppose that the ex- 
perience is unknown in the English Navy—through 
carelessness in maintenance, or by some oversight, 
the hydraulic machinery has not infrequently been 
inoperative when required ; such a failure, annoy- 
ing enough in times of peace, would be wholly 
disastrous during the emergency of war. Of course, 
the same trouble might be found with electric trans- 
mission, but the installation is far less contplicated, 
it occupies a smaller space, and is more easily kept 
under supervision. The system of transmission, 
especially, is more simple in an electric, than in an 
hydraulic, installation; damage to wires is more 
easily repaired than broken pipes ; wires, too, can 
be led through places inaccessible for the larger and 
more rigid form of transmission, and it appears 
reasonable to suppose that during an engagement 
it would be easier to repair damages done to the 
former than to the latter ; in fact, it may often be 
_ impossible to replace a length of broken pipe during 
| the heat of action. Moreover an additional safe- 
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cuard is available in the electric transmission ; on 
account of the very small space occupied by the 
leads, it is easy, and, in fact, desirable, to duplicate 
them throughout the ship, so that in the event of 
one set of connections being destroyed, the reserve 
set may be switched on without any interruption to 
the service ; of course, it may happen that the gene- 
rators or the motors might be irretrievably injured, 
but this is one of the chances of war, the only pro- 
vision against which is as complete a protection of 
the power room as possible ; in any case the chances 
of damage are less for the electric than for the 
hydraulic installation on account of its smaller bulk. 
No special staff will be necessary for taking charge 
of the electric installation, because it will be placed 
under the control of the engineer electricians who 
are responsible for the other electrical apparatus, 
including that belonging to the torpedo service on 
beard. It is worth while pointing out that the 
mechanism for working the turrets and guns by hand, 
operates in precisely the same way as the electric 
mechanism, so that the simple throwing in and out 
of a clutch, transforms it from power to hand; 
this facility of change and application of the 
same appliances in either case cannot be 
utilised in an hydraulic installation. The ex- 
periments made in France with the turrets 
of the Capitan Prat and those of the Latouche 
Tréville have demonstrated the complete security 
and the great precision that can be relied on by the 
use of electric training apparatus. The foregoing 
opinions have been gathered from leading French 
authorities, and appear to be very generally en- 
dorsed ; we have thought it useful to set them forth 
in some detail, because the subject is of capital 
importance to ourselves, and is one almost new in 
this country. Of course M. Canet encountered 
much opposition and hostile criticism when he first 
advocated so revolutionary a change. He persevered 
in the face of these difficulties, and he may now 
claim to be the first to have made a practical appli- 
cation of electricity to this purpose, at the same 
time combining it with hand power, just as in the 
same way Armstrong in this country, and Farcot in 
France, introduced hydraulic machinery for operat- 
ing heavy naval guns. It seems probable that M. 
Canet is likely to achieve a still greater reputation 
for his method of working turrets and ordnance on 
board ship, even than he has already done for the 
developments he has effected in naval weapons and 
the means of serving and protecting them. 





ON ELEOTRIC CABLE RAILWAYS. 
By C. 8. Du Ricust a” PD, ASLLOE, 


INTRODUCTION. 

In connection with an account of the Murren 
Electric Mountain Railway, in the Bernese Ober- 
land, published in Encinzerine, 1893 (vol. lv., 
pages 433 et seq.), the writer gave a detailed de- 
scription of the wire-rope and rack railway from 
Lauterbrunnen to Grutsch, which, for fully half its 
length, has a continuous gradient of no less than 60 
per cent., equal to an inclination of 31 deg., and 
constitutes, as it were, the approach of the electric 
high altitude line referred to. Remarkable as that 
cable railway is, alike on account of the boldness of 
its design, of its steepness, and of the great en- 
gineering difficulties incidental to its construction, 
it labours under one disadvantage, which consists in 
its being worked on the principle that the descend- 
ing car, in order to exert on the cable a pull or 
component of gravity sufficient to start and haul 
the ascending car up the incline, carries ballast 
water. Where water is cheap, or costs nothing, 
this system has, no doubt, the advantage of sim- 
plicity, and also of economy in first cost, inasmuch 
as the expense and maintenance of fixed motors is 
thereby saved ; and that is the principal reason 
why it is used on so many cable railways, more 
especially in Alpine districts. On the other hand, 
the very fact of ballast water having to be carried, 
entails, besides the great weight of the water, the 
extra load due to the tank ; and this, again, neces- 
sitates the frame and body of the car being made 


much heavier, so that the amount of dead load is | - 


out of all proportion to the average passenger load. 
Thus, on the Lauterbrunnen cable railway, the 
weight of the empty car is 8 tons, that of the water 
7 tons, and that of 40 passengers 3 tons, giving a 
total of no less than 18 tons. Such loads require, 
on the 40 to 60 per cent. grades of the line, a 
correspondingly heavy cable, whose weight must be 
added to the car-load in order to determine the 





requisite tractive force. The heavy cable, again, 
involves larger and heavier winding drums and 
pulleys, while the requisite brake power, the wear 
and tear of the brakes, and the variations of strain 
on the cable are much greater than they would be 
if the car loads were lighter. On all these grounds, 
therefore, the water ballast system is, in reality, 
uneconomical, as it is certainly clumsy and un- 
scientific. 

On some other cable railways, as, for example, 
on the St. Beatenberg line on the Lake of Thune, 
atd on that of Bienne, where the gradient of the 
incline is fairly uniform, a second or ballast cable is 
used for the purpose of compensating or balancing 
the weight of the main cable, and thus reducing the 
requisite pull, and consequently the weight of 
ballast water, whilst on other lines the cable is 
worked by a turbine as, ¢.g., at Lausanne, or by 
steam power, as at Lyons, Havre, and elsewhere. 
The use of a ballast cable mitigates to some extent, 
but does not remove, the disadvantage of the ballast 
water, while sufficient hydraulic pressure is rarely 
directly available on the spot, and steam power is 
not only prohibitive in localities where fuel is dear, 
but is, in common with gas and oil motors, gene- 
rally uneconomical for cable traction unless the 
load is constant. 

The various disadvantages enumerated above, 
but more especially those incidental to haulage by 
ballast water, are obviated by electric motive power. 
The merit of having introduced it on cable moun- 
tain railways is due to a very enterprising Swiss 
firm of builders and contractors, Messrs. Bucher 
and Durrer, who, besides being the owners of large 
timber works on the Brunig Pass Railway, of 
extensive forests in Roumania, and of various hotels 
in Italy and Switzerland, and besides having 
initiated various other undertakings, such as the 
electric lighting and power transmission at Lugano, 
electric tramways at Genoa, &c., have in succes- 
sion constructed three electric cable railways, to 
wit, those of. Burgenstock on the Lake of Lucerne, 
of Monte Salvatore near Lugano, and of Stanser- 
horn near the Lake of Lucerne, of which the last- 
named also comprises an electric road railway. The 
writer has recently had occasion to investigate in 
detail the construction and working, and the 
hydro-electric power stations of these various lines, 
each of which marks a gradual advance, and attests 
the superior advantages of electrical working not 
only on steep-grade cable railways per se, but also 
as compared with steam traction by combined cars 
and locomotives, as used, ¢.g., on the 48 per cent. 
incline of the Pilatus Railway. 


I.—BuRGENSTOCK. 


Alignment.—As shown in the general view and 
plan (Figs. i and 2, page 138), this cable railway is 
situated opposite Lucerne, on the lake of the same 
name, and starting from the steamboat station of 
Kehrsiten, ascends the steep mountain ridge called 
the Burgenstock, till, at about 840 ft. below the 
summit peak, it reaches a plateau crowned with 
various large hotels, which are not only favourite 
health resorts, but afford an extensive view of the 
lake and the surrounding mountains. The length 
of the railway measured horizontally is 0.83, and 
measured obliquely 0.94 kilometre, or 0.52 and 0.6 
mile respectively. Owing chiefly to the steepness of 
the declivity, viz., of lin 1, or 45 deg., the line 
could not be laid out straight, but involved curves 
varying from 140 to 220 metres, or 460 ft. and 
712 ft. radius, so that with the intermediate 
straight sections, the line in plan has the form of 
a flat parabola. 

Profile (Fig 3).—The station of Kehrsiten at the 
base of the incline is 439 metres (1440 ft.), that at 
the summit 879 metres (2884 ft.) above sea level, 
the total rise being, therefore, 440 metres or 1444 ft. 
The initial gradient at the base is 32 per cent., 
which up to about midway gradually increases to 
58 per cent., this maximum gradient being con- 
tinuous for the remainder of the incline. The 
profile thus forms approximately a concave para- 
bolic curve* which could only be obtained by cut- 
tings in the compact soil of the lower section, by 





* For a rabolic curve on cable railways, 
a Swiss engineer, M. Vauthier ine. de Construction, 
Paris, 1891-92), and, after him, Walloth, C.E., of Colmar 


Wiesbaden, 1893), have elaborated most complex formule 
in which they assume as given a variety of very uncer- 
tain factors. The parabolic curve is, however, purely a 
theoretical standard, and for practical purposes may 
be determined by a simple and rational formula evolved 
by the writer. 

communication. 


e subject will be dealt with in a future 








embankment in the middle, and by side excavation 
in the upper section, this latter being partly in 
loose boulder clay, necessitating sustaining and 
retaining walls of considerable depth, and partly 
in limestone rock. The formation level of the line 
throughout is formed by a bed of solid masonry 
1.5 metre (5 ft.) in width, and 0.5 metre (1.6 ft.) 
in mean depth. y 

Permanent Way (Figs. 4 and 5).—The line is 
constructed on the metre (3.28 ft.) gauge, and is 
single throughout, with an automatic turnout about 
midway up the incline. The 22.5-kilogramme 
(45-lb.) rails of Vignoles section are fastened by 
means of screw bolts, nut washers, clamps, and 
intermediate lead sole-plates to the sleepers, which 
are plain angle-irons, whose flanges are 10 and 8 
centimetres, or 4 in. and 3 in. respectively. They 
are of the same length as the width of the cement 
masonry bed before mentioned, and the smaller 
flange is imbedded in and cemented with the latter. 
The rail joints are not suspended, but rest on the 
sleepers, and consist of ordinary flat fish-plates with 
four bolts. The distance between sleepers is 
0.95 metre or 3.1 ft. from centre to centre. 

Rack (Figs. 5 and 6).— As a safety factor, 
the line is laid with double differentiated Abt 20- 
millimetre rack-bars of mild steel, 2.9 metres 
(9.5 ft.) in length and 2.8 centimetres (1.1 in.) 
apart, the total depth of the bars being 8.5 centi- 
metres (3.35 in.), and the length and depth of the 
teeth 6 and 3.5 centimetres, or 2.4 in. and 1.4 in. 
respectively. The chairs and joints of the rack-bars, 
which are alternate and on the sleepers, and alter- 
nate also with those of the ordinary rails, consist 
of stout angle irons, which hold the bars by means 
of two bolts, and are themselves fastened to the 
sleepers by screw bolts, the rack being raised 5 
centimetres or 2 in. above the ordinary rails, as 
shown in the illustrations on page 138. The total 
weight of permanent way and rack is 96 kilo- 
grammes per metre, or 192 lb. per lineal yard. 

Automatic Rack Crossing (Figs. 7 and 8).—This is 
of Mr. Abt’s design, and in that peculiar form was 
first introduced on the Biirgenstock Railway, having 
since then been used in almost all similar cases. 
In order to effect the crossing of the up and down 
cars, the outer wheels of each car have a double 
flange, and, running on the outer rails without a 
break, do not come in contact with the rack; on 
the other hand, the inner car wheels are flat, with- 
out flange (see Fig. 5), but more than double the 
width of the others, and hence cross easily and 
smoothly over the rack, the ordinary inside rails 
being, moreover, raised so as to be on a level with 
the rack teeth. The crossing, which in profile 
forms a parabolic curve, is 120 metres (394 ft.) 
in length, and is effected without reverse curves, 
as it coincides with a curve of the line of 170 
metres (558 ft.) radius. The two lines are 2.2 
metres (7.2 ft.) apart, the width of the masonry 
foundation or formation level being widened to 4.5 
metres, or 14.8 ft. 

Cable (Figs. 9, 10, 11, 12, and 13).—This is of 
crucible cast steel, and is composed of a hemp core 
and 114 wires, each 3 square millimetres in section, 
arranged in six strands (Lang’s patent) ; its dia- 
meter being 3 centimetres, or 1.18 in., and its 
weight 3.2 kilogrammes per metre, or 6.4 lb. per 
yard. Its total length, equal to the single length 
of the line plus the circumference of the winding 
drums and pulleys, is 1000 metres, or 1100 yards. It 
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is placed between the rack and the ordinary rails ; 
the guide rollers being in the straight 16 centi- 
metres (6.3 in.) in diameter and about 15 metres 
or 50 ft. apart, while in curves they are 60 centi- 
metres or 24 in. in diameter and 11 metres or 36 ft. 
apart. The tested breaking strength of the cable 
is 46 tons. The maximum strain to which it is 
subjected occurs at the starting of the descending 
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THE BURGENSTOCK ELECTRIC CABLE RAILWAY. 
(For Description, see Page 137.) 
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car from the summit, and is equal to the resistance 
of the ascending car and the weight of'the cable, on 
the mean gradient, plus 5 per cent. for inertia and 
friction of the winding drums and pulleys, viz., 
(6+3 x 530)+240=5010 kilogrammes, or 5 tons, so 
that the tensile strength of the cable is about nine 
times the maximum strain to which it is subjected. 
The life of the cable, making a mileage of about 3000 
kilometres or 2000 miles per annum, may be taken 
at 10 years, while the annual rate of stretching is 
about 1 per cent. of the original length. 

The connection between the cable ends and the 
cars is effected by a hollow steel cone, in which 
the ends of the strands, unwound, and turned 
backward, are imbedded, and cast in an alloy of 
tin, copper, and antimony, as shown by Fig. 10 on 
the opposite page. The cone is held by a vertical 
bar attached to the car frame, as shown in Fig. 11. 

Cars and Brakes (Figs. 5, 14, and 16).—The cars, 
built by Messrs. M. Bell and Co., of Kriens, 
Lucerne, are four-wheeled, and carry 32 to 40 
passengers, their length being 6 metres (20 ft.), 
their width 1.6 metre (3.5 ft.), and the wheel base 
3 metres (10 ft.). Each car axle carries a double- 
pinion wheel with a brake disc on each side. The 





Ne some other lines the cone is suspended by a 
Chain, and is further secured to a drawbar held by a lever 
as shown in Fig. 13, 
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car weight, empty, is 4 tons, and with 32 passen- 
sengers 6 tons, so that on the steepest (58 per 
cent.) grade, the maximum pressure on the rack 
teeth is 6 x 580 = 3480 kilogrammes, or about 
3.5 tons. The cars are fitted with hand-screw 
brakes on both end platforms, and with an auto- 
matic safety brake acting by a counterpoise and 
lever arms on the brake discs referred to. These 
brakes are, however, only used in case of emer- 
gency, the car speed and brake power being under 
all ordinary circumstances regulated from the 
motor station. In order to prevent the pinion 
wheels of the car mounting the rack teeth, each car 
carries at the bottom of the frame two vertical 
steel bars which travel between the rack bars (see 
Fig. 6), and whose flanges press, in case of emer- 
gency, against the bottom surface of the rack bars, 
and thus prevent the car from rising. 

Electric Signals.—Irrespective of the telephone 
communication between the terminals, the car- 
driver can always give electric signals to the motor 
station by means of a metallic rod which is carried 
on each platform, and connects by a wire with the 
car wheels, and thence with the rails as return cir- 
cuit. Contact is made, and the circuit closed, by 
the driver touching the conductor along the line 
with the metallic rod, and thus signalling to the 
man in charge of the motor station. An automatic 
electric (rail contact) signal is also given at the 
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motor station when cars start from or arrive at the 
termini, or cross at the turn-out, 

Electric Motor Station (Figs. 15, 16, and 17). 
—tThis is placed at the summit of the line, and 
comprises, besides two direct-current motors of 
25 horse-power each, a 15-kilowatt (20-horse- 
power) dynamo, also direct current, for lighting 
the Burgenstock station, buffet, and hotels. Cur- 
rent is derived from a hydro-electric power station 
near Buochs, distant about 4 kilometres (2.5 miles), 
and situated in the valley beyond the Burgenstock 
ridge, 1400 ft. lower than the motor station. 
Reference will be made to this power station fur- 
ther on, as it alsosupplies current to the Stans road 
railway and to the Stanserhorn cable railway. In 
connection with the motor station, there is also a 
pumping station with a 15-horse-power motor, for 
the water supply of the hotels. Both this and the 
dynamo for lighting are driven when the cable rail- 
way is not running. With a view to save copper, 
and at the same time to work the different machines 
independently of each other, a high tension trans- 
mission of 1600 volts, on the three-wire system 
(4.5 millimetres in diameter), was adopted, so that 
when only one machine is running, the second 
(middle) and third conductors are put in parallel. 
The transmission is much exposed to atmospheric 
discharges, and the generating as well as the 





motor station are therefore provided with Thury | 
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lightning arresters (toothed dischargers with im- 
pedance coil and condenser) and automatic cut-outs. 
Both the generators and motors are of the six-pole 
Thury type supplied by the Geneva Electrical 
Company, which were illustrated in ENGINEERING, 
vol. lvii., page 440, in connection with the writer’s 
account of Mont Saléve Electric Rack Railway. 
The output of the two series-coupled generators is, 
at 800 revolutions, 25 amperes at 2 x 800 volts, or 
60 horse-power for both, while the two motors in 
series give, at 700 revolutions and 2 x 700 volts, 
44 horse-power, or 73 per cent. of the generating 
power. The work to be performed by the electric 
motor is equal to the difference between the com- 
ponent of gravity of the descending car and the 
tractive force required to haul the ascending car 
and the cable up the incline.* This complementary 
power may be determined according to the follow- 
ing formula, assuming the most unfavourable case 
of a full up car and an empty down car : 

(F+ C—E) x (9 +e) xs 

: oa oe P 
where F is the load of the full up car, C the weight 
of the cable, and E the weight of the empty down 
car in tons; g the mean gradient in metres per kilo- 
metre; c the coefficient of traction and friction in 
kilogrammes per ton, and s the speed in metres per 
second. Hence 
(6 + 3.2 ~ 4) x (533 + 6) x 1 _ 2798 _ 87 norse-power. 

75 75 

The two 30-horse-power generators give, on the 
motors, 44 horse-power, the latter give, on the 
line, 37 horse-power ; the total efficiency is, there- 
fore, 0.73 x 0.83 = 60.6 per cent. 

Speed Regulation (Figs. 26 and 27).—As is shown 
in the detailed plan of the Salvatore motor station, 
whose arrangement is exactly like that of Burgen- 
stock, the power is transmitted from the motors by 
belt, bevel and toothed gearing to the main winding 
or driving drum of the cable. This drum is com- 
posed of a central toothed wheel, with a grooved 
wheel fitted on each side, all having the same dia- 
meter of 4 metres or 13 ft. Besides this, there is a 
counter-pulley 3 metres (10 ft.) in diameter, and an 
intermediate obliquely placed guide pulley of the 
same diameter. The cable passes in succession over 
all these pulleys, beginning with one of the main 
driving wheels. The transmission from the motors 
to the driving drums is so arranged that 700 revo- 
lutions per minute of the motors correspond to 140 
revolutions of the shaft connecting the bevel with 
the pinion gearing, and to 5 revolutions of the main 
driving drum. The diameter of the latter being 
4 metres, the cable speed is 4 x 3.14 x 5 = 62.8 
metres per minute, or practically 1 metre per 
second, or about 2.5 miles per hour, which is the 
regulation speed, although it is generally somewhat 
exceeded, and could safely be doubled. As seen 
from the efticiency en the line, the loss due to the 
somewhat complicated gearing is 18 per cent. The 
shaft connecting the bevel with the spur gearing is 
fitted with a hand brake, an automatic counter- 
poise brake, and a friction coupling for reversing 
the bevel gearing. The man in charge can always 
read the speed of the cars from the cable speed 
indicator in front of him, while the arrival, depar- 
ture, and the passing of cars over the crossing are 
signalled to him electrically, as already mentioned. 
The starting of the motors is effected by means of 
a rheostat having a resistance of 20 ohms. The 
motors can be switched in and out separately or 
jointly, and the main current is regulated by a 
main switch having 10 contacts in series. 

Yost of Construction.—The total cost of the line 
and equipment was, exclusive of generating station, 
as follows : 





Per Per 
Kilometre. Mile. 
J £ 
Works, buildings, and line 280,000 24,320 
Cable, motors, and rolling 


stock oe fi obs 20,000 1,280 
Furniture, tools, and sun- 
dries ee * se 2,000 128 


402,000 25,728 

W orking.—The line was opened in the year 1888, 
about 4500 train kilometres, or 2800 train miles, 
being run in the summer season. The staff com- 
prises, besides two stationmasters, acting also as 

* If the line were worked by ballast water, the quan- 
tity to be carried would be given by the tractive force 
divided by the maximum grade, viz., 


2796 = 4.7 cubic metres or tons. 
600 





cashiers, two drivers, two guards, a mechanic for 
the motor station, and a man in charge of the line. 
The average annual number of passengers per 
season of four months is 26,000, the second-class 
fare being 1.50 francs or 1s. 3d. per up and down 
trip. 

The receipts and expenses were in 1892 as 
follows : 




















Per | Per Per Train | Per Train 
Kilometre! Mile. (Kilometre) Mile. 
‘a —_ = fr. | £ f. | sd. 
Receipts . --| 388,500 2464 7.00 ; 9 0 
Expenses se | 13,500 | 864 2.50 3 3 
Net receipts .. | 25,000 | 1600 | 4.50 | 5 9 


The net receipts are therefore equal to 6.2 per 
cent. of the capital outlay. 
(Zo be continued.) 





THAMES BRIDGES.—No. III: 
4.—SouTHwARK BrIpGE. 


Ten years before Sir John Rennie’s design for 
London Bridge had been accepted, he had com- 
menced the building of the famous bridge over 
the Thames connecting Southwark with the 
City. During the last 25 years of the eighteenth 
century cast iron had become popular for bridge 
construction, and that of Southwark may be re- 
garded as the highest development—never since 
surpassed—of this particular branch of engineering 
skill. Sir John Rennie, therefore, did not under- 
take so bold a work without the advantage of much 
experience in the use of this material, the experi- 
ence of other engineers as well as of his own. 

Cast iron had first been used on a relatively large 
scale in 1779 in the construction of a bridge crossing 
the Severn at Coalbrookdale. The bridge consists 
of a single arch 100 ft. 6 in. span. Castings 70 ft. 
long were made for the ribs. Ten years later 
Thomas Payne invented a cast-iron type of bridge, 
which was carried out ona large scale at Rother- 
ham, and erected for exhibition in London in 
1790. The structure was, however, returned to 
Rotherham, because it had not been paid for, and 
a part of it was afterwards used in the construc- 
tion of the Sunderland bridge erected in 1795 by 
Rowland Burden. This bridge was a very famous 
one for its time. It was designed with a single 
arch 236 ft. span, 30 ft. rise,and with a clear height 
of 100 ft. above the water level. Following this 
came a cast-iron bridge over the Severn at Buildwas. 
This was a single arch of 130 ft. span, with a rise 
of 30 ft.to 34ft. It was completed in 1796. By 
this time confidence was established in cast iron as 
a building material, and a large number of other 
bridges were constructed of it before that crossing 
the Thames at Southwark was designed. 

In his autobiography, Sir John Rennie gives some 
very interesting particulars of the construction of 
Southwark Bridge. The promoters of this work, 
under the title of the Southwark Bridge Company, 
met with great opposition in Parliament, chiefly 
from the City Corporation and the Thames Conser- 
vators. The site selected was the narrowest part 
of the river between London and Blackfriars 
Bridges, and any contraction of the waterway was 
considered undesirable, if not dangerous. This 
objection was overcome by the proposal to build a 
bridge with a much greater waterway than then 
existed at London Bridge ; and the elder Rennie’s 
design was at last accepted. It consisted of three 
arches, with a clear width for navigation of 660 ft. 

The bridge was commenced in September, 1814, 
and completed in April, 1819. The total cost was 
800,000/., raised by the company, which levied 
a toll until its purchase in 1868. Of the three 
arches, the central one has a span of 240 ft., 
and the side arches 210 ft. The method of 
constructing the foundations was very similar to 
that followed later, in building London Bridge. 
The piers are 36ft. wide at their base, and about 
75 ft. long; the footings are carried down to a 
depth of 10ft. below the bed of the river. The 
areas to be occupied by the piers were enclosed 
within cofferdams constructed of piles 13in. or 
14in. square, and 50 ft. long ; they were driven to 
a depth of about 16 ft. into the bed of the river, 
leaving sufficient height to exclude the entrance of 
water at the highest known tides. The form of the 
cofferdams was that of a rectangle with octagonal 
ends ; it consisted of three rows of piles of the 
sizes given above, andjdriven about 3 ft. apart, the 





space enclosed between the rows being about 6 ft. 
The piles were close planked and the space filled 
with clay. The area enclosed by the cofferdam of 
each pier was considerably larger than that of the 
pier, being 60ft. wide and about 120ft. long. A 
14 horse-power engine was used to pump out the 
water, and the excavation was carried down, as just 
said, to 10 ft. below the bed. Ten rows of piles were 
driven over the space occupied by the foundations, 
36 ft. by 75 ft. On these a timber platform was 
laid, and the piers were carried up in stone ; their 
height from the platform to the top of the parapet 
is 60 ft., and the dimensions are reduced to a width 
of 24 ft. and a length of 56 ft. 6 in. at the springing 
level, above which they are vertical. Cutwaters 
are carried out into the river on each side, increas- 
ing the length to the dimensions given above. The 
abutments were built within cofferdams made of 
two rows of piles 3 ft. 4in. apart. When the water 
had been pumped out, the ground, excavated to 
the clay, was sloped down towards the river with a 
grade of 1 in 15; piles were then driven at short 
distances apart at right angles to the slope, and to 
them a timber platform was secured, and the 
masonry was laid on the platform. The width of 
each abutment is 80 ft. Sir John Rennie in his 
autobiography, when referring to the stonework of 
Southwark Bridge, said: ‘‘The masonry of the 
abutments was laid to radiating beds, and formed, 
as it were, a continuation of the side arches to 
their base ; these courses were also connected with 
several series of vertical bond stones.” In the same 
volume, still speaking of the masonry of the bridge 
designed by his father, Sir John Rennie gives some 
interesting particulars of his search for suitable 
material, especially for the large blocks required, 
weighing from 15 to 20 tons. Aberdeen could not 
furnish such sizes, but at Peterhead he discovered 
a block of 25 tons, which he managed to transport 
to the harbour, and after great difficulty he induced 
the captain of a cargo steamer to bring it to London. 
Having thus been shown the way, there was no 
further difficulty in obtaining all the stone required. 
The outer facing of piers and abutments is of hard 
silicious stone that was obtained in quarries near 
Edinburgh and Dundee ; the interior to the spring- 
ing level is of hard Yorkshire grit, and the springing 
courses throughout the bridge are of Peterhead and 
other granite.* 

Messrs. Joliffe and Banks, who afterwards built 
London Bridge, were the contractors for the foun- 
dations and masonry of Southwark Bridge, which 
still affords ample evidence of the admirable manner 
in which the work was done. There are nearly 
6000 tons of iron in the bridge, all of which was 
cast at Rotherham, presumably by the same firm 
that put Tom Payne’s ideas into execution, and 
partially used the result at a later date at Sunder- 
land. Thecentre span of 240 ft. has a rise of 24 ft. 
The approaches are steep, 1 in 28 on the southern, 
and 1 in 19 on the City side ; the width of the 
platform is 42 ft. The distances between the 
piers are spanned by eight ribs, 6 ft. deep in the 
centre and 8 ft. at the springing; these ribs are 
connected at intervals by diagonal bracing arranged 
radially. The spandril fillings for the inner arches 
are open castings with vertical ribs, the upper 
flanges supporting the roadway, and the lower rest- 
ing on the top of the arches. The fillings for the 
external faces are more ornamental. The design 
is well shown in the illustration (see page 150), 
where it will be seen that the space is divided 
equally by a curved rib running into the arch at 
the top, while the spaces above and below are 
filled with castings with open triangular panels. 
The floor of the bridge beneath the road surface 
is formed of cast plates with flanges at their edges; 
these are bolted to the top of the spandril, and 
make a continuous platform. The heavy cast-iron 
cornice is bolted to the outer row of floor-plates, 
and to it is secured the parapet, which is of a 
heavy pattern in harmony with the general design 
of the bridge. 

We have seen how the difficulties of obtaining 
suitable stone for the piers and abutments were 
overcome by the talent and energy of the younger 
Rennie. The same qualities were displayed in the 
erection of the ironwork. Some interesting details 
of this are given in his autobiography. ‘‘ There are 
eight main ribs to each arch, and each rib is built 
up of 13 pieces, the lengths, of course, varying 
with that of the spans. Each segment forms 4 
radiating block, so that the whole series could be 





* See Smiles’s ‘* Lives of the Engineers,” Vol. II. 
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erected like anarch. The depth varies from 6 ft. 
in the centre to 8 ft. at the abutments. The seg- 
ments are all solid, 24 in. thick at the top, and 3in. 
at the bottom. At the end of each segment a 
heavy cast-iron frame extended across the bridge, 
and the ribs were secured to them and held in place 
by wedges. The panels thus formed were filled by 
iron diagonal bracing. Timber staging similar to 
that afterwards used in the erection of London 
Bridge was employed ; it rested on piling driven 
between the cofferdams. The erection of the ribs 
was commenced in the centre, upon the staging, and 
the work proceeded simultaneously on the whole 
bridge, it having been found possible to construct 
the staging so as to leave sufficient waterway for 
navigation. Each piece of each rib was carefully 
placed upon thecentring, resting upon nicely adjusted 
strong wooden double wedges, and connected to- 
gether as they proceeded by the transverse frames 
and diagonal braces before mentioned. By this 
means the whole of the arches were constructed at 
the same time from the centre to the skewbacks or 
bearing parts of the piers and abutments ; but in 
order to connect them properly with them it was 
necessary to devise a particular arrangement. For 
this purpose a transverse frame, similar to those 
used for connecting the rib-pieces together, was 
accurately embedded and fitted to the skewbacks 
or bearing places of the piers and abutments, 
resting on a bed of sheet lead, and the joints 
were filled in with melted lead also; this formed 
a solid and to a certain extent an elastic bear- 
ing, upon which the main ribs were ultimately to 
rest. At the ends of the arched rib plates next to 
the piers and abutments there was another trans- 
verse frame plate of the same kind as those pre- 
viously described, and fixed there in a similar 
manner. This brought the ends of the arches with- 
in 6 in. of the abutting or bearing plates fixed in the 
skewbacks. Between the frame plates on the 
masonry and those on the arches, solid cast-iron 
wedges 9 ft. long and 6 in. thick at the back, 2 in. 
at the bottom, and 9 in. wide, three being behind 
each rib, were accurately fitted by chipping and 
filing, so that it would slide down to within 12 in. 
of the bottom. When these wedges were all 
accurately adjusted at the same temperature to the 
same depth, they were simultaneously driven home 
by wooden rams to their full depth, so as to reach 
about an inch below the bottom of each rib. By 
this means the whole of the three arches were 
gradually brought to their bearing without being 
raised wholly from their centres. Matters were 
then allowed to remain in this state for a few days 
in order to give time for every part to come to its 
bearing, and to ascertain if there were any defect 
in any part. After the minutest search in every 
part, no defect could be discovered ; the wedges 
between the centres and the undersides of the ribs 
were then gradually slackened, until the whole of 
the arches came to their full bearing, and were then 
removed entirely, leaving the arches perfectly free 
of support. During the whole of these operations 
from first to last, which occupied abouta week, not 
the slightest accident or fracture occurred. The 
total subsidence of the main arch barely exceeded 
24 in., while the subsidence of the two side spans 
arches barely exceeded 2in., which had been 
allowed for in construction.” 

Southwark Bridge remained subject to toll for 
nearly half a century, until the City authorities, 
auxious to improve the means of communication 
across the river, were divided in their opinions 
between its purchase, or the construction of a new 
bridge between Southwark and Blackfriars. In 
March, 1866, the Bridge House Estate Committee 
reported against the suggestion for a new structure, 
the estimated cost of which was 1,500,000/., and 
they strongly recommended the purchase of South- 
wark Bridge, which was already rented by the City 
for the benefit of the public. For quite a number 
of years the bridge proprietors had been desirous 
of selling, the price they demanded being 300,000. ; 
the offer, however, was not accepted on account of 
the difficult approach on the City side, the improve- 
ment of which would, it was calculated, cost about 
150,0001._ The construction of Queen Victoria- 
street so far removed this objection that the ques- 
tion of purchase was reconsidered, and in June, 
1868, the sale was effected for 200,0001., after the 
Corporation had paid nearly 19,0001. in rent to the 
company. While these negotiations were in pro- 


gress, a careful examination of the bridge was 
made, and it was reported to have suffered no 


of Southwark Bridge, Robert Stephenson said that 
‘fas an example of arch construction, it stands 
confessedly unrivalled as regards its colossal pro- 
portiong, its architectural effect, and the general 
simplicity and massive character of its details ;” 
a criticism that has always received a full endorse- 
ment. For further particulars the reader is referred 
to Sir John Rennie’s Autobiography, to Walmisley’s 
‘* Bridges over the Thames in London,” to Crecy’s 
Encyclopedia, and to Smiles’s ‘‘Lives of the 
Engineers.” 


5.—Tue Sr. Pavt’s Bripez or THE LONDON, 
CHATHAM, AND Dover Rartway Company. 


About 1884 it was determined that the increas- 
ing traffic of the London, Chatham, and Dover 
Railway Company rendered the existing bridge 
crossing the Thames at Blackfriars, and giving 
access to their City terminus, inadequate. It was 
accordingly determined to construct a second bridge 
near the existing one, and the work was intrusted 
to the engineer of the Company, Mr. W. Mills, 
and to Mr. J. Wolfe Barry and Mr. H. M. 
Brunel. The bridge has five spans; the shore 
span on the Surrey side is 183 ft., that on the 
Middlesex side 185 ft. ; the centre span is of the 
same width, and the second and fourth spans 
are each 175 ft. Thethree middle spans correspond 
with those of the older bridge close alongside. The 
width of the platform is 81 ft., sufficient to accom- 
modate seven lines of track, and giving, with the 
old bridge, 11 lines of way. Over the north span 
the width of platform was increased to 123 ft., it 
being necessary to provide space for platforms be- 
longing to the St. Paul’s station. 

As it was an absolute necessity to lay down a 
number of cross-over roads for working the traflic, 
an uninterrupted platform for the full width was 
required, and for this reason a type of construction 
similar to that of the older bridge could not be 
adopted ; a system of arched ribs beneath the rail 
level was therefore decided on. The abutments on 
each side of the river were constructed in coffer- 
dams, the foundations being carried down to a 
depth of about 25 ft. below Trinity high water ; 
this brought the underside of the foundations 
about 1 ft. below the surface of the London 
clay. The abutments are nearly all of con- 
crete in Portland cement, the proportions being 
eight parts of concrete to one of cement for the 
lower, and six to one for the upper parts of the 
abutments. The springing stones for the arches, 
however, are of Bramley stone, backed with brick- 
work in cement. The piers were constructed 
within wrought - iron caissons; three of these 
caissons were sunk for each pier, excepting the 
long one on the Middlesex side, where four were 
required ; the caissons were about 30 ft. by 32 ft. 
to 26 ft. ; the set for each pier was not sunk so 
that each section touched the adjacent one, but so 
as to leave a clear space of 6 ft. between them. All 
the pier foundations were carried to a depth of 
46 ft. below Trinity high water ; in all cases they 
rest on the London clay. The caissons were built 
of single plate ; the lower portion for a height of 
21 ft. is permanent ; this height brings the top of 
the caisson somewhat above the bed of the river ; 
the upper portions of the caissons were made 
somewhat lighter than the permanent parts. 
They were sunk into position partly by the cutting 
edges, partly by weights and hydraulic pressure. 
When the excavation had been completed, the 
foundations, to a height of 17 ft. above the 
bottom, were made with cement concrete ; above 
this the piers were carried up in masonry, the 
6-ft. spaces between the caissons being connected 
by arches turned over them, and the pier continued 
in masonry upwards and with a filling of concrete. 
The superstructure is carried by segmental arches 
with a rise of 18 ft. 6 in.; the ribs have a uniform 
depth of 4 ft., alterations in strains being provided 
for by changing the width of the flanges ; the end 
plates are fitted with curved bearings adjusted to 
corresponding bedplates to facilitate a free move- 
ment of the arches. These ribs are strong 
enough to carry the maximum load they have to 
bear without any braced spandrils between them 
and the upper longitudinal girders that support the 
floor of the bridge. Transverse intercostal bracing 
is introduced at intervals of 10 ft. throughout the 
length of the ribs, and posts consisting of three 
channel irons riveted together, rise at short intervals 
from the upper face of the ribs and carry the upper 


and the longitudinals are fitted between these 
cross-girders in line with the curved ribs below. 
They are connected transversly by cross-girders 
so spaced that two occur between each of 
the main transverse girders. Flat floor-plates, 
4} in. in thickness, are riveted to the upper 
angle irons of the transverse bearers, as well as 
to the longitudinal girders. These latter are made 
continuous from end to end of the bridge. The 
thrust from the longitudinal system is taken by 
heavy brickwork arches, and is transferred on the 
Middlesex side to the viaduct and station building, 
and on the Surrey side, by similar arches, to the 
Blackfriars goods dépét. 

The bridge was opened for traffic towards the 
end of April, 1886, after having been tested by a 
load equal to 1.2 tons per running foot of each rib. 
With the heaviest load on the platform, the weight 
on the foundations is about 4} tons per square foot, 
and under these conditions no settlement was 
measurable. The total cost, including all tempo- 
rary works, was 31. per square foot of floor.* 





ELECTRIO TRACTION.—No. IV. 
By Puinie Dawson. 
European Exectric TRaMways. 

In Table XXI. we conclude the statistics already 
published (see page 107 ante) of electric railroads 
already completed in Europe, and in Table XXII. 
is given a summary of similar European lines now 
under contract. 


TaBLE XXII.—Résumé of European Electric Lines under 














Contract. 
| Total Number | Aggregate 
Name of Country, mos . of Electric Horse-Power 
| ‘ Cars. of Engines. 
Germany .. e. | 240 700 8,700 
France... - 60 | 110 2,800 
Great Britain .. 28 | 40 2,000 
Austria-Hungary 25 20 1,500 
Italy ee 18 50 1,500 
Switzerland 5 15 300 
Belgium .. aol 2 5 200 
Other Countries .. | 12 20 | 600 
| 
Total | 390 960 17,600 








To make the above Table as nearly accurate as 
possible, several lines concerning which statistics 
are not procurable, have been estimated and in- 
cluded. It is certainly rather under than over the 
exact figures. 

It will be noted that the equipment contracted 
for, and which will be almost wholly in operation 
within the present year, very nearly equals all that 
has heretofore been done in Europe in electric 
traction. 

It is somewhat difficult to obtain statistics of 
the working costs of European electric tramways. 
However, from a very considerable amount of data 
which have been collected, it may be said broadly 
that the average total working costs per car-mile 
(excluding ‘interest on capital invested, and taxes), 
rarely exceeds 5d. per car-mile run, and that the 
ratio of operating expenses to receipts, averages 
well under 60 per cent. 


TaBLE XXITI.—Operating Expenses of some European 
Electric Railways in Pence per Car-Mile. 


Gera ... ‘ 2 97 
Halle ... a hd daa a ive 3.51 
Marseilles (paying annual dividend of 

8 per oa ~ <an in am 4 00 
Frankfort-Offenbac 4.61 
Leeds... nia hal 5.00 
Guernsey 5.79 


These figures are extremely low as compared 
with those of steam or animal traction in the same 
localities. 


TaBLeE XXIV.—Operating Expenses per Car-Mile of some 
European Horse and Steam Tramways, in Pence. 


Frankfort, horses 8.02 
Marseilles _,, a sas de ae 6.12 
Birmingham (average of four steam 
tramways) ... ais = ate ae 7.31 
England hea as per Duncan’s Tram- 
way Manual) mre ae an =a 9.5 


The electric railways of Bremen are operated at 





*For more detailed information the reader is referred 
to a paper read before the Institution of Civil Engineers 
on the “* New Bridge of the London, Chatham, and Dover 
Railway Company over the Thames at Blackfriars,” by 
Mr. G. E. W. Cruttwell. Vide Minutes of Proceedings 
of the Institution of Civil Engineers, vol. ci., part iii., 





girders of the superstructure. The cross-girders 





serious deterioration since its erection. 


Speaking 


also rest upon and are riveted to these posts, 





Session 1889 90. 
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ENGINE AND BOILER AT THE AMSTERDAM ELECTRIC SUPPLY STATION. 
(For Description, see Page 145.) 
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MAC NICOL BOILER; AMSTERDAM ELECTRIC SUPPLY STATION. 
(For Description, see Page 145.) 
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TABLE XXI.—ELECTRIC LINES IN EUROPE ALREA 


DY COMPLETED—coneluded. 
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: g Cae r K ee Is | 4 
» | isa) 2 4 aoe , js 3 ° 2 
Name of Town (a). 2 r= gz isg.| « ca o4i1*- 7 Igo. Type of Steam Engine Used. © | How Driven. a 
¢ S Fe 868) g |25|23|8g| 28 [SEE 38 BA 
r = jS ¥e, So ° | sev |2 | BE => ie = 
FS 2) gf ac) 2 |88|58|22| 82 lesz EE er 
5 a a eae | oS AZAla a | a |< |e ~ | Bali 
Electric Roads Equipped by Messrs. Siemens and Halske. 
. : ; ; - fees a | | , §4 200 : . | Four coupled direct.. } 
3udapest (town) (/).. July, 1889 os] 26 | 1 ,, 30 72 Sandee’ | 72 10 300 743 ntl Horizontal compound condensing “| 7{| Three rope drive. . {7 11 
si (suburbs) .. October, 1893 ..| 103 | 1,, 50 157 » Aa leer 300 i (The power is furnished by the above plant.) 14 
Hanover a re May, 1693 | 12 ,, 0 293 cs | $2 | 12 600 2 260 | Horizontal compound.. a --| 2 | Coupled direct a 
Dresden.. - me ..| July, 1893 - 74|1,, 288) 49 ” 16 16 | 500 2 160 »» ” oe oe | 2 .» + 19 
Genoa .. os a a ..| May, 1893 | Wt ee 131 Metre | 4 -- | 500 1 200 ~=—- Vertical a ~ zi .-| 1 | Belt driven sé 8 
Barmen (rack railway) April, 1894 --| 2 11,, 5a | a2 » | 8 | 500 | 3 250 | Horizontal compound condensing ..! 3 | Coupled direct ee 4} 
Barmen .. a -.| September, 1894 1} | 1,,18.1)| 72 |Standard| 7 | .. 500 ; (The power is furnished by the above plant.) . 10 
: z | : : ls P | as (Power is furnished from lighting station by means of tran3formera t 1 
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Lichterfelde, near Berlin ..| May, 1881 ..| 2 11,, 32 | 56 * sis foe ot Se |e UCU ee 
Lemberg dg oe = aad eel eee at 2 1 ,, 68 56 - 16 480 2 250 Compound condensing | 2] Coupled direct eel 8 
Bucharest os December, 1894.. 5} | 1,,40 | 49 | Standard 5 <1. ae 2 75 | Compound es =a es .-| 2] Beledriven .. pa 10 
Moedling (Vienna) (d) October, 1883 | 3} | 1,4, 66.7) 98 Metre 8 | 7 500 4 {i sso Portable .. es oe oe .-| 6 | Beltandcountershaft 14 
Frankfort-Offenbach (d) April, 1884 | 41 |/1,, 30 | 98 oe 18 | 12 300 2 70 | ae ad FF = | 4 | Belt driven 
— | — Total | 
Total .. | a pee 4 219 | 64 | .. |HL-P. .. 8081 | 
Lines Constructed by Compagnie de lV’ Industrie Electrique de Geneve. 
Mont Saléve Rack Railway (b) January, 1893 ..| 53) 1to4 | 164! Metre .. 12 - 600 | 2 | 250 | Turbines .. nA =e és 2 | Coupled direct ws; 3 
| 1; 400) | 
Montferand, France (d) .| June, 1890 J S44 5 ae on pea Be 1 we 600 441! = Compound = oe =e a 4 13 
| | | 2; 2 
Stans, Switzerland Pm = 1891 | 3} bb | » - 3 3 550 | 1 | 45 | Turbine .. és 2 7” é | 1 | Beltdriven .. «| 20 
Chavornay, Switzerland .. ee 1893 | 24) 1to4o0 | | Standard .. - 600 1 70 | 4 . ne os os eo} 1 ae | 
Geneva, Switzerland.. e + 1894 3h : | | i = 600 | 2 200 Turbines .. bs ss ..| 2 | Coupled direct ae os 
ae. | a Total | 
Total .. | 20 fig | 37 | 3 |... |H-P. .. 1680 | 
Lines Constructed by Maschinenfabrik-Ocerlikon, Zurich. 
Murren, Switzerland (c) | August, 1891 ..| 24 1,,20 ; .. e6 4 4 600 | 1 | 150 | Turbine .. = sé ne -»' 1) Direct coupled | 
Marseilles bs es a ~ 1892 --|/ 8 |1,, 318 | 50 | Standard | 14 550 | 3 {i = Horizontal condensing *e +. 3/| Beltdriven .. °° 8 
Sissach-Gelterkinden, Switz’land (c) May, 1891 2 |}12,88 -. | Metre ..j 1 8 700; 1 40 | Turbine .. .. * = ..! 1 | Gearing . «-| 10 
Zurich i. - ee --| March, 1804 8 1,38 | uf es 12 a5: ee A) oe 100 | Vertical condensing 2 | Belt driven .. oa 7 
| — Tota) | 
a ok eee : | 15} aay er i gi! 12 | ao . 1140 | ae 
Lines Constructed by Elektricitiéts Aktiengesellschaft (Schuckert and Co.), Nuremberg. 
Baden-Voslau July, 1894 oj 8 e . | Standard; 9 | 9 500 oe se: |i oe ~ oo| soo | oe o | 7 tol2 
Zwickau, Saxony June, 1894 ge 44 6 1,, 28.6 72 | Metre | |e ee 500 2 150 | Horizontal compound condensing..| 4 | Belt driven 
oaaerens | » | ie |__| —__—_— Total | 
Sai ic Ven oy 10} "20! 9 | .. BoP... 300 | 
Electric Railways Equipped by the Allgemeine Elekricitiéts Gesellschaft of Berlin. 
Halle a os -| May, 1891 .-| 10 | 1t020 -. | Metre ..; 36 13 | 500 2 |175 | Horizontal-vertical combination ..; 4 / Belt driven 
Gera... oe - = ..| February, 1892 ..| 63 | 1,, 20 ae a 18 16 500 3 175 .” ” ” --| 6 ” 
Kiew .. ~~ = 5 ..| May, 1892 : 83) 1,, 9.56 Standard 32 | .. 500 3 200 ” ” ” -+| 6 ” 
3reslau .. * on - . | June, 1893 ..| 163 11,, 40 4ft.7in.| 40 | 40 500 3 200 | ” ” ” --| 6 ” 
Essen oe oe = ms --| August, 1893. 135 |1,,16 | Metre ..| 24 | 17 500 2 200 ” ” ” . 4 ” 
Chemnitz December, 1893 1i3 {1,90 | 36 in. 28 20 500 2 175 ” ” ” : 4 ” 
Christiania March, 1894 : 43/1, 16 | 4ft.7in.| 11 | 7 | 500 2 100 ” ” ” . 2 ” 
Dortmund April, 1894 meee 45,7, | 26 | 20 | 6500 3 200 ” ” ” +] 4 ” 
Lubeck .. May, 1894 ot SR Dee | Si 2a) oe 20 | 500| 38 150 ee ” ” ++| 6 ” 
| 
Total .. = a . sin 88} | oe on 239 153 | .. | Total 
\ |H.-P. .. 4075 
Line Constructed by Messrs. O. L. Kummer and Co, (Aktien-Gesellschaft Elektricitdtswerke), Dresden. 
Blasewitz, near Dresden December, 1893..! 6} | 1to33 | .. | .. | 10 | lv | 400] 2 | 170 | Vertical compound condensing ..| 4 ! Ooupled direct -.1 12 to15 
Vevey-Montreux (d) .. oa Ss 1xg9 | 6] oe -- | Standard; .. es * 1 240 | Turbine .. ce a se jet ae | oe Se whe «| 8 


(a) Where not mentioned otherwise, the overhead conductor is used. 


slotted copper tube inside which collector slides. 


a cost averaging 28 per cent. less than the horse 
tramways of the same city. 


Taste XXV.—Operating Expenses of Halle Electric 
Railway, 1893. 


Passengers carried ... 3,150,000 
Car-miles run... 695,000 
Length of track a . 10 miles 
Number of motor cars... a nee 36 
Steepest Gradient ... ee: oe ~~ 2a 
Total receipts ce 13,5520. 
Total expenses 7, 9902. 
Depreciation ... 1,500/. 


Sinking fund... ae a fa on 6501. 
TABLE XX VI.—Operating Expenses of the Halle Electric 
Railway (1893) per Car-Mile, in Pence. 





Total receipts sa ae 4.64 
Transportation expenses ... Se vss 1.23 
Motive power ie ait sie 079 
Maintenance > ee. “<s = 0.19 
General expenses... Sei ‘de. ace 0.58 

Operating expenses... is ee 2.79 

Total cost of working per ear-mile ... 3.51 

: Per Cent. 
Ratio of expenses toreceipts ... ee 59 
Interest on capital invested A ae 5.1 


The total working cost per car-mile in this case 
includes taxes, sinking fund, and interest on 
capital investment. 

It must be noted that no conductors are em- 
ployed, fare boxes taking their place. This system 
is worked very successfully on many other roads, 
the uniform fare being 10 pfennigs, or 14d. 

At Breslau, where electric traction was intro- 
duced in June, 1893, dividends of 4.7 per cent. 





(b) Third rail conductor. 


were paid the first year, notwithstanding the heavy 
expenses due to re-equipment, and the shares, 
issued at 115, are now quoted at over 165. At 
Erfurt, a dividend of 5 per cent. was paid at the 
end of the first year’s running of its electric line. 

The cost of working naturally decreases with 
time, the first few years being the most expensive ; 
this is well shown in Tables XX VII. and XXVIIL., 
for example : 

TaBLE XX VII.—Showing Decrease of Working Ex- 
OF mad on Electric Roads in — Cities. 


Hi 1893. 
Operating expenses per car-mile 2.90d. 2.79d. 
Gera: 1892. 1893. 
Car-miles run . se as 379,335 381,857 
Working expenses per car-mile 2.97d. 2.80d. 
Frankfort-Offenbach : 1884, 1890. 
Working cost per car-mile on 8.26d. 4.084. 
Leeds, Roundhay-road : 1892. 1894. 
Total working cost per car-mile 6.63d. 5.5d. 
Bessbrook-Newry : 1887. 1891. 
Cost of haulage per train-mile.. 4.2d. 3.94d. 


TaBLE XXVIII.— Working Expenses on the City and 
South London—June, 1891, to June, 1893. 




















- - | = - - | - - 
— = cal | isc) or) 
23 $8 (22 8 | 82 | s8 88 
sie” is” |e” 16” fam |S" 
Train mile-| 
age -- 174,435 188,666 188,944 214,417 217,664 224,101 227,363 
Running ex-| | | | | 
penses per! | 


car-mile..| 84d. 7.0d. | 6.7d. 6.3. | 5.7d.  5.4d.  5.81d. 





The price at which the kilowatt hour, the 





equivalent of the Board of Trade unit, is sold 


(c) This line is run by electric locomotives. 
(ec) Two cars form a train, each car having motors wound direct on axles. 


(d) Overhead conductor is a 
(f) Conduit system. 


at Gera is given as 9.6d. for lighting pur- 
poses, and 2.4d. for motive power. On the City 
and South London it is found that, inclusive of 
office expenses, the Board of Trade unit costs 
1.56d. 

Mr. H. F. Parshall, well known as the designer 
of the largest electric railway dynamo plants em- 
ployed in America, in the course of some recent 
remarks on electric traction, before the Institution 
of Electrical Engineers, stated that the power con- 
sumed by an average tramcar, at a speed of from 
8 to 12 miles an hour, to be equal to one Board 
of Trade unit per car-mile run. Assuming this to 
be the case, the cost for power per car-mile on 
European electric street railways would be approxi- 
mately from 14d. to 2d. per car-mile. This figure 
closely corresponds with the ascertained American 
cost of similar service. Those European lines from 
which full statistics of coal consumption have been 
obtained also correspond in this particular with 
American results, showing a consumption varying 
between 5 lb. and 10 lb. per car-mile, according to 
the quality of the coal and local conditions. 

An important fact to be considered is that owing 
to the improvement in speed, cleanliness, lighting, 
heating, ventilation, and general comfort of the 
passengers, many people travel by electric cars who 
would never utilise horse cars; increased speed 
also adds largely to the traffic. American exper!- 
ence has proved that where electricity has taken 
the place of horse or steam, passenger traffic in- 
creases from 30 to 100 per cent. This has also 





been demonstrated on the Continent. The re- 
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ceipts of the Marseilles tramways, for instance, 
are: Horses, 13.6d.; electric, 28.8d., per car- 
ile. 

nthe hours of running are the same for both 
systems, but the electric cars run from 25 to 40 
miles aday more than the corresponding horse cars. 
In many parts of the United States cars run 150 to 
200 miles a day. Table XXIX. gives some par- 
ticulars of the average daily mileage made on 
some European lines. 

TasLE XXIX.—Mileage Run by European Electric Cars 

per Day. 


Miles. 
Leeds 110 
Marseilles ... 94 
Buda-Pesth... 75 to 100 
Guernsey ... a 70 
Halle... a : 71 


The narrow streets of Continental cities have 
proved to be no barrier to electric roads. A notice- 
able instance is the Essen line (illustrated by us on 
page 108 ante), where the electric line traverses 
streets only 13 ft. wide between house fronts. 





THE AMSTERDAM ELECTRIC LIGHTING 
STATION. 

In some recent issues (see pages 723 and 789 of our 
last volume) we gave an account of the Cologne Elec- 
tric Lighting Station erected by the Helios Company, 
of Cologne-Khrenfeld. We now propose to describe 
another important station by the same firm, erected at 


7 é 7] 700 
AM. 
Amsterdam. The station is placed outside the town,on 
the west side, in the district of Sloten, and is the pro- 
perty of the Electra Maatschappij voor Electrische 
Stations in Amsterdam. Like all buildings in the 
neighbourhood, it is carried on piles, which are driven 
to a depth of 1.5 metres below low water mark of the 
district. ‘lhe heads of the piles are connected by 
cross-beams, and the wallsare built on the latter. The 
building, which was erected from the designs of Mr. 
van Genth, is of handsome appearance and is in two 
bays, one being the boiler-room and the other the 
epgine-room. The bays are each 46 ft. wide, the 
engine-room being 131 ft. long, and the boiler-room 
124 ft. Sin. The ridges of the roof are 47 ft. 8 in. 
above the ground, and 58 ft. 8 in. above the level of 
the pile work. There are two handsome circular 
chimneys, each 147 ft. 8 in. high from the ground, 
and 8 ft. 2 in, in Ciameter inside. 

The engine-house contains three compound _hori- 
zontal engines of 600 horse-power each, one of 300 
horse-power, and an inverted engine of 125 horse- 
power. The larger engines were constructed by the 
Erste Bruenner Maschinen Fabriks Aktien Gesell- 
og one of the large engines being represented in 
nae 1, on page 142, The 600 horse-power engines 

ave cylinders of 26.38 in. and 39.33 in. dia- 
with a stroke of 33 in., the re- 
per minute, and the steam pres- 


meter respectively, 
Volutions being 125 








sure 117 lb. The 300 horse-power engines have cylin- 
ders 18.5 in. and 27.5 in. respectively, with a stroke of 
24.4in.,and 170revolutions perminute. Inthe600horse- 
power engine the pistons are coupled to the two ends 
of the crankshaft, the alternate-current dynamo being 
on the central portion of the same shaft. This alter- 
nator is placed unsymmetrically on the shaft, to leave 
room for the armature frame to be slidden sideways 
to afford access to its interior and the magnet. The 
eccentrics for driving the engine valves are placed on 
their own shafts driven from the crankshaft by counter- 
cranks. The high-pressure eccentric is controlled by 
a disc governor on its own shaft, and thus provides a 
variable cut-off ; the low-pressure eccentric is keyed 
to its shaft, which carries the exciter for the field 
magnet of the alternator. The steam is distributed 
to each cylinder by a piston valve. The air-pump is 
driven by an | lever from the tail-rod of the low- 
pressure piston. 

The 600 horse-power alternator has 48 poles; the 
diameter of the armature ring is 11 ft. 11 in., and that 
of the magnetic field, which revolves, 7 ft. 3in., the 
thickness of each being 16?in. The armature coils 
are mounted on a cast-iron ring-shaped frame, made 
in two pieces and connected somewhat above the hori- 
zontal axis, The exciters of the 600 horse-power and 
300 horse-power alternators are compound-wound 
dynamos, arranged as shown in Fig. 1. The arma- 
ture is 27.5in. in diameter and 17.7 in. long, the wind- 
ings being placed in radial slots. The field is four- 
poled, and 4 ft. 7 in. in diameter. The armature core 
and the active iron in the magnetic field are built of 
soft iron sheets half a millimetre (,; in.) thick. The 
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series winding is designed to give an automatic rise 
of the potential difference with an increasing output. 
The shunt winding is placed in series with a resist- 
ance. The potential ditference is 100 volts at no load ; 
it rises to 130 volts at full load, and may be further 
increased to 200 volts by short-circuiting the external 
resistance of the shunt winding. Any exciter can 
supply —s current for two of the 600 horse-power 
alternators. The 125 horse-power engine was re- 
moved from a former station belonging to the same 
company. It runs at 250 revolutions, and is coupled 
to a shaft carrying an exciter and an alternator. The 
alternator has 24 poles; its magnetic field measures 
4 ft. 1 in. in diameter by 14.5 in. indepth. The arma- 
ture coils are mounted on a ring-shaped frame 5ft. 11 in. 
in diameter. 

There is an underground passage under {the line of 
engines, and along this all conductors are carried. All 
the switches and other controlling devices are placed 
on an elevated platform, below which is a room con- 
taining the resistance boxes and the load resistance. 
The controlling devices and their connection to the 
operating levers are very similar to those we described 
in connection with the Cologne station. The load resist- 
ance, however, is divided into two equal parts, which 
may be joined to one another, to one or more alter- 
nators, or to the network of mains. The alternators 
are connected to the mains by two main switches 











placed in the cellar. From the station to the Haar- 
lemer Straat the cable is placed underground on 
small piles ; the rest of the mains are 20 in. below the 
street level in wooden boxes filled with asphalte. 
With 20,000 lamps of 16 candle-power, burning 
simultaneously, the maximum potential difference 
between two points of the same conductor amounts 
to 1 per cent. The loss of potential in the feeders from 
the station to the first switching column is 1.2 per 
cent. with 12,000 lamps burning. The daily load on a 
Wednesday or Thursday in the middle of each month 
from January to June, 1893, is shown in the diagram 
annexed. It will be noticed that the peak is not 
so pointed as it is with us, the demand being fairly 
constant from the time of lighting up until 9 o’clock, 
when it begins to fall off very rapidly. No doubt the 
form of the load curve is determined by the habits of 
the people: The network can be subdivided into 12 
parts by 15 disconnecting switches, most of these 
switches being placed inside columns of the kind 
shown in Fig. 5. The total height of such a column 
is1l ft. 3in.; the height from. floor to roof 7 ft. 6 in.; 
and the diameter 3 ft. 7 in. Each column affords 
sufficient space for four switches. Above the switches 
there is space for a 10-kilowatt transformer. The 
upper part contains a synchronously driven clock. 
Steam for the engineissupplied by eight boilershavinga 
heating surface of 1614 square feet each. The boilers are 
of the MacNicol type, and were constructed by Messrs. 
Petry-Dereux, of Diiren. As shown by the illustra- 
tions on pages 142 and 143, each boiler comprises a nest 
of tubes, four cylindrical boilers, and a steam drum. 
The course of the gases from the grate is first between 
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the tubes, then along the cylinders, and finally along the 
lower ones. It is claimed for this boiler that there is 
such an ample supply of water to the tubes, that a very 
easy and active circulation is always maintained. The 
entire boiler is supported at three points, the middle 
point, at the connection between the tubes and the 
lower cylinders, —— fixed, while the two other points 
are free to move with the expansion and contraction 
of the metal. The front of the boiler is hung by 
screwed links to a floor beam carried by posts. In the 
upper cylinders steam separators are placed, which force 
the steam to change its direction several times, and thus 
to free itself from water. The separating walls for 
the flues between the rows of water tubes are formed 
of specially constructed firebricks. Gapsare provided 
at the lowest row of tubes to allow a small draught to 
sweep away ashes. To prevent loss of heat during the 
hours of light load, the products of combustion leaving 
the working boiler pass round another boiler before 
entering the chimney. 

The water space of each boiler amounts to 636 cubic 
feet, and the steam space to 319 cubic feet; the 
evaporating surface is 206 square feet. <A series of 
tests, continued through many weeks, showed that each 
square foot of water-covered heating surface produced 
3.09 lb. of dry steam at 124 lb. pressure, representing 
an efficiency of 75 per cent. of thecoal. The main 
steam pipe is of welded wrought-iron tube, 17.7 in. in 
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EXPRESS LOCOMOTIVE; NORTH-EASTERN RAILWAY. 
MR. WILSON WORSDELL, LOCOMOTIVE SUPERINTENDENT. 
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diameter, and forms a closed rectangle, passing 
through the boiler-room and engine-house. There are 
four feed pumps of differen: sizes, which draw 
softened water from a large reservoir beneath the 
boilers. 

The Amsterdam station commenced the year 1893 
with 7412 lamps connected, and ended it with 12,896 
lamps. During that period it produced 1,016,107 
Board of Trade units of electric energy by an ex- 
penditure of 4220 tons of coal, equal to 9.3 Ib. of coal 
per unit. The total revenue for 1893 was 14,368/., 
and the expenses 7760/., including coal, oil, salaries 
and wages, insurance, rent, rates and taxes, repairs, 
and miscellaneous items. The charge is 9.2 per unit, 
but large rebates are made to customers burning 
their lamps during long hours, so that a considerable 





29 


( section THROUGH FRONT STEAM CHEST i 
5 y 


{ Length of Steam Port equal to 1/'6/ 
Width ed ” Ie 





sortion of the time falls into the period of light 
oad, 


Fig. 4 


SS 


O 
O 

















Automatic SteamValve ‘ 
* 





“4 








Ty 








- 























EXPRESS LOCOMOTIVE, NORTH-EASTERN 
RAILWAY. 

WE give this week a two-page engraving, with other 
views on the present page, of a type of express locomo- 
tives now doing g service on the North-Eastern 
Railway. This type of engine was originally designed 
by Mr. Thomas W. Worsdell when locomotive super- 
intendent of the line, it being then fitted with 
compound cylinders; but in the course of rebuilding 
as the cylinders required renewing the engines have 
been fitted by Mr. Wilson Worsdell, the present 
locomotive superintendent—to whom we are indebted 
for the drawings from which our engravings have been 
prepared — with non-compound cylinders provided 
with piston valves, and oak veey satisfactory results. 


The express traffic with which the North-Eastern Rail- 
way Company has to deal is of a very heavy character, 
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and the engines under notice are of a powerful type, 
having inside cylinders 19 in. in diameter by 24 in. 
stroke, and single driving wheels 7 ft. 7} in. in diameter. 
The tractive force the engines are capable of exerting is 


thus 19 x 24 _ 94.9 lb. for each pound of effective 





pressure per square inch on the pistons. The boiler 
pressure is 175 lb. per square inch, and the indicator 
diagrams-—taken when merten a train of 14 coaches 
between Newcastle and Edinburgh—which we repro- 
duce in Figs, 7 to 15, on the opposite page, give a good 
idea of the work which the engine can do. : 

We have said that the engine has inside cylinders, 
and it will be seen from our illustrations that the 
valves are of the piston type (Mr. W. M. Smith’s 
patent) placed above the cylinders. The arrangement 
of these piston valves is shown clearly in Figs. 1, 3, 
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INDICATOR DIAGRAMS FROM EXPRESS LOCOMOTIVE; NORTH-EASTERN RAILWAY. 


DIAGRAMS TAKEN WHILE WORKING 12-I5°"-EXPRESS BETWEEN NEWCASTLE & EDINBURGH 








LOAD 14 COACHES, 
ENGINE 1519 (PISTON VALVES) OCT. 30™ 1894. 


CYLINDERS 19" DIA. 24°STROKE DRIVS WHEEL{SINCLE) 7°7° 
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and 4, while details are given in Fig. 5, the right-hand 
portion of the latter view showing the packing rings 
in section. The valves, it will be noticed, work in 
short liners, which are readily renewable. The arrange- 
ment of the valves gives—as will be seen from Fig. 1— 
a very clear escape for the exhaust. The cylindersare 
also fitted with Mr. Smith’s automatic air and steam 
valves, which come into action automatically with the 
closing of the steam regulator, and admit steam—the 
pressure of which cannot exceed one atmosphere—to 
the steam chest, thus destroying the vacuum which 
would otherwise be caused therein by the running of 
the engine, Fig. 15, on the present page, which re- 
produces an indicator diagram taken when running 
down an incline with steam off, at 60 miles per hour, 
shows the action of these valves. 

_ As will be seen from our general views, the engine 
is eight-wheeled, being carried on a four-wheeled bogie 
at the leading end. The bogie wheels, which are 
placed at 6 ft. 6 in. centres, are 3 ft. 7} in. in dia- 
meter, while the diameter of the trailing whels is 
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4 ft. 7} in. The total wheel base of the engine is 
21 ft. llin., the length of rigid wheel base being 
8 ft. 8 in. The crank axle has bearings 8 in. in 
diameter by 9 in. long, while the crank journals are 
8} in. in diameter, with a length of 5 in. The valve 
gear is of the shifting link type, worked by screw 
reversing gear. 

The boiler shell is of steel, and the firebox of 
copper. The total heating surface is 1139 square 
feet, of which 1016 square feet is tube surface, and 
123 square feet firebox surface. The grate area is 
large, namely, 20.7 square feet. The firebox crown 
stays are of cast steel, and the working pressure is, 
as we have already mentioned, 175 lb. per square 
inch, 

The engine is fitted with the Westinghouse brake 
and with steam sanding apparatus applied to both 
back and front of the driving wheels, As will be 
seen from our engravings, the whole design we illus- 
trate is very simple and straightforward, and alto- 





gether the engine forms an excellent example of a 









Taken while running down Cockburnspath 
Incline (lin 96, for 4 Miles. 968 Yds.) 
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Fig. 15. 
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locomotive suitable for the requirements of modern 
express traffic. 








SAFETY BLOW-OFF AND CIRCULATING 
DEVICE FOR STEAM BOILERS, 

Amone the latent dangers associated with the high 
steam pressures now in general use are those connected 
with the blowing-off and donkey circulating apparatus 
on boilers. These possible dangers have been, we under- 
stand, under the consideration of the Marine Depart- 
ment of the Board of Trade, as on shipboard they are 
intensified by reason of the direct connection from the 
boilers to the sea. In blowing off, for example, there 
is always the danger of insidious leakage, which, when 
the boilers are pas. od banked fires, and the attention 
of the engineers is somewhat relaxed, has frequently 
resulted in serious accidents. Especially is this the 
case in tugboats or land boilers, where banked fires 
are often accepted as a guarantee of absolute safety. 
Circulation of the water in marine boilers by means 
of the feed donkey when raising steam, is also now an 
accepted arrangement, and certainly fulfils all prac- 
tical requirements, but still there is the possible 
danger of insidious leakage through the donkey boiler 
to the sea; in fact, blowing down through the donkey 
boiler overboard is a common though dangerous 
practice, as with so many connections a small leakage 
is very liable to be undiscovered. Care, therefore, 
should be taken in dealing with boilers which carry 
high pressures, and all the fittings should be such as to 
avoid or minimise the extent of accidents resulting 
from negligence or thoughtlessness. 

We illustrate on this page a device designed and 
patented by Mr. Geddes, of 23, Brunswick-street, 
Liverpool, with a view of obtaining greater safety in 
these matters. It consists of a hollow vessel fixed to 
the inside of the boiler near the water level. Two 
pipes are connected to this vessel, one terminating in 
the steam space and the other in the water space near 
to the boiler bottom, and both these pipes being open- 
ended, the water level in the vessel is the same as in the 
boiler. The lower, or water pipe, however, projects 
within the vessel, and terminates about 2 in. above 
the combustion chamber tops, such termination being 
the safe water-level. The bottom blow-off, or the 
donkey circulating connection, as may be, is made to 
the vessel somewhat below the outlet of this pipe, with 
the result that in the event of leakage no water can pass 
from the boiler to the sea below the safe and — 
mined level, and altheugh all the deposit may be blown 
from a boiler bottom periodically, it is impossible to 
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bl>w out all the water by means of steam pressure, as is 
now so frequently done, but the remainder has to be 
drained away naturally or pumped out by portable 
and removable connections, thus avoiding entirely the 
dangers of insidious leakage, as well as the undue 
straining of the boiler through careless treatment. 
The same arrangement is applicable to circulating the 
water by means of the feed donkey when raising 
steam, as not only can no water be run from the boiler 
to the sea below a safe level, but water cannot be 
pumped from one boiler to another below that level. 

The apparatus in question has been applied to 
several vessels by Messrs. Thomas Richardson and 
Sons, of Hartlepool, the Barrow Shipbuilding Com- 
pany, and Messrs. Wigham Richardson and Co. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. _ 

Glasgow Pig-Iron Market.—Dealing was very quiet in 
the warrant market last Thursday forenoon, when about 
10,000 tons of Scotch and a few lots of Cleveland and hema- 
tite iron changed hands. For Scotch the tone was very 
flat, the cash price falling to 41s. 44d. per ton, where 
sellers remained. In the afternoon the market was very 
flat, Scotch iron being offered at the close at 41s. 4d. cash. 
Cleveland lost 14d. per ton. Only some 5000 tons of 
Scotch, however, were sold. At the close the settlement 
prices were—Scotch iron, 41s, 3d. per ton ; Cleveland, 
34s. 44d.; Cumberland and Middlesbrough hematite 
iron, respectively, 42s. 6d. and 41s. 6d. per ton. At 
the forenoon market on Friday a fair amount of business 
was done, some 10,000 or 12,000 tons changing hands, and 
the price ranging between 41s. 4d. and 41s. 34d. The 
close was 41s. 3d. cash per ton buyers. Cleveland de- 
clined from 34s. 44d. cash to 34s, 34d. Hematite irons 
were quite neglected, and unchanged in price. There was 
renewed flatness in the afternoon. Scotch warrants were 
dealt in to the extent of about 10,000 tons, at 41s. 3d. to 
41s. 24d. cash, the close being 41s. 2d. buyers. Both 
Cleveland and hematite irons were lower in price. At 
the close the settlement prices were, respectively, 41s. 14d., 
34s. 3d., 42s. 44d., and 41s. 44d. per ton. A moderate 
amount of business was done on Monday forenoon. 
About 10,000 tons of Scotch iron changed hands, the 
cash price opening as low as 41s. 1d. per ton, but rally- 
ing to 41s. 2d. Cleveland and hematite irons were 
steady. The afternoon market was steady for Scotch 
iron, but very idle; only 2500 tons were dealt in 
out and out, and about as much changed hands on 
option terms. Cleveland was quoted ld. per ton lower. 
The closing settlement prices were 41s. 14d., 34s. 3d., 
42s. 44d., and 41s. 44d. per ton respectively. Business 
was inactive on Tuesday forenoon. Again about 10,000 
tons of Scotch iron were sold, and the cash price rose 4d. 
per ton. Cleveland advanced ld. Thetone was very fiat 
in the afternoon, Scotch being done for cash at 41s. 14d., 
with sellers over at that price. About 7000 tons were 
sold. Cleveland came down 4d. This forenoon the market 
was steadier, when about 10,000 tons were dealt in. 
Scotch warrants opened at 41s. 1d. and closed 4d. down. 
Hematite irons not dealt in, and Cleveland done at 
last price. The afternoon market was somewhat active, 
about 12,000 tons changing hands at higher prices and 
buyers over. The settlement prices were 41s. 14d. 
34s, 44d., 42s. 4$d., and 41s. 44d. The following are 


the current quotations for several No. 1 special 
brands of makers’ iron: Clyde, 48s. 6d. per ton; Gart- 
sherrie, (503. 6d.; Calder, 51s.; Summerlee, 5ls. 6d. ; 


Coltness, 51s. 6d,—the foregoing all shipped at Glasgow ; 
Glengarnock (shipped at Ardrossan), 49s. ; Shotts (shipped 
at Leith), 53s. 6d. per ton; Langloan and Carron still 
out of the market. Two additional furnaces having been 
blown in, there are now in blast in Scotland 75 furnaces, 
as compared with 55 at this time last year. The ship- 
ments from all Scotch ports during last week amounted to 
5691 tons, against 3272 tons in the corresponding week of 
last year. They included 110 tons for South America, 
245 tons for Australia, 835 tons for Italy, 305 tons for 
Holland, smaller quantities for other countries, and 4093 
tons coastwise. From these weekly returns it will be 
seen that the shipping demand for pig iron is most un- 
satisfactory. Some improvement is undoubtedly taking 
place in the demand for home consumption, but the 
output is now so large that there remains a very con- 
siderable quantity of iron to be added to stocks in the 
possession of makers. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores stood yesterday 
afternoon at 286,931 tons, as compared with 287,448 tons 
yesterday week, thus showing for the past week a de- 
crease amounting to 517 tons. 


Finished Iron and Steel Trades.—There are no new 
features to report in respect of the se two branches of trade. 
In the malleable iron department a reduction of 2} per 
cent. has been made in the workmen’s wages so as to bring 
them into line with the sliding scale agreement in the 


North of England, but that reduction will not do much to | f 


assist manufacturers, who are underselling each other to an 
extent not witnessed for many years. Some makers 
are fairly well sold forward, but are handicapped by the 
want of specifications. A fair quantity of steel has been 
placed with Lanarkshire manufacturers for shipbuilding 

urposes, but at very keen prices. The output is now so 
arge that the demand requires to be heavier than what 
has been customary for a long time back, to enable makers 
to maintain quotations. An order for some 5000 tons of 
shipbuilding steel has just been placed by a leading 
Glasgow merchant with the Barrow Steel Company on 
very favourable terms for the purchaser. 


Glasgow Copper Market.—Qn Thursday forenoon one 


lot of copper was sold at 40/. 18s. 9d. three months; and 
in the afternoon the price was 1s. 3d. per ton better, 411. 
three months being obtained for 100 tons. There were no 
dealings on Friday forenoon, when the cash price was 2s. 64. 
per ton down, at 401. 7s, 6d., the three months’ price being 
401. 15s. per ton. In the afternoon, 50 tons were done at 
401. 8a. 9d. cash. Monday forenoon brought an improve- 
ment to 401, 18s. 9d. per ton sellers, but no business was 
reported. In the afternoon, 25 tons changed hands at 
401. 6s. 3d. cash, and 28 tons at 40/. 15s. three months. 
Two lots of copper were dealt in on Tuesday forenoon, 
when the three months’ price gave way 2s. 6d. per ton. 
No transactions took place in the afternoon, and a further 
drop of 1s. 3d. per ton was recorded. Copper to the 
extent of 75 tons changed hands this forenoon at 40/. 5s. 
cash, and to the extent of 125 tons in the afternoon at 
401. 15s. three months. 


East of Scotland Engineering Association.— An ordinary 
meeting of this association was held in Edinburgh last 
Wednesday evening, Mr. William Simpkins, B.Sc., C.E., 
President, in the chair. Mr. James H. Anderson, Assoc. 
M. Inst. C.E., read a paper on ‘ Piled Foundations for 
Engineering Structures.” 16 was illustrated by litho- 
graphed diagrams, and led toan interesting discussion. 


Royal Scottish Society of Arts.—At an ordinary meeting 
of this Society, which was held in Edinburgh on Monday 
evening, a paper was read by Mr. William. Fairley, engi- 
neer to the Richmond Main Drainage Board, on “‘ Filter 
Press Machinery for Sewage Disposal Works.” Mr. 
Fairley dealt with the most recent practice of disposal in 
destructors, by steam barges, as carried out by the London 
County Council, and by filter presses. A description was 
given of a large plant put down by Mr. Fairley, embody- 
ing many improvements, and combining the advantages 
alike of the air-pressure and the direct pumping systems. 
Particulars were also given of a system applicable to works 
for small towns, where not only the sludge pressing but all 
operations requiring mechanical power were carried out by 
means of compressed air, the power being generated by a 
small oil engine, with considerable saving on the first 
capital outlay and annual maintenance. In the discus- 
sion to which the paper gave rise, the subject of purify- 
ing sewage by electricity was brought forward, and Mr. 
Fairley held out a prospect that he would soon be in a 
position to bring forward a system by which theelectrical 
treatment of sewage would be very much cheapened. 


Recent Shipbuilding Contracts.—Since the last batch of 
shipbuilding contracts were mentioned in these ‘‘ Notes,” 
a number of others have been placed with the following 
firms: Messrs. Gourlay Brothers and Co., Dundee; 
Messrs. Rodger and Co., Port Glasgow; Messrs. A. 
M‘Millan and Sons, Dumbarton; Messrs. Russell and 
Co., Greenock and Port Glasgow ; Messrs. Mackie and 
Thomson, Govan; Messrs J. and G. Thomson, Clyde- 
bank ; and Messrs. John Shearer and Son, Glasgow. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance on Change, and the tone of the market 
was anything but cheerful. Quotations all round had a 
downward tendency, but sellers were very unwilling to 
reduce their quotations. As a rule 34s, 6d. was quoted 
for early delivery of No. 3 g.m.b. Cleveland pig iron, and 
one or two parcels changed hands at that figure, but 
several buyers endeavoured to purchase at rather less. 
There was no inclination to do business for forward 
delivery. The lower qualities of pig iron were quiet, and 
it was said that No. 4 foundry could be bought at 33s. 9d., 
and grey forge at 32s. 9d., but most sellers held out for 
3d. more than these prices. Very little was done in 
Middlesbrough warrants, and they were stationary at 
34s, 3d. cash buyers. East coast hematite pig iron was 
very weak, owing to the supply being so much in excess 
of the demand. Nos. 1, 2, and 3 could be bought at as 
low a figure as 41s, 6d., but most sellers still asked 
41s. 9d. It is difficult to understand how with present 
cost of production mixed numbers of local hematite can 
be made at anything like the foregoing quotations. 
Spanish ore keeps pretty steady. To day there was prac- 
tically no change in the market, the only alteration being 
in Middlesbrough warrants, which were a shade stiffer. 
They closed 34s. 34d. cash buyers. 


Manufactured Iron and Steel.—Complaints of the un- 
satisfactory state of the manufactured iron and steel 
trades are numerous, and certainly there are grounds for 
them. Present market quotations must be barely, if at 
all, remunerative, and prospects for the future are by no 
means encouraging. Competition for new work is keen, 
and prices, though hardly quotably altered, undoubtedly 
incline to easiness. The Silowion figures are still named 
by sellers, though rather less might be accepted by some 
firms: Common iron bars, 4/. 17s. 6d. ; iron and steel 
ship-plates, 4/, 12s. 6d. to 41. 15s. ; and iron and steel ship- 
angles, 4/. 10s.—all less the usual 24 per cent. discount 
forcash. For heavy steel rails, 37, 12s. 6d. net at works 
is still asked. 

The Fuel Trade.—In both Northumberland and Dur- 
ham collieries are working irregularly, and prices are 
more a matter of bargaining, though there are now several 
important Scandinavian contracts in the market both 
for gas and steam coal. At Newcastle best Northum- 
brian steam coal is quoted 8s. 104d. to 9s. f.o.b. Steam 
small varies a good deal, from 2s. 9d. to 3s. 3d. being 
quoted. The consumption of gas coal continues heavy, 
but we may now expect some falling off. Prices are 
rather easier. Household coal is in good request, and is 





steady in price. Coke isin only poor demand for ship- 
ments, but the local consumption is large. 


For good 


blast-furnace qualities delivered at Cleveland works 12s, 
to 12s. 3d. is quoted. 

Wages in the Manufactured Iron Trade.—The return 
of Mr. Edwin Waterhouse for the two months ending 
December 31, 1894, shows the average net selling price 
per ton was 4/. 163, 10d., as against 4/. 18s. for the pre- 
vious two months. Under the sliding scale arrangement 
this gives a reduction of 3d. per ton on puddling, and 2} 
per cent. on all other forge and mill wages, to take effect 
on the 28th inst. The output was 19,821 tons, againsp 
24,130 tons for October-November. This return enables 
the production of the whole year to be arrived at. It 
amounts, with firms connected with the Board of Con- 
ciliation, to 143,333 tons, as compared with 149,439 tons 
in the previous year, In 1892 the production was 171,646 
tons, despite the Durham coal strike stopping works. In 
1891 there was a total of 251,000 tons; in 1890, 283,000 
tons; and in 1889, 355,000 tons. 
years include the production of outside firms, for which 
probably 7000 or 8000 tons may be added for the year just 
ended, in addition to the 143,333 tons under the auspices 
of the board. These figures show the finished iron 
trade to be gradually declining. Every year more 
steel is used instead of iron. With regard to prices, there 
was an upward movement from the latter part of 1893, 
when in November and December the net average price 
was 41. 15s. 104d., nearly 1s. below the present return. The 
price gradually rose until, for the four months, July to 
October last, 4/. 18s. was the rate. The Marchand April 
return carried with it an advance of 2 per cent. in iron- 
workers’ wages by the sliding scale, but that has now been 
lost. The ironworkers, however, even with this reduction, 
are 5 per cent. above the minimum rates of the worst 
times some years since. 


Consett Iron Company, Limited.—The directors of the 
Consett Iron Company, Limited, have resolved to pay 
an interim dividend of 53. per share on the ordinary 
shares, and of 4s. per share on the 8 per cent. preference 
shares, on the 15th proximo, to the members registered in 
the company’s books on the 4th proximo. An interim 
dividend on the shares of the Consett Spanish Ore Com- 
pany, Limited, will be declared at a later date. 


Cleveland Blastfurnacemen and the Eight-Hours Day.— 
The following communication has been made by the 
Cleveland Ironmasters to the blastfurnacemen’s officials : 
‘** Minute of Meeting of the Cleveland Ironmasters’ Associa- 
tion, held on January 28, 1895.—The further careful con- 
sideration which the Cleveland Ironmasters have given to 
the subject of an eight-hours shift at the blast-furnaces 
has failed to show them how the change could be effected 
without largely increasing the cost of production. The 
men’s representatives have submitted certain schemes to 
the employers with the view of showing what alterations 
in the number of men would, in their judgment, be neces- 
sary to the adoption of the shorter shift, but in which the 
employers cannot fully concur and have dwelt upon 
the fact that in certain districts, where, however, the iron 
trade is carried on upon a much smaller scale than in 
Cleveland, the eight-hours shift prevails; but even on 
the most favourable showing of the men they are asking 
the Cleveland Ironmasters to pay, in the aggregate, 
wages to an amount much in excess of what is now the 
case. In such of the other districts as have adopted the 
eight-hours shift its effect appears to have been much 
the reverse of beneficial to the trade, as evidenced by the 
falling off in the output of those districts and otherwise. 
While it is es a on the part of the men that the scheme 
would be considerably less costly in Cleveland than on the 
west coast, it is nob at present clear how this could pos- 
sibly be, especially seeing that some classes of workmen are 
there altogether excluded from the benefit of the system 
to whom itis proposed by the men in Cleveland that it 
should here apply. To an eight-hours scheme in itself 
the Cleveland Ironmasters might possibly waive their 
well-founded objections, if they could see their way to 
its adoption without extra cost—which it is quite impos- 
sible for the trade to bear in its present condition. The 
Associated Ironmasters of Cleveland have nothing before 
them to show what the result of the eight-hours shift 
has been in this district where adopted, whether econo- 
mical in its working or otherwise. The blastfurnacemen 
ought not to be left in any doubt as to the true state of 
the English pig-iron industry, in its relation to other 
countries, for the matter can hardly be less vital to the 
workmen than to the Ironmasters. hile the mention 
of the subject of foreign competition has seldom seemed 
to make a sufficient and proper impression on the men, 
the Ironmasters themselves, whatever the men may be, 
cannot possibly be blind to this important consideration. 
Lew 4 world’s output of pig iron in 1882 and 1893 was as 
under : 


Some of these earlier 





1882. 1893. 

Tons. Tons. 
Great Britain 8,493,287 6,829,841 
United States 5,178,121 7,124,502 
Germany ... 3,469,719 4,700,000 
Other countries 4,180,572 4,585,000 
21,321,699 23,239,343 


The colliers’ strike in Scotland in 1893 accounts for some 
diminution in the make of Scotch pig iron, there having 
been in this year a falling off of 193,346 tons compared 
with 1892. The exports of pig iron from the United 
Kingdom in 1882 were 1,758,152 tons; in 1894 the 
quantity was only 830,544 tons. The exports of iron and 
steel of all kinds in 1882 amounted to 4,350,297 
tons; in 1894 the figures were 2,756,125 tons. It is 
the cheapness of the iron made in Cleveland which 
has secured the amount of work which has fallen to this 
district. With exportsof iron and steel from Middlesbrough 





representing about half the total quantity of pig made in 
the district, foreign competition with countries where 
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wages are much lower and no eight-hours system prevails, 
makes it essential to the very existence of our local trade 
that nothing should add to the causes which are so actively 
in operation to deprive us of the markets which remain 
to us. The figures quoted speak only too plainly for 
themselves, and need nocomment. The question practi- 
cally is whether the men wish to see the metal trades of this 
country continue to dwindle away as they have done in 
the past few years. The Cleveland Ironmasters hardly 
need remind the men again that they are making 
allowances to their workmen which are not granted 
in some of the other districts of this country. If the 
men are prepared to make the cost of an_eight- 
hours shift no greater than one of 12 hours, the em- 
ployers will go carefully into any schemes having this 
end in view. The circumstances affecting the cost will 
vary as between the different works; but the employers 
unhesitatingly assert that they would be false to them- 
selves and all concerned were they to entertain any pro- 
yosals which, in the aggregate, made matters worse for 
the trade of the district than they are at present.” 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam coal trade has continued dull, 
and previous rates have been barely maintained ; 
the best descriptions have made 10s. 6d. per ton, 
while secondary qualities have been quoted 9s. 6d. 
to 10s. per ton. The demand for household coal 
has not increased, notwithstanding the severity of 
the weather. Should, however, this severity continue, 
consumption can scarcely fail to increase ; No. 3 Rhondda 
large has made 10s. 3d. to 10s. 6d. per ton. Patent fuel 
has been dull; the best brands have made 10s. 6d. to 
10s. 9d. per ton. Coke has shown little change; foundry 
qualities have made 15s. to 15s. 6d. per ton, and furnace 
ditto, 12s. 6d. to 18s. 6d. per ton. The demand for iron 
ore has been dull; the best rubio has brought 11s. to 
11s. 3d. per ton. The manufactured iron and steel trades 
have exhibited no improvement, A better inquiry for 
railway matériel is, however, anticipated. 


Bristol and South Wales Railway Wagon Company, 
Limited.—The directors of this company, in their half- 
yearly report, just issued, state that the revenue account, 
after carrying 800/. to the contingent fund, shows a dis- 
posable balance of 7000/., from which the directors recom- 
mend a dividend at the rate of 10 per cent. per annum, 
leaving 7001. to be carried to the next account. The con- 
tingent fund of the company now stands at 33,000/., and 
the rolling stock consists of 13,800 carriages and wagons, 
and eight locomotive engines. 


The “ Renown” and the *‘ Hannibal.”—The Renown, 
line-of-battle ship, is being pushed forward with all expe- 
dition at Pembroke, and she wi!l be launched, according 
to present arrangements, in June. The teakwood 
sheathing on the bottom of the Renown is now being 
completed. The Hannibal is also making good progress. 
The frames and the plating behind the armour are being 
placed in position. 


The ‘“‘Juno” and the ‘‘Doris.”—The Juno and the Doris, 
second-class cruisers building by the Naval Construction 
and Armaments Company, at Barrow-in-Furness, are to be 
equipped and completed at Devonport, at which port all] 
their steam trials will be carried out. These vessels are 
of a new type, and are expected to be an improvement on 
the Talbot, building at Devonport. The contractors have 
informed the Lords of the Admiralty that the Juno will 
be ready to leave Barrow-in-Furness under her own steam 
by midsummer, 1896, and the Doris three months later. 
Both vessels are to have their bottoms sheathed with 
wood ; the timber used is to be provided from Devonport 
Dockyard and sent to Barrow-in-Furness, so as to insure 
its being of suitable quality. 


Portsmouth Docks.—For the first time since the new 
docks at Portsmouth were commenced, the water was 
cleared on Friday, and it was hoped that the contractors 
would be enabled to proceed with the excavations at the 
basin end. On Saturday, however, a fresh leak was dis- 
covered under the cofferdam, which is believed to arise 
from a cavity under the concrete on which the dam rests. 
About 2000 tons of heavy clay, dredged from the har- 
bour, have been placed at the base of the dam, but this 
has not been successful in preventing the leak. 





Map or MeErropouitaN RarILtways, TRAMWAYS, AND 
MISCELLANEOUS IMPROVEMENTS.—Mr. Edward Stanford, 
of 26 and 27, Cockspur-street, London, has issued a map 
of London and the suburbs, showing the projected metro- 
politan improvements which will come before Parliament 
during the next session. The map includes the whole of 
the County Council district, and a good deal beyond. In 
addition to fulfilling its specific object, it forms a capital 
map of London. The price is 6s. 





A PERMANENT RECORD OF CHADBURN’S TELEGRAPHIC 
Sicnats.—An invention by Mesers. Thompson and 
Marsden, designed to secure a permanent record of 
the signals by Chadburn’s telegraph on shipboard, was 
exhibited at Lloyd’s on Monday last. On a drum which re- 
volves once in 12 hours by the intervention of ordinary 
clockwork, there is placed a chart on which a metallic 
pencil records the movements of the telegraph. The 
chart is divided by vertical lines representing minutes, 
each space being 34 in. There are horizontal lines 
representing the signals “‘full ahead,” ‘‘half,” slow,” 
“stand by,” &c. Thus, when the telegraph indicates 


“full ahead,” the pencil continues to draw a horizontal 
line at that 
rods the resu 
the new order, 


a and when the telegraph operates the 
+ is to move the pencil until it is opposite 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Chesterfield and Midland Counties Institution of Mining 
Engineers.—A general meeting of the members of this 
association was held on Saturday last at Leicester, under 
the presidency of Mr. Wm. Spencer. The attendance was 
large. After a voteof sympathy and condolence with the 
sufferers in the Audley colliery disaster had been passed, 
the members proceeded to discuss a paper which had 
been read by Mr. W. Spencer, F.G.S., in June, 1893, on 
“The Support of Buildings.” Mr. Longden remarked that 
the law on this subject was a very delicate one, and some- 
times operated very severely on the mineowner. For his 
own part he thought the landlord ought to be reminded 
that when he took a considerable amount for his coal, he 
ought also to accept some of the responsibility for surface 
subsidence and damage. A contribution by Mr. Deacon 
on the same subject was also read. Mr. Longden opened 
a discussion on ‘* The Use of Expansion Gear as Applied 
to Colliery Engines ”—a paper read by Mr. Deacon in 
June last. He referred at length to the Guinotte gear, 
and furnished some instructive information as to his own 
experiences of its operation. The further discussion of 
the subject was adjourned to enable Mr. A. C. Kayll to 
give an interesting summary of the “Report of the 
Flameless Explosives Committee of the North of Eng- 
land Institute’; Part I., Air and Combustible Gas.” 
a _— were on the agenda, but these were not 
reached. 


Reduction in Ironworkers’ Wages.—The following notice 
has been issued to all blastfurnacemen in the Froding- 
ham district: ‘Owing to the depressed state of trade, we 
feel reluctantly compelled to ask you to forego the advance 
in your wages which was granted in April last, this 
arrangement to take effect from February 9 next. This 
notice is only given for this purpose, and we shall be pre- 
pared to continue the —— with you as from that 
day atthe reduced rate of wages, but in other respects on 
the same conditions as at present.” This means a reduc- 
tion of 5 per cent. 


The Difficulty at Wharncliffe Silkstone Colliery.— 
Another interview took place on Saturday between Mr. 
G. Blake Walker, managing director, and the men’s 
deputation in reference to the difficulty arising through 
the company having given 200 miners notice to leave. 
The matter was taken up by the Yorkshire Miners’ 
Association, and, as a result, the management offered to 
try and find employment for the 200 in other parts of the 
colliery. Two thousand hands in the employment of the 
company threatened to strike if this were not done. 
Places have now been found for about 100 of those under 
notice, and the men have decided to give a further trial 
to the company’s proposals, 





MISCELLANEA. 
THE accounts of the Forth Bridge Railway Company 
for the half-year ending December 31, 1894, show net 
revenue sufficient to pay the dividend of 4 per cent. 


on the capital stock without taking anything from the | P' 


** trust account.” 


In a communication to the Comptes Rendus of the Paris 
Académie des Sciences, M. C, Chapel claims that for 
velocities of over 1100ft. per second, the law connecting the 
velocity of a projectile and its velocity can be represented 
by a straight line, 


The 22nd annual dinner of the Old Students of the 
Royal School of Mines was held on Friday, January 25, 
at the Criterion Restaurant. The chair was taken by 
Mr. W, H. Greenwood, Assoc. R.S.M., and he was sup- 
ported by about 100 guests. 


Mr. Theodore Cooper, the engineer to the New York 
and New Jersey Bridge pig sae is sending out inquiries 
to wire manufacturers in Europe and America with a 
view to getting figures permitting an approximation to be 
made to the cost of the above bridge. The amount of 
wire wanted is 40,000 tons, and the strength required is 
not less than 180,000 lb. (80.3 tons) per square inch. 


The traffic receipts for the week ending January 20 
on 33 of the principal lines of the United Kingdom 
amounted to 1,317,968/., which was earned on 18,728? 
miles, For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,394,189., with 18,522? 
miles open. There was thus a decrease of 76,221/. in the 
receipts, and an increase of 206 in the mileage. 


The reference department of the City Free gg 
Liverpool, has lately received a presentation from Mr. 
Clement E. Stretton of Leicester, consisting of a large 
collection of drawings and diagrams relating to the Liver- 
pool and Manchester Railway Company of 1830. Another 
collection has also just been presented to the Leicester 
Town Museum relating to drawings and diagrams of the 
Leicester and Swannington Railway of 1832, 


Electric ferryboats will in all probability be started in 
the spring between Skarpsno, Christiania, and Bygdo. 
Two parties had applied to the Christiania Corporation 
for the concession, but the corporation replied that no 
concession could be given, or was necessary, for the traffic 
in question. It only remained for the harbour author- 
ties to give the necessary directions as to quay accommo- 
dation, &c. 

We learn from the Glasgow Herald that Mr. C. E. 
Stromeyer’s excellent book on ‘‘ Marine Boiler Manage- 
ment and Construction ” has been translated into Russian 
by the Grand Duke Alexander Mikailowitch, son of the 
President of the Imperial Council in St. Petersburg. The 
translator, who is a cousin of the Jate Czar, is a captain in 





the Russian Navy, and takes a great interest in every- 





thing affecting it. We recently reviewed Mr. Stromeyer’s 
book very fully in ENGINEERING. 


At a meeting of the Liverpool Engineering Society on 
Wednesday evening, January 23, a paper was read on 
‘*The Theory and Action of some Automatically Balanced 
Machinery,” by Mr. W. Worby Beaumont, M. So C.E., 
of London, by whom a new principle in applied mechanics 
is brought into use as a means of preventing the vibration 
commonly set up by many classes of reciprocating machi- 
nery, and of converting into useful work the power usually 
wasted in setting up harmful vibration in buildings. 


Schneider, of Creusdt, has just patented a method of 
cementation or carburisation of armour-plates by the use 
of gas. ‘Two plates are placed in a very hot furnace, one 
above the other, with a space between them, the separa- 
tion of the plates being accomplished by a frame of iron 
or steel placed between them. The joints between the 
frame and plates are made air and gas tight by the use of 
asbestos or some other suitable material. The furnace is 
closed and the cementing or carburising gas admitted. 
As the cementation of the plates progresses best at the 
point where the gas enters, the gas is admitted at a 
number of points. In order to supply the carbon equally 
over the whole surface of the plates, the gas is supplied 
intermittently. The pipes supplying the gas and reach- 
ing into the furnace are inclosed in other pipes filled with 
water in order to cool the gas, 





EXCAVATOR FOR BiastinG COAL AND TUNNELLING.— 
The Hardy Vick Nps oat 2 Limited, of Sheffield, are 
introducing a tool for chambering blastholes in coal, The 
tool consists of an auger stem, fitted with an expanding 
bit. This latter is shaped in such a way that when 
pressed against the bottom of a borehole the bits tend to 
move outwards, so that in rotating the tool a crescent- 
shaped chamber is excavated at the bottom of the hole. 
The blast is placed in the chamber, and is tamped in the 
usual way. It is claimed that from two to four times as 
much is dislodged by a given charge when the latter is 
placed in a chamber thus — than when inserted in 
a parallel hole in the usual way. 





TRADE DURING 1895.—Messrs. Effingham Wilson and 
Co. are the publishers in London, and the proprietors of 
the Glasgow Herald the publishers in Glasgow, of a book 
priced at 1s., which gives in convenient form for reference 
@ most comprehensive review of practically every industry 
carried on in Scotland, &c., and also an estimate by lead- 
ing houses of the prospects for the current year. Ship- 
building naturally occupies a prominent place, and here 
the figures are given for the whole kingdom and for the 
principal firms abroad, but freights, export trade, and a 
carefully prepared statement of the condition of metal, 
engineering, textile, chemical, coal, sugar, and other 
industries isgiven. There is also a short statement of the 
conditions in several English centres. Thus the work is 
most varied; while the fact that it has been for the most 
art reproduced from the pages of the newspaper named 
is evidence of reliability. 





Map or Inp1A.—There has just been issued by the 
Indian Engineer, who have offices at 28, Victoria- 
street, London, S.W., a map of India 7 ft. long by 
5 ft. 8 in. wide, so that it will at once be appreciated that 
it is on a large scale, and therefore convenient for 
reference. The railways are specially well marked. 
All lines surveyed have been indicated, and here 
it may be noted that there is abundant room for 
that enterprise indicated in the decision of the De- 
partment, as reported recently in ENGINEERING. The 
rivers are shown in blue colour, and the roads are in 
yellow. The British territory is shown distinct from the 
native states. The colouring has been most carefully 
done, and the names distinctly ‘printed ; the names of 
mountains, hills, and of small towrs are omitted, so that 
the features of importance are not obscured. The map 
is altogether an admirable production, the price being 
three guineas mounted, and two guineas unmounted. 





CaTALOGUES.—Mesars. J. Butler and Co., of the Vic 
toria Iron Works, Halifax, have sent us a copy of their 
finely got-up catalogue of machine tools. Amongst the 
items illustrated are many varieties of power lathes, a 
nearly equally great number of drilling and planing 
machines, in addition to slotting, milling, punching, 
shearing, and screwing machines. The engravings are 
from photos of the actual machines, and are well executed. 
—We have received from Messrs. Cole, Marchant, and 
Morley, of Bradford, a short pamphlet referring to their 
high-duty duplex steam pump, which is claimed to be 
reliable in action and economical in the use of steam. 
—Mr. W. F. Stanley, of the Great Turnstile, Holborn, 
London, W.C., has sent us a copy of the latest edition of 
his very complete catalogue of drawing and surveying 
instruments. A number of drawing instruments, such as 
compasses, set squares, &c., can now be obtained in alumi- 
nium, which is also being used by Mr. Stanley for a series 
of specially light surveying instruments.—The illustrated 
price list of the Crypto Works Company, 29, Clerkenwell- 
road, London, E.C., just issued, contains particulars of 
a large variety of small electro-motors of 7, horse- 
power upwards. These motors are intended for driving 
ventilating fans and light tools.—The chloride accumu- 
lator is being introduced into this country by the Chloride 
Electrical Storage Syndicate, Limited, who have issued 
a catalogue containing particulars of the various sizes and 
capacities of cells supplied, full prices being given in 
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day, February 7, Mr. William Samuel Lilly, M.A., on ‘‘George Eliot, 
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tion of Carbon Dioxide (Choke- Damp) in Air, which is Extinctive 
to Flame,” by Professor Frank Clowes. The following papers 
will be read: ‘The Effect of an O»struction in the Air-Way of 
a Mine,” by Mr. T. L. Elwen. ‘*The Murton Coal-Washer,” by 
Mr. W. O. Wood. ‘‘ The Brunck Coke Oven and Recovery of 
Bye-Products,” by Dr. R. Brunck. ‘‘ The Semet Solvay Coke 
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THE COMING NAVAL ESTIMATES. 

To judge by the recent speeches of the Chan- 
cellor of the Exchequer and the First Lord of the 
Admiralty, and by forecasts from less responsible 
sources, ‘‘the pressure from without ” has been so 
far effectual that we shall have a fairly satisfactory 
amount brought forward to be voted for next 
year’s naval programme. We heard a good deal a 
short time ago about dissensions which arose in the 
Cabinet through differences of opinion between the 
Treasury element and the Admiralty representa- 
tives. It may be these rumours owed their exist- 
ence simply to Parliamentary manceuvring, or it 
may be they were well-founded. That is a poli- 
tical matter which does not concern us; but this 
we know, that if Sir William Harcourt has not 
opposed a (comparatively) liberal provision for the 
Navy, he is a pleasing exception to the majority of 
Chancellors of the Exchequer. If, however, there 
were such dissensions, the common-sense and pro- 
vident party appear to have prevailed. We learn 
from one unofficial source—a paragraph in a ser- 
vice paper—that it is contemplated laying down 
six cruisers of the Blake and Blenheim type, 
but of larger size, whilst the Pall Mall Gazette, 
whose forecast we refer to later, gives four ‘‘im- 
proved Blenheims.” The designs for these vessels 
will be looked forward to with interest. It 
is not likely that the plan of having two sets of 
engines for each propeller will be repeated, as the 
arrangement has not proved a happy one. These 
vessels are undoubtedly intended as answers to the 


United States ‘‘ Pirates ”—the name is of American 
origin— Columbia and Minnesota, and the two 
French croisewrs corsaires which are proposed to be 
built. These latter vessels, like the American 
‘* Pirates,” are to have triple screws, and in face of 
the success attained with the American vessels, it 
would seem reasonable that our own Admiralty will 
adopt this system of propulsion. Whatever may 
be the merits of the system, however, we may feel 
sure that, with the present staff at the Admiralty, 
the best design to meet the needs of the case will be 
adopted. The new French cruisers, it is stated, are to 
have a displacement of between 8500 and 8800 tons, 
the length is to be 426 ft., and the width 59 ft. The 
engines are to give 26,000 indicated horse-power, 
at which the speed is estimated at 23 knots. The 
coal supply is 1450 tons. Of the six new British 
cruisers, four, it is said, will be built in the Royal 
Dockyards, and two by contract. There is no in- 
formation as to the proposed speed, but in any case 
it should be greater than the 23 knots actually 
reached with the American “ commerce-destroyer ” 
—the name is again American in origin—and pro- 

sed for the French “‘corsairs.”’ There is also to 

e, we are told, in the forthcoming programme a 
special cruiser of 22 knots, unkindly differentiated 
as ‘‘ocean-going,” and 30 torpedo-boat destroyers 
of 30 knots. 

The Pall Mall Gazette, however, gives the boldest 
and what may prove the most aecurate forecast of 
the coming estimates ; indeed, it is put forward as 
more than a forecast, as ‘‘ the exact features of the 
Government’s Naval Programme as it stands at 
present,” 7.e.,on January 29. How our enter- 
prising contemporary gets its information we are 
at a loss to imagine, but evidently there are sources 
of knowledge far beyond the ken of a simple scien- 
tific journal. 

‘The Shipbuilding Programme,” says our con- 
temporary, ‘‘ approved by the Cabinet provides for 
the laying down during the next financial year of 
four first-class cruisers—‘improved Blenheims ’— 
of four second-class cruisers of an entirely new 
type, two third-class cruisers, 20 torpedo gunboats, 
and 20 torpedo-boat destroyers, the cost, in a 
finished state, representing over 64 millions ster- 
ling.” 

This, of course, is for new work, irrespective of 
the vessels already in progress. Last year Vote 8, 
which comprises ‘‘ shipbuilding, repairs, mainte- 
nance, &c.,” including the cost of establishments 
of dockyards and naval yards at home and abroad, 
was just under seven millions. That pro- 
vided for the work of the current year, and, of 
course, included so much of the ships then newly 
proposed as would be executed during the year. 
Last year’s programme included for fresh vessels, 
first-ciass, seven battleships, six cruisers, and 
two sloops. As, however, the details of cost of 
these vessels were not completed at the time the 
estimates were voted, we have no means of com- 
paring the magnitude of last year’s new vessels 
with those which are to be commenced this year ; 
indeed, putting aside the unofficial character of our 
information as to the forthcoming estimates, we 
have not sufficient information upon which to base 
any useful comparison. What it is necessary to 
bear in mind is that an imposing programme of 
ships laid down by no means gives assurance 
of substantial progress towards keeping up the 
necessary standard of the Navy. For instance, 
battleships Nos. 4 and 5 were to have only 
about 64,000/. spent on both up to the end 
of this year (March, 1895). They might almost 
as well have been left out of the programme so 
far as substantial increase to the Navy was con- 
cerned. It will be seen, therefore, that it is 
difficult to say how far the work on the vessels 
that are to be proposed will be carried during the 
coming year, as in past times ships have been 
laid down and only a very small sum has been 
spent on them during the first year. 

The Pall Mall Gazette further states that the 
question of building three or four more battleships 
was said to have been considered by the Admiralty, 
‘but it was felt that the laying of them down 
would hamper the dockyard officials, as the progress 
could not be great owing to the armour-plate con- 
tractors being already actively engaged.” This 
statement, which we have reason to believeis well- 
founded, points to a somewhat serious state of 
affairs. e manufacture of armour-plates has 
always been a rather close borough, a fact which 
has arisen, not from any undue favouritism on the 





part of the Admiralty—as has been falsely stated 
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—but from the necessity of the case as the Ad- 
miralty business is conducted at present. It is 
the old tale, ‘‘the system” in fault. The 
plant for making heavy armour-plates is enor- 
mously costly, and ordinary firms naturally 
shrink from undertaking the necessary outlay 
for fear of sinking their money to no effect. 
The profits on armour-plates (unlike some other 
Admiralty work) are sufficient to warrant such an 
outlay if orders could be depended upon. The Ad- 
miralty policy is generally to give no encouragement 
to firms to lay down special plant, and, therefore, 
we have to pay exorbitant sums at times for cer- 
tain special things. It is the uncertain and inter- 
mittent character of Government work that often 
makes it so costly. There is no doubt that a 
promise of orders to any firm laying down special 
plant would be a most serious responsibility for 
the Government to take, but when we see the 
danger that arises from restricted sources of supply, 
an effort should be made to enlist private capital 
in the service of the State in this way. 

The four ‘‘improved Blenheims’—not six, as our 
service friend stated—of the Pall Mall Gazette are 
to be 30 ft. longer than their prototype, and it is 
anticipated that 25,000 indicated horse-power will be 
required to give them the necessary speed of 22 
knots. The new Blenheims will therefore be 400 ft., 
or 26 ft. shorter than the projected French vessels, 
and of 1000 less horse-power, whilst the speed will 
be—on the estimate—1 knot less. We believe, 
however, that the designs of the French ‘‘corsairs” 
are yet only in the proposition stage, but the sug- 
gestions have been seriously put forward. At any 
rate, the American ‘‘ Pirate” has actually made over 
23 knots, ssalready stated. Can we afford to have 
these foreign ‘‘commerce-destroyers ” able to out- 
foot our ‘‘commerce-protectors”’ by one mile in 
every hour’s run, even if the foreign vessels are 
owned by a Power with which we are never likely 
to be at war? We do not forget there are other 
factors besides speed in the design of a war-vessel; 
but speed is so essential a quality in this case that 
some sacrifice must be made to attainit. That 
sacrifice must be additional size, i.e., addition to 
the Navy Estimates. 

Quoting from the Pall Mall article again, we find 
that the four new second-class cruisers are to be 
somewhat enlarged Talbots, having engines givin 
9600 indicated horse-power and a speed of 19} 
knots. The third-class cruisers are to be ‘‘ ahead 
ofthe Barham.” In “all three types the improve- 
ments are to be in the direction of better boiler 
power and coal endurance. The 20 gunboats are to 
be enlarged Dryads, and here, again, there are to 
be improvements in boilers.” 

The Pall Mall Gazette has been shown in the past 
to possess exceptional and accurate sources of in- 
formation, and we have, therefore, treated its com- 
munication with more respect than we are apt to 
give to newspaper rumours. There is, of course, 
the possibility that it may have been misinformed, 
or that the programme may be yet somewhat altered 
beforeitis made public. If, however, the information 
is well-founded, it is not possible that very radical 
changes can be made at this late hour. It is not, 
however, only from a shipbuilding, but from a 
‘* works” point of view that the forthcoming pro- 
gramme will, it is said, be notable. What new 
works will be proposed in the forthcoming estimates 
remains to be seen, but we know by an Admiralty 
return that it will require nearly five millions to 
complete the ‘* works of magnitude ” sanctioned by 
the last estimates, the construction of which it is 
proposed to spread over a space of 10 years. This 
includes the two millions for Keyham extension, 
and a million for dredging. There is no doubt 
works are dangerously deficient; but if we have 
been foolish enough to fal! behind in this respect, 
it would be equal folly tc make it up at the ex- 
pense of the shipbuilding programme ; and we have 

et to see, in spite of the unofficial list of ships to 
be ** commenced,” that that course will not be fol- 
lowed. 





PAYMENT BY INSPECTION. 

An important experiment is about to be tried by 
the Science and Art Department. Up till now, 
the grants of the Department have been awarded 
on the “‘ payment by results” principle, each 


student who passed the May examinations of the 
Department earning 11. and upwards for his school. 
Though far from perfect, the system has worked on 
the whole fairly well in the past, especially as the 


average teacher in the science schools was usually 
somewhat imperfectly trained himself, and hence 
no great harm was done in tying him down to a parti- 
cular syllabus. In recent years, however, a much 
more highly qualified class of men have taken charge 
of many of the local science classes, and to these 
the restrictions involved in working to a syllabus 
which, like the laws of the Medes and Persians, 
altereth not, has been most irksome, and one or two 
of the best of these teachers have, in consequence, 
resigned their posts. It is now proposed in certain 
cases to give grants partly on the results of an in- 
spector’s report. The new regulations apply to orga- 
nised science schools, which are defined as those in 
which the instruction is carried on methodically ac- 
cording to certain rules laid down by the Department, 
the most important being that the school must have 
at least 20 students at its formation, and must pro- 
vide a thorough and progressive course in science, 
combined with literary or commercial instruction 
adapted to students who have received an education 
equivalent to Standard VII. of the Public Elemen- 
tary Code. Comparatively few of the evening 
science schools wil], we should imagine, be able to 
comply with this latter regulation. A lad who 
spends 93 hours or so in the workshop during the 
day, will not feel inclined to attend any classes 
save those on mechanics and science which have 
some immediate bearing on his work, and is not 
likely to spare an evening for the study of purely 
literary subjects. 

The ‘‘inspection” grant is only made on stu- 
dents who attend a regular course, several alter- 
native ones of which have been drawn up. The 
elementary course includes Elementary Mathe- 
matics, Elementary Physics, Elementary Chemistry, 
Freehand Drawing, and Elementary Practical 
Geometry. The advanced mechanical course in- 
cludes Mathematics, Stages II. and IV. of the De- 
partment’s syllabus; Geometry, the advanced 
stage; Heat, the advanced stage with practical 
work ; Theoretical Mechanics, Divisions I. and II.; 
Building or Machine Construction, Applied Me- 
chanics and Inorganic Chemistry, theoretical and 
practical. Slightly different courses have been 
prepared for Physics and Chemistry, and Biology. 
Students putting in more than 250 attendances per 
annum in aday-school, and 40 per annum ina night- 
school, will earn a grant for their teachers of 11. 10s. 
per 400 attendances in the first case, and of 10s. 
per 60 attendances in that of the night-school. In 
addition to these, a variable grant on each of the 
above students of 2l. for ‘* excellent,” 1/. 10s. for 
** good,” and 11. for ‘‘ fair,” will be made on the 
inspector’s report of the school as a whole. In 
addition to these, payments on the results of the 
May examinations will also be made, at the general 
rate of 11. 10s. for a pass in the elementary stage, 
3l. and 11. 10s. for a first or second-class in the 
advanced stage, and 5/. and 2/7. 10s. in the honours 
stage. In certain subjects, however, such as 
chemistry, metallurgy, and mathematics, some- 
what different grants will be made, but the same 
principle of discouraging honours, work by inade- 
quate comparative payments is maintained. This, 
of course, is in accordance with the now popular 
idea of giving every one a useless smattering of 
scientific knowledge, but of grudging assistance to 
the few who are capable of better things. 

The results of the new system will be watched 
with interest. Engineers are most concerned with 
the evening classes, and, as already stated, we think 
that comparatively few of these will be able to 
take advantage of the new arrangements. The 
principal objection which will be urged against 
the new system will, no doubt, be its lack 
of uniformity, as some districts may have a much 
more benevolently disposed inspector than others, 
and may benefit accordingly. For our own part, 
we are not devoted admirers of that dead level of 
equality so dear to many of our would-be re- 
formers. No doubt some schools will get more 
easily satisfied inspectors than others, but no school 
is obliged to accept the scheme against its will. 
and those in which the teachers are really anxious 
to educate their classes in the way they consider 
best, will be prepared to run the risk of unequal 
treatment as an offset against the slightly greater 
freedom in which they will rejoice. Certainly the 
amount of this latter commodity allowed them is 
not very great. A Government Department takes 
a long time to make up its mind to a change, 
the older officials, indeed, almost always opposing 





it as long as they dare, and hence, when an altera- 
tion is decided on, it is usually done ina somewhat 








timid and hesitating way. On the whole, this 
is probably an advantage, as, if progress is not very 
ray id, great mistakes are avoided, and as experience 
is gained, further developments may be made 
without danger. 

In the past how many teachers in the Applied 
Mechanics and Steam Sections of the Departmental 
syllabus must have groaned at the useless rubbish 
they were obliged to teach in order to get their 
students through the May examinations in those 
subjects, and have longed for a chance to give their 
classes some knowledge that would really be of use 
to them? We know for a fact that a student gain- 
ing a first class in the honours section of Applied 
Mechanics was unable at the time to determine the 
bending moments in a uniformly loaded beam. 
Fortunately, no such question was asked, the 
principal part of the paper being made up of ques- 
tions on watch escapements and similar bits of 
mechanism described in the examiners’ text-books. 
Even now the teachers will not get a fair chance, 
as, in the nature of things, their pupils, asa whole, 
will be unable to follow a complete course such as 
that mapped out by the Department, and they must 
accordingly still depend on their success in cram- 
ming their pupils for the May examinations. 





THE COST OF THE FRENCH NAVY. 
Tuart the naval supremacy of this country can be 
preserved only by the sustained energy and deter- 
mination of its Government, and continuous and 
always increasing sacrifices on the part of the 
nation, is a truism almost too much worn for re- 
petition. Similar sacrifices and similar energy are 
demanded from, and displayed by, foreign mari- 
time countries, and it may be that a time will arrive 
when, despite the vast resources of the British Em- 
pire, it will be impossible to maintain that margin 
of superiority which is recognised as necessary 
for the protection of our Imperial and commercial 
existence. We may comfort ourselves with the 
assurance that that time is yet far distant, but the 
feverish anxiety with which the leading nations of 
the world—France, Germany, Russia, and the 
United States, to say nothing of those countries 
with lesser maritime interests—are ever adding to 
the strength of their navies, renders our task of 
holding the lead, one of ever increasing difliculty. 
Naturally we feel more concerned in the naval 
strength of France than in that of any other 
country, and we think that it may be of interest to 
investigate—not the merits of the ships of all classes 
thatcompose the French Navy—but the expenditure 
that has been incurred in creating it. This may 
for present purposes be most conveniently presented 
in tabular form. Commencing with the line-of- 
battle ships, composing the leading ironclad 
squadrons, to the number of 18, the following 
figures give the cost of hull, machinery, arma- 
ment, &ec.: 
TaBLE I.—Cost o, the Line-of-Battle Ships, d:c., Com- 
prising the Ironclad Squadrons of the French Navy. 




















Name of Vessel. Hull. | Machinery. Armament. | Total. * 
—_ ——- 
_— £ £ | £ 
Admiral Baudin | 522,367 | 188,629 68,308 784,019 
Formidable .| 569,283 | 112,203 100,481 823,750 
Admiral Duperr 482,901 £8,080 57,608 667,722 
Brenpus .. --| 663,178 140,664 803,843 
Hoche 515,725 | 192,160 | 68,267 | 806,363 
Magenta .. 559,309 164,408 | 106,096 857,267 
Marceau .. 443,911 134,515 | 140,515 748,126 
Neptune .. 517,046 134,536 86,195 780,625 
Courbet .. 491,695 114,374 82,999 | 714,996 
Devastation 392,928 80,854 86,287 685,968 
Redoubtable 356,181 80,590 49,150 | 511,163 
Richelieu. 257,895 46,076 38,232 366,290 
Friedland 242,887 43,150 37,968 330,670 
Colbert .. 218,233 48,815 39,188 | 330,428 
Trident .. 260,158 43) ,617 44,796 | 378,637 
Marengo .. 184,930 60,084 | 20,181 | 289,614 
Océan ..| 184896 | 56,367 | 927.167 | 292,921 
Suffren 187,006 | 39,730 | 17,824 | 266,181 





* The figures in this column include the cost of previous arma- 
ment and of torpedo equipment. 

These ironclads represented, when they were 
first put into commission, a total sum of about 
10 millions sterling. A report recently laid before 
the Chamber of Deputies stated that the original 
total cost of the hull and accessories was 7,020, 0001., 
and 1,713,600/. for machinery, which would bring 
the sum total, armament excluded, to 8,733,600/. 
Of the ironclads classified in Table I., the last 
eight received their armament before 1880, in other 
words, they are comparatively old. 

The Devastation dates from 1882; the Courbet 
from 1886 ; the Admiral Duperré, 1883 ; the For- 
midable, 1888 ; Admiral Baudin, 1889; and the 
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others are quite modern, having been completed 
since 1890. It need hardly be mentioned that the 
Brennus is still under trial. 

Following this brilliant list comes that of the 
armoured cruisers; corresponding particulars of 
these are given in Table II., except that no figures 
are appended as to cost of armament. On this 
point it may be said that the estimated expenditure 
for arming the cruisers varied from 16,5001. to 
25,1601. per each ship, except for the last two 
named in the table, for which the cost was much 
less. 

TasiE II.—Cost of First-Class Protected Cruisers. 














Name of Vessel. Pnsocone col Machinery. Total. 
£ £ & 

Bayard . 213,177 46,953 260,130 
Duguesclin .. 290,435 55,899 346,334 
Turenne 214,680 44,560 259,240 
Vauban x a2 291,063 57,006 348,069 
La Gallissonniére .. 129,129 22,807 151,936 
Triomphante 152,045 23,150 175,195 
Victorieuse.. 135,336 23,623 158,959 
Thetis 99,771 £8,919 128,690 








This class of ships has, therefore, cost about 
2,000,000/., but several of them are old, such as 
the Thétis, dating from 1869; while only the Du- 
guesclin and the Vauban were built after the 
beginning of 1886. Among theironclads for coast- 
guard protection the following only are modern : 
the Tonnant, built in 1885 at a cost of 315,4061. ; 
the Indomptable, dating from the same year, and 
costing 495,553/.; the Furieux, 1886, costing 
421,726l.; the Terrible, 1887, 386,3811.; the 
Caiman, 1888, costing 464,138/.; the Requin, 
1889, 418,3171. ; the Jemmapes, which is only 
just approaching completion, represents a cost of 
608,659/.* Altogether, the cost of this class has 
been about 4,500,000/. Naturally the figures given 
above do not represent the present value of these 
ironclads, which were estimated on January 7, 
1894, at only 2,910,3007. A similar depreciation 
takes place even in a more marked degree in the 
older vessels, on account of accelerated wear and 
tear, and from armament and equipment becoming 
more and more out of date in consequence of the 
rapid improvements which are always taking place, 
especially in guns and armour. Were we to in- 
vestigate the details of this depreciation for the 
battleships and protected cruisers, we should find 
that, including armament, it would amount to 
a total sum of 6,363,140/. for the former, and 
819,370. for the latter; but this investigation 
would carry us too far, and would probably be only 
very approximate. 

Little need be said about the armed gunboats, 
of which there are eight in the French Fleet, 
although some of them, such as the Cocyte, the 
Phlégéton, and the Styx, were built in 1890, 1892, 
and 1893. Their gross value when new was 
835,5001., of which the hulls cost 643,0001. ; as 
the oldest vessels of this type are as recent as 
1888-9, their depreciation up to the present is 
inconsiderable. 

The importance of cruisers as the most for- 
midable auxiliaries to a powerful fleet is now uni- 
versally recognised; the efforts made by the 
United States, for example, rapidly to build a 
large number of these formidable vessels is well 
known, and progress is developed in the same 
direction in the French Navy. The following Table 
gives some particulars of the French unarmoured 
cruisers of the first class. As will be seen, they are 
10 in number, two of which, the Dupuy de Léme 
and the Latouche-Tréville, have just been added to 
the navy ; for these the figures given can only be 











approximate. 
TaBLE III.—Cost of Unarmoured Cruisers. 
| 
‘ Hulland | : 
Name of Ships. Fittings. Machinery. Total. 
£ £ £ 

Dupuy de Lom 212,257 143,767 456,024 
ages Gs 224,464 150.784 375,248 
Duquesne 157,091 64,479 221,570 
Tow ville 177,199 94,300 271,499 
Cé ille ares 197,576 118,654 316,230 
Latouche-Tréville .. 166,829 80,847 247,676 
Be 5 Tbs 142,066 74,707 216,773 
Alger .. 184,994 100,56 285,560 
Isly .. 175,014 78,230 253,244 
Jean-Bart 156,071 79,393 236, 464 














_ Besides the two new cruisers mentioned above, 
it should be remarked that the Alger and Isly date 


*These are the figures furnished to the Chambers of 


from 1893, and the Cécille was put in commission 
in 1890; the others are of a much earlier date, 
some of them having been constructed in 1878. 
There are seven second-class cruisers which have 
cost 1,060,000/.; of this amount the hulls represent 
740,7001., out of the number two are new, the 
Davout, built in 1892, and costing 221,800/.; and 
the Suchet only finished last year; this latter 
vessel represents an outlay of 169,600). There are 
27 third-class cruisers, but of these no less than 
10 were constructed prior to 1880, such as the Ker- 
guélen, the Hugon, the Faber, the La Clochetterie, 
the Rigault de Genouilly, &c., and three even date 
from 1870 or earlier, such as the Desaix, which was 
built in 1867. One vessel of this type, the Surcouf, 
was completed and equipped in 1890 ; three others, 
the Cosmao, the Lalande, and the Fronde, in 1891, 
and one only, the Coétlegon, valued at 171,760/., 
has scarcely yet received her armament. This sec- 
tion of the French Navy cost 2,249,000/.; but the 
actual value is estimated at 1,422,000/., including 
guns and equipment. To the cruisers properly so- 
called, should be added those forming the torpedo 
cruiser class ; these are six in number and are im- 
portant units of the Navy, although of comparatively 
recent introduction. The following Table gives 
particulars of the vessels forming this class : 
TasLe IV.—Cost of Torpedo Cruisers. 














| 
ooh — Machinery.| Total. | Date. 
| £ £ 
Condor 45,074 =| 43,726 88,800 1887 
Epervier 47,139 38,373 85,512 1888 
Faucon 51,916 38,279 90,195 1888 
Vautour 49,179 38,554 87,733 1890 
Fleurus 51,205 47,850 $9,055 1894 
Wattignies .. 66,727 | 42,832 99,559 1892 


Only a passing reference need be made to the ordi- 
nary despatch boats, the rdle of which will certainly 
be very limited ; it will be sufficient if we give the 
numbers and values of the three classes into which 
they are divided. There are seven such boats in 
the first class, which cost 261,262/.; 18 of the 
second class, costing 320,500/.; and three of the 
third class, which cost 14,9001. ; these are all of a 
date prior to 1888 (except the Bengali), and may 
be regarded as quite insignificant. Among the 
transport despatch boats, which, in case of necessity, 
will be largely recruited from the fast vessels of the 
various steam navigation companies, there are two, 
the Rance and the Manche, which were built re- 
spectively in 1890 and 1891. There are 13 of these 
transports in all, the total cost having been, in 
round numbers, 604,0001. 

The torpedo despatch boats were all equipped 
between 1888 and 1892, except the Couleuvrine. 
The boats of this class are 10 in number; those 
which were built about 1888 cost some 38,0001. 
each ; those of more modern date, such as the Léger 
and the Lévrier, are estimated at 50,000]. and 
50,4007. respectively. 

TABLE V.—Cost of Seagoing Torpedo- Boats, 








| | 
Name of Ship. |Cost of Hull. Machinery.| Total. 
£ £ £ 

Chevalier sis aa ei 30,528 
Corsaire wi 9,865 19,333 29,198 
Mousquetaire os 9,558 16,127 25,685 
Alarme a 7,666 10,753 18,419 
Aventurier .. es 7,632 10,722 18,354 
Defi.. “s 7,654 10,693 18,347 
Ouragan é = ah 6,040 12,092 18,132 
Téméraire .. oe ae 7,633 10,702 18,335 
Lansquenet .. es ‘he 20,912 
Coureur 9,320 8,227 17,547 
Tourmente .. os ee 20,367 
Archer nes we 15,746 
Dragon 6,737 12,219 18,956 
Grenadier 6,750 12,118 18,968 
Lancier 6,672 12,174 18,846 
Turco.. 11,356 6,977 18,333 
Zouave 11,277 7,010 18,287 
Grondeur 9,308 | 11,540 20,848 
Véloce 9,065 11,375 20 440 
Eclair.. 6,570 | 9,168 15,738 
Kabyle 6,580 9,165 15 745 
Orage .. ‘ 6,564 9,157 15,721 
Agile .. as oe ve 6,232 8,844 15,076 
Audacieux .. ai ee 6,232 | 8,856 15,088 











We may give a word, in passing, to the smaller 
class of gunboats, and to the armed launches. Of 
the first-named there are 13, all built prior to 1886, 
and representing, when new, a money value of 
312,000/. There are 29 of the second class, which 
cost 244,0001. Only a few of these date from 1886 
to 1888. As for the steam launches, their value, 
when new, was 42,4001. 

We come now to a very important branch of the 


of which are those of the largest type built for ser- 
vice at sea. There are 24 of these, which cost a 
sum of 464,728/. for their armament ; they are all 
of very recent types, none of them being older than 
1890, while the greater number were built in 1892, 
1893, and 1894 ; among the latest we may especially 
mention the Lansquenet and the Tourmente. The 
foregoing Table gives the cost of construction and 
machinery of this very important class of vessels. 

In addition to this formidable list there are three 
other classes of torpedo-boats, the number and 
values of which are as follows: 


48 of the first class, which cost when £ 

new... avi = ee we 542,000 
82 of the second class, costing when 

new... ie es a ond 626,600 
41 of the third class, costing when 

new... “em at waa oe 231,000 
6 torpedo-boat vedettes, costing when 

new... ; 15,337 


These latter are wholly unimportant. 

Although their usefulness is at present wholly 
problematical, mention should be made of the two 
submarine boats, the Gymnote and the Gustave- 
Zédé, which it is estimated have cost nearly 
40.000/. 

To complete our somewhat long analysis, we will 
add the list of those vessels, belonging to the French 
Navy, devoted to the transport of troops ; these 
are as follows : 


Seven transports, first class, the cost £ 

of which was ... ~_ sit ... 1,103,200 
One transport (attached tosquadrons), 

the cost of which was - a 159,142 
Five transports, second class, the 

cost of which was... ~~ noe 425,879 
Six transports, third class, the cost 

of which was... ve aes a 201,424 
One training frigate, the cost of 

which was... ae Pe ns 61,693 
Three other training ships, the cost 

of which was ... oti ae a 417,335 


In addition to the foregoing, there is, of course, a 
large number of small craft, such as coast guard 
boats, steam tugs, lighters, &c., and what may 
be called the scrap-heap of the Navy—hulks, 
ancient sailing frigates, and men of-war-long since 
condemned, except for hospital ships or floating 
dépéts, some obsolete ironclads even, which have 
long since passed out of date and service. 
They represent but little now, though when 
new they were regarded as advanced types of 
naval architecture, brought into existence with a 
heavy expenditure. But what we have considered 
as the efficient Navy of France has cost the country 
29,172,000/., and which, from depreciation, is esti- 
mated to represent an actual value of 18,538,0001. ; 
to this has to be added a sum of 2,112,000I., the 
cost of armament. 





THE DEVELOPMENT OF THE TELE- 
PHONE SWITCHBOARD. 

Tr is only 17 years since the first commercial tele- 
phone exchange was started, and during that time 
an immense amount of labour has been spent on 
the improvement of the switchboard. The tele- 
phone itself was one of those inventions that are 
practically perfect when they are first brought out, 
and when there was added to it the Edison trans- 
mitter, it presented small scope for inventive skill. 
But with the appliances of the exchange the case 
was different ; they grew with the demand. At 
first simple apparatus, copied from the Law Tele- 
graph Company’s system for connecting subscribers 
using Wheatstone A, B, C instruments, served 
fairly well, but as the exchanges grew in size, 
these proved too cumbersome and complicated. 
Step by step alterations were made until we have 
now the multiple board, which fulfils the require- 
ments so well that further progress is only to be 
expected in matters of detail. 

The various steps in the development of the 
switchboard formed the subject of a paper read 
before the Institution of Electrical Engineers on 
the 24th ult., by Mr. J. E. Kingsbury. In this 
paper he traced the growth of the apparatus step 
by step ; he did not give a history of all the inven- 
tions that have been made on the subject, but 
kept entirely to the line of growth, showing how 
each need was met as it arose, and how efli- 
ciency and simplicity of action were increased con- 
currently, when the business grew so large that 
economy of labour became important. The first 
exchanges in London were opened almost simul- 
taneously by the Bell and the Edison Companies, 
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French Navy—the torpedo-boats—in the first rank 





and each with a different type of board. In the 
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former the terminals of the lines of two subscribers 
that were put in communication with each other 
were connected by flexible metallic cords to a 
common horizontal bar. In the latter the sub- 
scribers’ wires were each led to a vertical bar, and 
behind these vertical bars there were a series of 
horizontal bars. By means of plugs any two sub- 
scribers’ wires could be coupled to the same 
horizontal bar, and, of course, to each other. 
It was the Bell board, however, that was 
the ancestor of the present board. The sub- 
scriber’s line came toa spring, and the spring rested 
onan earth contact. By inserting a plug with one 
insulated face between the spring and the contact, 
the line was cut off from earth. One operation 
thus effected two objects : it broke an existing con- 
nection and made a new connection. There was 
an indicator between the line and the spring jack, 
and this indicator was left in the talking circuit. 
The next step in improvement was to put the in- 
dicator on the earth side of the jack, so that it was 
cut out of line by the plug. The horizontal con- 
necting strip on the board, to which the two sub- 
scribers’ wires were connected by the cords, was 
also improved by being turned round when en- 
gaged, so that the operators could tell at a glance 
if it were in use. With this arrangement there 
was no means of receiving a disconnection signal 
when the subscribers had finished their conversation. 
To provide for this, an indicator was connected to 
each bar in derivation, one end being connected to 
the bar and the other to earth. The operator's 
telephone was at the end of a separate cord, and 
needed to be plugged into or out of a spring jack in 
order to be brought into or out of the subscriber’s 
line circuit. 

The increasing numbers in exchanges soon ren- 
dered the bar system impracticable. The bar was, 
therefore, discarded ; the cords were lengthened, 
joined together, and the circuits so arranged that 
the ringing battery or generator, the operator’s 
telephone, and the clearing-out drop could be 
brought into use as required by the manipulation 
of keys. This is generally known as the standard 
switchboard ; its development dates from 1879, the 
germ being found in the universal jack-knife 
switch. The keyboard was an entirely new feature, 
and was the logical result of connecting cords and 
plugs with clearing-out drops. When the number 
of subscribers to an exchange grew beyond what 
could be accommodated at one board, difficulties 
increased fast, for then it became necessary to join 
the caller to a connecting bar, and then go to 
another board to connect to the same bar the sub- 
scriber called. The multiple board was invented 
to get over this, and the original idea is found in 
Scribner’s patent specification of November, 1879. 

The idea was really twofold—firstly, to enable 
one operator, whilst answering the calls of a given 
number of subscribers, to connect them with any 
other subscriber in the exchange without requiring 
the aid of any other operator or making up any 
combination circuit; secondly, to inform the 
operator of the condition of the line with which 
connection was desired—whether engaged or dis- 
engaged. The first part of the idea was attained by 
increasing the number of spring jacks indefinitely 
according to the number of operators required to 
carry onthe work of theexchange. Thesecond part of 
the idea was really the establishment of an informa- 
tion bureauin connection with every line, the bureau 
being supplied with information automatically, and 
giving up its information on demand. ‘To this end 
the subscriber’s wire ran to a jack on each board ; 
when a plug was inserted in a jack, a spring insu- 
lated from the blade and connected with one pole 
of a battery was brought into contact with a stud, 
connected by a line to similar studs on every other 
jack pertaining to the same subscriber. Over the 
studs were finger keys connected with the other 
pole of the battery. If the key were depressed it 
would close the local circuit, and give a signal if 
the line were engaged ; otherwise not. A local 
circuit partially closed at one jack would be com 
pletely closed by depressing the finger key at another 
jack of the same line ; then the line was engaged. 
This separate test-line gave way to a much more 
simple contrivance patented by C. E. Scribner in 
1883. The spring jack consisted of a frame, an 
insulated spring, and a contact stud. The sub- 
scriber’s line was connected with the spring of the 
first jack ; the spring rested on the contact beneath; 
this contact was connected to the spring of the 
next jack, and so on. All the frames of a series 


of spring jacks were connected together by another 





wire. If a plug were inserted in any spring jack 
the main line was broken, but the spring was elec- 
trically connected to the frame. In other words, 
the test line became a branch of the main line. If 
the frame of a jack, which was electrically a part 
of the test line, were touched with a plug forming 
the extremity of a partial circuit, including a signal- 
ling instrument and a battery earthed at one pole, 
the test circuit was completed if the line were en- 
gaged, and was not completed if the line were not 
engaged. 

Another simplification was made in the apparatus 
for testing. The finger keys on each jack were so 
many branches from one side of a battery. Instead 
of having numerous branches, the same effect could 
be obtained by having one movable branch. In 
1883 one separate test plug was provided for each 
operator, in the form of a thimble easy of applica- 
tion to the frame of a jack, and making a circuit 
through a bell. The next improvement was to 
discard the separate testing plug, making the 
operator’s telephone the signalling instrument, and 
the connecting plug the testing medium. 
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The first multiple board used in England was at 
Liverpool, and in this ‘‘ answering jacks” were 
introduced. The answering jacks were spread out 
along the board, so that the answering could be 
done more promptly, and an operator had not to 
reach past another person to the subscribers’ jacks 
grouped at the end of the board. The sizes of the 
various parts were also reduced. Twenty jacks were 
made into a strip, instead of each jack being separate. 
The last improvement mentioned by Mr. Kings- 
bury was designed to do away with the bad effects 
of a large number of contacts on the board. The sub- 
scribers’ lines were arranged in an unbroken circuit 
throughoutthe board, with nocontacts whateverinthe 
jacks, and the indicator was restored automatically. 
This is the method in the latest switchboards fitted 
in London. The two wires of a subscriber’s circuit 
go right through the boards unbroken ; branches 
are taken from both lines to each jack, one branch 
to a short spring, and the other to the bush of the 
jack, as shown in the annexed view. There is a 
local circuit comprising two springs of equal length 
and a testing point, to enable the operator to know 
if a line be engaged. To test the line, the called 
jack is touched by one of the connecting plugs, as 
shown in the view, when the bottom plug in place 
connects the two long springs to the test circuit, and 
completes the electrical circuit through the electro- 
magnet above. The tip of the plug, when in place, 
connects the short spring joined to the subscriber’s 
wire to one of the wires in the cord, while the body 
of the plug couples the bush of the jack (and the 
other part of the subscriber’s circuit) to the other 
wire in the cord. Theact of putting in the plug 
restores the indicator that had been thrown down 
by the subscriber calling, and the second plug pre- 
vents the indicator on the called wire being thrown 
down by the clearing-out signal. The clearing- 
out indicator is self-restoring, and is bridged across 
the line between the pair of connecting plugs. It 
is restored after falling by the operation of the keys. 
There are thus two subscriber’s drops and one 
clearing-out drop bridged across a connecting line, 
and the operating coils are wound to a high resist- 





ance to produce great impedance to the passage of 
telephonic currents. 

r. Kingsbury’s paper gave rise to considerable 
discussion as to the time of introduction of various 
improvements, and also as to various inventions 
that he had not mentioned. In his reply he pointed 
out that he had not set himself to give an account 
of all telephone inventions, but only of those that 
lay in the direct line of progress. The meeting 
broke up at 10.20 p.m., which showed that it is 
easier to make good resolutions than to carry them 
out. At the previous sitting, Mr. R. E. B. 
Crompton, the new President, had stated his in- 
tention of closing the meetings punctually at 9.30. 


THE ROYAL UNITED SERVICE 
INSTITUTION. 

On Wednesday the President and Council of the 
Royal United Service Institution held an informal 
reception at their new premises, which may be said 
to be now practically complete. As our readers are 
aware, the Institution has been granted by the 
Queen the use of the Banqueting House, White- 
hall, ‘‘as a mark of Her Majesty’s appreciation of 
the usefulness of the Institution.” It isan arrange- 
ment upon which every one may be congratulated, 
and it is an excellent thing that so fine a building, 
in the middle of London, should no longer be wasted. 
The hall itself is now used for the purpose of 
exhibiting the models which formed so picturesque a 
medley in the old premises over the way. Doubtless 
it is a good thing, as we have said, to have this fine 
roomy hall, but, certainly, many old members will 
look back with affectionate regret to the quaint 
galleries, full of unexpected developments, where 
savage curiosities stood side by side with the 
developments of civilised warfare, mostly dating 
about the era of Waterloo and the Crimea. Many 
of these antiques have been weeded out under 
the auspices of the vigorous young secretary 
who has done so much to pull the Institution 
out of Sleepy Hollow, into which it seemed likely 
to sink. In a week or so there is to be a sale of 
surplus fossils, and in their place are to be installed 
more modern triumphs of the art of destruction. 
The weeding has been nevertheless carefully done. 
We were glad to see that the beautiful fully-rigged 
model of a battleship of the Hanseatic League, 
and the fully-rigged model of the Cornwallis (74 
guns) have been retained, in spite of the ground 
they occupy, being each 10 ft. to 12 ft. long. The 
celebrated models of the battles of Waterloo and 
of Trafalgar occupy the centre of the hall. The 
interesting collection of models of sailing war- 
vessels has been arranged, and spaces are marked 
out for their modern counterparts ; one or two are 
already in position, notably a very perfect and 
beautifully executed model of the Latona, con- 
tributed by the Barrow Company, and a destroyer 
by the same firm. We are glad to hear that ship- 
building firms and other contractors for war matériel 
are responding well to the invitation to lend models. 
An excellent feature about this part of the Institu- 
tion is that the public will be admitted five days a 
week on payment of 6d. We understand that the 
council propose appointing a committee to prepare a 
catalogue of the museum. This will be a very in- 
teresting work if properly carried out, and after our 
experience of the Naval and Military Exhibitions, we 
have the greatest respect for the working abilities 
of soldiers and sailors in matters of this kind. 
When the volume appears, we hope to have some- 
thing more to say about the collection. 

The Institution has done good work for the his- 
toric hall irrespectively of filling it with an in- 
teresting collection of appropriate objects. When . 
it took possession, the lower storey of the Banquet- 
ing Hall had the windows blocked, and was used as 
a storage place for coal and lumber, with a few 
caretaker’s rooms. ‘‘ All this,” we are told, ‘‘ has 
been cleared out, the effete soil removed, and re- 
placed by a concrete foundation and granolithic 
floor.” The naked piers have been clothed and re- 
paired, the vaults plastered, and the windows once 
more opened out, whilst the lower portions of the 
walls and piers have been wainscoted with oak 
panelling which has fortuitously turned up at the 
Office of Works. Electric light has been intro- 
duced, and the whole effect is extremely pleasing. 
The crypt under the hall has also been entirely 
renovated. 

So far, we have aealt with the ancient hall 
itself, but it will be evident that, however admir- 
ably it may serve the purpose of a museum, it can- 
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not afford office accommodation for a large and 
busy Institution. For this purpose a large and 
costly building has been raised on a piece of land 
adjoining the hall, and upon which the stables of 
Dover House formerly stood. The new building is 
a handsome structure, and harmonises well with the 
ancient hall, the architects, Messrs. Aston Webb 
and E. Ingress Bell, having carried out their work 
with great skill. In this new building, which 
communicates with the hall by sliding doors, there 
is, on the ground floor, an entrance hall, porter’s 
room, clerks’ office, lavatories, &. There is 
also the lecture theatre, which is capable of 
seating nearly 400 persons, and which will be a vast 
improvement on the old theatre at the other side 
of the yard, which was, perhaps, the most doleful, 
dingy, and inconvenient lecture theatre in England, 
and was not even picturesque. On the main floor 
at the level of the Banqueting Hall, there are a 
council room and secretary’s room, and a loggia 
overlooking the theatre. On the first floor there is 
a large newspaper room running the whole length 
of the Whitehall front, and a reference lhbrary 
over the theatre with accommodation for about 
30,000 books. The librarian’s room adjoins. On 
the second floor there is a large writing room, and 
the staircase hall on this floor opens into the gallery 
of the reference library. Finally, on the top floor 
is a topographical room, where the Institution’s 
large and valuable collection of maps and charts 
will find, at last, appropriate quarters. 

All these rooms are excellently arranged and 
finished ; indeed, the whole of the appointments are 
of a sterling nature, calculated to satisfy the hearts 
of naval and military officers, whose natural tem- 
peraments and training render them impatient of 
anything like make-believe. All this has naturally 
cost money, and we understand no less a sum than 
25,0001. has been expended on renovating the old 
hall, and on the new building. This is really 
national work, and ought not to come out of the 
pockets of soldiers and sailors, a class with which 
the State deals by no means too generously. It is 
true that the members of the Institution will reap 
the advantage of the reading-rooms, the library, 
and other conveniences ; but the work done in that 
reading-room and library will be national work, for 
the volumes are of a technical nature and connected 
with the military arts. An appeal has recently 
been made through the columns of the Times for 
funds to help the Council to pay off some of the 
debt that has been incurred. It is to be hoped 
that this will meet with a full response, for there is 
no public Institution of the kind that does more 
towards making safe the honour and welfare of 
the State than the Royal United Service In- 
stitution. 








TRANSATLANTIO PASSENGERS. 

Durine the past year 879 passenger vessels 
arrived at New York from European ports, 96 
fewer than in the previous year. The number of 
passengers, however, was very much less, and 
thus the revenue has been considerably smaller. 
This is especially so in respect of steerage pas- 
sengers, only one-half the number going west- 
ward, as compared with the four preceding years. 
The total number of cabin passengers was 92,561, 
and of steerage 188,164, the decrease on the former 
being 29,268, and on the latter 176,536. Thus the 
number of trips has only decreased 11 per cent., 
while the first-class passengers were less by 24 per 
cent., and the steerage by 48 per cent. It there- 
fore follows that each ship on an average carried 
less. This, however, applies more forcibly to the 
emigrant steamers sailing out from Continental 
ports, for the decrease in their case is very much 
greater than with the British liners. When the 
totals are compared with those of preceding 
years, the decrease is still more marked, and 
there is no question that the real cause is the re- 
strictive measures adopted by the States authorities 
to prevent pauper immigration. By reason of 
extreme caution the steamship companies have not 
had to carry back many passengers, but the fact that 
some of the Continental steerage liners have only 


Cabin. Steerage. 
1894 ... ny ae an 92,561 188,164 
1893 ... ne eae we 121,829 364,700 
1892 ... aie eae ine 120,991 388,486 
1891 . wa oe 105,023 445,290 


carried one-tenth or one-twelfth the number taken 
In preceding years, indicates the effect of the law. 
Of course, the state of trade in the States has been 








discouraging, and, as a matter of fact, many of the 
steamers have carried back more returned emigrants 
than they took westward. As to the decrease in 
the numbers, the figures in the Table below show 
them clearly. 

The Cunard Company occupy first position on the 
list so far as cabin passengers are concerned, and 
it is at once an indication of the popularity of 
the new liners, as well as evidence of the fact that 
high speed is commended by the public, that, not- 
withstanding the general decrease, the number for 
this line is about the same as last year, 18,362, 
against 18,462, and is 2300 and 3600 better than in 
1892 and 1891, when the new greyhounds were 
not on the service. Indeed, the Cunard total this 
year is the highest for any line for several years. 
They stand third as emigrant carriers, their total 
being 19,175, about 6000 less than that in 1893, 
the decrease being even more when compared with 
preceding years. The American Line come second 
with 13,560 cabin passengers, and in their case one 
naturally looks for points in reference to the influ- 
ence of change of port. In 1892 the company carried 
14,069 cabin passengers, but that was before the 
Cunard record-breakers came out ; moreover in that 
year the Paris and New York themselves were 
making very fast passages. The company in 1893 
took 14,374 cabin passengers from Southampton, and 
last year they come within 830 of their best total, 
notwithstanding the general shrinking, and these 
figures would seem to indicate that their change 
has been satisfactory. This is especially so when it 
is found that the White Star Company show a con- 
siderable decrease. They come fourth with 11,520 
cabin passengers, whereas in 1893 they had 13,327, 
in 1892 14,025, and in 1891 13,193. Thus there is 
a decrease of from 2000 to 2500 on the totals of the 
three preceding years, as compared with only 100 by 
the Cunard and a maximum of 830 by the American 
Line. The White Star, however, top the list as 
emigrant carriers with 20,898. Here, however, the 
total is 8000 to 16,000 less than in previous years, 
while when it is noted that a year or two ago the line 
at the top of the list took 75,000, the drop is most 
pronounced. The American Line, it may be stated, 
have carried nearly 4000 more emigrants than in 
1893, the number having been 15,905, a fact doubt- 
less partly due to the very low rate quoted by 
several of the steamship lines as a result of the dis- 
agreement between the different companies. Still, 
even with the cheaper rates the total is 10,000 less 
than in 1891. Before departing from these three 
lines it may be interesting to state that the average 
number of cabin passengers per Cunard liner was 
328, per American steamer 283, and per White 
Star liner 221. 

The figures for the North German Lloyd and 
Hamburg-American steamers, of course, include 
the passengers from Bremen and Hamburg re- 
spectively, and none of their vessels take steerage 
passengers from Southampton direct. The North 
German come third in respect of cabin passengers, 
and second for steerage, and the remarkable fact is 
that although the number of passengers is not 
much greater than the three lines already dealt 
with, the number of trips is quite double—105. 
The cabin passengers numbered 12,049, nearly 4000 
less than in 1893, and 5700 less than in 1892; so 
that the decrease is much greater than in the case 
of the British lines. It is probable that the 
American Line has —— some of the passengers 
who might otherwise have gone with the German 
steamers from Southampton. In the three former 
years the number of steerage passengers varied 
between 65,000 and 68,000, and now the total is 
down to 19,927. Of course, the number of 
steamers is less, but, withal, each steamer last year 
only carried 190 on an average, as against 520 in 
1893. Here we have a typical case of the great 
collapse in the emigrant trade from the Continent. 
On the Mediterranean service, however, there is 
not the same large decrease, the cabin passengers 
numbering 1840, and the steerage 13,086, against 
2372 and 17,693. The Hamburg-American figures 
also indicate how the Continental firms have 
suffered. Four years ago they took from Ham- 
burg 75,835 steerage passengers, and since then the 
number has steadily dropped to one-fourth, or 
18,463. The number of cabin passengers was 9594 
—3500 less than in the previous year. They 
carried 7129 steerage passengers from Mediter- 
ranean ports—a service they have recently sought 
to extend. 

The French Transatlantic Line also has suffered. 
Last year they took 7490 cabin and 9589 steerage 





passengers, while in previous years the total, in 
the former case, has varied from 6735 to 10,205 in 
1893, and in steerage there has been a steady de- 
crease from 25,842 in 1891. The Red Star Line 
took 4513 cabin and 8609 steerage passengers, a de- 
crease of 2500 and 15,800 steerage passengers, while 
the Netherlands lines have suffered correspond- 
ingly. The only other lines which need here be 
referred to specifically are the Glasgow lines. 
Together they took 8025 cabin and 9346 steerage. 
This is 4000 less cabin and about 10,000 steerage 
less than the usual totals. As an instance cf the 
extent to which the Continental emigrant-carrying 
lines have suffered, we may take the case of six of 
the other lines. In 1893 they carried 54,491 
emigrants, and in 1894 only 24,078. 





NOTES. 
NarvutHa RESIDUES. 

THE use of naphtha residues as fuel is every 
year increasing in Russia. This is, in fact, so much 
the case, that the mutual position of the kerosene 
and the mosut—the residuary products—is being 
reversed. The transport of the naphtha residues 
is increasing at a marvellous rate, especially by way 
of the Caspian Sea, and it is the residues which 
regulate the freights, and for the carrying ef which 
a number of steamers and sailing vessels have been 
built. Heating with naphtha has forced its way 
into numerous branches of industry, &., and 
extends in all directions, having been adopted as 
far north as Wologda and Archangel. Reservoirs 
are being built everywhere, and they are con- 
tinuously increasing, both in dimensions and 
number. The naphtha industry has had a mar- 
vellous influence on the development of the town 
of Saratow. In spite of all the facts mentioned 
above, the Russian naphtha industry is not in 
such a flourishing condition as might be expected ; 
this is mainly due to the want of co-operation 
between the producers of naphtha and the manu- 
facturers of kerosene. 


THE YACHTING EXHIBITION. 

The third annual Yachting Exhibition was opened 
at the Aquarium, Westminster, on Tuesday last. 
As usual, there is very little yachting, but a great 
deal of boating, the up-river Thames builders being 
well represented by specimens of their beautiful 
craft, which seem to grow more luxurious in the 
matter of cushions, carpets, and gilding every year. 
Among the well-known builders may be mentioned 
Messrs. Burgoyne and Turk, of Kingston, Messums, 
of Richmond, and Tagg, of Molesey. Mr. S. E. 
Saunders, of Goring-on-Thames, has a very interest- 
ing exhibit, the chief object in which is the electric 
launch Aphrodite, a beautifully finished little 
vessel both in regard to hull and motive machinery. 
The boat has been in use now for a year, and is said 
not to have experienced a single breakdown, a 
record which is by no means common to all electric 
launches. There are several features of interest in 
Mr. Saunders’ exhibit, and we shall refer to it 
more fully in a subsequent notice. We may say the 
same thing of the exhibit of Messrs. Edwin Clarke 
and Co., of Stroud, Gloucestershire, although the 
class of things exhibited is somewhat different. 
The chief object here is a well-designed pair of com- 
pound launch engines. Messrs. Clarke have been 
turning their attention to oil engines for boat work, 
having made experiments with various kinds of 
motors. They have now in hand three launches each 
with a different kind of oil engine. Their experience 
will be, therefore, very interesting. Messrs. Vosper 
and Co., of Portsmouth, Simpson and Strickland, 
of Dartmouth, Tagg and Son, of Molesey, and other 
well-known launch-builders, are represented. There 
is a small aluminium launch, unpainted, which has 
a by no means pleasing appearance. The Thames 
Electric Launch Company has also an exhibit. At 
the time of our visit the exhibition was by no 
means complete, and as it is to remain open until 
March 9, we may defer a more detailed notice for 
the present. 


THe NorrHatterton Raitway ACCIDENT. 

In our account of the Northallerton railway acci- 
dent, on page 95 ante, we called attention to the 
mistake made by General Hutchinson regarding 
the capabilities of the Westinghouse brake. He 
assumed that the train would be brought to rest 
in 400 yards, and then found fault with the brake 
that in 200 yards it had only reduced the speed by 
20 miles an hour. Now, as we pointed out the 
week before last, under the conditions given, a 
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brake that would bring a train from 60 miles an 
hour to rest in 400 yards, would only reduce the 
speed by 174 miles an hour in the first 200 
yards, and hence the performance admitted by 
General Hutchinson is really better than is possible. 
But a stop in 400 yards is only feasible with the 
rails in good condition, and yet General Hutchin- 
son wrote, ‘‘ Allowing for a greasy rail and a speed 
of 50 to 60 miles per hour, the reduction of speed 
ought to have beenconsiderably more than it appears 
to have been.” This question has been taken up 
by the engine-drivers, who, last Sunday, held a 
meeting at York, and passed the following re- 
solution : 

“ That this meeting of enginemen and firemen employed 
in the service of the North-Eastern and other railway 
companies running into York, having this day (January 
27, 1895) heard read, and fully considered, the report of 
General Hutchinson upon the causes of the accident at 
Castle Hills junction, near Northallerton, hereby disagrees 
most strongly with the suggestion of the Government In- 
spector in his opinion that the action of the Westinghouse 
brake was not satisfactory. We do not find a word of 
evidence t9 support that conclusion, and are of opinion 
that if a brake reduces the speed of a train from 60 miles 
an hour to 40 miles an hour in 200 yards (as the Inspector 
allows it had done), it is doing splendid work, and that 
is what the Westinghouse did in this instance.” Further, 
**That this large meeting of practical enginemen and fire- 
men consider the report of Major-General Hutchinson on 
the Castle Hills disaster most unfair to some of the men 
concerned, especially to drivers Clack and Noble ; and we 
further consider that the time has arrived when a practical 
engine-driver ought to be appointed as Sub-Inspector of 
the Board of Trade, and we desire to express our profound 
regret that in making two recent appointments of this 
kind the claims of such an important body of men should 
have been ignored by the Board of Trade.” 


Evidently the men from their practical knowledge 
have come to a correct estimate of what can be 
done by the Westinghouse brake. They, however, 
go too far when they endeavour to entirely exonerate 
the drivers, particularly the one on the leading en- 
gine, for running past signals at danger, without 
either slowing or stopping. No doubt it was difficult, 
if not impossible, to see the signals on account of the 
fog, but the essence of the block system is that a 
signal not seen is a signal at danger. Nothing can 
justify a driver in running past signals which he 
cannot see. It would, no doubt, be an advantage 
if the Board of Trade inspectors had a better ac- 
quaintance with the practical working of railways, 
and were chosen from an entirely different class of 
men, but no railway man would ever condone 
breaking the block in the manner that led to the 
accident at Northallerton. 


Tue Larcest STEAMER CoMPANY IN THE WoRLD. 

The North German Lloyd—Norddeutscher Lloyd 
—has from a small beginning worked its way to the 
very front, being now the largest steamer company 
in the world. The company, which is now one of 
the mainstays of the ancient city of Bremen, was 
founded in the year 1855 with three small steamers 
running to England, and on the first voyage there 
was but one saloon passenger. 
line was opened to New York, and the following 
year the company contracted for the English- 
American mail. In the year 1881 they began to 
build fast steamers, and five years later the com- 
pany obtained a subvention from the German 
Empire for five lines, on the condition that the 
steamers should call at certain ports, that the mail- 
carrying boats should be built in German shipyards, 
and that the speed should be raised to at least 
12 knots. In the year 1891 a line, Genoa-New 
York, was opened, and the greatest credit is due to 
the company for the untiring energy with which 
it has been pushed ahead. The company’s capital 
is now 83,000,000 marks, or about 4,150,0001., and 
its fleet consists of 83 steamers of an aggregate 
tonnage of 242,367 tons, besides tugboats. he 
company’s trafic comprises 22 lines, viz., eight 
European, six North American (twice weekly from 
Bremen to the United States), two South American, 
five to Eastern Asia, and one Australasian. One 
can travel all round the worid by the company’s 
steamers, with the exception of the section Yoko- 
hama-San Francisco. The number of passengers 
carried during the years 1858-1892 amounted to 
3,000,000, and the consumption of coal from 1869 
to 1892 exceeded 8,000,000 tons. In the year 1892 
the company’s boats compassed an aggregate dis- 
tance of 131 times the length of the equator. The 
staff of the company consists of 8000 men, and in the 
year 1873 there was formed a seamen’s and pension 
fund, by donations and an annual charge of 2} 
per cent. of the pay. The captains have to pass 





In the year 1858 a! had bee 











through the various degrees, and if there is an 
accident, they have to resign. The following Table 
shows the respective size of the various Transatlantic 
companies : 
Tons. 
North-German Lloyd ... wo. 242,367 
Peninsular and Oriental — «.. 227,060 
Navigazione Generale Italiana... 191,037 
Messageries Maritimes ... es 174,900 
Générale Transatlantique 173,800 
Hamburg-American Packet 166,586 
Austrian Lloyd ... 137,822 
Anchor Line 136,512 
Allan Line ... 127,861 
Cunard Line 110,759 
White Star 96,226 
Chargeurs Réunis... = 77,600 
Hamburg-South American 56,676 
Red Star Line sei 54,808 
National Line... 53,522 
Netherland-American 43,342 
Netherland-Stoomvaurt... 40,245 
La Véloce ... -. a 39,689 
Inman Line 36,677 
Fabre Line... 27,443 
Guion Line ~ 17,812 
Thingvalla Line ... 11,985 


These figures are made up for the year 1893. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 23, 1895. 

Tuer weakening of iron and steel quotations in the 
face of a probable expansion of demand at an early day 
is only explainable by the great anxiety of manufac- 
turers to load up at this time with spring orders. 
Western Pennsylvania manufacturers, with their 
superior advantages, have been able to book much 
business for future delivery. Other sections are less 
favoured. The 35,000-ton order for a New York 
bridge will soon be followed by another order for 
about one-half that quantity for a bridge here. It is 
learned that there are now specifications in hand for 
some 20,000 tons of bridge material for smaller jobs. 
The outlook shows some improvement in all lines. 
Pig iron is plenty. The production for 1894 was 
6,657,388 gross tons, against 9,157,000 tons in 1892, 
22 per cent. less; stocks on hand, 661,328 tons, 
December 31, against 575,868 tons June 30, 1894. 
Conditions are favourable for a general improvement 
in demand. 





THE PHYSICAL SOCIETY. 
AN ordinary meeting of the Physical Society was held 
on January 25, when Mr. Medley concluded the reading 


Glow Lamps,” which was commenced at a former meet- 
ing. With the newer lamps employed in these tests, it 
was found that candle-power, current, and candles per 
watt all rose as the lives of the lamps increased. The 
authors, being surprised at this result, took care to satisfy 
themselves that the effect observed was due neither to 
change in the resistance of their manganin potentiometer 
strip, nor to uncertainty of contact at the sockets of the 
pee Starting again with new lamps, they found that 
in all cases the light given out was greater after the lamps 
had been glowing for some time than it was when they 
were new. In the earlier tests a considerable falling off 
in candle-power had always taken place after the lamps 

n eaprew | for some time. Further, while the 
globes of the earlier lamps were always much blackened, 
even after a run of a few hundred hours, and so became 
comparatively useless long before the filament broke, the 
Edison-Swan lamps now examined showed hardly any 
blackening, even when the filaments lasted over 1300 
hours. The rise in candle-power was always accompanied 
by a rise in current, which was, however, proportion- 
ally much smaller, so that the consumption of power 
per candle was actually less after the lamp had been 
running 50 hours than it was at the beginning. Among 
the conclusions drawn by the authors were the following : 
(a) When a group of Edison-Swan lamps marked 100-8 
are run at 100 volts, and each lamp, as its filament 
breaks, is replaced by a new one, it may be expected 
that the light given out will never subsequently be as 
small as when all the lamps were new; (b) an Edison- 
Swan lamp marked 100-8, when run at 100 volts, will 
give an average illumination of about 10 candles, and 
will absorb on an average power of about 4.3 watts per 
candle, so that such a my J must be regarded as a 43-watt 
lamp, and not a 30-watt lamp, as is frequently stated ; 
(c) the maximum rise of light recorded during the life of 
any lamp was 45 per cent.; (d@) with lamps of the type 
examined there is no point at which it becomes econo- 
mical to discard a lamp before its filament actually 
breaks ; (e) no marked economy can be gained by over- 
running such lamps (i.e., by using pressures exceeding 
100 volts). 

Professor Ayrton mentioned that the improvement in 
glow lamps, after running for some time, had been attri- 
buted to an improvement in the vacuum. Experiments 
made on new and used lamps by means of an induction 
coil showed that the more a lamp was used the better the 
vacuum became; but he (Professor Ayrton), though at 
first inclined to adopt this explanation, had since found 
that though in all the lamps examined the progressive im- 
provement in the vacuum was equally marked, the in- 
crease in candle-power varied between very wide limits, 








of a paper by Professor Ayrton and himself on ‘‘ Tests of 








being very considerable in some lamps, and hardly per- 
ceptible in others. 

rofessor Riicker asked if it made any difference to the 
life of a lamp whether it were kept running continuously 
until the fibre broke, or were run for periods of a few 
hours, alternating with intervals of rest. The latter 
case would more nearly correspond with the conditions 
obtaining in practice. 

Professor Ayrton replied that the lamps were kept 
anne during the night, and were disconnected during 
the day. 

A paper by Professor Anderson and Mr. J. A. McCle- 
land “ On the Temperature of Maximum Density of Water 
and its Coefficient of Expansion in the Neighbourhood of 
this Temperature,” was read by the secretary, Mr. Elder. 
The dilatometer method was used, but the bulb of the 
instrument contained a quantity of mercury, determined 
by experiment, which for the range of temperature con- 
cerned was such as to secure the constancy of the remain- 
ing internal volume, occupied by water. The observed 
changes were thus the real and not the apparent changes. 
The bulb was furnished with a gradua tube of small 
bore, bent twice at right angles, which served at the same 
time the purpose of a ground glass stopper. (The joint was 
made water-tight by a little Canada alesis.) To deter- 
mine the coefficient of expansion of the glass, the bulb and 
tube were filled with mercury at 0 deg. Cent. and 
heated up to about 9.7 deg. Cent, the necessar 
weighings being afterwards performed. The coeffi- 
cient of expansion of mercury being known, the 
number of grains of mercury to be kept in the 
bulb during the experiments on water was calculated. 
The dilatometer was next filled with (thoroughly boiled) 
distilled water, at about 8 deg. Cent., the stopper end of 
the graduated tube inserted, and the free end dipped 
under mercury, giving at 4 deg. Cent., a column of mer- 
cury whose changes of level could be observed. A ther- 
mometer was placed with its bulb close to the middle 
part of that of the dilatometer, both being immersed in 
a water-bath which could be cooled by the addition of ice- 
cold water, or cooled by radiation from surrounding 
objects. The thermometer used was graduated to tenths of 
a degree, and was compared with two similarly graduated 
ones by different makers. The two latter agreed very 
closely with one another, and one had a Kew certificate 
showing no error in the readings. Temperatures were 
written to the fourth decimal place, but accuracy to this 
extent was not claimed. Three sets of experiments were 
made, and for each a corresponding curve was drawn. In 
the first, the water was at atmospheric pressure; in the 
other two, at 14 and 2 atmospheres respectively. Corre- 
sponding to these three pressures, the temperatures of 
maximum density found were 4.1844 deg. Cent, 4.1823 
deg., and 4.1756 deg. The value 4.1844 deg. correspond- 
ing to atmospheric pressure is greater than that generally 
received. 

Mr. Rhodes thought that sufficient precaution had not 
been taken to accurately calibrate the thermometers. He 
doubted whether temperatures read in the manner de- 
scribed could be relied upon to much less than 0.1 deg. 
He did not see that ei real advantage was gained by 
having mercury inside the dilatometer to compensate for 
the expansion of the glass. 

Mr. W. Watson thought that the mercury within the 
vessel would cause further uncertainty by tending to pro- 
duce distortion of the glass. He pointed out that in the 
case of water at maximum density, there would be practi- 
cally no convection currents, so that equalisation of 
temperature would be very slow. As the bulb used was 
about 8 centimetres in diameter, and all the experiments 
were made with the temperature rising, he thought that 
this would account for the high value obtained for the 
temperature of maximum density. 

Dr. Burton thought a distinct advantage was gained by 
compensating for the expansion of the glass. The values 
obtained in different experiments did not seem to be 
highly concordant, Professor Riicker thought that the 
criticisms which had been passed were for the most part 
just. For such measurements as those recorded, it was 
not sufficient to know the corrections of the thermometer 
readings at a few isolated points; the portion of the 
stem over which the readings were taken must be care- 
fully and minutely calibrated. The Kew certificate not 
only ignored errors of less than .05 deg. (as mentioned 
by the authors), but it only gave corrections for a small 
‘mesma of temperatures, separated by considerable 
intervals, 





BOILER EXPLOSIONS. 


At the ordinary meeting of the Institution of Civil 
Engineers on Tuesday, January 29, 1895, Mr. J. Wolfe 
Barry, C.B., Vice-President, in the chair, a F er was 
read on ** Boiler Explosions ” by Mr. William H. Fowler, 
Wh. Sc., Assoc. M. Inst. C.E. 

The author referred briefly to the theories, such as 
“* deferred ebullition,” ‘‘ disassociation of water,’’ ‘‘ sphe- 
roidal condition,” which were propounded to account 
for such explosions. He showed that it was the hot 
water, rather than the steam, in the boiler which formed 
the source of destructive energy, and with a view to illus- 
trate the amount of stored energy available in the event 
of explosions, pointed out that it was equivalent, in the 
case of a Lancashire boiler, 8 ft. in diameter by 30 ft. in 
length, at a pressure of 150 lb., to the work expended in 
lifting the structure to a height of nearly 8500 ft., roughly 
speaking equal to the explosion of 1700 lb. of gunpowder. 

In regard to the causes of boiler explosions, there was 
nothing occult or mysterious. They could, as a rule, be 
traced by patient investigation to the operation of simple 
and ek fc facts. Thus when a boiler shell was 
normally in a state of high tension, if once a rupture took 
place by the action of static stresses on a locally weak 
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spot, the stored-up energy was capable not only of tearing 
the boiler to pieces, but of producing all the other destruc- 
tive effects observed in connection with such disasters. 

Prominent among the principal causes of explosions 
was the corrosion of the boiler shell. This was sometimes 
internal from the action of corrosive feed water, and some- 
times external as a result of dampness in the brickwork 
settings. This latter species of corrosion was much ac- 
centuated by the defective manner in which boilers were 
often set. The bearing surface of the brickwork on which 
the boiler rested was often much too wide, arid of such a 
character as to afford a convenient resting-place for the 
lodgment of moisture, with the result that corrosion was 
set up and went on unseen and unsuspected. The safe- 
guard against the operation of external corrosion was a 
suitable design of boiler setting, and the adoption of 
periodical inspection, to facilitate which the flues should 
be so arranged as to be easily accessible, 

The peculiar defect known in steam boilers as grooving 
or channelling was the result of a combination of corrosion 
and of mechanical action, and was met with under a 
variety of circumstances; the mechanical action due to 
alternations of steam Speen which caused local freb- 
ting, and by splitting off the scale and oxide as fast as it 
was formed, much accelerated the corrosive action of the 
water. Instances of this kind were explained and illus- 
trated in the flat ends of Lancashire and Cornish boilers, 
as well as in the fireboxes and uptakes of vertical 
boilers. In the case of locomotives, the grooving met 
with was of a very specific character; it was confined, 
almost invariably, to the edges of the overlaps of the 
longitudinal seams, and to those boilers in which these 
seams were made with an overlap joint. No case of 
grooving had come under the author’s notice where the 
joints in the barrel were of butt straps so as to preserve 
the true circular form. The reason why this defect was 
more pronounced in locomotives than in other boilers was 
twofold. In the first place, the barrel was of small dia- 
meter, and thus the use of the overlap joint caused a rela- 
tively greater deflection from the circular form ; and in 
the second place, this type of boiler was liable to sudden 
and large fluctuations of pressure, the mechanical action 
from which was further intensified by the jolting such 
boilers experienced in their daily work. 

Some explosions had their origin in the stresses arising 
from expansion and contraction due to the action of the 
fire. This was especially the case in boilers of the ex- 
ternally fired class, of which the plain egg-ended type 
might be taken as a typical sample. In this type any 
sediment or dirt in the water naturally settled to the 
bottom over the fire and led to overheating, and when 
fed with cold water a long strip of the plating from end 
to end was suddenly chilled, causing serious straining at 
the ring seams. These were of so serious a character that 
although the ring seams were theoretically double the 
strength of the Lagibedioal ones, cases frequently oc- 
curred in which such boilers were rent in twain circum- 
ferentially and shot in opposite directions without giving 
the slightest preliminary warning. 

In the iron works districts a peculiar form of egg-ended 
boiler, set vertically and having a central flue with two 
or four radiating branch flues, was often used in con- 
nection with puddling furnaces for utilising the beat in 
the waste gases. This boiler had all the initial defects 
of the horizontal egg-ended one, and had been responsible 
for some of the most disastrous explosions on record, 
owing to the fact that, when such a boiler gave way, the 
contents of the surrounding puddling furnaces with which 
it was connected were scattered like a shower of shrapnel 
upon the crowd of workmen engaged. The presence of 
the internal flues necessitated shells of large diameter, 
and the consequent use of thick plates. This was inimical 
to the passage of heat, while the intense character of the 
flames which impinged upon the plates accentuated the 
trouble. 

As an illustration of the stresses seb up by unequal ex- 
pansion and contraction in a boiler, the author instanced 
a case in which an explosion occurred two hours after the 
fires were drawn. The boiler in this instance had a plate 
over the fire ? in. thick, while the remainder of the plates 
were only ;% in. thick. 

common source of boiler explosions in the past had 


been the — of cutting large openings in boiler 
shells, without providing compensating strengthening 
rings. The result of cutting large openings in the shell 


was to accentuate greatly the stress at the edge of the 
hole on its longitudinal diameter. The exact distribu- 
tion of the additional stress in consequence of the cutting 
away of the material was not known, but it was much 
greater at the edge of the hole than was generally 
supposed. Large domes were sources of weakness in a 
boiler shell, even if the hole which permitted access to 
them were of small diameter. 

Overheating from shortness of water was a common 
cause of boiler explosions, but the operation of this cause 
was different from the reason formerly assigned to it. 
Explosions were not the result of turning cold water on 
to red-hot plates. What took place was that the over- 
heated plates became gradually softened, with the 
result that they bulged downwards and were rent at the 
ordinary working pressure ; explosions of this kind were 
ofa relatively mild character. Asa safeguard the use of 
duplicate water gauges was recommended, as well as a 
low water safety valve and a fusible plug, while the feed‘ 
pipe should be at such a level as to prevent any risk of 
the furnace crowns being laid bare through the water 
syphoning back owing toa defective check valve, 

Many ge 8 arose from excessive pressure in conse- 
quence of the defective action of the safety-valve. This 
wight occur in a variety uf ways, but the type of valve 
1 aded wifh a spring balance was the most prolific source. 
This arose from the facility which the valve, as it was 
ordinarily fitted, provided for overloading by merely 


turning the thumb-nut, while it also permitted of tamper 
ing in many other ways. The practice of grouping the 
safety-valve and stop-valve on a common outlet was to 
be deprecated, on account of the risk of the outlet being 
lugged in the case of the boiler being under repair. Two 
isastrous explosions had been traced to thiscause. Each 
fitting should have its own outlet, and valves of the 
deadweight type were preferable to those with levers. 
If springs were necessary, they should be direct-acting. 
Explosions sometimes arose from faulty material and 
construction. Asa result of using iron of poor quality 
with punched holes, incipient flaws were occasionally set 
up in the seams, and several cases had occurred in whic 
these inherent defects were so situated as to forbid de- 
tection when the boiler was put together, and were only 
revealed by the explosion. These defects showed the 
value in connection with new work of a careful hydraulic 
test. 





PORTLAND CEMENT. 
To THE Epitor or ENGINEERING. 

Srr,—Messrs. Macevoy and Holt begin their letter by 
saying, **We have heard it said that diplomatists look 
upon language as a vehicle for disguising their meaning.” 
That being so, if Messrs. Macevoy and Holt had been dip- 
lomatists instead of cement-makers, how they would have 
shone in that one particular ! 

hey need not have one uneasy moment for refusing to 
send me samples of their cements, for I would much rather 
that my friends Messrs. Stanger and Blount should be 
paid for the job, instead of my doing it for nothing. I 
am, however, anxious for my friends, should the results of 
their investigations not thoroughly agree with Messrs. 
Macevoy and Holt’s views, as they will then most pro- 
bably be described as ‘‘ too futile to be taken seriously,” 
or as ‘‘too ridiculous to need confuting,” or perhaps as 
‘utterly inaccurate statements,” which Tatter might have 
been given in two much shorter words, had not Messrs. 
Macevoy and Holt’s knowledge of diplomacy taught them 
that the roundabout expression was the safest. 

However, as they will not send me samples of their 
cements, it is not impossible I may, through another 
source, obtain a supply of their celebrated mixture ; at any 
rate I may ‘be able to find some manufacturer who is 
capable of producing a cement within a measurable dis- 
tance of quality as compared with that sent forth from 
the Britannia Works, Northfleet, to mix with Kentish 
ragstone, so as to compare results with those of Messrs. 
— and Blount, made with the genuine article of that 

rand. 

Britannia rules the waves, but up to the present the 
Britannia Works do not rule the cement trade, nor are we 
obliged to label all our chemistry as ‘“‘ made in Germany.” 

I thank Mr. Neate for having taken my chaff in good 

part, and I will now endeavour to answer his two sugges- 
tions. He ~— : 
“© 1. My theory was to the effect that the water 
had to be supplied to the free lime in the form of 
vapour, and, consequently, a vehicle must necessarily be 
employed.” According to the analysis I have given and 
those that have been sent me, Kentish ragstone does not 
contain water, and therefore could not supply the thirsty 
lime with aqueous or other vapours. 

‘*2, Atmospheric separators are not generally used in 
the cement trade, though they will doubtless become more 
common, They cannot, however, act as hydrating free 
lime in the cement, as they circulate the same volume of 
air after the first half-minute’s work.” I could give the 
names of several of the largest makers who do use these 
fans. 

In December, 1892, and January to March, 1893, I was 
analysing and otherwise testing ja cement contract sup- 
plied by a first class and straightforward maker. Up to 
Christmas, 1892, I found it all that could be desired. After 
that, I found the cement contained combined water to 
about 2 per cent. insome samples. I thought perhaps 
the bags in which the samples had been sent had become 
damp in transit, and had samples taken and sent to me in 
air-tight tins. Still the water was there. Ultimately 1 
discovered that one of these new fans had been on trial 
after Christmas, and the weather was very wet at the 
time. The engineer refused to let the fan be used unless 
the air was previously dried, which is now doubtless the 
case. Nevertheless, if water in vapour is an advantage, 
as Mr. Neate suggests, these fans can effect it by using 
fresh supplies of moist air. 

A slight error occurred in my paper : “‘ use of sufficient 
water in op-ed this finer cement” should have been ‘‘in 
gauging this finer cement.” In the analyses also magnesia 
(Mg.) should be (Mgo.). 

Yours truly, 


Henry Ketway Bamber, F.I1.C., &c. 
Westminster-chambers, 9, Victoria-street, 8. W. 





To THE Eprrog oF ENGINEERING. 

S1r,—I have followed closely the correspondence on the 
above subject in your columns. The chemistry of the 
carbonates is not yet completely understood, although 
they are usually regarded as being among the simplest 
compounds. According to tests described a number of 
years ago in Dingler’s Polytechnic Journal, Portland 
cement was found to harden better with a solution of car- 
bonate of ammonia than with pure water. Carbonate of 
ammonia, at its present price, is not likely to be much 
used by purchasers of cement. As Kentish rag consists 
chiefly of carbonate of lime, it is by no means impossible, 
judging by analogy, that this carbonate may have some 
action comparable to that of the corresponding ammonia 
compound. The relative proportion of reg which may, or 
ought to be, added, is another matter. Messrs. Macevoy 


and Holt have presumably tried the rag in various pro- 





portions. 


‘of great depression,” &c. 


In your issue of December 21, Mr. Spoor says, “In 
recent years, in the stress of competition, during a period 
This aspect has no necessary 
connection with Messrs. Macevoy and Holt’s departure, 
but it opens up wider issues. To any one who compares 
the cement with other industries, the question must 
suggest itself, Are there no bye-products, the recovery of 
which would give the trade a new start? In the larger 
gas works plant is used to recover the ammonia, &c. In 
the alkali trade all products are being more and 
more utilised. In steel-making the phosphorus is re- 
covered as basic slag. In many manufactures the recovery 


h | of what were waste products has turned works which were 


being carried on at little or no profit into most successful 
concerns. In the cement industry the most inviting 
problem seems certainly to be the recovery of the carbonic 
aeid. The applications of this substance are extending 
daily. In its compres or liquid form it is now an 
article of daily commerce, many makers of aérated waters 
buying the compressed gas in preference to making it 
from sulphuric acid and chalk, or other materials. In an 
aérated water manufactory of very moderate dimensions 
the annual bill for gas will amount to 200/. or 3002. When 
it is remembered that every town of any importance in 
the kingdom usually contains several such works, the 
probable profit from this source alone runs into a great 
many figures. There is also the export trade. The pre- 
send price obtained for the gas is about 3d. per lb. When 
we consider the enormous quantities of the gas which are 
at present allowed to go to waste in cement burning, the 
possibilities in recovering it are striking. A few figures 
will make this plainer. Ten tons of the materials used 
yield about 5 tons of finished cement, and about 4 tons 
are given off as carbonic acid. Thus we have 


£ad. 
5 tons of finished cement at, say, 20s. 
per ton ... eee ea ais a 500 
& 8 d. 
4 tons of carbonic acid a 
3d. per Ib. fod ce. okeece @ 
Less cost of purifying and 
compressing at 4d. per 
Whee. te ee «- le 4 
93 6 8 
Value of gas, ready for delivery 93 6 8 
Products from 10 tons of rawmaterial 98 6 8 


On this basis the value of the carbonic acid is about 19 
times that of the cement. In some industries bye-pro- 
ducts are recovered, the value of which is not a multiple, 
but often a small fraction, of the so-called main article. 

Whether or not the outlet for cement is reaching its 
limits, it is difficult to —_ the quantities of carbonic 
acid for which uses will be found, aérated waters being 
only one application among many. At least equal quan- 
tities will probably be required for refrigeration alone. 

The recovery of the carbonic acid from the cement 
kilns, unmixed with air, is not likely to present greater 
difficulties than those successfully overcome in analogous 
instances. In most cases careful mechanical manipula- 
tion of the materials leads to greater completeness in 
chemical changes. The comparatively easy evolution of 
the carbonic acid would be a guarantee that the materials 
had been very thoroughly intermixed, and the thorough- 
ness of the intermixture, in turn, would a@ powerful 
factor in recovering, or maintaining, or increasing, the 
reputation of cement of English manufacture. 

—s that this letter may do a little to broaden the 
lines of the controversy, but without losing sight of the 
questions originally raised, 

I am, Sir, yours respectfully, 
JAMES Morris, D.8e., Analytical Chemist. 
Rochester, January 29, 1895. 





To THE EDITOR OF ENGINEERING. 

Sir,—Mr. Spoor himself introduced the question of 
humour into this discussion by saying that if a certain 
statement of ours was to be taken as something funny, it 
was quite thrown away upon him, he being a north- 
country man. That which he calls our essay on humour 
was only a kindly attempt to dispel from what might 
loosely be described as his mind the evident terror at the 
possibility of being called upon to entertain a joke. We 
certainly agree with him that we are dealing with quite 
another matter than humour when we are noticing his 
ponderous platitudes. Mr. Spoor, as usual, attributes 
opinions and views to us, and then argues as though we are 
bound to acknowledge them because he has so attributed 
them. As some people take their — ready made from 
the paper they patronise, so Mr. Spoor appears to take his 
opinions, or rather dogmas, on Portland cement from some 
unrevealed authority, Having appropriated these opinion 
he is apparently under the impression that he has arriv 
at them by his own reasoning. This would not matter so 
very much ; but, in addition, he seems to consider that 
when he is once convinced of a certain thing, there is 
nothing more to be said on that subject for all time. He 
at intervals takes undigested chunks of tabular tests from 
his cement testament, and, without showing how or why, 
boldly states that they prove whatever he wishes them to 
oa We will deal with one or two points in his last 

‘able later on. 

Mr. Spoor says that we have advanced the using of 
limestone in Portland cement as a new and wonderful 
discovery. We have done nothing of the sort. The 
appearance of a series of one-sided and obviously inspired 
newspaper articles on the Portland cement question 
rendered it incumbent upon us to explain and make 
public the sterling and superior qualities of our assailed 
production. If we had thought the use of ragstone ab- 
solutely new, we should have patented it ; and, judging 





from the number of manufacturers who are in silent satis- 








158 


ENGINEERING. 


[Fes. 1, 1895. 





- 





faction! now using a substance for which they have no 
defensive word of public praise, we should have made a 
very good thing out of it. We have always held, and 
shall continue to hold, that the addition of ragstone im- 
roves Portland cement. For this belief we have the 

st of reasons. The cement has stood the test of time 
and exposure in actual use and under varying conditions 
of temperature. We gave the following tests for tensile 
strength at the Cannon-street meeting: With neat 
cement, at seven days, 492 lb.; at three weeks, 556 lb.; at 
seven weeks, 656 lb.; at three months, 740 1b.; at six 
months, 790 lb.; at nine months, 975 lb.; at 11 months, 
1000 lb.; and at 12 months, 1010 lb. With sand tests 
(three parts sand to one cement), at nine months, 410 lb. 
and 460 lb. These tests were made with our improved 
cement, ground to leave 10 per cent. residue on a 50-sieve. 

We will now turn our attention to some of Mr. Spoor's 
last tests, which he says were made by an unbiassed 
expert. These may, of course, be unbiassed, but we must 
confess that we should view them with less suspicion if 
Mr. Spoor had given the name of his expert and that of 
the firm, body, association, or client in whose interest the 
tests were made. Taking the tests for what they are 
worth, they certainly do not conclusively prove what Mr. 
Spoor claims for them, viz., that limestone depreciates 
Portland cement, and is no better than sand. We would 
here point out that all limestone cements will differ in 
strength just as much as the old-fashioned cements have 
always done. The excellence of the cement must always 
depend upon the careful selection of the materials used, 
the skill of the manufacturer and his employés, and that 
unexplainable something which will always enable a good 
workman to turn out a better article than a bad workman 
can, even though he may use the same materials. We do 
not say that any ragstone cement will produce good 
results ; but we do assert that our manufacture will. We 
suppose that, as Mr. Spoor chose his tests, he will not 
repudiate what some of them show. 

7 28 90 One 
80 parts Portland cement Days. Days. Days. Year. 

+ 20 fine sand + 300 

standard sand ... a 115 113 261 281 
80 parts Portland cement 

+ 20 limestone + 300 

standard sand ... es 137 206 304 293 

These are the figuresas they appear in Mr. Spoor’s 
letter in KNGINEKRING ; but there appears to be something 
wrong inthem. In the first mixture, the test at seven 
days is 115 lb., and at 28 days 113 lb. ; in the second mix- 
ture, the test at 90 days is 304 lb., and atone year 293 lb., 
so that the mixtures appear to have weakened with 
length of time. At any rate, these figures, if they prove 
anything, show that limestone is a little better than 
fine sand at the end of a year ; but they can by no means 
be held to prove what Mr. Spoor so triumphantly asserts. 
It may be, however, that Mr. Spoor, as a north-country 
man, is as proud of his want of accuracy as of his 
want of humour. Now we will compare one of our tests, 
made with our ordinary ragstone cement, with one given 
by Mr, Spoor. His test of Portland cement mixed with 
three parts sand gives, at one year, a tensile strain of 
359 lb. Our cement with three parts of sand gives, at 
nine months (Mr. Spoor has three months’ advantage in 
time here), 410 lb. and 460 Ib., or an average higher 
tensile strain of 76 lb. in three months’ less time. 

We did not say “that the German normal rules were 
framed with a view of enabling the larger manufacturers 
to crush the smaller men.” This is another instance of 
Mr. Spoor’s habit of attributing things to us which we 
never said or thought, and then proceeding to attack 
them. Also, we did not, as Mr. Spoor infers, say 
that the large manufacturers were in the majority in 
the German Association. What we did say was, “‘ It 
is more than probable that the German Associa- 
tion was formed from a certain number of their largest 
manufacturers being struck with the idea that, if they 
could get their own method of manufacture declared to 
be the only legal one, they could crush the small men and 
secure a practical monopoly of the trade.” We still hold 
thisopinion. We did say, ‘* Are the Germans so infallible 
that we should follow blindly in their footsteps?” but it 
must be remembered that they are retrograde footsteps. 
The Germans even went further than wishing the world 
to stand still, their action amounted to turning it back- 
wards. We quoted the opinion of Dr. Michiielis because 
he was in favour of progress. It is perfectly logical 
to deprecate German ,retrogression and to advocate 
German progress. We are always rather doubtful about 
Mr. Spoor’s facts, which somehow always seem to be 
more or less distorted, no doubt unintentionally, to suit 
his argument, but, if it be true that Dr. Michielis wished 
to sell his invention for improving cement, we see nothing 
remarkable in that. Do inventors or men of science 
generally offer the world their inventions for nothing? 
De, Michiielis proved that limestone improved Portland 
cement. The use of that substance was open to the world, 
so that no one can hint that, in proving this, he had any 
interested motive. If Dr. Michielis should render us any 
assistance we would gladly acknowledge it, and we should 
be proud to have his favourable opinion and assistance. 
Mr. Spoor calls us his “‘ good friends.” We do not wish 
to hurt his feelings in any way ; but we must still reserve 
to ourselves the rigbt to choose our friends. 

Ve are, Sir, yours truly, 
Macevoy anp Ho tt, 
Britannia Cement Works, Northfleet, Jan. 30, 1895. 





ELECTRIC TRACTION. 
To THE EprroR oF ENGINEERING. 
Sir,—I have very carefully studied the papers on the 
above subject which appeared in your issues of the 4th 
and llth inst. This being the latest pronunciamiento of 





the electric tractionists, I had hoped to glean some infor- 
mation therefrom which would be useful in working out a 
scheme of tramway haulage for an English town. No far, 
the tables and statistics given by the author are lacking 
in some essential elements without which a proper com- 
parison between electric and cable haulage cannot be 
made, and I venture to offer the following criticisms in 
the hope that the author may see his way to supply the 
missing links in some future article. 

I gather, from the first article, that the object of the 
author is to show the great progress made by electric 
traction in America, and to draw from it the moral that 
we have only to follow the example of the American com- 
panies who have adopted electric traction, in order to 
reap the same great advantages which they have done. 
It appears to me, however, that the author has ignored 
the vast difference that exists between the conditions 
affecting tramways in the two countries. In American 
cities people will not walk when they have the chance of 
riding. Perhaps the abominable roads, and the timber 
footways in some parts, have something to do with this. 
In this country people prefer walking, and only use the 
cars in bad weather, or when they have some special object 
in getting over the ground quickly. In America the stan- 
dard fare is 2}d., in this country only 1d. Table XIII, 

ge 53, gives the average gross earnings per passenger 
fin the State of Massachusetts) as 24d., while in this 
country the gross earnings per passenger are only a trifle 
over one penny. In America there are no restrictions as 
to the number of passengers a car may take, and you 
therefore often see the cars thickly crowded with people, 
wherever they can find room to hangon. In America cars 
are allowed to run at more than double the speed that is 
permitted in this country. Owing to these various causes, 
the car earnings per mile are very much higher in 
America than in this a and the companies can not 
only exist, but pay good dividends under working ex- 
penses which mth | be ruinous to any tramway company 
in this country. 

In the comparison with horse traction, the author en- 
tirely ignores the effect of the difference of speed. The 
horse cars cannot average much more than four miles per 
hour, including stops, while the electric cars or cable cars 
can double or treble that rate, requiring only one-half or 
one-third the number of cars to produce the same mile- 
age. In fact, by mechanical haulage a greater mileage 
could be got through than is possible by horse haulage, 
no matter how closely the horse cars might follow each 
other. Not only are there fewer cars required, but fewer 
drivers and conductors, owing to the greater mileage done 
by each car. With this enormous advantage the sur- 
prising thing is that the gain is not far greater than the 
tables given by the author show. But it is not worth 
while comparing mechanical haulage with horse traction, 
as the former is now an admitted necessity. What is 
more to the purpose is the comparison of the different 
systems of mechanical haulage one with the other, and it 
is to be r tted that the author gives us no information 
of the slightest use in forming such comparison. 

Take, for instance, Table VI. (page 51), in which the 
author gives the working expenses in detail for a ‘‘ large 
electric road,’’ but does not give a single word of infor- 
mation (1) as to the nature of the road, whether flat or 
hilly, and if the latter, the gradients that have to be 
mounted ; (2) whether the roads are straight or winding ; 
(3) the speed at which the cars run ; (4) the weight of the 
motor cars and trailers ; (5) their carrying capacity. He 
says the motive power costs 0.65d. per car-mile, but in the 
a of these particulars, how can we determine what 
work is being done for that money? He might just as 
well tell us ‘it costs 3/. per mile to drive a steam vessel,” 
but as a “‘steam vessel” might mean a steam tug ora 
Campania, and might be going at any speed, from two 
miles to twenty miles an hour, we should not be any more 
enlightened by the information than we are by the infor- 
mation given in Table VI. 

The Table gives 2.2d. per car-mile as the cost of con- 
ductors, drivers, &c. It is obvious that if the cars are 
run at double the speed that is allowable in this country, 
this item would have to be just doubled on an English 
tramway, and so also with several of the other items, 
bringing the cost up to nearly, if not quite, as much as that 
of horse traction. This shows how very unsafe it is to 
accept American experience asa sufficient criterion for an 
English tramway. 

Table VIII. (page 52) is equally misleading and 
meaningless, and the conclusion the author draws from it 
is most extraordinary. The author gives the actual 
working expenses, exclusive of conductors and drivers 
and the management, &c., as 1.536d. per car-mile for 
horse, 1.539d. electric, and 1.464d. for cable, adding that 
the horse and electric lines have easy gradients, while 
the cable line has heavy gradients and crooked align- 
ments, in spite of which the cost comes out just 5 per 
cent. less on the cable than on the electric line. And yet 
the author draws from this the strange conclusion that it 
is only on a ‘‘ perfectly level and flat road” with a quick 
service that the cable comes out superior to the electric 
system. What is the value of a comparison of two systems 
of traction working under such totally different condi- 
tions ? The question is: What would the electric system 
have cost had it been applied on the same road as the 
cable, when, with all the advantages of easier gradients 
and straighter roads, it actually cost about 5 per cent, 
more in running expenses than the cable ? 

Table LV. (page 3) is a remarkable specimen of the way 
in which the advocates of electric traction manipulate 
= to favour their argument. According to this 

able, a cable car taking 4 horse-power at the engine to 
drive it, consumes 5 Ib. of coal per car-mile, while an 
electric car taking 6 horse-power to drive it consumes 
only the [same amouat of fuel, viz., 5 lb. per car-mile. 
That is to ray, 5 lb. of coal will produce 50 per cent. more 


steam for driving an engine that is applied to an elec- 
trical purpose than if that engine were applied to drive 
such a commonplace thing as a rope. Can there be some 
mysterious sympathetic chord between electricity and 
coal to account for this strange preference, something 
akin to that attraction which draws people after any- 
thing electric, whether it be electric sugar, elecvric belts, 
electric traction, or electric soap? It is a point to which 
the Psychical Research Society might direct their atten- 
tion. Perhaps it is a step towards producing power by 
precipitation. 

A similar result appears in the estimate of capital cost 
given in the same Table just above. This gives the cost 
of cable and conduit per track-mile as 10,000/. to 30,0001., 
and for complete equipment from 18,000/. to 50,000/. per 
mile, which, I presume, means that the equipment, apart 
from road construction, costs 80007. and 20,000/. re- 
penne. The author does not tell us what is got for 
that money—how many cars, what sized engines, and so 
forth. That, of course, is a minor point, a mere detail, 
not worth considering. The equivalent cost of an 
electric system is given at 5001. to 20001. per mile for 
track, and 1500/. to 7000/1. per mile for complete equip- 
ment, leaving 10002. and 5000/. respectively for equipment 
apart from conductors. Hence, taking the highest set of 
figures, the cable cars and engines for driving them would 
cost (apart from road construction) 20,000/., asagainst 5000/, 
for the electric cars, with dynamos and engines for 50 per 
cent, more power. You get the same number of cars in each 
case, but the electric car with its motors, special gearing, 
and trolley current collector, is a far more costly article 
than the plain grip car used for the cable, and yet the 
same extraordinary influence, that worked such marvels 
with the coal, even affects hard-headed contractors to 
such an extent that because it is electric, they will give 
all this, and provide dynamos, engines, and boilers of 50 

r cent. more power for one-fourth of the price of the 

ess powerful engines and boilers and simpler cars of a 
cable system ! 

The author gives the effective horse-power applied to 
the axle of an electric car as 4 to 8 horse-power. 
Now, surely, the gradient and the weight of the car must 
have something to say to this. Ina cable system, where 
the descending loads balance, pro tanto, the ascending 
loads, we can lay down an approximate rule; but an 
electric car has to depend upon its own power and ad- 
hesion for ascending inclines, without any help from the 
other cars, and must have power enough in itself to face 
the steepest inclines. Unfortunately, inclines do not 
appear to have that respect and reverence for electricity 
that they ought to have. The electric cars at Roundhay, 
Leeds (Thomson-Houston system), weigh, as I under- 
stand, 9} tons each, for a car carrying 22 passengers, and 
they have an electric motor of 15 horse-power on each azle, 
making 30 horse-power for a 22 passenger car. The 
gradients are not what can be described as severe, by any 
means. Yet I have seencars making fruitless efforts to 
mount an incline, and at last compelled to run back to 
he bottom of the hill to get up the necessary momentum 
to carry them to the top. 

The two articles contain many other peculiarities and 
funny statistics, which time and a regard for your valu- 
able space prevent my going into. I will merely point 
out that in all the cases referred to by the author the 
operating expenses of the cable lines are less than those of 
the electric lines, and that the official returns of the State 
of Massachusetts show the cost of working by electricity 
to be 10.8d. per car-mile, or just double the cost of cable 
traction in this country, notwithstanding the advantage 
the former has in speed. It is characteristic of the effect 
of electricity upon some minds that the conclusion the 
author draws from this is that electric is superior to cable 
traction. 

i JOHN STURGEON. 

24, Victoria-chambers, Leeds, January 21, 1895. 





JAMES WATT DINNER IN GLASGOW. 
To THE Epitor oF ENGINEERING. 

_ Srr,—In your ‘* Notes from the North,” in yesterday’s 
issue, it is stated that this dinner “ was held under the 
auspices, for the first time, of the Institution of Engineers 
and Shipbuilders in Scotland.” I shall be obliged if you 
will correct this statement in your next issue. 

The dinner has been held in Glasgow regularly every 
year for about half a century, and was known as the 

‘Foremen Engineers’ Dinner ” till 1887, which was the 
last year it was held under the old name. 

_For many years before that date the committee con- 
sisted almost entirely of members of the Institution of 
Engineers and Shipbuilders in Scotland, and it was then 
arranged that henceforth the dinner should be officially 
see nme by the Institution and tke Philcsophica 

ociety of Glasgow jointly, the president of each body 
to be chairman every alternate year. Therefore, the 
‘‘first time” it was formally under the auspices of the 
Institution was in 1888, when the late Dr. A. C. Kirk 
was chairman. 

The joint arrangement with the Philosophical Society 
subsisted from 1888 till 1893 inclusive, but before 1894 this 
Society withdrew, so that last year was the first dinner 
promoted by the Institution alone, when the chair was 
taken by Mr. D. J. Dunlop. 

Yours truly, 


GrorcE RvsskLL. 
Motherwell, January 26, 1895. 





Gas at Rio pe JANETRO.—Notwithstanding the un- 
settled state of affairs in Brazil, during, at any rate, part of 
last year, the quantity of gas sold by the Rio de Janeiro 
Gas Company in 1894 was 18,123,000 cubic metres, as 





compared with 17,372,000 cubic metres in 1893. 
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THE “MILLER” 


AUTOMATIC FLUSHING SYPHON. 
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TueE flushing syphon which we illustrate on this 
page is one which has been largely adopted in the 
United States, having obtained the highest award at 
Chicago in 1893. Previous syphons have been brought 
into action by the simple release or rarefaction of the 
air confined in the syphon, or by the sudden removal 
of such air by special subsidiary devices, which are 
entirely absent in the ‘‘ Miller” syphon. As shown 
in Figs. 1 and 2, it consists of two simple castings, a 
U tube or trap and mouthpiece, cast in one piece, anda 
cast-iron bell which is placed over the longer leg of the 
syphon, and is held in place by brackets cast on the 
trap. Theaction of the syphon is as follows: As the 
water entering the tank rises above the lower edge 
of the bell, it incloses the air within, the lower portion 
of the U or trap being, of course, filled with water. 
As the water level in the tank rises, the confined air 
gradually forces the water out of the long leg of the 
trap, until a point is reached when the air just 
endeavours to escape round the lower bend. Now 
as the difference of water level in the two legs equals 
the difference of the levels between the water in the 
tank and the water within the bell, it will be seen 
that the column of water in the short discharge leg 
has practically the same depth as the head of water 
in the tank above the level at which it stands in the 
bell. The two columns of water therefore counter- 
balance each other at a certain fixed depth in the tank. 
As soon as this depth is increased by a further supply, 
however small, a portion of the confined air is forced 
around the lower bend, and by its upward rush carries 
with it some of the water in the short leg, thus 
destroying the equilibrium. But the secret of this 
invention is the free projection of the overflow edge, 
which allows of the instantaneous escape or falling 
away of the heaved-up water. Thus, if the discharge 
mouth were formed as an ordinary bend, the syphon 
would not act (although the confined air rushes 
around the lower bend), for the simple reason that the 
heaved-up water has no means of instantaneous 
escape, and therefore the equilibrium is not sufficiently 
disturbed. It will thus be seen that the action of 
the syphon depends, not on the escape of air, but 
on the sudden reduction of a counterbalancing column 
of water. 

Repeated trials have shown that a 6-in. syphon 
will discharge full bore a 500 gallon tank, fed so 
slowly as only to be filled in 14 days. There being 
no internal obstruction, the discharge is extremely 
rapid. There is, it will be seen, a deep water well 
between the flushing tank and the sewer, which is 
of courseanadvantage. We have had the opportunity 
of seeing one of these syphons at work in the excellent 
Sanitary Museum at Hackney, and though severely 
tried, the syphon worked perfectly. As will be seen 
by a reference to Figs. 2 to7, the syphon chamber can 
be very neatly combined with a manhole. No special 
mouthpiece is then required ; the mouth of the 
discharge pipe stands quite clear, and delivers the 











water into a concrete basin, from which it rushes down 
into the sewer. The English representative of the 
makers is Mr. Albert Wolheim, A.M.I.C.E., of Leaden- 
hall House, 101, Leadenhall-street London, E.C. 








INDUSTRIAL NOTES. 

America has again been the scene of industrial dis- 
turbance, and again with fatal results. On _ this 
occasion the outburst of violence was at Brooklyn— 
almost a suburb of New York. The dispute was 
as to wages of the tramcar and ’bus men. For 

enerations we were told to look to America 
or examples of law and order, of respect for 
authority even in matters where, in older countries, 
there would be some restlessness under restraint. It 
is only recently, comparatively speaking, that great 
industrial disputes have arisen, and these have often, 
of late years, been attended by such violence as to 
recall the earlier struggles in this country, before the 
right of peaceful combination was conceded by law. 
It is a painful experience for any country to have 
to pass through, for industrial war is almost more 
harassing than civil war, as, in the latter case, the 
struggle is short and sharp generally, while in the 
former case it may be prolonged in one way and 
another for whole generations. It would, perhaps, 
require much investigation to be able to show the 
causes of the present industrial strife in the United 
States, but the one great factor in the movement is, 
and has been, the enormous accumulation of wealth by 
the comparative few, while for the many the experience 
has been lessened wages, higher prices, and keener 
competition. The proximate cause of the labourcontests 
has been the development of ‘‘rings” or syndicates 
and huge monopolist companies, against whom many 
of the middle classes—if such a term can be applied— 
rotest almost equally with the workmen. A striking 
instance of this was manifested last week by the alder- 
men of the Brooklyn Council passing a resolution to 
the effect that no men should be employed by the car 
companies who had not been resident in Brooklyn for 
four months ; this was to prevent strangers taking the 
lace of the strikers. It is said also that the shop- 
eepers and even a portion of the police sympathised 
with the men, the latter to such an extent as to render 
their presence a menace rather than a protection. 

The most awkward sign in the American labour 
struggles is the more frequent calling out of the 
‘* military,” which in the United States means the 
‘citizen soldiers,” or militia, and these seem to show 
a readiness to shoot, or charge with their weapons, the 
a mobs of rioters, whether it be the strikers 
or those who sympathise with them. It can scarcely 
be doubted that the militia, or whatever force is re- 
quisitioned, are sorely tried. Human nature cannot 
well endure missiles, whether flints or brickbats, 
without retaliation. And it seems that there is quite 
as little respect for human life, and for property, on 





the part of the strikers. For example, it is reported that 
a couple of women hailed a running car, and when 
they got in they produced revolvers from under their 
shawls, and threatened to shoot the conductor and 
motor man, both of whom fled and left the car to 

ursue its course, regardless of the consequences. The 

istressing thing in connection with American labour 
troubles is the reckless disregard of human life, and 
the wholesale destruction of property. This isa bad 
sign, and is likely to involve the country in grave 
disasters in the longrun, The labour party are not 
free from blame in this matter. The Knights of 
Labour are as much monopolists in their way as the 
capitalist classes. An English mechanic finda great 
difficulty in holding his own; and this has been going 
on for over a quarter of a century. The Engineers and 
the Carpenters and Joiners have branches of the British 
unions in the States, and these are able to protect 
themselves pretty fairly. But trades having no 
such branches are not so well off in this respect. 
The Knights of Labour also have a power of dic- 
tation not consistent with the democratic insti- 
tutions under which they live. At the word of 
command the men must strike, even without rhyme 
or reason. That there is a revolt against this 
is proven by the fact that men will risk their lives by 
going in where a strike exists, as in Brooklyn at the 
present time. Itappears that more cars ran from day 
to day, notwithstanding the violence of the assembled 
mobs, and the danger to life by such action. 





Another movement is on foot for the federation of 
the trade unions of the country. The sub-committee 
of the general committee, appointed at the last Trades 
Union Congress at Norwich, met in Manchester last 
week, for the purpose of drafting a scheme and code of 
working rules for the government of such a federation. 
The sub-committee have started on moderate lines, 
on ** the lines of least resistance.” They propose that 
each trade shall preserve its own autonomy. In this 
way it is sought to insure both unity and indepen- 
dence—unity of action, and the independence of each 
separate union. It is also proposed to cement the 
amicable relations between employers and employed, 
by conciliation and arbitration. The “fighting 
unions” are to be brought into line with the more 
cautious of the old unions, and thus unity of action is 
to be secured. It has been found that the new ‘ mili- 
tant unions” have fought themselves out of breath, 
out of funds, and some nearly out of existence. They 
must needs find rest or collapse. 

There seems to be a possibility, nay, more, a proba- 
bility, of the threatened dispute in the boot and shoe 
trades being averted. Three important steps towards 
that end have been taken. Firstly, the dispute which 
led to the friction has been practically settled. 
Secondly, the recent conferences have narrowed the 
issues, and brought the employers and the represen- 
tatives of the unions closer together. And now, 
thirdly, the conference of delegates at Leicester 
carried a resolution by 46 to 13 to invite the Manufac- 
turers’ Federation to a joint meeting or conference for 
mutual explanations, with the view of re-establishing 
a national conference to settle all matters in dispute. 
It has been held in ‘‘ Industrial Notes” that such an 
eventuality was at least possible, and even probable, 
for the difficulties surmounted were greater than any 

resent or prospective, and there were men at the 
er" of affairs in the Operatives’ Union, as well as in 
the Employers’ Federation, who would not lightly 
plunge the whole trade into an industrial war. Per- 
sonal contact and mutual explanations, like faith, can 
remove mountains of difficulties, which, at a distance, 
seem to be insurmountable. 





No new phase in connection with the threatened 
dispute in the building trades has turned up, but there 
appears to be rather less bluster and swagger than 
there was a week or two ago. That there are matters 
in dispute cannot be gainsaid. But most of the details 
are capable of settlement if the difficulty about non- 
union labour can be got over without serious friction. 
The latter, after all, is more a matter between work- 
man and workman than between employers and work- 
men. The right to belong to a union, or not to belong 
to a union, is a matter of legal right primarily, and 
some men will not join a trade union, however severe 
the pressure. But the growth of the unions attests the 
fact that, given good conditions, the unions will ex- 
pand so as to embrace the greatest ae eg of 
men in an industry. This is shown the Engi- 
neers, the Boilermakers and Iron Ship Builders, and 
by some other unions, 


ee 


There are no signs as yet of the anticipated improve- 
ment in the —— trades of Lancashire, indeed, 
if anything, the outlook does not appear to be quite so 
promising. But, of course, it is early in the year to 
be attempting to forecast events, especially as the 
weather has been somewhat adverse to any pushing of 
trade. Most of the establishments continue to be but 
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indifferently supplied with work, although some have 
been, and still are, kept fully going ; but the prospect 
of work for the near future is not encouraging. In 
some establishments engaged on special work they have 
continued busy, even working overtime on special 
orders, but it appears that there is no weight of work 
to take the place of the contracts nearing completion. 
Generally, the engineering branches seem to be in no 
worse position than they were, but the outlook is very 
unsatisfactory. Some machinists are tolerably busy 
both upon home and foreign orders, and in special 
departments the men are fully occupied, but in the 
ordinary run of the establishments the work is from 
hand to mouth, and in some cases the menare on short 
time. Boilermakers, and also locomotive builders, 
are quiet, while machine tool makers and stationary 
engine builders are only moderately off for orders. The 
iron trade is very quiet, and business very slow ; no in- 
quiries of any moment are reported. Pig iron makers 
still hold on to their quotations, but merchants accept 
orders below makers’ prices. Local makers are, however, 
doing a little business in foundry qualities at prices based 
on recent rates. The finished iron trade manifests little 
change ; there is only a slow demand at current rates, 
and these are wanting in firmness to some extent ; at 
best, prices are but stationary. It is reported that the 
ruling prices are so unsatisfactory that a combination 
is talked of, so as to enable the makers to take up a 
stronger position than they have been able to do of 
late. The steel trade generally is in a weak condition, 
both as to orders and prices, for raw and manufactured 
material. In the metal trades generally, business is 
very quiet, but with quotations unchanged. The 
labour market is quiet in all branches of the iron and 
steel industries, engineering, and all cognate branches 
of trade. 





The condition of trade in the Wolverhampton dis- 
trict seems to have undergone a change for the better. 
Buyers, having become convinced that the lowest point 
in the values of finished iron has been reached, have 
given out orders more freely than of late. Although 
the list firms have not experienced the full benefit ex- 
pected of the recent drop in the price of marked bars, 
several contracts which were held back by agents 
of export houses, are now being placed. The makers 
of unmarked bars appear to be annoyed at the 
action of the list firms in reducing the rates, but the 
latter point to increased orders in justification of their 
action. Commoner qualities of iron have gone down 
to the extent of 2s. 6d. per ton, and a similar drop 
has been experienced in the price of cold-blast. Both 
the first and second classes of hot-air forge pigs are 
also offered at lower prices, but transactions are 
limited notwithstanding. It appears that local con- 
sumers are ordering more largely for fairly heavy lots 
of medium and common bars, plates, sheets, and 
angles. The genera] run of work in the engineering 
and constructive branches of trade is about the same, 
the present outlook and the future prospects being 
fairly good in most cases, 
in all branches of labour in so far as disputes are con- 
cerned. There is, however, a little uneasiness as to 
the effect of the recent reduction in the price of marked 
bars upon the average selling price, as far as regards 
the wages of men in the iron and steel trades. 


In the Birmingham district there is but little change 
to report as yet. Some few new orders have been 
placed, but mainly to meet immediate requirements, in 
so far as crude and manufactured iron is concerned, 
for workshop purposes. The general run of the local 
trades are experiencing the usual vicissitudes at this 
season of the year, but the heavier staple trades are 
about in the same condition. 


It is much to be feared that the unemployed are 
being exploited for political purposes, as they have 
been in times past. This is to be regretted from all 
points of view. The question is serious enough in all 
conscience, and should be treated as an element of 
national danger, as well as one which has its sad 
domestic side. For the moment the discussion has 
turned upon the relative numbers out of work, the 
estimates varying from a million and a quarter to about 
three-quarters of a million. Whether it be the greater 
number or the less, the figures are appalling enough. 
But there is worse than folly in exaggerating the 
numbers, as the greater the number to be provided for, 
the more the hesitancy of the authorities to institute 
some measures of relief. The proportions out of work 
in the better class of trade unions are quoted as show- 
ing the extent of the out-of-work problem. The figures 
quoted do show the extent, but the better class of trade 
unions provide for their own poor by the out-of-work 
or donation benefit. For example, the Engineers, the 


Boilermakers and Iron Ship Builders, Ironmoulders, 
the Carpenters and Joiners, and other great unions, 
provide in round figures about 10s. per week to those 
unemployed ; none of these would come on relief works 
if started, or only possibly a few whose term of benefit 
had expired. These represent the more skilled trades, 
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as to which there are grave economical difficulties. 
There are, again, at the other end of the industrial scale 
a vast number of unskilled men almost incapable of 
continuous employment at really useful work, most of 
whom can only be utilised on emergency, or for such 
work as is to be found by local agencies. But be- 
tween those two extremes of the working classes there is 


partially skilled, and many more unskilled ; what can 
be done with these? It is sad beyond expression to 
see men, able and willing to work, workless and in 
want. And the fringe of the workless is rather grow- 
ing than diminishing. Periodically they are increased 
by fluctuations in trade ; before they recover from one 
reverse they experience another. Itis a great and a 
grave problem, and one to be faced. London cannot 
solve it. The matter is national rather than local. 
The area upon which experiments can be tried is the 
land in and around our villages, under local autho- 
rities, 





The coal industry of the United Kingdom is not just 
now in a very prosperous condition. In mid-winter, 
for the first time for many years, the coal merchants 
of London cannot see their way clear to raise the 
price ; on the contrary, in order to stimulate trade, 
they have actually reduced prices for seaborne coal, 
and yet the response has been small. Some of this is 
due to an exceptionally mild season on the whole, but 
much more is due to the fact that all sections of the 
people have been compelled to practise economy in 
fuel, as in most other things. Thus a decrease in the 
purchasing power of the people has the effect of 
diminishing trade, productive and distributive, from 
whatever cause the decrease of means proceeds, 
whether lowness of wages or want of employment. 
This is an economic fact which has too often been lost 
sight of, because of our vast foreign and colonial trade. 
But as this exterior trade contracts, we must look more 
and more to our home markets, and especially as 
regards produce and manufactures which can be ob- 
tained or manufactured without recourse to importa- 
tion. 

We now hear loud complaints of the severe competi- 
tion to which English coal is subjecting the native coal 
from the province of Silesia, and especially the Baltic 
port of Stettin. It is stated that 160,000 tons more of 
English coal were imported into Germany in 1894 than 
in 1892, and the coalowners, as well as the miners, feel 
the effects of the importation in lower prices, and in a 
lessened output. We are not alone in complaints of 
foreign competition, for the complaint is general. But 
other countries fly to protective duties ; we cannot. 

The Mertiencbevtined miners’ executive have felt 
compelled to plead with the men to accept without 
demur the recent reduction by the conciliatiation 
board of 14 per cent. in wages. They state that the 
facts put before them by the coalowners were unanswer- 
able. The prices have gone down, and trade is still 
depressed. The representatives of the union are often 
laced in an awkward position, as they were in this 
case, and they would not throw upon the chairman the 
responsibility of giving a casting vote against them, 
but waived their own contention. It is furthermore 
urged that some of the advances were given prospec- 
tively, and that the state of trade has not equalled 
expectations, and, therefore, they have agreed to 
recommend the acceptance of the reduction proposed, 





In the Scottish districts there is still a good deal 
of friction over the late coal strike, and the delegates 
refused to sanction an honorarium of 27/. 10s. to the 
strike leaders, A resolution was also passed ‘‘ not to 
contribute to the union till the present officials are 
ejected from office.” Generally the men are disorga- 
nised, and the disorganisation is becoming more and 
more apparent. 





The whole of the colliers at the Stoneclough Colliery, 


at Kearsley, near Bolton, have struck against a reduc- | x 


tion in what is called yardage money. Efforts are 
being made to effect a settlement. 

The dispute at the Phenix Colliery, St. Helens, 
continues, and special efforts are being made to raise 
the necessary funds for the support of the men on 
strike, who are resisting a reduction in wages. Both 
of the above are under the Lancashire Federation, 

The notices given at the Bettisfield Colliery, Bagillt, 
in Flintshire, having expired, the colliers and labourers 
in the 5-ft. seam districts have been paid off, with no 
indication of a resumption of work. 

The award of Mr. D. A. Thomas, M.P., in the case 
of the dispute at the Pencoed Collieries, Llanelly, has 
been given, resulting in an advance of 14d. per ton in 
some cases, with other concessions. The men were 
out from October till the end of the year, when the 
matters in dispute were referred to arbitration. The 
award is binding by agreement for twelve months, 
The Welsh coal trade is in a depressed state, as in 
other parts of the country. But generally the wages 
are governed by a sliding scale, so that no serious dis- 
putes are anticipated during the current year. 





a large mass of unemployed labour, some skilled, more | pe 


The tinplate trade in South Wales is in a very pre- 
carious condition, and further reductions are sought 
in the wages of the workers. An interview took place 
last week between Mr. Williams, M.P., and the men 
employed at the Upper Forest and Worcester Works, 
when the proprietors stated that it was impossible to 
carry on unless the men accepted a reduction of 12} 
rcent. The men offered to accept 10 per cent., but 
this the employers refused. At the Beaufort Works, 
also, there isa dispute. The men, it is understood, 
will take a ballot before they finally decide to resist 
the 124 per cent. reduction. 





The building trades of Edinburgh are negotiating for 
an eight-hours day for five days in the week, and for 
five hours on Saturday, making a total of 45 hours per 
week. The employers offer 48 hours—84 on five days 
and 54 on Saturdays. The men rejected the latter 
proposal, whereupon the employers offered arbitration. 
This was reported to the men, who refused the offer of 
the employers of 48hours per week, and also arbitration. 


The uncertain state of the cotton industries in Lan- 
cashire, by the ps pone Indian duties on cotton goods, 
and by the rates of exchange, has led tothe operatives 
voting the sum of 500/. to the Bimetallic League. 





The carters’ dispute at Liverpool led to a ballot of 
the members as to whether they were in favour of a 
strike ; 2693 members voted for a strike against only 
305. The voting was unusually large for a union, 
inasmuch as out of 3124 a total of 2998 voted at the 
ballot. The result was that notices were given in to 
cease work at the end of the week. But the Mayor of 
Liverpool stepped in with proposals for conciliation, 
with the probable result that the strike will be 
averted. 





In consequence of the large defections from the 
Seamen and Firemen’s Union, and the large number 
of men who are now out of that union by arrears, it is 
announced that the entrance fees have been reduced so 
as to induce the men to rejoin, and thus strengthen 
the union. The strain and troubles of the last two 
years have been so great that the society has been re- 
duced to great straits to keep well afloat. 





The curriers in the Cleckheaton district have come 
out on strike for an advance in wages. The times 
seem to be unpropitious, but there is an upward move- 
ment in the leather trades which seems to indicate a 
busy season for this class of workmen, 





ON RELATIVE TESTS OF CAST IRON.* 
By W. J. Ker. 
(Concluded from page 132.) 

THE diagrams, Figs. 1 and 2, on page 161, are selected 

from a number gage by the author to illustrate the 
manner in which he recorded graphically the results he 
obtained with various mixtures, and Fig. 3 is con- 
structed from the results of the Iroquois and the 
Michigan Stove Company Southern series, and the 
records approximate the results from ordinary foun- 
dry mixtures. Peouliarities in shop conditions and 
in the quality of the iron used, will cause a variation 
in each case. But from this chart a founder can, at a 
glance, see the difference in shrinkage between different 
parts of a casting on account of size and the strain inci- 
dent thereto. He can tell from the shrinkage of any 
size of test bar which he may use, the shrinkage of any 
casting, larger or smaller, from the same mixture. If he 
knows the size of a casting and the. shrinkage that is de- 
sired, he can find this result on the chart ; and, by follow- 
ing the curved line either way, can find approximately the 
percentage of silicon which the iron mixture should con- 
tain to produce this result. The figures at the top of the 
chart denote the ratio of cubic inches in the casting to the 
cooling surface. The cubic inches in casting are divided b 
the square inches of cooling surface. The figures on eac 
side denote the shrinkage, and the curved lines show the 
percentage of silicon in the casting. 
The results shown in the diagram, Fig. 3 (called Chart 
V. in the author’s paper), were also given in tabular 
form, and a Jarge number of other Tables were appended 
to the paper, comparing deduced with actual results 
given by test-bars of various sizes and composition. Two 
of these Tables, Nos. XIII. and XIV., are reproduced to 
illustrate the thorough manner with which Mr. Keep 
pursued this investigation. 

The results given in some of the Tables show that 
while silicons and shrinkages are related, yet the influences 
exerted in the furnace, or some peculiar chemical combi- 
pation, or some peculiar treatment, cause a high or a low 
shrinkage, and that a chemical formula will not at all 
times produce a given physical structure, 

Our statement is, that although we may not be able to 
reduce records of pig irons cor of mixture in different 
shops to a definite relation between the silicon and the 
shrinkage, yet in any one foundry, with a substantially 
uniform mixture, the shrinkage will indicate the per- 
centage of silicon, and vice versé. In such cases the 
shrinkage wil] indicate whether the silicon in the mixture 
should be increased or diminished. 





* Abstract of 


per read before the American Society 
of Mechanical 


ngineers at the New York mecting, 
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DIAGRAMS SHOWING RESULTS OF TESTS OF CAST IRON. 
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TABLE XIIT.—Comparison or THE ACTUAL SHRINKAGRS IN Cast-IRON Trst-BARS OF VARYING 
Composition, witH Depucep Resutts, LAtip DOWN ON THE D14GRAMS. 
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Annealing Castings.—To produce very soft castings 
with very low shrinkage, some founders melt only the 
softest No. 1 pig iron, and do not even use the scrap made 
from such iron, while others use cheaper irons for the 
castings, and afterwards — the castings in an anneal- 
ing oven until most of the combined carbon which they 
contain is changed into graphite. Instead of increasin 
silicon in their mixtures to cause a decrease in combine 
carbon, they prefer to anneal the castings. It would be 
impossible to get as low a shrinkage, or as soft iron in the 
cupola, as by this process, 

We give one example of this. All bars were poured 
from one ladle. 


TaBLE XV.—Shrinkage in Annealed and U; ealid 








Castings. 
Shrinkage. | 
eee a1 tilt 
¢/¢ifai8 | | | 
S181 2) Isls tg 
a Fa 5 | A zg i) 8 D [0405 | 
No. 1 bar, not an- | bo pee 
14| 485] .28 | | | 


nealed .. --| .155 | .1692). 
No. 3 bar, not an- | 
nealed .. «+| .1542 | .1722] .14 | 416] .27 | } | 








Average --| 6155 | .171 | .14| 425) .272 
No. 2 bar before 
annealed .. -157 | .1662 


No. 4 bar before 
annealed .. - | .155 | .169 


Average - | -166 | .167 | } 
No. 2 bar after an- | | 
-| .096 | .069 | .06 | 400) .36 | 

| | 

} 


nealed .. , 
No. 4 bar after an- | 
nealed .. --| 0952) .070 | .08 | 400) .24 





Average ..| .096 | .0692 07 | 400] .35 | 





























The chill in the annealed castings is very dull, and onl 
half as deep as before annealing. The in is muc 
darker, and is filled with meme points. The un- 
annealed thin bars broke without taking set, while the 
annealed thin bars took a set of over +; in. at the centre 
before breaking. The unannealed square bars took a seb 
ab 300 lb. of .10, and after annealing took a set of .20 in. 

The discussion that followed the reading of this paper 
before the American Society of Mechanical Engineers 
was somewhat prolonged. One speaker corroborated Mr. 
Keep to a considerable extent, and stated that plans for 
keeping the chilling surfaces cool had been adopted with 
very satisfactory results. Another suggested the iron 
should have been —_— into a ladle and stirred up. 
Mr. Keep promised tests of strength later. Mr. John 
Fritz, whose experience is equal to that of any one, took 
a partin the discussion. His remarks may be summarised 
as follows: 

“I have had some little experience in making heavy 
castings. In arranging for casting a number of the same 
pattern, weighing 160 tons each, we placed about 700 or 

tons of metal of different brands of the best iron 











available on the bank, We had an analysis made, and 








162 





ENGINEERING. 


[Fes. 1, 1895. 








TABLE XIV.—Comparison OF THE ACTUAL SHRINKAGES IN CasT-IRON TxsT-BaRS OF VARYING 
ComMPosITION, WITH DrepucED REsuLTs, LAID DOWN ON THE DIAGRAMS. 











£ tb & 

Se | fe tie 
e¢ ag “4 | 68 NAME, 
S4\ eo | 8s | 2a 
1.00 | .183 185 | 2.62 | G. F. Ensley 
1.04 182 | .18¢4 4.41 G. F. Slose oe 
1.08 | .181 240 | 18 | White Gaylord 
1,12 .180 240 94 » De Bard’n 
1.16 | .179 226 1.36 | Mottle ,,  .. 
1.20 .178 220 .37 White Dayton .. 
1.24 -177 177 2.16 G. F. De Bard’n 
1.28 -176 176 -89 (7) Hiokle 
1.82 | .175 | | 
1.36 -174 | 
1.40} .173 | 
1.44 172 72 | Le (2) Iroquois 
1.48 171 | 
1.62 170 .170 207 G. F. Pioneer .. 
1.66 . 169 .169 3.73 3 Sloss.. sé 
1.60 | .168 -168 88 Mottled Dayton 
1.64 167 -167 .88 2 mill a 
1.68 | .166 .166 83 Mayville av 
1.72 | .165 -164 3.47 | 2 plain Buffalo.. 
1.76 | .164 164 | 3.53 2 Buffalo 
1.80] .. 163 | 408 |1 ,, “ 
1,84 -163 .163 3.22 (788) M. S. Co. .. 
1.88 | .162 161 2.61 | (6) Iroquois 
1.92 | .161 -160 | 1,26 (8) Hinkle 
1.96 .160 .159 1.44 3 Eureka 
2.00 159 187 90 (C) Iroquois 
2.04 158 .157 1,07 (C) Hinkle 
2.08 | .157 157 275 it) ., 
2.12 | .156 .156 9 | 4, 
2.16 | .165 -156 2.53 1 De Bard’n 
2.20 | .154 -156 4.70 3 Ashland 
2.24 .153 154 2.88 (10) Hinkle 
2.28 152 
232 151 151 | 1.93 1 Bushong 
2.36 150 .150 1.31 24 Dayton . 
2.40 -149 -150 2.04 1 mill Dayton .. 
2.44 .148 .149 | 3.65 1 soft De Bard’n 
2.48 | .147 148 | 1.94 | 2 Poughkeepsie 
2.52] .146 | .147 | 1.94 | OBDayton.. 
2.56 | .145 145 1.64 | GF Alice (O) .. 
2.60 | .144 
2.64 | 
2.68 | .143 
2.72 | .142 
2.76 -141 j 
2.80 -141 .140 4.91 2 sil De Bard’n 
2.84 139 139 | 2.08 1 Norway P 
2.88 | .138 139 4.35 | Bessie 
2.92 .137 
2.96 -136 
3.00 .135 
3.04 134 
3.08 133 
3.12 132 131 | 4.7 1 sil De Bard’n 
3.16 131 131 3.52 (782) M. S. Co... 
3.20 130 
3 24 .129 
8.28 -128 
3.32 127 
3.36 -126 
8.40 | .125 | 
3.44 .124 .124 2.91 R. S. and Co. .. 
3.48 123 
3.52 .122 121 2.13 2 Irondale we 
3.56 121 140 4.85 sil Alice (Ala) .. 


then mixed the metal in the pile as thoroughly as pos- 
sible. A section of the heaviest part and of the lightest 
part of the casting was made, and castings were produced 
to correspond. Some of them weighed 3000 lb. and some 
4000 lb. Tests out of all parts of them were taken. 
We desired strength more particularly, and wanted 
a metal that would stand 22,000 lb. or 23,000 1b. After 
we had that all done we made the castings. The result 
was they all came out about what was ordered, and the 
shrinkage of all was about the same. The difference of 
the heat of pouring metal is an important matter, but it 
is unfortunately something that we cannot regulate. I 
have not been able to get a pyrometer that anybody could 
scons: pots 4 who was not a professor from some uni- 
versity, and very few of them could do it. Consequently 
we had to go by the rule-of-thumb. But I will give you a 
little experience in making light castings. A machine tool 
builder, who was making agreat many pulleys some years 
ago, gotinto trouble because his castings were white. I sent 
him 5 tons of No. 1 and 5 tons of No. 2, and told him to 
mix them half and half and pour them fast and pour them 
hot. The foundryman caged teak the iron was not No. 3, 
let alone No. 1 and No. 2. The iron was a close-grained 
iron ; it had close spots, and it condemned the iron, and 
nobody would buy it. But this gentleman had faith in 
what I told him, and the result was we sold 2400 tons of 
iron to them to make pulleys, and they never lost a cast- 
ing. Those close spots in the iron do not hurt it. The 
iron was rather high in silicon, but the iron that we used 
for heavy castings was not. The iron used for heavy 
castings ran about 1.25 per cent.” 





LAUNCHES AND TRIAL TRIPS. 

THE steel screw steamer Homer, built by Sir Raylton 
Dixon and Co., Cleveland yg ogg Middlesbrough, for 
Messrs. Lamport and Holt, for the Liverpool, Brazil, and 
River Plate Steam Navigation Company, Limited, was 
taken to sea for her official trip on January 26, with 
satisfactory results. Her principal dimensions are: 
Length, 321 ft.; breadth, 42 ft. ; depth, moulded, 25 ft. 
Gin. She is of the spar-deck type, classed 100 Al at 
Lloyd’s, and will carry a dead-weight cargo of over 4000 
tons on a very light draught of water. Her machinery 
has been supplied by the North-Eastern Marine Engi- 
neering Company, Limited, of Wallsend-on-Tyne. The 



























































| é F F . 
° P ie 7 : § 
siei/ale14/2 1812 
ge) °C /Cl2ls | Pl se]e)] 2 
4 = = 
eo/s/si|elie/4]a|28| 8 
3.14| 221] 93] .. 88] .16 | 3.68] .20 25 
121/116] 05] .11] .. .. | 260] .17 01 
2.98| .95| 2.03} .083| .26| .09] 266] .08 | wh’e 
2.01 | 1.34] 1.34 | .42] .76| .29] 4.35] .13 x 
| 2.74 1.00| 1.74] .36] .76| .81] 8.76] .11 x 
| a : s JU] 1.85] .18] 4.26] .15 all 
85 | .. 87 | .13] 4.38} 23 45 
i o ao (RSS 1 AT 
| o 3.39 | .22 .63 
a, .29 68] .88| 352] .21 15 
oe 13 .63 | .23] 3.30] .21 
ae = 04 | 1.79] .20| 3.55 | .13 .90 
a si .04| 1.55] .28] 3.63] .14 .80 
Lee ty Ke a Se 2.31 | .09 
‘| 293] 264] .29] 02] .81 | 148] 3.43] .24 
..| 8.04] 2.88] .16] 02] .31 | 1.49] 3.62] .25 
| B12] 297 | 15 | 02) 82 | 1.68 3.86 | .27 
| 991 | 280] .63| .12/ 1.02] .49] 3.90] .22 Bt 
aS a sis é .. | 471) 35 07 
i je x i - 3.95 | .29 .36 
..| 845 | 2.00] .55 83 | .23| 3.43] .25 45 
| a o a .. | 3.24] .22 
ie Ee - .. | 408 | .37 
ze ne os “s .. | 4.43 | .30 .07 
Ss ee a a zc 4 ; 3.29 | .21 .65 
:.| 298] 242] 46] .04] .60] .28] 3.84] .25 01 
..| 8.33] 3.12] .21] .04] 154] 96] 3.52) 15 150 
ieee a5 = ats - | 260.1 285 .05 
| | 
3.34] 288] .46] .01| 1.09] .14] 3.74] .92 .18 
a nse .. | .02| 148] .65 | 3.80] .26 .07 
} ir fir | il | los] 146] 207 | 336] “19 |  :04 
| 294] 211} .83| .06| 60] .27 | 3.75 | .27 .04 
3.57 | 3.46 | .11 | .03 | 1.22 | 24 | 3.76 | .22 .20 
-» | «| 02] 157] .89] 3.79} .24 .10 
| 6] 2. | v6] <8 3.90 | .17 135 
| | 
| | 
| | 
1.51| .68| .98| .08| .58| .25| 2.95] .24 | .O1 
3.75 | 312) .63| .01| 1.65| .87| 3.73] .21 .02 
=) aD aes es .s | oe | £98 | SS .10 
| | 
| 217} 160! .67| .06| .59| .27| 360) .27 .02 
a ay, ae | 08 .. | 5.80} .97 02 
| | 
i | 
| 
| | 
2 a | 
| | | | 
3.16 | 2.85] .31| .05| 103 .25| 3.83/ .23 .10 
8.10 | 08 | 2.938 .22]| 3.85 | .27 .05 
296|274/ .22/ O.| .69| .20/ 325] 32 | .06 
| | | 


cylinders are 24 in., 40 in., and 64 in. in diameter by 42in. 
stroke. Steam is supplied by two large double-ended steel 
boilers working at 180 1b. pressure. 


Messrs. Ropner and Son, of Stockton, launched on the 
25th ult. a steel screw steamer named Carperby, of the 
following dimensions, viz., length over all, 285 ft. ; breadth, 
39 ft. Gin. ; depth, 19ft., which they have built for a 
local firm. The steamer is built off the part awning 
decked rule, having poop and raised quarterdeck ; her 
deadweight carrying capacity being 3000 tons on 18 ft. 
The saloon and cabins for the captain and officers are 
fitted in the poop, whilst the engineers are accommodated 
in iron houses placed on the awning deck near the entrance 
to the engine-room. The engines will work up to about 
800 effective horse-power, and are by Messrs. Blair and 
Co., Limited ; they are of the triple-expansion type, hav- 
ing cylinders 21 in., 34in., and 56 in. in diameter by 36 in. 
stroke. Steam is supplied by two large steel boilers work- 
ing at 160 lb. pressure. 





Messrs. Furness, Withy, and Co , Limited, Hartlepool, 
launched on January 28 a steel screw steamer named 
Ras Rowa, built for the Ras Steam Shipping Company, 
Limited, London. The vessel is a cargo boat, measuring 
over 320 ft. in length. The engines and boilers have been 
— by Messrs. Blair and Co., Limited, Stockton- 
on-Tees, 





The s.s. Lesreaulx left the Hartlepools on her trial 
trip on January 19. This is a vessel built by Messrs. 
William Gray and Co., Limited, to the order of Messrs. 
Morel Brothers and Co., of Cardiff, and is a sister ship 
to the s.ss. Penarth, Castanos, and Wenvoe, recently 
built by the same builders for these owners. She is of 
the following dimensions, viz., length over all, 336 ft. ; 
breadth, 47 ft. ; depth, 24 ft. 10 in.; and the deck erec- 
tions consist of a half-poop, bridge over the machinery 
space, and a topgallant forecastle. Saloon and state- 
rooms, together with the captain’s and officers’ rooms, 
have been fitted under the poop. She is fitted by the 
Central Marine Engineering Company with engines 
having cylinders 24 in., 38 in., and 64in. in diameter by 
42 in. stroke, and has two large boilers working at 160 Ib. 


trip, the engines running at 83 revolutions per minute for 
several hours, 





Messrs. Workman, Clark, and Oo., Limited, Belfast, 
launched on the 24th ult. a steel screw steamer named 
Star of New Zealand, built for Messrs. J. P. Corry and 
Co., London. The principal dimensions are: Length, 
393 ft. Gin. ; breadth, 46 ft. 7 in. ; depth, moulded, 31 fo, 
2in., with a gross tonnage of over 4700 tons. As the 
vessel will be extensively engaged in the frozen meat 
trade, several of the holds are being insulated for this 
purpose. The machinery consists of triple-expansion 
engines of large power, with three large steel boilers, 
fitted with Howden’s system of forced draught, all con- 
structed at the builders’ engine works. 





The official trial of the new torpedo-boat destroyer 
Boxer, built and engined by Messrs. J. I. Thornycroft 
and Co., of Chiswick, took place on the 25th ult. off the 
Maplins. Leaving Greenhithe at 10.50 a.m., the vessel 
proceeded to the trial ground, where six runs on the mea- 
sured mile were made with the following results : 








. Revolutions Revolutions 
Time. Speed. | Starboard. | Port. 
min. sec. 

2 26 29.364 425.7 400.3 
2 4.4 28.939 420.5 419.6 
2 1.4 29.654 415.1 407.7 
29 | 27.907 408.3 406.0 
1 58.6 30.354 418.3 411.8 
2 98 | 27.735 411.4 | 410.0 





The mean speed during three hours’ running, as measured 
by the total number of revolutions made, was 29.17 knots, 
the total distance covered in that time being 100.6 statute 
miles; this speed exceeds that ever obtained on an official 
trial by more than aknot. The four vessels of the class, 
namely, the Daring, Decoy, Ardent, and Boxer, all built 
by Messrs. Thornycroft and Co., have each beaten the 
record in turn, and are now the four fastest ships in the 
world. At the Boxer’s trial the Admiralty was repre- 
sented by Messrs. Harding, Pledge, and Adams, and the 
huilders by Messrs. Donaldson, Barnaby, and Thorny- 
-—, jun., the machinery being in charge of Mr. George 
rown, 





The Cunard twin-screw steamer Sylvania was launched 
on January 24 from the yard of the London and Glas- 
gow Engineering and Iron Shipbuilding Company, 
Limited, Govan, this being the first of two large cattle 
and cargo steamers this firm have been ordered to build 
for the Cunard Steamship Company, Limited. It marks 
an epoch in the builders’ history, this being the largest 
vessel ever built by them, and, moreover, this is the first 
order the Cunard Company have intrusted to the London 
and Glasgow Company, but Mr. Shepherd, the managing 
director, had the charge of constructing their excellent 
steamers Umbria and Etruria. The new vessels are in- 
tended to trade between Liverpool, New York, and 
Boston, and will form the nucleus of what is hoped will 
grow into a large fleet of steamers. The Sylvania is 
460 ft. over all, by 49 ft. beam, by 42 ft. 6 in. to shelter 
deck, and carries 6500 tons deadweight. The hull 
is entirely built of Siemens-Martin steel. The vessel 
is strongly built, and the stern bossed out for the 
propeller shaft. Electric light has been provided, and 
the cattle fittings are on the most approved plan, and 
comprise Mr. William Wylie’s patent slingable fittings, 
whereby the whole space can be cleared and utilised for 
cargo. Special attention has been given to the safety 
of the cattle and their attendants, and the water 
pipes are so arranged that water can be given tc 
any of the cattle wherever situated. Utley’s patent 
cowl and combination vents are liberally distributea 
throughout the ship, and the sides are pierced all fore 
and aft with side lights. In addition to this, in 
good weather portions of the shelter deck can be hinged 
up and form uptakes. The captain’s and officers’ and 
spare state-rooms, also the saloon, are situated on the 
shelter deck at the fore end of the engine and boiler space, 
and each officer has a large and comfortable apartment 
for himself, heated by steam and lit by electric light. 
Although a cargo steamer, the vessel has rather a fine 
appearance, and is to attain a speed of 144 knots. There 
are two sets of triple-expansion engines, having cylinders 
224 in., 364in., and 60in. in diameter by 48 in. stroke, 
and two large double-ended boilers fitted with Howden’s 
forced draught. 





The Belgian Royal Mail steamer Leopoldville proceeded 
to seaon Tuesday, the 29th ult., for her official trial. 
The Leopoldville has been built by Messrs. Sir Raylton 
Dixon and Co. for Messrs. Elder, Dempster, and Co., of 
Liverpool, for the Compagnie Belge Maritime du Congo, 
of Antwerp, and is intended for the linerunning with the 
mails and passengers from that port to the Congo and the 
West Coast of Africa. Her dimensions are: Length, 
355 ft. ; breath, 43 ft. ; depth, 25 ft. 6in. Her decks are 
all of East India teak, and a poop and bridge, of over 
230 ft. in length and 8 ft. high, is devoted entirely to 
cabin accommodation. There are also three large houses 
above this for the first-class dining saloon, first-class 
smoking-room, and second-class smoking-room and cabin 
entrance. Over the dining saloon house a teak shade 
deck extends to the sides of the vessel, so as to give pro- 
tection from the sun, and this deck also forms a spacious 
passenger promenade under a protecting —. Her 
engines, of 2000 horse-power, have been made by Measrs. 
Thomas Richardson and Sons, Limited, of Hartlepool, 





pressure, Everything worked satisfactorily on the trial 


and the trial in every way proved thoroughly satisfactory. 
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“‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


CompiteD By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888, 
The number of views given in the Specification 8 ts stated 
in each case ; where none are mentioned, the Spectfication ts 
from abroad, the Names, 


not illustrated. ‘ 
Where Inventions are communicated 
&c., of the Communicators are given in ttalics. 
i Specifications may be obtained at the Patent Office 
ale Branch, 38, Cursttor-street, Chancery-lane, E.C., at the 


the tance of @ complete 
after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
gg Beef ay EE 
ve no ‘ion a 
¢ grounds tn the Act. 


Patent on any of the mentioned 
ELECTRICAL APPARATUS. 
4691. A. P. and G. C. Lundberg and G, Pegg, 


& 
London. Electrical Switches. [9 /igs.] March 6, 1894 
—On a base a of insulating and incombustible material there are 
mounted four terminal ge b, on each of which a spring c is 
fitted. These springs c form spring contacts for the conduction 
of the current, and also control the quarter-circle movements of 
the switch-key d, and assist, in conjunction with the spring- 
actuated independent “ make” and ‘‘ break” device, in obtaining 
quick ‘‘ make” and “ break” of thecircuit. One or more of these 
springs c may be used as electrical contacts. Between the four 
springs c a revolving piece e is mounted on a centre-axis fin the 
base. This revolving piece e is provided with contact surfaces g 
for the conduction of the current across from one terminal h of 
the switch to the other, and the contact springs c, or spring-con- 





trolled contact plates b, make proper connection with them. 
When this revolving piece e is turned a quarter of a circle either 
to the right or left, it ‘‘makes” or ‘‘ breaks” the continuity of 
the circuit, and so controls the current flowing between the ter- 
minals / of the switch. This motion may be continued in either 
direction, producing ‘‘make” and ‘‘ break” of the circuit alter- 
nately, or the circuit may be “ made” by a quarter-circle turn in 
one direction, and ‘‘ broken” by turning the key back to its 
original positi The independent spring ‘“‘ make” and “‘ break” 
of the circuit is obtained by means of a spring «7 inclosed in the 
key-piece b of the switch. This spring 7 serves to produce, when 
in operation, independent spring ‘‘ make” or ‘‘ break” of the 
circuit uncontrolled by the operator, whether the key-piece b be 
turned to the right or left. ‘‘ Sparking” is reduced ,in this way to 
aminimum. (Accepted December 26, 1894). 


12,972. S. Doubravaand J. Donat, Brunn, Austria: 
Electric Arc Lamps. [17 Figs.) July 4, 1894.—-These im- 
provements relate to electric arc lamps and current regulators 
for the same, and have for their object to provide a powerful 
magnetic system for the direct regulating of Sectile arc lamps by 
means of a new combination of solenoids, iron cores, and shells. 
The essential feature of the improvement is the use of partially 
open magnetic systems. Referring to Fig. 1, the shell core con- 
sists of an iron core k which is inserted in a solenoid S. The iron 
core carries on one end a thick iron plate ¢ to which is fastened 
an iron shell M. By this arrangement of iron core, a magnetic 
system is formed, in which the lines of force run in their longest 
course in the iron and in their shorter course in the air. The 
result of this is that they encounter the surface of the core ina 
very concentrated condition, and, in consequence, produce a great 
repulsion which forces the shell core strongly into the interior of 
the solenoid. The attractive power exercised by a solenoid on a 
casing or shell core is from two to fourfold greater than in the 
case of an ordinary core of equal length. By partially cut- 
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ting away the surface of the shell M, as shown in Fig. 2, and 
thickening its front surface, the maximum attractive power is 
concentrated at the end. The shell core may also be narrowed 
down into one, two, or more bars m, as shown in Fig. 3, where 
the lines of force k are concentrated on the end a inserted in the 
solenoid, whilst at the outer core f they are distributed over the 
whole surface. In order to likewise concentrate these lines 
of force on the end, and, in this way, to increase the attractive 
power of the core, it is merely necessary to place on the core f a 
second solenoid having opposite poles to the former one, as shown 
in Fig. 4. Fig. 5 shows an arc lamp regulator with two shell cores 
M!, M2 suspended on acord running over a pulley c and carrying 
the carbon-holders h, j. The cores extend into the solenoids 
81, S?, of which S1 lies in a shunt circuit and S? in the main 
circuit. By means of the main circuit solenoid the carbons are 
moved apart, and are brought together by the shunt circuit sole- 
noid. Fig. 6 shows a lamp with two yoke cores I', 12, (Accepted 


November 21, 1894). 








GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2065. F. W. Thompson, Carr Field; A. Yates, 
Luddenden; J. P. and H. G. Binns, Halifax, Yorks. 
Gas and gines. (9 Figs.) January 31, 1894.—One 
part of this invention is illustrated by the accompanying figures. 
Ais the ignition chamber of a gas engine, and B the ignition tube. 
In combination with these parts there is employed another 
chamber or cylinder C provided with a piston or compressor D. 
The position of this piston can be regulated to increase or lersen 
the area of space C by means of screw E, nut F, and handwheel 
G; the rotary motion of the handwheel working the piston in 
and out of the chamber C. For this purpose the screw E is made 
with a groove, and a key H which enters this groove prevents the 
screw rotating, but permits it to slide backward or forward. 
Before starting the engine the screw E is withdrawn by turning 
handwheel G, wh pon the combustible mixture enters the 
ignition chamber C through opening I, after which the handwheel 
G is actuated in the opposite direction, by which means compres- 
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sion of the combustible mixture in chamber C and tube B is 
effected. By the use of the compressor D working in chamber C, 
the explosive gas in the red-hot ignition tube B is compressed 
until explosion takes place, when the flame is allowed to escape 
through a small p 2 in spindle J into the compression 
hamber A; quently the whole charge of the combustible 
mixture is ignited. In order to time the ignition of the 
gases whilst the engine is working, a crankpin @ is attached to 
spindle J, and another finger b is attached to a horizontal re- 
—— rod H. As this rod H moves backward and forward, 
the finger 6 on the rod engages the finger a, causing the spindle 
J to oscillate so as to present the aperture I to the chamber C. 
This is regulated to take place just before ignition of the gases. 
The specification further describes a mode of rendering the 
motion of the inlet valves positive ; the employment of a vacuum 
valve to prevent the formation of a vacuum ; the use of bot air 
instead of cold; and the regulating of the air supply by means 
of the inlet valve plug. (Accepted December 12, 1894). 


6679. C. W. Pinkney, Smethwick, Staffs. Improve- 
ments Connected with Gas Producers or other 
Furnaces. [3 figs.) April 3, 1894.—According to this inven- 
‘ion a hopper is used capable of holding a supply of fuel sufficient 
to last a considerable time without requiring recharging. The 
lower end of the hopper is in direct communication with the inside 
of the generator or furnace, in which the fuel is burned. The 
sides of the —— may be straight, but for large apparatus it is 
preferred to make it conical, or taper, with the smaller end down- 
wards so as to relieve the fuel inside the generator or furnace from 
the weight of the whole body of fuel in the hopper. The upper 
end of the hopper is closed by a valve or cover, which can be 
opened when required by means of a lever. In order to indicate 
when the hopper requires replenishing with fresh fuel, there is 
provided inside the hopper a plate which rests on the fuel in the 
hopper and follows it down as it leaves the hopper. This plate is 
connected with a spindle passing to outside the hopper, so that 
this spindle as it moves will indicate, or will operate a device 
which will indicate, the position of the fuel in the hopper, or when 
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the fuel therefrom has been t amount to 
require the supply to be replenished. Referring to the figures, a 
plate A, inside the generator or furnace hopper B, is connected 
by a chain C with a spindle D passing through the hopper valve or 
cover E, and terminating in a head or indicator d, between which 
and the top of the valve or cover is a spring d2, which keeps the 
spindle and indicator up, and a valve d3 on the lower end of the 
spindle closed against the opening through the valve or cover E. 
When the hopper B has a sufficient supply of fuel in it, the plate 
A will rest on the fuel, and the chain C will slack, and the 
spring d2 will maintain the spindle D and its attachments in their 
uormal or elevated positions as shown in Fig. 1. When the fuel 
has been discharged from the hopper into the generator or furnace 
to an extent to require replenishing, the chain C will become taut, 
and the plate A being then no longer supported by the fuel, the 
weight of the plate A will overcome the spring d? and lower the 
spindle D and indicator d as shown in Fig. 2. The movement of 
the spindle and indicator can operate an audible signal, if desired, 
such, for instance, as a bell, or a whistle operated, for instance, by 
the pressure of gas or steam. (Accepted December 12, 1894). 


MACHINE-AND OTHER TOOLS, SHAFTING, &c. 


22,641. C. Chevillard and A. A. Girard, Paris. 
Wrench or Spanner, [4 Figs.) November 22, 1894.—This 
improved tool comprises a steel lever a, one end of which is 
formed with a rounded groove having on its one side face a row 
of notches ¢, ¢!, tl, The other end of the lever is formed as a 
handle. Italso comprises a slide b which embraces three sides of 
the lever, along which it can slide, and which carries, above the 
fourth side, a pin m on which is pivoted acatch e. A chain c, pre- 
ferably of the flat link kind, as shewn, has one end attached to the 


pin m of the catch e, while the other end is pivoted to an abutment 
piece d of bardened steel which rests upon the object to be turned 
and constitutes the abutment of the lever a that is made to bear 
with its grooved end thereon. The piece d is formed with serra- 
tions on the face resting against the object, while the other face is 
rounded to correspond to the groove of d. The catch ¢ has a beak 
adapted to take into the notches of the lever a and to bear with a 
flat face against the flat face of the notch, the outer end of the 
catch being formed with a handle for keeping it disengaged with 
the notch. A spring 7 is provided for pressing the handle upward 
when released by the hand. For operating with this wrench or 











spanner, the chain c is laid round the pipe or other object to be 
operated upon, and, the lever a having had its grooved end laid 
against the piece d, the slide } is drawn along the lever, the handle 
of the catch being depressed to keep it disengaged until the chain 
is tightened round the pipe. Then the catch e being released 
springs into one of the notches forming an abutment, whereupon 
on pressing upon the handle of the lever, the chain will be made 
to grip the pipe so firmly that it cannot slip, so that on turnin 
round the lever the pipe will be carried round with it. (Accepte 
December 26, 1894.) 


MINING, METALLURGY, AND METAL 
WORKING. 


7164. D. Kegler, Mannheim, Germany. Furnace. 
(3 Figs.) April 10, 1864.—This invention relates to an improved 
heating, annealing, or muffle furnace in which coke is used as 
fuel. This furnace is intended chiefly for enamelling purposes, 
but may be otherwise used for heating at temperatures reaching 
1200 deg. C. The heating chamber is constructed of fireclay 
slabs Al, A4, which are held together by iron plates B!, B*. The 
furnace is constructed of fireclay slabs supported by the plates B', 
B+, and by the end and base plates B* and D2, The furnace gases enter 
the heating chamber through apertures O in the wall A, at which 
point they are mixed with the heated air issuing from orifices p, 
whereby complete combustion is effected. A fireclay baffie A5 is 
pl pposite the openings O, so as to deflect the gases against 
the top of the heating chamber, part of them passing under the 
baffle A5. The latter also prevents particles of coke which are 
carried along with the gases from flying about within the chamber 
and becoming deposited on the articles placed in the oven. The 
hot gases pass out through the opening 6 made near the front in 
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the side walls of the chamber intc the inner flue surrounding the 
chamber, and inclosed by the iron plates C’, C4. The vertical 
partitions ©5 divide the side flues into two parts, so that the hot 
gases a the flue at the openings b pass down through the 
openings b! into the bottom flue, thence horizontally into the 
rear part of the side flues, and then upwards through the open- 
ings 6? into the top flue, and then borizontally forward into the 
chimney G. The inner flue is surrounded by the air-heating inlet 
passages or flues inclosed between the casing of the inner flues 
and the iron plates D', D‘*, formiog the outer casing. The air 
blast entering at H passes, as shown by the arrows, through the 
outer top flue, thence down the outer side flues, and through the 
openings cl into the outer bottom flue, whence the now heated 
air passes through the openings ¢ in the plate E into the chamber 
inclosed by the plates F, B?, E, and D2. By opening the regu- 
lator f in the plate F, the heated air can be admitted beneath 
the inclined grate R ; and by opening the regulator g it passes up 
air-passage P and emerges at the orifices p in the opening O, 
where it mixes with the heating gases. A water tank is placed 
under the grate. (Accepted December 26, 1894). 


21,326. W. P. Thompson, Liverpool. (J. Fiirbringer, 
Schirnding, Bohemia.) uffie Furnaces. [5 Figs.] No- 
vember 6, 1894.—The improved muffle furnace A in plan is of a 
U-shaped form, and contains the muffle B. This latter in its 
ceutral parts, where it is exposed to the greatest heat, consists of 
fireclay plates, whilst the two rectangular branches Bl, Bll are 
made of iron plates to allow of rapid heating or cooling. a, b, c are 


partitions for the firing introduced into the chamber G, the parti- 
tions a, ¢ extending up to the roof of the furnace, and the 
partition 6 to the upper edge of the muffle e. The 


heated gases rise between the walls a and b, pass at d over the 
moffie, flow round this latter at e, reunitein the passage /, 
rise at g again upwards, and finally, after again flowing over 
the muffle e at h, escape through the flues 7 into the 
smoke chamber & which is provided with a regulating damper J. 
The heating passage E F is interrupted by no partitions. The 
trays, which are inserted at C and pushed forward on the rails m, 
gradually reach the hottest part of the muffle over the firing 
chamber G@ and become constantly hotter. The cooling down 
also takes place equally gradually up to the exit D, so that 
even in the case of large articles no oe need be feared. 
The trays consist of a frame of sheet metal, the bottom of 
which is formed of three iron bars riveted to this frame, and 
coated with fireclay. These iron bars are arranged at such distances 
apart that when the pans are pushed forward, they slide on the 
rails m. If it be desirable to accelerate the cooling process, air may 
be allowed to enter the passages 0, p, 80 as to flow round the muffle, 
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codliag the latter and warming itself ; it may then be conducted 
to the furnace in order to utilise the heat absorbed. The fuel is 
inserted into the fireplace at 1; at 2 the grate is attended to, and 
the slag and ashes removed. This arrangement enables the fuel 
to be brought already warmed to the grate for combustion. 3, 4, and 











5 are air passages which convey underneath the grate heated air 
from the cooling chamber B11, The air openings 6, 7, 8, 9 are also 
connected with the cooling chamber B!!, and convey heated air to 
the flames developed, entirely consuming the last remnants of 
carbon, so that a smokeless combustion takes place, and the fuel 
8 utilised to its fullest extent. (Accepted December 12, 1894.) 


RAILWAYS AND TRAMWAYS. 


3679. G. Henderson, London. (C Ewing, Calcutta). 
Rolling Stock for Single Rail Tramways. [5 Figs.] 
February 20, 1894.—According to this invention the greater part 
of the weight of the truck or carriage and its contents is sup- 
ported on a central wheel or wheels running on the single rail, 
whilst the vehicle is prevented from overturning by a wheel or 
wheels at One side ranning on the ground, The figures illustrate 


an open goods truck with a very low centre of gravity. a,a@ are 
two double-flanged wheels running upon a rail b. c, c are longi- 
tudinal beams supported on the axlesof the wheelsa. d,d are 


iron brackets connecting the longitudinal beams with transverse 
beams ¢, ¢, and with the platforms /, f laid upon the transverse 
beams, g is the road or ground wheel ; its axleg! is supported by 
a standard A fixed to the platform. The axle is also supported at 
ts inner end by one of the longitudinal beams c. The axle g! is 


Fig.1. 























free to play up and down on the standard h, and the platform is 
suspended from the axle by a spring i and links «'. k, k are 


curved single fish-plates, F bolts; G is the shoe with slotted 
euds to enable the double fish-plates E to be curved. H are the 
elongated holes in the rails to allow for expansion and contrac- 
tion. (Accepted December 26, 1894). 


SHIPS AND NAUTICAL APPLIANCES. 


1299. T. Henderson, Liverpool. Induced Draught 
Apparatus for Marine and Other Furnaces. [2 /1s.) 
January 20, 1894.—The essential feature of this invention consists 
in arranging an air propeller inside the funnel, and driving it from 
the outside for the purpose of creating an induced draught up the 
funnel. A is the funnel, and B the air propeller which is keyed 
on the vertical spindle C. D is a bracket which provides bearings 
for the spindle C and the horizontal shaft E on which is mounted 
a bevel wheel F. G is a second bevel wheel mounted on the cen- 

















tral spindle, and geariog with the bevel wheel F. H is a second 
bracket for ong peared the vertical spindle C, and provided with 
roller bearings I to receive the thrust of the shaft C. The boss of 
the propeller is shown resting on the roller bearings I, but a collar 
on the spindle would serve the same purpose, The horizontal 
shaft E extends through to the outside of the funnel, and is driven 
either from the engines, or by a special engine K supported by 
girders L, or it may be driven electrically. (Accepted December 26, 
1894). 

20,227. W. Coltart, Birkenhead, and E. Shore, 
Chester. Improvementsin Anchors. [2 Fiys.] October 
28, 1894.—This invention relates more especially to that type of 
anchor known as the ‘‘ Martin” or *‘ Tumble-down-Dick ” anchor, 
and has for its object to give greater strength and holding power 
with less complication of parts. A is the head, B a slot in same 
having parallel sides, but ends at an angle of 45 deg. or there- 
abouts with the axis; C is the shank having a head on its end. 
The shank C is passed through the slot from the back of the arms 


Fig. 
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until the head of the shank, which is larger than the slot, comes 
against the head of the anchor. D is a pin screwed or riveted 
firmly into the shank, or a bolt and nut or cotter, or other abut- 
ment fixed firmly into the shank, so as to prevent the shank from 
slipping back out of the slot, but allowing of a little play, so that 
the arms can fall into the position shown in Fig. 1, no matter 
which side of the shank at the time is uppermost. The shank is 
thus capable of oscillating in the hole on its T-head as on a knife 
edge ee Tooth a pin or crown bolt as heretofore. (Accepted 
b , 1894). 





sockets to receive the draught links. Owing to the in 
which the side platforms of the truck are suspended from the 
longitudinal beams, the centre of gravity is very low, with the 
additional advantage of the facility with which the loading and 
unloading of the goods trucks can be performed without the 
assistance of loading and unloading platforms. In some cases, in 
order to bring the centre of gravity as low as possible, two side 
platforms intended to carry goods or passengers are p d 
from two longitudinal beams by means of iron brackets stiffened 
by being bolted to transverse beams through the platéorm plank- 
ing, the two longitudinal beams resting, by means of suitable 
bearings, upon the axles of the wheels onthe rail. (Accepted 
November 21, 1894). 


14,771. N. Douglasand A. MacDonald, London. Join- 
ing Rails for ilways, &c. [9 Figs.) August 1, 1894.— 
According to the present invention the ends of the rails (instead 
of being cut straight across at right angles to the length of the 
rail as at present) are wedge-shaped vertically, the thin end of one 
lying close alongside the thickest part of the taper of the other, 
so that when the two rails are bolted together they are of the same 
dimensions as an ordinary rail. Thus, supposing the rails are fixed 
on the permanent way, on looking down on them, the full length 
of the tapers on both rails is visible. To effect this, one rail is 
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cut perpendicularly (or vertically) from the corner of one end to 
a point about 12 in. or 15 in. (less or more) acroes the rail ob- 
liquely, and the rail to be joined to it is cut from the opposite 
corner, 80 that the two when bolted together form one complete 
rail. The rails are made fast by fish or tie plates with oblong 
holes which correspond with oblong holes in the rails to allow of 
their free expansion and contraction. The fish-plates are slightly 
curved lengthways so as to produce a certain amount of spring in 
the fish-plate which will tend to prevent slackening of the nuts 
on the bolts. A, B are the rails, C to D the meeting faces, E 
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Boilers. (12 Figs.] 


T. Kossuth, Naples. Steam 
March 12, 1894.—These improvements 
have reference to means of introducing heated air into the fire- 
boxes of boilers so as to effect more complete bustion and 
prevent evolution of smoke. The constructions adopted for this 
— have to be variously modified to suit various types of 

ilers. In the locomotive boiler shown in Fig. 1, there is built 
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in the firebox a sloping arch A of refractory bricks or blocks 
having perforations a. These perforations communicate with the 
outer air wd | gape b which cross the water-way and can be more 
or less closed by a valve c worked by handled. Air entering at b 
becomes highly heated in passing through the arch, and, meeting 
the combustion gases as it issues from the perforations a, effects 





When the firebox is extended back- 
wards to form a combustion chamber as shown in Fig. 2, a bri«ge 
B is built in the busti hamber, having perforations a at 
the top or back, or in both places, and communicating with the 
open air by passages b which can be regulated by valvesc. For 
boilers of the marine type the arch A is built in the combustion 
chamber as shown in Fig. 3, or as a pyramid or cone as in Fig. 4, 
provided in each case with perforations a, p b, and valves c. 
(Accepted December 12, 1894). 


19,506. G. W. Manuel, Catford, Kent. Metallic 
Packing. (5 Figs.) October 13, 1894.—This invention has 
reference to an improved construction of metallic packing for the 
piston and slide valve-rods of steam engines and stuffing-boxes 
therefor. Referring to Fig. 1, the stuffing-box A is fitted with an 
accurately turned lining B, and in it are fitted two sets of metallic 
packing rings C and D, alternating with each other. The rings 
C are made to fit round the piston-rod E, and are divided into 
three segments held together and against the piston-rod by a 
helical spring F. The abutting surfaces of the segments are pre- 
ferably made inclined, and are so arranged that on first starting, 
they are slightly apart, so that they can wear against the piston-rod 
until they fit it accurately. When the abutting edges come together, 
any further material wear is prevented. e outer peripheries 
of the rings O are not in contact with the lining of the stuffting-box, 
so that they are free to shift laterally between the rings D. The 
latter are made a working fit against the lining of the stuffing- 
box, and are not in contact with the piston-rod at their inner 
circumference. For convenience they are made in two halves, 
secured together by screws. The two sets of rings are held in 
position in the stufting-box by the gland G so that they fit steam- 


their complete c.mbustion. 

















tight against each other on their flat faces, while allowing the 
rings C to shift laterally between the otherset D. Suitable liners 
Hare fitted between the flange of the gland G and the stuffing- 
box A. The gland is then locked in ition and no further ad- 
justment is necessary. The gland is by preference formed 
with a small stuffing-box G1 having a few turns of ordinary pack- 
ing so as to prevent any leakage of steam that might occur on 
first starting. Fig. 2 shows this improved packing with a stuffing- 
box I fitted in the space between the high and low pressure 
cylinders of a tandem engine, comprising two sets of rings C and 
D constructed and operating in the same manner as previously 
described, the rings C being made to fit the piston-rod, while the 
rings D are made to fit the stuffing-box. The rings are secured in 

ition by liners K in one end of the stuffing-box. This is made 
in halves for convenience of fitting, and is made to fit between 
the cylinder covers J, J! by liners L. Fig. 3 shows a modifica- 
tion for smaller rods, the rings C, D being inclosed in a box M 
divided in half longitudinally and fitting the ordinary stuffing- 
box A so as to leave a space Al below, constituting a second 
stuffing-box containing the ordinary fibrous packing, which is 
held in position by the gland G. N are threaded holes in the box 
M forthe reception of handles for withdrawing the box when re- 
quired. (Accepted December 26, 1894). 


MISCELLANEOUS. 


364. A. Aeffcke, Stettin, Germany, Weigh- 
bridges. [3 Figs.] November 19, 1894.—This invention relates 
to a device for relieving weigh-bridges of loads which, as com- 
pared with the relieving devices heretofore known, does not 
necessitate any special mechanism for supporting the weigh- 
beam. According to this invention, the locking action is effected 
pd — of the middle bearing. This relieving device is 
also adapted for use with weighing machines fitted with slidirg 
weights (steelyard machines), and has also the advantage that 
the weigh-beam, when locked, is horizontal, thus obviating a one- 
sided strain on the knife-edge in case of shocks. A shaft f 
arranged in a suitable part of the underframing of the weighing 
machine has mounted on it, near the handle k, the two levers h, 





























which are connected by two rods 8, 8 with the central bearing m, 
which is arranged to slide along the pillar c of the weigh-bridge. 
By moving the handle k into the position shown in Fig. 2, the 
middle bearing m is depressed, and consequently also the weigh- 
beam a, the weight-scale pan /, and the rod z. On further depres- 
sion of the middle bearing m, the weight-pan will rest upon the 
bracket b of the projecting g of the framing, whilst the 
weigh-beam a is depressed as far as the framing g allows, until its 
stop q bears upon the weigh-beam a, and thereby locks or arrests 
the latter completely. The relieving of the weigh-beam a is pro- 
duced directly by means of the depression of the middle bearing 
m. In order to lock the weigh-bridge platform, the levers h may 
be arranged to lock or bolt the platform or bridge by means of 
the rod d. (Accepted December 26, 1894). 


UNITED STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand. 
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HADFIELD’S STEEL FOUNDRY. 


THe steel foundry known as the Hecla Works, 
established by the late Mr. Robert Hadfield at 
Attercliffe, in Sheffield, and now carried on by the 
Hadfield’s Steel Foundry Company, Limited, under 
the direction of his son, Mr. R. A. Hadfield, is in- 
teresting from the fact that the work done is con- 
fined exclusively to the manufacture of steel castings, 
and therefore, as might be expected, foundry prac- 
tice in this material has been carried to a high 
degree of perfection. The special features in the 
preparation of steel at the Hecla Works combine 
the application of the best known points in the 
several systems of steel manufacture as usua'ly 
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pursued, so that the advantages of the modern 
system are combined with the certainty in manufac- 
ture of the older processes. We do not propose 
here, and our readers will hardly expect us, to give 
details of the methods of manufacture pursued at 
the works. We have rather to deal with results 
than with processes; our object being to bring 
before engineers the value of steel castings, for 
the increased application of which there is still great 
room in details of engineering practice, not yet gene- 
rally recognised as suitable for the material. 

As is well known, Messrs. Hadfield have i.tro- 
duced, during the last few years, a new alloy of iron, 
which has received the name of manganese steel, 
for the manufacture of which they are the sole 
licensees under Mr. Hadfield’s patents and system. 
We intend to describe this material more fully in 
& further article. We may, however, here say that 








the hardness and toughness of this steel—two quali- 
ties not combined in the same way in any other 
materal—render it of great service for a very large 
variety of purposes. Its hardness is of special value 
where resistance to abrasion is required. To give 
some idea of one already important application, we 
may say that 26,000 dredger pins and 24,000 bushes 
are now at work in this country, the colonies, and 
abroad. The saving in renewals in cumbersome 
machinery, such as that used for dredging purposes, 
has been found exceedingly large. These pins are 
in use by the Admiralty, Manchester Ship Canal, 
Preston Corporation, and others. 

Other applications in a similar direction are: 
manganese steel jaw faces, side cheeks, liners, 


Fic. 1. Principat Founpry. 


roller shells, rings, and paths, for crusher machi- 
nery. 
For mining wheels it is also now being largely in- 
troduced, as much greater durability is obtained 
than even with hard carbon steel, and it possesses 
the great advantage over the latter that whilst hard 
carbon steel is comparatively brittle, manganese 
steel is more tough than even the mildest steel. 
Another important application has been its use 
for elevator links, but we will leave fuller descrip- 
tions of its other applications to a further article. 
When the late Mr. Hadfield founded the Hecla 
Works, a quarter of a century ago (although he was 
in business as a steel manufacturer previously), he 
foresaw that cast steel might profitably be substi- 
tuted for cast iron and expensive smiths’ work 
in many positions. This opinion we now, being 
wise after the event, accept as a matter of course, 


but in those days, as the majority of our readers 
will remember, the forecast which Mr. Hadfield 
made was looked on as largely visionary by all but a 
very few farseeing engineers. At first it appeared 
as if the supporters of the old order were likely to 
prove right. Steel foundry practice on a large 
scale was then an unknown art, and the late Mr. 
Hadfield’s success was doubtless due to the fact that 
he recognised this, and set himself diligently to 
work to create,a practice which did not then exist, 
although it was rendered possible by the discoveries 
of the day. The consequence has been that gradually 
—by means of scientific investigation and by trial on 
@ practical scale—a thoroughly sound foundry prac- 





tice has been built up. The result is that many of 





the troubles which beset the path of the maker of 
steel castings, such as honeycombing, &c., have 
disappeared ; and we are assured that they have 
never been a bugbear to the firm with whose pro- 
ductions we are now dealing. The fact illustrates 
the wisdom of making a thorough investigation of 
the details of any new method of working before 
proceeding to treat it commercially, rather than 
tushing a promising scheme on the market and 
bringing discredit upon it by allowing users to find 
out defects that might have been remedied by pre- 
vious investigation. In the course of our visit to 
the Hecla Works we had an opportunity of examin- 
ing a number of steel castings, of various forms and 
many different sizes, whilst being machined, and in 
no case did we see signs of unsoundness. This, of 
course, might have been due to a lucky chance, but 





we believe that the foundry practice here followed 
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renders the production of sound castings a very cer- 

-tain thing, at any rate for established forms. In 
saying this we do not wish it to be understood that 
honeycombing in steel castings is a thing of the past, 
and that the engineer can order any form he may 
desire with assurance that the calculated section in 
all parts can be depended upon. It is, however, a 
fact that by care in manufacture, the steelmaker 
can reach such a degree of certainty that he can 
feel assured a casting will be free from defect ; at 
any rate, at crucial parts, so that if faults do exist 
they may be localised. 

At these works the foundries are divided into 
separate departments, according to the nature of 
the work done. The firm divides the business into 
various sections, viz., the mining, railway, locomo- 
tive, war material, general engineering or millwright, 
hydraulic, marine and dredging, agricultural, and 
tramway departments. In addition to these there 
is the manganese steel department, which is worked 
separately. On entering the works, after passing 
through the general office we come to the building 
containing the chemical and physical laboratories. 
These form an important department, as in all well- 
organised steel works. A great deal of stress is laid 
by Mr. Hadfield on the necessity of ascertaining 
by chemical means, the nature of various steps in 
the processes of manufacture, and therefore the 
analyses are more numerous than are frequently 
considered necessary. So much importance is 
attached to analysis that a certain amount of 
original research work is continuously carried on. 
The results of this scientific investigation have 
been put before the metallurgical world from time 
to time in the papers read by Mr. Hadfield before 
the various technical societies. 

The principal foundry, which we illustrate in 
Fig. 1 (prepared from a npg] wee is situated 
in the centre of the works ; and here the largest 
castings are made. At the time of our visit a large 
hydraulic cylinder was being cast. These cylinders 
are rather aspecial class of work with this firm, and 
a very great number, amounting to many thousands 
in all, have been made during the last 20 years or so. 
Some of them are as much as 23 ft. long, and with 
walls only 1} in. thick. The difficulty in making a 
steel casting of this length will be appreciated when 
it is remembered that the contraction in cooling 
down from the enormously high temperature of 
about 1600 deg. Cent. to 1700 deg. Cent. will be nearly 
6in. in that length. This is about double the con- 
traction of iron, but it may be mentioned that with 
manganese steel the contraction is even greater, 
being about # in. to the foot. Mr. Hadfield has 
recently had some experiments made in order to 
throw some light as to the causes of contraction. 
The results seem to point to the fact that the specific 
gravity has a considerable bearing on the pheno- 
menon ; the more dense the steel the greater the 
contraction. It is, therefore, more easy to avoid 
contraction cracks in a casting made from a harder 
steel, that is, hard carbon steel, than from one of a 
milder nature. Engineers, in designing structures, 
would do well to bear facts such as these in mind ; 
and it might be better if they would consult the 
steelmaker perhaps more often than they do ; they 
would then produce designs suitable for castings, 
and not give the founders an impossible task. By 
putting in a bracket occasionally (a simple matter, 
but of the highest importance in steel foundry 
practice), by the addition of a little metal in one 
place, or by reducing the section in another part, 
and making up for it by brackets or ribs (thus 
equalising the section) the structure would be much 
improved in form and an increased strength would 
be given. In steel casting, as in that of iron, it is 
necessary to avoid unequal cooling. This, of course, 
is an old and well-known rule of foundry practice ; 
but iron is a comparatively easy metal to deal with, 
and difficulties, owing to variation in section, that 
would not arise with iron become very serious 
matters with steel, in consequence of the higher 
ratio of contraction of the latter metal. It is, 
therefore, additionally necessary to avoid those 
sudden changes of section which lead to one part 
cooling much more rapidly than another. Strains 
set up in this way are well known, but, as we have 
said already, they are immensely emphasised in the 
case of steel. The steel founder often puts brackets 
on to castings in order to afford strength whilst 
cooling, and these have to be cut off if they are not 

on the designer’s drawing. Engineers are perhaps 
a little stiff-necked in this matter, and will allow 
nothing on their castings but that which they have 
designed to be there. In this way a good deal of 











expensive work is done in order to remove strength- 
ening pieces that might well remain ; and, indeed, 
would be a desirable addition to the casting as 
finished. 

In making a steel casting the metal has to be 
poured in a very fluid state, which necessitates it 
being very hot. It will be easily understood that 
with a metal of such a very high temperature it is 
no easy task to cast a 23-ft. cylinder, which has, 
naturally, to be formed on end. The drop of the 
molten metal will be about 24 ft., and it will be 
readily understood that the mould has to be of a 
very special character to stand the test. The 
material must be of a highly refractory nature in 
order not to become fused to the metal, and thus 
cause Vitrefaction. It is in this respect that Sheftield 
is especially fortunate, as the surrounding district is 
very rich in refractory materials. Messrs. Hadfield, 
who produce on the premises everything for their 
foundry work, make up their own composition, 
and, indeed, they rightly attach the greatest im- 

ortance to the use of proper refractory materials. 
The steelmaking industry, for which the district 
has been famous time out of mind, also supplies a 
large number of old pots or crucibles which, when 
ground up, supply an extremely valuable refractory 
material. At one time these used pots were thrown 
away, but now they are in so great a demand that 
15s. to 20s. a ton is obtained for them. The deposits 
of ganister round Sheffield are well known ; and these 
deposits have proved of great value to the establish- 
ment in the district using the Bessemer process. 

Another feature which complicates the casting of 
these long cylinders is the fact that the core has to 
be so constructed that it will give freely, in order 
to allow for the great range of contraction. Messrs. 
Hadfield have not conquered the difficulties in- 
cidental to casting steel without sacrifice, and, 
indeed there are some notable monuments, of this 
now to be seen in the works. Shortly after the 
late Mr. Hadfield started this foundry, he took a 
number of orders for cast-steel cylinders for baling 

resses. At that timesuch cylinders were made of 

orged steel or of cast iron. The steel cylinders 
cost about 2001. a ton, whilst those of cast iron had 
to be 4 in. or 5 in. thick, and were, therefore, of 
enormous weight. This latter defect was of great 
importance, as the presses were frequently set up 
in distant places abroad, where carriage was ex- 
tremely costly. The cast iron, too, was often not 
trustworthy, and gave out under the high pressures 
at which the presses had to be worked. It was 
evident that, could cast steel be used, cylinders 
could be made at one-sixth to one-seventh the price 
paid for the forged steel, and Mr. Hadfield set 
about overcoming the difficulties that stood in the 
way. In one or two cases he succeeded, but in a 
number of cylinders cast for a well-known firm of 
engineers, the castings proved so defective that 
they would not hold water under the great pressure 
to which they were subjected. This was in the 
early days of the firm, when the late Mr. Hadfield 
was struggling against the difficulties that always 
beset the initiation of a new enterprise. The return 
of these cylinders on to his hands was a serious 
blow, but, undeterred by financial difficulties, he in- 
stituted a new set ef experiments. The result was 
that the source of error which had led to the defects in 
the castings was discovered, and it was not long 
before a remedy was found. At the present time 
some four or five of these old waster cylinders form 
excellent crane posts in various parts of the foundry 
—monuments both of the courage and ingenuity of 
the founder of the works. Since these first failures 
there has been no trouble with the castings pro- 
duced by the firm, and cast steel has now super- 
seded the old expensive wrought cylinders for these 
hydraulic presses. These steel cylinders are now 
sometimes tested to a hydrostatic pressure of five 
tons to the square inch, but none go out that have 
not been subjected to a pressure of 3} tons to the 
square inch. The successful introduction of cast- 
steel cylinders for baling presses has made possible 
the use of longer rams, so that more bales can be 
put in the press at one time. This, of course, facili- 
tates the despatch of work. Up to the present 
time no cast-steel cylinder made by this firm has 
burst ; those above referred to failed through 
sponginess of material, a defect that may have been 
due (in the hard steel then used) to part of the 
carbon assuming the graphitic form, and thus giving 
a loose structure of material. In consequence of 
this opinion the harder kind of steel was not used 
in those early times, a mikder description of metal 
being had recouree to. At that time the difficulty 


in using soft steel in casting was caused by oxida- 
tion, but now, by a judicious use of alloys, this 
obstacle has been overcome. Silicon and manga- 
nese are used now, and are necessary to insure 
soundness and prevent oxidation of the iron. 
The amount of carbon can, therefore, be varied at 
will, according to the strength or hardness of the 
metai required. In dealing with this subject one’s 
mind naturally recurs to the question of aluminium, 
and Mr. R. A. Hadfield states that this is avery useful 
alloy for the steelmaking, but in his opinion it is 
not the universal nostrum that some claim it to be. 
It has its place in good foundry practice, but Mr. 
Hadfield says it is possible to make good steel and 
sound castings without it. Hydraulic cylinders 
made here are not, of course, all used for baling 
presses, large numbers being supplied for seed- 
crushing purposes, and for fianging presses, and for 
hydraulic presses of all kinds. 

Amongst other articles in progress in the big 
foundry may be mentioned an arm for an hydraulic 
riveter. Pinions and toothed wheels form a large 
part of the production of this foundry, whilst rolls 
for rolling iron and steel, steam-hammer castings, 
crank castings, &c., are largely produced. In some 
cast-steel cranks we saw, a good example was given 
of the way in which this material may be made to 
help engineers. A forged crank of the shape re- 
quired would have been extremely troublesome to 
make, and somewhat expensive, but there was no 
difficulty about producing it in cast steel. The 
question that would arise, of course, would be 
whether the crank could be depended upon, and 
this, Messrs. Hadfield say, they can answer in the 
affirmative without hesitation. The firm have made 
a special feature of the manufacture of large geared 
wheels with helical teeth, and also of deep pitch 
geared wheels for driving purposes. Some wheels 
of this kind, 9 ft. to 10 ft. in diameter, cast for 
Sir Joseph Whitworth and Co., are examples of 
work of this kind. The advantages of steel as a 
material for toothed wheels have also been very 
prominently brought forward in the case of rolling 
mills, the steel teeth lasting so much longer than 
those of iron. 

(Zo be continued.) 





BLACKWALL TUNNEL.—No. II. 

WE have recently (page 1 ante) enumerated the 
various schemes which have, from time to time, 
been suggested for crossing the River Thames 
below London Bridge, and traced the history 
of the subject of this article from its inception to 
the letting of the contract for its construction to 
Messrs. Pearson and Son in the latter end of 1891. 

We now propose to give engravings and descrip- 
tions of the various works now being carried out 
on the Blackwall Tunnel. We shall deal with con- 
struction and illustrate some of the principal plant 
in a subsequent article. 

Fig. 1 on page 168 is a general plan of the works, 
and Fig. 2 is a small scale section, giving lengths 
of the various kinds of work and gradients of 
approaches. The vertical and horizontal scales in 
this section are of course different, but the hori- 
zontal dimensions are marked on. It will be 
noticed that the approach on the north or Middle- 
sex side commences at the East India Dock-road, 
opposite the entrance gates to thedocks. From this 
point, taking a southerly direction and passing under 
the Great Eastern and Midland Railways close to 
Poplar station, the roadway descends by a gradient 
of 1 in 34.384, until the side of the river is reached, 
and it has then attained the level fixed upon for 
the horizontal portion under the river. Crossing 
in a south-easterly direction from a point about 
50 yards up-stream from Blackwall Stairs, the 
south bank of the river is gained, and here the 
gradient for the Kent approach of 1 in 36.194 
commences, the surface level in Blackwall-lane 
being reached opposite the South Metropolitan 
Company’s gasholders. It was possible to obtain 
a slightly better gradient for the approach on this 
side of the river, as the existing road-level is lower, 
and the length is not limited, as on the north side. 
These gradients are fairly easy, and such as it would 
be impossible to obtain in the case of a high-level 
bridge, unless the approaches were about twice the 
length. 

We may here mention that the slope of the 
Haymarket very nearly corresponds to the tunnel 
gradients. 

It is intended to construct a new road on the 








Kent side from the top of the open approach, about 
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1900 yards in length, joining the Woolwich-road 
near ha where bag oo age. Bh Railway branch 
to Augustine Wharf crosses. It is also intended to 
widen Marsh-lane (now called Blackwall-lane) from 
the point where it crosses the new road to its 
junction with Trafalgar-road. Thus it will be seen 
that abundant accommodation is provided for traffic 
approaching the tunnel, either from east or west. 
The new road just referred to is to be raised from 
3 ft. to 5 ft. above the surface of the marsh, bringing 
it up toa level of 9.5 ft. above Ordnance datum, the 
intention being to obtain better drainage for future 
buildings, and certainly there seems to be plenty of 
room for improvement in this respect. Land has 
been purchased on each side of the road, which will, 
no doubt, considerably increase in value after the 
tunnel is opened, and, to some extent, recoup the 
London County Council for the heavy outlay en- 
tailed in these approaches. 

It has, of course, been necessary to demolish a 
large number of buildings, especially on the north 
side of the river, to clear the site for the construc- 
tion of the approaches ; and the tenants, mostly of 
the artisan class, thereby displaced, have been re- 
housed in model dwellings. It is satisfactory to 
learn in connection with this part of the scheme, 
that these dwellings are all occupied, and that the 
rents return a fair rate of interest as well as provide 
a sinking fund for repayment of the loan. The 
claims for land, buildings, trade interests, &c., 
which have had to be acquired amounted to 432,0001. ; 
they have, however, been settled for 317,000/. 

Figs. 3 to 11 on our two-page engraving show 
longitudinal sections taken on the centre line, and 
indicate at frequent intervals the bore-holes which 
have been made to ascertain the nature of the 
ground to be dealt with. When the work was 
taken in hand it was evident that water in large 
quantities would be met with, not only under the 
river, but in the approaches as well; and every 
attention has been given in the original designs, 
and in subsequent modifications, with a view to 
insuring water-tightness. Bore-holes No. 2 and 6 
(Fig. 6) indicate the worst possible kind of ground 
to tunnel through, with a river above, and con- 
siderable difficulty is anticipated in executing this 
part of the work. It should be pointed out that 
the bore-holes are numbered in the order in which 
they were made, and are not as they run on the 
plans. The tunnel operations were begun on the 
Kentish shore, and the work is now at the most diffi- 
cult part. We shall have more to say on this point 
when we come to deal with the method of construc- 
tion, and for the present it will be sufficient if we 
point out that there is but 5 ft. 2in. of sand and 
gravel above the shield. 

Four large shafts of an internal diameter of 48 ft. 
are placed in the positions shown on the section 
Fig. 2; these shafts are situated where changes of 
line or level occur, it being considered that a shield 
of considerable length, such as would be required 
for this tunnel, could not be made to work round 
curves, at the same time the trouble and inconveni- 
ence of having special castings for the iron lining 
of the tunnel is avoided. 

As the tunnel passes through these shafts, open- 
ings have to be made in the latter, in order to 
admit the tunnel lining. These openings are cir- 
cular, being 29 ft. 4 in. in diameter. The shaft is 
specially strengthened round them to compensate 
for the loss of continuity of the structure. They 
are, of course, temporarily closed during sinking, 
large iron shutters or plugs being used for the pur- 
pose. The plugs are bolted together only, so as to 
be readily removed when it is required to drive the 
shield through the shaft. The bottom floors of the 
shafts are composed of 6 to 1 concrete, 14 it. 
thick, a water-tight skin of iron, } in. thick, being 
placed near the bottom of the concrete and attached 
to the inner skin. 

It is intended to fix spiral staircases in Nos. 1, 
2, and 4 shafts, as shown in Figs. 12 and 13 on 
page 168, so that foot-passengers living near these 
shafts may enter or leave the tunnel without 
having to go to the ends of the approaches to do so ; 
these shafts will be roofed over on the completion 
of the work. Shaft No. 3 is sunk in property 
belonging to Messrs. Forbes, Abbot, and Lennard, 
and, as the County Council has only purchased an 
easement for this and the part of the tunnel 
adjoining, no access to this shaft can be made from 
the surface, and it will be covered in by a domed 
arch, which will carry a ventilating shaft, as shown 

in Fig. 8 on our two-page engraving. 
viver Wall.—A plan and section of a new river 


wall to enclose No. 2 shaft on the Middlesex 
side are shown in Figs. 14 and 15 on page 168. 
The position of this wall in front of No. 2 shaft is 
shown in the longitudinal section, Fig. 6. The 
construction is of concrete and timber, and calls 
for no special remark. By this wall a considerable 
part of the foreshore has been reclaimed, and valu- 
able wharf space has thus been secured. On the 
Kentish side of the river a wharf already exists. 

Cast-Fron Lining for Tunnel.—Two sections of 
cast-iron lining are shown in Figs. 16 to 25 on 
page 169; that shown in Figs, 16 to 21 is to be 
used between shafts Nos. 1 and 4, being a length 
of 2262 ft. ; the lighter section (Figs. 22 to 25) is 
intended to be erected between shaft No. 1 and 
the Great Eastern Railway on Middlesex side, a 
length of 821 ft., making a total of 3083 ft. of iron- 
lined tunnel. 

The heavier section consists of a tube 2 in. in 
thickness, having flanges 12 in. deep, and from 2 in. 
to 3 in. thick ; each ring is 2 ft. 6 in. in length, and 
is built up in 14 segments, with a solid key at the 
top. It will be observed (Fig. 20) that the key is 
slightly narrower at the outside of the lining than 
at the inside. This is to facilitate insertion when 
it is required to fix it, and the contiguous flanges 
differ from the others in being made to suit it. 
The weight of a complete ring is 16} tons. All 
joints, both circumferential and longitudinal, are 
machined throughout, and recesses, 2 in. by # in., 
are formed on the inside for caulking, as shown 
plainly on Figs. 18, 19, and 21, the latter being 
an enlarged section. The segments are bolted to- 
gether with 14-in. bolts of the various lengths 
required. Holes, 1} in. in diameter, are drilled 
and tapped through the plates, see Fig. 19, through 
which grout is forced, by compressed air, to fill up 
any spaces outside the lining. There is an annular 
space outside the cast-iron lining due to the sliding 
forward of the shield as each section of tunnel is 
completed. This will be more fully explained when 
we come to deal with the method of construction in 
a later article. There may, in addition, be acci- 
dental cavities formed by subsidence of earth or 
otherwise, and these have also to be filled with the 
cement grout. The holes are closed by wrought- 
iron screwed plugs when the grouting is completed. 

The lighter section of cast-iron lining (Figs. 22 to 
25) is a tube 1} in. in thickness, with flanges 10 in. 
deep and from 1% in. to 2} in. thick ; in all other 
respects it is similar to the heavier lining described 
above. Its weight is 11? tons per ring complete. 
The outside diameter of both sections is 27 ft. It 
is intended to have an internal lining of special 
concrete 4 to 1 faced with glazed work. The addi- 
tional scantling in the river portion has been adopted 
on account of bad ground, and in order to provide 
against contingencies that may arise. 





ELECTRIO TRACTION.—No. V. 
By Pure Dawson. 
PERMANENT Way. 

Unt a few years ago the track construction of 
American street railways was invariably greatly 
inferior to that employed in England. With the 
development of mechanical traction, better and more 
substantial road-beds were required, and heavier 
metals used. Many of the best American lines now 
compare favourably, as regards solidity of construc- 
tion, with English lines. 

It is in the style of rail employed that American 
and English practice differ most widely. In American 
track-work the primary consideration (and in earlier 
times the only point apparently considered at all) 
is to accommodate the street-car wheel to the fullest 
extent—other vehicular traffic taking an entirely 
secondary place. In English practice the reverse 
may be said to be the case. Climatic conditions 
have naturally much to do with the type of rail 
employed. It would be well-nigh impossible to 
use the latest English grooved rail in districts 
where snow and severe cold may be expected during 
many months of each year. 

In country roads, and in the smaller towns, the 
T-rail is naturally used. In larger towns the step- 
rail (Figs. 1 to 8, page 172) is almost universally em- 
ployed, and from the point of view of the street-rail- 
way operator, it is a nearly perfect rail. The larger 
cities, especially those of the Atlantic seaboard, are 
slowly introducing the grooved rail, the groove, 
however, being much wider and deeper than that 
ordinarily employed in England (Figs. 9, 10, and 11). 
Even where the grooved rail has been laid, it is not 








infrequent to find special rails used for curves 





(Figs. 12, 13 and 14), one side of the rail being much 
higher than the other. This enables the cars to take 
curves of very small radius at a comparatively high 
speed. 

The conditions governing the construction of 
permanent way fora street railway operated by self- 
propelling cars, having a load of 5 tons or more upon 
each axle, and running at a speed of from 10 to 25 
miles per hour, differ widely from those which main- 
tain, where comparatively light horse-cars at slow 
speed are to be employed. In the former case, the 
best permanent way, so far as smooth and easy 
operation is concerned, approaches nearly that of 
the steam railway, and it is naturally the endeavour 
of the electric railway manager to secure the greatest 
solidity of road-bed, a type of rail which is not open 
to being easily choked, and rigid joints. The joint 
shown in Fig. 15 has proved fairly successful. 

With the extremely high rails (9 in. and 104 in.) 
now used, weighing over 100 lb. per yard, having 
extremely massive fishplates, holding the rails 
together by means of twelve 1 in. bolts in a double 
row, and resting at both ends on wooden cross 
sleepers, extremely good joints are secured. Sus- 
pended joints seem most in favour. With animal 
traction, slow speed and light cars, it is possible to 
operate for long periods over defective track. With 
electricity defective joints are rapidly pounded, so 
that not only is the permanent way injured, but the 
repeated blows inflict great damage upon the trucks, 
car bodies, and last, but not least, upon the motors 
themselves. 

This has led to the nearly general adoption of 
the practice of butting the rails one against another, 
without leaving any room for expansion; and, 
indeed, should the rails have been laid in hot 
weather, so that when the temperature falls, spaces 
remain between the rails at the joints, thin sections 
of rail are forced in between them to fill up the 
interstices. This mode of laying is only used 
where the streets are paved, and the result ob- 
tained has been perfect joints. The only effect of 
expansion is noticeable in a slight thickening of 
the rails in summer. Of course, when the paving 
has to be removed, it must not be taken up on too 
long a stretch at a time, otherwise the spring of 
the rails might produce disastrous results. Boston, 
Philadelphia, St. Louis, Chicago, Brooklyn, &c., 
have parts of their roads laid in this way with the 
best results, the consequence being an entire 
absence of low joints. 

To avoid the necessity of taking up the pavement 
whenever a rail joint is to be inspected, ‘‘ joint 
boxes ” are often used. These are made of heavy 
cast iron, with removable corrugated iron covers. 
They are set outside the track at each rail joint 
and spiked to the ties or sleepers. If the latter 
settle, the boxes become useless, for the pavement 
must be removed and the boxes tamped up to level. 
For tightening up fish-plates, and enabling the 
electrical connections of the rails to be properly 
attended to, these boxes are of great service. 

In all American roads the points and all special 
work are of steel, and the large mills pay great 
attention to this work. Crossings and turnouts of 
the most complicated nature are very frequent 
(Fig. 16), owing to the enormous extent of the 
street railway lines. In some roads the special 
work is so frequent, and the traffic so heavy, that 

arts, such as points and crossings, have often to 
renewed. 

To know exactly what are the pieces used and 
which have to be replaced, many companies have 
large drawings showing a plan of their whole system 
with every piece of special work employed on it num- 
bered, so that by referring to a table on which each 
of these numbers, and what it refers to, is noted, any 
special work that has gone wrong, and the parti- 
cular piece to replace it, can at once be known. 
The use of the T-rail in America has, on the 
whole, given great satisfaction. The groove on the 
inside—in wood, brick, or stone-set paving — is 
formed by special blocks laid next the rail, having 
their inner corners cutoff. In the case of asphalte 
pavement, the groove is made by the car itself 
being run over the fresh asphalte paving while it is 
yet soft. 

The centre bearing rail (Fig. 18) has also many 
warm supporters among street railway operators, 
as being one of the easiest running forms. Where 
grooved rails are used, the grooves are not only 
much larger than in England, but the outside wall 
of the groove is inclined about 45 deg. on the per- 








pendicular, thus allowing the dirt which accumu- 
lates in the groove to be pushed out by the flange 
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of the wheel, instead of the latter mounting up and 
riding on it, asis the case with dirty grooves having 
vertical sides (Figs. 9 and 11). With mechanical 
traction, but especially with the electrically pro- 
pelled cars, the greatest care is given to design- 
ing and constructing curves, for the conditions 
differ widely from those where animal traction is 
employed, and the car can be pulled in either 
direction desired. The general practice is to 
employ spiral transition curves ; the straight track 
must be a perfect tangent to the initiatory curve. 
For the ordinary four-wheel cars, having 6 ft. 
wheel bases, the radius of a curve should not be less 
than 35 ft. Some engineers lay the rails on curve 
to gauge, others allow half an inch to make the 
passage of the wheels easier. Special grooved rails 
used in curves are shown in Figs. 12, 13, 14. 

The following figures give the cost per mile for a 
double track laid in a paved street where no extra- 
ordinary difticulties have to be encountered, the 
foundation being of gravel or broken stone : 


TABLE XX X.—Cost of One Mile of Straight Double Track, 
laid with 78-Lb. Step- Rails, 30 Ft. Long. 


704 rails, including channel points, 

chains, and spikes et ... £2640 0 0 
4224 sleepers, 24 ft. centres 380 3 2% 
Labour, excavating and laying, 

including teams and superinten- 

dence... axe — a ae 633 12 0 
1024 cubic yards of gravel ... 226 16 0 
352,000 granite blocks 1971 4 0 
Labour of paving 3598 4 0 





Total cost per mile of double track £9449 19 2% 


Fig. 19, page 173, shows a type of constructicn 
greatly favoured by the West-End Street Railway 
of Boston two years ego. It allows of lower and 
lighter rails being used in paved streets. The rail 
used weighs 78 lb. per yard, and the cost of the 
track per mile (exclusive of paving) was 2200]. As 
shown, longitudinal wooden stringers are employed, 
and are fixed to sleepers by means of short angle 
irons. The rail, having a 3 in. base, and being 
4 in. high, is fixed by spikes to the stringer. So 
far this construction has been very satisfactory, 
although at present, when new tracks are laid 
down, a construction nearly identical to that in 
Philadelphia is employed. In some cases, when the 
soil is soft or marshy, instead of laying the ties or 
sleepers on a layer of broken stone or gravel, they 
are laid on a 6 in. bed of concrete. Such a con- 
struction, otherwise nearly identical to the type 
just described, is used on some of the Pittsburgh 
roads. 

The electric street railways in Philadelphia are 
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of very recent origin, although that city is one of 
the greatest tramway centres of the United States. 
The greatest possible trouble has been taken to 
make them as perfect as possible in every way, and 
their track construction is amongst the best in 
America. 

The rails weigh 90 Ib. to the yard, are 9 in. high, 
and of the step-rail type, Fig. 20. They are laid 
on wooden ties, 3ft. between centres. On each tie 
are steel tie-plates, 6 in. by 10 in. by 2 in., upon 
which the rail rests. It is attached to the ties by 
means of three 5 in. by } in. hookhead spikes. Tie 
rods, 14 in. by 2 in., at distances of 6 ft., and 
having ? ip. round ends are also used. At each 
joint, and under the ties, a longitudinal tie is 
placed, which takes in the joint tie, and one on 
either side of it. The joints aremade by very strong 
8-bolt fish plates, 27 in. long, the bolts being { in. 
with nuts and lock washers. On curves, special 
guard rails are used, of which Fig. 21 shows a 
section. A }-in. steel bar, held in position by a 
cast-iron chock, is bolted to the inside of the step 
rail, out of the inside flange of which a piece is 
cut, thus forming agroove. This guard rail, when 
worn, can easily be renewed. The ties rest on a 
layer of gravel or broken stone, about 4 in. deep, 
and brought up to a level with the top of the 
wooden ties or sleepers Over the broken stone 
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Fig.13. Sectional Plan of Shak N° 2 showing Stairs. 


an inch of rough sand is spread, on which the 
paving stones rest. This construction has, so far, 
given every satisfaction. 

The track construction employed at New Orleans, 
see Figs. 22 and 23, consists of 84-in. girder step 
rails, weighing 100 lb. per yard. The fish-plates 
have twelve 1-in. bolts to keep them in place, 
six in a row. The ground being very wet and 
spongy, the following special construction is re- 
sorted to: The ground is excavated 20} in. 
approximately, a flooring of 1 in. cypress planks 
is then laid, and on this floor, a 6-in. layer of 
gravel is put down. On this, the 6 in. by 8 in. 
by 8 in. ties are laid, to which the rails are spiked. 

The examples given so far, have only shown 
step-rail construction, which is the favourite in 
the Eastern States. In the west, although the 
step-rail is also used, it is the T or Vignoles rail, 
which is rising in favour. It may be also re- 
marked that in many large western towns the 
streets have, within the last few years, been laid 
with asphalte, and are in a very good condition. 

At Denver, the capital of the State of Colorado, 
60-lb. T-rails, 4 in. high, on 6 in. by 8 in. wooden 
sleepers, 21 in. between centres, are used, laid on 
cement concrete foundations 6 in. deep under 
sleepers. This foundation is carried up above the 
ties except for a space averaging 10 in, in width 
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deep, weigh 72 lb. per yard, and were furnished by 
Dick, Kerr, and Company. They are laid directly 
on a 6-in. concrete foundation. The rails are tied 
together with iron tie-rods, and each side of the web 
of the rails is filled with cement grout mortar, in the 
proportion of one to one, to the width of the rail. 
The paving used is wood and stone, grouted with 
cement. The girder step-rail is being abandoned to 
a large extent in cities, and is being replaced by 
grooved and T-rails. Grooved rails are by no means 
as favourable to mechanical traction as T-rails. 
The question whether the latter can be used in 
paved streets and be as satisfactory to the public in 
general as the grooved rail has been very much dis- 
cussed of late. 

The American Street Railway Association ap- 
pointed a special committee to examine into this 
question, and their report was presented at the 
Convention held at Atlanta, Georgia, in October 
last. The use of the T-rail was strongly recom- 
mended. Asphalte or macadam can be paved as 
easily to a T-rail as to any other. The pavement 
should be laid flush, and room should be made for 
the flange by running an extra heavy car, having a 
larger flange than the ordinary street car, over the 
track before it is opened for traflic. It has been 
found that a track so laid presents no more obstacle 
to driving than the grooved rail. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Tue forty-eighth annual general meeting of the 
Institution of Mechanical Engineers was held on 
the evenings of Thursday and Friday of last week, 
the 3lst ult. and the Ist inst., in the theatre of 
the Institution of Civil Engineers, by permission 
of the Council of that Society. The chair was 
taken on both evenings by the President, Pro- 
fessor Alexander B. W. Kennedy, F.R.S. There 
were two papers down for reading and discussion, 
viz.: ‘‘The Determination of the Dryness of 
Steam,” by Professor W. Cawthorne Unwin, 
F.R.S., and ‘*‘ Comparison between Governing by 
Throttling and by Variable Expansion,” by Captain 
H. Riall Sankey. 


Report OF THE COUNCIL, 


The proceedings commenced on Thursday even- 
ing by the reading of the minutes, after which the 
annual report of the Council was read by Mr. 
Bache. From this it appears that the Institution 
continues to flourish both in regard to financial 
position and membership, there having been a net 
gain of 64 members during the past year, bringing 
the total up to 2221. Turning to financial matters, 
we find that the receipts during the year were 
70811., whilst there was an expenditure of 52921. 
The total investments and other assets of the In- 
stitution now amount to 39,1351. 

Reference was next made in the report to the 
results of the Marine Engine Trials Research Com- 
mittee, a summary of which, it will be remembered, 
was contributed by Professor Beare in the form of 
a paper. A noteworthy feature of the discussion 
on this paper was the presentation by Captain 
Sankey, in a thoroughly practical form, of the 
thermodynamic principles previously elaborated 
before the Institution by Mr. J. Macfarlane Gray, 
and their graphic application to the data furnished 
by the trials. 

It was also stated that the Research Committee 
on the Value of the Steam Jacket, which was under 
the chairmanship of Mr. Henry Davey, had pre- 
pared a third report, which was being made ready 
for publication in the Institution Proceedings. 
This report includes several experiments conducted 
under ordinary conditions of working. Before 
concluding their research, this committee had deter- 
mined to undertake a series of laboratory experi- 
ments, with a specially constructed apparatus, for 
the purpose of ascertaining, approximately at least, 
the laws which govern steam-cylinder condensation. 

The experiments upon the use of ropes and 
belts for the transmission of power, announced a 
year ago as about to be undertaken by the Société 
Industrielle du Nord de la France at Lille, had 
been carried out during the past year. It will be 
remembered that Professor Capper attended these 
trials by the invitation of the Société, as represen- 
tative of the Institution. When the report of the 
French committee is finally settled, it will be trans- 
lated into English by Professor Capper, who will 
also contribute an independent account of his own 


observations at the trials, so that the subject may 
be discussed at a meeting of the Institution. 

The Council report next made reference to an 
incident of mournful satisfaction to the members. 
Several friends of the late Mr. P. W. Willans 
have subscribed a fund for the purpose of awarding 
triennially, or at longer intervals, a premium for 
the best original paper on such a subject as the 
utilisation or transformation of energy, treated 
especially from the point of view of efficiency or 
economy. The Council of the Institution, jointly 
with the Council of the Institution of Electrical 
Engineers, are trustees of the fund, and the pre- 
mium will be awarded alternately by each Council 
for such a paper communicated to their Institution. 
Che first award is to be made in December, 1897, 
by the Institution of Electrical Engineers. 

In referring to the summer meeting held last 
year at Manchester, the report stated that: ‘‘In 
recognition of the admirable arrangements made 
for the convenience and enjoyment of the members, 
the Council have had the pleasure, on behalf of the 
Institution, of presenting to Mr. Charles Hopkinson, 
in appreciation of his valued services as honorary 
secretary for the meeting, a bronze statuette of 
Mr. Hamo Thornycroft’s beautiful work ‘The 
Mower.’ ” 

The President, in moving the adoption of the re- 
port, congratulated Sir William White, the Director 
of Naval Construction, who is a member of the 
Institution, on the honour recently conferred upon 
him. He also made reference to the statements in 
the report (to which we have alluded) on the 
French experiments upon ropes and belts, and to the 
organisation of the Willans Memorial. He said 
that the work done by the late Mr. Willans was 
worthy of a larger commemoration, but they had 
done what the funds at their disposal allowed them 
to accomplish, and he was sure that the money 
value of any prize won would be but a small part of 
the inducement to compete. The President next 
called on any member present who wished to discuss 
the affairs of the Institution to make remarks. 

Mr. Price Williams rose at this invitation. He 
said that it would be noticed by the financial report 
that a large surplus had accumulated, and he would 
like to ask the Council what it was proposed to do 
with the money standing to the credit of the Insti- 
tution. He felt sure that he was only echoing the 
opinion of many members, when he said that it 
would be a proper thing, with so large a sum of 
money in hand, that an effort should now be made 
to give the Institution a home of its own. They 
were indebted to the hospitality, so invariably 
forthcoming, of the Institution of Civil Engineers 
for a place of meeting. He did not think this was 
astate of things that ought to continue, and he 
would urge the Council to take the matter into 
their consideration. 

The President, in acknowledging Mr. Price 
Williams’ remarks, said the Council would be glad to 
hear what he had said, as it was evident, from the 
applause that followed his remarks, that the members 
generally shared his views. He said that the Coun- 
cil had already had the matter under consideration, 
and they thought that a good case for the proposal 
put forward had been made out. In fact, they had 
already appointed a committee for the purpose of 
considering the question more fully. To these 
remarks we may add that from the expressions of 
opinion we have ourselves frequently heard for 
some time past, we are quite certain that the erec- 
tion of a suitable home for the Institution of 
Meehanical Engineers would be most popular with 
the great bulk of its members. Of course the cost 
would be heavy, but the expenditure is amply jus- 
tified by the importance and sound financial position 
of the Institution. 

Professor Kennedy, continuing, said that before 
proceeding to the first paper on the list, he 
wished to say a few words on a subject of great 
scientific interest. He had that afternoon at- 
tended a meeting of the Royal Society, when Pro- 
fessor Ramsay had read a paper dealing with the 
new gas, argon, which had been discovered by Lord 
Rayleigh, working in conjunction with Professor 
Ramsay. The discovery of this gas had been made 
known at the Oxford meeting of the British Asso- 
ciation, and now the full particulars were brought 
forward. It was perhaps the greatest scientific 
discovery that had occurred within the recollection 
of most living persons, and it was more notable 
from the fact that it was not a chance matter by 
which it was found out, but was discovered by a 








process of scientific reasoning suggested by the fact 








of a difference of 4 per cent. in the density of 
nitrogen. It was to be regretted that certain 
persons had treated the two eminent scientific men, 
who had worked so hard in following up the 
investigation, somewhat ungenerously, and certainly 
in a manner which they did not deserve, in 
view of their strenuous and disinterested efforts in 
the cause of science. As regarded the practical 
importance of the discovery, Professor Roberts- 
Austen had pointed out at the meeting of the Royal 
Society that, although this gas might appear, com- 
paratively, an unimportant constituent in the 
atmosphere, yet 1000 cubic feet of it were put 
through a Bessemer converter with every blow, and 
it may be that the influence nitrogen was said to 
have on steel is really due to the presence of 
argon. Professor Kennedy moved that the Insti- 
tution should formally congratulate Lord Rayleigh 
and Professor Ramsay on the successful result of 
their labours which had been described at the 
Royal Society that day. Mr. Jeremiah Head, in 
seconding the resolution, said that in the main 
members of the Institution were men of applied 
science, but none the less they could appreciate the 
labours of those engaged in pure science. The re- 
solution was carried by acclamation. 


Toe Dryness or STEAM. 


Professor Unwin’s paper was next read. This 
we shall print in full, with the diagrams, at an 
early date. The paper was the outcome of the 
labours of a committee appointed by the British 
Association, of which Professor Unwin was secre- 
tary and Sir Frederick Bramwell, chairman. A 
report of this committee was presented last year to 
Section G of the Association at the recent meeting 
at Oxford. 

The author commenced by referring to the im- 
portance of using steam as dry as possible in an 
engine, and proceeded to discuss the origin of water 
suspended in steam, which might be due either to 
it being projected into the steam space during 
ebullition, to the fact of expansion owing to fluctua- 
tions of pressure, or to loss of heat and condensa- 
tion owing to radiation. The second is a very 
minor cause of moisture. The various methods 
that have been devised for ascertaining the amount 
of water present in the steam were next described, 
these descriptions constituting the body of the paper. 
The first treated was the weighing method, in 
which a known volume of steam is weighed, and 
any excess of weight above that of a corresponding 
volume of dry saturated steam indicates the amount 
of water present. The second method referred to 
was the separating method. In ordinary steam 
separators the volume passing through is very 
large compared with the capacity of the sepa- 
rator, and the action is no doubt imperfect. Mr. 
G. A. Barrus had used a small separator in 
connection with a small superheating calorimeter, 
and noticed that nearly all the entrained water was 
trapped. Professor Carpenter had introduced a 
separating calorimeter of small size, which appeared 
to give trustworthy results. It consisted of a 
vessel 12 in. high by 5 in. in diameter, having an 
inner chamber and a jacket. The steam passed 
to the inner chamber, where the moisture is sepa- 
rated, and then into the outer chamber, the sepa- 
rating chamber being thus protected from radiation. 
As the water accumulates in the inner chamber, its 
level is shown by a gauge glass. A small orifice at 
the bottom of the outer chamber regulates the dis- 
charge of steam, which passes to acondenser. The 
increase of weight in any given time in the condenser 
is noted, and the amount accumulated in the same 
time in the separator, and in this way the amount 
of water in the steam is ascertained. An illustra- 
tion of this apparatus and a fuller description will 
be given when we publish the paper in full. 

The condensing method was next described. In 
this a known weight of steam is condensed, and its 
total heat determined by the temperature of 
the condensing water. By comparing the total 
heat of a pound of the steam with that of 
a pound of dry saturated steam, according to 
Regnault’s Tables the amount of moisture in the 
steam can be determined. This method is strictly 
accurate in principle, but is difficult to carry out, 
as it is not easy to make the proper corrections 
for the heat absorbed by the condensing vessel, 
and for radiation and evaporation from the con- 
denser. The very sensitive thermometers are also 
difficult to use. These difficulties led to the intro- 
duction of the fourth method mentioned, viz., the 
continuous condensing method. Steam and cold 
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water are both supplied at a constant rate, and the| succeeded. It was not, however, a point which | with a drawing of the apparatus. The method as 


condenser acquires a steady temperature. In a 
continuous injection condenser, illustrated by a 
wall diagram which we shall reproduce later, the 
steam passes to a small injector. The condensing 
water is drawn from one tank, and the mixed water 
and condensed steam are discharged into a second 
tank, each tank being placed on a platform 
weighing machine. Thermometers give the 
temperature of the condensing water and of the 
mixture of condensed steam and condensing 
water. The difference of the total weight in 
the two tanks after any interval of time 
is the steam condensed in that time. Another 
continuous condensing apparatus was also _illus- 
trated. It consisted of a small pipe in a vessel 
through which a steady stream of condensing water 
flowed. As the condensing surface is constant, 
the rate of condensation is constant, and the rise of 
temperature of the water is constant. The con- 
densed steam is drawn off steadily from the con- 
denser for weighing, and simultaneously a series of 
readings are taken of the water entering and leaving 
the condenser. The fifth method described was 
that by superheating. In a calorimeter working 
on this principle, devised by Mr. Barrus, the steam 
to be tested is passed through an inner chamber 
jacketed by superheated steam, so that the steam 
is dried and superheated at the expense of heat 
borrowed from the jacket. 

In the wire-drawing method the steam is passed 
from one chamber to another through an aperture 
about ?, in. in diameter. In the first chamber 
there is full pressure, whilst in the second chamber 
the pressure is little different to that of the 
atmosphere. Thermometers give the temperatures 
in the chambers. By taking the temperatures of 
the steam before and after wire-drawing, and the 
temperature of saturated steam corresponding with 
the pressure in the second chamber, the dryness 
fraction can be found by an equation given, in which 
the specific heat of steam is taken as 0.48. This in- 
strument is accurate for steam with less than about 
2 per cent. of moisture. For steam containing more 
moisture a separator must be added. This com- 
bined apparatus was also described. In this the 
steam passes first through the separator, leaving 
most of its moisture there, the remainder being 
measured in the wire-drawing part of the instru- 
ment. The amount of steam passing must be 
observed, and the moisture collected must be 
weighed. For this purpose a condenser is neces- 
sary. 

In the Cummins superheating method, next 
described, a vessel is filled with the steam to be 
tested and then heated by a jacket, the rise of 
pressure in the inner vessel being observed. The 
volume is constant. So long as the steam is moist 
the pressure will rise with the temperature accord- 
ing to the law for saturated steam, but when all 
moisture is evaporated the rise of pressure will be 
much slower. 

The well-known salt methods of determination 
were also described, but the author looks upon 
them as misleading. Referring to them, he said: 
‘Some have thought that the salt method was most 
suitable for boiler trials because it gives directly 
the mechanical priming, while other methods were 
more suitable for engine trials, where a knowledge 
of the absolute dryness of steam was required. It 
seems doubtful if the salt test does give the me- 
chanical priming accurately, but, also, the view 
seems founded on a misapprehension. In deter- 
mining the evaporative efficiency of a boiler it is 
necessary to know how much of the feed leaves 
the boiler as steam and how much as water. The 
total heat utilised depends on the dryness of the 
steam leaving the boiler. It does not matter how 
moisture originates in the steam, provided it is 
there. Moisture produced by radiation from the 
boiler roof is as much a deduction from the efficiency 
of the boiler as moisture projected into the steam 
mechanically. It is important in a boiler trial that 
the steam tested should be taken very near the 
boiler, and not from a steam pipe in which heat may 
have been lost by radiation. On the other hand, 
in an engine trial, it is desirable that the sample of 
steam should be taken very near the engine.” 

At the conclusion of the reading of the paper, 
Professor Unwin stated that there was on the table 
most of the apparatus referred to. He was well 
aware that a large part of the difficulty in deter- 
mining the wetness of steam was that of obtaining 
a fair sample of the steam. He had hoped to have 
made experiments in this direction, but had not 


affected the relative values of the calorimeters. In 
America they had been making experiments in this 
direction. The ordinary way of taking a sample 
of the steam was by a short pipe projecting into 
the steam pipe at right angles to its axis and bored 
with a number of small holes. It was assumed in 
this way that a fair average sample of the steam 
would be obtained amongst so many holes, but it 
had been found by observation that one and a half 
to three times as much moisture was obtained as 
should have been. This was due to the water accu- 
mulating on the inserted portion of the collecting 
pipe, and being sucked in through the holes. He 
would suggest that in place of the perforated pipe, 
a nozzle should be inserted into the steam pipe, the 
end of which should be turned over and drawn out 
to a taper point, the small orifice being directed so 
as to face the flow of steam. The nozzle should be 
proportioned so that the velocity of the steam into 
the single opening should equal the velocity of the 
steam in the pipe, and in this way he hoped that 
there would be no undue tendency for the water 
to pass into the nozzle and thus give an excess of 
moisture in the sample of steam drawn. 

Mr. Michael Longridge was the first speaker. 
He said he was glad to see the paper, for he had 
suggested many years before, at a meeting of the 
Institution of Civil Engineers, that a prize should 
be offered upon the subject. The British Associa- 
tion Committee had done but half the work required. 
Indeed, the most difficult part of the business was 
to get a fair sample of the steam. Under these 
conditions he thought that a small apparatus should 
not be used, but one which would treat all the 
steam supplied to a steam engine. Referring to 
the question of velocity of steam and its effect on 
carrying forward particles of water, he quoted a case 
of a large boiler having two openings. Steam was 
being generated at atmospheric pressure; when one 
opening was uncovered, water was carried with the 
steam to a considerable height ; when both openings 
were uncovered, steam, only, issued forth. He had 
found that with a velocity of 30 ft. per second of 
steam, water was carried over, but at 8 ft. per 
second there was no water carried forward. This 
was at atmospheric pressure, but he could not say 
whether it would hold good at higher pressures. 
Another experiment bearing on the same subject 
was one made in supplying steam to a cylinder 
jacket. It was desirabie for a certain purpose to 
supply the steam and drain the water of condensa- 
tion by the same pipe, which was 14 in. in diameter. 
With a velocity of 5 ft. per second at 90 Ib. pres- 
sure, it was found possible to do this, the steam 
running up and the water coming down ; but if the 
velocity of the steam were increased above 6 ft., 
the water would not come down past the steam. 
On the whole, it seemed to the speaker that it was 
possible to have a calorimeter to act as separator 
for an engine, and yet not be of extraordinary size. 

Mr. Bryan Donkin spoke as to the value of the 
paper, and suggested that the Institution should 
appoint a Research Comuittee to inquire into the 
question. He made reference to some French 
experiments of this nature made on locomotive 
boilers for the Paris, Lyons, and Mediterranean 
Railway Company. A_ continuous condensing 
calorimeter, devised by M. Henri, was used for 
determining the priming water. This method 
of working is based on the following principle: 
A certain quantity of steam is passed into a small 
surface condenser arranged as a calorimeter, and 
the increase of heat in the condenser is measured 
in the circulating water. The greater the quantity 
of water in the steam the less the heat in the cir- 
culating water. From the heat coming from the 
condenser the percentage of water in the steam is 
calculated. The steam in the condenser is at atmo- 
spheric pressure. The steam to be tested is passed 
inside the tubes and the circulating water outside, 
the quantity of the latter being arranged to be con- 
stant, as is also the quantity of steam, the pressure 
of steam being kept uniform in the boiler. The 
steam is completely condensed in the condenser. 
The temperatures are taken of the steam before 
entering the condenser, of the water condensed, and 
of the circulating water in and out. The quantity 
of circulating water is also measured. The quan- 
tity of heat entering is the same as that leaving the 
condenser. From an equation it is therefore easy 
to determine the percentage of water brought over 
by the steam. In the original paper describing the 
apparatus, which had appeared in the Annales des 





Mines, 1894, vol. vi., full details are given, together 


used by M. Henri was not, the speaker said, pro- 
bably new, but he considered it better than many 
others then known to him. When working the 
locomotive stationary, M. Henri found the steam 
practically dry, but he is of opinion that, in 
running locomotives, the steam always contains a 
certain amount of moisture. 

Some German experiments had also been made 
to which the speaker referred. He placed on the 
wall a drawing of Gehre’s apparatus, in which 
a sample of steam, after passing through a pipe, is 
shut in between two valves. Below there is a 
means of heating the pipe by a flame. As long as 
the steam remains saturated, the pressure and 
temperature will be according to the steam tables. 
When the steam is heated from below, an evapora- 
tion of all water in the steam takes place, the 
pressure rises, and the steam commences to be 
superheated. The volume is constant during the 
operation. Mr. Donkin described the experiment 
as follows: ‘‘ The valves are closed and sample of 
steam obtained, and the pressure of steam read off 
by the gauge. The lamp is then placed under the 
pipe, and as soon as the temperature begins to 
rise, the steam pressure is again noted. From the 
weights of these equal volumes at the two unequal 
pressures, the percentage of moisture in the steam 
can be calculated. If no moisture is present, the 
pressure will not rise after flames are applied. The 
greater the percentage of water age the greater 
the difference after heating. The valve must be 
perfectly steam-tight.” 

Mr. Druitt Halpin said that the Paris, Lyons, 
and Mediterranean experiments, he had always 
understood, gave no certain data, and it was con- 
cluded that their results were of no value. Mr. 
Donkin, in replying to this, said that he under- 
stood that practical results were obtained. Mr. 
Halpin continued that he had been told the ex- 
periments were on so large a scale as to be un- 
manageable, and it was said that the whole of the 
results had been rejected. The author had de- 
scribed a separating method of determining the 
wetness of steam. Mr. Halpin would suggest 
another way. In dealing with two fluids of different 
specific gravity, it might be possible to throw the 
whole of the water out by a centrifugal method, 
using mechanical means, such as a fan, for the pur- 
pose ; in this way the steam and water would be 
separated. 

Professor T. Hudson Beare said he would like to 
say something in mitigation of the severity with 
which the author had treated the salt test. It 
certainly only showed the mean of mechanical 
priming, and was not influenced by the con- 
densation ; but if moisture were present in the 
steam, the engineer wanted to know whether it 
was due to mechanical defects in the boiler or 
to radiation of heat, and the salt test might still 
be used for that purpose. In the continuous con- 
densing method described by the author, he would 
like to know if the gauges were calibrated, as the 
results depended on their accuracy. Again, in the 
combined separating and wire-drawing methods, in 
which the author said no weighing was required, 
he would like to know whether there was 
a gauge on the second chamber. Professor 
Unwin said he would like to answer these 
two questions at once, It was strictly neces- 
sary that there should be a gauge on the second 
chamber in the last apparatus referred to, unless 
the opening were very large. The gauges referred 
to by Mr. Beare were tested, but he would confess 
that he did not trust to them very largely. Pro- 
fessor Beare, continuing, said he had grave 
doubts whether a true. sample of the steam was 
obtained by drawing it out in the present method. 
He would give a practical example of the fact by 
the way in which steam was taken from a chamber 
in the case of the experimental boiler at the Univer- 
sity College. This was a locomotive boiler with a 
wet bottom, and the steam was taken from a per- 
forated pipe bent upwards. They found on a tria! 
that a large quantity of water was being brought 
over, and on investigation it was discovered that 
the pipe had been accidentally shifted downwards, 
so that though the orifice was still above water, 
it was very near the water level. With the pipe in 
this position there were 378 lb. of water brought 
over with the steam per hour ; with the pipe in the 
normal condition the quantity was 154 lb. per 
hour, the conditions of working in all other 
respects being the same in both cases. 
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Mr. Crompton said that when engineers found 
_ water in steam pipes, they wanted to know whether 
it was due to the boilers or to condensation in the 
pipes, and he had met with no satisfactory method 
of determining the problem yet. When they had 
to deal with a long system of piping they also 
- : | wanted to know the quantity of water in the steam at 
Lig. 16. various points of the pipe system. If a way could 
_be shown of getting samples of steam, he felt sure 
taken from the practice of taking samples of) into a steam pipe, and by inserting a sector the that the mean of water might be determined by 
minerals, in getting a true sample of the steam. A steam could be diverted and led off to be tested. temperature methods, and the electrical engineers 
rotating hollow cylinder was used, through which | It will be remembered that Mr. Clarkson gave a| Would supply means of reading these temperatures 
the stream of minerals poured, and this was pro- | description of his ingenious ore-separatingapparatus accurately. Of late the pyrometer had been so 
jected on to the point of a cone. In this way a/at the Darlington meeting of the Iron and Steel | perfected that very trustworthy readings could be 
uniform stream of material was obtained, and a| Institute, held in 1893.* obtained by the platinum pyrometer. . 
thorough admixture was therefore secured, He} ——— |_, Professor Capper, who rose at the invitation of 
thought some such apparatus could be introduced * See Evcinggrine, vol. lvi., page 416, ‘the President, said that the points he had pro- 
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posed to speak upon had been dealt with by pre- 
= vious speakers, and he had therefore little to say. No 
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——— —= = — i remarked upon. He also thought the salt test was 
of value as showing the origin of the moisture in 
the steam. 











Mr. Cawley remarked that Mr. Bryan Donkin 
had suggested the appointment of a special com- 
mittee to inquire into and report on the subject of 
the paper, but this would tend to extravagance 
and to dwarfing the funds which some members in- 
tended for the building of a suitable home for the 
Institution. However, he said, if extravagance 
was to be the order of the day, and a committee 
SN eater were appointed, as suggested, he would propose 

SSS EE another, to deal with the question of the advan- 

tages to be derived from moderate superheating of 

steam supplied to steam engines. He felt so 
satisfied of the value of these advantages that 
he predicted that the proposed committee for 
dealing with the determination of the dryness 
of steam, and also the one now dealing with the 
value of steam jackets, would have little work 
left to do if moderate superheating were gene- 
rally adopted. However, as such was not yet 
the case, he would, like other members who had 
spoken, thank Professor Unwin for his extremely 
interesting paper. This paper showed that of all 
the methods mentioned only two could be relied 
upon. But even these had to deal with only a 
minute sample of the body of steam taken from the 
steam pipe, in some way which the experimenter 
might think best. But it seemed to be generally 
admitted that this sampling would probably lead 
to very erroneous results, and he thought it might 
be easily practicable to apply an apparatus to a 
medium-sized boiler, capable of dealing with the 
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whole of the steam produced, instead of with a 
minute sample. The arrangement shown by the 
annexed diagram, which he sketched on the 
blackboard, and which we reproduce, would be 
suggestive of what he meant. The vessel S isa 
superheater with a gas furnace placed in a suit- 
able position near the boiler to be tested. The 
superheater is fitted with a central baffle - plate, 
reaching from the top to nearly the bottom, and 
with a number of vertical tubes. The more or 
less wet steam from the boiler would pass through 
the superheater, and the gas supply would be ad- 
justed so that the steam escaping from the super- 
heater was very slightly superheated. This would 
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be shown by the mercury in the thermometer 
B standing slightly higher than in A. Then, sup- 
posing the evaporative efficiency of the superheater 
—as a boiler—were known from a previous experi- 
ment, and also the efticiency of the boiler alone, 
the relative values of the heat supplied to the 
boiler furnaces, and the superheater, would supply 
data for determining the wetness of the steam— 
after making an allowance for the slight amount of 
superheat in the steam leaving the superheater. 
There might be objections, he said, on the score of 
economy, to the use of coal gas for the superheater, 
but he pointed out that for a brief experiment this 
would not be serious. For, taking coal gas at 
2s. 8d. per 1000 cubic feet, the cost per pound 
would be about 1d., and, having regard to the 
higher calorific value of coal gas, the cost of gas 
per thermal unit would only be about seven times 
that of coal, which was not a serious matter ina 
short experiment. 

Captain Sankey, who was the next speaker, said 
that the specific heat of steam was generally ac- 
cepted as .48, and Professor Unwin had so taken it ; 
but he would point out that Mr. Macfarlane Gray 
had questioned the accuracy of that figure, and, in 
a correspondence with the late Mr. Willans, had 
given a formula for the specific heat of steam. This 
showed the specific heat to be not a constant, but 
to vary with the temperature of the steam. The 
speaker proceeded to illustrate this by use of 
the theta-phi diagram, by aid of the blackboard. 
It was important to get rid of this question of the 
specific heat of steam, and Mr. Macfarlane Gray 
and the late Mr. Willans had devised a superheater 
in which the steam was reduced to a lower pressure 
than in the Barrus calorimeter, and so the difliculty 
of the specific heat was got over, but it was not 
possible to use it, as the true temperature of super- 
heated steam could not be ascertained. 

Professor Barr was pleased that the author had 
treated the salt test so severely, as it was not in 
any way trustworthy. He had occasion to look 
into this matter in connection with applying the 
salt test to a water-tube boiler, but he could not 
tell from what part of the boiler the water came, 
and the salt would be more in one part than 
in another. He had suggested the same method 
of obtaining a true sample of steam as that sketched 
by the author on the blackboard. His ideas were 
embodied in the Transactions of a scientific society. 
The difficulty was that the water had greater 
inertia than the steam, so that the amount of mois- 
ture varied with the velocity of the flow. But 
though he had suggested this method, he was afraid 
that it would not be of any use, as the water would 
get to the side of the steam pipe and stay there, and 
as the nozzle took steam from the centre of the 
pipe, it would not give a fair sample. It would, 
therefore, be necessary to mix the steam and water, 











as the previous speaker had suggested ; but the 
best way would be to separate the whole of the 
water from the steam. He would suggest the use 
of a spiral pipe taking the water off at the smaller 
radius. 

At the conclusion of Professor Barr’s remarks 
the discussion was adjourned until the following 
evening. 

On the discussion being resumed on Friday even- 
ing, the first speaker was Mr. Wm. S. Lockhart, who 
referred to the device for sampling steam illustrated 
by Professor Unwin. The speaker pointed out that 
if the orifice of the collecting nozzle were secured and 
placed in the middle of the steam pipe, as shown, 
the sample would not be a fair one, as it would 
take steam only from the middle of the pipe, 
whereas the moisture travelled along the walls of 
the pipe. He suggested, therefore, that the end of 
the nozzle should be flattened so that the orifice 
would take the form of a long slit extending across 
the pipe, and in that way the steam would be taken 
from the entire diameter. 

Mr. Jeremiah Head remarked that he was a 


| member of the committee of the British Association 


already referred to, and he would like to point out 
that although there were several members on the 
committee, the actual work was done by the author 


|of the paper now being discussed, and that the 


whole credit of the investigation was therefore 
due to Professor Unwin. The question of sepa- 
rating water and steam, not for the purposes of 
measurement, but in order to extract the water 
from the steam, was an old problem. It had been 
a custom, where long ranges of steam piping were 
used, to take the main steam pipe into a receiver 
into which the water would fall. He had known 
cases where fire had been made at the bottom of 
this receiver for the re-evaporation of the water. 
This was a questionable proceeding, and was rarely 
followed out. What was wanted in an engine was 
that when the steam passed to the condenser, it 
should be just saturated steam. That was an ideal 
case, and in practice it could only be attained 
by using superheated steam in the high-pressure 
cylinder. He had known cases in which the 
attempt had been made to get this result by 
wire-drawing, but he was not aware whether 
it could be done with advantage. With regard to 
the question Mr. Lockhart had raised, the speaker 
questioned whether the water would be present in 
steam pipes at all parts in equal quantity. It was 
assumed that in a horizontal pipe water would be 
at the bottom of the pipe, and for this reason a 
vertical pipe was used for the purposes of collect- 
ing samples, but in this case he doubted whether 
the proper end was attained. He would, therefore, 
suggest a telescopic collecting nozzle, which could 
be pushed in and out so that the collecting orifice 
could be put in different positions of the pipe, and 
in this way the sample collected would be a fairer 
average. 

Mr. J. Mair Rumley wished to indorse the ex- 
pressions of thanks that had been expressed to- 
wards the author for the paper he had contributed, 
and the pains that had been taken in collecting the 
information. The great difficulty, of course, was 
that of procuring a fair sample of the steam, 
as had already been stated by previous speakers, 
and he would not, therefore, further dwell upon it. 
He would like to impress upon the meeting the 
importance of taking water out of the steam that 
was to be used in an engine. He would give an 
instance. In the case of a large compound engine 
using chalky water in the boiler, they found a very 
low efficiency in the engine, 26 Ib. of steam being 
required per indicated horse-power, and the indi- 
cator cocks being full of water. They put drains 
on their high-pressure valve chest, and extracted 
1200 lb. of water out of 14,000 lb. that were passed 
from the boiler in the shape of water or steam ; 
this would be an average of about 8 per cent. of 
water. After this the steam required per indicated 
horse-power fell to 17 lb. The fact showed the 
necessity of a steam separator. Mr. Longridge 
appeared to think that a very large separator would 
be required for the purpose of dealing with all the 
steam passed to an engine, but, as a matter 
of practice, he (the speaker) was now putting 
on separators that were no more than five or 
six times the diameter of the steam pipe. In 
regard to pipe condensation, he would give an 
instance showing its importance, and the necessity 
of keeping the steam pipe as small as possible in 
order to reduce radiation. A friend of his wished 
to work a pump at the bottom of a well, and had 





put ona 2-in. steam pipe, but found that the engine 
could not be made to revolve at all in consequence 
of being choked with water. The 2-in. pipe was then 
taken off and 1}-in. pipe substituted for it, after 
which, to use his friend’s expression, ‘‘all went 
merrily.” The steam separator was an important 
adjunct, and he considered that any one who im- 
proved the design would be rendering a service to 
all steam users. 

Mr. Clark said that the subject under discussion 
was extremely interesting, both from a mechanical 
and physical point of view. He described Reg- 
nault’s experiments and the apparatus used in them, 
and proceeded to remark that since Regnault’s day 
further discoveries had been made. Regnault as- 
sumed that all the water in steam would run down 
into the boiler and not into the calorimeter, and thus 
may have vitiated the results. The principal sources 
of error in calorimeter work were temperature errors, 
the determination of the latent and specific heat 
of water and steam, and the capacity of the calori- 
meter for heat and radiation. The first two might 
be relegated to the physicist, the other two were 
common to all apparatus, but they might be elimi- 
nated in many cases, and a proper balance main- 
tained between loss and gain. This supposed an 
ideal calorimeter, but that was a standard that 
should be aimed at. What was required to be 
known was the wetness of the steam in the 
steam pipe, and not that at the end of the 
tube attached to the pipe, therefore the 
calorimeter should be in the steam pipe itself. 
This would give two of the necessary properties of 
an ideal calorimeter, for the steam as used would be 
tested, and the calorimeter would always remain at 
the temperature of the steam. He had designed an 
instrument of this nature, but one had not yet been 
made, and he therefore brought forward the sugges- 
tion with diftidence He placed a coil of wire in the 
steam pipe, and through this passed an electric 
current; this formed the calorimeter. If such an 
apparatus were used in air, any fall in temperature 
would be due to conduction or convection and 
radiation ; whilst if used in dry steam the same 
conditions would apply. If, on the other hand, the 
coil were placed in a current of wet steam, the 
temperature due to the passage of the current could 
not rise until the water was evaporated. If, there- 
fore, means were supplied for measuring the re- 
sistance and the current passing through, there 
would be a possibility of forming an estimate of the 
wetness of the steam, for the point at which the 
temperature began to rise would show that the 
steam had then reached the saturated condition. 
To use this apparatus it would be necessary to 
know the total quantity of steam passing through 
the pipe. Mr. Clark hoped to carry out the ex- 
periments with the apparatus he described, and 
had already made certain tests, the results obtained 
being of an encouraging nature. 

Dr. John Hopkinson pointed out that the 
economy of dry steam was due to the fact that 
when moisture was present the cylinder walls were 
cooled. He also stated that a good separator did 
its work, not so much by allowing space for the 
settling of the water, but by changing the course 
of the steam and thus causing the water to be sepa- 
rated by its momentum. 

Professor Unwin, in replying to the discussion, 
referred to Mr. Longridge’s remarks, in which he 
advocated abandoning small apparatus, and taking 
the mean of steam passed to the engine for the 
purpose of examination. It might be, the speaker 
said, that this course would have to be followed, 
but in the meantime he would like to know if Mr. 
Longridge had carried out himself any experiments 
in this direction, and if so, whether he found he 
could approach as closely to accuracy as with the 
sampling method. He concluded that if Mr. Long- 
ridge, for the purposes of a boiler trial, wished to 
analyse coal, he would take a few grains and draw 
conclusions as to the whole from analyses made 
with the smal]l quantity. In like manner, if he 
wished to gain information as to the composition of 
chimney gases, he would withdraw small samples 
and analyse them, and the speaker failed to see 
why the same course should not be followed with 
the steam also. Professors Beare and Capper 
thought he had treated the salt test with scant 
courtesy, but he had reason to doubt its trust- 
worthiness. He had made salt tests with a boiler 
without changing the conditions of working in any 
way, and had found the results vary from 500 to 1000 
percent. With regard to withdrawing the sample, 
he feared he had not made himself understood, and 
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had used aword which had led speakersastray. When 
he spoke of a sample, no doubt he had not chosen 
the expression well, What he meant was, that in 
withdrawing a quantity of steam from the pipe for 
the purpose of testing, there was a liability to the 
percentage of moisture also taken, not being that 
normal to the steam at the point from which the 
sample was withdrawn. That is to say, water would 
accumulate on the withdrawing pipe, and thus give 
untrue results. He did not fear that the steam in 
any one part of the steam pipe would be greatly 
different in humidity to that in any other part ; 
when it was considered that the steam would be 
rushing through the pipe at 100 ft. per second, it 
would be evident that eddies would be caused 
and there would be a_ general mixing up. 
Under these conditions it was impossible for 
him to conceive that it was not a homogeneous 
mixture. It was not, therefore, that the steam in 
any one part of the pipe differed from that in 
another part, so much as the extracting apparatus 
itself disturbed the current, and thus caused 
more water to be collected than that properly 
due to the steam. What he aimed at in de- 
signing the extracting nozzle, therefore, was 
to withdraw the steam without changing the 
velocity of flow, and he thought it immaterial in 
what part of the steam pipe the collecting orifice 
might be placed. Mr. Cawley had great faith in 
the future of superheating steam, and Professor 
Unwin himself thought that it would be largely 
used in the future. But the application would not 
come all at once, and, even if it were universal, 
engineers would want to know what the boiler 
was doing, and so the test would be with us 
always. Captain Sankey had spoken of the in- 
accuracy of thermometers. There were two calori- 
meters to which he gave preference. In the sepa- 
rating calorimeters, thermometers were not re- 
quired, so that it was not so much a question of 
actual temperatures, but agreement between two 
instruments. At the same time he allowed that 
there were considerable errors, but these could be 
got over by calibrating by means of Regnault’s 
tables if the pressures could be accurately recorded. 
Mr. Macfarlane Gray had carried out someinteresting 
researches to determine the specific heat of super- 
heated steam. Even if these had not an economic 
value, they were highly interesting and suggestive. 
The value he had taken in his paper, viz., .48, 
was, he maintained, more useful, even if wrong, 
than Mr. Gray’s variable value. It was considered 
that he bad not treated Mr. Willans’ experiments, 
referred to in the paper, with sufficient respect, 
but that he wished to disclaim. What he had said 
with regard to the apparatus used by Mr. Willans 
being the same as the barrel calorimeter was true, 
although, as explained in the paper, the size was 
very much greater than that usual. This fact 
brought him to the subject of what should be the 
scale of such experiments. Mr. Willans had made 
them very large in order to eliminate error by 
using big quantities, but the speaker thought he 
might have been wrong in this supposition, and in 
support of this instanced Joule’s experiments 
made with two gallons of water, which were as 
accurate as those of Mr. Willans with his 3 tons. 
Again, the question of convenience came in. With 
the large apparatus and great volumes of water 
dealt with by Mr. Willans, one experiment only 
would be possible under ordinary circumstances ; 
whilst with Hirn’s apparatus it would be possible to 
make half-a-dozen experiments at the same cost, 
and he thought the mean of these would be nearer 
true than the single large trial. Professor Barr had 
stated that difficulty arose from water travelling in 
contact with the interior of the steam pipe, and in 
order to overcome this, he had devised the same 
apparatus as the speaker had illustrated on the 
blackboard. Professor Barr immediately pro- 
ceeded to knock down the suggestion he had made, 
by stating that the water travelled at the side of 
the pipe, and, therefore, the sample taken was not 
afairone. His (Professor Unwin’s) device, how- 
ever, was made not with a view of taking steam 
from any one part of the pipe, but was designed to 
secure a fair sample by proportioning the nozzle 
80 as to maintain in it a velocity of flow uniform 
with that maintained in the pipe. Some of the 
American newspapers had referred to this effect of 
water in contact with the pipe, but Professor Unwin 
looked on it simply as a great bugbear. With 
regard to the position of the calorimeter, it should 
be put near the boiler if tests for evaporative 


engine efficiency were to be carried out it should be 
placed near the engine. No doubt for engine 
trials the right thing was to put in a separator, but 
even then something more was required ; and if a 
calorimeter were placed beyond the separator, then 
all had been done that was necessary. 

Professor Kennedy, in summing up the discus- 
sion, said it was gratifying to see the advance that 
had been made in the science of engine and boiler 
tests. It was not so long since that it was found 
necessary to insist that boilers used coal and engines 
used steam, and he was glad that engineers had got 
so far beyond this elementary proposition, as the 
paper before the meeting showed. The President 
concluded by proposing a vote of thanks to the 
author, which was carried with acclamation. 

(To be continued.) 





EARLY ATLANTIC STEAMERS. 


THE origin of our leading steamship companies, and 
particularly of the Cunard Company, as well as the 
proportions, designs, and performances of early: 
steamers, are subjects of perennial interest, and a 
correspondence in the columns of the Glasgow Herald 
has prompted some most interesting letters, giving 
information as to the founding of the Cunard Com- 
pany, which has not previously been published in so 
much detail. Mr. John Napier, late of Messrs. R. 
Napier and Sons, gives some information, made up 
from letters, &c., and from recollections of conversa- 
tions with his father, the late Robert Napier, on the 
origin of the Cunard Company. The Hon. Samuel 
Cunard being in London in the latter end of 1838, con- 
sulted his friend Mr. James Melvill, secretary of the 
old East India Company, as to vessels he required 
to carry out a contract he had for conveying the 
mails between England and America. Melvill recom- 
mended him to communicate with Mr. Robert 
Napier, and this he (Cunard) did on February 25, 
1839, through his correspondents in Glasgow, 
Messrs. William Kidston and Sons, whom he asked 
to get an estimate from the now famous engi- 
neer for ‘‘one or two steamboats of 300 horse- 
power and about 800 tons.” In reply to this inquiry, 
Napier, on February 28, 1839, wrote Kidstons making 
offer to supply Mr. Cunard with the vessels he asked 
for. A few days after that Cunard came to Glasgow 
and saw Napier, and explained to him fully his re- 

uirements, with the result that he accepted an offer 
rom Napier to build three vessels of 800 tons and 300 
horse-power for the sum of 30,000/. each. 

On, however, thinking more over the matter and the 
nature of the trade the vessels were to be employed 
in, Napier became convinced that they were too small, 
and urged Cunard to make them larger, which in the 
end he agreed to do, and on March 18, 1839 (the offer 
and acceptance of the small vessels being cancelled), 
a detailed and stamped contract in duplicate—one of 
which Mr. John Napier has in his possession—was 
signed at Glasgow by ‘‘S. Cunard ” and ‘‘ R. Napier.” 
The vessels were now to be each 200 ft. long, 32ft. broad, 
and 21} ft. depth of hold, with engines having 70-in. 
cylinders and 64 ft. stroke, all finished complete in 
cabins, &c. (similar to vessels Napier had lately built 
for the City of Glasgow Company), and the price for 
each of the three vessels was to be 32,000/. 

On March 21, writing from London to Napier, 
Cunard, amongst other things, mentions that he had 
been to the Admiralty and Treasury, who, he says, 
‘“‘are highly pleased with the size of the boats.” 
Napier, however, was not yet pleased with the size. 
He still thought them rather small for such a long 
voyage, and felt that larger vessels would be more 
economical, and he said so to Cunard, who, however, 
stuck to the size as had been fixed. He (Cunard), 
however, when again seeing his friend Melvill in 
London, and telling him about the contract he had 
made, told him also that Napier still thought the 
vessels rather small, and that were they larger they 
would, in the end, be more economical, and he 
(Cunard) at the same time told Melvill that were it 
not for the expense he would go in for rather more 
size, but that unless he could get up a company, 
which up to now he had failed in doing, he could not 
build larger vessels. 

On hearing that and thinking over it, Melvill ad- 
vised Cunard to go at once back to Glasgow and lay 
his difficulties unreservedly before Napier, as very 
likely he and his friends could help him even in the 
formation of a small company, and so allow of more 
suitable sized vessels being built. Cunard took Mel- 
vill’s advice, and returned to Glasgow and stated his 
difficulties to Napier, who, after considering the 
matter, thought he saw his way to help. Now, 
shortly before this time there were two powerful com- 
panies running in tooth-and-nail gee to each 
other between Glasgow and Liverpool. The one was 
managed by Messrs. Martin and Burns, and the other 
by Messrs. Thomson and M‘Copnell. Napier was a 


vessels. At the beginning of 1839, however, these 
two opposing companies (having come to an under- 
standing with each other) were working together har- 
moniously, and Napier, thinking it might bind them 
more closely were he to get their principal share- 
holders to take an interest in Cunard’s undertaking, 
saw first his friend James Donaldson, and one or two 
other shareholders of the Glasgow and Liverpool Com- 

any Napier was connected with, and then he called on 
Soman Burns (of Martin and Burns, the agents of the 
other Glasgow and Liverpool Company), with Donaldson 
and Cunard, and introduced the latter to Burns, who, 
after hearing Cunard’s views, and seeing the possi- 
bilities of his mail scheme, got his friends to join with 
Donaldson and Napier’s friends (in all about 30), and 
to subscribe the needed amount of capital towards the 
proposed company—the company now known as the 
‘* Cunard Company.” 

Mr. Napier mentions that in all about 30 gentle- 
men joined together in the formation of the British 
and North American Royal Mail Steam Packet Com- 
pany, now generally known as the Cunard Company, 
and another correspondent in the Herald gives the 
list of names, with their holdings in the company : 


£ 
1. James Donaldson 16,000 
2. James Browne 11,600 
3. James Wright 11,600 
4. Thomas Buchanan ... 11,600 
5. James Campbell 6,000 
6. Robert Hinshaw 2 10,900 
7. Alexander Downie ... 5,500 
8. William Brown 11,600 
9. Robert Napier 6,000 
10. Robert Rodger as 11,600 
11, William Campbell ... 5,500 
12. William Leckie Ewing 11,600 
13. Archibald MacConnell 2,000 
14, William Connel a3 11,600 
15. James Burns ... 5,000 
16. George Burns... 5,500 
17. David MacIver 4,000 
18. Charles MacIver ... 4,000 
19. Alexander Fletcher ... 11,600 
20. Alexander M‘Aslan ... 10, 
21. William Stirling 11, 


22. Elias Gibb... Sd 
23. Alexander Glasgow ... 
24. James Merry, jun. 

25. David Chapman 

26. Alexander Bannerman 
27. John Bannerman 

28. Henry Bannerman ... 
29. David Scott ... a 
30. James Martin... 

31. James M‘Call... 
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32. Alexander Kerr 700 
215,000 
Samuel Cunard 55,000 
270,000 


Objection has been taken to no mention of the name 
of Mr. David McIver, of Liverpool, but in Hodder’s 
Life of Sir George Burns, Bart., where the story of the 
formation of the company is told, although with less 
detail, it is pointed out that they were important 
factors. They did not so early begin to ‘‘see daylight 
through the scheme as Burns, and, indeed, for a time ” 
went dead against the proposal. 

The contract of March 18, 1839, already referred to, 
was never altogether cancelled, but was taken over by 
the new Cunard Company, and formed the basis for 
the price, &c., of the first four steamers of the com- 
pany—the Britannia, Acadia, Caledonia, and Columbia. 
The design, however, was slightly modified, the length 
being 207 ft. ; beam, 34 ft. 4in.; and depth, 22 ft. 
6 in. ; while the tonnage was 1154 tons burden; and 
the cargo capacity 225 tons, while 115 passengers were 
carried. The engines, which are illustrated on page 
176, had cylinders 72 in. in diameter and stroke 6 ft. 
10 in. The paddle-wheels were 28 ft. in diameter. 
The first voyage was completed on July 4, 1840, the 
time from Liverpool to Boston being 14 days 8 hours, 
and the average speed 84 knots, while the coal con- 
sumption was 38 tons per day. (See ENGINEERING, 
vol. li., page 421.) We are indebted to Mr. James W. 
Dunlop, of 39, Delancey-street, N. W., for the originals 
of the engravings of all the engines which appear on 
pages 176 and 177. He was personally engaged on 
the construction of some of them. 

In 1847 the mail service between England and 
America became weekly, instead of fortnightly as 
before, and to meet its requirements there were built 
for the Cunard Company four new vessels, named the 
America, Niagara, Europe, and Canada, each of 1820 
tons, with side lever engines of 680 nominal horse- 
power. The America was the swiftest vessel on the 
Atlantic in her time, her fastest voyage from Liver- 
pool to Halifax being done in 8 days 27 hours out, 
and 8 days 10 hours home (see ENGINEERING, 
vol. ii., page 421), Her engines also were built 
by Mr. Robert Napier, at the Vulcan and Lance- 
field Foundry, Glasgow. It will be seen they were 
of the side lever type. The cylinders were 88 in. 
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D valves which could be worked by hand for 
stopping and starting. The pistons were of brass ; 
the side levers were of cast iron, and weighed 9 tons 
each. The entablatures were connected to the cylinders 
by wrought-iron columns, which had their ends fitted 


into taper sockets. The sockets were bored, and the| g 


columns turned nearly to fit, and then the ends of the 
columns were carefully draw-filed until they bedded 
into their places. These columns were 9 in. in 
diameter. The bedplate weighed 36 tons. 

The pressure carried in the boilers was 13 lb. to the 
square inch, and the expenditure of coal 3.8 lb. per 
horse-power hour. The America was a wooden 
paddle-steamer, built in 1847 by R. Steele and Co., of 
Greenock. Her dimensions were: Length, 251.5 ft. ; 
breadth, 38.3 ft.; depth, 25.8 ft. ; tonnage, 1826 ; 
horse-power, 680 nominal. 

Our remaining illustration is a section through the 
engine of the British Queen, also built by Robert 
Napier, in 1841 or 1842. We give a diagram of the 
engines of this vessel. She is remarkable as being the 
pioneer vessel of the line, which ran from the Thames 
to New York, calling off the mouth of the Solent. 
The general history of the undertaking is well known 
to our readers. The company was called the British 
and American Steam Navigation Company, and its title 
very much resembled that of the Cunard Line, which 
in early days was known as the British and North 
American Royal Mail Steam Packet Company. The 
two companies had, of course, no connection, though, 
owing to thesimilarity of sound, a recent writer on the 
history of steam navigation has stated that they had. 
The President was the only other vessel belonging to 
the owners of the British Queen. The two vessels 
were very similar in design and appearance, though 
the President, being built later, was a trifle larger. 
The British Queen was built at Limehouse in 1838, by 
Messrs. Curling and Young. She was of course a 


wooden vessel, and her principal dimensions were: 
Length over all, 275 ft.; breadth inside paddle-boxes, 
404 ft.; depth, 27 ft.; tonnage, 1862 tons register. 
She had three masts, and clipper bows with a figure- 
head of the Queen, and was painted black, with some 
ilding round the stern windows. Water tanks were 
titted into the spaces between her timbers, and she 
had accommodation for nearly three hundred passen- 
gers when quite full. There were two saloons in the 
vessel. She was engined by Robert Napier, who was 
the builder of the Cunarders’ engines at that time and 
for many — subsequently. She was towed from 
Gravesend to Plymouth, and sailed thence to the 
Clyde, where the machinery was put on board. The 
engines, of 500 nominal horse- power, were beam 
engines with two cylinders, 774 in. in diameter, and 
7 ft. stroke, weighing 12 tons each, and driving paddle 
wheels about 31 ft. 6in. in diameter. The remarkable 
thing about these engines was the fact that they were, 
as appears from the illustration, surface-condensing 
engines. ‘These were the invention of Mr. Samuel 
Hall, of Dartford, whose firm is still flourishing. 
Owing, we believe, to galvanic action, the condensers 
were not altogether a success in these earlier vessels, 
and the jet condenser was adopted in British mail 
steamers for many years subsequent to the date with 
which we are at present dealing. On the other side 
of the Atlantic, however, surface condensers were 
used in the interval. 

The British Queen did not start on her first voyage 
till over a year after her launch, owing to the diffi- 
culties with the earlier contractors for her engines. 
Her maiden voyage took over sixteen days from 
Plymouth, and she never distinguished herself by 
much better speed. After the loss of the President, 
the company came toa disastrous end. The British 
Queen, as their only other asset, went to the hammer, 





and ended her days in Belgium. 
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NaturaL GaAs 1N INDIANA —The Midland Steel Com- 
pany, Muncie, Indiana, have recently bored a gas weil on 
their premises in that city which now produces 7,000,000 
cubic feet per 24 hours. 


THe WaTER LINE IN THE Rocks.—The usual fort- 
nightly meeting of the Owens College Union Engineering 
Society took place on Tuesday evening, January 22, Mr. 
E. F. Lange, M.1.S.I., in the chair. Professor W. Boyd 
Dawkins, M.A., F.R S., delivered an address on the water 
line in the rocks. The proportion of the rainfall which 
sinks into the ground and supplies the porous strata under- 
neath, is governed by so many circumstances that it is 
impossible to get at any accurate general formula for its 
determination, but from various experiments which have 
been made the Professor thinks that 10 in. or 12 in. per 
year is a good average amount of percolation for ordinar 
heavy soil in England. In the porous rocks a well- 
marked water line or surface is always to be found ; ¢.g., 
near the shore at Brighton it is at the sea level, and it 
gradually rises in the chalk as we go towards London; 
some miles north of London it reaches its maximum 
height of 400 ft. above sea level. The position of these 
water lines is of great importance to water works engi- 
neers, and not to be disregarded in the construction of 
irrigation and drainage works. So great is the natural 
reservoir in the chalk, that the whole of the London 
water is taken from it without causing any perceptible 
alteration of the level of the surface in the district as a 
whole ; the local effect is, however, extremely marked, 
and shows how slowly the water runs through the chalk, 
and how steep the inclination of the water surface must 
be. Seasons of the year, droughts, and floods have alike 
very little influence on the water level, and places supplied 
from these vast reservoirs need never fear a water famine. 
Rivers in thechalk district exist only on condition that their 
water level is the same as the water level in the rocks 
through which they pass. The Professor, in thecourseof his 
address, instanced several cases of dispute about water 
supply where he had been able to make use of a knowledge 
of this subject. A short discussion followed. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The turnover at last Thurs- 
day’s forenoon warrant market was about 8000 or 9000 
tons. Scotch iron opened at the last price, 41s. 2d. cash 
per ton, but left off only 41s. 1d. buyers. Cleveland was 
not dealt in, and was quoted a shade lower at 34s. 3d. cash 
buyers. Two or three lots of Cumberland hematite iron 
changed hands at 42s. 3d. cash, the close being 14d. down 
from Wednesday at 42s. 2d. buyers. A large amount of 
business was done in the afternoon, about 15,000 tons 
being reached. The tone was again flat. Scotch warrants 
realised 41s. 1d. and 4is. 04d. per ton cash, buyers at 
the latter figure, showing a loss of 14d. per ton on 
the day. The other kinds of iron were quite neg- 
lected, and all lower in price. At the close the 
settlement prices were — Scotch iron, 41s. r ton; 
Cleveland, 34s. 14d.; Cumberland and Middlesbrough 
hematite iron, respectively, 42s. 14d. and 41s. 3d. per 
ton. Business was very quiet on Friday forenoon, 
but, in the absence of selling pressure, prices were the turn 
‘tiffer. In the afternoon a fair amount of business was 
done, fully 10,000 tons of Scotch iron worongas | hands, 
most of hich was absorbed by one operator. The tone 
was steady, at practically the forenoon’s level of prices. 
The closing settlement prices were, respectively, 41s., 
34s. 14d., 42s. 14d., and 41s. 3d. per ton. At Monday’s 
forenoon market some 5000 tons of Scotch and a few lots 
of Cleveland iron were sold. Prices were firmer on ‘‘ bear” 
covering, Scotch advancing 1d. per ton. Business in the 
afternoon was practically at a standstill, only 1000 tons of 
Scotch iron being done at 413, 2d. per ton Friday. The tone 
continued steady, but the market was quite featureless. 
At the close the settlement prices were 41s. 1}d., 348. 3d., 
42s. 3d., and 41s. 3d. per ton respectively. The market 
was firmer on Tuesday forenoon, when about 7000 tons 
of Scotch iron were sold, and the cash price rose 1d. per 
ton. A few lots of Cleveland were also disposed of at an 
advance of 1d. per ton. The market was quiet at the 
afternoon close, Scotch iron, after touching 41s. 3d. cash, 
leaving off with sellers at 41s. 24d. per ton. Cleveland 
fell 1d., and Cumberland hematite iron 4d., while Mid- 
dlesbrough hematite iron gained 1d. In all, the sales 
amounted to about 8000 tons of Scotch, a few lots of 
Cleveland, and 500 tons of hematite iron. The settle- 
ment prices at the close were, respectively, 41s. 14d., 
34s. 3d,, 42s. 3d., and 41s. 44d. per ton. Business was 
again inactive this forenoon. About 7000 tons of Scotch 
and a few lots of Cleveland iron changed hands. 
Only a smal] business was done in the afternoon. 
Settlement prices were, respectively, 41s. 44d., 34s. 43d., 
42s. 3d., and 41s. 44d. per ton. The following are the 
uotations for No. 1 special brands of makers’ iron: 
lyde, 48s. 6d. per ton; Gartsherrie and Calder, 50s. 6d. ; 
Summerlee, 51s. 6d.; Coltness, 53s. 6d.—the foregoing 
all shipped at Glasgow ; Shotts (shipped at Leith), 53s. 6d. 
per ton; Carron and Langloan still out of the market. 
There are now 74 blast-furnaces in actual operation in 
Scotland, as compared with 55 at this time last year. 
Last week shipments of pig iron from all Scotch ports 
amounted to 5078 tons, against 4233 tons in the corre- 
sponding week of last year. They included 103 tons for 
India, 315 tons for Australia, 392 tons for Italy, 155 tons 
for Holland, 110 tons for Spain and Portugal, smaller 
uantities for other countries, and 3599 tons coastwise. 
“he stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood yesterday afternoon at 286,831 tons, 
as compared with 286,931 tons yesterday week, thus 
showing a decrease for the past week amounting to 100 
tons. 


Finished Iron and Steel Trades.—Steelmakers have 
lately been taking the lowest prices ever recorded for 
ship-plates and angle-bars—5/. per ton for the former and 
4l. 10s. for the latter, less 5 per cent. discount. It is said 
that some makers have even accepted 1s. or 2s. less. For 
ship-plates an effortis now being made to secure an advance 
of 2s. 6d. per ton. There is certainly more business doing 
in the steel trade, owing to the greater activity that has 
arisen in shipbuilding. In the malleable iron trade 

rices have also had a downward reaction. Common bars 
nave sold down to 4/. 15s. per ton, and best bars have 
sold at 5/., while unbranded iron has been obtainable at 
41. 10s., all less 5 per cent. 


Glasgow Copper Market.— Not a single transaction | 350, 


took place in copper last Thursday forenoon, when the 
quotations were 40/. 5s. per ton cash buyers, and 
401. 11s. 3d. three months. In the afternoon 50 tons 
changed hands at 40/. 5s. per ton eight days, and the close 
was weak at 40/. 2s. 6d. cash buyers, and 40/. lls. 3d. 
three months. Several lots of copper changed hands on 
Friday forenoon at various prices, and in the afternoon 
50 tons were sold at 40/. 10s. per ton three months, the 
close being 40/. 2s. 6d. cash. Dulness was the rule on 
Monday forenoon, and the price was 3s. 9d. per ton lower. 
The close in the afternoon was firm at 40/. 10s. buyers 
three monthe, being a gain of 1s. 3d. from the forenoon. 
Copper changed hands on Tuesday forenoon at 40/. 3s. 9d. 
per ton cash, and at 40/. 11s. 3c, three months. No 
change took place in the afternoor, when 25 tons were 
sold at 40/. 3s. 9d. per ton 10 days. This forenoon 100 
tons changed hands at slightly lower prices, but no busi- 
ness was done in the afternoon. 


Glasgow Weir Contract; Second Lowest Offer Accepted. 
—At a meeting of the Finance Committee of Glasgow 
Town Council, held Jast Friday, the Town Clerk sub- 
mitted a letter which he had received from Messrs, 
Borland, King, and Shaw, solicitors, stating that Messrs. 
Peter M‘Kissock and Son saw no alternative but to with- 
draw their offer for the construction of the foundations 
and piers of the proposed weir or tidal dam across the Clyde 
at Glasgow Green. The committee therefore recom- 





mended that the tender by Messrs. John Paterson and 
Son, Limited, should be accepted, being the second lowest 
of the tenders sent in, The amount is 26,104/. Os. 6d. 
This price provides for the upper portions of the piers 
being constructed of freestone instead of granite. 


Clyde Shipbuilding Trade: Launches in January.— 
From the Clyde shipbuilding yards there was launched 
last month a fair average output of new shipping. Only 
eight vessels were put in the water, as compared with 11 
in January of last year, but the aggregate tonnage was well 
up, being for the eight vessels 16,025, as against 16,345 
tons for the 11 vessels in the corresponding month of last 
year. The new vessels comprised six steamers and two 
sailing ships. In January, 1890, there was also a some- 
what large tonnage of new shipping launched, but it was 
decidedly less in the corresponding month of all the other 
years back to 1887. The six steamers aggregated 12,375 
tons, and the two sailing ships made up 3650 tons. The 
largest steamer was the Sylvania, 6500 tons, built by the 
London and Glasgow Engineering and Shipbuilding Cum- 
pany, for the Cunard Company. 

Association of Civil Engineer Students.—A large party 
of the members of the Glasgow Association of Students of 
the Institution of Civil Engineers made an inspection last 
Saturday afternoon of that portion of the Glasgow and 
district subway which passes under the Clyde at Govan. 
They were conducted to the air lock by Mr. Talbot, the 
contractor, and to the working face of one of the tunnels 
by his manager, and were much interested in what they 
saw, and in the explanations given to them as to the mode 
of doing the work of cutting the tunnels by the shield 
under air pressure. Subsequently they visited the Glas- 
gow Harbour Tunnel, which they explored most carefully 
under the guidance of skilled experts. The hoisting 
and lowering shafts for foot passengers and vehicles 
are now fast approaching completion, which is true also 
of all the three tunnels. On Sieuieg evening the same 
civil engineering students held their annual dinner in the 
Windsor Hotel, the President of the Association, Mr. D. 
Drummond, M. Inst. C.E., in the chair. The company 
included a large number of the members of the Institu- 
tion of Civil Engineers, and other gentlemen. The 
menu card had a reproduction of the elevation of the new 
Broomielaw Bridge as it is to be, and it also had views of 
two famous locomotives, the one used on the Dundee and 
Newtyle Railway far back in the “thirties,” and a 
Drummond express Caledonian engine of 1890. 


The Late Mr. John Lambie, Caledonian Locomotive 
Superintendent.—Many persons will learn with deep 
regret of the death of Mr. John Lambie, locomotive 
superintendent of the Caledonian Railway Company, 
which took place last Friday morning at his residence, 
54, Belmont-gardens, Hillhead. Death was due to pneu- 
monia, following upon a severe cold by which Mr. Lambie 
had been laid aside from his duties for some time. Mr. 
Lambie, who was a native of Saltcoats, had been asso- 
ciated all his life with railway work. Asa boy of 13 he 
entered the service of the old Wishaw and Coltness Rail- 
way, now forming part of the Caledonian system, of 
which section his father was at one time traffic superin- 
tendent. After going through all the grades in the loco- 
motive department of the Caledonian service he was 
aoa locomotive superintendent on the death of Mr. 

ugh Smellie four years ago. Mr. Lambie, who was 61 
years of age, was a most efficient officer of the company, 
and was highly esteemed by the directors and by the 
a manager, as well as by all hissubordinates. Mr. 

ambie has left a widow and grown-up family to mourn 
his departure. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Leen Valley Railway.—The Great Northern Rail- 
way Company has placed its first contract for the new 
line through the Leen Valley district in the hands of Mr. 
Walter Binns, railway contractor, Bradford. The line 
commences with a junction with the Manchester, Sheffield, 
and Lincolnshire at Annesley, and passes through Sutton- 
in-Ashfield and Skegby to Pleasley, a distance of 6 or 7 
miles. 1 also includes branches to various collieries, 
covering a distance of between 10 and 11 miles, The 
a on this portion of the scheme will be about 


“* Explosions,” —This was the subject of an address at 
Firth College, Sheffield, by Mr. L. T. O’Shea, on Satur- 
day night last. In the course of hisremarks he said that 
in 1881 Berthelot established the fact that the velocity of 
explosions in gases increased rapidly from the point of 
ignition until a maximum was reached, which remained 
constant, no matter how long the column of the gases 
might be. This maximum velocity was exeedingly great, 
and to it Berthelot gave the name of ‘‘the explosive 
wave.” Dixon confirmed Berthelot’s results, and 
considerably extended his works. In 1881 Mallard and 
Le Chatelier showed that before the explosive wave was 
set up, the flame travelled fora certain distance, depend- 
ing upon the dimensions of the gallery, with uniform 
velocity ; then it assumed a vibratory motion, and finally 
detonated with extreme velocity, or died out. What 
happened in a colliery explosion was that the flame 
travelled for perhaps 50 or 60 yards with uniform velocity, 
and in this distance comparatively little damage was 
done. Then it assumed a vibratory motion, when large 
masses of heated gases swung backward and forward with 
increasing amplitude, gathering impetus as they went, 
and smashing everything before them. From that point 
the amount of damage done would be greater or less as 
the vibrations gathered force or died away. He also 
= the circumstances under which coal-dust became 
explosive. 








A Strike and an Official Rebuke.—The miners at the 
Lofthouse Collieries, tothe number of about 600, have 
struck work owing to the introduction of a new price-list, 
which had been settled by a joint committee of the 
employers and men. The latter say 70 or 80 of their 
members find it reduces their wages. They held a meet- 
ing on Saturday, and expec’ the attendance of an 
official from the Yorkshire Miners’ Association, of which 
they are members. Instead of that they received a tele- 
gram from Mr. Pickard as follows: ‘‘ There is no time to 
send any one to your meeting. You have done wrong to 
stop the pit. You have refused to work under the new 
price-list which you appointed men yourselves to arrange 
for you. You ought to carry out the arrangement of the 
joint committee.” The men are now trying to make a 
fresh arrangement with the colliery-owners. 


Iron, Steel, and Coal.—The iron market is very flat at 

resent, bar realising from 5/. 5s. per ton upwards. 
Frematite pig has fallen 1s. per ton, making 49s. 6d. per 
ton for north-east coast at station here, and 51s. 6d. for 
west coast. The heavy steel trade is busier, as good orders 
are being placed for railway material. Steam coal is slow 
of sale, with prices falling, but there is a good call for gas 
and household varieties. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam coal trade has been quiet, but a re- 
vival of activity is anticipated shortly. The best qualities 
have made 10s. 6d. to 10s. 9d. per ton, while secondary 
descriptions have brought 10s. to 10s. 3d. per ton. The 
house-coal trade has received an impetus from the cold 
weather which has recently prevailed. No. 3 Rhondda 
large has made 10s. 3d. per ton. The demand for patent 
fuel has somewhat fallen off. The production of coke 
appears to be in excess of the demand ; foundry qualities 
have made 15s. to 16s. per ton; and furnace ditto, 12s. 3d. 
to 13s. 3d. perton. The demand for iron ore has slightly 
improved ; the best rubio has made 11s. per ton. The 
manufactured iron and steel trades continue quiet; 
heavy section steel rails have made 3/. 11s. 6d. per ton. 


The Bute Docks.—The imports into the Bute Docks in 
1894 amounted to 1,676,977 tons, as compared with 
1,457,895 tons in 1893. The exports from the docks last 
year were 8,130,243 tons, as compared with 7,146,817 in 
1893. The aggregate tonnage movement last year was, 
accordingly, 9,807,220 tons, as compared with 8,634,702 
tons in 1893. The number of vessels which cleared last 
year was 9907, as compared with 8975 in 1893. 


Bristol and South Wales Wagon Company, Limited.— 
The sixty-eighth half-yearly meeting of this company was 
held at Bristol on Friday, Colonel Savile in the chair, 
The chairman moved the adoption of the directors’ report, 
and said he had to regret, amongst other things, the de- 
pressed state of business, particularly in America. This 
being the case, the company had had no contracts with 
America. The company’s contingent fund now stood at 
33,175l., and the company’s rolling stock consisted of 
13,829 carriages and wagons, and eight locomotive engines. 
The revenue account, atter carrying 750/. to the contingent 
fund, showed a disposable balance of 7216/., and this 
admitted of the directors paying the usual 10 per cent. 
dividend. The report was adopted. 


London and South-Western Ratilway.—The expenditure 
made upon capital account during the second half of 1894 
was 424,263. The principal items were 195,744l. for a 
new graving dock and walls, and cther buildings at 
Southampton ; 68,167/. for new steamboats, 44,348/. for 
additional working stock, and 73,731/. for further widen- 
ings, enlargement of stations, &c. Theratio of the work- 
ing expenses to the traffic receipts in the second half of 
last year was 52.60 per cent., as compared with 52.43 per 
cent. in the second half of 1893. The company’s fleet es 
been increased by the addition of two large and powerful 
steamers, built specially for a daily service between 
Southampton and Havre. The aggregate outlay made 
for working stock to the close of 1894 was 4,194,799/. 
The number of locomotives owned by the company at the 
close of 1894 was 649, the number of tenders was 429, the 
number of vehicles in the coaching department was 3346, 
and the number of trucks and vans used for the convey- 
ance of goods and minerals was 10,315. 


Rhymney Railway. — The half-yearly report of the 
directors states that the revenue receipts of the half- 
year amount to 113,431/. 6s. 5d., as compared with 
101,486/, 4s. 8d. in the corresponding half of 1893, show- 
ing an increase of 11,952), 1s. 9d. The directors recom- 
mend a dividend of 8 per cent. per annum upon the 
ordinary stock, which will absorb 23,4551. 18s, 5d., leaving 
13821. 6s. 7d. to be carried to next account. 


Barry Ratiway.—The directors recommend a dividend 
on the ordinary stock at the rate of 10 per cent. per 
annum. The masonry of the walls of the deep lock is 
nearly completed, the erection of the inner and middle 
pairs of gates is well advanced, and the construction of 
the jetties will now becommenced. Satisfactory progress 
is being made with the new dock. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was a 
numerous attendance on ’Change, but affairs were very 
quiet, and only a small amount of business was done. 
Quotations, however, were fairly steady. A few lots of 
No. 3 g.m.b. Cleveland pig iron were disposed of at 34s.6d. 
for early delivery, and sellers as a rule would not take 
less than that figure. One or two inquiries for delivery 
ahead were reported, but there was little disposition to 
do forward business. The lower qualities of pig iron were 
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weakest. For No. 4 foundry 33s. 9d. was asked, and grey 
forge was put at 33s. No. 1 Cleveland pig was quoted 
36s. Middlesbrough warrants were quiet. with 
little doing in them, and they closed 34s. 24d. cash buyers. 
Makers of east coast hematite pig iron complained con- 
siderably that market rates were below cost of production. 
Sellers generally asked 41s. 9d. for early delivery of Nos. 
1, 2, and 3, and some buyers reported that they were able 
to purchase at 41s. 6d. Spanish ore prices were somewhat 
easier, owing to freights being down a little. Rubio was 
bought at 11s 104d. delivered here, but several firms still 
asked 12s. To-day the market was, if anything, a little 
firmer, but prices of makers’ iron were not changed, and 
there was not much business doing. Middlesbrough 
warrants were stiffer, and they closed 34s, 4d. cash 
buyers. 

Make and Disposal of Pig Iron.—The Cleveland Iron- 
masters’ Association returns for January, showing the 
make and disposal of pig iron in the north of England 
during that month, are very unsatisfactory. They show 
that of 141 furnaces built 93 were in blast, and they pro- 
duced 253,276 tons of pig iron, or 6488 tons less than in 
December, when 94 furnaces were blowing. There were 
49 furnaces running on Cleveland pig during January, and 
44 were making hematite, spiegel, and basic. Theoutput 
of Cleveland pig was 119,942 tons, or 4408 tons less than 
in the previous month, and the production of hematite, 
&c., was 133,334 tons, being a decrease of 2080 tons as 
compared with the make for December Jast. The total 
stocks at the end of January stood at 269,393 tons, an 
increase during the month of no less than 38,730 tons. 
The increase was chiefly in makers’ stocks. Shipments of 
pig iron during the first month of the year reached only 
46,120 tons, or 15,267 tons less than in December, and 
14,984 tons below the shipments for January last year. 


Manufactured Iron and Steel. —Nothing of an encourag- 
ing kind can be said of the manufactured iron and steel 
trades. Prices change very little, but, if anything, they 
are a trifle easier than when we last reported. Most 
works manage to keep pretty well going, but orders are 
being executed without profit by some firms who desire to 
do their best to keep their men employed. Although 
quotations are so low, new orders are very difficult to 
secure. Common iron bars are quoted 4/. 15s. ; best bars, 
5l. 5s.; iron ship-plates, 47. 15s.; steel ship-plates, 
4l, 12s, 6d. ; and iron ship-angles and steel ship angles, 
41, 10s.—all less the customary 24 per cent. discount for 
cash. Heavy steel rails are quoted 3/. 12s. 6d. net at 
works, 


The Coal and Coke Trades.—Coal is a little quieter, and 
prices are a shade easier. The demand for certain 
classes, however, continues good. Coke is only in very 
poor request for shipment, but the local consumption 
keeps very heavy, and the recent high quotations are 
maintained. Average blast-furnace qualities are 12s, 3d. 
delivered here. 


Blastfurnacemen and the Eight-Hours Day.—At a meet- 
ing of the executive of the Cleveland and Durham District 
of the National Federation of Blastfurnacemen, held at 
Middlesbrough on Tuesday, to consider the ironmasters’ 
reply to the eight-hours application, it was unanimously 
decided to issue a circular to the members of the associa- 
tion containing the application for an eight-hours day and 
the reply received from the ironmasters ; also to recom- 
mend that a ballot be taken with a view to ascertaining 
the opinion of the men as to the advisability of giving in 
their notices nct later than Friday, May 3, failing the 
eight-hours day being obtained previous to that date. In 
the meantime Mr. Walls, secretary of the federation, and 
Mr. Thomas Carlton, secretary to the district, will address 
meetings throughout the district. 





Tuer Miter SYPHON: ErratumM.—On page 159 of our 
last number, first column, line 6 from bottom, for 
“Hackney ” read ‘‘ Hornsey.” Also in the second column, 
line 3 from top, for ‘‘ Wolheim ” read ‘* Wollheim.” 





Mipuurst Warer Suppty.—An artesian tube well 
176 ft. deep has recently been bored for the Midhurst 
Rural District Council, by Messrs. Le Grand and Sutcliff, 
hydraulic engineers, London, which has been attended 
with very successful results. The site is upon high 
ground, a short distance to the north of the town, where, 
at an elevation of fully 50 ft. above the highest house, a 
strong spring has been struck near the base of the Hythe 
beds, which rises to 17 ft. above the surface and flows at 
the rate of 130,000 gallons per diem. The water proves 
to be soft and of excellent quality. 





Tue Prices or Sitver, Tin, Copper, anD Leap.— 
Messrs. Vivian, Younger, and Bond, 117 and 118, 
Leadenhall-street, London, have just issued a large 
diagram showing the prices of various metals at the 
beginning of each month for 19 years. The diagram is 
most instructive, and the fluctuations can be seen at a 
glance. Taking first the case of silver, the price in 1875 
is shown to have been 574d. per oz.; in 18 months it 
dropped 18d., recovering in six months. Since 1877 the 
tendency has been downwards, with the exception of a 
sharp recovery and subsequent drop in the autumn of 
1890; and now the price is 27}d., a drop in 19 years of 
2s.6d. per oz. The influence of the Société des Métaux 
18 at once seen in the line representing copper, but the 
cornering was of short duration, the rise from 40/. to 871. per 
ton lasting only for 16 months—sufficient, however, for for- 
tunes to be made and lost. The price now, 42/., is only 


half what it was in 1875. Foreign tin has fluctuated more 
than the others, 


but still the price now, 61/., compares 


MISCELLANEA. 


Mr. W. Kaye Parry, M.A., has been appointed by the 
Board of Trinity College University, Examiner in Prac- 
tical Sanitary Engineering for the qualification of State 
Medicine in the University of Dublin. 


The traffic receipts for the week ending January 27 
on 33 of the principal lines of the United Kingdom 
amounted to 1,309,262/., which was earned on 18,728} 
miles. For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,397,422/., with 18,522? 
miles open. There was thus a decrease of 88,160/. in the 
receipts, and an increase of 206 in the mileage. 


The Society of Civil and Mechanical Engineers paid a 
visit on Saturday, February 2, to the Ealing electric light- 
ing works, the sewage works, and also inspected the 
refuse destructor and Jones fume cremator. A point of 
interest in the works is that the waste heat from the 
destructor is utilised for raising steam for the electric 
lighting station. The effluent water from the sewage 
works is likewise utilised for condensing the exhaust 
steam from the engines. The works at present supply 
4125 lamps. 


The details have been published at Chatham of im- 
portant changes which are about to be effected with 
reference to the manufacture of the Brennan torpedo. 
Mr. Louis Brennan, C.B., will shortly vacate his appoint 
ment as superintendent of the factory at Chatham, and 
will be employed in London as adviser in torpedo work 
both to the War Office and to the Admiralty. The factory 
will then be placed under military control. All sub- 
marine mining vessels are to be fitted. for discharging and 
working the torpedoes, 


The French armoured cruiser Dupuy-de-Léme, 6300 
tons, has, after repeated alterations, again failed to 
answer satisfactorily the demands madeon her. She is a 
long narrow vessel with three screws, and the three sets 
of engines constantly hamper one another. This vessel 
was launched in 1890 and is still in the experimental and 
alteration stage. The Americans have had greater success 
with three screws in the Minneapolis and Columbia class, 
but those vessels, in addition to greater lengths, have 
nearly 7 ft. more beam than the Dupuy-de-Léme. 


The Bath and West and Southern Counties Society will 
this year hold its annual exhibition at Taunton, from 
May 29 to June 3. In addition to the usual show of live 
stock there will be a large display of implements, ma- 
chinery, and articles of general utility, an exhibition of 
pictures and art manufactures, horticultural and poultry 
shows, and horse-shoeing, butter-making, milking, and 
sheep-shearing competitions. Entry forms, regulations, 
&c., can be obtained of the secretary (Mr. Thomas F. 
Plowman, Bath), to whom application should be made at 
once. Further particulars will be found in our advertise- 
ment columns. 


The first sod of the sewege outfall works at Upper- 
mill was cut on Thursday, the 31st ult., by the chair- 
man of the late Local Board, Mr. J. Taylor Bradbury, 
in the presence of a number of visitors. The scheme 
prepared by Mr. T. S. McCallum, C E., Manchester, 
provides for the sewering of the district and for sewage 
disposal works. The process of the International Sewage 
Purification Company, precipitation by ferrozone and 
filtration through polarite, is the one adopted. The 
engineer has provided circular tanks with the improved 
arrangements for sludge removal. The contract has 
been let to Messrs. H. Fotherby and Son, Burnley, who 
will proceed with the work forthwith. 


A large amount of work in the matter of renewing short- 
span bridges is now being done on the Baltimore and 
Ohio Railroad. For spans up to 16 ft. rolled beams are 
used, and plate girders between this limit and 80 ft. span. 
For openings of between 80 ft. and 100 ft. riveted trusses 
are employed, pin connections only coming in when the 
span exceeds this latter limit. The stiffeners for plate 
girders are made out of 3in. by 3 in. by y; in. angles, 
when the depth of web is under 4 ft., and between this 
and 7 ft. depth 34 in. by 34 in. by # in. are used. Above 
this limit they are 4in. by 34in. by gin. angles. The 
flanges, where 14 in. or under in width, have two lines of 
rivets, and four rows when more than this. 


The Fremdenblatt gives the following particulars of the 
new Russian ironclad, Georgi Pobiedonostzeff. This 
great warship, the construction of which was begun on 
August 12, 1889, has steel armour from 8 in. to 16 in. 
thick on the sides, while the casements are protected by 
12 in., and the traverses by 9 in. to 10in. plates. The total 
length of the ship, including the ram, is about 340 ft. The 
vessel is 69 ft. broad, and 26 ft. 7 in. deep, with a displace- 
ment of 10,280 tons. Ib is supplied with two engines con- 
structed in England, which will develop 10,600 horse- 
power under ordinary pressure, and 16,000 horse-power 
under forced draught. The new man-of-war is armed 
with six 12-in. and seven 6-in. guns, as well as 14 quick- 
firing guns of English manufacture. 


TheImperial and Royal Agricultural Society in Vienna, 
which stands under the patronage of His Imperial and 
Royal Highness the Archduke Charles Louis, will hold 
an international mart of agricultural machines of all kinds 
from May 4 to7 next. The prospectus includes not only 
agricultural machines in the strict sense of the word, but 
appliances used in all branches of industry connected with 
agriculture, such as breweries, distilleries, yeast, sugar, 
vinegar, and starch factories. The mart will also extend 
to tools and engines used in forestry, saw mills, celluloid 
factories, orchards, vineyards, in the feeding and breedin 

of cattle, horses, fish, &c. It will comprise electrica 





with 957. in 1885. 


Tinplates have dropped 20 per cent. 








machines to be used in the service of these industries, 


seeds, and manures. The consular office is at 11, Queen 
Victoria-street, London, E.C. 


In an article in Za Revue Technique, M. Ch. Fremont 
endeavours to show that Henri Tresca gave an erroneous 
explanation of the phenomenon of punching iron and 
steel. Most of Tresca’s experiments were made on lead. 
M. Fremont has conducted a number of experiments on 
iron plates, punching holes in the plate to different 
depths, and then splitting the plate up and etching the 
section with acid, so as to make evident the distortion of 
the fibres arising during the process of punching a hole. 
M. Fremont holds that his results show that the metal 
really yields by traction, being thinned out at the surface 
under strain, and finally giving away. To determine 
the work required to punch a hole through a plate, 
M. Fremont has used a simple form of autographic 
apparatus, recording the motion of the punch and pres- 
sure exerted at all parts of the stroke. The principal 
result obtained is that the maximum pressure required is 
proportional to the area sheared, and that for the same 
area cut through, a punching machine requires to exert a 
— nearly 50 per cent. greater than a shearing 
machine. 





CaTALo@uEs.—We have received from the Brush Electri- 
cal Engineering Company, Limited, of 49, Queen Victoria- 
street, London, a beautifully got-up pamphlet describing 
various central stations erected by them in different parts 
of the kingdom. The pamphlet in question is excellently 
printed on rough-edged paper, and the engravings leave 
nothing to be desired.—Messrs. Johnson and Phillips, 
of Old Charlton, Kent, have sent us an illustrated 
pamphlet destribing the power transmission plant erected 
by them at the Sheba Mines, South Africa. The power 
is generated by turbines which drive two-phase alternators 
of 175 electrical horse-power each. The line is about five 
miles long between the power-house and transformer 
station at the works. The transformed current is used 
for driving stamps and pumps. 





PIECEWORK AND ‘TIMEWORK AT Hutt. — Messrs. 
Priestman Brothers, Limited, of Hull, have found it 
necessary to issue a very important circular dealing with 
the question of piecework. It appears that the trade 
organisations will not allow piecework in the engineering 
departments of Hull works, and hence the works cost is 
very much greater in Hull than in other districts where 
wiser counsels prevail. Messrs. Priestman declare that 
they will find it necessary to transfer their works to some 
other locality unless some relaxation is made in these rules. 
As we understand the trades union argument against piece- 
work, it is to the effect that under it the men work hard, 
and hence a given job does not employ so many men. 
There is no doubt, however, that the system immensely 
cheapens the cost of work, and this reduction of price has 
a stimulating effect on the consumer and the market, for 
the product is thus widened. In the long run more men 
will be employed under the piece than under the time 
system. 





THE FEDERATED INSTITUTION OF MINING ENGINEERS.— 
A general meeting of the members of this society will 
be held in Birmingham on Tuesday, February 12, at 10.30 
a.m., in the examination hall of the Mason Science College, 
when the following papers will be read, or taken as read : 
** The Search for Coal beyond the Eastern Boundary Fault 
of the South Staffordshire Coalfield, with special reference 
tothe Hamstead Colliery,” by Mr. F. G. Meachem. “The 
Relative Progress of Railways and Waterways, and the 
Methods es by its Consideration for Promotiug 
the Arrested Development of the Latter,” by Mr. Urquhart 
A. Forbes. ‘‘Comparative Advantages of Railway and 
Water Carriage for Heavy, and especially Mineral, 
Traffic,” by Mr. J. S. Jeans. ‘* Condition of Canals in 
England, and a ag for their Improvement,” by 
Mr. Lionel B. Wells, M. Inst. C.E. ‘‘Canals,” by Mr. 
J. A. Saner, Assoc, M. Inst. C.E. ‘* The Severn Naviga- 
tion, with particular reference to Recent Improvements,” 
by Mr. E. D. Marten, M. Inst. C.E. ‘Inland Naviga- 
tion, with — reference to the Birmingham District,” 
by Mr. L. N. Vernon-Harcourt, M. Inst. C.E. ‘‘The 
Composition, Occurrence, and Properties of Black-Damp,” 
by Messrs. W. N. Atkinson and J. S. Haldane. ‘‘ Notes 
ou Bauxite in County Antrim, &c., and its Uses,” by Mr. 
George G. Blackwell. ‘Lithographic Stone,” by Mr. 
Edmund Spargo. ‘‘Sampling,” by Mr. T. Clarkson. 
‘** Remarks on the Banket Formation of Johannesburg, 
Transvaal,” by Mr. A. R. Sawyer. The following papers 
will be open for discussion: ‘‘ The Stetefeldt Furnace,” 
by Mr. C. A. Stetefeldt. ‘ Walling and Sinking Simul- 
taneously with the Galloway Scaffold,” by Mr. John 
Morison. ‘‘Timber Bridges and Viaducts,” by Mr. 
Morgan W. Davies. ‘“ Explosions in Nova-Scotian Coal- 
mines,” by Mr. Edwin Gilpin, Jun. ‘The Shaw Gas 
Tester for detecting the Presence and Percentages of Fire- 
Damp and Choke-Damp in Coalmines, &c.,” by Mr. 
Joseph R. Wilson. ‘The Proportion of Carbon Dioxide 
(¢ hoke-Damp) in Air which is Extinctive to Flame,” b 

rofessor Frank Clowes. ‘‘ Rating of Mines,” by Mr. EK. 
J. Castle, Q.C. ‘‘The Gold Deposits of Siberia,” by Mr. 
Antonin Foniakoff. ‘Gold and other Mineral Resources 
of Western Australia,” by Mr. R. Herbert Lapage. 
‘The Probable Range of the Coal Measures in Southern 
Engiand,” by Professor W. Boyd Dawkins. ‘The Salt 
Industry of Carrickfergus,” by Mr. Alex. Miscampbell. 
** An Open Scale Barometer,” by Mr. C. O. Bartrum. 
“The Mineral Development of Nova Scotia,” by Mr. E. 
Gilpin, Jun., Inspector of Mines. The annual dinner 
will be held at the Grand Hotel in the evening, and for 
the next day excursions have been arranged to the Ham- 
stead Collieries, the works of Messrs. Tangye, and the 





Sandwell Park Colliery. 
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February & at 8 p.m. Paper to be read: ‘ The Construction 
and Maintenance of Roads,” by Mr. Chas. H. Godfrey, Stud. 
Inst. C.E. Mr. J. Mowlem Burt, Assoc. Inst. C.E., will take the 
chair. 

Tue INSTITUTION OF ELECTRICAL ENGINEERS.— Thursday, Febru- 
ary J4, at the Institution of Civil Engineers, 25, Great George- 
street, Westminster, at 8 p.m. ‘‘ On Reversible Regenerative 
Armatures, and Short Air Space Dynamos,” by Mr. W. B. Sayers, 
Associate. ‘ 

Tue InstiTUTION OF JuNIOR ENGINEBRS.—Friday, February 15, 
at 8 p.m., at the Westminster Palace Hotel, Victoria-street. 
Paper to be read and discussed: ‘* The Practical Application of 
Alternating-Current Motors,” by Mr. Walter J. Fryer, A.I.E.E., 
Member. 

Nortu-East Coast InsPituTION OF ENGINERRS AND SHIPBUILDERS. 
—Tuesd.y, February 12, at 7.30 p.m., in the Lecture Hall of the 
Literary and Philosopbicsl Society of Newcastle-upon-Tyne. 
Mr. F. Caws will reply to the discussion on his paper on ‘‘ Ship 
Acceleration and Fluid Resistance.” Discussion on Mr. W. C. 
Mountain’s paper on “‘ The Design and Efficiency of Plant for the 
Transmission of Power by Electricity.” Paper on ‘* The bs apo 
tion of the Electric Arc to Machinery, Boiler Repairs, &c.,” by Mr. 
Henry Foster. 

Socirty or Arts.—Monday, February 11, at4 p.m. Cantor Lec- 
tures. ‘* Means for Verifying Ancient Embroideries and Laces,” 
by Mr. Alan S. Cole.—Wednesday, February 13, at8 p.m. Tenth 
ordinary meeting. ‘‘ Light Railways,” by Mr. W. M. Acworth. 
Sir Benjamin B ker, K.C.M.G., F.R.S., will preside.—Thursday, 
February 14, at 4.30 p.m. Indian Section. ‘ Village Communi- 
ties in Southern India,” by Mr. C. Krishna Menon, lecturer on 
Agriculture at the Sydapet College, Madras. Sir Charles Arthur 
Turner, K.C.I.E., will preside. This meeting will be held at the 
Imperial Institute, South Kensington. ‘ 

INsTITUTE OF MARINE EnGINBERS.—Monday, the 11th inst., at 
7 p.m., a paper by Mr. W. Trowell (Member), entitled ‘* Induced 
Draught.” 
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LIGHT RAILWAYS AND 
PARLIAMENT. 

Unuarpity the light railway problem appears 
likely to become a question of political warfare, the 
speeches on the first meeting of Parliament, on 
Tuesday evening last, giving warning of the coming 
fray. The event is unfortunate, but is characteristic 
of the evils of Government by party. We would 
gladly banish from our columns all such expressions 
as ‘‘Liberal” or ‘‘Conservative,” ‘‘Tory” or 
‘* Radical,” but it is impossible to ignore things 
that are occurring at one’s elbow, and the poli- 
ticians put their fingers in every pie. Engineers 
are seldom politicians; their calling is of too 
real and engrossing a nature for them to give much 
time to the trickery and make-believe which engages 
so large a part of the Parliamentarian’s attention. 
The first instinct of the engineer is to brush aside 
sophistries ; the chief aim of the Parliamentarian 
is to create them as weapons of Parliamentary 
warfare. It is as if the engineer were always 
arguing his case before an omniscient and impar- 
tial judge ; the politician’s appeal is to a prejudiced 
and half-educated authority—the public. 

The need of light railways is not, however, so 
much a question for the engineer as for the political 
economist, whose foe the Parliamentarian is even 
more than the engineer’s. For the present, then, 
the light railway question is one rather of social 











7\ than engineering importance, and it is with this 


aspect that we have to do at present. As Parlia- 


87 | ment is the governing factor in all these questions, 
8 we are forced to turn to what the politicians say, 


and note the distinctions of party politics. 

The present Government happens to have taken 
| up the light railway question and opened the pro- 
‘ceedings by a very sensible step, namely, calling 

together those best qualified to discuss the subject 
and taking their opinions. It was seen that one of 
the chief causes of agricultural depression was the 
need farmers have for a cheaper and more con- 
| venient means of carriage for their produce. Light 
railways appeared to many to offer the best solution 
| to the problem. 

In the Queen’s Speech at the opening of Parlia- 

ment, it was stated that ‘‘ agriculture continues in 
| seriously depressed condition. This subject is 





still under the consideration of the Commission 
appointed in the autumn of 1893. In the mean- 
time, a proposal will be submitted for facilitating 
the construction of light railways.” In the Minis- 
terial notices of motion on the same evening, the 
5th inst., an announcement that Mr. Bryce will 
bring in a Bill to facilitate the construction of 
light railways in Great Britain stands fourth on 
the list. One would think that such a measure 
would be quite outside the influence of party, but 
in Parliament nothing appears sacred which can be 
turned against an opponent. Of the reality of 
agricultural distress there can be no doubt. The 
Government makes it a feature in the official state- 
ment, and the leader of the Opposition is still more 
emphatic ; referring to the present as a ‘‘ state of 
agriculture more appalling than anything we have 
ever seen before.” The conference summoned by 
the Board of Trade to discuss the light railway ques- 
tion declared in favour of light railways—using the 
term in its broadest sense—as a means of improv- 
ing the farmer’s prospects ; but we are apparently 
to have a party fight before anything can . done. 
This means, in the present uncertain and evenly 
balanced state of parties, that the question is likely 
to be shelved indefinitely. 

Lord Salisbury referred to the Government action, 
saying it is proposed to place upcn agriculture ‘*‘ the 
burden of certain light railways which are supposed 
to be a panacea for all its ills. Agriculturists can- 
not find money for the most necessary operations 
of agriculture. They cannot find money to clean 
the land or to manure the land, and to tell them 
that if they are in distress their way is to levy a 
rate to make a light railway seems nothing better 
than illusory.” Lord Rosebery, in reply, said : 
‘There is scarcely a subject at this moment so 
imminent, so pressing, and so grave as the state of 
agriculture in this country ;” and he then went on 
to point out that this unfortunate condition of 
affairs is all but universal in all parts of the 
world, and to protest against Lord Salisbury, as he 
put it, ‘‘ making light of light railways.” ‘I do 
not say,” continued the Prime Minister, ‘‘ light rail- 
ways are an unfailing specific, but I will say this, 
that after a very careful conference, which was 
held under the auspices of my right honourable 
friend the President of the Board of Trade, it was 
felt that light railways did offer a prespect of relief 
for agriculture, not merely in England but in Scot- 
land, and that on that ground alone we might make 
an immediate step in that direction ; which, even if 
it were not largely operative, could not fail to some 
extent to be beneficial.” 

In the House of Commons, Mr. Balfour referred 
to agricultural depression as ‘‘now reaching the 
rank of a great national tragedy,” and said he did 
not believe there was any man who knew anything 
about the state of our agriculture who did not con- 
template its future prospects without something 
approaching absolute dismay. He wished to know if 
the Government was still of opinion that the railways 
should be constructed at the expense of the rates. 
Referring to his experience with light railways in 
Ireland, he said, ‘‘If those railways have been a suc- 
cess it is because the Government of the day kept 
inflexibly in view two fundamental principles. One 
was that the chance of a light railway paying its ex- 
penses was enormously diminished if it was placed 
under separate local management, and not under 
the general supervision and management of some 
great line of railway.” The second fundamental 
principle was that no local cost should be involved 
in the construction of the railway. Mr. Balfour 
further agreed that ‘‘ agriculture was never carried 
on under more hopeless circumstances than in those 
parts of the country where the producer could not 
carry his goods to market ; but if this was going to 
be an excuse for throwing a new burden on the rate- 
payers of districts already staggering under the 
load of local taxation, any pretended boon like that 
suggested will weigh down an already sinking in- 
dustry, and will be a burden and not an assistance 
to those it is intended to help.” 

It does not detract from the interest and 
importance of Mr. Balfour’s remarks that he is 
convinced that not one of the long list of 
measures put forward by .the Government ‘‘ has 
the slightest chance of becoming law.” We 
have now the assurance of both Lord Salis- 
bury and Mr. Balfour that what is still the most 
important industry is in the gravest danger; and 
Mr. Balfour, in the passages we have quoted, 
approves the construction of light railways pro- 
vided the cost does not fall on the rates. It will 
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be clearly his duty, therefore, if his side come into 
power, to initiate an extensive scheme of light rail- 
ways as a national undertaking ; supposing, of 
course, the burden is not taken by private enter- 
prise, and there is small enough prospect of that. 

Apart from political considerations and class 
interests, it seems reasonable that the burden of 
construction of light railways should be borne by 
those most intimately connected with their use. 
But we are assured that the agricultural industry is 
already taxed to the point of exhaustion. Now it 
is evident that, if only from considerations of 
national safety, we cannot abandon our agricultural 
industry altogether, and if it is in extremis the 
State must come to its aid. It is, of course, doing 
violence to the fundamental principles of political 
economy to bolster up one industry at the expense 
of others; and if agriculture cannot support its 
light railways, other industries must be taxed for 
their support. There are seasons, however, when 
it is wise to forget political economy for a time, and 
it would seem as if this were one. The general must 
sometimes give way to the particular. This is no 
argument that the State aid should not be in the 
nature of a loan, to be repaid when convenient ; the 
borrowers not being the judges of when such con- 
venient period has arrived. The details would be 
of immense difliculty to work out, but when matters 
have come to a desperate pass, difficulties must be 
faced and risks taken. 

Turning from the Parliamentary side of the 
question, we find that the report has now been 
issued of the Committee appointed by the conference 
at the Board of Trade on December 6 last—an 
account of which appeared on page 769 of our last 
volume. It will be remembered that there were no 
less than 25 members appointed to this Committee, 
it being necessary to include representatives of all 
the various interests involved. As might have been 
expected, with so many to satisfy, the report is of 
a very colourless description, in spite of which no 
less than seven of the Committee sign under re- 
servation, whilst two members do not sign at all, 
but present a separate memorandum. 

The reference was: (1) How far the usual re- 
quirements of the Board of Trade as to constructing 
and working new railways may fairly be relaxed, 
especially in the case of lines built through sparsely 
populated and agricultural districts? (2) Whether 
additional legal facilities for obtaining powers to 
construct tramroads and light railways are necessary 
and desirable / 

The Committee confined their attention chiefly 
to the use of light railways in agricultural districts, 
but they also considered the necessity of tramways 
and tramroads ‘‘in rural districts and urban dis- 
tricts not of the first magnitude.” It was not 
thought advisable to consider the case of main 
lines of railway or tramway on which the traftic 
might be expected to be of great magnitude. Mr. 
R. M. Beacheroft, the London County Council 
member of the Committee, takes exception to this 
exclusion of urban tramways, and though he signs 
the report, does so with a protest. He says that 
the conditions affecting the construction and work- 
ing of tramways and tramroads, as to safety of 
the public or otherwise, are so much alike in 
London and the rural districts that the same 
conditions apply to each case in regard to de- 
velopment. We are quite at one with Mr. Beach- 
croft when he insists on the importance of the 
passenger transit problem in crowded cities, but 
we think the Committee was right in not mix- 
ing the urban and rural questions, even in 
regard to the cost of acquiring land, and the 
financial difficulty of starting new enterprises that 
are not likely to be of a paying nature. Whether 
the problem of carriage of agricultural produce, or 
that of cheap conveyance for the working classes 
from their work in the cities to their homes in the 
suburbs, be the more important question, need not 
now be considered, but if the city yspect had been 
admitted to the discussion there is little doubt it 
would have swamped the agricultural side of the 
inquiry. The urban transit problem requires an 
investigation to itself. It absolutely bristles with 
matters of controversy which have no bearing on 
rural economy. 

The existing Great Britain which 


law in 


specially affects the construction and working of 
light railways is, we are told by the report, mainly 
contained in the Railway Constraction Facilities 
Act of 1864 (27 and 28 Vic., cap. 126), the Regula- 
tion of Railways Act of 1868 (31 and 32 Vic., cap 
110, part v.), and the Tramways Act of 1870 (33 and 


34 Vic., cap. 78). For tramways a confirming Act 
is necessary, even when compulsory powers of 
taking land are not asked. Tramroads, as distin- 
guished from tramways, are only dealt with ina 
Standing Order of the Houses of Parliament. 

No light railways have been constructed under the 
Acts of 1864 and 1868, owing to the fact that the 
consent of all landowners and others interested 
has to be obtained, and to the necessity of 
absence of opposition from any railway or canal 
company. The mileage of such lines constructed 
under special Acts has been inconsiderable. This 
lack of progress in rural districts is also, we are 
told, in a great measure due to the want of latitude 
left to the Board of Trade by law, and, in some 
cases, by the conditions which the Board consider 
it their duty to impose for the public safety. 
Obstacles have also arisen in consequence of the 
local authorities requiring conditions considered 
too onerous by the promoters of the scheme. 

We have, in our former article, expressed our 
opinion on the ‘‘ public safety ” element, which has 
been pushed to an extreme. There is little doubt 
that the large railway companies would have done 
something—perhaps a good deal—towards extend- 
ing their system into the more sparsely populated 
districts if some relaxation of the costly require- 
ments of the law in regard to public safety had 
been possible. The Committee believe that impedi- 
ments to construction may be greatly diminished, 
an opinion which was a foregone conclusion after 
the discussion of last December. ‘‘It seems 
reasonable,” says the report, ‘‘that details as to 
route, width of gauge, fencing, level crossings, 
bridges, gates, the use of public roads, stations 
and station requirements, signals, continuous 
brakes, and many similar matters—unnecessary 
expenditure on which, taken together, adds greatly 
to the cost—should differ in different parts of the 
country, depending in each case upon the nature of 
the country and the traflic to be conveyed.” The 
same remarks apply to speed and regulations for 
safety in working. 

Turning to the more purely financial aspect of 
the question, the Committee are of opinion that 
the provisions for deposit of security, lodging of 
plans, advertisements, &c., could be relaxed ; 
further, itis considered that undertakings of limited 
scope, approved by a locality, should not be forced 
to have recourse to the expensive tribunal of Par- 
liamentary inquiry. It is suggested in the report 
that the recent creation of popular local authorities 
opens the door to an escape from the great cost 
attending applications to Parliament. The authori- 
sation and control of light lines might be con- 
ferred on these bodies, an ultimate appellate juris- 
diction being reserved to the Government Depart- 
ment now charged with the inspection of railways. 

Unfortunately the ‘‘ popular” local authorities re- 
ferred to are not so universally popularthat the large 
powers it is now proposed to vest in them, subject 
only to the veto of the Board of Trade—which 
possibly will be very perfunctorily exercised—will 
be conferred without a large measure of opposition. 
Mr. Balfour’s views are in direct opposition to 
those of the Committee. In this constitutional 
country our only method of government is by 
majority, and if any one section finds its interests 
unduly threatened, it is an additional incentive to 
activity. Perhaps the chief benefit that will accrue 
from the creation of the so-called ‘‘ popular local 
authorities” will be that it will compel a class 
hitherto foolishly supine in matters of local govern- 
ment to make exertions for the protection of its own 
interests. It behoves the better educated part of 
the community not only to exercise its full voting 
strength, but to take steps to educate the less well- 
informed upon the true principles of local govern- 
ment, and not leave instruction on the responsi- 
bilities of citizenship to self-seeking demagogues 
and half-informed, if honest, enthusiasts. In the 
complex state of high civilisation the good of one 
class is so inextricably mixed with that of all others 
that ignorance and prejudice are the only real foes. 
As a safeguard to owners of property, a class neces- 
sarily in the minority, the Committee suggest that 
after the proposals for construction have been sub- 
mitted to the County Council, ‘in all cases a 
majority of assents in number and value of owners 
and frontagers should be required, and in cases of 
compulsory acquisition of land there should be a 
power of appeal to the Board of Trade.” The Com- 
mittee do not deal with the question ‘‘as to 
whether, and, if so, on what conditions it is desir- 





able that local authorities should be empowered to 








contribute funds towards undertakings of this 
character.” 

It is a necessity of a problem of such complexity 
and far-reaching effect, as that of the proposed 
light railway scheme, that the two great political 
parties should view the matter from a somewhat 
different standpoint, but it will be seen from 
the report that there is common ground upon 
which both may stand in agreement if they 
will. Even if some sacrifice of political opinion 
had to be made on either side, the good that would 
follow an improved means of intercommunication 
in rural districts would far outbalance any draw- 
back that would follow to the class more particu- 
larly represented by either party. Agricultural 
industry is in an exceedingly precarious state, 
and in the face of a national danger such as 
this, political conflict should be in abeyance, and 
both parties make common cause to meet the diffi- 
culty. In place of that we fear there is every 
prospect of the old wearying, profitless strife being 
carried on, and the true interests of the country 
being subordinated toa game of ‘‘ ins” and ‘‘ outs” 
at St. Stephen’s. 

We have here referred only to what appear to 
us the more salient features of the case. The 
question will come to the fore again shortly, and we 
shall then deal with certain details of construction 
and working, some of which are alluded to in the 
appendices attached to the Committee’s report. 





THE CORROSION OF IRON AND STEEL. 


In an article dealing with the corrosion of iron 
and steel, published in ENGINEERING, February 9, 
1894, we stated that the process was by no means a 
simple one, and pointed out how greatly the rela- 
tive liability to rust of two bars of iron or steel were 
effected by very minute changes in the chemical 
composition of the metal. An additional proof of 
the importance of small physical changes is to be 
found in some interesting experiments described in 
a paper by Mr. Thomas Andrews, F.R.S., M.I.C.E., 
published in vol. cxviii. of the Minutes of the Pro- 
ceedings of the Institution of Civil Engineers. It 
has long been known that when two bars of iron 
are coupled up with a delicate galvanometer, and 
immersed in an electrolyte, the chances are that a 
deflection of the galvanometer will be observed, 
showing that one of the metals is more easily rusted 
than the other. The difference of potential thus 
made manifest is easily accounted for by a dif- 
ference in the chemical constitution of the bars. A 
puddled ball has been likened to a dirty sponge, 
and it is easily conceivable that the subsequent 
squeezing or shingling may not clean all and every 
of these sponges equally effectually. An exceedingly 
small difference in composition, or in the state of 
the surfaces of two metals, is suflicient to establish 
a current between them when the two are placed 
in an electrolyte and coupled up. Thus, if a bar 
of any metal is cut into two parts, and one of 
these parts is heated, allowed to cool, and finally 
coupled up with its fellow and placed in an electro- 
lyte, it will at once be seen that the two metals 
are at different potentials. This difference will, 
however, quickly be reduced by polarisation. 
Mr. Andrews’ experiments seem to show that the 
same thing occurs when one portion of a bar is 
subjected to mechanical work, by being stretched 
in the testing machine, whilst the other portion 
is coupled up in its unstrained condition. His 
experiments were made on large rolled wrought- 
iron bars and wrought-iron hammered shafts, 
Bessemer ‘steel and Siemens steel forged shafts; 
also large bars of soft Bessemer steel, hard Bes- 
semer steel, soft Siemens steel, hard Siemens 
steel, soft cast steel, nickel steel, chromium steel, 
silicon steel, and copper steel. Experiments were 
also made on rolled plates of wrought iron, soft 
Bessemer steel, soft Siemens steel, hard Siemens 
steel, and soft cast steel. The chemical composi- 
tions and general physical properties of the metal 
experimented on were investigated, and the results 
obtained were given in fourteen Tables, which alone 
represent an enormous expenditure of labour and 
a great outlay of money. Mr. Andrews has ex- 
pended much time and enthusiasm on this subject. 
He has not approached it from the side of the 
laboratory, but from that of the workshop, his test 
bars being of the size of pieces used in actual engi- 
neering construction, and not pieces of afew grains 
or ounces in weight. They were 34 in. and 3} in. in 





diameter, and some were forged shafts 43 in. up to 

















Fes. 8. 1895. | 


ENGINEERING. 





183 











5$ in. in diameter. The plates were .; in. in 
thickness. 

An interesting point is that in every case the 
unstrained metal oxidises the more easily of the two. 
The method followed was to make a test bar with 
large ends, 3 in. long and { in. in diameter between 
shoulders, and elongate it 20 per cent., or pull it 
in two in the testing machine. One half of 
the bar was then put in the lathe and turned to 

in. diameter, except where it had been reduced 
below that diameter by elongation, and the 
greater part of the enlarged end was cut away, 
the strained portion being untouched except to cut 
the ragged end square. The other half had its 
larger end—which had been held by the clamps— 
cut away to bring it to the contour of the strained 
and elongated portion of the corresponding half. 
The result was two pieces of metal of similar shape 
and size, one of which had had its taper end pro- 
duced by straining in the testing machine, while 
the other owed its taper end to being turned in the 
lathe. When these two pieces had their taper ends 
immersed to a depth of jin. in a solution of com- 
mon salt, they formed a galvanic couple, whereof 
one element was strained and elongated, while the 
other had suffered no deformation. Coupling these 
bars with a galvanometer, asensible current was ob- 
served, its direction being such as to show that the 

“unstrained” metal was being the more rapidly 
corroded. The experiments were, as we have 
already pointed out, repeated with all the prin- 
cipal varieties of wrought iron and steel, several 
of the special steels being also tested, notably 
nickel and chrome steels, and the results in 
all cases showed that the ‘‘ unstrained” metal was 
the more liable to attack. Similar experiments 
were also made with bars strained in torsion and 
by bending, the experiments leading to the same 
conclusion, and showing clearly that the cold work- 
ing of the metal diminished its tendency to rust. 

The experiments on tensile stress showed an 
average electromotive force between the strained 
and the unstrained portions of wrought-iron shafts 
of 0.016 volt. Under similar conditions, bars of 
soft Bessemer steel gave an electromotive force of 
0.019 volt ; hard Bessemer steel, 0.006 volt; soft 
cast steel, 0.003 volt ; hard cast steel, 0.003 volt; 
silicon steel, 0.004 volt; aluminium steel, 0.004 
volt ; nickel steel, 0.003 volt ; rolled wrought-iron 
bars, 0.002 volt; soft Siemens steel, 0.005 volt ; 
hard Siemens steel, 0.005 volt ; copper steel, 0.006 
volt ; chromium steel, 0.001 volt ; Bessemer steel, 
hammered forgings, 0.011; and Siemens steel, 
hammered forgings, 0.006 volt. In the observa- 
tions on all these metals, the unstrained metal was 
found to be in the electro-positive position, corre- 
sponding to the zinc element in a galvanic 
couple. The results of the experiments with 
torsional stress, and flexional stress on plates and 
bars, were similar to the above, although the 
electromotive force varied a good deal in the several 
cases. But in all instances the unstrained metal 
was electro-positive to the other, and was more 
freely acted upon by the electrolyte than its com- 
panion. ‘‘ It may be surmised,” says Mr. Andrews, 
‘that the extent of the galvanic current set up 
from the causes referred to, and the consequent 
rate of corrosion, will vary according to the extent 
of the stress to which metals may be subjected. 
The electric measurements ought, perhaps, to be 
regarded as tentative indications, establishing a 
general principle, rather than as absolute measure- 
ments, for purposes of accurate comparison of the be- 
haviour of the various metals.” Mr. Andrews arrived 
at the following conclusions: that wrought iron and 
various steels, when exposed singly and separately, 
without liability to galvanic action other than local, 
to the action of sea-water for long periods, showed 
a greater corrosion on the part of all the steels than 
the wrought iron, the advantage in favour of the 
wrought iron as compared with the steel amounting 
roughly to 25 per cent. and upwards. It was also 
noticed that corrosion was increased in the steels in 
proportion as the percentage of combined carbon 
was greater. Further, it was found that the 
galvanic action between wrought iron and steel 
induced a largely increased total corrosion in the 
several metals. 

_Mr. Andrews attributes, in the concluding por- 
tion of his paper, the difference of behaviour to 
the stress to which the metal had been subjected. 
As will appear from what has been said above, this 
view has no evidence in its support, the whole of 
his experiments having been performed on pieces 
that had been strained far beyond the elastic limit. 





Probably he uses the word ‘‘ stress” in the sense of 
meaning a force sufficient to cause permanent de- 
flection, and understood in this way, his experi- 
ments and his conclusions are in accordance with 
one another. It would, of course, be difticult to 
find a piece of metal that had not been subject to 
stress. His test-pieces of unstrained metal were 
not annealed after being machined. It is very 
difficult to believe that stress, unaccompanied by 
‘mpeg set, would have had any effect on the 
ar at all, and we should be surprised if, on trial, 
a piece of a bar strained well within its elastic 
limit, showed any change in its electro-chemical 
properties on the load being removed. 

If, however, one portion of a bar were kept, whilst 
in the solution, in a state of stress, whilst the other 
part was free, there would obviously be a difference 
in the rate at which they corroded. This is easily 
seen, for if a spring were coiled up and placed in 
acid in such a way that it was eaten away without 
being allowed to uncoil, more heat must be given 
out in the process than if the same spring were dis- 
solved whilst in an unstressed condition. In the 
former case a certain amount of work is stored up 
in the spring, and must be accounted for at the 
finish. The amount of work which would be stored 
in such a spring, expressed in heat units, is doubt- 
less very small compared with the total heat of com- 
bination of the metal with the electrolyte, and it 
would probably be very difficult to measure the 
difference in the heat evolved in the two cases. It 
would, however, be very easy to design an experi- 
ment which would show clearly any difference in 
the facility with which the coiled and uncoiled 
portions of a spring could be dissolved. It would 
be sufficient to bend a piece of steel in an G-shape 
and fix it in an acid bath so that it could not 
straighten itself. Then the middle of the § is 
comparatively unstressed, and should waste away 
at a different rate from the most bent portions. 
The difference, in all probability, will, if tried, 
prove to be so small as to be of no practical im- 
portance. , 
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THE WEATHER OF JANUARY, 1895. 
Tue weather of January throughout the British 
Islands has been unusually severe. 
** Restless, icy, grim, and pitiless, 

The iron grip of frost was on the earth.” 
Temperature, much below the normal. value in 
all parts, persistently fluctuated just above and 
much below the freezing-point, so that, though the 
ice kept over standing waters, it did not for many 
days together remain very strong, and skaters had 
only snatches of pastime. Cold blew the bitter 
biting north. It was, indeed, winter cold and rude. 
The chilling frost wind, quick and keen, proved 
that ‘‘many can brook the weather that love not 
the wind.” Perhaps such a January has not been 
experienced since 1881. The mean pressure and 
temperature of the atmosphere at extreme posi- 
tions, to which the Isle of Man is central, were as 
follows : 























- | Mean ‘ 

sas Mean Difference Difference 

Positions. Pressure. | from Normal.| — from Normal. 
q 
in. in. | deg. deg. 

North 29.74 above 0.10 | 35 below 4 
South 29 70 below .26 41 se 
West 29.79 above .01 | 40 ae 
East 29.67 below .19 84 ue 
Central 29.72 me oki 37 aw 


Precipitation was chiefly in the form of snow, 
but estimated as rain, its mean distribution in 
frequency and quantity may be roughly inferred 
from the following results : 





| Difference 











Places. | Rainy Days. | Amount. | from Normal. 
in. ip. 
Sumburgh .. ae 25 4.69 0.97 more 
Scilly ES te 29 4.99 re 
Valentia = 22 6.13 | 0.56 less 
Yarmouth .. 26 3.74 | 1.79 more 


The daily general directions of the winds over 
these islands give a resultant from N. by E., widely 
differing from the normal, S.W. by W. The weather 
notations indicate clear fine days to have ranged 
between eight in the central and two in the north ; 
overcast days, between 20 in the north and 12 in 
the south district. Fog was reported on five days 
on the east of England. The mean temperature at 
8 a.m., Greenwich time, for the entire area of these 


islands, at sea level, was 40 deg. on the 2nd, fell 
gradually to 32 deg. on the 9th, rose to 41 deg. on 
the 16th, fell irregularly to 35 deg. on the 21st, 
rose to 39.5 deg. on the 24th, fell to 28.5 deg. on 
the 28th, was 36 deg. on the 29th, and 31.5 deg. on 
the 31st; so that the month ended about 8 deg. 
colder than it commenced, though normally tem- 
perature should be rising. The highest tempera- 
ture, 56 deg., was reported at Prawle Point on the 
20th ; the lowest, 2deg., at Hillington on the 
27th. At 8 a.m., 10th, while Sumburgh Head had 
temperature 38 deg., York had only 16 deg.; 
llth, Scilly 41 deg., York 14 deg., Aberdeen 
11 deg.; 12th, Sumburgh 40 deg., Cambridge 
17 deg.; 27th, Scilly 39 deg., Yarmouth 16 deg.; 
29th, Belmullet 47 deg., York 24 deg., London 
21 deg.; 31st, Wick 27 deg., Nairn lldeg. As 
the days of snow (including rain) were numerous, 
and the quantity excessive only in England, there 
were few instances of large daily falls; but 
on the 13th 1.08 in. was measured at Hurst- 
castle, and 1.25 in. at Valentia; 18th, 1.04 in. 
at Aberdeen; 21st, 1.08 in. at Loughborough. 
At Dublin the snowfall on the 12th equalled 
1.8 in. of water. The duration of sunshine 
was about normal; 7.6 hours were recorded at 
Scilly on the 31st, 5.2 at Greenwich on the 20th, 
the temperature of the day being 9.2 deg. above 
the normal. At this observatory the minimum 
temperature was below freezing-point on 22 days, 
and the mean daily temperature was about 10 deg. 
below the normal on 11 days ; the wind pressure 
attained 13 lb. on the square foot on the 13th, 
15.5 lb. on the 23rd. Strange to say, the metro- 
politan death-rate has not been much affected, 
averaging 18.6, notwithstanding the asperity of the 
weather and the violence of the wind. 

On the 11th the centre of an atmospherical dis- 
turbance was located off the south-west of Ireland, 
where, at 8 a.m., 12th, the barometrical pressure 
was 28.9 ; 13th and 14th, 28.6 ; 15th, 28.7. During 
these five days the storm was stationary. It now 
began its progress. On the 16th it was off Water- 
ford, 28.5; on the 17th, 28.5 near Manchester ; 
18th, 29.2 off Kelso, and going north-eastward, 
soon filled up. This cyclone gave a week of gales, 
squalls, strong wind, broke up the frost on the 
13th, and the weather was rather mild, sloppy, wet 
till the 21st. At 8 a.m., 20th, another disturb- 
ance, centre 29.3 in., was off the Land’s End, and 
by next morning had attained with extraordinary 
speed Bodo, in Norway, 29.35, where it appeared 
as 29.25 on the 22nd, going S.S.E. to Fano, 29.1, 
on the 23rd. Another storm set off from Wick, 
28.9, on the 24th, down the North Sea, to Berlin, 
29.1, on the 25th. The greatest atmospherical 
pressure, 30.7, occurred in the extreme north on 
the 30th. 

On the 23rd a secondary cyclonic disturbance 
travelled from N.N.W. to 8.S.E. over the greater 
part of England, at the rate of 50 miles an hour 
over the Midlands, and left by way of Sussex. 
In London, about 10 a.m., thunder was _ twice 
heard, then slight lightning was followed by thunder 


- | in a few seconds, then a more intense flash heralded 


a cloud streaming through the streets, and causing 
absolute darkness. Suddenly this cloud seemed to 
explode with an enormous flash of intense white 
light and startling thunder, a large quantity of 
hail immediately falling. After 10 or 15 minutes 
the dark cloud had moved away and a snowstorm 
in asqually N.W. wind followed tilllla.m. The 
day then became clear with bright sunshine, pass- 
ing into a steely blue sky at night. Such a short, 
sharp, vivid thunderstorm is quite unusual in 
winter. The cloud evidently moved along the 
ground, and London was in its darkness. Its up- 
ward extension must have been considerable, for 
the lightning was seen all over the metropolis, if 
not over a greater area, and the time intervals 
were almost imperceptible anywhere. Thunder- 
clouds are often seen to be intensely black in 
summer, but then they are far aloft. The pheno- 
menon affords one of the best instances for a 
scientific study of a thunderstorm that has occurred 
in recent years. 

Trains and telegraphs were interrupted by snow 
in Scotland. The upper Thames and the rivers of 
central England were flooded by the 22nd. Arable 
operations have been suspended since Christmas. 
The changes of late, said the Shipping Gazette of 
the 26th, ‘‘ have been so exceptional and of such a 
character that it has been thoroughly impossible to 
foresee them, and consequently it is entirely be- 





yond the power of the forecaster to take them into 
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his caleulation.” Its leader-writer had written on 
the 14th : ‘‘ Unfortunately it is not yet within the 
province of our weather prophets, official or other- 
wise, to tell us with any certainty the path that a 
storm will follow when even it is known to be in 
close proximity to our coasts. The behaviour 
of the storm areas in this respect is too erratic to 
be reduced to law and order with our present 
limited knowledge of meteorology. And why the 
storm system should suddenly halt instead of con- 
tinuing its course to the eastward is extremely 
puzzling. We know that it is due tothe fact that 
the European area of high barometer does not give 
way. But why doesit not give way? It will often 
do so under what appears to us precisely similer 
circumstances. These are merely some of the pro- 
blems which meteorologists have yet to solve, but 
the whole subject of storm generation is one of 
vital importance to the sailor, and very little infor- 
mation appears to have been forthcoming in this 
direction of late years.” 

Mr. H. W. Williams reports that the tide at the 
East India Dock, London, at 9.10 p.m., 23rd, rose 
3 in. above the Trinity datum and then fell 5 ft. 
4in. to midnight. It again rose 5 in. to 1 a.M., 
24th. The peculiarity was due to the gale of the 
23rd. 

During the five weeks ending February 2 the 
duration of bright sunshine, estimated in percentage 
of its possible amount, was for the United King- 
dom 22, Channel Isles and south-west England 30, 
west Scotland 27, south Ireland 25, south England 
24, north Ireland 23, central England 20, north-east 
and north-west England 18, east England 17, east 
and north Scotland 15. 





THAMES BRIDGES.—No. IV: 
6.—Tue BiackFriakS BripGE or THE LONDON, 
CHATHAM, AND Dover Rattway Company. 

CoNSIDERABLE interest attaches itself to this, 
the first railway bridge constructed over the 
Thames within the City limits, because it consti- 





a pressing necessity that terminal accommodation 
in London should be secured ; that the company 
should be independent of the facilities given them 
by the London and Brighton at Victoria; and 
further, that they should be able to enter the 
City and make connections with the Great Northern, 
the Great Western, and other northern systems, 
through the medium of the then uncompleted Metro- 
politan Railway. Time has fully justified this ex- 
tensive scheme, though at the time it was impossible 
to predict how great and important was to be the 
Continental traftic—freight and passenger—in the 
future, or to foresee that further vast sums would 
have to be expended in the construction of lines and 
station accommodation for business that then was 
not even in existence. The London, Chatham, 
and Dover Bill of 1860 was a very impor- 
tant one. When it passed into law the com- 
pany was empowered to construct 14 miles of rail- 
way, much of which ran through crowded and valu- 
able property on the southern side of the river, to 
say nothing of those (then) remote suburbs of 
Loughborough-road, Brixton, and the rest, and 
which owe their present dimensions mainly to the 
construction of the railways sanctioned under this 
Act. The new extension commenced near Beck- 
enham, and followed the well-known route to 
Dulwich, where it was divided, one branch run- 
ning towards Victoria, the other passing through 
Camberwell, Walworth, and Newington, finally 
arriving at the Thames a short distance below 
Blackfriars road bridge. The site was, in a sense, 
unfortunate for the company. That the old Black- 
friars Bridge of Mylne was to be removed, and re- 
placed by a sounder and more woi1thy structure, 
had been decided on in principle, but not in 
detail, and the permission to place a rail- 
way bridge across the river at the site selected 
was made contingent on the condition that its 
spans should correspond with those of the new 
road bridge. This condition was a very necessary 
one in the interests of navigation, which might 
have been endangered by the close proximity 


in excavating through a thick bed of loose stone 
and artificial débris. The dimensions of the dams 
were as follows: Length, 90 ft.; width, 63 ft.; 
distance between piles forming the puddle chamber, 
6 ft. 6 in. on the Surrey side, and 8 ft. on the 
Middlesex shore. The length of the piles used in 
making the cofferdams was about 46 ft. in the outer, 
and 35 ft. in the inner wall of the dam. When 
completed, the water was pumped out and excava- 
tion commenced ; the date of this stage of the work 
on the Surrey side was April, 1863. Here the ex- 
cavation was taken down to a depth of 30 ft. 
below Thames high water. On the Middlesex 
shore the clay occurred only at 10 ft. greater 
depth. The area of the foundations having 
been levelled, it was covered with Portland cement 
concrete to a depth of 4 ft. 6in., and on this the 
brickwork of the abutment was commenced. All 
the brickwork was set in Portland cement, and 
above low-water level is faced-with Portland stone 
about 3 ft. thick, and well bonded into the brick- 
work. It may be mentioned that as it was found on 
the Middlesex shore that a solid bed of gravel over- 
laid the clay, the north abutment was founded on 
this at a depth of 33 ft. below Thames high water, 
so that on this side the clay was not reached. 
The pier foundations consist of cylinders, a some- 
what novel form of construction at the time ; these 
cylinders are not carried up to the underside of the 
girders, but only to a short distance below low 
water, and carry groups of columns to form the 
piers. 

Each pier is composed of three cylinders 18 ft. 
in diameter and placed 26 ft. 9in. apart from 
centre to centre. The permanent lengths of the 
cylinders are three in number, two of them 10 ft. 
long and one 15 ft.; these were sunk from a level 
of about 2 ft. beneath low water to depths varying 
from 17 ft. to 25 ft. into the London clay; with 
one or two exceptions, the cylinders are sunk toa 
depth of 55 ft. below Trinity high water. The 
ler gths were lowered between guide piles, and as 
soon as they touched the clay (in some cases sooner) 








tuted a very important link in the chain of railway 
communication between the northern and the 
southern companies. At the time when the scheme 
for building this bridge was under consideration, 
the London, Chatham, and Dover Railway 
had no lines of its own running into London ; 
it terminated somewhere between Beckenham and 
the Crystal Palace by a junction with the London, 
Brighton, and South Coast Railway, and ran over 
the rails of that company into the then somewhat 
limited station at Victoria, which, in 1860, formed 
the new London terminus of the London, Brighton, 
and South Coast Railway, in lieu of the remote and 
inconvenient terminal on the opposite side of the 
river at Battersea, which was then abandoned for pas- 
senger traflic. In 1860 the prosperity of the London, 
Chatham, and Dover Railway was at its zenith; and 
those guiding its fortunes were untiringly accumu- 
lating liabilities for future managers. It was clearly 





Otp BiackFRiaRS BRIDGE. 


of the two structures. The design for the new road 
bridge was not settled till two years later, and the 
commencement of the railway bridge works was 
consequently postponed till 1862. 

The extreme length of the bridge, including the 
abutments, is 1014 ft., divided into five spans, as 
follows : 


Fo. 
Two shore spans a 160 
Two intermediate span 176 
One central span... sks 185 


The abutments and piers thus occupy a width of 
157 ft., and the clear waterway is 857 ft. The abut- 
ments were built inside cofferdams, which were of the 
ordinary construction, on both sides of the river. 
As the London clay at this point falls considerabl 
from the Surrey to the Middlesex shore, the mate 
was somewhat heavier in the latter abutment, while 
on the Surrey side much difficulty was encountered 


| the material was removed from within them. The 
clay was excavated to a depth of 5 ft. beneath the 
/second and third piers, and at the same time was 
undercut so as to increase the diameter of the base 
|to 21 ft. The cylinders were loaded with rails 
| and kentledge to assist in sinking, a weight of from 
| 150 to 190 tons being applied for this purpose. 
|To the tup flange of the permanent cylinders, 
|temporary caissons of lighter construction were 
/secured ; these were taken up above _high- 
/water level, so that work could be carried on 
continuously at all stages of the tide. From the 
| bottom of the excavation to a height of from 
|7 ft. 6in. to 10 ft. the cylinders were filled with 
| Portland cement concrete ; above this they were 
filled to the top with brickwork set in cement. On 
the top of this brickwork, which rose to within 2 ft. 
of Trinity high water, masonry was set for a height 
of 23 ft., or 3 ft. above high water ; this masonry is 
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17 ft. 6 in. in diameter at the bottom and 17 ft. in 
diameter at the top. Upon the masonry are laid 
the granite bedstones that form the bases of the 
clustered columns supporting the superstructure ef 
the bridge ; these bases are 2 ft. in thickness and 
octagonal in shape, Upon them were set the 
groups of columns; these are of cast iron 5 ft. 
in diameter and 22 ft. high; they are clustered 
in groups of four, and are of the design indicated 
in the illustration on page 180. The columns 
forming each group are bolted together and are 
made 1}in. thick beneath the outer, and 1} in. 
thick under the central girders ; all of them are 
filled with brickwork set in cement. On the tops 
of the columns surmounting the cylinders, the 
girders are placed that carry the main girders of 
the bridge. The groups of columns were tested 
to ascertain the amount of settlement under a 
maximum load ; it was found that with 950 tons 
the settlement was 14 in. 

The superstructure of the bridge is arranged for 
four lines of rails; the extreme width over the 
girders is 53ft. 6 in. There are three main girders, 
the centre one being double the strength of the 
others; the platform and tracks are carried by 
cross-bearers attached to the bottom flanges of the 
main girders. The following are some of the lead- 
ing dimensions of the latter : 


Ft. In. 
Length of two outer spans... aie 176 6 
BE »» intermediate spans ... 192 2 
9 central span ... x ss 202 6 
Width of outer girders ... es ats 3 0 
Pe central girder... ase om 4 6 
Height of main girders ... : aoe 15 6 


The top and bottom flanges are of trough 
section, with side plates 1 ft. 9 in. deep and 
? in, thick; they are riveted to the top and 
bottom tables by means of angle-irons 5 in. by 
5 in. by 2? in. The number of plates in the 
upper and lower tables, vary from one to four 
in the outer, and from one to five in the 
inner, girders ; no cover strips are used, an extra 
plate being added in order to give a better appear- 
ance to the girders. The ties of the lattice con- 
necting the top and bottom tables are of flat bar, 
decreasing from 10 in. by 1 in. to 5 in. by # in. ; 
the struts are made of double channel irons set at 
some distance apart, and braced together by light 
zigzag bracing and pipe stays. The struts are 
riveted to the inside of the vertical trough plates, 
and the ties to the outside. The cross-girders are 
spaced at distances of 4 ft. ; they are attached to 
the bottom flange of the main girders, and are 
riveted to the vertical side of the trough. These 
bearers are made of plate stiffened by angle-irons 
at top and bottom ; the depth in the centre is 21 in., 
and at the ends 12in. Between them are riveted 
the rail bearers, one of these being placed beneath 
each rail; they are 17 in. deep, and are made up 
of a thin plate web and top and bottom angle-irons 
2} in. by 24in. by # in. The main girders are 
connected overhead at intervals—three in each 
span—by light cross-girders. 

The following are the weights of the ironwork 
employed in the bridge : 


Tons. Tons. 
Two shore spans: four outside 
girders, each... og - 94 ... 376 
Two intermediate spans: four out- 
side girders, each Se «os We. 453 
Central span: two outside gir- 
ders, each... es a3 say) | ee sc) See 
Two shore spans: two centre 
girders... ac s <i i410 ..« S88 
Two intermediate spans: two 
centre girders... = a OS 3, Sip 
Central span : one centre girder 234 ... 234 
450 cross girders and rail bearers... . 600 
30 overhead girders = % 40 
Total ... 2702 


The ironwork was made at the Crumlin Iron Works 
at an average price of 28/. per ton ; the total cost 
of the bridge was 220,0001. The design and execu- 
tion of the bridge were due to Messrs. Joseph Cubitt 
and F. T. Turner ; the works were commenced in 
April, 1863, and were finished in December, 1864. 
The resident engineer was Mr. W. H. Thomas, 
M. Inst. C.E., of 15, Parliament-street, and to him 
we are indebted for the particulars we have given of 
this interesting work. 


7.—BLACKFRIARS BRIDGE. 


The ‘aga Blackfriars Bridge was opened to 
the public on November 6, 1869; it superseded 


the elegant structure designed by Robert Mylne, 
and the foundation stone of which had been laid on 








October 31, 1760. The illustration on page 184 
shows the design of the old bridge, which was 
erected under the auspices of the City of London 
Corporation. Before its completion London Bridge 
afforded the only means of cross-river communica- 
tion within the City limits. At that date London 
Bridge was crowded with houses, and the width of 
roadway was but narrow. The condition of that 
bridge was the cause of much anxiety, and afforded 
work for many committees appointed to consider its 
improvement. About 1750 the City Architect sub- 
mitted a project by which after the houses were 
removed (thus causing a loss by rentals of 490I.) 
the roadway could be increased in width to 33 ft., 
and a footway on each side, 6 ft. wide, provided. The 
proposal was not adopted, and after a delay of some 
years and the preparation of manyschemes, the plans 
of Mr. Robert Mylne, in opposition to those of 
Smeaton, were accepted in February, 1760. The con- 
tract was let on April 26 following for 110,000/., and 
work was commenced in October. The bridge con- 
sisted of seven arches resting on piers with piled 
foundations ; these piers were built in timber 
caissons floated into place and sunk. The bridge 
was finally completed in November, 1769. The 
total cost of the bridge and adjacent work, includ- 
ing approaches, the arching over of the Fleet Ditch, 
&c., was 166,217/., the cost of the bridge itself being 
152,840/. During the several years occupied in its 
construction, more than 80,000/. had been spent in 
repairing London Bridge, and the bridge at West- 
minster cost 218,810/. It may, therefore, be con- 
sidered that Blackfriars Bridge was erected very 
economically. Apparently, however, much bad 
work had been putin, for very extensive repairs 
were necessary 70 years after. The decay of the 
bridge was hastened by the opening of new London 
Bridge, the widened waterway of which caused an 
increased scour in the bed of the river and induced a 
settlement in the foundations. In 1833 repairs 
costing 90,000). were carried out, but it was 
evident that the useful life of the bridge could be 
prolonged only a few years. The City Corporation 
about 1860 invited competition for a new bridge, 
and that of Mr. Joseph Cubitt was selected, the 
estimate being 269,000/. Work was commenced in 
June, 1864. The bridge consists of five arches of 
the following spans and headway: 











| | Springing 
— | Spau | Level above Clear 
e | Trinity High | Headway. 
| | Water. 
ft. in ft. ft. in. 
North Span No. 1 155 0 | 5 17 3 
5 Pc .c| eee 6.31 21 6 
ss Bes se 186 5 | 9 06 25 0 
9 ics ne 174 5 | 6.31 21 6 
South ,, 5 1655 0 | 5 17 3 





The thickness of the piers varies from 18 ft. 2 in. 
to 20 ft.6in. They are founded each on six inde- 
pendent wrought-iron caissons, of which four are 
rectangular, and the two outer ones are curved with 
a radius of 24 ft. 8 in. to approximate to the form 
of the cutwater. The caissons were sunk 3 ft. 
apart into the clay, to a depth approximately of 
50 ft. When excavation was completed, these 
caissons were partly filled with concrete and then 
with brickwork ; dams were formed on each side 
of the spaces between the caissons, and when the 
water was pumped out, the spaces were filled with 
concrete. The abutments are founded on concrete, 
and are built up of brickwork and granite; at the 
springing level the thickness of the masonry is 12 ft., 
backed by 30 ft. of concrete. Granite enters largely 
intotheconstruction ; about 150,000cubicfeet having 
been used in the piers and abutments, as well 
as the architectural decoration, where it is asso- 
ciated with Portland stone and bronze. This com- 
bination is especially noticeable in the piers, which 
are highly ornamented with polished red granite 
columns and Portland stone pediments and capitals. 
The spaces between the piers are spanned by 
wrought-iron ribs, of which there nine in each 
span ; the upper part of these ribs is straight and 
the lower part curved, the two meeting near the 
centre, and the spaces between being filled with 
cast-iron spandrils; a complete system of cross- 
bracing is introduced. On the outer face of each 
outside rib, an ornate cast-iron facia is bolted. The 
flooring is made with buckled plates bolted to the 
transverse girders ; above the plates are asphalte 
and broken stone and paving. The parapet, which 
is 3 ft. 9 in. high, is of Gothic design, and is made 
with a slight curve. 








NOTES. 
THe Hours or Locomotive DRIVERS AND 
FIREMEN, 

Ir is a practical impossibility to arrange the 
working hours of locomotive drivers and firemen, 
so that every day may be of equal length. The 
exigencies of the traffic break down the best 
devised system, and lengthen out trips far beyond 
their expected duration. This difficulty is now 
being met on the Midland Railway by a system of 
reliefs, and drivers are expected, when they have 
reason to believe that their duty will exceed 12 
hours, to send a demand for assistance. Relief 
men are kept. at certain stations and sidings, as 
well as at locomotive dépéts, and forms are pro- 
vided on which telegrams can be sent to the most 
convenient place. The new men are provided with 
passes to enable them to reach the meeting place, 
and can travel by passenger or goods trains, as may 
be most convenient. The same passes enable the 
men who have been relieved to travel back, or 
failing these, they can travel without, giving their 
names to the guard of the train. A similar system 
is also in operation for guards. The new arrange- 
ment commenced with the first of the present 
month. 


Norrn Russian Rattways. 


When the question about the building of a North 
Russian Railway came to the fore, the Corporation 
of St. Petersburg appointed a commission for the 
purpose of investigating the various issues connected 
with this question. The St. Petersburg authorities 
were anxious to prove that their city was the natural 
centre of such a railway, and that the exports from 
Siberia should go by way of St. Petersburg, and not 
vid Archangel. This commission has now concluded 
its labours, and embodied their result in an exhaus- 
tive report, in which prominence is given to the 
following points : St. Petersburg should be made the 
mainandstarting pointof the Siberian Railway. The 
extension of the Siberian Railway beyond Ura! ought 
not to be carried to Archangel, but by the shortest 
route, vid Perm, to St. Petersburg. The Perm- 
St. Petersburg line ought to be worked under the 
Siberian Railway. A Government Commission ought 
to be appointed in order to report upon the two 
plans, Perm-Kotlos and Perm-St. Petersburg. In 
case the line Perm-St. Petersburg should be chosen, 
the tariffs should be so arranged that no disfavour 
is shown to St. Petersburg as compared with 
other ports. The section Perm-Bjalka, which forms 
a portion of the Siberian Railway, should be built 
broad and not narrow gauge. Should the Govern- 
ment not be willing to build the railway Perm-St. 
Petersburg as a State railway, the commission pro- 
poses that permission shall be given to the formation 
of a company for the building of railways in Northern 
Russia on similar lines to the existing South- Western 
and South-Eastern railway companies. A decision has 
now been arrived at as to the locality of the northern 
terminus of the railway from Vologda to Archangel. 
Although it would not be impossible to the 
railway across to the right border of the Dwina, where 
the town of Archangel is situated, it has been aban- 
doned on account of the heavy expenditure con- 
nected with the bridging of the river. The railway 
will therefore remain on the left side of the Dwina, 
and end opposite the highest positioned part of the 
town. It will rest with the railway to convey both 
passengers and goods across the river to the railway 
on the other side, where there also will be a station. 


A Curious Pornt 1n Exectric LIicHTING 
AGREEMENTS. 


In our issue of January 4, page 15, we referred 
to the considerable extension of the electric illumi- 
nation of the streets of Munich, for which the 
municipality has made a grant of 100,000). The 
information supplied to us did not make any men- 
tion of gas, and it looked, although it was not said, 
as if the gas lamp was altogether to be banished 
from the streets. An inquiry addressed to the 
municipal authorities elicited a courteous reply, in 
the shape of a printed pamphlet, which revealed an 
unexpected difficulty. It appears that a curious 
difference arose as to the interpretation of the 
agreement which, in April, 1891, the town had made 
with the gas company. By this agreement, the 
town acquired the right of erecting an electric 
lighting plant of not more than 300 horse-power 
for the purpose of illuminating some streets and 
public buildings, and after January 1, 1893, also 
private establishments, and, further, of extending 
the plant to 600 horse-power after January 1, 1896. 
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Work was at once begun, one of the first steps 
taken being to invite artists to submit designs 
for lamp posts, &c.; several prizes were offered. 
Water power of 300 horse was to be utilised, and 
is utilised. But when a battery of accumulators, 


equivalent to about 100 horse-power, was installed , 


at the town-hall, the gas company protested. The 
agreement, they objected, limited the town to a 
total of 300 horse-power. Neither they, nor prob- 
ably the town authorities, had thought of accu- 
mulators, when the stipulated maximum had 
been expressed in horse-power. The municipal 
authorities and their advisers and experts dis- 
sented. Accumulators were not unknown in 
those days, they argued, and as the lighting of 
private residences had been foreseen, they might 
surely have been thought of. Electric energy was 
not measured by horse-power, but by watts. The 
wording of the agreement left no doubt that effec- 
tive horse-power were meant, and electric quantities 
could not be measured by effective horse-power 
neither directly nor indirectly, though their mechani- 
cal equivalents could be ascertained by calculation. 
The gascompany had not made anyspecial conditions. 
They had not fixed the number of Jamps nor their 
distance, nor specified whether and where arc 
lamps or incandescent lamps should be introduced, 
and whether, e.g., 250 arc lamps at 10 amperes, or 
450 at 5 amperes, were to be used. The municipal 
authorities had from the first understood that the 
motive power of their central station or stations 
must not exceed 300 horse-power. How they 
could best utilise this power, which could at any 
moment be tested by means of brakes, was left to 
themselves, and, if they chose, they could charge 
accumulators during the daytime, and light with 
their help in the evening. It is difficult to under- 
stand how the gas company wished to exercise any 
control, unless by tests at the power station ; and, 
in fact, it would appear, as the other side suggests, 
that the gas company did not expect that the town 
would make use of the rights acquired. But the 
town is going ahead. The horse- tram is being 
transformed into an electric railway, and from 
statistics supplied by other municipalities, a saving 
is expected by this enterprise. Further, the elec- 
tric illumination is to be pushed. although in- 
creased expense is anticipated in this department, 
for some time at any rate. The gas company has 
apparently acquiesced without bringing the matter 
before the courts. 





PORTLAND CEMENT. 
To THE EpitoR OF ENGINEERING. 

Srr,—There are many manufacturers and engineers 
competent to specify the proportions of ingredients which 
will yield a trustworthy ‘‘ Portland” cement made accord- 
ing to the usual methods, 

But will any one of them be so bold as to state that 
he knows how to produce the perfect cement for an engi- 
neering structure (the word “‘ perfect” being used subject 
to all reasonable limitation)? Some manufacturers can 
supply a Portland cement which is excellent by com- 
parison with other cements, but can they state that the 
proportions in it of lime, alumina, and soluble silica are 
correct for the ‘‘ best possible” cement? Can they state 
accurately the interaction of these ingredients ; or that 
the temperature at which each particle of dried slurry has 
been calcined is correct ; or that the correct proportion of 
alkalies can be specified ; or that the correct degree of 
fineness of grinding is known? Mr. Butler’s statement 
will meet with general acceptence, that, for practical pur- 

,o8e8, fineness of cement is governed by cost of grinding; 
it may be cheaper, within certain limits of strength, to 
use an excess of coarsely ground cement. 

An interesting contrast is afforded by the principal in- 
gredients of (1) ordinary Portland cement; (2) of the chaux 
de Teil, so largely used in concrete work in the Mediterra- 
nean ; (3) and theslag cement made by Mr. Hutchinson at 
the Skinningrove Iron Works, north-east Yorkshire ; used 
at that place in the construction of a pier exposed to heavy 
seas. have not seen this slag cement concrete work 
more recently than September, 1893 ; at that time it was 
in excellent condition. The structure was begun in 1887, 
so some of the concrete has an age of seven years, and has 
every appearance of durability. 








Portland Chaux de Slag 
Cement. Teil. Cement. 
Lime... 58 to 66 62 to 65 45 to 47 
Silica 20 ,, 26 15 ,, 228 24,, 2 
Alumina, iron 
oxide 23 ,, 10 2%, 3 D,, 2 


Looking at the percentages of these ingredients in these 
three cements, my mind is far from being pervaded by a 
glow of cocksuredness in its knowledge af the best pro- 
portions for a cement; on the contrary, it is burdened 
with the feeling that there are many questions in con- 
nection with the making and with the setting of cements 
that are not yet solved ; and that the solution of these 
questions, by ascertaining the exact procedure and re- 
sultant condition of hardened cement, is hampered by 
various difticulties, 





Permit me to call attention to the results of some ex- 
periments carried on by Professor McLeod. Anordinary 
Portland cement. containing 62.8 per cent. of lime, 19.15 
per cent of soluble silica, and 7.86 per cent. of alumina, 
was finely gronnd, and was shaken with distilled water 
for 8 days; 40.5 per cent. of lime was dissolved, 38 per 
cent. being dissolved in 3days. Some of the same cement 
was mixed with water, allowed to set, and kept in water 
for 3 days; it was then powdered and shaken with water 
for 3 days; about 32 per cent. of lime was dissolved. 
Other similar experiments were tried on older briquettes, 
with the same result of washing out of free lime from the 
cement, 

Ts this washing out of free lime due to an imperfect 
calcination of the dried slurry, and the consequent imper- 
fect combination of lime and soluble silica? And does 
this washing out of free lime portend the gradual perish- 
ing of concrete structures; or does their life depend 
vpon the formation of an impervious skin protecting the 
soluble lime of the interior mass ? 

Mersrs. Macevoy and Holt state that they can im- 
prove ordinary Portland cement by the addition of ground 
Kentish ragstone after the calcination of the dried slurry. 
Ibis possible that ground ragstone might, perchance, he a 
beneficial addition before calcination ; but to add it after- 
wards seems altogether wrong. though the testing of 
newly made, or of one year old, briquettes may give good 
results Ts it not common knowledge that briquettes, 
which have given satisfactory results at 7 to 28 days’ tests. 
have subsequently crumbled to dust ?—a result which, I 
fear, may follow the addition of ragstone to the cement 
during grinding, 

Mersre. Macevoy and Holt aleo state that the residue 
left on a 50 gauge sieve has a cementitious value, contrary 
to general experience. In making the test of the coarse 
particles, were their surfaces washed clean of all cement 
dust before the gauging for briquettes? If not, the ex- 
periments were worthless, as the dust on the surfaces of 
the coarse particles was probably cement of the finest 
quality. 

After some study of the subject, the conclusion is 
forced upon me that the present knowledge of the com- 
position of cementing substances (whether called ‘* Port- 
land” cement, or by any other name) is in a tentative 
stage only, is mainly founded on practice and experience, 
and there is no accurate theory of the interaction of the 
ingredients. 

T am, Sir, yours very truly. 
. H. HEatn. 

Royal Indien Engineering College, Cooper’s Hill. 





To THE EDITOR OF ENGINEERING. 

Srr,—Mr. Morris has unearthed a mare’s nest of such 
unexampled proportions that its mere magnitude betrays 
it, and it might pass unnoticed, were it not for rumours 
that the wonderful process described was to be offered 
to a confiding British public on the usual modest terms. 

Mr. Morris, in speaking so glibly of cement-making, 
can hardly have kept bis eyes and nose very wide open, 
or he would have observed the pall of foul-smelling reek 
which so frequently hangs over our city, and which is, 
without much doubt, produced by the destructive distilla- 
tion of the peat forming a notable constituent of the clay 
used in the cement factories. 

These filthy and noxious products seem impossible to 
avoid, and are in themselves a very fair bar to the utilisa- 
tion of the carbonic acid gas associated with them. 

A far more serious obstacle, however, is the fact that 
in order to obtain the C O, free from oxygen and nitrogen 
the cement slurry would have to be retorted, instead of 
burnt, and either this would have to be carried out at 
2000 deg. Cent., to the manifest destruction of the appa- 
ratus, or it would have to be performed in two operations, 
i.e., retorting at 800 deg. Cent., to drive off C O., and a 
subsequent calcination in kilns, to combine the lime with 
the other constitnents, involving handling of hot friable 
material, and otber insuperable difficulties. 

To cap the whole, the folly of attempting any such 
process on cement slurry is doubly obvious, when it ie 
considered that vast quantities of building lime are 
annvally produced and marketed, and that the destructive 
distillation of pure chalk, preferably in vacuo. or in con- 
tact with superhested steam, is relatively simple, com- 
plete in itself, and productive of pure C Oo, but, unfortu- 
nately for company-mongers, unpatentable. 

T hope to rep'y to Mr. Bamber next week. 

Yours faithfully, 
Percy J. NEATE. 

Rechester, February 5, 1895. 





To THE EpiTor oF ENGINRERING. 

Srr,—From the admirable tone of Dr. Morris’s Jetter 
in your iesue of the Ist inst.. I judge he will not take it 
amiss if I venture the remark that carbonate of ammonia 
in solution, and carbonate of lime in the form of dry 
ground limestone of the Kentish rag form, are hardly 
comparable as analogy. 

In all cements there may be found small particles of 
chalk which, having failed to combine in the kiln with 
the desired silicate of alumina, arrive in the warehouse as 
particles of caustic lime, CaO. On hydrating by extract- 
ing moisture from the air they absorb also CO,. carbonic 
acid (as determined by direct experiment), up to, say, 
3 per cent., if, of course, the cement be carefully made. 
This ‘‘ purges” and exhausts the dangerous property of 
expansion of these particles of free lime. In a solution 
of carbonate of ammonia, the CO, would go over at once 
to the hydrate of lime of the cement, forming Ca CO,, and 
thus stop any chance of expansion or blowing. Adda 
little carbonate of soda to the water used in gauging a 
“blowing” cement and note the result ! 

But would Dr. Morris expect similar results from 


CaO + Ca CO, when both bodies are dry in powder, and 
mechanically mixed? I would expect the CaO to take 
its CO, from the atmosphere as usual. If so, there is no 
hone here for the *‘ rag.” 

Dr. Morris’s remarks on CO,-collecting in cement works 
are very interesting. This gas is regularly collected by 
exhaustion from the 36 ordinary dome kilns of the Chinese 
‘Government Cement Works at Tong Shan. where lime- 
stone al 71 to 98 per cent. Ca CO, is vsed with bard coke 
as fuel. 


February 4, 1895. 


Yours respectfully, 
‘ " J. L. Spoor. 


To THE EpIToR OF ENGINEERING. 

Srr,—The question of the recovery of waste products in 
the manufacture of Portland‘ cement, suggested by Mr. 
Morris in your last week’s issue, opens up a large field for 
discussion. 

I think. however. Mr. Morris is a little out in his 
figures. Ten tons of raw materials certainly yield about 
5 tons of finished cement, but the carhoénic acid contained 
therein is about half the weight of the finished cer ent. 
viz., 24 tons, the remaining 24 tons consisting chiefly of 
water. 

Tn his estimate of the carbonic acid evolved Mr. Morris 
seems to take no acrount of that produced by the com- 
bustion of the fuel used for calcining the cement ; as a ton 
of cement usually takes vpwerds of 7 cwt. of coke to 
calcive it, the carbonic acid evolved would be consider- 


able. 

There should be no difficulty in collecting the gases, as, 
by the use of exhaust fans, which in rome works have 
been adopted for creating forced draught, the products of 
combustion could ke Jed in any desired direction, and 
treated as required. Whether this would be successful 
commercially is quite another matter. I 2m afraid that if 
all cement manufacturers collected the carbonic acid 
produced at their works, the supply wovld soon outstrip 
the demand. 

I may add that some little time ago one of the Jargest 
manufacturers in the London district sent us a sample of 
the deposit in the fives of their cement kilns, with a view 
of ascertaining its value as a bye-product; it was found 
to consist largely of sulphate of potash and soda, but as 
the quantity thus preduced was so extremely small, the 
matter was not worth further consideration. 

Yours truly. 
D. B. Burier. 

41, Old Queen-street, Westminster, London, S.W., 

February 6, 1895. 





To THE EpIToR or ENGINEERING. 

Srr,—In answer to our Jast letter, in which we proved, 
both by an inadvertent admission of Mr. Bamber’s and 
by our own tests, that the 10 per cent. residue on a 50- 
sieve was very far from being inert, Mr. Bamber can only 
reply by importing a distinctly personal element into the 
discussion. He infers that, if we had been diplomatists 
instead of cement manufacturers, we should have shone 
in using language to disguise our meaning. This may be 
ao, but it certainly appears to us, from the way in which 
Mr. Bamber has abandoned his argument ss to the inert- 
ness of residue, that our Janguage must have conveyed 
our meaning with remarkable clearness. When Mr. 
Bamber offered to test our manufacture if we would send 
him samples. we thought that it was merely a suggestion 
which we might be permitted to refuse. It appears, how- 
ever, that what we thought a request was almost in the 
pature of a command, and that we ought to feel uneasy 
about having politely declined to comply with it. Mr. 
Bamber is thoughtful enough to assure us that we need 
not have one uneasy moment on account of our rash 
refueal ; and since receiving this kindly assurance our 
beads have felt firmer on our shoulders. Mr. Bamber is also 
rather unnecessarily concerned about Messrs. Stanger 
and Blount’s safety if the results of their investigations 
should not agree with our views; but doubtless Messrs. 
Stanger and Blount, being fully qualified to look after 
themselves, wi]] not share in his nervous anxiety. With- 
out doubt Mr. Bamber may be able ‘“‘to fird some 
manufacturer who is capable of producing a cement 
within a measurable distance of quality as compared with 
that sent forth from the Britannia Works, Northfleet, to 
mix with Kentish ragstone, so as to compare results with 
those of Messrs. Stanger and Blount, made with the 
genuine article of that brand ;” but, when he bas done ro, 
we hardly see what his comparison is likely to prove. 
When Mr. Bamber is trying to find his cement manufac- 
turer, we should think he could hardly do better than to 
let his choice fall upon that one to whose marvellously 
fine grinding he bas called attention, the tests of whose 
cement he has given, and whore prices he has quoted. 

The phrases in our letter about which Mr. Bamber is 
sarcastic, such as ‘‘ too futile to be taken seriously,” ‘‘ too 
ridiculous to need confuting,” and ‘‘utterly inaccurate 
statements,” would have had little sting in them had they 
not been backed up by argument too sound and conclusive 
for him to attempt its refutation. We agree with Mr. 
Bamber in his poetical remark that ‘‘ Britannia rules the 
waves, but up to the present the Britannia Works do not 
rule the cement trade ;” and, while upon this question of 
ruling, we should like to add that neither does Mr. 
Bamber so far rule the Britannia Cement Works. We 
notice that Mr. Bamber admires in Mr. Neate a quality 
which he does not himself sppear to possess, viz., that of 
taking chaff in good part. It may be, however, that Mr. 
Bamber’s anger at our phrases was merely assumed to 
divert attention from his defeat in the argument. What 
does Mr. Bamber think of the inertness of residue now ? 

We are, Sir, vours truly, 
Macrvoy anD Hott. 





Britannia Cement Works, Northfleet, Feb. 5, 1895. 
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ELECTRIC TRACTION. 
To THE EpiTor oF ENGINEERING. 

Srr,—The position taken by Mr. Sturgeon in his letter 
of January 21, is practically that assumed by many critics 
whenever a new application of power or mechanics has 
bsen introduced. Tv say, in this stage of the world’s 
progress, that any conditions are unchangeable is mani- 
festly absurd. I wholly agree with Mr. Sturgeon in so 
far as to admit that if the English tramway is always to 
remain what it now is, it will never be different. 

My personal bzlief, however, is that it has a far diffe- 
tent future, that the present onerous restrictions will be 
to a great extent removed, and that with the introduc- 
tion of mechanical power, both the public and the powers 
that be will regard the tramway as an indispensable 
accessory of modern civilisation, not as an Ishmaelite, 
To speak of the ‘‘abominable roads and timber road- 
ways” of America is to betray a woful ignorance of 
things as they really exist. The great business thorough- 
fares of American cities today compare favourably in 
every particular with any European equivalent, and are 
equally thronged with pedestrians. 

The American patronises the cable or electric tramway 
because it has been so highly developed as to become the 
most comfortable, convenient, and economical method of 
circulation. He prefers the uniform rate of fare as avoid- 
ing the inconvenience of differing rates. While there is 
no legal limit upon the number of passengers a car may 
carry, the absence of roof seats makes the possible number 
of passengers but slightly greater than the seating capa- 
city of a London tramcar. 

In answer to the chief points brought forward by Mr. 
Sourgeon, I beg to say: 

The uniform fare in America is greater than in Europe, 
bus so are wages and materials. (See Table VII., page 
52) However, a 24d. fare often carries the passenger 10 
or more miles. Articles III. and IV. of the Traction 
series (published since Mr. Sturgeon’s letter was written) 
prove that American experience has held good in Europe. 
The speed of cars inside large American towns is nob 
over eight miles an hour. 

Standard American street cars will be fully described 
in future articles, but there exists no such difference be- 
tween them and the European as might be inferred from 
Mr. Sturgeon’s letter. 

In Table VI., even supposing the most favourable con- 
ditions for an electric road, which Mr. Sturgeon was at 
liberty to do, the results are distinctly good. 

The remarks on Table VIII. are unfair and, to say the 
least, misleading ; it would have been better to quote 
correctly. It has not been suggested that the working 
expenses of a cable road are superior to those of an electric 
line ; it is the capital investment which militates against 
the cable. The enormous increase of electric roads (on 
Table I[I., page 3), although introduced 12 years later 
than the cable, shows the force of this objection. 

Table IV. shows actual results obtained from several 
large cable and electric lines worked under the same 
management. It must be noted that the efficiency of a 
cable plant is always below that of an electric one. In 
many cases the power required to drive the cars is but 
a fraction of that required to haul the deadweight of 
the cable. The coal consumption on the electric road at 
Breslau, level track, 80 cars, 16¢ miles of line, is 4.63 lb. 
per car-mile, 

The cost of erecting and equipping a cable power-house 
with large slow-speed engines, cable tunnel, and switches, 
is much greater than for an equivalent electric power 
station with high speed direct-coupled generators. There 
is no great difference between the cost of grip and 
electric motor mechanism. 

The remarks concerning the Roundhay line will, I pre- 
sume, be answered by the British i iasnaten Shade, 
Limited. I believe the cause of the difficulty on grades 
is that the wheels skid when the rails are slippery, and 
no sand-boxes are provided as yet. I have frequently 
seen English cable cars stop on a hill and have to be 
helped on with crowbars. 

Puitie Dawson. 

39, Victoria-street, Westminster, February 2, 1895. 

To THE EpiTor or ENGINEERING. 

Srr,—I have perused with much interest the series of 
papers on “‘ Electric Traction” by Mr. Philip Dawson 
which have appeared in your recent issues, and must 
compliment you upon the thorough and comprehensive 
way in which these articles have been worked out. 

I notice in your last week’s issue the criticism of Mr. 
John Sturgeon, and I hardly think ita fair one. Before 
commenting on that criticism I may state that I am not 
interested in any system of traction, and join in the 
general wish among English engineers to see the matter 
fairly discussed, so that, being placed in possession of the 
facts, they may be in a position to draw their own 
conclusions as to which system of traction best meets 
the needs of the United Kingdom. 

I do not share Mr. Sturgeon’s opinion “that the 
object of the author (Mr. Dawson) is to show the great 
progress made by electric traction in America, and to 
draw from it the moral that we have only to follow the 
examples of the American companies who have adopted 
electric traction in order to reap the same great advan- 
tages which they have done,” for Mr. Dawson has given 
the results of the various Continental roads as well as 
those of the States. I gather that Mr. Sturgeon has not 
travelled very extensively in the States, or he would 
hardly state that “‘ perhaps the abominable roads and 
the timber footways in some parts” have something to do 
with the general inclination of the American people to 
avoid walking when they have a chance to ride. r have 
travelled all over the States, and I cannot recall a single 
instance in which an electric tramway is placed alongside 


of what Mr. Sturgeon has termed a ‘‘ timber footway.” 
On the contrary, the roads along which tramways are 
operated are, speaking generally, as good in all respects 
as the roads in the United Kingdom or on the Continent ; 
in some respects they are better, being wider and more 
commodious. 

With reference to the statement that the standard fare 
in the United States is 24d., and in this country ld., it 
must be remembered that the fare in the United States 
is independent of the distance, whereas in this country it 
increases with the mileage, so that, considering the dis- 
tance traversed by the average passenger, the fare is 
cheaper in the States than in Great Britain. Itis true 
thatin the States cars are allowed under certain condi- 
tions to ruu at a higher speed than in this country. 
Through crowded districts, however, the speed is practi- 
cally the same in both countries. It is only in suburban 
districts that the higher speeds are permissible, and even 
then in most cities it is limited to 12 miles an hour 

With reference to Mr. Sturgeon’s remarks on horse 
traction, I may state that on very many of the roads in 
the United States the running time, including stops, is 
six miles per hour, instead of four, as stated by him. 
may also state that on the early roads electric cars were 
placed between horse-cars, and they had therefore to 
make the same scheduled speed, and even then it was 
found that the electric cars could be operated at less 
cost than horse-cars. It may indeed be taken for granted 
that no one acquainted with the facts contends that 
horses can eperate the larger tramroads cheaper than 
electricity or cables. The real question is whether or not 
electricity ischeaper than cables. I contend that it is, 
and I claim that the arguments in support of this conten- 
tion are drawn from years of experience. 

Referring to the remarks of Mr. Sturgeon with re- 
spect to Table VI., I venture to make the atate- 
ment, which is admitted by engineers who have looked 
into the matter, that the output of a station is not greatly 
affected by the road being flat or hilly. Cars that require 
an excess of power above the average in ascending a hill 
require little or no energy in descending. The question 
whether the roads be straight or winding is highly im- 
portant in cable roads, of which Mr. Sturgeon seems to 
be an advocate, but is of little consequence in the case of 
electric roads. The small percentage of the curves in 
proportion to the total lengths of the tracks requires but 
a small additional percentage of output for the operation 
of electrical cars, whereas in the case of cable roads the 
loss in pulling the cables around curves is a constant one, 
or approximately constant in most cases, since the friction 
does not vary greatly with the number of cars operated. 

With regard to the speed at which the cars run. It has 
been shown repeatedly that the amount of energy per car- 
mile remains fairly fixed, independent of the speed of the 
car. 

Next, with respect to the weight of the motor cars and 
trailers. These are easily ascertained, and do not require 
discussion, since the weight of the car depends largely on 
the number of passengers to be carried, and not on the 
method of propulsion, as also does the capacity. Such 
figures are easily ascertained, and I do not think that 
Mr. Dawson is laying himself open to criticism in sup- 
posing that the readers of ENGINEERING are in possession 
of such elementary facts. 

With reference to the next and following statements of 
Mr. Sturgeon, perhaps the following will show to what 
extent Mr. Dawson’s Tables and statements may hold 
good for the United Kingdom : 

First, the cost of wages in the generating station. The 
wages of conductors and drivers are less in England than in 
the States, regardless of the method of propulsion. In elec- 
tric and in cable traction practically the same number of 
attendants is required. Thequestion, then, to be broadly 
considered is with respect to repairs and first cost. I[ 
contend, in the first case, that a cable road cannot be 
operated for the same cost as to repairs as an electric 
road. I base this opinion on an extended observation of 
both systems in the States. I believe Mr. Dawson in his 
attempt to deal fairly with the cable tractionists has been 
unfair to the electric tractionists in this respect. In 
support of my contention I may point out that while cable 
traction was at first installed on the largest roads in the 
United States, these roads have been very largely re- 
equipped by electricity, not by companies promoting 
systems of electric traction, but rather by bankers and 
steam road owners who are looking for dividends rather 
than the promotion of any system of traction. 

Next, with reference to the capital expenditure, I state, 
without hesitation, that in no case has cable traction been 
able to compare favourably with electric traction in 
this respect. To meet the same conditions the capital 
expenditure for cable traction is double that necessary for 
electric traction. I am sure that your readers would be 

lad to have from Mr. Sturgeon any certified statistics or 

gures showing that the above statements do not hold 

ood. 
. With reference to Mr. Sturgeon’s statements as to Mr. 
Dawson’s Table IV., I gather that Mr. Dawson has ex- 
pressed the amount of energy delivered to a car for pro- 
pulsion in terms of the number of pounds of coal required 
to develop this energy. This comparison is a most in- 
teresting one,and demonstrates how much greater the 
efficiency of the electrical system is than that of the cable 
system. 

I consider, indeed, that the figures given by Mr. 
Dawson cogently seb out the reasons why electric trac- 
tion is so largely superseding cable traction and will 
continue todo so. I would recommend that Mr. Sturgeon 
further study these figures, since they carry with them 
the moral that the interests of the investor, and not the 
advocate of any particular system, in general determines 
which system of traction will bea favourite. Cable traction 





has had a long trial under most favourable conditions, 


and is being rapidly succeeded by electric traction, not 
to satisfy the desires of the electrical engineer, but be- 
cause it earns more dividends, since the cost of operation 
is less, as is also the cost of installation. 

The remaining statements as to weight of car, and so 
forth, have been dealt with above. As regards the 
electric cars at Roundhay, Leeds, I was present at the 
opening, and was then informed that the weight of each 
car was 6 tons, instead of 94 tons, as given by Mr. Stur- 
geon, and I do not think they have been changed. An 
elementary calculation will show that two 15 horse- power 
motors are sufficient to propel this car under all condi- 
tions at Leeds. Such motors, as ordinarily constructed, 
have sufficient power to slip the wheels under all con- 
ditions of the track, and the circumstance described by 
Mr. Sturgeon, if it did take place, may be attributed to 
lack of care on the part of the conductor, who could easily 
have preven the occurrence by simply placing sand 
under the car-wheels to prevent slipping. I am wonder- 
ing whether Mr. Sturgeon can propose anything so 
simple for the Brixton cable road, the cars of which fre- 
quently cannot ascend the grades, and have to be pried 
up with a bar. Perhaps Mr. Sturgeon would propose to 
put sand on the cable. This seems ona level with his 
remarks as to the Psychical Research Society. 

I am sure that your readers will join in the desire to 
see in your columns a continuance of the interesting 
articles begun by Mr. Dawson. 

Lam, Sir, yours faithfully, 
Rospert HAMMOND. 

Ormond House, Great Trinity-lane, E.C. 





ENGINE-DRIVERS’ TROUBLES. 
To THE Eprror or ENGINEERING, 

Srr,—I observe in a paragraph upoa page 115 that you 
refer to the ‘‘ scare” which has followed the publication 
of a record of 84 miles an hour. 

This high speed is, as you say, causing a vast amount of 
anxiety and correspondence, but the extraordinary cir- 
cumstance is that no one knows, and it seems next to 
impossible to find out, when the 84 miles an hour between 
Luton and Bedford was run. 

It is said there were two engines, then why cannot 
the numbers be produced? And there must have been two 
drivers. Where do they live? What are their names? 

Unless, Sir, such vital particulars as these can be made 
public, I will never believe that the reported high speed 
was actually run. 

‘*Licking creation, smashing all previous records, 84 
miles an hour, one mile in 43 seconds.” All this sort of 
thing is very nice. You can expatiate on it to a degree 
unknown and unlimited. It has only the one little fault 
that there is no truth in it. 

In these days we surely are not going to accept un- 
official and unsupported testimony of the most extra- 
ordinary and misleading character ; much more would be 
required to satisfy 

Your obedient servant, 
February 1, 1895. A CAREFUL INVESTIGATOR, 





To THE Eprror or ENGINEERING. 

Sir,—When you told passengers in the trains that the 
less worry a driver had on his mind the better, you never 
spoke a truer word. Iam the driver that is charged with 
going 84 miles an hour, and risking the lives of a train 
full of people, to say nothing about my own neck and 
my fireman’s, and our mates’ who were on the pilot 
engine. I never did run the 84 miles an hour, and the way 
I have been got into trouble is shameful. I looked at my 
watch sae Luton; it was just 3.39 p.m. I ran to 
Bedford (194 miles), and when I looked at my watch it 
was just 3 564, so I had come the 193 miles in 17} minutes, 
I do not know justly how much that will be an hour, but, 
perhaps, about 65, and nothing like 84. I did not haveto 
stop at either Luton or Bedford. All Ican say more is 
that I am 

THE WorrikpD ENGINE-DRIvER. 
January 30, 1895. 


CAST-IRON BRIDGES. 
To THE EDITOR OF ENGINEERING. 

Srr,—Among the very interesting articles now appear- 
ing in ENGINEERING on the Thames bridges, the descrip- 
tion given by you last week of Southwark Bridge brings 
up once more the merits of cast iron as a material of con- 
struction. It has been too much the fashion of late to 
depreciate the value of cast iron in structures except, 
perhaps, in the form of columns, and architects prt, 4 
are apt to claim as a virtue their abstention from usin 
iv. And yet to-day, with all the modern facilities afford 
by rolled iron and steel, it may be asserted that cast 
iron is in many cases a more appropriate material 
than either. For it is the unskilful application of cast 
iron, rather than any demerits inherent in it, that has 
occasioned the prejudice against its use. London affords 
conspicuous examples. Southwark Bridge, erected by 
Rennie in 1819, will probably long survive such wrought- 
iron bridges—erected 40 years later—as those at Black- 
friars and elsewhere over the Thames. And if South- 
wark Bridge be removed, it will hardly be because of 
decay, but probably because of the steep approach on the 
northern side where the error was committed of starting 
from the level of Thames-street instead of spanning it, as 
at London Bridge. 

The cast-iron in Southwark Bridge must have been 
smelted in cold-blast furnaces (the hot blast was invented 
by Neilson in 1830), and though pis iron so made costs 
from 2/. to 3/. per ton more than the usual hot-blast iron 





of the present day, the extra outlay is amply repaid by 
the advantages afforded. For not only is such iron 





stronger against tensile strains, but it is tougher, more 
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elastic, and, therefore, the better able to resist sudden 
shocks. The use of cast-iron for railway bridges is not 
here advocated, except under special circumstances, bub 
for arched road bridges having a dead load large in pro- 
portion to the moving load, there need be no fear of failure, 
even with hot-blast iron, if the latter be of good quality ; 
and the same may be said of cast-iron girders, if of mode- 
rate span and simple form. The ribs of Southwark 
Bridge are plain slabs of iron, offering no opportunity for 
hidden flaws or for the initial strains possible in castings 
of irregular shape and thickness. The ribs are massive, 
easily accessible for painting, and they are as strong as 
when first erected. There is no waste by rust. You de- 
scribe the bridge as having a platform of cast-iron plates. 
At the present day, when rolled iron or steel plates— 
curved, buckled, corrugated, or trough-shaped—are so 
generally employed, one is apt to forget the greater 
durability of cast iron. This arises not merely from the 

reater lsioness of the latter, but from its composition. 
Kfalleable iron or steel plates while exposed to the 
air during rolling, become oxidised; and even if the 
plates be oiled and painted before rust is visible, 
the scale must come off sooner or later. When 
plates or sheets have to be galvanised, they are 
‘* pickled” to remove the scale, but this is seldom 
or never done in bridge work. Molten cast iron, on 
the other hand, when run in a sand mould, acquires a 
hard skin, which can be permanently preserved. Another 
example in London of a structure permanent, because of 
cast iron, is to be seen in the bridge of the Holborn 
Viaduct over Farringdon-street, designed by the late 
R. M. Ordish for the City engineer, Colonel Haywood. 
This bridge has not only ribs of cast iron, but is covered 
with thick cast-iron plates of an undulating or corrugated 
form, joined together by bolted flanges, caulked like a 
cast-iron tank. The extra weight is of no account when 
it is considered that the bridge is paved with granite 
setts on thick concrete, and that it has to sustain the 
heaviest street traffic. 

Structures that may be suitable for a pure dry climate 
are quite unsuitable fora London atmosphere. Can it be 
doubted that some of the short-span wrought-iron girders 
to be seen at the Temple, Cannon-street, and other of the 
stations on the District Railway rusting away in a damp 
sulphurous atmosphere would be much more durable if 
made of cast iron’ And steel is even more vulnerable than 
wrought iron, especially where advantage is taken of its 
strength to make it thin. As analogous let the handsome 
cast-iron gates of the Royal Exchange and of Buckingham 
Palace, made by Grissell some 50 years ago, be compared 
with the light wrought-iron gates at the entrances of the 
India and Foreign Office quadrangle, Westminster. The 
former are as good as when new. It is interesting and 
instructive to notice the gradual wasting of the latter by 
rust, though they have not half the age of the former. 

Ewrnc MATHESON, 

18, Walbrook, 8.E., February, 4, 1895. 





THE LARGEST STEAMSHIP COMPANY. 
To THE EpiroR OF ENGINEERING. 

Sir,—Ib is not often one finds any inaccuracies in your 

pon but there is a slight oversight in the ‘‘ Note,” ‘‘ The 

zargest Steamship Company in the World,” on page 156, 
which, for the honour of England, I trust you will pardon 
my pointing out. 

You say, “‘ The following Table shows the respective 
size of the various 7'’ransatlantic companies ;” but the list 
is a general one for the whole world, and you have 
omitted the British India Company, which possesses 
247,371 tons, thus topping the North German-Lloyd by 
5004 tons, and restoring England to its proper place in the 
list. 

Yours, &c., Ss. 





LAUNCHES AND TRIAL TRIPS. 

Messrs. WILLIAM HAMILTON AND Co., Port Glasgow, 
launched on January 30 a steel screw steamer of 3000 tons 
register, to carry 4200 tons, for Messrs. E. F. and W. 
Roberts, 5, Castle-street, Liverpool, for the Eastern and 
general trade. The following are the principal dimen- 
sions: Length between perpendiculars, 310 ft.; breadth, 
42 ft. 6 in.; depth, moulded, to awning deck, 28 ft. 9 in. 
The machinery, which is being supplied by Messrs, 
Rankine and Blackmore, of Greenock, is on the triple- 
expansion system. The cylinders are 224 in., 37 in., and 
61 in. in diameter by 42-in. stroke, the boilers working to 
a preseure of 160 lb. As the vessel left the ways she was 
named Alagonia. 





Messrs. Wigham Richardson and Co., Newcastle-on- 
Tyne, launched on Saturday, the 26th ult., a steel screw 
steamer, named Kenmare, for the City of Cork Steam 
Packet ym ap Limited, for their passenger service 
between Cork and Liverpool. ‘The steamer is 264 ft. in 
length by 35ft. 6in. beam. Theengines and boilers have 
also been constructed by Messrs. Wigham Richardson 
and Co. 


The battleship Majestic was floated out of dock at 
Portsmouth on January 31. She is exactly similar to 
the Magnificent, which we fully described when she was 
floated (see 803 and 835, vol. lviii.). She has been 
built within an unprecedentedly short time. It was con- 
fidently thought at the time that the progress of the 
Royal Sovereign could not be surpassed. Sixteen months 
onl ~— between the laying down of the keel-plate 
and the launch; and the work remaining to be completed, 
which naval experts stated could not be carried out in 
less than 15 months, was really accomplished in six. As 
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Note.—Each vertical line represents a market day, and each horizontal line represents 1s. in the 
case of hematite, Scotch, and Cleveland iron, and 1l. in all other cases. 
in weight from 70 lb. to 801b. The metal prices are per ton. 


The price of quicksilver is 





fitted while in dock, represented the greatest weight ever 
put off the blocks up to the present moment. But the 
record of that battleship was eclipsed by that of the 
Magnificent, at Chatham, which was built in a twelve- 
month, and took the water after having had 6100 tons of 
material worked into her structure. The Magnificent 
was laid down in No. 13 dock on February 5, 1894, and 
has been floated out after an interval of five days less than 
a year with a displacement of 7300 tons. It will thus be 
seen that, while she was a shorter period on the blocks, 
her launching weight was greater than that of the Chat- 
ham ship. The citadel armour has been attached to the 
sides ; the lower portion of the armour on the redoubts, 
protecting the 12-in gun gear, is fitted, while the belt 
armour has also been completed, with the exception of 
the closing plates, which are necessarily left until the 
last. The turntables for carrying the heavy guns, as well 
as the military masts, are ready for erecting. The four 
submerged tubes, manufactured in the yard, are actually 
on board, and as the ship is prepared to receive her pro- 
pelling and other machinery, it is anticipated that she 
will be ready for her steam trials in August next. The 
propelling machinery, designed by Mr. A. Blechynden, 
and built by the Naval Construction and Armaments 





Company, consists of two sets of triple-expansion vertical 
direct-acting engines. The cylinders are, high-pressure 
40 in., intermediate 59 in., and low-pressure 88 in 
diameter, having a stroke of 51 in. The valves are of the 

iston description for the high-pressure cylinders, and 
ouble-ported slide valves for the others, and are actuated 
by the ordinary double-bar link motion. The back 
columns are cast of the inverted Y shape, securely tied 
together at the top by a wrought-steel plate, and form 


a matter of fact, the 7250 tons of the Royal Sovereign, in| the piston-rod guides. The front columns are made of 
consequence of the large amount of armour that was | forged steel, and are strongly braced by horizontal and 





diagonal stays; while the bottom frames are of cast 
steel connected together by cast-steel girders and 
secured to the frames of the ship. The main and 
auxiliary condensers are formed of brass throughout, 
and possess a cooling surface of 13,500 square feet 
and 1800 square feet respectively. There are also 
in the engine-rooms two main-feed pumps, two evapora- 
tors and distillers, four bilge and fire engines, two 
auxiliary air and circulating pumps, four powerful 
centrifugal pumps, one drain-tank pump, two ventilat- 
ing fans, two reversing engines, and a brace of turning 
engines. In each of the four separate boiler compart- 
ments into which the ship is divided are two single-ended 
cylindrical return-tube boilers, 16 ft. 4 in. in diameter by 
10 ft. 3in. long. Each boiler is provided with four cor- 
rugated furnaces fitted with a couple of combustion 
chambers. The boiler rooms are equipped with auxiliary 
feed-pumps and forced draught fans. Supplementary 
machinery rooms are placed at the sides of the ship to 
contain dynamos, air compressors, ventilating fans, and 
workshop appliances. The contractors undertook to 
deliver the engines by the end of May, but, although 
greatly pressed with work, they are now delivering the 
machinery. It will thus be seen that they are antici- 
pating the conditions of their contract by about four 
months. Including the Majestic and the Powerful, the 
Naval Armaments Company have on hand at the present 
time machinery for the Government to the extent of 
71,000 horse-power. 





WELLINGTON (N.Z ).—A tender of Messrs. Carmichael 
and Son has been accepted for new buildings about to be 





erected by the Wellington Harbour Board. The amount 
of Messrs. Carmichael’s tender is 12,680/, 
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MACHINE FOR PLANING VENETIAN 


BLIND LATHS. 


CONSTRUCTED BY MESSRS. THOMAS ROBINSON & SONS, LTD., ENGINEERS, ROCHDALE 


THE machine which we illustrate on the present 
page has been designed for planing venetian blind laths, 
cigar box boards, and any other class of thin boards. 
The framework of the machine is in one entire casting, 
combining rigidity with strength. Thetablefor carrying 
the timber is supported on the main framing by means 
of ¥ slides, and is arranged to rise and fall to suit 
different thicknesses of timber ; the adjustment being 
by handwheel and screw placed in a convenient position 
below the table. The timber is fed through the ma- 
chine by four india-rubber covered rollers connected 
together and driven by spur gearing. The first two 
rollers are placed one above and one below the timber, 
and the last two are placed immediately over the 
cutters. The cutters are carried in suitable boxes 
placed in the table, and are easily removed for sharpen- 
ing. The machine is also provided with two vertical 
side cutter spindles for planing the edges of boards, 
one of which is mounted on a slide and adjusted by 
handwheel and screw. The makers are Messrs. 
Thomas Robinson and Sons, Limited, Rochdale. 





INDUSTRIAL NOTES. 

THE severe weather during the past week accentuated 
the bitter cry of the unemployed. But Saturday’s 
‘* demonstration ” was not of such a character as to 
impress the beholder with the fact, as stated by some 
of the organisers, that there are 1} millions of able 
and willing workers out of work. Nevertheless, it is 
necessary that something should be done to relieve 
the distress. Obviously local bodies must have a 
freer hand to deal with exceptional circumstances, 
whatever the final outcome of an endeavour to find 
a permanent solution of the question may be. Local 
authorities have even now a large degree of power, 
if they will only use it rightly and prudently. The 
streets of London have been in a most disgraceful state 
fur days, in many places without the least attempt to 
clear away the snow and slush. But while thousands 
are out of work and clamouring for relief, is it not 
better to give work and pay, and cleanse the streets, 
than to give relief without work, and thus to pauperise 
the workers? What we have mainly to do is to mini- 
mise the actual pauper population, while at the same 
time we recognise the right of all to live. 

The unemployed question will form one of the 
topics of debate in the present session of Parlia- 
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ment. The question goes deeper than many imagine, 
or than most have any conception of. One fact 
alone will indicate how serious and pressing the 
matter is. During the last five years the total trade 
of the country has risen to a higher level than in any 
other quinquennial period of our history. The aggre- 
gate value of our total trade, imports and exports, in 
the five years ending 1894, was 3,573,426,034/., an 
increase over the previous five years of 239,226,829/. ; 
and no less than 43,681,616/. above the highest level 
ever reached, namely, in 1880-4. The average in- 
crease yearly in 1890-4, over 1885-9, was equal to 
82,110,941. If the quantities were taken, the increase 
would appear still more marvellous, for the general 
run of prices has been lower than previously. These 
facts show that there has not been a lack of trade, 
though our exports have not kept pace with the total 
trade. Our powers of production have increased 
vastly, so that we can turn out more than at any 
previous period. Orders can be completed in a shorter 
time, and less labour is required to produce a given 
amount of goods. All this touches upon the sub- 
ject of the unemployed. It has many sides, it 
is difficult to grapple with, and the men who talk 
of it as a thing to be done with the stroke of a 
pen, or by Act of Parliament, are altogether ignorant 
of our social forces, of industrial difficulties, and of 
the weaknesses of human nature. It is a complex 
question, far beyond the reach of party politics, and 
above all far beyond platform oratory of the type we 
are used to, and of popular demonstrations such as 
that in Trafalgar-square, or those on Tower-hill of 
former days. The sad fact remains that we havea 
mass of fellow-men out of work who would gladly 
do profitable work for a living wage. 





The reports from the engineering centres of Lanca- 
shire are a little more hopefulin tone, if no very appre- 
ciable improvement is, at present, manifest in the 

eneral branches of trade. Certainly the signs are more 
Lecucaias, for some of the establishments are better 
off for work than they have been recently, though 
limited in number and in degree. For the most part 


the engineering establishments are but moderately 
supplied with work, and in some departments things 
are still very quiet. Locomotive builders are quiet, and 
boilermakers continue to be indifferently supplied 
The increased weight of work so far has 


with orders, 





been mostly confined to machinists, and in some cases 
to toolmakers, both of which branches are better off 
for work. The indications are more favourable, and 
consequently the tone is more hopeful, but the weather 
has rather tended to check than improve the favourable 
conditions. Labour questions are very quiet generally, 
there being little to complain of as between employers 
and employed. In the iron trade the tone is more or 
less depressed, and prices lack firmness. A moderate 
weight of business has been done in pig iron, but at 
cutting prices, below makers’ quotations, Better 
brands are not in active demand, very little business 
being done, and that at close prices. The finished iron 
trade remains about the same, very quiet. The steel 
trade is also slow, both as regards raw and manufac- 
tured steel, and prices have been rather weak. The 
steel-plate branch is, if anything, the best at present. 
So far the iron and steel trades have not shown any 
appreciable improvement with the opening months of 
the year, though the coal trade no longer py so 

roducers, nor are there any labour disputes in these 
lovee to interfere with work. Some of the diffi- 
culties of the iron trade are, doubtless, due to the 
further development of the steel industry, but this 
also, in Lancashire, is quiet. 





In the Wolverhampton district the condition of 
trade has changed but little from that last reported. 
Both merchants and consumers are placing out orders 
a little more freely, but the general volume of business 
on the books is by no means large, and makers of 
finished iron complain loudly of the low prices offered 
by customers. There seems to be no active speculation 
on foot with respect to the future, and it appears that 
further activity cannot be tempted by lower rates, for 
the quotations for common bars have reached a lower 
point than has been known for years. The last return 
of the accountants shows that the average selling price 
of finished iron was less in the two months covered, by 
2s. per ton, than the previous rates, the average ae | 
only 5/. 14s. 4d. per ton. The next return is expecte 
to be lower still, by reason of the recent reduction. 
The effect of these lower prices is to reduce the output, 
for some of the leading firms pees to keep the mills 
and forges partially idle rather than accept the low terms 
now offered for material. It appears, also, that some of 
the blast-furnaces will cease to work unless trade im- 
proves atanearlydate. The constructive branches of the 
iron and steel trade have not suffered correspondingly; 
they continue to be moderately employed in most, if 
not in all, branches. The engineering branches are, if 
anything, just a trifle better. There are no labour 
troubles of any consequence in the district. 





In the Birmingham district there is little change to 
report. Only a moderate demand has been evidenced 
for either crude or finished iron, both being in excess of 
present requirements, apparently. But prices have 
been maintained at recent ratesallround. In the chief 
staple trade of the district there is nothing like positive 
activity, though in some of the heavier branches there 
appears to be a more hopeful tone. The engineering 
branches are going on quietly, and some of the outly- 
ing branches show a little improvement. 


The condition of affairs in the boot and shoe trades 
is not quite so satisfactory as could be wished. The 
recent conference of delegates carried a resolution in 
favour of a national conference between the Employers’ 
Federation and the Operatives’ Union, but the ques- 
tion had to be submitted to a ballot of the men. ‘I'he 
vote, so far, has not been very favourable. London, 
which continues to be a large manufacturing centre, 
has almost unanimously decided against arbitration. 
Bristol, another large centre, is almost as unanimous 
on the same side. On the other hand, Leeds, Norwich, 
Hinckley, Kettering, and Kingswood, near Bristol, 
have given a majority in favour of arbitration. Of 
these, Kettering was most favourable, the majority 
being 360. Birmingham voted for arbitration unani- 
mously. In Leicester only 1474 out of 8600 members 
voted ; of those who did vote, 679 declared for arbitra- 
tion, and 795 against it. The votes of the men are, 
therefore, rather contrary to the decision of the dele- 
gate meeting, at which it was decided to re-establish 
the national conference. The men, therefore, appear 
to be less averse to a great strike, with probably a still 
greater lock-out, than the experienced delegates to the 
recent conference. The delegates have a feeling of re- 
sponsibility which the men have not ; but if a disaster 
should occur, the men will readily throw the blame 
upon the leaders for whatever may happen. 


Although many complaints are heard as to the state 
of the cotton industries of Lancashire, the report of 
the Cotton-Spinners’ Association is quite roseate in its 


colours. Mr, Thomas Ashton, J.P., the general secre- 
tary, reports that the union has had a cash gain of 
15,000/, during the past year, or, taking the last 17 


months, of 28,000/. This increase of balance is after 
deducting 10,000/. paid to the funds of the Manchester 
Amalgamation in the shape of levies ; the payment of 
10,400/. to members out of work, and over 690/. for 
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other benefits, assisting members in distress, &c. The 
society has dealt with 282 cases of dispute, concerning 
wages, &c., and 351 accidents have been reported upon, 
dealt with, and relieved. This is not a bad record for 
times of depression in the cotton industries, but the 
cotton-spinners have been able to avert any serious 
dispute of long standing, involving a large number of 
work people. 

But while the above shows some benefit to the 
workers, yet it is agreed on all hands that the state of 
the cotton trade is very deplorable. The President of 
the Blackburn Chamber of Commerce states that there 
never was a time of such disaster as the present, and 
never were the prospects ro dark. He enumerates as 
the causes of this state of things, disorganised markets, 
the imposition of duties, and the erection of cotton 
mills abroad, for which English machinery is con- 
structed and exported. He thinks there is no hope 
for the future. But this is a desponding view. Things 
are bad ; they have been bad before, but we have re- 
covered, 





The loose and unsatisfactory way in which the 
Trades Union Congress deals with important questions 
is detracting from its value as an exponent of the 
cause of labour. Perhaps no question that could have 
been selected exceeded in importance the unemployed 

uestion, but the subject was left till the last 
be. and then a resolution was carried, on the 
motion of the secretary of the Patternmakers, 
with which he now confesses he did not agree. 
The resolution was: ‘‘That this Congress is of 
opinion that the time has now arrived when a ballot 
should be taken of the whole of the trade unions 
throughout the United Kingdom as to whether they 
are in favour of the Government finding remunerative 
work for the unemployed, such work to be paid for at 
the recognised trade union rates, and the hours of 
labour to be the same as those observed by trade 
unionists at their respective occupations. Should this 
be carried, the Parliamentary Committee be instructed 
to take such vote of the representatives of the various 
unions attending the Congress.” The resolution was 
carried, in a way. The secretary of the Pattern- 
makers says that his resolution was one dealing with 
Government contracts, but the Standing Orders Com- 
mittee rolled three resolutions intoone, and he movedit, 
though not in sympathy with its terms. Hedidnot think 
that the Government could become the direct employers 
of the great army of the unemployed, but thought that 
the powers of local authorities could beenlarged. The 
secretary of the Parliamentary Committee states that 
no steps have been taken to give effect to the resolu- 
tion, but thinks that a ballot will be taken by the 
unions. 





The work of the present session is apparently for- 
midable enough from a purely political point of view ; 
but labour legislation is not to be lost sight of. Apart 
from the unemployed question, we have a Factory 
Bill, and an ‘‘adequate” one, promised. Among 
other matters, the laundries are to be dealt with in 
the new Bill. Then we are to have the Mines Eight- 
Hours Bill, which is to be taken by May 1 in the 
ballot—a system borrowed from the Irish party, but 
which was often complained of in the House. Then 
the Government is urged to reintroduce the Employers’ 
Liability Bill, but about this there are some diffi- 
culties. Beyond these there will be quite a large crop 
of private members’ Bills on special subjects affect- 
ing labour. Of course we shall have an Arbitration 
Bill of some kind, but at present there is little agree- 
ment as to its scope. The Admiralty will be called 
upon to give effect to some of the proposals affecting 
the engineers in the Royal Dockyards, and the engine- 
room artificers of the Royal Navy. The fair wages 
resolution will crop up in several ways, both as re- 
gards the Army and the Navy, and the printing de- 
partment of the State. But in the matter of legisla- 
tion, actual completed legislation, it is to be feared 
that the session will be a barren one, in which event 
labour questions will suffer with the rest, and possibly 
even to a greater extent than the mere political 
measures. Old-age pensions is a matter to be dis- 
cussed, or at least talked about, but no definite scheme 
seems to be prepared to test the feeling of the House. 
All proposals yet made involve too much money, and 
too little real benefit to the worke-s. 





As a general rule, labour questions fare badly in 
courts of law. There may be many reasons for this, 
not the least being that labour contracts are mostly 
oral, and often ill-defined. But a few days ago the 
Bow County Court decided in favour of a demand for 
ll. 13s. 4d, beyond the amount alleged to be due by 
the employers, who had paid 3l. into court, against 
4l. 13s. 4d. demanded. The decision was in favour of 
the plaintiff, a decision which practically gave a ver- 
dict affecting no fewer than 1300 shipwrights of the 
Port of London. It seems that the dispute was over 
the reading of Rule 34, a rule agreed upon by em- 
ployers and employed as a log-book of prices. The 
firm asked leave to appeal, but it was refused. 





A large batch of miners have again 
breach of contract in South Wales. 
appears, had agreed to pa 
decision was against them for a larger amount. 
difficult to get the men to see that a breach of contract 
is quite as bad on the part of themselves as on the 
part of their employers ; but equity seeks to establish 
equality in this and all other respects. The union 
should teach this lesson. 

Some 600 miners at Wakefield came out on strike 
last Friday against the new price list, which they say 
will involve a reduction of from 20 to 30 per cent. It 
appears that the revised list is issued by the authority 
of the Yorkshire Miners’ Association, as well as by the 
owners of the pits. 

The sliding scale has again been unkind to the South 
Wales miners ; they have to suffer a further reduction 
of 14 per cent. from the first of the present month. 
The wages are now only 20 per cent. above the 
standard of 1879, instead of being about 40 per cent., 
as at one period. But the coal trade has not been 
good, and even the recent rise in prices will not affect 
coalowners, but only coal merchants. 

The effort to establish a conciliation board for the 
Scotch miners has fallen through. The men insisted 
on one point which the coalowners would not assent 
to, hence the failure. 





The Scotch iron and steel workers have had to suffer 
a reduction of 24 per cent. This brings them down to 
the level of English rates. The tendency is downward 
in prices and in wages. 

The English iron and steel workers have had to 
accept a similar reduction, or rather a proportionate 
reduction of 3d. per ton on puddling and 1} per 
cent. on other wages, as aresult of lower prices ruling 
in the iron trades recently. 


The chemical workers in the Tyne district have 
decided by ballot to accept the reduction in wages, so 
that the dispute is at an end. It affected the chemical 
works at Gateshead, Hebburn, and Jarrow, all of 
which have agreed to terms. 





The tinplate trade of South Wales is more than ever 
depressed, and works are being closed. The conces- 
sions of the men are not deemed to be sufficient in 
several cases, hence the refusal of the employers to 
continue production. 





THE PARIS EXHIBITION OF 1900. 

SIncE we referred to the approaching Exhibition of 
1900 (see page 60 ante) the special jury of selection has 
reported upon the competitive plans that were sub- 
mitted : 18 out of the number were awarded premiums, 
to three were allotted the first prize of 240/. ; four re- 
ceived a second prize of 160/. ; five, the third prize of 
80/. ; and six obtained 40/., or the fourth prize. 

The award of these premiums does not signify that 
one of the plans has been definitively accepted for 
adoption, or that the complete plan of the coming 
Exhibition has in any way been decided upon; but 
only that all the favoured points were considered 
worthy of commendation, and possibly of partial adop- 
tion ; not that each of the premiumed designs is not 
very good and original in its way, but because experi- 
ence has shown that it is impossible for one architect 
to carry out the gigantic units that go to the composi- 
tion of so great and complex an undertaking. Sup- 
posing even that any single individual possessed the 
capacity of designing and completing such a vast 
scheme, Mr. Picard the Commissioner-General, and 
Mr. Bouvard the architect -in- chief, consider, and 
with reason, that the result would be unsatisfactory 
because a spirit of monotony must inevitably be pre- 
sent, the object being to create a series of palaces, 
and combine in them every possible attraction, 
picturesqueness, and variety—in other words, the 
work of many minds is necessary. Mr. Legrand,* 
secretary of the Commissioner-General, informs us 
that in order to assure the complete and _ satisfac- 
tory completion of all accepted ideas that may be 
selected from the different premiumed projects, their 
execution will be cmbied to the architect from 
whose plan it was chosen. Presumably the three 


designs to which were awarded first prizes, will offer | 


the most useful material for adaptation, and for this 
reason it will be of interest to give a general idea of 
the plans which are due to MM. Ch. Girault, E. 
Henard, and Paulin. 

Mr. Girault, like many of the other competitors, pre- 
serves the Machinery Hall of the 1889 Exhibition on 
the Champ de Mars, without alteration ; this building 
would look all the less appropriate because the new 
structures designed by him are highly ornamental and 
made picturesque with turrets, domes, &c No doubt 
the Machinery Hall will be as well adapted for its pur- 
pose as it was in 1889, but it will look seins eee | as 
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been fined for | it were, and antiquated beside the more recent efforts 
The men, it| of thearchitect. Mr. Girault removes the ungraceful 
a certain sum, but the domes of the Fine Arts and Liberal Arts Buildings, and 
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entirely changes the hte a of the Eiffel Tower ; 
with this object he incloses the space occupied by the 
main columns, and below the first platform he builds 
an immense cupola opening by great porticos to the 
Seine on one side, and to the Champ de Mars on the 
other ; on the right and left extend two large conser- 
vatories. This makes the base wider by about 
1000 ft., without greatly altering the well-known 
outline. 

The Champ de Mars would contain six buildings 
facing each other, and joining the conservatories of the 
Eiffel Tower at one end, and the Machinery Hall at 
the other. A monumental fountain and basin would 
be introduced near the somewhat moditied entrance to 
the Machinery Hall. A part of the Esplanade des 
Invalides, near the Seine, would be laid out in gar- 
dens, where the chief architectural feature is a monu- 
mental entrance of Siamese design, with a lofty tower 
flanked by two smaller domes ; this entrance leads to 
a large building formed chiefly of iron and glass. 

The Palais de 1l’Industrie, on the other side of the 
Seine, is preserved, but improved by a new entrance, 
while between the Palais and the Seine, Mr. Girault 
contemplates an enormous dome, throwing out on each 
side two curved wings forming a half-circle. Towards 
the Piace de la Concorde the intention is to have a 
large tower of glass and iron of conventional Chinese 
design. One of the author’s special ideas is that there 
should be as many buildings as there are groups ; this 
would clearly indicate the classification to the visitor, 
and would certainly give a novel aspect to the whole 
scheme, at the expense of great, if not insuperable, 
difficulties in subsequent organisation. The visitor 
would know exactly what he was going to see, and 
would find in ea :h building the modern as well as the 
retrospective exhibit of the group. Mr. Girault pro- 
poses to line the banks of the Seine with ornamental 
buildings, in order to connect the three parts of 
the Exhibition. This is an idea that will probably 
be carried out. A covered way will run ail 
along the rive droite, while restaurants, bars, 
&ec., will be placed on the banks of the river, 
and the whole would be brilliantly lighted at 
night. Two lines of railways would form a com- 
plete circle round the Exhibition grounds, starting 
from the Place de la Concorde, oe passing the In- 
valides to the Avenue de la Motte-Piquet, would 
cross the Champ de Mars, which it would follow to 
the Seine, then, crossing the river, would return to the 
starting point by way of the Quai de Billy. 

The second project, that of Mr. Henard, preserves 
some of the existing buildings, and _ completely 
changes the aspect of the grounds. He proposes 
to pull down and rebuild the Palais de 1’In- 
dustrie, which is now very old-fashioned, and 
completely hides the Esplanade des Invalides. 
This gives him a magnificent perspective and a 
grand avenue, the principal feature of which would 
be the new bridge, of which we have already spoken, 
and which is going to be constructed opposite the 
centre of the Explanade des Invalides. To the right 
and left of this magnificent avenue, which Mr. Henard 
obtains by an extension of the line of the bridge 
towards the Champs Elysées, he erects two vast build- 
ings, flanked by pavilions, and facing in one direction 
on the Champs Elysées, and the other upon the Seine. 
This project of Mr. Henard seems to us a very excel- 
lent one; on the Esplanade, beyond the gardens and 
the Horticultural Exhibit, is seen the Electricity Ruild- 
ing, the entrance to which is decorated by two large 
turrets carrying electric projectors; in front of this 
building there would a group of luminous foun- 
tains ; porticos connect this building with the Seine. 
Mr. Henard also proposed cascades falling from the 
new bridge into the Seine, but thisidea does not seem 
to have found favour. He preserves the three prin- 
cipal buildings now on the Champ de Mars ; but their 
individuality would be absorbed in a series of monu- 
mental buildings ranged around a rectangle with 
rounded angles, and including a part of the Eiffel 
Tower, but leaving the base free ; this large rectangle 
would form a vast series of galleries. The tower is only 
modified in its upper part, which it is proposed to 
replace by a monumental spire and belfry. Access to 
the Machinery Hall would be given by a broad glazed 
corridor, and the hall itself would be altered by the 
addition of a central dome 100 metres in diameter. 
Mr. Henard proposes as a partial means of circulation 
a travelling sepeme on each side of the Seine. This 
would probably prove wholly unsatisfactory. In the 
centre of the Champs de Mars would stand the ‘‘ Palace 
of Illusions,” containing five panoramas, the reproduc- 
tion of celebrated grottoes, and a central hexagonal 
mirror hall. 

The third and last project we need consider is that 
of Mr. Paulin ; it is remarkable for the elaborate de- 
coration of its buildings. Here, again, the Machinery 
Hall, the Eiffel Tower, and the Palais de l’Industrie 
are maintained in their present form, However, the 
role attributed to the Machinery Hall is a secondary 
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one, and it is masked by aseries of encircling galleries 
running round a rotunda covered by a dome, 
which is flanked by two smaller ones. In front, 
facing the tower and running across the Champs 
de Mars, is a gallery with two wings, that ter- 
minate at the base of the tower. The middle of 
the Esplanade des Invalides would be left free, but 
this project would not give the magnificant view and 
open perspective obtained in Mr. Henard’s scheme. 
On the opposite side of the Seine the project contem- 
plates the erection, between the Seine and the Palais de 
V’Industrie, of an immense dome and galleries. In this 
project the Seine is regarded as a great artery of com- 
munication, and this idea will probably beadopted; near 
the Quai de Billy a floating Indo-Chinese and Japanese 

alace is proposed, aud near the Quai d’Orsay is placed 
the Electricity Building. On both banks of the Seine 
avenues and gardens are arranged, so that the river will 
have the appearance of a lake bordered by gardens and 
palaces. An electric railway starts from the Place 
de la Concorde, runs to the Trocadero, and is an over- 
head line as far as the Quai de Billy. Another one 
runs parallel to the last-named, but quite at the water’s 
edge ; it passes round the Champ de Mars, returns by 
the Avenue de la Motte-Piquet, and is extended to 
the —— Elysées. 

It may be assumed that the three projects we have 
described contain the general arrangement of the Exhi- 
bition of 1900; certainly the Seine will be made one 
of the great attractions, and a fine avenue is to be 
created between the Champs Elysées and the Esplanade 
des Invalides. Mr. Bouvard, the chief architect, is 
studying all the plans, and we trust shortly to be able 
to describe the scheme that will be definitely adopted. 





FEED-WATER HEATERS.* 
By Professor A. C. Exuiort, D.Sc. (Edin.). 
(Concluded from page 98.) 
HITHERTO, it has been assumed that the engine is sup- 
lied with perfectly dry saturated steam. But it is pro- 
able that no ordinary boiler produces perfectly dry 
steam, though in practice, well designed and not over- 
ressed boilers do produce steam which contains probably 
ess than 1 per cent. of water. On the other hand, a 
boiler may very commonly supply steam with 20 per cent 
water, oreven more. There arise, therefore, interesting 
questions: first, as to the effect of priming on the effi- 
ciency of an engine; and, secondly, having regard to the 
subject in hand, the effect of the regenerative system of 
fedd-heating when the steam is wet to an appreciable 
degree. For the purpose of illustration the triple engine 
with a feed-heating connection to the lower receiver alone 
will be taken; and it will be assumed that the steam 
drawn from the receiver for feed-heating is an average 
sample of the (rough) steam in the receiver concerned. 
Let it be granted that of 1 1b. of the rough steam sup- 
plied by the boiler x lb. is pure steam, and therefore 
1—x lb. is water. Then the equations previously written 
are changed in the fashion 
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The actual efficiency without feed-heating, that is to 
say, aE), is found by putting a=0. Let us take for 
example the triple engine with boiler pressure 185 lb 
per square inch absolute referred to above, but supplied 
with various qualities of steam ranging from dry to 30 
per cent. wetness, 

TaBLE V.—Triple Engine: Boiler Pressure, 184 Lb. per 

Square Inch Absolute; B= .15. Feed-Heating Connec- 

tion to Second Receiver. 
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This calculation shows clearly that the economical 
advantage of the regenerative system of feed-heating in- 
creases as the steam supplied to the engine becomes 
wetter. In passing, it may be remarked that with this 
engine, apart from feed-heating ss pone 5 per cent. 
priming entails an actual increased expenditure of fuel 
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to the extent of 2.4 per cent.; while 30 per cent. priming 
would run the coal bill up by 21.3 per cent. 

_ It may be well to show analytically that the regenera- 
tive system of feed-heating carried out to its ideal limits 
makes the ordinary steam engine a perfect engine—per- 
fect, that is to say, in thermodynamic phraseology. Re- 
ferring to the formule which precede Table II., it 
appears that if the number of cylinders be taken as n, 
and if feed-heating connections be made to each receiver, 
then for the receiver below the mth cylinder 
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Hence if the number of cylinders is infinite, and if a 
stands for the sum of the masses of steam abstracted 
from the receivers, reckoned from the lowest receiver to 


that under consideration, 
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where A denotes the sum of all the quantities a. ; 
Solving the first of the immediately preceding equations 


we have 
=), . . (52) 
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and the quantity of steam abstracted from the infinite 
number of receivers per pound of net exhaust is 
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An ideal engine of this description is therefore perfect— 
that is, perfect in the sense that under the conditions it ir 
an engine ef maximum efficiency. A somewhat similar 
demonstration was given, as already mentioned, by Pro- 
fessor Cotterill. 

Exhaust steam feed-heaters applied to non-condensing 
engines effect a large saving. Take for example, a case 
where the feed temperature is 60 deg. Fahr. and the 
boiler pressure 110 lb. ip square inch by the gauge. The 
heat actually absorbed in raising 1 1b. of steam without 
come rm is about 1159 heat units. If, on the other 
hand, the feed-heater be employed, the water may be 
delivered to the boiler quite easily at 200 deg. Fahr., re- 
ducing the quantity of heat last mentioned to 1018 units, 
showing 4 saving of a little over 12 per cent. 

The exhaust steam injector is at once an injector and a 
feed-heater. Applied in the circumstances mentioned in 
the last paragraph, the exhaust steam injector would 
effect nearly the same saving as the exhaust heater, 
besides dispensing with the feed pumps. For the pres- 
sure mentioned it would be necessary to use a live-steam 
injector in series with the exhaust injector proper, but, 
beyond a very small correction for radiation, the saving 
noted—12 per cent.—would remain unaffected. 

Class (b).—The next apparatus to be discussed is the 
live steam feed-heater. The principle of the thing is 
fully described by its name; the feed-water is heated by 
steam taken direct from the boiler. Now, on thermo- 
dynamical grounds it matters not a jot whether the feed 
is heated inside the boiler or by heat abstracted from the 
boiler, provided that the feed-water is supplied in a con- 
tinuous and regular manner. At first sight, therefore, 
one is tempted to pronounce the live steam feed-heater a 
complete delusion, whether applied to a condensing or 
non-condensing engine. But a little consideration will 
show that in ordinary circumstances this judgment is too 
sweeping. First of all, we can agree that the boiler is 
alone concerned, since the engine only affects the question 
in so far as it fixes the temperature of the cold feed. 
Now, the efficiency of a boiler depends, among other 
things, on what is known as its ‘circulation ”—that is, 
on the facility with which the active heating surfaces are 
cleared, or are allowed to clear themselves, by convection 
currents of the steam there formed. In an ideally 
arranged boiler there would be a regular flow of heat ir. 
parallel, or at all events non-eddying, stream lines from 
the active heating surfaces to the centre of demand in 
the stream space. It matters not whether we think of 
going currents of steam and coming currents of water, or 
of an upcast of steam-charged water and a downcast of 
steam-depleted water—the result is the same; there is a 
source of heat and a sink of heat, and there is the out- 
going current and the incoming current of the moving 
medium. If these currents — the least possible 
resistance, if they have the largest possible volume, 
and if they work without warring with each other, 
then the action is as perfect as possible in the 
circumstances. But if in some region, remote from 
the original sink, cold water in considerable quan- 
tity is introduced, it is clear that we establish another 
sink. The two sinks will fight; some of the original 
currents will be stopped, new short circuits and eddies 
will be formed, and the whole complexion of the circula- 
tion may be se But the feed must be heated some- 
how. Is it possible to do this by heat which has come 





from the original source or sources, and yet avoid setting 
up @ separate sink? The live steam feed-heater answers 
this question in the affirmative. If there is any economy 
in the live steam feed-heater we should, therefore, expect 
its application to increase the efficiency of the heating 
surface; in other words, we should expect a lowering of 
the temperature of the furnace gas discharged: 

Very large economies have been claimed as resulting 
from the application of live steam feed-heaters, but the 
author is unaware of the existence of any records of 
rigorous tests. The author is of opinion that, applied to 
a first-rate boiler, the live steam feed-heater probably 
effects a small saving, but precisely to what extent he is 
not prepared on the present occasion to say ; while in the 
case of a badly designed boiler, with deficient and weak 
circulation, a very considerable saving may follow on the 
— in question. 

tis important to observe that the ordinary injector 
must be classed asa live steam feed-heater. The efficiency 
of an injector, rded as a pump and neglecting loss by 
radiation and leakage, is exactly unity. hen it is con- 
sidered that the corresponding losses in a feed pump are 
certainly not less, that its efficiency may be as low as 3 or 
even 1 per cent., and that it is powerless as a feed-heater, 
the res gga of the injector over the feed pump is 
realised in a striking manner. 

The ordinary injector, the exhaust injector, and all 
forms of feed-heater whatsoever serve to modify or pre- 
vent the local variations of temperature in the contents 
and structure of the boiler which accompany the intro- 
duction of cold feed-water—variations which would, apart 
from these appliances, be nothing short of violent. The 
prevention of the racking stresses which attend sudden 
temperature oscillations must lighten the maintenance 
and lengthen the life of the boiler. 

When exhaust steam is mixed with the feed, as in some 
classes of feed-water heater and exhaust injector, it is 
highly desirable, and almost necessary, to adopt means 
for intercepting oil and dirt, otherwise deposit will occur 
in the boiler. Such an oily deposit not only seriously 
diminishes the boiler efficiency, but, as the prime factor 
in causing overheating, is extremely dangerous. In 
a recently designed feed-heater of this class, made by 
Messrs. Joseph Wright and Co., a filter has been incorpo- 
rated ; and the exhaust injectors are usually supplied with 
what are called grease boxes. A part of the oily dirt 
from surface-condensing engines is deposited in the con- 
denser ; but deposit even here is objectionable, and again, 
the considerable remainder of dirt escapes into the boiler, 
and is there fixed. In the best marine practice the re- 
generative feed-heaters of Messrs. G. and J. Weir are 
being extensively employed in conjunction with the filters 
of Mr. Edmiston, Messrs. Copley Turner and Co., and 
others. The salts of lime usually present in hard water be- 
come less soluble with increase of temperature. Hence, 
hard feed-water for a non-condensing engine may be made 
to deposit a large part of its lime in a feed-heater ; and if 
the feed-heater is — so that the scale or deposit 
can be readily removed, the resulting relief to the boiler 
is material, and — in a handy manner. 

The length of the present paper seems a sufficient 
apology for the omission of reference to a host of more or 
less interesting feed-heaters. It is hardly necessary to 
add that the author has aimed at rational classification 
and the elucidation of principles rather than at the dis- 
cussion of peculiarities of design. 





Geppes Sarety Biow-Orr: Erratum.—On page 147 
of our last number, third column, lines 26, 27, and 28 
from bottom, for ‘*donkey boiler” read ‘‘ feed donkey.” 
Mr. Geddes’ address should also have been: ‘‘ Drury- 
lane, Water-street, Liverpool.” 





River PoLtuuTion.—The waterworks committee of the 
Leeds Town Council has determined to set the law in 
motion with the view of putting a stop to river pollution, 
so far as it affects the corporation waterworks in Wharfe- - 
dale. At a recent meeting of the committee, it was 
stated that from the church at West End, Fewston, 
down to Dob Park Mill, Norwood, near Otley, there are 
some 26 cases of pollution, all of them sources of danger. 
The committee unanimously decided that steps should be 
immediately taken to remery this state of affairs, 





Tue German Navy.—The German Emperor has re- 
cently been devoting increased attention to questions 
connected with the German Navy ; and as a consequence 
of this, additional vigour is being impressed upon German 
naval administration. The Brandenburg, the Worth, the 
Kursfurst, and the Friedrich Wilhelm are to be completed 
without delay. The Kenig Wilhelm, the Friedrich der 
Grosse, and the Deutschland are to be disarmed and are 
to go into dock for repairs, which are especially needed by 
the Deutschland. An additional credit of 15,365/. has been 


provided for re-arming certain torpedo-boats with quick- 
firing guns and small mitrailleuses. The German ordinary 
naval budget for 1895-6 amounts to 1,151,252/., showing 


an increase of about 160,000/. as compared with the cor- 
responding bey y for 1894-5. The eager ey bag om rO- 
posed comprise 50,000/. for the Leipsic, 100,000/. for three 
second-class cruisers (the K, the L, and the Frega), 
195,0007. for nine torpedo-boats, and 82,000/. for new 
engines and boilers for vessels of the Sachsen type. A 
credit is also proposed for the armament of a vessel now 
building to replace the Preussen. The German extra- 
ordinary budget for 1895-6 amounts to 367,140/ , showing 
an increase of 155,580/. as compared with 1894-5 ; the new 
budget comprises credits for the construction of a dry 
dock at Kiel, and a subvention to Bremen for the forma- 








tion of a basin at that port. 
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GOVERNING STEAM ENGINES. 
Governing of Steam Engines by Throttling and by 
Variable Expansion.* 


By Captain H. Riaut Sankey, of Thames Ditton. 

In the present paper it is intended to consider certain 
points in connection with the two usual methods of 
governing a steam engine; and it will be attempted to 
show that, although for many purposes the popular verdict 
in favour of variable expansion governing may be accepted, 
yet its advantages are commonly much overrated, and in 
some cases it has no advantage at all. Governing by 
throttling may with convenience be described as constant 
expansion with variable pressure ; while the system com- 
monly called automatic is constant pressure with variable 
expansion. A complete comparison of the two methods 
would uire a consideration of the following points: 
(1) the effect on the steam consumption of the engine ; 
(2) the effect on the closeness of governing, as regards 
both sudden and gradual changes of load ; (3) the relative 
capabilities to deal with overloading; (4) the relative 
simplicity and reliability of the various gears from the 
mechanical point of view; (5) the first cost. It is not 
intended to describe any of the numerous gears which 
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have been devised with more or less success for governing 
engines by either method, though undoubtedly the close- 
ness of governing is more affected by the nature of the 
gear than by whether it acts on the throttle or on the 
expansion ; it will be understood that the comparison is 
made between gears the best of their kind. The question of 
cost will not be considered, as it depends on the nature of 
the gear. ‘he paper will therefore deal with the first 
three points only. ‘ ' 
Governing by variable cut-off is generally considered 
to be superior to throttle governing, and the latter is 
looked upon by many engineers as fit for second-rate 
engines only. The principal reason for this preference 
appears to be the supposed great superiority in steam 
consumption of an engine governed by the cut-off; and 
the feeling is no doubt natural enough that pressure is 
being wasted when working at less than full load and 
overning by the throttle. As a rule, indicator diagrams 
aes engines with variable-expansion gears look better, 
but they are often cloaks for exaggerated initial conden- 
sation: that is to say, the weight of steam shown by the 
indicator to be present in the cylinder at cut-off may be 
as small as can be desired, and much less than that 
shown by a throttled diagram of the same area ; and yet 
it may iS found, by comparison with the actual feed- 
water used, that the real consumption of steam per indi- 
cated horse-power is nearly as large, owing to excessive 
initial condensation ; the indicator shows how much steam 
is present, but it tells nothing about the water. Hence the 
supposed gain over throttling, as regards steam consump- 
tion, is smaller than might be estimated, judging from 
the diagrams only. In fact, no conclusion as to economy 
can be derived from the diagrams only—a truth which 
cannot be too strongly emphasised, and the neglect of 
which leads toconstant misunderstanding and error. 
Nevertheless, when an engine is working against a very 
variable load, and it is expedient to realise the greatest 
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economy at some load less than the fullest load which the 
engine is mechanically capable of developing, then 
governing by variable expansion has advantages, be- 
cause it may be stated broadly that in a_ throttling 
engine the fullest load is the most economical load. 
be present paper may be looked upon as an elabora- 
tion of section F of the late Mr. P. W. Willans’ paper on 
“* Steam Engine Trials,” read before the Institution of 
Civil Engineers in April, 1893 (Proceedings, vol. cxiv., 
page 40). That section treats of ‘‘the economical value of 
automatic expansion gear as a means of reducing the 
wer ;” and all the numerical results about to be given 
in this paper are based on Mr. Willans’ experiments on 
non-condensing and condensing engines. The author was 
unable to obtain any cther experiments sufficiently com- 
plete for his purpose; but there can be no reasonable 
doubt that the principal conclusions here arrived at apply 
to any engine, although the absolute results will be dif- 
ferent. To save repetition, it is to be understood that 
_ numerical results apply strictly to Willans engines 
only. 
Economy.—The indicated horse-power of an engine of 
given cylinder volume depends on two factors, namely, 
the number of revolutions and the mean pressure. If, 
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mean pressure maintained constant, the steam consump- 
tion per indicated horse-power, and = and x brake 
horse-power, will be increased but slowly as the load is 
diminished ;* for the reason that, other things being 
equal, high speed of rotation is in itself more economical 
than low speed, the initial condensation being smaller 
owing to the shorter exposure of the surfaces to exhaust 
temperature. If, however, the speed is constant, the 
mean pressure must be varied for variations in the load ; 
and in this case the steam consumption per indicated 
horse-power will depend much more upon the load, and 
will increase in general as the load diminishes, the in- 
crease, especially per brake horse-power, being rapid at 
ight Ae ig The mean pressure can be varied either by 
keeping the cut-off constant and varying the initial pres 
sure, or by varying the cut-off and keeping the initial 
pressure constant. The present object is to inquire which 
of these two methods of altering the mean pressure gives 
the best economical results under various conditions. It 
will be seen that the answer is not the foregone conclusion 
it is sometimes supposed to be. 

Asa preliminary it may be interesting to inquire into 
the matter from a purely theoretical point of view. In 
his remarks on Mr. Willans’ paper, read before the 
Institution of Civil Engineers (Proceedings, vol. cxiv., 
page 96), the author showed that the total water cona- 
sumption per hour of a theoretical constant-expansion 
enginet was given by an oblique straight line (strictly an 


*This point was brought out clearly by Mr. Willans, 
both in his non-condensing and in his condensing trials. 
In the latter, for instance, he showed that in the com 
pound series, with 15 5 expansions and with 30 lb. mean 
pressure, the steam consumption per indica horse- 
power per hour was respectively 14.5 lb., 15.26 lb., and 
17.07 lb., with 400, 300, and 200 revolutions per minute. 

+ In the remarks referred to (pages 97, 98), the diagram 
of this theoretical constant-expansion engine was defin 
as follows: the admission was at constant pressure, the 


exceedingly flat curve), the total water being plotted as 
ordinates on a mean pressure base; and this he called 
the theoretical Willans law, because it had already been 
shown experimentally by Mr. Willans that the consump- 
tion of an actual constant-expansion engine was likewise 
given by an oblique straight line. The absolute steam- 
chest — required for each load can be marked on 
this o yg straight line, and form an equally divided 
scale. number of such straight lines being drawn, 
Fig. 1, each for a different ratio of expansion, it is evi- 
dent that the consumption lines for a theoretical constant- 
pressure engine can obtained by joining the points 
showing equal pressures, as in Fig. 1, thus obtaining a 
series of curves.* 

It will be observed that all the constant-expansion 
straight lines and all the constant-pressure curves pass 
through the origin, showing that with zero back pressure 
the water consumption is nz/ at zero mean pressure. Follow- 
ing one of the straight lines, say that for four expansions, it 
will benoticed that it intersects the constant-pressure curve 
for 100 lb. at 55 lb. mean pressure; at this point, therefore, 
the consumption of the constant-pressure engine is equal 
to that of the constant-expansion engine ; and inasmuch 
as for lower mean pressures the curve lies below the 








expansion adiabatic, the release instantaneous, and the 


straight line, the two being in the form of a bow with its 
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tring, the consumption of the constant-pressure engine is 
less at all lower points than that of the constant-expansion 
engine, the difference being the vertical intercept between 
the straight line and the curve. 

The consumption lines in Fig. 1 have been drawn on 
the assumption that the back pressure is absolute zero; 
but if the back pressure is B lb. per square inch, the only 
effect is to reduce the readings of the mean pressure by 
B lb., as explained in the author’s remarks above referred 
to; and these consumption lines can therefore be applied 
easily to any back pressure, by shifting the mean pres- 
sure scale bodily to the right to the extent of the seed 
pressure. Thus, if the back pressure is 3 lb. absolute, 
the consumption at 0 1b. mean pressure will be the same 
as it is with 31b. mean pressure when the back pressure 
is 0, and will, therefore, no longer be nil as above; and at 
30 lb. mean pressure with 3 1b. back pressure the con- 
sumption will be the same as it is with 33 lb. mean pres- 
sure when the back pressure is 0; and so on, as is 
shown by the second scale of mean pressures in Fig. 2. 
The latter is an abstract from Fig. 1, and compares the 
consumption at all loads of a theoretical constant-ex- 
pansion engine, and of a theoretical constant-pressure 
engine, in three cases, namely, when the expansions are 
two, six, and 14 times, and the initial pressure is 50 lb., 
100 lb,, and 2001b. absolute per equare inch respectively. 
It will be seen that at all loads less than full load the 
theoretical gain in. economy by expansion governing is 
very considerable for a low initial pressure, but rapidly 
diminishes as this pressure increases. Thus at a mean 
pressure of 20 lb. the gain by expansion governing, 
when the initial pressure is 50 1b., is 42.5 per cent.; at 
100 lb. initial pressure it is 26.3 per cent.; and at 200 lb. 
it is 18.2 percent. This diminution in the economical 
advantage of expansion governing is confirmed by ex- 
periment. Fig. 3 — in full lines the actual consump- 
tion lines for a Willans condensing engine when working 
with low initial pressure, and Fig. 4 when working with 
high initial pressure; and it will be seen that at 20 lb. 
mean pressure the actual gain by expansion governing is 
10.5 per cent. with the lower initial pressure, and only 
5.4 per cent. with the higher. The corresponding theo- 
retical consumption lines deduced from Fig. 2 have been 
plotted for comparison in dotted lines, and two important 
differences are at once evident: first, the proportional 
gain in economy by expansion governing is greatly less in 
the actual engine than it is in the theoretical; and, 
secondly, in the actual engine the constant-pressure line 
cuts the Willans or constant-expansion line at 9 lb. mean 
pressure in Fig. 3 and at 14 lb. in Fig. 4, showing that 
with light loadsthe constant-expansion engine is the more 
economical of the two. The economical gain by expan- 





back pressure absolute zero; there was no compression 
and noclearance, and initial condensation, radiation, and 
all other losses were supposed to be nil. 

* The size and speed of the engine for which these con- 
sumption lines have been worked out are such that 1 Ib. 
mean a 1 indicated horse power, and it is 
suggested to this the ‘‘ standard-consumption engine.” 
The consumption of any other size of engine can at once 
be deduced thus: the weight of steam required per hour 


ed | for a theoretical engine capable of indicating 1000 horse- 


power with 30 lb. mean pressure will be 1000 + 30 times 
that for the standard-consumption engine, 
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sion governing is, therefore, considerably less than would 
appear at first sight from theoretical considerations, the 
obvious reason being that the higher steam chest pressure 
increases the losses due to initial condensation, to radia- 
tion, and to leakage—these losses making themselves felt 
more and more as the pressure increases. 

Returning to Fig. 3, which gives the lines of water con- 

sumption in an actual simple engine when condensing 
and working with an available steam pressure of only 
60 lb. absolute, it will be noticed that the constant-expan- 
sion engine is arranged for a maximum load correspond- 
ing to 35 lb. mean pressure; and under these circum- 
stances, as already pointed out, expansion governing is 
more economical than throttle governing to the extent of 
10.5 per cent. at three-fifths load. This is the vase 
referred to by Mr. Willans in page 42 of his paper on 
‘*Steam Engine Trials” (Proceedings Inst. C.E., 1893, 
vol. cxiv.); and in his opinion to such cases as this is 
largely due the fashion of considering that expansion 
governing is necessarily much more economical than 
throttling. Variable-expansion gear was first applied to 
simple engines working with low boiler pressure and 
often with still lower steam chest pressure. For enabling 
an occasional heavy load to be dealt with, such engines 
had originally been arranged to cut off much later 
than was required for ordinary work. Naturally the 
change gave excellent results; and it was too often 
assumed that the application of automatic expansion 
gear would produce an equal saving in cases which were 
altogether different. Even in the case just considered, 
by no means would the same saving be effected if the 
constant-expansion engine were not adjusted for working 
at an excessive load, such as 35 1b. mean pressure is, re- 
latively to 60 lb. initial pressure. Had the engine been 
arranged to work at only 25 lb. mean pressure as its maxi- 
mum load, and therefore with the advantage of greater 
expansion at all times, the economy to be obtained by 
varying the expansion in place of throttling would have 
been much smaller, as is shown in Fig. 3 by the line 
marked W. 

It is most unlikely, however, that a new engine would 
be constructed to work with so low a pressure as 60 lb 
absolute. Fig. 5 refers* to a more usual case, namely, 
that of a compound condensing engine working with a 
fairly high boiler pressure. It is assumed that 150 lb. ab- 
solute is the maximum pressure available at the engine ; 
and that the engine is so designed as regards strength and 
bearing surfaces that it will run continuously with 40 Ib. 
mean pressure, and for short periods with 50 lb. mean 
pressure. In Fig. 4 the constant-expansion engine is 
arranged for 10 expansions, which, with 150 Ib. absolute 
initial pressure, limits the mean pressure to 36 lb. asa 
maximum, whereas with variable cut-off there is no 
difficulty in obtaining 50 lb. mean pressure. If, how- 
ever, the conditions of working require 50 lb. mean pres- 
sure for short periods, then to obtain this with con- 
stant expansion the fixed cut-off must be made later, and 
the consumption will be increased for all loads, as shown 
in Fig. 5 by the line Wj. If, on the other hand, it is certain 
that the load on the engine will never exceed that cor- 
responding with 32 lb. mean pressure, then the cut-off can 
be made earlier to correspond with this load ; and the re- 
sulting consumption line for constant expansion, marked 
W, in Fig. 5, is much closer to the constant-pressure line 
than in either of the two previous cases, in fact so close 
that _— from the use of variable-expansion gear 
must be sought upon other grounds than that of economy. 
It will be noticed that in this case at all loads below half 
load the constant-pressure engine actually uses more 
steam per horse-power than the constant- expansion 


engine. 
(Zo be continued.) 





Brush Centra Stations.—The Electrical Engineer- 
ing Company, Limited, of Albert-buildings, Queen 
Victoria-street, have issued an exceedingly artistic 
publication, got up in the antique style, giving accounts 


of six electric supply stations equipped with their 
machinery. The volume also contains a map of the 
United Kingdom showing 30 towns in which Brush 


machinery is installed in central supply stations. It is 
illustrated by views in collotype, and is printed on rough 
paper in heavy type calculated to suggest ‘‘ black letter.” 





TuE INSTITUTION OF JUNIOR ENGINEERS.—Last Satur- 
day (February 2) a very large party of the members of 
this Institution were enabled by the courtesy of Messrs. 
Maudslay, Sons, and Field to visit that company’s marine 
engineering works at Lambeth. They were conducted 
through aif the various shops of the extensive establish- 
ment. The work in hand includes four sets of engines, 
each of 4500 indicated horse-power, for the torpedo- 
catchers Conflict, Teaser, Wizard, and Zebra ; two sets of 
engines, each of 12,000 indicated horse-power, for the 
armoured battleship Czesar, building at Portsmouth, and 
screw battleship Renown, building at Pembroke; and 
auxiliary machinery—feed pumps, filters, air-compressors, | ; 
electric light engines, boat hoists, &c. A dynamite gun 
is also being made for the Dynamite Gun Syndicate, and 
Belleville boilers for the Egyptian Monarch, and new St 
Petersburg of the Russian Volunteer Fleet, are in course 
of construction. Much interest was manifested in a 
Belleville boiler, which was shown, with all its fittings, 
under steam. At the conclusion of the inspection Mr. 

J. Tennant, past-chairman of the Institution, expressed 
the members’ acknowledgments for the preparations 
which had been made for their reception. 





tubes, the stokehole cleared of coal and made read 
water in the gauge glasses noted, the measuring tanks for 
she feed water full, the fires in good order, and their con- 
jition carefully noted, so that the trial should be finished 
with the fires in the same condition as nearly as possible, 
and when all was in order the trial was begun as near 
seven o’clock as possible. 


ney, the flue to chimney being 13 ft. long and 3? square 
feet in area, the damper being close to the chimney, and 
full open during the trial. 


ON RESULTS OF EVAPORATIVE TESTS 
ON LAND BOTILERS.* 
By Mr. Gro. CarRuTHERS THOMSON, F.C.S. 
(Continued from page 128.) 
Detaits oF TRIALS. 

Tue principal details of each trial are given in the Table 
on the next page, and in the diagrams, and I shall now 
only give the details required to make them complete, 
and which could not so well be placed in tabular form. 
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Before beginning a trial all the instruments were placed 
on their proper position, the ashes drawn from the sor ay 
or 
he weighed quantity being laid down, the height of the 


No. 1.—This was one of two boilers close to base of chim 


The gases from the furnaces 





*In Fig. 5 the actual constant-pressure consumption 
line shown in Fig. 4 is reproduced, and also that for 10 





expansions marked W. 


Shipbuilders in Scotland, 


* Paper read before the Institution of Engineers and 





TRIALS 6&7. 13% & 18t* Nov. 1891 








= open during trial. 


tinuous steaming. 


went under the boiler, and split along the sides to the 
main flue. Trial began at 7 a.m. and ended at 5 p.m. 
without stoppage. Steam varied from 30 lb. to 43 lb. 
pressure. Fires cleaned at 9.30 a.m. and 1.30 p.m. Gas 
samples drawn from 12.45 till 1.10 p.m., and 4.27 to 
4.48 p.m. Fires stirred between each firing. Firebars 
6 ft. 6 in. long. No air admitted at furnace door—only 
at bridge, and did not evaporate so much water as the 
boiler woo which had nothing extra fitted to it. 

No. 2,—These three boilers were in the centre of a 
battery of eight boilers, and were distant about 50 ft. 
from the chimney. United damper area 
10.5 square feet. Approximate area of 
main flue 10.68 square feet. Dampers full 
open during trial. Gases from the fur- 
naces travelled the same as in No. 1. 

Trial began at 7.10 a.m. and closed at 
5.10 p.m. without stoppage. Steam varied 
from 25 lb. to 374 lb. pressure. Fires 
cleaned at 9.30a.m. and 1.30 p.m. Gas 
samples drawn from 11.56 to 12.19 noon 
12.59 to 1.14 p.m., 1.50 to 21 p.m., an 
3.44 to 3.58 p.m, Fires stirred between 
each firing. Bars 6 ft. 6in. long. The 
draught was — (see Table) owing to 
smallness and bad condition of main flue, 
and an obstruction in the main flue 
between these boilers, and those imme- 
— to the left-hand side, where the 
draught was very good. 

No. 3.—The same boilers as in No. 2. 
Dampers, area 10.5 square feet, full open 
Steam varied from 27 lb. to 


O'Ck. 






Water in 
Gass 
in ins. 


Barometer 
in ine, 
134% Nov. 


Airtemp.in Guring trial. 
deg.Fahr. 37 lb. pressure. 
Trial began at 7.8 a.m. and closed at 


5 8p.m. without stoppage. Ashes drawn 
at 9.30 am. and230p.m. Gas samples 
drawn from 12.28 to 12.45 p.m., 12.50 to 
1.12 p.m., 1.18 to 143 p.m., and 3.53 to 
4.20 p.m. 32 steam jets, each ys in. in 
diameter in % in. pipe, in each furnace, 
going all the time to cool the furnace bars, 

ires levelled once per hour. Bars 5 ft. 
3 in. long. 

No. 4.—Same boilers as Nos. 2 and 3. 
Damper area during trial 8.5 square feet. 
Steam varied from 29 1b. to 39 1b. pres- 
sure. 

Trial began at 7.18 a.m. and closed 5.3 
p.m. without _ stoppage. Ashes drawn 
at 9.30 a.m. and 2.30 p.m. Gas samples 
drawn from 12.29 to 12.45 p.m., 12.52 
till 1.13 p.m., 1.21 till 1.40 p.m., 3.33 till 
3.41 p.m., 3 49 till 4.18 p.m., and 4.19 till 
4.38 p.m. Steam admitted over each 
fire by a 3-in. jet at end of 4-in. pipe, and 
at back of grate below bars by 20 jets 
rs in, in diameter, kept constantly going. 
Firebars 4 ft. 8 in. long. 

The boilers in these four trials were all 
covered with bricks, and encl in a 
house. The centres of boilers were 9 ft. 
6 in. apart, and the side flues were rather 
contracted. 

The feed water in these four trials was 
heated in a large tank by waste steam 
blowing into it. 

In these four trials steaming was easier 
at time of cleaning the fires. 

No. 5.—This was one of a range of 
seven boilers, and with the boiler next to 
it had a separate chimney, and during 
the trial the other boiler was off duty. 
The gases from furnaces were split along 
sides of boiler, and went back under boiler 
to main flue. 

Damper close to boiler with 5 square 
feet area, and full open during trial. 
Main flue 5 square feet area for 15 ft. 
from damper, and then for 61 ft. to 
chimney the area was 15.5 square feet. 

Trial began at 7 a.m. and closed at 5 
p.m. Continuous steaming. Steam pres- 
sure varied from 56 lb. to 67 Ib. 

Temperature at end of boiler in oval 
flue at 11 a.m. was 1030 deg. Fahr., and 
at 4.30 p.m. 1100 deg. Fahr. At side 
flue, at front of boiler, at 11.30 a.m. the 
temperature was 730 deg. Fahr, and at 
1.10 pm. 765 deg. Fahr. Gas samples 
drawn from 12.42 till 1 p.m, and from 
352 till4.7 p.m. Firebars 5 ft. 9 in. long. 
Boiler cleaned inside and outside on Sep- 
tember 18, 1891. Ashes drawn at 12 
noon and 5 p.m. 

No.6. —This boiler was tothe right of No. 
5, and connected to same flue and chimney. 
Damper full open during trial, and of same area; 


ins. 
18% Nov. 


on 18%Noy. 
wu 13% 


sack 


length and area of flues the same, and the gases, after 
es, 
Tri 
steaming. Steam varied from 55 lb. to 69 lb. pressure. 
Temperature at f 
1200 deg. Fabr., and at 3.55 p.m. 1170 deg. Fahr., while 
at side flue, at front of boiler, at 10.30 a.m. was 920 deg. 
peo and at 3.30 p.m, was 915 deg. Fahr. Ashes drawn 
at 12 noon. 


furnace, travelled the same way as in No. 5, 
began at 7 a.m. and closed at5 p.m. Continuous 


k of boiler flue at 12 noon was 


Gas samples were drawn from 12.12 to 12.29 

.m. and 4.7 till 4.20 p.m. Firebars 6 ft. 9 in. long. 
iler cleaned inside and outside on August 6, 1891. 

No. 7.—This boiler was the same as No, 6. Damper 


rial began at 7 a.m. and stopped at 5 p.m. Con- 
= Steam a from 52 to 68 Ib, 
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TABLE OF RESULTS OF EVAPORATIVE TESTS ON LAND BOILERS. 
































| | 
1, Number of trial .. 4 2. 8. 4. 5. 6. 7. 8. | 9. 
2. Date in = - fept. 10, 1891 | October 1, 1891 October 9, 1891 October 23, 1891| Nov. 17,1891 | Nov. 18, 1891 Nov. 13, 1891 Dec. 9, 1891 | Dec. 10, 1891 
8. Duration of trial in hours i os a 10 10 10 9 | 10 10 F 5 | . A 8 
4. Number and description of boilers .. . OneLancasbire, | One Lancashire boiler, 7 ft. x 26 ft., furnaces One Galloway |One Lancashire boiler, 7 ft. 6in. |One Lancashire boiler, 7 ft. 6 in. 
7 ft. x 26 ft., | 2 ft. 9 in. in diameter, ard six tubes in each flue | boiler, 7 ft. x | in diameter, 28 ft. long, two | in diameter and 30 ft. long, with 
with furnaces One Lancashire boiler, 7 ft. x 24 ft., furnaces | 28ft.,withtwo furnaces 2ft.11 in. in diameter, | two furnaces 2 ft. 11 in. in dia- 
2 ft. 8 in. in | 2 ft. 9 in. in diameter, and six tubes in each flue | furnaces 2 ft. | six cross tubes in each fluetube | meter, and 10 cross tubes in each 
diameter, six One Breeches boiler, 7 ft. by 24 ft., furnaces 94 in. in dia- flue tube 
tubes in each | 2 ft. 9 in. in diameter, and seven tubes in main flue) meter, 33 cross 
flue, and steam Steam dcme on each boiler tubes, and four 
| dome pocketsin oval 
flue 
5. Heating surface, total .. -. &q. ft. 570 1614 1614 1626 905 971 971 1068.75 1068.75 
6. Firegrate area .. = ab 34.66 104 | 81 74.66 32.1 33.5 33.5 174 : 
7. Method of firing adopted .. Auld’s air |Hand epread, &ennis sprink- |Hodgkinson Thornliebank {Thornliebank |Thernliebank Vicker’s coking stoker. 
bridge, hand | stirred between! ling stoker | coking stoker | coking stoker | coking stoker | coking stoker | 
spread each charge. | and Davidson’s | and Davidson’s | and Davidson’s | 
| hollow firebars | patent hollow | patent hollow | 
| | firebars tirebars | 
8. Chimney height .. = 148 ft. 6 in. 148 ft. 6 in. 148 ft. 6 in. 148 ft. 6 in. 75 ft. | 75 ft. 75 ft. 304 ft. 304 ft. 
9. = ” diameter at top R 8 ft. 8 ft. 8 ft. | 8 ft. 8 ft. 9 in. equare |3 ft. 9 in. square)3 ft. 9 in. square | 22 is Ba 
10. Rarometric readings, average in. 30.14 29.6 | 29.54 | 29.5 29.72 | x 3 29.32 28.82 
11. Weather S a - .. Fine and clear, |y and clear, |Mry and clear |Misty morning, Clear, with Wet but sharp |Wet and dull, showery and |Wetand stormy, 
wind light and | wind light, | forenocn, dull | dry and clear slight showers | day, no wind, | withlittlewind | ,retty strong | strong wind 
unsteady, from | from W.S.W. | n afternoon, | day,saveheavy from 12 to 2, fires burning | fromN.E.,fires | 8.W. wind from S.W., W., 
N. to S.W. | and threaten- | shower at 4.30 W. wird, but | well dull S.S.W., toS. 
| ing rain, wind | p.m., wind | light | 
light, S.W. | light, S. and 
. W. | 
12, Steam pressure, average, , oo oo 35.75 | 80.9 | 31.74 23.7 62.1 63.2 60 | 87.1 86.05 
13. Feed water, average temperature deg. F. 135.2 106.2 106.4 101.57 48.9 48. 43.2 44.07 42.5 
14, pa used in trial a oe 35,545 118,247.6 112,453 89,704 62,020 61,510 51,840 40,669 44,460 
16. 9 » perhour .. ie i 3554.5 | 11,324.76 11,245.3 9,200 6,202 6151.0 5,184 4929.5 5,389 
16. a4 = - from and at } 
212 deg. .. oe - . a b. | 3590 12,785.6 | 12,707 10,442 7442.4 7381.2 7005.8 5964.7 6631.27 
17. Feed water used per pound of fuel from } . 
feed temperature ae = oe ). 5.12 } 6.8 6.73 5.66 6.75 6.55 6.1 4.32 4.38 
18, Feed water used per pound of fuel from and | | 
at 212 deg. Fabr. os ~ i ee 5.63 7.68 7.20 6.42 8.1 7.86 7.35 5.23 5.30 
19. Feed water used per pound of fuel from, | 
and at carbon value os ve 3 6.£3 9.33 8.43 8.69 10.65 10.34 10.02 | 7.67 8.10 
20, Feed water used per square foot of grate | 
surface per hour sie ; ; 5 103.5 122.94 156.87 139.86 231.8 220.3 209.1 340.84 373.2 
21. Feed water used per square foot of heating | 
surface per hour 3 an 5 M 6.3 7.92 7.87 6.42 8.22 7.60 fe | 5.58 6.00 
22. Factor of evaporation a 1.101 1,129 1.13 | S 1.2 SS a 1.205 1.21 1.212 
23. Fuel used in trials, name ..|Earnock tripiny Allanshaw Earnock dross | Earnock dross Greenfield virgin Greenfield virgin Greenfield virgin |One-third Lanemark splint dross 
Wal sei d triping droes dro dross two-thirds Daldowie main dress. 
24. Condition of fuel and description ..| Dryand clean | Dry ard clean comes. round, |Small, wet, dirty; Very emall and | Very — and Very small Small and wet. 
| clean | wet | we 
‘ , - 4 volatile percent. 45.78 46.00 50.56 46,22 47.34 47 34 438.99 | 42.55 | 41.72 
25. Fucl analysis, proximate { frog Pe 54.29 54.00 49.44 53.78 52.66 52.66 56.01 si 57.45 | 58.28 
26. Ultimate analysis— | 
Carbon = 65.05 66.20 68.55 60.08 60.22 60.22 59.44 54.50 52.84 
Hydrogen s 4.49 4.49 4.74 3.85 4.40 4.40 8.86 3.80 3.52 
Oxygen o> 10.78 10.61 7.16 12.75 9.29 9.29 11.64 8.38 8.69 
Nitrogen i 1.78 178 1.02 1.61 1.96 1.96 1.75 1.68 1.25 
Sulphur Hf 54 1.00 1.35 1.93 75 .75 .96 1.60 2.00 
Ash ta 9.70 | 6.48 7.72 10.30 13.18 13.18 14.79 20.20 21.00 
Moisture ne - a 7.66 9.44 9.46 9.48 10.20 10.20 7.56 9.84 10.70 
27. Specific gravity of fuel be 1,250 | 1.250 1.271 1.339 1.293 1.293 1.351 1.320 1.40 
28. Quantity of fuel used in trial.. Ib. 6944 16,682 17,610 15,848 9,184 9,390 9,520 9418.0 10,151 
29, ba ss per hour 4 694.4 1663.2 1,764 1625.4 918.4 939 952 1141.5 1230,4 
30. a ashes and clinker during trial ,, | 672 | 840 1,148 1,453 1,%51 1,218 1,706 1,554 | 1,580 
31. Percentage of ashes and clinker combined | | 
per cent. 9.67 5.05 6.5 9.23 13.62 12.97 17.92 16.5 15.86 
32, Thickness of fires, average .. - in. | 6 to8 | 6to8 4105 8 8 | 10 
33. Number of times boiler fired during trial ..|Thrice per hcu- | 35 times Continuous Continuous Contir uous Continuous Continuous | Continuous Continuous 
84. Quantity of fuel used per week of 56 hours | 
tone 17.36 41.58 44.1 39.62 22.96 23.47 23.8 28.53 30.76 
36. Carbon value of fuel used per week cf 56 
hours me - i tone 14 09 84.82 37.75 29.28 17.45 17.83 17.44 | 19.44 20.13 
8@. Carbon value of fuel .. a ie 81.16 | 82.31 85.6 73.9 76.01 76.01 73.29 | 63.14 65.47 
37. Fuel used per equare foot of grate surface Ib. 20.03 | 16.00 21.77 21.77 28.61 28.03 28.41 65,22 70.3 
38. . ae heating ,, ,, | 1.128 | 1.08 1.09 .999 1.01 267 .98 1.06 1.15 
39. Temperature of air outside boiler house | | 
deg. Fahr.| 70.3 58 60.1 50 53.4 50.65 54.8 50 | 47.18 
40. Temperature of gasesleaving boiler _,, | 407 657 695 587 633 706 731 501 504 
41. Draught at damper, average .. oo Sea 55 | 226 3 25 6 -51 56 1.5 | 1.44 
42. a chimney, ,, ae as aoe : 11 1.25 1.1 
48. Speed of air entering below furnace feet | | | 
per min.| 531 353 316 423 744 570 1060 } 940 
44. Gas analysis— | 
Carbon dioxide per cent. | 2.86 | 6.8 7.7 6.73 10.4 10.85 10.0 | 3.4 5.59 
» Oxide .. te e | 25 os -56 Re trace } 
Oxygen .. = 17.58 10.95 11.2 11.05 8.75 7.8 8.2 16.4 13.44 
Nitrogen oe i ae ea 79.56 82.00 81.1 81.66 80.85 81.35 81.8 | 80.2 | 80.97 
45. Ratio of air used to theoretical quantity 6.69 to 1 246 tol 2.2 tol } 2.56 tol 1.65 to 1 1.6 tol 1.77 tol 5 tol 3.13 tol 
. er y per per | per 7 per J per : per | r per 
46. Heat expenditure— | B.T.U. . B.T.U. cant. B.T.U. gent, | BTU Sak. B.T.U. cent B.T.U. cent, | ®&-T-U. cent, | B-T-U sien. | B.T.U. cent. 
Utilised in heating water.. ss -.| 5,448 46.16 | 7,421 62.00 | 6,955 55.88 | 6,209 57.78 | 7,823 70.77 | 7,598 68.74 | 7,100 66.62 | 5,053 51.00 | 5,129 58.88 
Lost by combustion gases me 5,236 44.36 | 8,193 26.67 3,175 25.51 | 2,510 23.86 | 1,901 17.19 | 2,074 16.76 | 2,875 22.28 | 4,080 41.17 | 2,360 24.78 
» imperfect combustion .. bi | 240 2.00 - -- | 664 4.31 | | 
» moisture in carbon = 94 .79 126 1.05 | 127 1.02 | 124 1.15 135 1,22 | 139 1.25 | 108 -96 123 1.24 136 1.43 
»» radiation and unaccounted for 1,024 8.67 | 989 8.26 | 2,189 17.58 | 1,438 18.89 | 1,194 10.80 | 1,242 11.24 | 1,079 10.13 652 6.58 | 1,895 19.90 
eS ian “ 
47. Calorific value of 11b. of fuel as used 11,802 = v9.98 | 11,969 = 99.98 | 12,446 = 9999 | 10,745=100.00 | 11,053 = 99.98 | 11,053 = 99.99 | 10,657 = 99.99 | 9,908 = 99.99 | 9,520 = 99.99 
48. Smoke, per hour— | | 
Dense .. minutes! None | 
Medium oe ee a 5 | No observation | No observation | No observation | 
Se ee s 40 | 
None .. os os ‘ % 15 ee ee | oe a os ss None None None None None 
49. Practical heating power of fuel in pounds. . 6.92 7.22 | 6.58 6.62 6.22 6.22 | 6.40 6.71 5.62 
50. Theoretical heating power of fuel in pounds 11.66 11.83 | 12.61 10.42 10.96 10.96 10.35 9.82 9.33 











Ashes drawn at 12 noon. Gase: sampled from 11.26 to 
11.50 p.m., 1.27 till 1.47 p.m., and from 3.55 till 4.7 p.m. 
The slice was used once per hcur in this and the two 
receding trials, to keep the clinker from fixing to the 
rs, and every time this was done about five minutes 
faint smoke issued from the chimney. 

The boilers in this range were covered by non-conduct- 
ing composition, and were protected by a roof against the 
weather. 

In trials Nos. 5, 6, and 7, steam is used to cool the bars 
in the stokers, and is admitted into each furnace by nine 
jets, ,, in. in diameter. 

N 


o. 8.—This boiler was the right-hand one of a range 
of eight, of which seven were working—the boiler next trial 
boiler being at work. Boiler dampers kept full open during 
trial 104 square feet area, discharging into the main flue 
area at boilers 42 square feet, and length to chimney 
about 70 ft., and 49} square feet area. Swivel damper in 





main flue not full open. Gases from furnaces travelled 
below boiler and split along sides to main flue. Trial 
began at 7 a.m. and closed at 5 p.m. Steam varied from 
79 lb. to 95 lb. pressure. Ashes drawn at 11.10 a.m., 1.20 
and 4.15 p.m. Dampers closed from 9 a.m. till 9.53 a.m. 
and from 2 till 2.52 p.m. for meal hours. Gases sampled 
from 11.16 to 11.23 am., 12.44 to 12.52 p.m., 3.29 to 
3.41 p.m, and 3.49 till 3.56 p.m. Firebars 3 ft. long. 
The ashes in this trial were all drawn out of the flue 
tubes, and metal dampers replaced to prevent too 
— an amount of air passing through the flues. 

he plates, however, were so twisted that they were of 
very little use for this purpose, and were not used in the 
boilers alongside. 

No. °9.—The same boiler as in No. 8 trial, and the 
dampers in the same position. 

Trial began at 7 a.m. and closed at 5 p.m. Steam 
varied from 75 to 95 lb. pressure. Ashes drawn at 10.20 











a.m., 12.20 noon, and 3.50 p.m. In this trial only the 
larger clinkers were taken out, and the fine ashes left to 
prevent so much air ing into the flue tubes, with 
the result of increased efficiency in steam raising. Gases 
sampled from 11.56 to 12.6 noon, 12.50 to 1 p.m., and 4.40 


to 4.48 p.m. 
(Zo be continued.) 





QUARTERLY REview oF Maontnr Toots AND WoRK- 
SHOP Practicz.—The Richards Machine Tool Company, 
Limited, of 5, Laurence Pountney-hill, London, have 
sent us the January number of this publication. It con- 
tains an illustrated article on twist drills, and others on an 
8-in. standard lathe, on an armour-plate drilling machine, 
and on ball _— Further, sone is a biographica 
sketch of Mr. J. G. Bodmer, and several lighter articles on 
engineering practice and current events. The price is 6d. 
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CompiteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888, 

number of views given in the Specification 4s stated 

7% cach ots 3 where none are mentioned, the fs 
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api “3p Seaman tek We camel oo ts Peand Ooo 
“ale ch, & —-_ Chancery-lane, E.C., at the 
‘orm price 
te of the advertisement to oeueenes @ complete 
"pectin yin ech ae gen after pr Rifle = 
atent has been sealed, when the date of sealing is given. 
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ELECTRICAL APPARATUS. 


191. N.S. Keith, San Francisco, Cal., U.S.A. Dy- 
namos, (4 Figs.) January 3, 1894.—According to this inven- 
tion, which relates to a methed of constructing the frames and 
field magnets of dynamos, the bedplate a preferably consists of a 
hollow casting to which are bolted two or more standards b, b 
carrying the bearings of the armature shaft c. The field magnets 
consist of a number of laminzd of iron insulated from each other 
and held between two thick end plates of iron bolted to the bedplate 
between the standards. The end plates e¢ and laminz d are of 
similar shape, each consisting of a circular or polygonal plate 
with a central hole to receive the armature, and having four or 
other number of internal projections d!, el forming the pole 
pieces. The projections el of the end plates are not of the full 
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thickness of the plate, and are not rectangular in cross-section, 
for, whilst one face is flat and lies in the same plane as the face of 
the plate, the other face is rounded and lies within the two sides of 
the plate. The coils (not shown) forming the winding of the 
pole pieces surround the projections d! of the laminz d and e! of 
the end plates e. The rounded surfaces of the latter obviate the 
necessity of there being avy sharp bends at the ends of the coils. 
At the bases of the more or less triangular spaces between the 
coils, lugs f project from the end plates e, so that the latter can 
be connec by bolts g passing through the lugs. These bolts do 
not touch the lamin or coils. In this manner the laminz and 
their projecting poles are very firmly held together and to the 


bedplate. (Accepted January 2, 1895). 
1 N. S. Keith, San Francisco, Cal, U.S.A. Elec- 
tric Drills, &c. [9 Figs.) January 3, 1894.—This invention 


relates to drills or reciprocating motors which are caused to re- 
ciprocate by two solenoids, through which the electric current is 
passed alternately. The steel drill c is carried by a cylinder d of 
iron, slotted longitudinally at d!, and having an extension d? of 
non-magnetic metal, such as brass, for the purpose of holding the 
drill c. The other end d3 of the cylinder is made smaller in dia- 
meter, so as to slide within a ratchet nut e. It also has one or 
more spiral grooves d4 in this end, which fit corresponding spiral 
projections e! on the internal wall of the ratchet nut. The ratchet 
nut is held by pawls ia the cap/, so that it can only revolve in one 
direction, and when the cylinder d is caused to reciprocate rapidly 
its engagement with the ratchet nut causes it to rotate when the 
drill is being withdrawn. The ratchet nut e is made of non-mag- 
netic material. The cylinder is, when in action, caused by mag- 
netic attraction to reci te in a case which is a longitudinally 
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slotted tube g made of non-magnetic material ; it acts as a guide 
and support for the cylinder. The ends of the tube are received 
in recesses in two annular collars h of iron, and a third annular 
radially-slotted collar j is placed upon the tube g midway between 
the other two. The latter are made larger in diameter than the 
central one, so that they may be bound against the ends of an 
outer iron, tubular, cylindrical case k by bolts (not shown) ex- 
ternal to the case, and passing through both of them ; the central 
collar j fitting inside the case. In this way there are formed two 
annular spaces, in which are placed the solenoid coils 7. The 
conductors of the solenoid coils are tubular. There is a cap/f 
fastened on one end of the apparatus, in which are pawls for re- 
straining the motion of the ratchet nut, andalsoa piston mand air 
valvef2, This piston and air valve, with the cap, form an air- 
spring, which receives the impact of the cylinder when it moves 
that way. The object of the valve is to allow of the admission of 


air to replace that which leaks by the piston. The pawls are 


small compression springs f3. The solenoids are kept cool by 
making their coils of hollow wire, through which water is caused 
tocirculate. The area of the hole in the wire may be diminished by 
placing a wire in them. The dynamo which supplies the current 
is suitably modified so as to cause the current to pass alternately 
through the two solenoids. (Accepted January 2, 1895). 


——. Siemens and Halske, Berlin.) Contact 

‘or the Overhead Conductors of Electrical Rail- 
ways and Tramways. (2 Figs.) March 38, 1894.—The 
improved contact bar consists of a bar of conducting metal a 
of brass, introduced into a trough-shaped bar b of light sheet- 
metal, such as aluminium, which is supported by the vehicle by 
means of tubular arms e. The trough is of such a width and 
depth as to leave a certain space on either side between it and 
the sides of the inner bar a, and aleoa space d between the lower 
edge of the latter and the bottom of the trough. The spaces 
between the sides of thetrough and the bar are filled in with 
absorbent or permeable material c c, such as cotton wick, and the 
bar is then fixed to the trough by means of bolts or rivets g 
passed transversely through both, so that the porous material 
is nipped tightly between them. The ends of the trough are 
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closed fluid-tight so as to form an inclosed space below the con- 
tact bar extending along its entire length. A small pipe con- 
nected to this space communicates with a suitable apparatus on 
the vehicle for conveying a continuous supply of liquid lubricant 
under slight pressure through the pipe into the space d in the 
trough, so that the lubricant in rising through the porous 
material ¢ c, will be distributed thereby on the exposed surface of 
the contact bar. By means of this lubrication the wear of the 
contact bar @ and of the overhead conductor is greatly reduced, 
and owing to the trough-shaped construction a the supporting 
bar, the necessary strength is obtained with a minimum of weight. 
By the interposition of the porous material acting as a sound- 
deadener between the contact bar and the trough, and also by 
the lubrication of the bar, a very noiseless sliding contact between 
oon and the conductor is insured. (Accepted January 2, 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


2937. M.Graham,London. Apparatus for Charg- 
ing Inclined Gas Retorts. [4 rigs.) February 10, 1894.— 
The improvement consists in inserting one or more movable plates 
or falling flaps ein the lower half of this measuring chamber b 
below the storage tank a just above the bottom slide f. This plate 
or the falling flaps e work on a pivot, hinge, or hinges, fixed toone 
or more of the falling flaps e of the tank or chamber b in any con- 
venient manner, and is provided with a weighted lever d and 
weight c or spring balance. The object of this is to prevent the 
coal or other material from falling from the chamber b before the 
slide fis fully open, and at the same time to prevent the slide f being 
shut before the whole of the material has fallen from the chamber 
b. This is effected in the following manner: When the material 
is deposited in the chamber b, the weight of it resting on the mov- 
able plate or falling flap e, asin Figs. 1 and 2, or on flapse, ¢, as 
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in Figs. 3 and 4, presses the same down upon the slide or valve f 
underneath; at the same time covering up the full opening. 
Directly the door is fully open this flap e (or the flaps ¢, e) falls and 
allows the material to flow out of the chamber b ; the flap e also 
acting as a stop prevents the slide from being shut while tke 
material is dropping. In Fig. 4, a spiral spring g is provided on 
an axle A or bar with or without a weight cor lever d. This ap- 
paratus may also be employed for insuring the measurement of 
any class of material into various given quantities. Directly the 
material has run out of thechamber, the weighted lever d, or the 
spring g, which may be both attached directly or indirectly to the 
centre axle h, upon which this movable — works, immediately 
raises the latter. The slide f can then pushed back, and the 
bottom of the chamber be in closed, and a fresh supply of 
material be then run in ready for the next charge. (Accepted 
December 26, 1894). 


GUNS AND EXPLOSIVES, 


7321. E. Polte, Magdeburg, Prussia. Cartridge 
Cases. (6 Figs.) April 12, 1894.—This invention has for its 
object the strengthening of cartridge cases composed of aluminium 
and other light metals of small resisting power. This is effected 
by the use of inner or outer casinge made of a stronger metal. 
This strengthening is in particular necessary for the bottom parts 
and for the parts serving to receive the cap, as these parte are not 
sufficiently supported owing to the absence of continuity of the 
breech part of the barrei, due to the breech closure and the ex- 
tractor mechanism. The application of these strengthenings is 
effected either by striking up the metal and pressing it on, or into, 
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the body of the case, or by other means. The figures show by way 
of — several forms of the outer and inner strengthening 
casings for cartridge cases with rim, with groove, and for firing by 
means of copper caps or fuzes. In the construction shown in 
Fig. 1 the strengthening consists of an exterior casing M surrouns 
ing the base of the cartridge case made of aluminium or other 
metal of small resisting power. In the construction illustrated in 
Fig. 2, box M! is inserted for strengthenin 
chamber. The box M! may be modified according to the shape of 
the cap or fuze. In Fig. 3 the casing M and the inserted box M' 
are combined with each other. (Accepted January 2, 1895). 


RAILWAYS AND TRAMWAYS. 


22,434, J. 8. Heaton, J. M. Scobee, and J. S. Dale, 
Shelbyville, Ky. Car Couplings. [5 Figs.) 


4540. Siemens Brothers and Co., Limited, London. | PreP® 


the cap or fuze | 


pin perforation 2, ie provided at its top portion above the upper 
wall of a longitudinal link opening 3, with a horizontal way 4, in 
which reciprocates a pin-supporting plate 5. The horizontal 


way 4 intersects the coupling-pin perforation, and the pin-sup- 
porting plate is adapted to project inward over the coupling- 
pin perforation sufficiently to hold a coupling-pin 6 elevated 
reparatory for automatic coupling. The front end of the 
pin-supporting plate is provided with a transverse eye 7, in 
which is arranged a pintle loop 8, secured to the top of a de- 
pending rearwardly inclined rv 9, and forming a hinged con- 
nection between the latter and the pin-supporting plate, whereby, 
when the plate 9 is forced rearward or inward by a link 10 enter- 
ing the drawhead, the coupling-pin 6 will be caused to fall to 
couple with the link 10. The rearwardly or inwardly inclined 
plate 9 is provided with a central opening 11, through which 
passes a coupling-pin. It is pivoted in the drawhead by a transverse 
in 12, and the latter, together with the pintle loop 8, is located 
n a recess 13 in the top of the drawh to protect those parts 
from injury. The lower end of the plate 9 is adapted to rest 
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json the inner end of a link to hold the latter against sagging when 
directed into the mouth of another drawhead. The coupl ng-pin 
is elevated pre tory to automatic ling and for pl 

by a rockshaft 14 journalled transversely on a car 15, and extend- 
ing to the sides thereof and terminating in handles. It is pro- 
vided with a slotted arm 16, which receives the coupling-pin 6 in 
its outer slotted end 17, and is connected with the top of the car 
by a lifting rod 18. The slot of the arm 16 tapers toward its 
inner end, whereby when the arm is swung up , the pling 
pin will be clamped sufficiently by the converging sides of the 
opening slot to prevent the pin from being accidentally thrown 
out of the opening of the arm by any sudden movement of the 
car or the uncoupling mechanism. The coupling-pin may be 
held elevated and remain uncoupled when desired, by swinging 
the arm 16 upwardly sufficiently to carry acam 19 into engagement 
with the car. This cam, by binding against the adjacent portion 
of the car, prevents the coupling-pin from descending, but the 
arm 16 may be readily forced downward by the rockshaft or the 
lifting rod. (Accepted December 26, 1894). 


STEAM ENGINES, —— EVAPORATORS, 
Cc. 








20,605. C. D. Jermyn, Hamilton, Ontario, Canada. 
Steam Generators. (3 Figs.) October 27, 1894.—This water- 
tube boiler comprises a vertical drum or separator A located pre- 
ferably in the combustion chamber T of the boiler; horizontal 
distributing pipes B, C, D connected with the interior of the 
separator. E and F are series of pipes connected respectively to 
the pipes B and C, and touching each other so as to form hori- 
zontal air-tight partitions in the boiler. Vertical tubes I and J 
connec tively to the pipes E and F are arranged to 
increase the heating surface of the boiler. On each side of the fire- 
box U a series of horizontal pipes G and H are connected respec- 
tively with the horizontal distributing pipesC and D. A series 
et double pipes S connect the pipes D and B. Two sections O 
connect the pipes B and C, so as to form a side lining to the com- 
bustion chamber T. The top of the firebox is formed by the 
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pipes F, and its bottom by the grate. R is the casing, shaped 
80 as to direct the hot gases from the firebox from the combustion 
chamber forward through the interstices between the tubes E, F 
with their connected pipes, and then up and over the top of the 
pipes E and past the superheating coils c, d tothe smoke-stack E. 

he feed-water enters the separator by the pipe f below the leve 
of the pipe B. The cold water descends and enters the lower 
pipes Oand D. From the pipe D the water enters and passes 7 
through the tubes G and H and connected pipes to the pipe C, 
where it mingles with a fresh supply of water from the separator 
and ses through the tubes z F, &c., and into the Pipe B, 
which returns it to the upper part of the separator. @ is the 
steam pipe. The circulation is conti , the steam collecting 
in the upper part of the separator. The water level is generally 
=— below the level of the pipes E. (Accepted December 26, 





TEXTILE MACHINERY. 


6007. W. Bryden and H. Stansfield, Morley, 
Yorks. Treating Waste from Scribblers. (3 Fig 


8.) 
March 22, 1894.—This invention relates to new or improved ma- 








caused to press against the ratchet teeth of the ratchet nut ¢ by 





Uz. 
November 20, 1894,—A drawhead 1 having a vertical coupling- 





chinery for or in connection with the treatment of waste from 
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ecribblers and other similar machines for the purpose of sorting 
or separating the useful fibre from the refuse material. Two side 
frames A, A heb together at any convenient distance apart have 
mounted on their upper surface at intervals, brackets B, on which 
are pivoted links © which are attached at their lower ends toa 
flat horizontal sieve D in such a manner as to allow of a free 
oscillating movement of the sieve D between the side frames A, A. 
At one end of the machine is a shaft E with a crank F, coupled to the 
sieve D bya ting-rod G and bracket G', whereby the desired 
oscillation of the sieve D is produced. The rotary motion of the 
shaft E may be obtained from a countershaft H byabelt J. At 
the feeding end of the machine is an endless band or ‘‘server 
sheet” K, on which the material is placed, and which carries the 
material forward between two rollers L, L, whence it is fed on to 
the oscillating sieve D by a revolving beater M, which has also the 
effect of opening the material. Between the side frames A, A and 
at a suitable distance apart, are mounted revolving drums N, N, 
which carry a spiked “creeper” P for moving the fibre on the 
sieve surface to the delivery end of the machine, where it falls on to 
the floor or into a receptacle. Angle pieces P! attached to the side 
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frames A, A serve to prevent the spiked ‘‘creeper” P, in travelling 
over the sieve surface, from coming in contact therewith. A re- 
volving beater R is mounted on the side frames A, A at the delivery 
end of the machine, and in revolving in a contrary direction to the 
movement of the travelling ‘‘creeper” P, knocks off any fibre 
which may have adhered thereto in its passage over the sieve sur- 
face. The beater R may be driven from the countershaft H by a 
belt 8. Rotary motion may be imparted to the rollers L, L from 
the crankshaft E by ordinary belt and spur gearing, from which 
motion is also transmitted to the server sheet K by a spurwheel, 
whilst the beater M may be driven from the crankehaft E by a 
belt, and the movement of the creeper P is produced from the 
beater shaft R by means of spur gearing. The material to be 
treated, on being placed upon the “server sheet” K, is fed forward 
through the rollers L, L, where the revolving beater M opens and 
knocks it down onto the oscillating sieve D, when the dirt and 
heavy materia] fall through the meshes of the sieve and underneath 
the machine, whilst the light and useful fibrous material on 
the sieve surface ie carried forward by the spiked ‘‘creeper” P to 
the delivery end of the machine. (Accepted December 26, 1894.) 


22,448. H. Hardwick, Philadelphia, Pa., U.S.A. 
Pile Wire Retainers for Looms. [3 Figs.) Novemter 20, 
1894.—In modern looms for oe = fabrics, the pile wires 
are frequently in the form of thin blades, intended to stand up- 
right in the row of pile loops. In practice it is often found to be 
the case that the strain of the pile warp upon the pile wire causes 
it to twist, so that its middle portion is bent forward and down- 
ward, and thus fails to properly determine the height and position 
of the pile loops in this portion of the fabric. Now the present 
invention overcomes this objection by the use of one or more re- 
tainers arranged over and parallel to the warps, and sdapted to 
engsge with the upper edge of the pile wire, and hold it in the 
proper vertical position. The figures show one of these retainers A 
placed over the middle of the fabric. B is the breast beam of the 
loom. Dis the reed, z the pile fabric which is being woven, and 
y the wires which are successively introduced in the usual man: er 
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Z, the arrangement being such, that the knife beams with their 
| steel knives are rotated about the pivot X, so that the dressing 
‘in the weft threade can be broken up to a greater or less extent 
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entirely at the will of the operator. The knives which are ar- 
ranged horizontally in the machine illustrated, may also be 
arranged vertically side by side with the same result. (Accepted 
December 26, 1894). 


MISCELLANEOUS. 
R. Schneider, Dresden. Refuse-Consuming 
Furnaces. (3 Figs.) April 23, 1894.—The figures represent a 
Siemens regenerative tank furnace with reversal of flame adapted 
to carry out the present invention, the communication of the fur- 
nace with the gas producer, the latter, and the apparatus for the 
reversal of flame, being omitted from the drawings. a is the 
smelting tank having working openings a! and tapping holes a2, 
b, bl are the co-operating gas and air regenerators, having between 
them a dust-collector 62 and communicating with the tank a 
through es b3 and b4, c! are sloping shafts for the introduc- 
tion of the refuse through openings c2 into the tank a. c% are 
upper openings of the shafts for filling in the refuse from the plat- 
form d. Below its charging opening c%, each shaft is provided 
with a gas-outlet e in communication with a common discharge 
pipe e! from which branch off pipes e? connecting pipe ¢! with 
the gas inlets ¢3 opening into passages e* arranged between the 
flues b4 through which the hot mixture of producer gas and air is 
admitted tothe tank. The pipes e? are provided with valves not 
shown. Between the charging shafts cl, cl isa large opening f in 
line with the openings c? for allowing large objects to be directly 
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in advance of the beating up point, and are successively with- 
drawn after the fabric has advanced to the proper extent. The 
retainer A has a hook shoulder a which engages with the pile wire 
last inserted, and a forwardly projecting finger b of auch length 
that it passes through one of the spaces of the reed when fully 
retracted, the reed thus serving to hold the free end of the re- 
tainer in proper position laterally. The retainer has an arched 
shank d possessing such elasticity that the tongue b and hook a of 
the retainer can yield vertically in order to permit a pile wire to pass 
beneath the tongue to a position in advance of the hook, so that 
in beating up, the hook springs into engagement with the pile 
wire, and maintains it in the desired upright position. The outer 
end of the retainer A is slotted at f for a retaining bolt 9, which 
is screwed into a bar F fixed upon the breast beam B beyond the 
selvedges of the fabric, the bar F being at such a height that the 
fabric can pass freely beneath it. (Accepted December 26, 1894). 


22,366. E. Esser and P. Scheider, Reichenberg. 
Austria. Trea’ Textile Fabrics. (3 Figs.) Novem- 
ber 19, 1894.—This invention relates to a machine which has for 
its object to soften a heavily dressed material without injury to 
the textile fabric itself. In this improved machine the material 
to be treated is passed over the roller a, under the straight steel 
koife A, The material then passes under B! and over B* to the 
symmetrically inclined knife beams B and C, over the steel 
kaives C!, and under C2, then under D! on the knife beam D, 
whence the material passes over the guide roller b, and is drawn 
away by means of any suitable drawing-off or taking-up ap tus. 
The inclined ition of the kaife beams B and C causesthe weft 
threads and the warp threads to be diverted from each other in 
directions at right angles or thereabouts to each other at one and 
the same time, with the result that the dressing adhering to the 
threads is broken thereby. The knife beams B and C can be 
moved towards or away from each other by the screw spindles S 
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charged into the tank. At the upper end of each shaft is an open- 
ing g for allowing of stoking ; at all other times this — is 
closed by means of a plug. After the gas-generating plant has 
heated the furnace, and a first charge of fusible material has been 
melted down in the chamber a, the shafts cl, c’ are gradually 
charged with the refuse and are kept full. The organic substances 
in the lowest part of the shafts are burnt by the full heat of the 
furnace 80 that carbonic acid is formed which, in being forced by 
the draught to through the refuse material reve the upper 
parts of the shafts, causes this portion of the material to undergo 
dry distillation, whereby it is itself reduced to carbonic oxide, 
whilst the refuse arrives in the lower shaft portion in a coked 
state. Thus a mixture consisting substantially of carbonic oxide 
and steam, enters at the upper end of the shafts through the out- 
lets e in the connecting pipe e!, and is returned back to the furnace 
through the branch pipes e?, inlets ¢3, and flues e#. Onthe way 
thither, the steam is condensed within the pipes and drawn off. 
The melted materials are drawn off from the tank through the 
tapping holes a? and d into Ids for use as building 
material. (Accepted December 26, 1894.) 

12,179. B. D. Denteg. London. Refuse Furnaces. 
(12 Figs.) June 28, 1894.—The first part of this invention consists 











by means of the handwheel H through the medium of the rods 


of several improved details of construction in and connected with , 





the furnaces and apparatus described in the specification of prio 
British patents. A is adeadplate of improved section at the de- 
livery end of the grate bars B, which is inclined upwards towards 
the outer edge to prevent the clinker breaking away too soon from 
the mass on the grate. The depth of the clinker receiver D ig 
such as to permit of the contents being drawn into barrows, and to 
allow of access underneath the lower Fg to the ashpit for with- 
drawal of the fine ash. The front of the clinker receiver D is pro- 
vided with an upper pair of flap doors for trimming the fires, and 
with a lower pair for removal of the clinkers. The ashpit is in- 
closed by a plate E, the lower edge of which is water sealed or 
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sand luted. F is the air blast main with branches Z provided with 
valves G. K is areverberatory arch above the grate B with heat 
outlets L. The second part of the invention relates to the use of 
recuperators W built under or over the furnaces, or in connection 
with the main chimney flue in which the air blast for combustion is 
heated. The third part of the invention relates to an improved 
system of setting steam generators in connection with the furnaces 
or the main chimney flue or bye-pass flues, The fourth part of this 
invention consists in extending the feeding grate bars in an up- 
ward direction by an additional set of bars toggled into the upper 
ends of the first set. (Accepted December 26, 1894). 


22,446. H. Guinard, New York, U.S.A. Process of 
Making Hollow Glass Ware. [7 —_ November 20, 

894.—A ding to this p a core or skeleton a is made of 
tubular or other form to correspond with the shape of the 
hollow glass ware to be formed, the characteristic of such skeleton 
being that it constitutes one endless or continuously curved body 
in contradistinction of being a flat plate. ~ 1 shows a sha 
adapted for the manufacture of a deep dish 6. At the top the 
skeleton may be provided with a continuous binding wire a1, and 
at the bottom with a similar binding wire a2. For the manufac- 
ture of jars the skeleton a is provided with a bottom a composed 
of radially placed wires. The skeleton thus prepared is imbedded 
within a hollow glass body by means of the mould A. This mould 
is somewhat larger than the skeleton a, while the plunger B is 
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somewhat smaller than the skeleton. The skeleton is properly 
centred within the mould and is held at a short distance above the 
bottom by means of pins m projecting laterally and downwardly 
from the wire to which they are clinched. The wire skeleton is 
next connected to a dynamo or other source of electricity D, by 
means of the conducting wires c, or the wire skeleton is heated in 
other manner before or after being placed into the mould, in order 
to prevent chilling of the molten glass. The molten glass is 
poured into the mould A, and the plunger B is caused to descend 
so as to press the glass through the meshes of the skeleton and 
imbed the skeleton within the glass (Fig. 4). The plunger is then 
raised, the connecting wires c are severed, and the glass vessel 
(Fig. 2) is removed and annealed in the usual manner when it is 
completed, (Accepted December 26, 1894). 





UNITED STATES PATENTS AND PATENT PRAOTIOCB. 

Descriptions with illustrations of inventions patented in tha 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand. 








Water Suppty or Lreps.—For the better supply of 
water to the elevated district of Beeston Hill, the water 
works committee of the Leeds Town Council is endea- 
vouring to arrange for the construction of a high-level 
service reservoir near Middleton Wood, capable of storing 
about 5,000,000 gallons. A pro to have an orna- 
mental jake in Croas Flatts Park fell through, it will be 
remembered, chiefly on account of the scantiness of the 
water supply. The present high-level service reservoir— 
in the extreme north-west corner of Flatts Park— 
is of small we poor holding only about 56,000 gallons. 
The projected reservoir, besides being of greater capa- 
city, will have the advantage of being situated some 
50 ft. higher above the sea level—about ft. altogether. 
Recently the water works committee assembled at the 
Town Hall to meet Mr. M. Nicholson, one of the directors 
of the Low Moor Company, and to talk over with 
oe proposed Fay ag Me six ~ ay acres 
of that company’s ‘or the purposes of the proposed 
scheme. It was suggested that a site might be obtained 
in the vicinity of Middleton Wood, either on the Belle 
Isle side or the side overlooking Churwell. Mr. Nichol- 
son saw no objection to the sale of a plot of land for the 
object required, and promised, in due course, to acquaint 
the committee with the terms of sale, 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS.* 
(Concluded from page 175.) 
ENGINE GOVERNING. 

Caprarn H. Riatt SaNnKEY’s paper on the 
“Governing of Steam Engines by Throttling and 
by Variable Expansion,” was next read in abstract. 
This paper we commenced to print in full on page 
192 of our last issue, and we shall publish the re- 
maining part shortly. 

At the conclusion of the reading of the paper, 
Captain Sankey explained the modifications which 
had been introduced into Fig. 8 of his diagrams, 
owing to an oversight in copying the diagram from 
the original. The difference, however, would not 
affect the validity of his arguments. He stated 
that the outcome of the paper as a whole showed 
the great advantage of expansion gear was that it 
made it possible to work the engine above the 
economical load. 

The first speaker was Mr. John S. Raworth, of 
the Brush Electrical Engineering Company. He 
commenced by saying that he always looked for- 
ward to a paper from Thames Ditton with the 








probably also less sensitive. The comparative sim- 
plicity of throttle-valve governors, and their greater 
sensitiveness under such circumstances, are, in 
fact, their great recommendation.” Again, later 
on he had said: ‘‘ Expansion gear driven by a shaft 
governor is clearly more difficult to manage in this 
respect [i e , inrespect of the power in the governor 
to overcume friction] than a throttle governor.” 
The author had also stated that ‘‘ when the increase 
of load is comparatively small the greater sensi- 
bility of the throttle governor will cause less re- 
duction in speed. It is evident, therefore, that 
there is some particular increase of load, which is 
equally well dealt with by either form of governor, 
so far as regards reduction in speed ; and that fora 
small increase the throttle valve has the advantage, 
for a greater increase the expansion governor.” 
Mr. Raworth considered it necessary to repeat 
these passages, as the paper had not been read in 
full. The speaker’s experience was that the crank- 
shaft governor was better than the throttle valve 
governor as 3to 1. He had bought a large number 
of the latter, but could scarcely ever get a better 
result in regard to variation of revolutions between 
light load and full load, than 24 to 3 per cent., 






























































greatest interest, and when he received a copy of 
Captain Sankey’s memoir and saw that he advo- 
cated automatic expansion, he could not but ex- 
claim, ‘‘Is Saul, also, among the prophets?” He 
was very glad to find that Thames Ditton, which 
had previously advocated throttling, now declared 
for automatic expansion. He did not, however, 
agree with everything that was contained in the 
paper. He took no exception to the results of 
the diagrams, and wished to bear testimony 
to the solid merits of the paper, although the 
author had, perhaps, failed to justify its title. 
The speaker thought that the paper might be 
summed up in the syllogism that the most econo- 
mical engine had always automatic expansion ; 
that automatic expansion was sometimes the best ; 
that the most economical engine was therefore 
sometimes the best. The rest of the paper was 
occupied in balancing the advantages of an econo- 
mical engine against the disadvantages of a badly 
governed engine. The author had stated that above 
speeds of 150 revolutions per minute, ‘‘ variable 
expansion gears being no longer of the trip class 
require considerable power to work them, as a rule; 
and it is usual to employ powerful shaft governors 
for the purpose. Such governors are clearly more 
expensive than throttle-valve governors, and are 





*In our last week’s article on the Institution of Me- 
chanical Engineers, page 174, middle column, line 21 from 
bottom, for ** 26 Ib.” read ‘20.6 Ib. ;” and in same coiumn, 
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line 13 from bottom, for “17 lb.” read “17.3 Ib. 

















whilet with the shaft governor the variation would 
be no more than 1 per cent. In America the shaft 
governor was largely used ; he would mention the 
Woodbury, Buckeye, and McEwan engines. The 
firm manufacturing the latter would sell engines on 
the guarantee that there would be a variation of 
no more than one revolution. The speaker gave an 
instance of the working of an engine with an auto- 
matic expansion governor fitted to an 800 horse- 
power engine having a high-pressure piston valve 
weighing between 3 cwt. and 4 cwt. In this case 
the speed at full load of 250 amperes, or 500 kilo- 
watts, was 146 revolutions per minute, and when 
the load was reduced to 50 amperes, or 100 kilo- 
watts, the revolutions were but 148 per minute. 
Later on they were able to get the revolutions to 
152 either with light or heavy load, but the governor 
was then hunting all the time. He did not think 
it necessary to multiply instances, as the proof was 
overwhelming in favour of the crankshaft governor. 

The author had said that if ‘‘the engine is 
governed by the cut-off, the heavier moving parts 
of the governor, if of the flywheel kind, will in- 
crease the interval between the change of load and 
the action of the governor, so that the speed of the 
engine will drop more than in the former case,” 
i.e, When governing is by the throttle. The 
speaker disagreed with what was said about the 
heavier moving parts increasing the interval be- 
tween the change of load, and, as an illustration, he 
supposed a case in which two weights were dropped 


from the top of a shot tower, one weighing, say, 


2 oz., and the other 2 cwt. If Captain Sankey was 
right in his contention, the 2-0z. weight should 
reach the bottom before the heavier mass; whereas, 
excepting for the effect of the atmosphere, they 
would both take the same time in falling. In re- 
gard to this question of sluggishness he would 
point out that with governing by throttling the 
temperature of cylinder walls and passages was re- 
duced when the steam pressure was lowered, and 
for this reason, when the full load was again thrown 
on and the engine opened up, the cylinders would 
be choked with water and the engine would stagger 
in its working. The author had brought forward 
the difference in first cost as an argument in favour 
of the throttle-valve governor. The speaker would 
give figures on this point taken from the books of 
his firm. The cost prices, including incidentals 
for the governors, which had been made for an 
80 horse-power engine, were: For the throttle 
valve governor, 91. 17s. 8d., and for the automatic 
expansion governor, 12/. 8s. 4d. These were the 
total prime cost. The real difficulty in regard to 
the expansion governor was that of arranging the 
details to suit the design of special engines. The 
speaker would, therefore, prefer this syllogism to 
the author’s: The most economical engine has 
always automatic expansion ; automatic expansion 
is always the best ; therefore the most economical 
engine is always the best. 

Mr. J. C. Peache, who spoke next, said that the 
diagrams on the wall were founded on the experi- 
ments made by the late Mr. Willans, and it should 
be noted that in the experiments relating to the 
action of throttling, trials were made with an 
engine not fitted with a throttle valve, the reduc- 
tion of the steam pressure being effected by 
actually lowering the pressure in the _ boiler. 
The point should be noted, as it would lead to 
some slight modification of the results ; there being 
more total heat in steam when throttled than 
when raised at initial pressure only. In regard 
to automatic expansion, he wished to point out 
that automatic expansion gear was in this country 
usually only fitted to the high-pressure cylinder. For 
large powers, especially with electric traction, he 
thought a better form of expansion gear should be 
introduced. There would be found in America auto- 
matic expansion gear to each cylinder. The intro- 
duction of this arrangement was largely due to 
the bursting of flywheels in certain cases through 
the governor not acting sufficiently early. A 
better distribution of steam in the cylinders was 
also obtained by the same means, and the engine 
was as much under control as if it had only a 
single cylinder. Another advantage was that 
the turning moment in the crankshaft was more 
equal. He would ask the author if in the experi- 
ments referred to in the paper the cut-off re- 
mained constant in the intermediate and low-pres- 
sure cylinders ; to which question Captain Sankey 
replied in the affirmative. The speaker next went 
on to describe an arrangement of automatic expan- 
sion gear which had been applied to the engines 
that had been installed for driving the electric light- 
ing plant at Cardiff.* This he illustrated by a wall 
diagram, which we reproduce on the present page. 
As will be seen, the governor operates the valve of 
a small steam cylinder C through a floating lever L, 
the arrangement being such that for each position 
of the governor there is a corresponding position 
of the piston of the steam cylinder. 

Mr. Paul, of Dumbarton, referred to the effect of 
early cut-off in producing excessive vibration at 
light loads. 

The discussion was then adjourned until the next 
meeting of the Institution, and the proceedings 
terminated with a vote of thanks to the Institution 
of Civil Engineers for the use of the theatre. 





ELECTRIO TRACTION.—No. VI. 
By Puiuie Dawson. 
THE Return Crrcvrr. 

THE question of securing a sure and easy path 
by which the electric current, which has done 
its work in the street car motors, can return to 
the power-house and generators, is of extreme im- 
portance. 

The earth, which in accordance with telegraphic 
practice, was supposed to have no resistance in the 
early days of electric roads, proved to have a very 
appreciable resistance. The electric current, there- 


* The Cardiff installation was illustrated and described 











on page 759 of our last volume, 





198 


ENGINEERING 


[Fes. 15, 1895. 








fore, tried to find an easier path by going through 
any metallic conduits which might lie in proximity 
to the track. The fall of pressure or voltage, at 
points of the line furthest from the power-house, 
caused a great waste of power. Not only the tele- 
phone companies, but the water and gas companies 
as well, soon became alive to the fact that heavy 
currents of electricity were circulating through their 
cables and pipes. 

A thoroughly good connection between the rails 
and the switchboard at the power-house proved 
necessary to avoid rapid corrosion both of rails and 
of metallic conduits in the neighbourhood. 

This connection should be of ample current capa- 
city to accommodate such part of the return current 
which may not already be carried by return feeders. 
In one very old American station which the writer 
saw, these connections were so poor that the ground 
in close proximity to the station was actually 
warmed by the return current. In this case there 
were no return wires, but only ground-plates at the 
station. This, besides meaning rapid wasting away 
of the rails, caused great loss of power due to the 
energy wasted in forcing the return current through 
the earth. 

A good illustration of bad bonding and return 
connections, was the electric road built and equipped 
in 1887 in Richmond, Va., one of the first practical 
trolley roads built. On one line in that city, the 
fall in voltage was at first over 250 volts, which 
meant a loss of over one-third of a horse-power 
per ampere used. Nowadays, the fall of voltage 
on a line is generally kept within 10 per cent. 

It is now recognised that to think of using 
earth returns for electric roads is a great mistake. 
The rails alone should be relied upon, and all 
possible precautions taken to minimise the current 
going to earth, by good and heavy bonding, and 
perhaps by dipping the rails and fishplates in tar 
or asphalte, or in the well known ‘‘P and B” pre 
servative compound, as is done with gas and 
water mains. 

It is evident that in city streets the ground is 
impregnated with ammonia, salt, and gases of all 
kinds. The soil is usually moist, and forms an ex- 
cellent bath for electrolytic decomposition, the 
water, gas, and sewer pipes acting in some parts of 
an electric line as anodes, and in others as cathodes. 
Thus, in some parts, the pipes are corroded, and 
in others the rails are eaten away. 


If W = weight in grammes deposited, 
C = current in amperes, 
T = time in seconds, 
Z = electro-chemical equivalent, 
Then W = CT Z, 


Let us take, for example, a mile of single track 
in either Washington-street or Tremont-street, 
Boston, where there would be an average of at 
least 50 cars to the track-mile. The average current 
per car for 12 hours may be taken as 24 amperes. 
Therefore in one year we should have: 50 x 25 x 
12 x 365 = 5,475,000 ampere-hours per year per 
single mile of track. 

If this total amount of current were to return 
solely by the earth, the iron dissolved would 
amount to approximately 3.8 tons per single mile 
of track per year, or if 30-ft. rails were used, to 
about 24 Ib. per rail. This is, of course, never 
realised in practice, and this example is simply 
given to show what electrolysis might do. 

To diminish the chaaces of electrolysis, and to 
do away with the losses caused by the resistance of 
the earth, the electric railway companies at first 
connected their lines to all the gas and water pipes 
they could reach. This caused a great rise in 
potential, very favourable to the efficiency of the 
line. It was, however, very soon found that water 
and gas pipes and lead-covered telephone cables 
were deteriorating most rapidly, and the electric 
railway companies were held liable for damage 
done. 

The only method that had been adopted for 
bonding rails up to that time was copied from that 
generally in use on the steam railroads, which uti- 
lised their rails as a return for the electric current 
working their signals. This consisted in soldering 
a thin iron wire to an iron rivet at each end of 
each rail, driven into the foot of the rail. 

The following is a sample specification of the 
early bonding used in electric railway work : 

‘* Each rail shall be connected to the following 
by two bonds made of No. 4 galvanised iron wire, 
each end of which shall be brazed to a ,% in. 
Norway iron rivet ; both of the bonds shall be sepa- 


by means of No. 4 galvanised iron wire connections. 
Ground-plates shall be placed at about 1000 ft. 
apart. They shall be buried not less than 8 ft. in 
the ground; they shall be of galvanised sheet iron, 
2 ft. square and 4 in. thick, bent round in the 
shape of a spiral.” 

This old practice has now been entirely abandoned 
as faulty, and the earth is no longer relied upon to 
carry the return current. Mr. T. H. Farnham, in 
an interesting paper read last year before the 
American Institution of Electrical Engineers, goes 
at great lenyth into the damage done to cables and 
pipes laid in the neighbourhood of electric roads. 

The alarm was first given at Boston, where a 
very large number of electric cars have been 
running since 1888, and where no eflicient method 
of bonding had been resorted to. Early in 1891 
some lead-covered telephone cables removed from 
wooden conduits in Boston, showed very marked 
signs of corrosion, which, however, was entirely 
local. This result was at first attributed to the 
action of acetic acid contained in the wooden 
conduit ; but, as the corrosion was so severe, and 
located in spots only, Mr. Farnham was led to con- 
clude that it was more likely due to electrolytic 
action from the railway current. 

Measurements made at the manholes, between 
the cables and the earth near the cables, showed 
that within a radius of 2000 ft. from one of the 
power-houses the cables were negative to earth, 
ranging from zero to two volts, but outside this 
neutral line they were positive to earth from zero 
to 12 volts. This prevailed until a point near a 
second power-house was reached, when again a 
neutral line was passed, and they became again 
more and more negative to earth. At the time 
these measurements were made, the railway had 
the positive poles of the generators connected to 
the rails and earth, and the negative to the trolley 
wire. The zone where the cable was positive to 
earth may be considered a dangerous one. Wherever 
telephone cables or water or gas pipes are negative 
to the earth, the current goes from the rails and 
earth to them ; where they are positive the current 
leaves them for the rails. Corrosion takes place at 
all points where the current leaves the metal (Figs. 





earth. As some of the worst cases of corrosion 
occurred where the cables were painted with 
asphalte, taped and braided, this was not tried 
again. 

5. Breaking the metallic continuity of the cable 
sheathing or pipes, was proposed. This would 
cause a difference of potential between the several 
sections, tending to cause electrolytic corrosion at 
one end of each section, the resistance of the joint 
causing the current to leave the pipe or cable at a 
joint, go through the earth, and rejoin the conduit 
at the other side of the joint (Fig. 34). 

6. It was proposed to alternate the railway cur- 
rent frequently. To do this in a large railway 
system, would prove extremely difficult, and re- 
versing once a day would only cause corrosion in 
two places instead of one. 

7. The engineer of the West-End road made two 
suggestions which, combined, have proved fairly 
successful. He proposed to connect the negative 
pole of the generators to earth, and to run out large 
copper conductors from the negative side of the 
switchboard connected to all pipes and cables which 
were in the dangerous zone, 7.e., where the pipes 
were found positive to earth. The first reversal of 
connections caused the dangerous zone to be re- 
stricted to the neighbourhood of the power-houses, 
where it could be dealt with, and the running out 
of copper wires connected to the mains in the 
dangerous zone, prevented the passage of the cur- 
rent through the moist earth on its way back to the 
generators. 

These suggestions have been adopted in Boston 
and throughout the United States with the best 
results. 

The West-End Railway Company of Boston has 
now special. workmen who go with the gas and 
water construction gangs to all places where mains 
are being laid within the dangerous belt, and 
connect such pipes, by means of copper wires 
soldered to them, with heavy copper cables return- 
ing directly to the negative terminal of the switch- 
board, without any connection either with the rails 
or return circuit feeders at intermediate points. 

In Boston this dangerous belt nowhere extends 





more than 4300 ft. from the power-house, and in 
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31 and 32). It follows that by connecting the 
negative pole of the dynamo to the rails, the area 
where corrosion of pipes is likely, is restricted to 
the neighbourhood of the power-house. 

The suggestions made to obviate this destructive 
action of the electric current were as follows : 

1. To remove all cables from the wet bottoms 
and sides of manholes. This would not have been 
a remedy, as the action at the mouths of the ducts 
would have still continued. 

2. That the telephone cables be connected to 
ground-plates in the manholes, so as to transfer the 
electrolytic action to the plates. This experiment 
was tried on a large scale, but did not prove a 
remedy, the voltage between the cables and a point 
on the earth a short distance away being nearly the 
same as before the earth-plates were used. 

3. Professor Elihu Thomson proposed the use of 
motor generators operated by the railway current, 
the secondary being used to reduce the potential in 
the telephone cables and pipes to zero with respect 
to earth and rails. This plan was not tried, as it 





would involve great expense (Fig. 33). 





rately connected with a No. 0 galvanised iron wire 





4. Insulating the telephone cables and pipes from 
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some directions only 2000 ft., so that the cost of 
running out large copper cables, although heavy, is 
not prohibitive. As the joints of the gas pipes 
present a greater resistance than the pipes them- 
selves, owing to the red-lead and other substances 
used in making joints, the current has always a 
tendency to leave the gas pipes and jump to the 
nearest water pipe—which is a better conductor— 
thus causing corrosion of the gas pipes at the point 
where the current leaves them. To diminish this 
danger, gas pipes are now connected, wherever 
possible, by means of soldered copper conductors, 
to the nearest water pipes. 

In other towns the damage to water and gas 
pipes was observed soon after the installation of 
electric roads, which had badly-constructed return 
circuits and heavy traffic. 

The corrosion of water and other pipes in the 
City of Brooklyn, in some instances, proved serious. 
The report of the Board of Electrical Subway 
Commissioners of that city shows the gravity of 
the damage that was occasionally done. In one 
case, an iron water pipe was perforated and 
pitted with holes in 30 days. (See Fig. 35, repro- 
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duced from photograph.) Telephone cables and 
gas pipes vei also badly injured. Although these 
cables had been laid in pitch and were contained 
in a conduit, this protection proved ‘effective 
against corrosion. This committee also emphasised 
the fact that bare supplementary return wires laid 
between the rails were absolutely useless, and that, 
instead of using them, all the copper should be put 
into rail bonds, and insulated return feeders used 
where necessary. ; 
Professor Jackson, of the University of Wis- 
consin, has made some very exhaustive and in- 
teresting experiments to find out what actually 
occurs in the ground, under the conditions brought 
about by the operation of electric street railways, 


the acid radicals of the hydrochloric, nitric, sul- 
phuric, and other acids—the carbonates held in 
solution by virtue of the carbonic acid acting 
merely to change the ferrous salts to the normal 
iron carbonates, and the ferric salts to ferric 
hydroxide. Should the carbonates in solution be 
electrolised, in addition to the salts of the alkali 
metals, the carbonic acid radical would not attack 
the iron—as the corrosive power of the other acids 
is so much greater—but would again form with the 
ferrous salts and iron carbonates. 

It is surprising how low a voltage produced an 
appreciable electrolysis in the experimental sand 
cells employed in making the above tests. 

The conclusions which Professor Jackson draws 
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and what occasioned the rapid corrosion of water, 
gas, and other mains observed in some American 
towns where electric railways were installed. 
Some persons have assumed that the corrosion was 
solely due to the chemical action of ammonia, 
saltpetre, leakage from gas mains, &c., in the 
earth ; others that it was entirely due to electro- 
lytic action. 

The electrolytic action of the current may take 
place in two ways : 

1. By direct electrolysis of the iron where the 
current leaves it. 

2. By the electrolysis of chemical compounds 
held in suspension in the water in the soil, which 
sets up secondary chemical reactions on the elec- 
trodes. 

Where the electric current leaves a water-pipe at 
a joint, the pipe is the anode or positive plate. 
The soil surrounding it is the electrolyte, and the 
rail is the cathode or negative plate. 

Chemical analysis of most soils shows the pre- 
sence of some soluble salts of ammonia, potash, 
and soda. Experiments were performed to deter- 
mine the effect of these salts on the electrolytic cor- 
rosion of iron plates per ampere per hour. These 
experiments showed that iron was carried off the 
positive plates, but not re-deposited on the nega- 
tive plates. The iron was deposited in a layer of 
hydrate or hydroxide of iron near the middle of the 
experimental cell. 

The cells containing nitrates gave off oxygen at 
the anodes, and showed an acid reaction at the 
cathodes, which increased with the current. 

From the above-mentioned tests the theory was 
deduced that in an electrolytic cell, with iron elec- 
trodes and soluble salts of alkalies in solution in 
the electrolyte, the salt is electrolised by the 
current, and the acid radical attacks the anode, 
forming an iron salt, while the alkali forms with 
the water a hydroxide at the cathode, liberating 
hydrogen there ; the meeting of these two products 
by diffusion facilitates the formation of ferrous 
hydroxide. A comparatively strong current will 
liberate more acid radical than can combine with 
the iron. This excess forms an acid combination 
with the water, and liberates oxygen at the same 
time. Neither the gas nor the acid can combine 
with the anode, which is already engaged in form- 
ing an iron salt with the acid radical, and therefore 
the oxygen escapes into the air. 

The soil frequently contains carbonates of calcium 
and magnesium, which causes a reddish layer of iron 
carbonate to be found on the pipes, and which is 
frequently mistaken by casual observers for oxide of 
iron. The results of many experiments and the con- 
dition of corroded water pipes, lead to the conclu- 
sion that corrosion primarily proceeds by virtue of 


from his numerous and most elaborate experiments 
are the following : 

1. In no case is the action due to the electrolysis 
of water ; where oxygen is liberated at the anode it 
does not attack iron. 

2. Only a mere directive force in the nature of 
the pressure will cause electrolysis. 

3. The corrosion is only dependent upon the 
current which flows, and is therefore as dependent 
upon the resistance of the soil as the pressure tend- 
ing to cause the current. 

4, A small quantity of soluble salt will start the 
action, which will continue as long as a current flows. 

5. The corrosion of a pipe depends on the 
amount of current flowing from a given area and 
the nature of the salts in the soil, the order of 
their activity being : 

1. Chlorides. 

2. Nitrates. 

3. Sulphates. 

From the above experiments and conclusions 
arrived at, it furthermore results that reversing 
the current in an electric railway at frequent in- 
tervals would be of no use, and the only result 
would be a corrosion of both positive and negative 
plates.. The use of alternating currents would, of 
course, do away entirely with the troubles arising 
from electrolysis, but would very greatly interfere 
with telephones using the earth as a return.* 





ON ELEOTRIC CABLE RAILWAYS. 
By C. 8. Du Ricue i Ph.D., A.M.I.C.E., 


(Continued from page 140.) 
I].—MonteE SatvatTore. 

Alignment (Figs. 18 and 19, page 200).—This line 
was built for the purpose of facilitating the ascent 
of Monte Salvatore, a well-known and conspicuous 
mountain on the Lake of Lugano, and differs from 
the Burgenstock Railway in several important re- 
spects. The length of the line measured horizon- 
tally is 1.5 kilometre, or 0.94 mile, while the 
oblique or cable length is 1.65 kilometre, or 1.03 
mile, which, owing to the inequalities of the 
gradients, is divided into two sections of about 
equal length, worked, however, with one continuous 
cable and without crossing places. Starting from 
the Paradiso steamboat station at Lugano, the rail- 
way runs up the slope in a straight line, crossing 
the St. Gothard Railway by an iron viaduct, until 
it reaches the intermediate and motor station of 
Pazzalo, whence the second section ascends the 
mountain first by two reverse curves of 300 and 400 


* On page 109 ante the Hamburg and Bremen electric 
lines were attributed to the ‘‘ Allgemeine,” instead of 


metres (984 ft. and 1512 ft.) radius, and then ina 
straight line to the summit, with a full view of the 
lake throughout its entire length. Like the Bur- 
genstock Railway, it is constructed on the metre 
(8.28 ft.) gauge, but as a single line throughout, the 
intermediate station replacing the crossing. 

Profile (Fig. 20).—In order to adapt the line as 
much as possible to the configuration of the ground, 
and thus save the cost of considerable works of 
art and earthworks, the lower section is compara- 
tively flat, the initial gradient at the base being 
17 per cent., with a gradual increase to 38 per cent. 
at the intermediate station, while from the latter to 
the summit the gradient rapidly increases from 38 
to 60 per cent. The altitudes of the lower, inter- 
mediate, and summit stations are, respectively, 
282, 498, and 883 metres (925 ft., 1634 ft., and 
2897 ft.) above sea level, the total rise being, 
therefore, 601 metres, or 1972 ft., and the mean 
grade 40 per cent. For the reasons already ex- 
plained, the profile forms only very approximately 
a parabolic curve, the midway point, viz., the in- 
termediate station, being lower by 6 ft. than it 
would be on a theoretical profile. 

W orks. —Besides an iron viaduct of two openings 
of 16 metres (52 ft.) each over the St. Gothard Rail- 
way, and another iron viaduct of six openings of 
the same span over a ravine in the upper section, 
there was a considerable amount of limestone exca- 
vation, more especially near the summit. The via- 
duct and the rock cutting are shown in the views, 
Figs. 21 and 25, pages 200 and 201. The forma- 
tion level forms a solid cement masonry - bed 
of exactly the same width and depth as that of 
the Burgenstock Railway, with lateral steps and 
refuges cut into the rock on both sides of the upper 
section for the men inspecting or repairing the line 
when cars are passing. 

Permanent Way and Rack (Figs. 22, 23, 24, and 
25).—Thp arrangement of the fastenings and of the 
double Abt rack bars is precisely the same as on the 
Burgenstock line, except that lighter rails (17.5 
instead of 22.6 kilogrammes) and somewhat heavier 
angle-iron sleepers (12 by 8 centimetres, or 4.7 in. by 
3.14 in.), are used, and that iron anchors, or creep- 
arresters, bolted to every fourth sleeper, are im- 
bedded into the cement masonry foundation. The 
angle-irons or chairs to which the rack bars are 
bolted differ somewhat in form, but are substan- 
tially the same as on the other line. The total 
weight of the permanent way and rack is 86 kilo- 
grammes per metre, or 172 lb. per yard, against 
96 kilogrammes (192 1b.) respectively on the Burgen- 
stock line. 

Cable (Fig. 26).—The cable with hemp core is of 
the same (cross-wound, Lang’s patent) construction 
as that on the Burgenstock line, except that it is 
composed of six strands of 15 wires each, varying 
in diameter from 1.8 to 2.3 millimetres. The dia- 
meter of the cable is 3.2 centimetres (2.26 in.), its 
weight 3.4 kilogrammes per metre, or 6.8 lb. per 
yard, and its tested tensile strength 54 tons. The 
maximum car-load being 6.7 tons, the cable weight 
per section 2.4 tons, and the maximum gradient 60 
per cent., the greatest strain on the cable is (6.7 + 
2.4) x 600= 5400 kilogrammes, or 5.4 tons, or one- 
tenth of its breaking strength. The dimensions 
and equidistances of the guide rollers in the straight 
and in curves are exactly the same as on the Burgen- 
stock Railway. 

Cars and Brakes (Figs. 14 (see page 139 ante), 22, 
and 24).—These were built by Messrs. Th. Bell and 
Co., of Kriens, and are precisely similar to those of 
the Burgenstock line, except that the cars are 1.9 
metre (6.23 ft.) in width, against 1.6 metre, and that 
they weigh 4.5 tons instead of 4 tons, and weigh with 
36 passengers (maximum 40) 6.7 tons against 6 tons. 
The two double pinions, as well as the various 
brakes, are exactly the same, including the vertical 
anchor bars travelling between, and with their 
flanges below, the rack bars. 

Intermediate and Electric Motor Station (Figs. 27 
and 28).—The arrangement of this station is shown 
in the illustrations. On arriving from Lugano, pas- 
sengers alight and change into the car of the upper 
section, which stops exactly opposite the other on 
the same roofed platform. The main or driving 
cable drums and the counter-pulleys are exactly 
similar and of the same dimensions as those of the 
Burgenstock line; the passage of the cable over 
these drums in succession is indicated in the draw- 
ing by the letters a toh. The arrangement of the 
motors, belting, bevel and spur gearing, as well as 
the automatic centrifugal brake, the hand brake 
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motors and drums at the regulation cable speed of 
1 metre per second, is the same as previously de- 
scribed. The only difference between the two 
stations is that the Salvatore station is provided 
with a reserve 50 horse-power semi-fixed steam 
engine, making 130 revolutions per minute, in case 
of the electric motive power failing through accident 
or want of water power, the latter case happening 
occasionally in winter. At the summit the cable 
passes over a winding drum 3.5 metres (11.5 ft.) 
and two intermediate guide pulleys 2 metres 
(6.6 ft.) in diameter. 

Generating Station and Motors (Fig. 29).—The 
motors derive current from a hydro-electric power 
station near Maroggia, about 8 kilometres (5 miles) 
distant, near the lower end and on the opposite side 
of the lake. This station utilises the water power 
of the Maroggia torrent, and supplies power not 
only to the Salvatore Railway, but to a mill, and 
for lighting the towns of Lugano and Capolago. 
The total available volume is about 4000 litres (176.5 
cubic feet) per second at a fall of no less than 250 
metres (820 ft.), equal to 1300 horse-power, or, at 
an efficiency of 80 per cent., about 1070 horse-power 
on the high-pressure turbine shafts. As shown in 
the plan, the station comprises for lighting two 225 
horse-power turbines driving direct two sets of 
(Geneva and Oerlikon) alternators, each of 170 kilo- 
watts at 600 revolutions and 2200 volts ; and for 
power a 120 horse-power turbine, driving direct 
two 60 horse-power continuous current (Oerlikon, 
Brown’s patent)* dynamos of 750 revolutions and 
1800 and 900 volts respectively, the former supply- 
ing the Salvatore Railway and the latter a rice mill. 
All the turbines are of Messrs. Escher Wyss and 
Co.’s patent high-pressure type. A fourth 500 
horse-power turbine with two 5000-volt alternators 
for power transmission is now in course of installa- 
tion. All the dynamos can be coupled to a central 
countershaft driven by belt from a reserve steam 
engine in case of insufficient hydraulic power, or 
frost in winter. The high-tension transmission to 
the Salvatore motor station consists of two 5-milli- 


* For illustration, see ENGINEERING, voi. lv., page 644. 
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metre copper wires, the loss being about 12 per 
cent. The motors are of the same (Brown’s) type 
as the generators. According to the formula given 
on page 140 ante, the motive power required on 
the line is : 


(6.7 + 5.15 ~ 4.5) x (400 + 5) x 1 _ 2977 _ gon, 
75 75 





The loss due to gearing and friction is, there- 

fore, 17 per cent., and the total efficiency in respect 

of the 60 horse-power generator is 66.6 per cent. 
Cost of Construction.—This was as follows : 


Per Kilo- Per 
metre. Mile. 
Fr. £ 


Works, buildings, andline 370,500 23,712 





Cable, motors, and rolling Fr. £ 
stock ae on bie 20,000 1,280 

Furniture, tools, and sun- 
dries are es Se 1,700 108 


392,200 25,100 

Working.—The line was opened in 1890, and 
owing to the mild climate is worked both summer 
and winter. The working staff consists of two 
mechanics, two drivers, two guards, and two 
watchmen. The charge for electric power (60 horse- 
power) is 125 francs or 51. per horse-power per 
annum. The extra cost of working the steam 
engine in case of insufficient electric power is de- 
frayed by the contractors. The passengers carried 
average 24,000, the car kilometres 7000 (4370 miles) 
per annum, and the fare is 4 francs or 3s, 3d. per 
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up and down return trip. The receipts and ex- 
penses for 1892 were as follows : 

















| 

| Per Per Per Train} Per Train 

|Kilometre| Mile. |Kilometre|} Mile. 

| fr. iy £ | fr. s. d. 
Receipts Sd --| 27,100 1734 | 6.80 76 
Expenses ae | 17,062 1092 8.65 47 
Net receipts .. ..| 10,038 | 642 215 | 210 





~The net receipts are, therefore, equal to 2.5 per 
cent. on the capital cost. 
(To be continued.) 





THE AMERIOAN SOOIETY OF 
MECHANIOAL ENGINEERS. 
(From our New York CorRESPONDENT.) 
(Concluded from page 75.) 

Your correspondent takes this opportunity of 
repairing an omission in regard to Professor Lanza’s 
paper on ‘‘ Stresses on the Rims and Rim Joints of 
Pulleys and Flywheels.” Professor Jacobus offered 
a very decided criticism on the deductions arrived 
at in the paper, which may be summarised as fol- 
lows. The results given by Professor Lanza are 
the same as those given by Professor Unwin, if the 
length of the spokes of the flywheel are assumed 
to be equal to the radius of the wheel. Professor 
Lanza has attempted to eliminate one approxima- 
tion made by Professor Unwin, but he has ignored 
another which may tend to counterbalance the one 
he has removed. Again, Professor Lanza assumes 
a parallel spoke, which is far from the truth in 
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large wheels, where an exact analysis is the most 
desired. It is probable that in many cases the 
approximation involved in estimating the equivalent 
parallel spoke will be greater than the approxima- 
tion involved in assuming the length of the spoke to 
equal the radius of the wheel. The approximation 
which Professor Lanza has ignored may be found 
in the equation preceding equation 12. In obtain- 
ing the extension of the arm at this point in the 
analysis it is virtually assumed that the rim of the 
wheel remains circular, whereas, in an exact solu- 
tion, the true equation of the curve of flexure of 
the portion of the rim between two spokes should 
be used. If Professor Lanza wishes to demonstrate 
that his analysis is more exact than Professor Un- 
win’s, he should remove this as well as all other 
approximations before making a comparison, for 
one approximation may tend to balance the other. 
Another element which is not included in either 
Professor Unwin’s or Professor Lanza’s analysis is 
the effect of a sudden variation of load, which 
appears to produce an important action, as many 
flywheel accidents have occurred when the load was 
irregular, or when there was a sudden accidental 
change in the load. Until it can be shown that 
the introduction of all these elements will not 
affect the final results, it cannot be said that Pro- 
fessor Lanza’s change in Unwin’s analysis has im- 
proved the latter. 

The paper by Mr. Bissell on ‘‘ Steam Engine 
Clearances,’ was followed by a very long and im- 
portant communication on the ‘ Relative Tests of 
Cast Iron,” by Mr. W. J. Keep. As we have 
published a somewhat full abstract of this paper 
(see pages 131 and 161 ante), we may pass on to 
another paper of much value, but of which we can 
only give a short summary. 


Notes on STEEL ForGines. 


The author of this paper pointed out that a 
forging may be good or bad, independent of 
its material, and that he proposed to take only 
what may be called the mechanical view of the 
subject. 

The first point is the design of the forging. Iron 
forgings are built up so that irregularities of shape 
are of smallmoment. A steel forging is made from 
an ingot which must be sufliciently large in section 
to make the largest part of the desired forging out 
of it. The designer must remember the conditions, 
which are mainly these: An ingot of practically 
uniform section to start with, and a material which 
demands as few heats as possible and does not 
permit of welds. It follows that he must make 
his design as simple and uniform as possible, avoid- 
ing large collars, arms, sharp set-downs, and other 
irregularities of form. In return he will get a 
forging which has been finished in a few heats, at 
low cost, accurate to size, and giving the machine 
shop a minimum of work. 

As to the condition of the ingot, the author said: 
After being cast it has cooled rapidly from the 
outside ; but even if the ingot when cocled is solid 
throughout, the metal is under stress when put 
into a heating furnace, and the stress is increased 
as its exterior is expanded. If the heating is not 
done slowly, so that before much additional stress 
is induced, the interior has acquired heat and 
begun to expand, and the whole ingot is thus 
gradually brought to a plastic condition, there may 
be internal cracks in the ingot when it goes to the 
forge. This danger is not great with small ingots, 
but large ingots will sometimes crack with a noise 
like a bell while still almost cold. 

A furnace should be designed to heat slowly and 
economically. If very large pieces are to be heated, 
requiring high temperatures for a long time, the 
regenerative form of furnace will effect great eco- 
nomy of fuel. If, on the other hand, a great num- 
ber of small pieces are handled, the furnace might 
be made long, and the work passed gradually from 
the cool end to the hot end. The ideal way of 
heating is to reverse the operation of cooling, 
that is, heat from the inside outwards. With 
present appliances this is not possible, except 
with bored ingots, which are only used for hollow 
forgings. 

To change the form of a mass by forging, there 
must be a flowing of particles over one another 
against a certain amount of resistance. Time is 
an essential factor of this flowing. In making a 
forging, therefore, we have a force acting through 
space during time, and all three factors, the force, 
the space, and the time, are variable. Bearing in 
mind these general considerations, a few words on 





the relative merits of the steam hammer and the 
hydraulic forging press will not be out of place. 
The action of the hammer differs from that of the 
press mainly in the time effect of the blow. Theo- 
retically, under the press, the particles having 
ample time to flow, the treatment is not so severe. 
Practically, however, under a hammer properly 
proportioned to the work, the particles of steel 
have likewise ‘“‘ample time ” to flow. There is, 
however, a chance for bad practice in the use of 
hammers which does not exist with presses. A 
light hammer driven at a high velocity expends its 
energy on the surface of the forging. The interior 
not only is not compacted and worked, but it is 
actually opened up and even ruptured. While 
hammer forgings can be so made, and may in use 
have, or soon develop, bad internal cracks, with 
the press this is impossible; and this fact is a 
guarantee, to a certain extent, to justify the use of 
hydraulic pressed forgings. 

It is the unfortunate property of all steam ham- 
mers that the larger the forging, and, therefore, 
the greater the power required, the less power is 
there available, since the large size of the forging 
reduces the stroke of the hammer. Top steam 
enables the hammer in effect to lengthen its stroke. 
That is, it will give the tup at part stroke the same 
velocity that it would acquire by gravity at full 
stroke. This gives the hammer vastly greater 
range without necessarily trespassing on the for- 
bidden ground of high velocities. The use of top 
steam is legitimate; its abuse must be guarded 
against. 

The advantages of the press over the hammer 
rest chiefly on merits appealing to the manufac- 
turer of forgings. Except for some varieties of 
plain work, the best designed presses are quicker 
than hammers, their running expenses are less, 
and, aboveall, owing to the absence of shock, they 
are much more mechanical tools, forgings being 
turned out from them with precision and ease, 
which could not possibly be made at a hammer. 
Perhaps the severest criticism brought against the 
press is the comparatively high heat at which forg- 
ings are finished. As all forgings should be annealed 
before using, this has little force. All reheating, 
especially of finished parts, must be avoided. After 
completion, the forging should be treated by anneal- 
ing, or oil tempering and annealing. ill steel 
comes from the hammer or press with internal 
stresses more or less severe. The particles are in 
a disturbed condition, and cannot adjust them- 
selves while the metal is cold ; at least, not ina 
reasonable time. Annealing relieves these stresses. 
It will also break up crystallisation more or less 
effectively. The effect of annealing is shown in 
the testing machine by a reduction in tensile 
strength and increase in extension. The old method 
of burying in lime or ashes, though beneficial, is 
uncertain and incapable of accurate results. The 
design of the annealing furnace, like the heating 
furnace, is capable of much variation, and for best 
results must be made to suit the peculiarities of 
each case. The fuel may be wood, coal, gas, or oil. 
The essential characteristics are, that it shall enable 
the work being treated to be brought up to any 
desired temperature slowly and uniformly, and 
again cooled in the same manner. 

The most marked effect of oil tempering and 
annealing on steel is the raising of the elastic limit. 
This is accompanied by a moderate gain in tensile 
strength and a slight loss in ductility ; but both 
these results are secondary in importance and 
amount to the effect on the elastic limit. 

In regard to the plant for this treatment, the 
author said: ‘‘In general, the plant necessary con- 
sists of a furnace for heating, capable of giving the 
forging a high uniform temperature, a tank of oil, 
and proper hoisting and conveying machinery to pass 
the work quickly from the furnace to the tank. It 
is to be noted that the heating in this case is of an 
intermittent character, and the furnace will be de- 
signed withthatin view. Oil tempering opens the 
way for a bad practice which is not always avoided as 
it should be, and, in fact, is not always recognised 
assuch. We refer to the selection of a very soft 
steel for the forging and tempering up to fill speci- 
fications. This is sometimes carried to such an 
extent that the final annealing is so slight as to be 
a farce. While oil tempering benefits the metal, 
it leaves it with considerable internal stress which 
should be relieved by an effective annealing. At 
the outset, therefore, a sufficiently high grade of 
steel should be selected to permit of thorough final 
annealing.” 





STRAIGHTENING A LEANING CHIMNEY. 


A paper was read by Mr. Jos. C. Platt on the 
method used in ‘‘ Straightening a Leaning Chimney 
100 ft. High.” The chimney was 28 in. out of line. 
Theauthor explained that thechimney is rectangular 
in plan, is of brick, 9 ft. 6 in. square at the bottom 
and 5 ft. 4in. square at the top ; it is 100 ft. high 
and has a central flue 3 ft. square ; the estimated 
weight is 206 tons. It stands upon a foundation 
14 ft. deep, the lower 4 ft. being of concrete about 
14 ft. square, on which rests heavy stonework 10 ft. 
high, 14 ft. square at the bottom and 9 ft. 6 in. 
square at the top. The weight of the foundation 
is about 149 tons, making a total of 355 tons rest- 
ing on 196 square feet, about 1.8 tons per square 
oot. 

The work of straightening the chimney com- 
menced on March 19, 1894. A scaffold was erected 
about the chimney, and eight oak timbers 6 in. by 
10 in. by 10 ft. were placed vertically at the corners 
ata height of 42 ft. above the stonework and 4} ft. 
below the centre of gravity of the brickwork ; the 
object of the oak timbers being to spread the bear- 
ing of the wire ropes over as large a section as 
practicable. Wire ropes were passed around the 
timbers, and another wire rope, 2} in. in diameter, 
with an eye in each end, was fastened to the first- 
mentioned ropes at its upper eye. The lower eye 
was connected with a system of pulleys secured to 
the dock at the river edge at a point 78 ft. distant, 
and directly opposite the direction in which the 
chimney leaned. Cables were also put out from 
the chimney on each side at right angles to the 
main cable. The earth was then excavated on the 
high side of the foundation nearly half-way around 
to the bottom of the foundation (a depth of 14 ft.), 
and the main cable put under strain with the 
pulleys. By this means, in the course of three 
weeks, the chimney was brought back about 4 in. 
Then, with a post-hole digger 8in. in diameter, 
11 holes were sunk vertically in the bottom of the 
trench around the foundation, principally at the 
highest point, to a depth of 53 ft. to 6 ft. 

From this removal of the earth there resulted, 
within a few hours, a righting of the chimney to 
the extent of 5in. This increased to 8 in. by the 
next morning. The slack of the pulling rope was 
taken up as fast as the chimney moved, and the 
rope was kept under strain. By tightening up the 
pulley rope two or three times daily, in a week the 
chimney was brought back to 8? in., and by steadily 
following this method, the chimney was ultimately 
brought to the vertical, the rate of progress being 
fin.aday. Whether the effect will be permanent, 
remains to be seen. 

This paper was extremely interesting and prac- 
tical, and coming from an engineer of Mr. Platt’s 
distinction, was well received. 


Drawine OFFIcE APPLIANCES. 

The next paper, by A. Wells Robinson, can be 
presented entire. It was called ‘‘ Drawing Office 
Appliances : ” 

“‘The following description of a drawing-board, 
easel, and blue-print frame is presented to the 
society as furnishing simple and inexpensive 
examples of these items of oftice equipment. 

‘*The drawing-board (see Figs. 21 to 28, next 
page) has a top 36 in. by 54 in., glued up with saw- 
cuts on the back in the usual way. It is of this 
size to suit standard sheets, 23 in. by 36 in., as 
described in paper No. 596, read June, 1894. The 
top is made adjustable for slope and height by the 
slotted supports, as shown. This allows every 
draughtsman to suit himself in this regard. The 
lower frame and legs are of oak neatly chamfered. 
These tables complete were made by a plain car- 
penter, and cost 7.50 dols. apiece. 

‘*Each draughtsman needs besides his board some 
convenient means of holding drawings for refer- 
ence. The easel (Figs. 24 and 25) fills this need. A 
number of drawings can be attached to the top edge 
by spring clothes-pins or clips, and turned over the 
back as required. This easel is also ‘home-made,’ 
and cost 6 dols. each. 

‘‘The blue-print frame shown in Figs. 26 to 28 is 
25in. by 38in. inside. It is carried on two pairs of 
small grooved wheels attached to the side, and upon 
which it is reversible, as shown. The tightening 
of the back is done by three cross-bars pivoted at 
their centres. The ends of the bars engage with 
cleats screwed to the inside of frame at a slight 
angle, so that they wedge the bars to any desired 
pressure on the back, It is not considered neces- 











8 SRR LER ce Sa Sa SBE Boe Le 





(ai A lA ce IRI 














iN btn 





Fes. 15, 1895. ] 





ENGINEERING. 





203 








sary to provide for a double-swing support so that 
the surface of the frame can be brought normal to 
the sunlight. This undoubtedly allows of quicker 
j rinting during morning and evening hours ; but 
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the saving is not great, and is obtained at the ex- 
pense of simplicity. This frame cost about 18 dols., 
including iron track and plate-glass 2 in. thick.” 


Tue STRENGTH OF Car AXLES. 


Following this was a paper entitled, ‘‘ Strength 
of Railway Car Axles,” by L. 8. Randolph. 

The author referred at considerable length to the 
experiments of Wéhler, Spangenburg, Grafstrom, 
Scheffer, and others, and also to his own experience. 
His deductions are summed up in the following 
conclusions, which we quote : 

‘*A majority of the steel axles made to-day are 
accepted on the result of the drop test, which test 
can be passed most successfully by the mildest or 
softest grades of steel axles, and these are certainly 
below the tensile strength of the axle steel tested 
by Wohler, and must consequently give less resist- 
ance to repeated loading. What difference there 
would be between the different grades of steel used 
for machinery, cannot safely be predicated from 
the tensile strength, as the results so far obtained 
do not show any very definite relation between the 
strength under static load and under repeated load. 
The question of the durability, or number of re- 
peated loadings, which the material will stand, is 
one on which very little real information is obtain- 
able. The writer has taken 30,000,000 repetitions 
of the loading as the number required to break 
the axle when under the ultimate stresses allowed 
for repeated loading. That there is very great 
uncertainty about the matter goes without saying. 
There are two methods of determining the life of 
an axle: one by the mileage, and, consequently, 
by the number of revolutions made; the second 
by the wear of the journal. The first would 
give a very accurate method of determining 
the life of an axle. The method, by allowing 
the axle to wear down to a given limit, 3} in. 
diameter for the journal of the axle, gives 





widely ranging figures. When the lubrication is 
well done and there is little wear, the axle may be 
allowed to run very much longer than it should. 
When the journal wears rapidly, the axle is thrown 
out of service long before it is worn out, and while 
the journal may be fully strong enough to stand the 
load. The most important deduction which the 
writer has been able to draw from this examination 
of the strength of axles, is the need of a series of 
experiments in this country on the effect of repeated 
loading on iron and steel, especially with respect 
to the durability under the different loads. Such 
experiments, carefully and accurately made, would 
give us data upon which to base calculations of 
sizes of parts of machinery, which are now little 
more than guessed at.”’ 


‘“Rart Pressures or LocomotivE DrivINe 
WHEELS,” 


by D. L. Barnes, was an elaborate paper of 56 
pages, illustrated by many diagrams. Space for 
his conclusions is all that your correspondent can 
allow. They were as follows : 

‘‘a, The present method of counterbalancing 
locomotives by providing in each driver a balance 
sufficient to fully counterbalance all the revolving 
parts, and an additional balance known as the 
‘excess balance,’ which has a centrifugal force 
equal to about two-thirds of the maximum inertia 
of the reciprocating parts, is practically perfect, 
so far as the locomotive itself is concerned. 

‘*b, The ‘excess balance’ now generally used 
for the reciprocating parts, and counteracting about 
two-thirds of the maximum inertia of those parts, 
is too great for speeds above 65 miles an hour, 
with drivers less than 6 ft. in diameter, as the track 
is liable to be damaged by the excessive rail pressure 
that it causes. 

‘*¢, The only practical way in which the ‘ excess 
balance’ can be reduced is by reducing the weight 
of the reciprocating parts, and as these parts are 
generally made heavier than the service demands, 
it is possible to reduce the ‘excess balance’ to a 
point where the rail pressures will not be destruc- 
tive, provided that the diameter of the drivers be 
made suitable for the speed. 

‘¢d. The larger the driver for the same speed 
and weight of reciprocating parts, the less will be 
the maximum rail pressure caused by the ‘ excess 
balance.’ 

‘*e, The heavier the locomotive, the greater is 
the amount in pounds of the reciprocating parts 
that can remain unbalanced without causing the 
locomotive to shake, in ‘nosing’ and ‘plunging’ 
more than can be permitted. It is not the per- 
centage of the total weight of the reciprocating 
parts that should be considered in selecting the 
‘excess balance;’ it is the actual weight in 
pounds that can remain unbalanced without shaking 
the engine too much. If one-third of the weight 
of reciprocating parts weighing 600 lb. can remain 
unbalanced, then, if those parts be reduced to 
weigh but 400 lb., one-half can remain unbalanced, 
and ‘excess balance’ will be needed for but 
200 lb. instead of 400 Ib. of reciprocating weight. 

““f, The maximum rail pressure of a driving 
wheel is not at all indicated by the static load of 
the wheel on the rail. The impressed load due to 
the ‘excess balance ’ is often double the static load, 
and the pressure at the point of impact when the 
wheel lifts from the rail and drops is even greater. 
There appears to be no way of determining what 
the impact pressure is, but the impressed load due 
to the ‘excess balance’ can be calculated by the 
formula for centrifugal force. About all that is 
known about the impact pressure is that it is 
enough at times to bend a 70-lb. rail downward 
vertically 1 in. in cases where the engine has small 
wheels and is run too fast, or has the rods taken 
off and is run at moderately high speeds, or has 
improper counterbalances. 

‘¢g. The speed at which any given driver will begin 
to lift from the rail is probably less than that at 
which the centrifugal force of the counterbalance 
equals the pressure of the wheel upon the rail, as 
at speeds lower than that the wheel has small 
vertical oscillations that may carry it off the rail. 
But the lift will not be important until the speed 
has increased to a point where the centrifugal force 
of the ‘ excess balance’ is somewhat greater than 
the pressure of the wheel on the rail. 

‘*h. The exact height of lift of a wheel in any 
given case is dependent upon se many unknown 
and variable quantities in practice, such as the 





flexibility of the track and the rhythm with which 





points of equal flexibility succeed each other in 
the direction in which the locomotive is running, 
that it is impossible to predict what it will be. 
But it 1s sufficient to know that for the good of the 
track, and to prevent broken and bent rails, and 
for the safety of a train following a locomotive, it 
is not prudent to run a driving wheel at a speed 
where the centrifugal force of the ‘ excess balance’ 
exceeds the pressure of the wheel upon the rail. 

‘*7, All driving wheels for fast locomotives should 
be as large in diameter as it is possible to make 
them, and not decrease the power too much in start- 
ing trains. 

**k, The path of the centre of gravity of a wheel, 
with respect to the engine during a revolution, is 
an oval figure with the long axis more nearly ver- 
tical than horizontal, the inclination of the axis 
varying constantly, owing to the difference in the 
elasticity of the track at different points, and to 
other causes. 

‘*], The heavier the driving wheel and the parts 
under the driving springs, and the stiffer the 
driving springs, the less will be the lift from the 
rail, all other conditions being equal.” 

It was stated in the discussion that Mr. Geo. 8. 
Strong, who is well known to the readers of Ener- 
NEERING, had designed a locomotive which would 
overcome many of the objections stated in Mr. 
Barnes’ paper. That gentleman, at request, then 
described his invention and drew a sketch of its 
general plan. It isa four-cylinder compound, with 
the two high-pressure cylinders inside the frame. 
Thecrauks are placed 90 deg. from each other, and 
are as close to the wheels as possible. Outside are 
the two low-pressure cylinders, 24 in. in diameter, 
and these are connected in the ordinary way, each 
crankpin being 180 deg. from the inside crank 
nearest toit. The outside pistons are of pressed 
plate steel ;5, in. thick, with a cast ring riveted 
into them to hold the packing rings, and the piston- 
rods are hollow. The inside pistons, which are 
17 in. in diameter, are not lightly constructed, the 
reciprocating parts for these being, in fact, of the 
same weight as for the larger low-pressure cylinders. 
The result of this arrangement is that the recipro- 
cating parts balance each other, while those rotat- 
ing parts that are out of balance, are counter- 
balanced separately by equal weights placed at the 
same distance from the centre of rotation. No re- 
ducing valve was used, because the high-pressure 
cylinders were able to slip the driving wheels in 
starting, and the engine was to be always used com- 
pound. 

A series of discussions on ‘‘ Topical Questions ” 
closed this meeting. The exercises were varied by 
excursions to objects of interest to engineers, and 
one evening was given up to a reception, when the 
retiring President, Mr. Eckley Coxe, treated the 
audience to an interesting discourse, interspersed 
with flashes of humour, after which a fine supper 
was served, and the evening closed with music 
and dancing, for even the most dignified members 
of the profession like this form of relaxation, not to 
mention the most solid comfort taken in this form 
of exercise by one of the Past Presidents. The 
daily luncheons at the Society’s house served to 
bring the members into social converse, and the 
whole arrangement by the secretary added one more 
to the successful meetings of the Mechanical Engi- 
neers ; indeed, this one in point of interest, and in 
the number of those attending, far exceeded any 
gathering in the history of this Society. 





THE NEW NORDENFELT GUNS. 

THorsTteN NoRDENFELT, so long and honourably 
associated, in all parts of the world, with that type 
of rapid-firing artillery which will bear his name 
until it shall become obsolete, has for some years 
retired from all participation in gun manufacture 
and design, and has abandoned the career for which 
he was in all respects so well adapted. The unfor- 
tunate combination of circumstances that led to his 
withdrawing from the manufacture of artillery, are 
well known, but a brief reference to them will with 
propriety preface the short series of articles we pro- 
pose to write on the new Nordenfelt guns. The 
private business established by Mr. Thorsten 
Nordenfelt about 12 years ago for the manu- 
facture of small quick-firing guns, grew into 
much prosperity, and became of such propor- 
tions that it was considered desirable to dispose 
of it to a company whose larger command of 
capital would render further extersicn possible. 
Accordingly, in March, 1886, the business-was sold 
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pany, Limited, which traded for about three I cA eae 2 
years so profitably, under Mr. Nordenfelt’s manage- OE SSS ss - 
ment, that it paid during the whole of its exist- 1 ae eee 
ence an annual dividend of 274 per cent., and a ; 
in 1888 the company sold out to another associa- 
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tion, the Maxim-Nordenfelt Guns and Ammuni- Fig. 9. = 
tion Company, Limited, remaining with a profit IRR tpt ta te 0 a 1. a, 23 
of 100 per cent. on the transaction. Naturally 7 f al ie 
Mr. Nordenfelt associated himself with this new h-=4 aed ® 








company as a managing director, but he carried 
with him, from the liquidated concern, a restrain- 
ing agreement by which he was prohibited from 
pursuing a similar business except in connection 
with the company ; the consequences of this agree- 
ment, which was confirmed before the shares of the 
new company were offered to the public, proved 
in the end of far greater moment than had 
been anticipated. The new company started under 
the heavy burden of 1,400,000/. capital, but Nor- 
denfelt’s connection with it was fated to be of 
short duration. Private financial difficulties, caused 
principally by the enormous expenses of experi- 
ments with submarine boats and torpedoes, and by 
attempts to improve the earrings of fishing popu- 
lations, absorbed all his interests in the Maxim- 

Nordenfelt Company, and shortly afterwards Mr. 

Nordenfelt found that his connection with the 
company must terminate, although there existed 
an agreement for him to remain as managing 
director for a period of seven years. Under these 
very unfortunate circumstances, throughout which | 
he carried with him the respect and sympathy of 
his numerous friends, Mr. Nordenfelt concluded 
that his own interests and those of the company 
would best be served by his leaving England 
and pursuing his profession abroad, in some country 
where the Maxim-Nordenfelt Company had no 
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establishment for making guns. In October, 
1890, Mr. Nordenfelt commenced to work with the 
Société Cockerill in Belgium, a step that was fol- 
lowed by actions brought against him in France 
and Belgium on the part of the Maxim-Nordenfelt 
Company. At the beginning of 1891 several of 
Mr. Nordenfelt’s relatives, all of the same name, 
formed a company in Paris for designing ordnance 
and transacting a general artillery business, the work 
they require to be executed being placed in the 
hands of manufacturing companies, as they possess 
no works ; they also design war material for different 
Governments. Mr. Thorsten Nordenfelt became 
managing director of this company, which has its 
offices at 8, Rue Auber, Paris. But from this 
position he retired, and after fighting various 
actions, sometimes with success and sometimes 
with failure, he was finally defeated on an appeal 
to the House of Lords, and since that time he has 
of necessity ceased to occupy himself directly or 
indirectly in the calling for which he was so admir- 
ably fitted by experience. This misfortune is to 
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some extent mitigated by the fact that there is 
more than one Nordenfelt possessing large experi- 
ence in gun design, and as, even by the widest 
interpretation, the disastrous agreement above 
referred to, must be limited in its application to an 
individual, and not to a name, the Société Norden- 
felt, of Paris, will probably continue to carry on a 
successful and increasing business. 

The Société Nordenfelt does not itself manufac- 
ture the guns that bear its name ; they are produced 
at the works of the John Cockerill Company, of 
Seraing, in Belgium, from the designs and specifica- 
tions supplied. It is under these conditions that 
large quantities of the new Nordenfelts have been 
furnished to various foreign Governments. The 
type has found an extensive adoption in the French 
military and naval services, the designs having been 
accepted only after extended trials, and the guns 
and mountings being manufactured in the Govern- 
ment gun factories. The Nordenfelt system is 
sufficiently distinctive to be regarded as a special 
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Fig. 16. 


type, the characteristics applying not only to the 
forms of the guns themselves, but to the method of 
mounting, the nature of the breech mechanism, 
the arrangement of the brake devices, and to 
numerous details. The classes produced may be 
divided broadly into mountain and field guns, siege 
and naval artillery. 

Field Guns.—The first class of Nordenfelt artil- 
lery that we will consider is the so-called mountain 
gun type; the name is somewhat of a misnomer, 
because the guns of this class are adapted for a 
wider range of usefulness than their name implies, 
and are in all respects efficient field guns, although 
they are specially designed for ease in transport 
under difficult conditions. For this purpose, as in 
the case of similar types by other makers, not only 
are the gun and mounting made as light as is consis- 
tent with safety and efficiency, and divided into many 
parts, easily assembled and dismounted for carriage 
on the backs of pack animals, but particular atten- 
tion has been given to the design of the ammunition 
cases and various attachments, in order that the 
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quantity of ammunition carried may be raised to a 
maximum and the efficiency of the gun thereby 
increased. 'Two natures of these guns for moun- 
tain service are manufactured for the Nordenfelt 
Company : the larger is of 75 millimetres (2.95 in.) 
hore and 15 calibres in length; the smaller is 47 mil- 
limetres (1.85 in.) bore and 24 calibresin length. In 
both natures a similar kind of breech mechanism is 
used, which we shall describe hereafter, but it may 
be said here that the Nordenfelt breechloading 
systems possess many distinct and interesting 
features that appear to have passed successfully 
through the ordeal of severe test. In one form of 
this mechanism the interrupted screw is used, in 
the other an eccentric breech-block is employed ; it 
is the former of these types which is applied to the 
mountain guns we are now considering. On the 
preceding page are sections of the 47 and 75 milli- 
metre guns ; the following are some of the leading 
particulars. hy 

Fig. 1 is a section of the barrel of the 47-milli- 
metre (1.85 in.) gun, the length of which is approxi- 
mately 24 calibres; it is built with one tube ex- 
tending to the back of the chamber, and reinforced 
with a jacket placed oyer the tube. This jacket 
extends 3.94 in. behind the chamber, and contains 
the seating for the breech-block ; the maximum 
diameter is 5.11 in. The length of the jacket is 
about 19.5in., and the distance from the back of the 
breech to the centre of the trunnions is 18.51 in. 
Fig. 2 shows the form of the breech, and of the 
trunnions, which are forged on the jacket. A 
check ring is placed on the tube in front of the 
jacket. Figs. 7 to 11 are views of the 75-millimetre 
(2.95 in.) gun; it is 15 calibres in length, and is 
built with a tube more nearly parallel than that of 
the 47-millimetre gun. The breech seating extends 
beyond the end of the tube for a distance of 4.52 in., 
and its outside width is 5.66 in. ; the length of the 
jacket is 22.33 in. The trunnions are forged on the 
jacket. at the end of which a ring is shrunk over 
the tube carrying, as in the case of the smaller gun, 
a bracket for the forward sights. The leneth of the 
line of sight is the same in each case—19.69 in. 

As will be seen from the illustrations, the guns 
of this class are made with horizontal trunnions 
which rest in the bearings of a crosshead provided 
with a pivot that is free to turn in a vertical socket 
made in the recoiling cradle, which is one of the 
most important parts of the mounting ; this cradle 
is cast in one piece with the buffer cylinder. At- 
tached to the crosshead is the elevating screw 
operated by a handwheel ; the screw gears into a 
toothed sector placed on one of the gun trun- 
nions, but not fast with it; two springs are fixed 
to the sector, and these press on a key traversing 
the end of the trunnion with sufficient force to 
cause the gun to turn when the sector is moved by 
the screw ; this elastic connection is found to re- 
lieve the gear from shock when the gun is fired. 
Horizontal training is effected by a screw turning 
* in bearings on the trail and gearing into teeth cut 
around the crosshead. The general appearance of 
the mounting is shown in Figs. 3 to 6 and Fig. 12. 
It will be noticed that the hydraulic buffer-rod passes 
from the cylinder to an abutment block at the 
end of the trail ; it is surrounded by a long coiled 
spring that is compressed when the gun is fired. and 
serves afterwards to bring the piece back to firing 
position. As is shown on the drawings, the brake 
gear is placed between the sides of the trail, which 
affords it a considerable amount of protection. A 
handle on the trail end serves for the rough adjust- 
ment of the gun; ropes attached to this handle and 
passed around the wheels prevent the gun from being 
displaced by firing. As will be seen from the illus- 
trations, the whole of the framing is made very 
light ; as the shock of recoil is taken up by the side 
frames in a direct pull, the strains set up by firing 
are easily dealt with. 

An essential feature of this class of ordnance is 
facility in taking to pieces and re-assembling ; it 
will be seen that this condition is complied with in 
the Nordenfelt mountain guns. When the trun- 
nion covers have been raised and the sector key re- 
moved, the gun can be lifted out of the trunnion 
seats. The buffer-rod is then unscrewed from the 
block at the end of the trail, and with the cross- 
head, cradle, buffer gear, and spring, can be re- 
moved ; the wheels also are easily detached. In 
this way the gun and its mounting can be taken to 
pieces and packed on mules in a few minutes, 
Figs. 13 to 16 show the mode of packing a gun 
of this type for mule transport ; as will be seen, 
three animals are required for the gun and mount- 








ing, and one to carry ammunition. The cartridge 
cases shown in the illustration (Fig. 16) are made 
of aluminium, and each contains six cartridges for 
the 75-millimetre gun, or more for smaller natures. 
The 47-millimetre mountain gun is very similar to 
the larger one just described, but is, of course, 
lighter in design. It is arranged to be carried by 
three mules, or if that is found inconvenient, each 
of the loads can be carried on poles between two 
men. The following are some of the leading par- 
ticulars of these guns : 
Table of Dimensions, Weights, dc., of Nordenfelt 
Mountain Guns (75-Millimetre Gun). 


Calibre ... ae eee .. 75mm. (2.95 in.) 
Length of bore, including 

chamber ass is it 15 calibres 
Total length of gun . 1240mm. (48.82 in.) 
Weight of gun ... 86 kilog. (189.2 Ib.) 


99 mounting ... aah ew) 

ae gun and mounting 286 ,, (629.2 .,, ) 
Diameter of wheels ... 800 mm, (31.50 in.) 
Width of track ... = -. 700 ,, (27.56 ,, ) 
Angles of elevation ... ... — 10 deg. to + 20 deg. 
Range of horizontal trainin 4 deg. 
Length of recoil : ... 250 mm, (9.84 in.) 
Weight of aluminium cart- 


ridge case... se ... 200 kilog. (0.44 Ib.) 
Weight of charge of smokeless 

powder par Ais 30100. .,, {0:58.,, ) 
Weight of projectile ... ORO s, al » 3 


Weight of one box with six 
complete cartridges , 0:4, 10...) 
Initial velocity... Ses 310 metres (1017 ft.) 
The 75-millimetre gun and carriage, weighing 
about 6 ewt., can be divided for packing into three 
parts, each of about 2 cwt., as follows: the gun 
and shafts, the training and brake gear, and the 
trail axle and two wheels; or a different mode of 
distributing the load may be made if found more 
convenient, as is shown in the illustrations. 


47-Millimetre Nordenfelt Mountain Gun. 


Calibre a Ss -- 47 mm. (1.865 in.) 
Length of bore, including 
chamber -_ - se 24 calibres 
Total length of gun . 1288 mm. (50 73 in.) 
Weight of gun ... : ... 60 kilog. (132 Ib.) 
o> carriage... os DD gs) ROR a5 
oa gun and carriage 
complete ss ais on 200 5, 1008...) 
Diameter of wheels... ... 1 metre (39.37 in.) 
Width of track ... : 700 mm. (27.56 in.) 


Angles of elevation > in deg. to + 15 deg. 


Weight of aluminium car- 


tridge case... = ... 0,140 kilog, (.308 Ib.) 
Weight of charge of smokeless 

powder a bes ac, OOD «55- Sl, 9 
Weight of projectile ... meres | (3 30 ,, ) 


Initial velocity ... _ “.) 410 metres (1345 ft.) 


Like the larger calibre, this gun and carriage can 
be divided into three loads, each of about 132 lb. 
The ammunition employed we shall refer to on 
another occasion when dealing with the other field 


guns. 
(Zo be continued.) 





BLACKWALL TUNNEL.—No. III. 

Cut and Cover.—Fig. 26, on page 212, shows 
the section adopted for 436 ft. of the cut and 
cover portion on the Middlesex side, where the 
depth of trench varies from 34 ft. at High-street to 
41 ft. at the Great Eastern Railway (see Fig. 4 on 
the two-page engraving published in our last issue), 
at which point the iron-lined tunnel begins, and 
for a length of 335 ft. on the Kent side, the depth 
varying from 37 ft. to 42 ft. From the latter 
depth, and until No. 4 shaft is reached, the heavier 
section, shown in Fig. 27 on page 212, is used. 
The thickness of brickwork is respectively, for the 
two sections mentioned, 1 ft. 6 in. and 1 ft. 10} in.; 
the inner ring, in each case above footpath level, 
being of glazed bricks. Immediately outside the 
brickwork a band of asphalte 14 in. thick is 
— to insure water-tightness ; this is indicated 

y the darker line in Figs. 26 and 27. The brick- 
work is backed up with 6 to 1 Portland cement 
concrete built tight to the sides of the trench, as 
shown. A polished granite moulding is placed at 
the end of the cut and cover arching on each side of 
the river, as shown in elevation in Fig. 28 and plan 
in Fig. 29, page 212; the detail of the moulding 
being shown in Fig. 30. 

Open Approaches.—Figs. 31 to 34, on page 212, 
show cross-sections of the open approach struc- 
ture on the Middlesex and Kent sides ; lengths 
of 765 ft. and 860 ft. respectively. The structure 
is composed of 6 to 1 cement concrete, faced with 
brickwork above the footpath level, and bonded to 
the concrete in the manner shown in Fig. 29 on 
page 212, the face being glazed, as in the cut and 


cover andtunnel proper. The face of the retaining 
wall is battered 1 in 44 up to surface level, where a 
Portland stone string course is placed, forming a 
base for the parapet wall, which is finished with a 
granite coping, as shown in Figs. 32 to 34. 

A layer of 1} in. asphalte is carried through the 
invert and up the back of the retaining walls, as 
shown in Figs. 31 to 34. A staircase 6 ft. wide is 
placed on each side of road at the end of the open 
approach on both sides of the river in positions 
shown in Figs. 4 and 10 in our issue of last week. 

At the commencement of the open approach on 
each side of the river a gauge for maximum height 
of loads on vehicles will be built in the form of an 
arch, which will support a house (Figs. 35 to 38 on 
page 212) for the tunnel superintendent. 

The roadway will be 16 ft. wide throughout, 
giving sufficient accommodation for two of the 
largest vehicles in use in London, side by side. 
There will be a footpath on each side of the roadway 
5 ft. 43 in. wide in the open approach and 3 ft. 1} in. 
wide in the cut and cover and iron-lined tunnel. 
The roadway is carried by a 9-in. brick arch, which 
forms the roof of a subway for pipes, &c., as 
shown in Fig. 39 on page 212, access to which is 
obtained by a shaft at the end of the cut and cover 
(see Figs. 28 and 29), on each side of river, thus 
obviating the necessity of breaking up the road in 
order to lay new pipes, &c., or for repairs. 

Drainage.—Arrangements will be made for con- 
veying all water collected in the open approaches on 
both sides of river, and that used in cleansing the 
roadway, &c., to a well in No. 2 shaft, where per- 
manent pumps will be erected to deal with it. 

Referring to our illustrations on page 208, Fig. 
40 is a section of that part of the subway referred 
to which passes under shafts 1, 3, and 4. Fig. 41, 
on the same page, is a plan, while Fig. 42 shows a 
similar section in shaft No. 2, a plan and cross- 
section being shown in Figs. 43 and 44. Here all 
drainage water will be pumped. The pipes and 
conneetions and the space for pumps are shown, 
the latter being marked in Figs. 43 and 44. 

The arched openings shown in Figs. 40 and 42 
are side entrances to the subway, and are so 
arranged that large pipes can be passed in. Figs. 
45 and 46 on page 208 show a cross-section and plan 
of the subway arrangement on shaft No. 3. The 
drainage of the tunnel is principally provided by 
means of pipes close to the kerbs as shown in 
Fig. 39 on page 212. These pipes are carried 
through the shafts, as shown in Figs. 41 and 46, 
and are so laid as to clear the cross arches for the 
side entrances to the subway before referred to. 
The water from these pipes is collected at the foot 
of No. 2 shaft and then pumped to the surface. 

It is not anticipated that any special precautions 
will have to be observed in the matter of ventila- 
tion, but the entrance gauge arches are 2 ft. less in 
height than the tunnel, so that a ventilating trunk 
can be inserted in the top of the tunnel. Ilumina- 
tion is to be by electric light. 





REGULATION OF STEAM ENGINES. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 5, 1895, Sir 
Douglas Fox, Vice-President, in the chair, a paper was 
read on ‘*The Mechanical and Electrical Regulation 
of Steam Engines,” by Mr. John Richardson, M. Insb. 
C.E., of Lincoln. 

The author dealt with the regulation of steam engines 
from the steam users’ point of view, and showed how, 
although many excellent means existed of automatically 
governing steam engines to secure regularity and economy, 
yet in many cases these means were ignored. After 
laying down the conditions essential for first-class 
governing, the author reviewed the construction of engine 
governors, from that invented by Watt to the latest 
examples, the principal types being illustrated. The ad- 
vantages and disadvantages connected with each were 
pointed out, and the unsuitableness of the ordinary pendu- 
lum governor for the modern engine, which required con- 
trolling with much more certainty and delicacy than was 
formerly necessary. Moreover, the high speed of textile 
machinery made regularity an absolute —t and the 
requirements of engines for producing electric light were 
especially exacting. 

he type of governor selected as being most suitable was 
that which combined revolving weights with a spring, and 
@ governor was described which, while of moderate dimen- 
sions and weight, had still at lifting and thrusting 
power, combined with such a balance of its parts that the 
working sleeve was raised from the lowest to the highest 
position with but slight variation in speed. 

The author next referred to the various kinds of valves 
for controlling the admission of steam, and their action 
with the governors, First the various type of throttle 
valves, and the results of experiments in connection 
with them, and the engines for which they might be 








properly used. The methods of regulating steam engines 
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altering the travel and angle of the main slide valve, 
= by fimiting the admission of steam by controllin the 
angular advance and travel of a cut-off slide working 
upon the back of the main valve, were dealt with. The 
types of governors suitable for controlling such valve 
action were described, for instance, those fixed on the 
crankshaft and revolving with it, and others driven by a 
belt and gearing at a distinct speed from the crank. 
Tllustrations of this class of valve gear were given, 
together with copies of diagrams taken from engines so 
fitted, and the results of experiments as to variation in 
speed. This gear was stated to be suitable for engines 
of moderate size, where the working pressure was under 
100 lb. Tables giving comparative tests taken under 
equal conditions between engines fitted with shaft 
governors controlling the slide valve, and — governors 
controlling a throttle valve were exhibited, showing the 
advantage oes automatic governor both as regarded 

ularity an wer. 
"The perond rs were next described, in which 
the main valve cars. constant lead, compression, and 
exhaust, and it was the cut-off valve working on the back 
of the same only which was varied. It was shown that 
the success of this kind of valve gear depended ver 
much upon the type of governor used in connection wit 
it, which, besides delicacy, must have a wide margin of 
stability and strength, as considerable “wid was required 
to operate the working parts when the engines were of 
moderate size. : ; 

The necessity for dispensing with dash-pots to prevent 
oscillation of the governor by the link was insisted upon, 
and the type of governor which could control such valve 
gear and maintain perfect stability at all points was 
exhibited. 

The much higher pressures necessary for the most 
economical use of steam, compelled the employment of 
valves which would work: in equilibrium, or nearly so. 
These were mainly of three kinds: piston valves, rotating 
or circular, like the Corliss, or double-beat valves, slide 
valves requiring too great a part of the power of an 
engine working with high-pressure steam. After alluding 
to other classes of valve gear, the author described a 
cylinder fitted with two double-beat admission valves and 
two gridiron exhaust valves. Ib was shown how each of 
these valves was susceptible of independent adjustment, 
even while the engine was running, and a simple method 
of varying the cut-off of the admission valves by the 
governor was explained and illustrated by a working 
model. With a valve gear of this kind there was abso- 
lutely no strain upon the governor, and not the slightest 
tendency for it to work or jump due to the working of the 
valve gear. Diagrams taken from engines fitted with 
this gear were exhibited, in which the range of cut-off ex- 
tended from zero to seven-eighths of the stroke, the pecu- 
liar advantage of this gear being that it allowed of the 
engine being instantly stopped from any part of the mill 
or factory in which it worked. 

The electric regulation of engines was next dealt with 
The conditions which obtained for an engine driving a 
dynamo were not quite the same as those for maintaining 
a constant speed of other machinery; as, if the electric 
current produced by the engine were used to control its 
speed, it became possible either to run the engine ata 
practically uniform speed in connection with a perfectly 
compounded dynamo, or to runit at avarying speed, main- 
taining either a constant difference of potential with a 
varying current or a constant current. Further, it was 
shown that by utilising the changes in the current to con- 
trol the engine, it was possible when the load was 
suddenly decreased to effect what was impossible with a 
speed-governor, namely, to shut off for a time the whole 
of the steam supply awe the engine had had an 
opportunity of increasing its speed. number of 
appliances which had been devised during the last 15 
years and tested for electrical regulation were described, 
some as examples of what should be avoided, and others 
as successful. In most of these latter a solenoid, the core 
of which was held in a varying position within it by the 
current, was connected in different ways to the valves. 

Two forms of electric motors for altering the position 
of valves were also shown, and other forms of relays. The 
advantage of the direct connection of the solenoid was 
| great over any form of relay. 

he paper concluded with a description of a method of 
electric control of a valve gear which was suitable for 
engines of large size, the power required to govern the 
lever being practically nil, a small solenoid and a slight 
current being found sufficient to effect the entire control 
of engines up to 1000 horsepower. An automatic method 
of stopping or slowing the engine, should there be an 
accidental breaking of the governor circuit, was also illus- 
trated by drawings and working models. 





PHYSICAL SOCIETY OF LONDON. 

THE annual general meeting of the Physical Society 
was held on February 8, the chair being taken by the re- 
tiring President, Professor Riicker. The treasurer, Dr. 
Atkinson, presented his report for the year 1894. The 
balance-sheet showed a somewhat larger expenditure than 
in previous years, the increase being partly due to the new 
system of publishing abstracts, soe to the rent of rooms 
and the expenses of tea. The balance in the bank had 
increased by about 33/. during the year, but the treasurer 
said that, strictly speaking, the Society had trenched on 
its — to the extent of about 30/., and that this would 
probably be the last report for some time to come which 
would show a balance in favour of the Society. The 
assets of the Society exceeded its liabilities by 
26421. Os. 5d. 

Professor Carey Foster asked whether it would not be 
possible, in estimating the assets of the Society, to make 
some allowance for the stock in hand. 





Dr. Atkinson replied that that had not hitherto been 
done, and the difficulty would be to assign a money value 
to the stock. The stock of the works of Joule and of 
other memoirs was, of course, vegan while the sale 
of the Proceedings was becoming somewhat greater. As 
regarded the securities of the Society, their actual value 
would be about 2007. or 300/. more than appeared on the 
balance-sheet. . 

Professor Riicker said that the Society had deliberately 
entered upon a policy of expansion, and that they must 
be prepared to find the expenditure increasing. On the 
other hand, it was hoped that by making the Society more 
attractive, a greater number of persons would be induced 
to join. In view of the great advantages now enjoyed by 
members, there had been some suggestion of raising the 
subscription, but in any case he thought that they might 
look forward to the future with confidence. The report 
was then moved and adopted. 

The next business was the election of officers and 
council for the year 1895-6, and Messrs. Rhodes and 
Yule, being asked to act as scrutators, collected the 
balloting lists. 

Professor Carey Foster proposed a vote of thanks to 
the Lords of the Committee of the Council on Education 
for having allowed the Society to meet at the Royal Col- 
lege of Science. At the commencement of the life of the 
Society, its founder and first President, Guthrie, had 
obtained permission for the mvetings to take place at 
South Kensington, and the Society has continued to meet 
there until their recent migration to the rooms of the 
Chemical Society. The vote of thanks was duly seconded, 
and was carried unanimously. 

Major-General Festing ee proposed, and Mr. Croft 
seconded, a vote of thanks to the auditors, Messrs. Inwards 
and Trotter. This also was carried. 

Mr. Trotter then proposed a vote of thanks to the re- 
tiring council ; they had shown an energy which was 
rare in such societies, and had inaugurated an active and 
original policy, which must prove of the greatest benefit 
to the Physical Society and to physical science generally. 
Carried unanimously. 

Mr. Elde gave notice of a proposed alteration of the 
rules, the object being to allow the council under certain 
conditions to admit persons into the Society without re- 
quiring from them the usual number of recommendations 
from members. It was pointed out that sometimes 


eligible persons, especially those resident abroad, were | },, 


unable to enter the Society because they were unknown 
to any of the existing members, The motion to sanction 
the proposed alteration was put from the chair and carried, 
but this decision will need to be confirmed at a subse- 
quent meeting, of which due notice will be given. 

Mr. Rhodes then read the following list of the officers 
and council elected for the year 1895-6: President, Cap- 
tain Abney ; vice-presidents who have filled the office of 
President, Dr. Gladstone, Professors Carey Foster and 
Adams, Lord Kelvin, Professors Clifton, Reinold, Ayr- 
ton, Fitzgerald, Riicker; vice-presidents, Mr. W. Baily, 
Major-General Festing, Professor Perry, Dr. Stoney ; 
secretaries, Messrs. Blakesley and Elder; treasurer, Dr. 
Atkinson; demonstrator, Professor Boys; other mem- 
bers of council, Mr. Shelford Bidwell, Professor Crookes, 
Messrs. Fletcher, Glazebrook, G. Griffith, Professors 
Henrici, Minchin, Mr. Swinburne, Professors S. P. 
Thompson and S. Young. 

Professor Riicker then vacated the chair in favour of 
Captain Abney, and the meeting being resolved into an 
ordinary meeting, 

Mr. W. B. Croft gave “‘ An Exhibition of Simple Appa- 
ratus.” An optical bench was shown which consisted of 
a wooden lath of rectangular section, furnished with a 
millimetre scale, and clamped on to the table, together 
with three flat wooden blocks, whose contacts with the 
table and the lath left them only freedom to slide in a 
direction parallel to the scale. Another apparatus was 
designed for observing anomalous dispersion. A cor 
supported two rectangular pieces of microscope cover- 
glass, which were inclined at a small angle to one 


another; and a drop or two of a strong alcoholic} 54 


solution of fuchsine being introduced between them, 
was maintained in position by capillary action. Pho- 
tographs were shown of Chladni’s sand __ figures, 
some of the forms being of an unusual character. 
Mr. Croft also exhibited a polariscope, in which the 
polariser was a thin piece of glass stuck on to cork by 
means of black sealing-wax, and the analyser a plate of 
tourmaline, as well asa miniature model of Grove’s gas 
battery. Photographs of some curious optical phenomena 
were projected on the screen, including 12-rayed stars seen 
on looking at a bright source of light through certain 
specimens of mica, and pairs of intersecting or non-inter- 
secting circles of light obtained under similar circum- 
stances with (doubly refracting) fibrous calcite. These 
last, it was suggested, were similar in origin to the curves 
obtained by reflection at, or transmission through, a dif- 
fraction grating held obliquely. Clock-springs broken by 
frost were also exhibited, each spring having given way 
In a very great number of places simultaneously. 

Dr. Johnstone Stoney said that many years ago he 
had published in the Transactions of the Royal Irish 
Academy an investigation of the circles seen in fibrous 
calcite, and had shown geometrically that they had 
nothing to do with the regularity of the fibrous struc- 
ture, but were due to reflection and refraction within 
the crystalline plate. The distribution of the planes of 
polarisation round the circumferences of the circles was 
also accounted for by his investigations, 

Mr. Price said he had found that when a clock-spring 
during the process of hardening was kept in shape by 
wires, subsequent fracture was most apt to occur at those 
places where the wires had been in contact with the spring. 

Mr. Rhodes asked if Mr. Croft had ever tried Newton’s 
experiment of admitting sunlight between two sharp 





edges inclined at a small angle to one another. He had 
not been able to obtain the hyperbolic bands described by 
Newton. : 

Mr. Croft said he had not tried the experiment exactly 
in that form. 

Captain Abney said that the experiment had succeeded 
very well in his hands. 

r. S. Skinner read a paper ‘‘On the Tin Chromic 
Chloride Cell.” He said that his attention had been 
attracted to the cell by an account a meg by Mr. 
Case of New York. The cell had been stated to 
give no electromotive force at ordinary room tempe- 
ratures, while it gave a considerable electromotive 
force at 100 deg. Cent. The author had found that 
when the cell was directly connected up to a galvano- 
meter, there was no current at ordinary temperatures, and 
some current at 100 deg. Cent., but when he had measured 
the electromotive force by Poggendorff’s method, he had 
found .44 volt at 15 deg. Cent., and .40 volt at 97 deg. 
Cent. The cell as originally described consists of a tin 
plate and a platinum plate immersed side by side ina 
solution of chromic chloride; when the temperature of 
the cell is near to 100 deg. Cent., and the poles are con- 
nected, the following reaction occurs : 

Cr, Clg + Sn = 2 Cr Cl, + Sn Cla; 

and when the poles are disconnected and the cell cooled 
the reverse change takes place. The author prefers to use 
as electropositive metal an amalgam of tin and mercury 
instead of a tin plate, so that when the tin precipitated 
during cooling falls to the bottom of the solution, it is 
redissolved in the mercury, and the cell has regained its 
original state. When silver nitrate solution is added to 
chromic chloride, only two-thirds of the chlorine comes 
down as silver chloride, and this has led the author to 
suppose that the — formula for chromic chloride is 2 Cr 
Cl. Cl, Hence he works out the electrolytic action by 
means of a Grotthus chain. 

Professor Riicker asked whether a change of polarisa- 
tion would explain the behaviour of the cell at different 
temperatures. 

Professor Carey Foster asked whether the reversed 
chemical action on cooling from a high temperature were 
accompanied by a reversed electromotive force. 

Mr. Skinner said: No; the tin was precipitated 
throughout the solution, and not at the surface of the tin 
plate, so that no electromotive force of the kind was to 
expected. 

Mr. Appleyard thought that Professor Minchin had 
used tin chloride cells with two tin plates for electrodes, 
the cells only working when one plate was illuminated. 

Mr. Trotter wished to know whether heating the cell 
supplied energy to it, or simply removed an obstacle in 
the form of polarisation. 

Mr. Skinner thought that heating acted by removing 
an obstacle, 

Captain Abney: And so doing work. 





Tuer Briackroo, Towrer.—The usual fortnightly meet- 
=< of the Owens College Union Engineering Society was 
held on Tuesday last, Mr. J. B. Millar, M.E., in the 
chair, when Mr. James Maxwell, F.S.I., read his paper 
on “‘ The Blackpool Tower.” The shape adopted for the 
tower was square in plan, and generally like the Eiffel 
Tower, except that the taper of the sides is about the 
same all the way up. Each of the four legs of the tower 
is founded on and bolted to a block of concrete, which is 
interlaced with rolled steel joists, and rests upon a bed of 
sand. Each leg consists of four columns, which form its 
corners, and the bracings which bind the columns to- 
gether. The elevators work in the centre of the tower, 
and are supported and guided by a separate arrangement 
of girders. The total height of the tower to the top 
of the flagstaff is 517 ft., and the width at the base 
is 96 ft. The whole of the structure is made of 


k} mild steel, of which 2400 tons were used, an elec- 


tric crane being used in building the upper portion. The 
greatest stresses allowed for in designing were 5 and 
tons for compression and tension respectively; the 
wind pressure was taken at 60 lb. per square foot acting 
along the diagonal of the tower on three times the area 
of the framework, and the greatest pressure in any leg 
due to dead load and wind pressure combined was 
calculated at 2290 tons. Arches are placed under the 
first and second floors in order to prevent the legs spread- 
ing under the action of the wind. The two main elevators 
have the longest travel and the quickest speed of any in 
this country. bap carry 50 passengers at a time from 
the 55 ft. floor to the 380 ft. floor, and make no less than 
12 trips per hour. To work these two self-starting 50 
horse-power and one 6 horse-power ‘‘ Otto” gas engines 
drive three triple-throw hydraulic pressure pumps, which 
deliver 115 gallons per minute to three accumulators of 
17 ft. stroke and in. rams, each loaded with 84 tons of 
pig iron. This power is communicated to the lift cables in 
one of the legs of the tower. The cars, each of which is 
suspended by four ropes, are provided with brake blocks 
which are arrang' so as to grip the guide rails, 
and so stop the car when the tension in one pair of the 
lifting ropes exceeds that in the other pair. © circus, 
which seats 2000 people, is situated underneath the tower 
on a level with the street, and the floor can be instantly 
sunk by means of an hydraulic ram displaying 6 fb. 6 in. of 
water, which is brought ‘p to any required temperature 
by being run through the cooling jackets of the gas 
engines, the gas to supply which is all manufactured on 
the premises. Besides the plant already named, there are 
dynamos, worked by separate gas engines, which supply 
2500 incandescent, 100 arc, and one large Admiralty 
search-light on the top of the tower. Connected with the 
tower there is a large dining hall to seat 700 people, also 
an aquarium and a menagerie, and the whole site is sur- 
rounded with 28 shops, besides the entrances. 
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THE BLACKWALL TUNNEL 
(For Description, see Page 206.) 
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THE PNEUMATIC PYROMETER. 

A sErrEs of tests has been recently completed under 
the supervision of Professor J. E. Denton, M.E., in 
the Department of Tests of the Stevens Institute of 
Technology, upon three of the pneumatic pyrometers 
described in ENGINEERING for August 24, 1894, vol. 
lviii., page 251. The instrument, it will be remem- 
bered, consists of a pressure gauge of special construc- 
tion. A pipe completely filled with a suitable fluid 
connects the gauge with the point the temperature of 
which is to be measured. The pressure in the pipe, 
of course, rises as the temperature increases, and i 
recorded by a pointer moving over a graduated disc 
which is rotated by clockwork. For the purpose of 
experiments a large gas furnace was constructed 
capable of developing a temperature of 2500 deg. 
Fahr. Into this the platinum tubes of the three in- 
struments were introduced in close proximity, arrange- 
ment being also made for the introduction of a ball 
of platinum, which was employed to determine the 
actual temperatures from time to time, careful calibra- 
tions being also made of the results obtained with the 
platinum ball. With this arrangement experiments 
were carried on during 30 days, readings being made 
of the three instruments at numerous points of tem- 
perature from 90 deg. Fahr. to 2500 deg. Fahr., 
comparisons in each case being made with the 
platinum ball, and for temperatures below 600 deg. 
Fahr. with a mercurial thermometer. As a result 


of these tests it was shown: 1. That the greatest 
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divergence between the reading of the three instruments 
was 3 per cent. at 2500 deg. Fahr., the divergence 
diminishing as the temperature was lower. 2. That 
the same instrument gave the same readings under the 
same conditions, within 1 per cent., after repeated 
heating and cooling. This agrees with the result of 
practical experience with instruments which have been 
in use for nearly a year. 3. That the readings were 
identical whether the gauge stood within a dozen feet 
of the furnace or was 200 ft. away. 4. That by the 
a itachmentof a Bristol recording gauge, a permanent re- 
ord could be made which would present all the fluctua- 
tions of temperature during a period of 24 hours, and 
thus give a substantial history of the run of a furnace 
during that period. This conclusion arrived at durin 
the tests above mentioned has been put to practica 
use in two localities since then, with very interesting 
results, as will be seen from one of the autographic re- 
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cords, given on the opposite page. The diagram is 
marked ‘‘ No. 2 Furnace,” and is from a well-known 
locality in Eastern Pennsylvania; other records have 
been obtained from one of the large furnaces in 
Birmingham, Alabama. 

Explanations of the temperature changes are given 
in the chart, so that a complete record of operations is 
obtained. The diagram shows a change of stoves 
every two hours, while other diagrams show a like 
change every hour. It may be remarked that the 
record on the diagram we publish shows slighter 
variations than when the changes are more frequent. 
The chief reason of this is that about twice as 
much air is passed through the stoves in the latter 
case, and this, notwithstanding that the change was 
made twice as frequently, has resulted in a greater 
range or variation between the temperature when 
the stove was first put on and when it was about 
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to be shut off. Again, it will be noticed that one of 
the stoves was much less efficient than the others; 
this is clearly indicated on the chart, and can be 
picked out at any part of the curve by its low line of 
temperature. Such an indication would at once show 
that there was some serious trouble with this stove. 
Again, a careful observation of chart given above 
shows that the blast was off from five to 15 minutes 
at each casting. This tells of a lack of celerity in 
the labour department, which we should not expect 
in a Pennsylvania furnace in comparison with an 
—" one, where negroes are employed for all the 
work, 

The average loss of heat shown by Chart No. 2 is 
160 deg., while records from the Alabama turnace 
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show more than 200 deg. At the latter plant this 
could only be remedied by overhauling the stoves. 
It is considered a conservative estimate that 100 deg. of 
heat added to the blast will produce a saving of 50 lb. 
of coal per ton of iron made; this would be 5000 lb. 
saved for each 100 tons of output, or, at 2.75 dols. per 
ton, whichis about the cost in the stock-housein Fastern 
Pennsylvania, would be, say, 6.87 dols., or fully 
2500 dols. a year on an average daily output of 100 tons. 
This would be a very small output for a good furnace, 
and of course the amount of saving would vary with 
the output, 

It will be observed that these records show not only 
the temperatures of the blast at all times, but also 
show the time at which each stove went on, what was 








its initial temperature, how it held or maintained the 
same, its rate of loss, and thus the condition of each 
stove, and also each stop and its duration, and yet 
more (as will be seen between 10 a.m. and 11 a.m. on 
Chart No. 2), the retreating of the gases from the fur- 
nace, which is liable to cause disastrous explosion: 
We are indebted for the above particulars to Professor 
Henry Morton. 





THE TWIN-SCREW CHANNEL STEAMERS 
“COLUMBIA” AND * ALMA.” 

THESE two vessels have been recently constructed 
by Messrs. James and George Thomson, Limited, 
Clydebank, to the order of the London and South- 
Western Railway Company, and have been specially 
designed for the express mail and passenger service 
between Southampton and Havre. On account of the 
transference of the head-quarters of the American Line 
of steamers from Liverpool to Southampton, a neces- 
sity arose for a faster and more comfortable service 
between Southampton and the Continent than could 
be provided by the older vessels of the company, and 
in the design of the new vessels the efforts of the 
owners and builders have been directed to provide the 
most comfortable sleeping accommodation possible for 
a large number of first-class passengers. As the ser- 
vice is performed at night, and the run is only about 
six hours in duration, the dining accommodation is 
quite subsidiary to the sleeping accommodation, which 
is a special feature of the vessel, so far as the general 
arrangements are concerned, In the direction of pro- 
viding comfortable sleeping accommodation several 
improvements on preceding vessels have been intro- 
duced, As, however, we hope in a subsequent issue 
to publish plans, &c., of the ship, we may content our- 
selves for the present in mentioning one or two points 
in the general arrangement, while fully describing the 
machinery, which is illustrated on the two-page plate 
accompanying this issue. 

In the first place, the first-class pee are 
accommodated in separate sleeping cabins, having in 
many cases only two, and in other cases four, berths, 
furnished in all respects similar to ocean-going 
steamers. In older steamers the arrangement is gene- 
rally to have a few cabins in the poop, with a dining 
saloon in the centre, in which latter a majority of the 

ngers as a rule, are provided with improvised 
ds at night. 

In the Columbia and Alma the whole of the first- 
class state-rooms are situated almost exactly amidships, 
in the compartment between the two boiler-rooms, the 
cabins being fitted up both on the main, upper, and 
promenade decks. Equal convenience is provided for 
the second-class passengers, who have large rooms fitted 
up in the after end of the vessel. A supper or breakfast 








room has been fitted, and a smoking-room on the 
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promenade deck. In fact, the new vessels are in many 
senses miniatures of the Atlantic liners Paris and New 
York. 

The engines, illustrated by our two-page engraving 
this week, are of the four-cylinder triple-expansion 
type. This arrangement has been adopted so that 
the weight of the moving parts of the engines is de- 
creased, and consequently the vibration of the ship 
lessened. In this connection it may also be mentioned 
that bilge keels have been fitted to prevent rolling. 

The vessels being propelled by twin-screws, there 
are two sets of vertical triple-expansion engines of 
the direct-acting surface-condensing type. The four 
cylinders, of course, each work on a separate crank, 
which is so balanced as to obviate vibration. The 
cylinders are separate castings, but are firmly 
bolted together, as shown on the engravings, to insure 
rigidity. The diameters of the cylinders are—high- 
pressure, 19 in. ; intermediate, 29 in.; while each 
of the low-pressure cylinders is 334 in., all with a 
stroke of 2 ft. 6 in. The valves of the cylinders are 
of the piston type provided with balance cylinders, 
and are worked a ordinary link motion. The revers- 
ing gear is controlled by Brown’s combined steam and 
hydraulic engine, and the levers of the reversing shafts 
are titted with screw gear to allow of the expansion in 
each cylinder being altered independently of the other. 

It will be seen, too, that all the gear for controlling 
the engines is operated from the forward end of the 
engine rather than from the front, and it should also 
be stated that the installation of the auxiliary machi- 
nery is such that the engineer in charge of the main 
engines need not leave his position to control any of 
the pumps, &c, The cylinders are supported at the 
back on cast columns, but the front columns are of 
forged steel, for securing both accessibility and 
ligntness. The crankshafts are in two pieces, and, to- 
gether with the thrust tunnel and propeller shafts, 
are of steel, supplied by Messrs. Vickers, of Sheffield. 
The thrust-blocks are cast iron, and the four collars 
are of cast steel. The latter are lined with white 
metal, and are of the horseshoe type, each separately 
adjustable. The screw propellers have three blades 
of manganese bronze fitted to bosses of cast steel. 

The surface condensers are placed in the wings of 
the ship. They are built up of brass sheets, and the 
water spaces and casing doors, together with main 
eduction and other branches, are all guu-metal castings. 
The condensing water to each condenser is circulated 
by a Gwynne’s centrifugal pump driven by an inde- 
pendent open-fronted engine. The air pumps are 
bolted to the backs of the soleplates in the position 
shown on the engravings, and are driven by levers off 
the forward low-pressure cylinder. 

In addition to the two sets of main engines, space 
has had to be provided for the following auxiliary 
machinery, in the engine room: One set electric light 
machinery, which installation we shall deal with in 
describing the ship; two of Weir’s feed pumps and 
heater ; two duplex bilge and fire pumps; one duplex 
sanitary pump ; and one duplex fresh-water pump. 

Steam at 160 lb. pressure is supplied by two large 
a boilers with four furnaces in each, worked 
under forced draught on the closed stokehold system, 
the air being supplied by two double-breasted fans, 
one in each stokehold. [hese boilers are similar in 
their arrangement to those fitted by Messrs. Thomson 
to many fast cruisers, 

Indeed, it will be recognised generally from our de- 
scription that the type of machinery has much in 
common with that designed by Mr. Dunlop and fitted 
so successfully to the many warships turned out in 
recent years from the Messrs. Thomson’s establish- 
ment at Clydebank. The firm was among the first 
to fit fast-running engines to our screw Channel 
steamers, and the unfailing work done since 1890 by 
the three vessels then conetructed by the company for 
the London and South-Western Railway Channel 
Island service, justified their adoption in the Alma and 
Columbia. The steamers Frederica, Stella, and Lydia 
we had occasion to refer to at some length in a recent 
article.* These have engines running at a piston 
speed of 935 ft. per minute, making 170 revolutions, 
with a slip of only 12 to 14 per cent., the screws being 
11 ft. in diameter, while the draught of the vessel in 
ordinary trim is 13 ft. They have a system of closed 
stokehold forced draught, and have worked in season 
and out of season with the minimum of trouble. 

In giving the results of the trials of the Alma and 
Columbia, it will be desirable to state here the dimen- 
sions of the vessels. The length is 270 ft., the beam 
34 ft., and the depth to promenade deck 23 ft., while 
the gross tonnage is 1145 tons. The Frederica triot 
were 260 ft. long, 35 ft. beam, and the gross tonnage 
was 1060 tons. The engine cylinders are larger in the 
Frederica. There are only three, instead of four in the 
Columbia, while the stroke in the latter is 3 in. less, 
The number of revolutions, however, is greater, but 
the guaranteed speed being less, the power was less. 
As shown in the appended Table, the number of revo- 





lutions was 191, which gives a piston speed of 955 ft. 
per minute, against 935 in the Frederica class, when 
running at about the same knots. There is, however, a 
marked decrease in the power needed, In the one case 
it very considerably exceeds 5000 indicated horse- 
power, and in the Columbia it was well under 4000 
indicated horse-power. The guaranteed speed was 
184 knots, which, on a six hours’ run, was easily 
exceeded. On the measured mile a mean speed of 
19.3 knots was obtained, the engines running with 
great smoothness and regularity, and in the ship there 
was little vibration. 
Mean Results obtained on the Measured Mile. 

Revolutions : 


Port = = - Dot — 192 

Starboard ‘cs es ees as 191 
Indicated horse-power : 

Port ie ee abe isp a 1830 

Starboard pits 66 cs = 1910 

Total ase .. 3740 

Steam pressure aay ie 160 lb. 
Vacuum ies ee ee 264 ,, 
Speed of vessel __... ve 19.3 knots 


The fineness of form of the vessels in large measure 
explains the high speed for relatively low power, and 
this feature in the design of the hull is convincingly 
attested by the wave-line in the photograph repro- 
duced on page 209, which was taken when the vessel 
was running over 19 knots on the measured mile on the 
Clyde. This illustration shows the vessels to be 
smart-looking steamers, Of the comfort of the internal 
arrangement we shall have something to say when 
publishing the deck plans, &c. Meanwhile it may be 
said that the steamers are already engaged on the 
service between Southampton and Havre, for which 
as for the Channel service of the railway company, so 
much has been done by the vigilance of the dock and 
marine superintendent of the London and South- 
Western Railway Company, Mr. John Dixon, who re- 
presented the company during the construction and 
acceptance of the vessels. The latter were built under 
the direct supervision of Professor J. H. Biles. 


(To be continued.) 





ExectricaL Directory (J. A. Bertyrs), 1895.—This 
Universal Electrical Directory, published at 4s. by 
Messrs. H. Alabaster, Gatehouse, and Co., 22, Pater- 
noster-row, London, E.C., contains the names of the 
members of the electrical and cognate industries through- 
out the world, some 20,958 names being given, 2500 more 
than in the previous year. Besides the official directory 
of electrical institutions, there are four divisions: Conti- 
nental, containing 6490 names; American, with 3922 
names; Colonial, with 1378; and British, with 9186 
firms. Telegraphic addresses and telephone numbers are 
given in each case. Each section is arranged alphabeti- 
cally and by trades, and for convenience in finding each 
division there are cut out on the front edge of the book 
what may be termed thumb-holes, so that the book can 
be opened at the first page of each. The lettering, how- 
ever, of these, in gilt on a brown ground, is nob quite 
satisfactory, as it cannot be read until the book is opened. 
The idea is a good one, and is worth perfecting in this 
respect. There isincluded a sheet giving details of the 
electric light central stations of Great Britain. Under 
this title [reland is included—another grievance. 





Tue Brin Process or Maxine Oxycren Gas.—On 
Monday last a meeting was held by the Lantern Society 
at the works of Brin’s Oxygen Company, Limited, Horse- 
ferry-road, S.W., in order to see the process of oxygen 
manufacture, and also to examine the modes of testing 
gas-storage cylinders adopted by the company. As many 
of our readers are aware, the Brin process of manufac- 
turing oxygen is founded on the fact that at a certain 
temperature oxide of barium, if exposed to the action of 
slightly compressed air, absorbs oxygen from that air, 
while subsequently if a vacuum be formed in the heated 
retorts containing the barium oxide, the oxygen so ab- 
sorbed will be given off again and can be collected. At 
the Horseferry-road works the plant for carrying out 
this cycle of operations is admirably planned, the alternate 
formation in the retorts of a plenum and a vacuum, each 
lasting a suitable period, being controlled by ingenious ma- 
chinery whichisentirely automatic. The company’sarrange- 
ments for testing cylinders used for storing either oxygen 
or coal gas under pressure (the standard storage pressure 
is 120 atmospheres, or nearly 1800 lb. per square inch) 
are also exceedingly complete. The company make it a 
rule to anneal every four years all cylinders charged by 
them, while each such cylinder is tested annually to a 
pressure of 13 tons per square inch by hydraulic pressure, 
the cylinder while being so tested being enclosed in a 
water jacket, arranged so as to enable any permanent 
alteration of form to be at once discovered. In view of 
the enormous extent to which compressed gases are now 
used, it is of the utmost importance to the public that 
efficient means should be adopted for testing the storage 
cylinders, and we think that Brin’s Oxygen Company are 
much to be congratulated both on the character of the 
testing regulations which they have framed, and on the 
arrangements which they have devised for carrying out 
these tests efficiently at an exceedingly moderate cost. 
On Monday last the visitors were conducted over the 
works by the engineer and manager of the company, Mr. 
Kenneth S. Murray, to whom all present were indebted 


NOTES FROM THE NORTH. 

Guasacow, Wednesday. 
Glasgow Pig-Iron Market.—There was rather more 
business doing in the pig-iron warrant market last Thurs- 
day forenoon, the sales amounting to about 15,000 tons of 
Scotch and one lot of hematite iron. Prices were steady, 
on the covering of some ‘‘option” operations. The 
market was easier in the afternoon, Scotch closing 1d. 
per ton down for cash, Cleveland 14d., and Cumberland 
hematite iron ld. Only about 6000 tons of Scotch iron 
were dealt in. The settlement prices at the close were 
—Scotch iron, 41s. 3d. per toa; Cleveland, 34s. 3d.; 
Cumberland and Middlesbrough hematite iron, respec- 
tively, 423. 44d. and 41s. 6d. per ton. Business was very 
idle on Friday forenoon, and pred were barely steady. 
About 10,000 tons of Scotch and one lot of Cleveland were 
dealt in. A large business was done in the afternoon, 
close on 15,000 tons of Scotch iron changing hands, and 
the cash price gained 4d. per ton. The closing settlement 
prices were, respectively, 41s. 3d., 343. 3d., 42s. 3d., and 
41s. 6d. per ton. On Monday forenoon business was 
slack, but the tone was firm. Of Scotch iron only some 
4000 tons changed hands, while the other sorts were 
neglected. The market was strong and active in the after- 
noon, the firmness being simply due to the oversold state 
of the account. Some 12,000 or 15,000 tons of Scotch iron 
were dealt in, and the cash price rose 2d. from the morn- 
ing. In sympathy, Cleveland made an advance of 2d. per 
ton, and Cumberland hematite iron 24d. A fair amount of 
business was done on Tuesday forenoon, butit was largely of 
a profit-taking description, with the result that prices were 
flat. About 10,000 tons of Scotch were dealt in, and the 
cash quotation declined 14d. per ton. Cleveland also 
receded 2d, and Cumberland hematite iron 1d., while 
Middlesbrough hematite iron made 1d. advance. About 
other 10,000 tons of Scotch iron changed hands in the 
afternoon, when the price fell another 4d. per ton. Cleve- 
land also lost $d., and Cumberland hematite iron 14d. 
At the close the settlement prices were, 41s. 3d., 34s. 3d., 
42s. 3d., and 41s. 6d. per ton, respectively. Business 
was practically at a standstill this forenocn, only one lot 
of Scotch—500 tons—being done at 41s, 6d. one month, 
and very little change took place in the afternoon. The 
settlement prices were, respectively, 41s. 44d., 34s. 3d., 
423. 44d., and 41s. 6d. per ton. The following are the 
quotations for several special brands of makers’ iron: Clyde, 
48s. 6d. per ton ; Gartsherrie and Calder, 50s. 6d.; Summer- 
lee, 51s. 6d. ; Coloness, 533. 6d —the foregoing all shipped 
at Glasgow; Glengarnock (shipped at Ardrossan), 493.; 
Shotts nigra at Leith), 53s. 6d. _ ton ; Langloan and 
Carron still out of the market. There are still 74 blast- 
furnaces in Scotland in actual operation, as compared 
with 61 at this time last year. Three of them are making 
basic iron, 45 are making ordinary iron, and 25 are working 
on hematite ironstone. Last week’s shipments of pig 
iron from all Scotch ports amounted to 4678 tons, against 
3123 tons in the corresponding week of last year. They 
included 255 tons for South America, 132 tons for India, 
636 tons for Australia, 110 tons for Spain and Portugal, 
smaller quantities for other countries, and 3336 tons 
coastwise. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores stood at 286,680 tons yesterday 
afternoon, as compared with 286,831 tons yoceleg week, 
thus showing for the past week a reduction amounting to 
151 tons. 


Finished Iron and Steel Trades.—There is only a 
moderate inquiry existing for malleable iron, and the 
lookout is far from cheering. The prices, however, remain 
unchanged. The demand for steel for shipbuilding pur- 
poses is fairly well maintained. Steel plates have been 
done down to 4/. 13s. 9d. per ton net. All efforts at com- 
bination on the part of the manufacturers have for the 

resent broken off, and the rule is now ‘‘ Every man for 

imself.” A movément is in progress for jdluiing the 
workmen’s wages. 


Glasgow Copper Market.—Some 50 tons of coppar were 
sold last Thursday forenoon at 40/. 3s. 9d. per ton cash, 
the market being somewhat stiffer. In the afternoon the 
market was easier, the cash price giving way 1s. 3d. per 
ton, and the three months’ quotation 2s.; the sales 
amounted to 75 tons. Copper was neglected on Friday 
forenoon, and in the afternoon the market was very steady 
on ‘‘bear” covering ; 100 tons changed hands. One lot 
was sold on Monday forenoon at 40/. 23. 6d. one month. 
The afternoon market was very flat, the three months’ 
quotation dropping 6s. 3d. per ton at 40/. 33. 9d. 
sellers. There were 150 tons sold. Copper was very flat 
yesterday forenoon, when the three months’ quotation 
gave way other 53. per ton at 39/. 18s. 9d. sellers. The 
sales amounted to 200 tons. Another drop of 5s. per ton 
took place in the afternoon—10s. on the day—and the 
sales were 150 tons. Copper was not dealt in this morn- 
~~ In the afternoon, however, a reaction took place. 
Fifty tons were done at 39/. 8s. 9d. nine days. 


Water Supply Scheme for Kilmun and District.—The 
Cowal District Committee of Argyleshire County Council 
have lately had under consideration a water-supply scheme 
that has been proposed for Kilmun, Strone, and Blair- 
more, all of which abut upon the Firth of Clyde nearly 
opposite Gourock. The proposed scheme, which has been 
recommended by Mr. J. M. Gale, engineer to the Glasgow 
Water Commissioners, aims at bringing water from 
Glenmassen at a cost of something like 11,0007. or 12,0007. 
The matter has been remitted to a sub-committee to deal 
with. Mr. James Wilson, C.E.. late of Greenock, and 
now of Edinburgh, has been appointed to carry out the 
work. 


Proposed New Bridge over the Tay at Perth.—It is pro- 
to construct a new bridge over the Tay at Perth, 








* See ENGINEERING, vol. lviii., page 203. 
t Ibid., vol. lii., page 270 


for his readiness in supplying all information required. 





the idea being largely approved of alike by leading men of 
the city and of the county in the Tay Valley. A large 
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and influential meeting of gentlemen in favour of the 
proposal was held last Friday, when three plans were 
produced. One of them was by Sir William Arrol, the 
estimated cost of the bridge being 10,000/., and the others 
were by Mr. M‘Killop, burgh engineer, according to 
either of which the cost of construction would be about 
75002. The further consideration of the proposal now 
awaits the amount of financial support which it is likely 
to meet with. 


New Locomotive Superintendent for the Caledonian Rail- 
way.—The directors and general manager of the Caledonian 
Railway Company have just chosen a new locomotive 
superintendent in succession to Mr. John Lambie, lately 
deceased. The gentleman appointed is Mr. John F 
McIntosh, who has had an extensive and varied experince 
in the service of the same company. He was latterly chief 
assistant to the late Mr. Lambie, and is very highly 
spoken of. 

Railway Extension in the West Highlands.—The Cal- 
lander and Oban Railway Company have lately resolved 
at a meeting held in Glasgow not to proceed any further 
in the meantime with their proposed extension to Fort 
William and Banavie. The Bill, which was lodged in 
Parliament some time ago on behalf of the company, will 
consequently be withdrawn. 


Mining Institute of Scotland.—A meeting of this In- 
stitute was held in Glasgow last week, and after some 
election business was transacted, a paper by Mr. Allan, 
of Stirling, on ‘‘ Water-Tube Boilers” was read, and a 
discussion taken upon it. A paper by Mr. W. C. Moun- 
tain was also read, its subject being *‘ The Design, Efti- 
ciency, and Application of Electric Motors to Trans- 
mission of Power in Collieries, &c.” 


East of Scotland Engineering Association.—An ordinary 
meeting of this Association was held in Edinburgh last 
week, at which Mr. Matthew Buchan, electrical engineer, 
read a paper on “ American Electrical Industries.” 


Smoke Abatement.—At last week's meeting of the Philo- 
sophical Society of Glasgow, a comprehensive and valu- 
able paper was read by Mr. G. C. Thomson, F.C.S., 
engineer, on ‘‘Smoke Abatement with reference to 
Steam Boiler Furnaces.” Mr. Thomson, by the way, 
was the engineer expert who carried out an extensive 
series of experiments for the late Smoke Abatement 
Association of Glasgow. 


Shipbuilding Contracts.—Messrs. Fleming and Fer- 
guson, shipbuilders and engineers, Paisley, have con- 
tracted with the Crown Agents for the Colonies for the 
supply of a tug steamer for the harbour works at Trini- 
dad, and have also received an order from the Egyptian 
Government for a twin-screw steamer for Alexandria. 
They have also secured a large order from the Brighton 
Corporation, consisting of engines, boilers, and pumps, in 
connection with the new Corporation Water Works. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a thin attendance on Change, and the tone of the market 
was decidedly cheerless. Buyers were backward, and 
would only purchase in small quantities for early de- 
livery, to enable them to meet their immediate require- 
ments. There was considerable difference of opinion as 
to prospects for thefuture. Sellers generally clung to the 
hope that some improvement would shortly take place, and 
that the placing of usual spring orders, which are likely to 
be placed soon, will have a beneficial influence upon the 
market. Buyers, however, failed to see anything to indicate 
an early improvement, and some of them opined that prices 
were more likely to decline than to advance. A few lots 
of No. 3 g.m.b. Cleveland pig iron changed hands at 
34s, 6d. for early delivery, and that price was generally 
named. For forward ‘Falvey sellers asked a rather 
higher figure. The lower qualities were quietish, No. 4 
foundry being 33s. 9d., and grey forge 33s., both for early 
delivery. East coast hematite pig iron was somewhat 
weak, owing to the continued abundant supply and the 
only moderate demand. One or two firms are said to be 
contemplating reducing the output. Several sellers put 
the price at 41s. 9d. for early delivery of Nos. 1, 2, and 
3, but buyers, as a rule, would not pay more than 
41s. 6d., and they reported no difficulty in obtaining 
what they required at the latter figure. Middlesbrough 
warrants were quiet but steady throughout the day. 
They opened at 54s. 4d., and closed 34s, 34d. cash buyers. 
To-day’s market was flat. Prices were unchanged, and 
very little business was transacted. 


Manufactured Iron and Steel.—Although there is said 
to be rather more inquiry for certain classes of material, 
no improvement is noticeable in the manufactured iron 
and steel trades. The continued low and barely remune- 
rative quotations fail to draw buyers into the market, and 
few new contracts are being placed. At the same time, 
producers manage to keep pretty well going, and they 
are not at all disposed to reduce their prices below those 
recently named. The following are about the present 
market rates : Common iron bars, 4/. 17s. 6d. ; best bars, 
51. 78. 6d. ; iron ship-plates, 4/. 15s.; iron ship-angles, 
41. 10s. to 41. 11s. 9d. ; steel ship-plates, 4/. 12s. 6d.; and 
steel ship-angles, 4/, 10s.—all less the customary 24 per 
cent. discount for cash. Rails are very quiet ; heavy 
sections 3/. 11s. 9d. net at works. 


The Fuel Trade.—Fuel is pretty steady. The first of 
the large Swedish contracts that are usually made about 
this time has now been decided. On this occasion rather 
more of the coal is likely to be sent either from Scotland 
or from South Yorkshire than was the case last year. 
We understand, however, that some 120,000 tons will be 








sent from the north. At Newcastle best Northumbrian 
steam coal is 8s. 9d., and steam small 3s. 6d. to 3s. 9d. 
Bunker and manufacturing coal depressed. Coke con- 
tinues in good demand for local use. Here 12s. 3d. is still 
named for good blast-furnace qualities delivered at Cleve- 
land works. 

Cleveland Blastfur and the Eight-Hours Day.— 
Mr, T. Carlton, secretary to the Cleveland and Durham 
Blastfurnacemen’s Association, in a lengthy circular 
issued to the members of his association states that the 
24 hours stand they took to hold their demonstration in 
August last in favour of an eight-hours day had proved 
beneficial to the Blastfurnacemen’s Association, as it had 





. | inculcated in the minds of the members a better feeling, 


and so concentrated that element which was necessary 
for the protection of their legitimate rights. The em- 

loyers were, they said, prepared to consider any eight- 
Geos scheme that would cost no more than the 
present twelve-hours one, If such was adopted, he 
gathered blastfurnacemen would have to pay out of 
their present earnings the w of the additional men 
required for the eight-hours shift. The benefits that were 
to be obtained by the regular filling of the furnaces and 
other economical conditions were to be left to the em- 
ployers. No royalty rents or railway rates could be 
interfered with, neither were the men entitled to make 
any claim on account of improved appliances and other 
facilities that were used to increase the output at the 
furnaces. The result of all improvements was low wages, 
for men’s wages were regulated hy the —s price of iron, 
and yet they were told by philanthropical and political 
economists that the working class had greatly benefited b: 
scientific improvements, both in wages and social condi- 
tion ; it might be so in some industries, but it had not 
reached the blastfurnacemen 7. In conclusion, he urged 
them to accept the recommendations of their executive, if 
necessary, with a view to obtaining an eight-hours shift. 
He hoped they would be successful without resorting to 
brute force. 


NOTES FROM THE SOUTH-WEST. 

Cardif.—The demand for steam coal is increasing ; 
prices have not varied much, but have, if anything, been 
slightly firmer. The best steam coal has made 10s. 6d. to 
103. 9d. per ton, while secondary qualities have brought 
10s. per ton. There has been an increased demand for 
household coal for inland consumption ; No. 3 Rhondda 
large has made 10s. to 10s. 3d. per ton. Some improve- 
ment has been observable in the demand for patent fuel, 
and the best brands have exhibited a slight advance. 
Coke has been dull at barely previous rates ; good foundry 
qualities have made 15s. to 16s. per ton, while the best 
furnace coke has brought 13s. 6d. to 14s. 6d. per ton. A 
moderately good demand has been noticed for iron ore; 
the best rubio has made 11s. to 11s, 2d. per ton. The 
manufactured iron and steel trades have continued in- 
active ; heavy section steel rails have been quoted at 
from 3/. 11s. 6d. to 31. 15s, per ton. 


South Wales Coal and Iron.—The shipments of coal, 
foreign and coastwise, from the four principal South 
Wales ports in January this year were as follows: 
Cardiff — foreign, 936,414 tons; coastwise, 158,430 tons; 
Newport — foreign, 172,481 tons; coastwise, 76,031 
tons; Swansea—foreign, 76,905 tons; coastwise, 50,203 
tons; Llanelly — foreign, 12,067 tons ; coastwise, 5690 
tons. The aggregate shipments of the four ports 
were, accordingly: Foreign, 1,197,867 tons; coast- 
wise, 290,354 tons. The shipments of iron and steel 
in January were: Cardiff, 1631 tons ; Newport, 52 tons; 
Swansea, 24 tons; Llanelly, nil; total, 1707 tons. The 
shipments of coke were: Cardiff, 9834 tons; Newport, 
743 tons; Swansea, 852 tons; Llanelly, nil; total, 11,439 
tons. The shipments of patent fuel were: Cardiff, 21,601 
tons; Newport, 2475 tons ; Swansea, 12,314 tons; Llanelly, 
nil; total, 36,390 tons. 


Shipbuilding at Devonport.—The Lords of the Ad- 
miralty have been informed that the cruiser Talbot and 
the sloop Phcenix, building at Devonport, will both be 
ready for launching by April 25, and the Algerine by 
May 28. When the Algerine is launched, all five building 
slips at Devonport will be unoccupied, unless provision is 
made in the new estimates for commencing other vessels. 


Barnstaple.—An intimation has been received from the 
London and South-Western Railway authorities that they 
are willing, should the Barnstaple and Lynton Railway 
Company obtain their Bill, to vacate the town station at 
a for a joint station with the Lynton line at 
North Walk. 


Great Western Railway.—New station buildings have 
been completed and brought into use at various places, 
including Cheltenham and Teignmouth. Contracts have 
been entered into for the erection of new station build- 
ings at Cardiff, and the works for the improvement of 
the Bath station are in hand. The Carmarthen and 
Cardigan extension line is completed, with the exception 
of the Henllan and Newcastle Emlyn stations, which will 
shortly be finished. The principal objects sought to be 
effected by the company’s Bill now pending in Par- 
liament are the construction of an improved com- 
wunication between the ene South Wales sec- 
tion and the existing Roath Dock at Cardiff and a 
new dock authorised to be constructed by the Bute 
Docks Company ; the construction of a short curve at 
Risca, connecting the company’s Nine Mile Point branch 
with the Western Valleys Railway; the widening of the 
South Wales section between St. Woollos (Newport) and 





Roath, a distance of about eight miles, and of the Western 
Valleys Railway between Bassaleg and Llanhilleth, about 
11 miles ; the reconstruction of various bridges and via- 
ducts, the acquisition of lands for doubling sections of 
the Cornwall and Llynvi and Ogmore Railways, &c, 


'Y | control of the 





Rhymney Railway.—The half-yearly meeting was held 
at Cardiff on Friday, Mr. J. Boyle in the chair. The 
chairman, in moving the adoption of the report and 
balance-sheet, said there was an increased expenditure in 
the maintenance of way, &c., of 735/. This was prin- 
cipally in wages, stores, and ballasting, and simply meant 
more work done than in 1893. A similar remark applied 
to traffic expenses, which had increased 1112/., principally 
in wages. In locomotive power there was an increased 
outlay of 2860/., and it was accounted for by the fact 
that 30002. had been devoted to the purchase of new 
engines. Merchandise traffic showed an increase of 
27,636 tons, representing 13147. There was a decrease in 
iron and iron ore, but this was owing to the depressed 
state of those industries. he directors were applying 
for powers to construct a short line to Gelligaer Common. 


Swansea.—The entrances and clearances at Swansea 
last year attained an aggregate of 3,223,752 tons, as com- 
pared with a corresponding aggregate of 2,982,902 tons in 
1893. The number of steamers which entered the docks 
last year was 2805, as compared with 2770 in 1893. 





Russian StaTE RAILways.—In consequence of numerous 
purchases of private lines which have been made during 
the last two years by the Russian Government, the 
Russian State Railway network comprised at the com- 
mencement of 1895 an aggregate of 11,495 miles. In 
the course of the current year, this already considerable 
network will be further extended, as the South-Western 
of Russia, ag my 2173 miles, has passed under the 

tate this month. It is also expected 
that 495 miles of the Siberian Railway will be opened 
in the course of this year. The extent of private lines— 
that is, railways owned by companies—in Russia in 
January, 1895, was 7393 miles. 





CaTALoGuEs.—We have received from Messrs. Elliott 
Brothers, Limited, of St. Martin’s-lane, London, a copy 
of their new catalogue of electrical, optical, engineering, 
and mathematical apparatus. The ground covered is 
most extensive, whilst at the same time the variety of 
plant is each class is also very great. The selection of 
electrical —— is worthy of special note. The cata- 
logue is well printed, eg illustrated, and of con- 
venient size.—Messrs. J. P. Hall and Co., of the Black- 
riding Iron Works, Werneth, Oldham, have sent us a copy 
of their illustrated pamphlet on electricity and water 
power, in which a description is given of their combined 
turbines and dynamos. 





Lockwoop’s BUILDERS’ AND CONTRACTORS’ Price Book. 
—This work, edited by Mr. Francis T. W. Miller, 
Associate of the Royal Institute of British Architects, 
and issued at 4s. by Messrs. Crosby Lockwood and Son, 
7, Stationers’ Hall-court, Ludgate-hill, is one of the most 
serviceable of annuals. The issue for 1895, now before 
us, gives the latest prices of every kind of material which 
enters into the construction of a building of any ty 
bricklaying, masonry, paving, carpentry, joinery, iron- 
mongery, plastering, plumbing, ventilating, gas and 
electric lighting, glazing, paperhanging, decorating, &c. 
In addition, there are price-lists and other details as to 
plant and drainage, well-sinking, concrete, &. The full 
text of the new London Building Act is given, with anno- 
tations and explanations by Mr. A. J. David, LL.M., of 
the Inner Temple, together with the unrepealed sections 
of former Acts, and the bye-laws and regulations now in 
force under the London County Council. There are, 
besides, several ready-reckoning tables. 


Tuer TELEPHONE AT NoTriNcHAM.—The National Tele- 
phone Company is making arrangements at Nottingham 
which are expected to add materially to the completeness 
of its connections. The underground system which has 
been adopted involves a greater initial outlay than over- 
head wires, but compensation for this is more than found 
in the better protection of the wires, and reduced expenses 
of maintenance. The company has been laying down 
three cables at Nottingham. Each of these cables contains 
204 wires, and is covered with paper insulation, which is 
a new idea in telephony. Hitherto, the insulation has 
been effected by means of gutta-percha, indiarubber, or 
paraffin wax. One cable will be 600 yards long, and 
the other two will be between 1100 and 1200 yards in 
length. The cables commence at the Central Exchange in 
Thurland-street. One of them will terminate on the top 
of Ilkeston-road; the second, in the general cemetery ; 
and the third, in Wollaton-street, near the electric light 
station. 





TAXATION OF MACHINERY.—A meeting of members 
interested in the Rating of Machinery Bill took place at 
the House of Commons on Wednesday, for the purpose of 
settling the form in which the Bill on this subject was to 
be introduced in the current year, and to make the neces- 
sary arrangements for promoting its success. Among the 
members present were Sir William Houldsworth (in the 
chair), R. G. C. Mowbray, H. Smith-Wright, W. H. Hol- 
land, H. J. Roby, Gerald Balfour, W. E. M. Tomlinson, 
KE. Strachey, M. Oldroyd, W. Mather, and W. Codding- 
ton. It was announced that a large number of members 
had intimated their intention to take part in the ballot for 
places, which in the usual course is held at the commence- 
ment of every session, and after careful consideration it 
was decided to introduce the Bill in the form in which it 
was brought before the House last session. We are able 
to announce as the result of this ballot on Thursday, the 
7th inst., Mr. Gerald Balfour was again fortunate in 
securing the third place upon the list of private members’ 
Bills, and the supporters of the Bill therefore commence 
their campaign this session with excellent prospects, 
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Admiral F. H. Colomb. 





ENGINEERING. 


FRIDAY, FEBRUARY 15, 1896. 








DOMESTIO BOILER EXPLOSIONS AND 
THE BOARD OF TRADE. ~— 

THE season of domestic boiler explosions is upon 
us again, and every newspaper we take up contains 
its tale of houses wrecked and women killed. On 
the 7th inst. there were four explosions, by which 
one person was killed and five injured; on the 
8th no less than nine boilers blew up, injuring 
some seven or eight persons; while on the 9th 
there were four more disasters. In three days there 
were no less than 14 domestic explosions that were 
reported in leading papers, and there is good reason 
to fear that there were many others which escaped 
such publicity. Further, we are not yet out of the 
wood. During the present week every day has had 
its list of casualties ; on the 10th there were two, 
and on the 11th four. The total casualties during 
the present month, as far as ascertained, are six 
deaths and 34 injuries. Each succeeding night has 
tightened the grip of the frost, and has enabled it 


g| to penetrate further into houses and buildings, and 


here and there to freeze up the circulating pipes in 
the cold hours of the early morning, when the 
kitchen fire has died out. Just before breakfast- 
time the cook, cold and sleepy, has lighted the fire, 
and has urged it to the best of her ability, by draw- 


220 | ing out the dampers, in order that she might have 


the hot water required in her department. She has 
no possible means of knowing if the pipes are 
free or not, and her only test is, as a rule, one that 
puts her life to the hazard. If the pipes are free, 
all is well, but if the frost has sealed them, the 
house is wrecked, and, possibly, some of its in- 


2 | mates killed. 


Last winter, in the course of two short frosts, 19 
persons were killed and 54 injured, and in some 
preceding years the casualties have been nearly as 
heavy. All these accidents, with their attendant 
deaths, sufferings, and disfigurements, would have 
been avoided if each boiler had been equipped with 
a safety valve costing only a few shillings. For 
years we have repeated this fact again and again, 
and have proved it beyond all doubt by reference 
to the experiments carried out by Mr. Lavington 
E. Fletcher, engineer to the Manchester Steam 
Users’ Association. The ordinary householder, 
however, does not read technical papers, and even 





if he did, would probably postpone action to the 
more convenient season which does not come until 
after the explosion. He needs a more emphatic 
warning thansciencegives ; one that arrests hisatten- 
tion and brings home to him his exceeding culpa- 
bility in submitting his servants and children, even 
to a remote risk of such a fearful catastrophe as a 
boiler explosion. He needs to be made to realise 
that if an accident occurs, whether there be 
damage to life and limb or not, he will be brought 
before a court, and asked to explain how it was 
that he, claiming to be a man of at least ordinary 
intelligence and humanity, knowingly subjected 
the lives of his family to great risks that might 
have been entirely obviated at an expense of a 
sovereign or so. The prospect of such an ordeal, 
and of its attendant expense, would exercise a 
powerful effect, and it was to attain this end that 
last winter a most influential deputation waited on 
the President of the Board of Trade. 

The deputation urged that on the occurrence 
of every domestic boiler explosion the Board of 
Trade should institute by its officers a searching 
inquiry in order that the facts might be brought 
to light and published far and wide, so that house- 
holders might be taught, first, the cause of these 
disasters, and, secondly, the remedy. This plan 
has for several years been followed in the case of 
explosions from steam boilers, and also from heat- 
ing boilers, with very beneficial results. It appears 
to us that it would be a kindness to the householder 
to tell him the truth and thus enable him to guard 
against a similar occurrence in the future ; and, 
further, that no valid objection could be offered to 
a plan that would inflict no hardship upon any 
individual, but would be a decided advantage to all. 

Mr. Bryce, however, took, we consider, an 
utterly fallacious view of the matter, and his objec- 
tion to granting the prayer of the memorialists was 
founded mainly on sentiment of a purely visionary 
character. He admitted the extent of the evil, 
which was one much to be deplored, and referred 
sympathetically to the suffering entailed on servants 
and children who were helpless to prevent it. At 
the sarhe time, however, he urged, with what we 
venture to think was regrettable inconsistency, 
that the statistics given by the deputation were 
scanty, and that the average of explosions over 
a number of years should be furnished, so as 
to show whether an increase or a decrease 
was taking place. We should have thought that 
the fact that during two frosts, each lasting only 
a few days, as many as 54 explosions had been 
recorded, with a serious death rate and numerous 
cases of severe personal injury, would, of itself, 
have been a convincing argument without further 
figures. This request for the collection of a larger 
retinue of facts, which would only tend to support 
truths already incontestably established, strikes us 
as being totally unnecessary. Granted, as Mr. 
Bryce did grant, the existence of the evil, why is it 
requisite that more explosions should occur and 
more women and children be killed, before some 
such simple measure of prevention as that sug- 
gested, is adopted? If the presence of the danger 
is clearly apparent, is it absolutely imperative that 
the continuation of slaughter must be the price 
paid for prevention? This may have been so in 
certain stages of progress in the past, but we 
have now got beyond that point, and science 
and humanity are alike unanimous in their re- 
jection of the idea. Admitting for a moment, 
however, that further statistics are desirable, the 
institution of a Government inquiry in every case 
would be invaluable, as there is little doubt that 
many explosions occur of which information never 
circulates beyond their immediate locality. This 

oint was urged on the attention of Mr. Bryce by 

r. Holland, M.P., who formed one of the depu- 
tation. 

But Mr. Bryce went a step further. He sug- 
gested that theorists of the type of Mr. Herbert 
Spencer would raise objection to the interference 
of the State with regard to what happened in a 
private dwelling ; that ‘‘an Englishman’s house 
was his castle,” and that very wide questions were 
opened by the proposal made by the deputation. 
This objection appears to be based purely on 
sentiment; it is unsound even in theory, and 
is contradicted by daily experience of the prac- 
tical working of the law. Though the house- 
holder possesses many sacred rights which are 
wise safeguards, and should be preserved inviolate, 
yet there is no law which allows him to do just 
what he likes, even in his own house. It was 
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not suggested, however, that there should be 
interference or espionage in every man’s dwelling, 
although, had there been, it would not have ex- 
ceeded the powers held, and actually exercised 
daily by many gas and water companies, and by 
sanitary authorities. The ‘‘castle” theory, as 
applied to the house of the town dweller, is pretty 
well played out, when at least three separate sets 
of inspectors can override it. Further, and here 
we come nearer the point at issue, should a domestic 
boiler explosion occur with fatal results, no senti- 
ment can exclude the coroner and his jury of twelve, 
who can enter the house and inquire into the origin 
of the loss of life. 

It will thus be readily seen that the principle of 
State interference with private dwellings, to which 
Mr. Bryce urged opposition would be shown by 
theorists, already exists, and is amply vindicated 
by our experience of its wholesome effects. This 
being so, why should a domestic boiler ex- 
plosion, which has wrecked a house, or, worse 
still, by killing defenceless women and chil- 
dren, has wrecked the happiness of a home, be 
exempt from a Government inquiry? If the 
builder or the plumber has blundered, and, through 
want of skill or knowledge, has led to an explosion 
which must inevitably be a serious calamity to the 
sufferers, why should not the cause be investigated, 
and the public informed as to how such cata- 
strophes may be avoided? Mr. Bryce remarked 
that, as a householder, he was fully aware of the 
risk, and of the extent of the suffering involved. 
Why, then, when a remedy is proposed, should 
mere theory be allowed to overrule the lesson 
taught by facts? Ifa jury of twelve can enter the 
Englishman’s castle, and investigate the loss of life 
resulting from the bursting of the boiler, why 
should not the Board of Trade be allowed also to 
enter and make inquiry, by means of its officers, as 
to the cause and remedy, in the same way that they 
enter the premises where a steam boiler or a heat- 
ing boiler has expluded? The coroner’s jury is an 
excellent institution in its way, but it has never 
worked well where purely technical matters are 
concerned. But, on the other hand, inquiry by 
Board of Trade experts in the case of steam boiler 
explosions has answered admirably, and the same 
result, would, we anticipate, accrue were domestic 
boiler explosions investigated in a similar way. 

Mr. Bryce suggested that the more feasible plan 
would be to compel the adoption of a safety valve 
if it were proved that such a fitting would furnish 
a remedy. This rule, however, as was pointed 
out by Mr. Lavington Fletcher, would prove 
to be vastly more difficult to enforce than the 
simple method of investigation proposed by the 
deputation. It would mean a complicated system 
of inspection in order to see that the valve 
was applied and kept on the boiler; and to this 
inspection we can readily understand that objec- 
tion would be offered by householders. To the 
reasonable suggestion of the deputation, however, 
no sensible objection can, we think, be urged. Mr. 
Bryce said it was not by the will of the Board of 
Trade that women and children should be killed. 
We should be glad to hear him say that it was 
the will of the Board that innocent persons should 
no longer be the victims of these preventible explo- 
sions, and that such an attempt to provide a remedy 
as had been suggested to him should at least be 
given a fair trial. If this were done, the public 
would be enlightened and responsibility would be 
brought home, the result of which, we do not 
doubt, would before long be that domestic boiler 
explosions would be only a matter of history. 

The experience of the Board of Trade as regards 
steam boiler explosions is that a greatly increased 
vigilance has been exercised by boiler-owners since 
it has become the practice to hold inquiries in all 
cases. The proceedings are generally well reported 
in the local papers, and the fact is brought home to 
the entire district that fine and censure follow an 
explosion, unless the owner can prove that he took 
skilled advice, and acted upon it. The payment is, 
however, comparatively a small affair, and it is the 
educational effect of the inquiry that is all-impor- 
tant. The Commissioners never fail to enforce the 
fact that a steam boiler is liable to become dan- 
gerous if neglected, and at the same time its 
dangers can be perfectly controlled by those that 
have made a study of the subject, and by none 
others. This is exactly the view that requires to be 
brought home to the householder, except that in 
his case the remedy has been provided and can be 
procured by any one, like a box of pills. As far as 


dangers from frost, incrustation, and shortness of 
water are concerned, a specific is within the reach of 
all ; a proper safety valve removes all risks at once. 





LABOUR QUESTIONS. 

Ir is impossible to go very far into the future 
aspect of the labour question on the Continent 
without discussing some phase of socialism. The 
idea of the beneficent State, which will make life 
pleasant to those who find it specially hard now, 
blocks every line of inquiry. This, of itself, need 
not frighten us, for we are perfectly accustomed to 
certain aspects of socialism in this country. Until 
quite recently our poor-law relief was the greatest 
example in Europe of the care of the State for the 
individual. Nowhere else can a man demand food 
and shelter for himself and his family, with a legal 
right to obtain it, on the simple plea that he is 
indigent. Our factory legislation, too, is an interven- 
tion by the State to protect women and children 
from the full effects of competition, while free 
education is a distinct acknowledgment that every 
child has a right to a fair start in life, quite apart 
from the ability of his parents to provide him with 
it. These three forms of State aid are perfectly 
familiar to us all, and no one wishes to withdraw 
them. Their justification lies in the fact that they 
are directed to assisting those who, from lack of 
strength and experience, or of the power of com- 
bination, are unable to assist themselves. Women 
and children, with sick or starving men, are badly 
equipped to face the rough battle of life, and, like 
the distressed damsels of the Middle Ages, need a 
champion to enforce their right to just and humane 
treatment. 

The demands of socialism, however, do not stop 
at the weakest classes of society. They see 
nothing but weakness in the wage-earning class, 
and, therefore, ask that every man shall be made 
the ward and the pet of the State. It is curious to 
observe that socialism flourishes most in countries 
where the people are lacking in the power of 
patient organisation and efficient self-government— 
where they meet the capitalist as units and not as 
associations. Socialism is the wail of weak 
humanity that lacks either the patience, or the 
cohesion, to band itself together to stand four- 
square against the ills of life. In countries whose 
working classes have the gift both of obeying and 
ruling, it makes but little progress, and puts off its 
most objectionable features. In the Latin and Slav 
countries of the Continent we find that the complete 
remodelling of society is the constant aim of the 
leaders of the working classes, and that institutions 
for the amelioration of the more glaring ills, and 
for a progressive improvement on existing lines, 
fail to obtain continuous support. As was pointed 
out to the Society of Arts by Mr. Drage on the 
6th inst.,* the power of self-government has been 
arrested in all countries whose jurisprudence is not 
framed on the English model, by a branch of law of 
which we have no knowledge, that is, administrative 
law. Where the Roman tradition prevails, of ad- 
ministrative officers responsible only to their supe- 
riors, and not liable to be brought before the courts 
at the instance of aggrieved individuals, and where, 
further, all public oftices are filled with men whoenter 
the service of the State for life, just as they enter 
other professions, there is no opportunity for ordi- 
nary citizens to become versed in government. For 
want of practice they are ignorant of the limitations 
within which laws are operative, and imagine that 
legislation can change the entire course of social 
events. They find themselves obliged to obey their 
immediate rulers, with little chance of redress if 
these exceed their powers, and very naturally they 
assume that if they had the making of the laws 
their behests would be obeyed also. Imbued with 
such ideas, the patience required to build up 
voluntary associations whose utmost success can, at 
the very best, be only minute when measured from 
year to year, is not to be expected from them, 
and accordingly we find that the aims of Con- 
tinental labour associations are almost uniformly 
political. 

The object of socialism is to abolish the uses of ad- 
versity, as far as such end can be obtained by poli- 
tical means. Yet in Germany the cause has gained 
greatly in earnestness and practical power as a 
result of Bismarck’s energetic repression. The very 


* “An Introduction to the Labour Question in the 
Colonies, America, and Foreign Countries,” by Geoffrey 
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influence that it seeks to remove from men’s lives 
has steadied its aims and directed them to objects 
of more possible accomplishment than formerly, 
It has obliged the leaders to forsake revolutionary 
tactics for a policy of Parliamentary action. Mr. 
Drage pointed out that in this respect Germany 
had led the way, and that Austria, with the lesser 
Teutonic countries, had followed closely in her 
footsteps, while even the more revolutionary social- 
ism of the Latin countries had adopted the same 
policy with a difference. Dreams of the socialist 
State have been subordinated by the wisest of the 
German leaders to strengthen the party influence 
at the polls, and to secure members of the Reichs- 
tag of their own views. The younger and bolder 
spirits are apt to deride such cautious courses, but 
should political action be again rendered too dan- 
gerous even for their ardent dispositions, they 
may learn in secret that a steady, cautious advance 
is far more difficult to oppose than their more 
heroic ideals of warfare. 

When we turn to English-speaking countries, 
we find that the practice of self-government, which 
was introduced by the Saxons and has persisted 
ever since, has moulded the labour parties in quite a 
different pattern from that existing on the Continent. 
The methods adopted are of the kind we call consti- 
tutional, that is, they aim at an alteration of the law 
by obtaining the support of a majority of the voters. 
Whetherthe majority are always well fitted to decide 
the subject in hand is a question that it is not 
worth while to discuss, since for hundreds of years 
we have agreed to manage our affairs on this basis, 
and have succeeded at least as well as nations under 
more autocratic governance. The result of this 
system, and of the habit of mind which it 
induces, is that legislation is always preceded by 
the formation of a party whose raison d’étre is to 
procure it. Even in the colonies, where democracy 
is all-powerful, the labour party finds the necessity 
of banding itself into trade unions in order to secure 
its ends. Its demands on the Legislature are cer- 
tainly extreme in many respects, but still they are 
made by men who have had some experience in 
government, and are aware that there are limits to 
the powers of Parliaments. The great curtailment 
in pride and power which the unions received 
in the strikes of 1890 and 1891, will have 
a most useful effect in lengthening the experi- 
ence of the labour members before they again 
attain the influential position they once held. 
The responsibilities of public life bring reason 
to every man who has a stratum of sense in 
his character. We see a union started by leaders 
who are apparently nothing but hot-headed dema- 
gogues. If they are what they seem it perishes 
very soon ; but if they are capable of being taught 
by circumstances, in a few years we find the very 
men who lashed their companions into mad frenzy, 
acting as a restraining influence upon them. If 
they enter Parliament, their first appearance is not 
infrequently theatrical and marred by self-conscious- 
ness, but in time they often gain the respectful 
hearing of the House. It is in this necessity of 
bearing the burden of responsibility, which is the 
fate of every Englishman that aspires to leadership, 
that our assurance for the future lies. We have 
not an immense bureaucracy which monopolises all 
the practical experience of government. It is the 
avowed—and possible—object of the labour party 
to get its representatives on to school boards, town 
councils, and boards of guardians, and although 
this is done with the intention of spending the rate- 
payers’ money more freely, yet it will also lead to 
greater dissemination of economic knowledge. 
Men who have seen the waste and mismanagement 
of municipal affairs will begin to doubt whether the 
working classes would be the better off if all manu- 
facture were in the hands of a Government depart- 
ment. Members of a county council that vote 
with a light heart for the abolition of the contractor, 
in the hope of reaping popularity, will rapidly 
learn to doubt the wisdom of placing the great 
unions which they represent at the mercy of depart- 
mental management. 

The great safeguard against the adoption by the 
labour party here of the principles of socialism, in 
any advanced form, is that the leaders know the 
rank-and-file too well. They are not professors 
who have elaborated their theories in the study, 
neither are they aristocrats revenging themselves 
on their order for some want of appreciation, as is 
often the case abroad. These latter see no difli- 
culty in a system whose very existence, to quote 








Mr. Drage, ‘‘hinges upon the possibility of dis- 
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covering some sanction strong enough to enforce the 
Socialist morality.” There are some ardent natures 
who have adopted Socialism, and even Nihilism, 
with the fervour exhibited by the religious devotee, 
and who subordinate all thoughts of self to the 
good of the cause. But they are, of necessity, 
very few. Certainly the trade union secretary 
would not claim to have many of them within the 
union. Our ‘“ Industrial Notes ” frequently reveal 
the ingratitude of trade societies to their leaders, 
when age and sickness lays them aside. In the 
present issue there is a reference to the discontent 
of some members at an official being made a 
justice of the peace. If trade union officials were 
polled as to the fate of the State, when all direct 
incentive to personal exertion is withdrawn, and 
in place of it there was nothing but a doctrine of 
loyalty to the new condition of affairs, we fancy 
they would give no uncertain —. We do not 
say this in disparagement to working men ; there 
is a great deal of human nature in all classes of 
society, and not much to choose in the matter of 
selfishness. Socialism in middle-class society 
would be wrecked by individuals endeavouring to 
outwit the officials and make personal gains ; in the 
working classes it would fail by the impossibility 
of getting the equivalent of work for the pay 
dispensed. The labour leaders know this too well 
to wish to see it tried in this country. 

On this side of socialism, however, lies the possi- 
bility of a good deal of legislation of a kind of 
which we have but little experience. As the inter- 
ference of the State grows in the matter of daily 
life, thece will arise a bureaucracy which it will be 
very difficult to shake off, and which will have a 
tendency to reduce the self-government which has 
hitherto been our greatest characteristic. The 
working man will also find himself dragooned by 
people whom he has not elected, and whom he can- 
notdismiss. Hitherto the various Acts of Parliament 
the labour party have succeeded in obtaining have 
fettered the action of other people, without inter- 
fering with themselves, but the time is approaching 
when they must consent to bind themselves also. For 
example, if the eight-hours day should be rendered 
obligatory, its penalties will certainly be made 
applicable to the employed as well as the em- 
ployer, and it will be interesting to see the effect. 
So far, the advanced party here has enjoyed all the 
blessings of individualism, while clamouring for 
collectivism. Will they cry as loudly when the 
full meaning of the new system is brought home to 
them by experience ? 





THE OOST OF VESSELS OF THE 
NAVAL DEFENCE AOT. 


On page 677 of our last volume we gave, in a tabu- 
lar form, a list of the vessels built for the Royal Navy 
under the authority of the Naval Defence Act of 
1889. This noble fleet of vessels comprises, as will 
be seen, 10 line-of-battle ships, two second-class, 
nine first-class cruisers, 29 second-class cruisers, and 
16 first-class torpedo gunboats. We gave in our Table 
a list of the builders of the vessels and makers of the 
engines. Amongst the contractors we find Palmers’ 
Shipbuilding Company constructing five vessels, 
two of them being the big line-of-battle ships Re- 
solution and Revenge, each of over 14,000 tons, 
both of which they engined also. This may fairly 
be described as a big contract, even putting aside 
the three second-class cruisers which they also 
built and engined. 

It will be interesting just now to give a few figures 
in regard to cost, although it 1s difficult to draw 
any just conclusion in this matter, owing to the 
manner in which the Navy Estimates are framed, 
and the figures are quoted for what they are worth. 
No doubt contractors could, if they wished, add 
some comments which would somewhat modify con- 
clusions drawn from bare statements. We will take 
the Portsmouth-built Royal Sovereign first, as she 
was finished before any other vessels of her class. 
According to the estimates for 1893 94, her total 
cost, exclusive of guns and ordnance stores, was 
824,5811. as revised, whilst the estimated cost of 
guns was 74,8501., and of gun mountings, torpedo 
carriages and gear, 80,907/. The propelling and 
other machinery was estimated at 101,854/. The 
total estimated cost of the ship, as revised, includ- 
ing guns, is stated at 899,431/., a sum which shows 
the Royal Sovereign to be the cheapest of all the 
eight vessels of her class. We will give the corre- 
sponding figures for her sister vessel Royal Oak, 


built and engined by Laird’s. We take these 
sums from the estimates, as they afford the latest 
information. The total cost of the ship, excluding 
guns and ordnance stores, is 871,3541., or 46,7731. 
more than the Royal Sovereign. The cost of 
the hull, fittings, and equipment of the Royal 
Oak is 693,5261., whilst the corresponding figures 
for the Royal Sovereign are 573,150]., and 
we have thus a balance in favour of the 
Dockyard-built ship of 120,376/. About twenty 
thousand pounds’ worth of work under the 
last-named head for the Royal Oak was to be 
carried out in the Dockyard. This, of course, is 
included in the cost quoted, as we have to assume 
that the same work would be done on the Dockyard- 
built ship at the same price. In regard to pro- 
pelling and other machinery, there is a small dif- 
ference of about 5000/. in favour of the contract- 
built ship, the Royal Oak’s machinery being 
estimated at 96,6351. The more favourable condi- 
tions due to the ship and machinery being made 
and placed on board at the same establishment, was 
of course in favour of the contract vessel. In the 
Royal Oak the sum under the heading gun mount- 
ings, torpedo carriages, and gear is 78,236). This 
includes a sum of 56901. for torpedo tubes to be 
made in the Dockyard. The next item is incidental 
charges. In the Royal Oak a sum of 29571. is in- 
cluded under this head, whilst for the Royal 
Sovereign the figures are 68,6701. Naturally the 
difference between these two sums should be 
credited to the contract-built ship, thus reducing 
the debit balance on hull, fittings, and equipment 
from 120,376l. to 65,7131. 

The following are the total estimated costs of 
the other ships of this class, excluding guns and 
ordnance stores: Hood (Chatham), 837,6921. ; 
Empress of India (Pembroke), 836,947/. ; Repulse 
(Pembroke), 841,274/. ; Ramillies, 874,255/. ; Re- 
solution, 850,972/. ; Revenge, 848,662/. It will be 
understood that the whole of these ships are com- 

leted, and if we speak here of estimated cost, it is 
anes we have no official statement as to ‘‘ actual 
cost,” so named. 

The two battleships of smaller size, the Barfleur 
and Centurion, which were originally officially styled 
second-class battleships, but have since been pro- 
moted to the first class, which have been built at 
Chatham and Portsmouth respectively, are esti- 
mated at 616,102). and 624,402I.,; including guns. 
Taking the Barfleur alone—the difference in cost 
between the two ships being unimportant—we find 
the sum of 172,5751. set down for hull, fittings, and 
equipment ; for propelling and other machinery, 
93,1181. ; for gun mountings, torpedo carriages, 
and gear, 50,566/. The estimated proportion of 
incidental charges is 46,665/., and the estimate 
for guns is 37,4931. The figures for this ship 
are interesting as compared with those of the 
larger vessels, in view of the wide difference of 
opinion held as to the respective merits of the two 
types. The Barfleur, it will be remembered, is 
titted with electrical gear for the principal armament, 
a description of which has appeared in our issue 
of March 16 last year. The Centurion and Barfleur 
are both complete, nothing appearing in this year’s 
estimates to be spent upon them. 

Of the first-class cruisers the Crescent is the only 
Dockyard-built ship that appeared in the last 
estimates, although nothing remains to be spent on 
her. She was constructed at Portsmouth, and her 
estimated total cost with guns is 411,108/. ; a ‘sum 
somewhat less than the three other Dockyard-built 
vessels of the same class, the Royal Arthur, Edgar, 
and Hawke, which are estimated at 427,620/., 
428,081/., and 413,101l. respectively. The Royal 
Arthur and Crescent are sheathed with wood and 
coppered, a circumstance which adds 1 ft. to the de- 
signed draught and 350 tons to the displacement, 
and naturally something to the price, although, as 
will be seen, the Crescent is the cheapest ship. 
Turning to the contract-built ships, we find the 
Endymion costs 379,9731. ; the Gibraltar, 377,7411.; 
the Grafton, 381,958/. ; the St. George, 407,540/. ; 
and the Theseus, 377,913/. The Gibraltar and the 
St. George are wood-sheathed and coppered. 

We will put the various items that make up the 
cost of the Crescent and the Gibraltar side by side, 
the first lot of figures referring to the Dockyard 
ship. Hull, fittings, and equipment, 227,4506l., 
218,486l. ; propelling and other machinery 94, 2601., 
97,8741. ; gun mountings, torpedo carriages, and 
gear, 28,4201., 28,9091. ; incidental charges, 32,932I., 





42501. ; guns 28,0401., 30,107/. In regard to the 
latter item it should be said that the ensias has 





one 9.2-in. breechloader, twelve 6-in. and 17 smaller 
quick-firing guns. The Gibraltar and the other 
vessels of the class have two 9.2-in. breechloaders, 
ten 6-in, and 17 smaller quick-firing guns. 

The second-class cruisers form a very interesting 
group. They are not all the same size. The Atrsea 
and some other ships, it will be remembered, are 
4360 tons displacement. These vessels are 320 ft. 
long by 49 ft. 6 in. wide and 19 ft. deep. They are 
wood-sheathed and coppered. The olus and 
her sister vessels of 3600 tons are 300 ft. long by 
43 ft. 8 in. wide and 17 ft. 6 in. deep. These 
vessels also are sheathed. The ships of the third 
type, of which the Apollo is an example, are 300 ft. 
long, 43 ft. wide, and 16 ft. 6 in. deep. These 
vessels are not sheathed. The larger vessels, 
have all been built in the Royal Dockyards, 
the Astrea having also been engined at Devon- 
port, where she was constructed. Her total 
cost was estimated at 265,745). Of this total, 
142,4901. was for hull, and 61,6671. for machinery. 
The AXolus is put down at 218,246]. completed, of 
which 114,780). was for hull, and 60,4491. for 
machinery. The Apollo cost 195,0291. So far 
as can be judged by the estimates, the hulls of the 
Andromeda and the Apollo cost about 94,7001. each, 
whilst the contract-built ships of the same descrip- 
tion, Latona, Melampus, a Naiad, averaged about 
93,6001. apiece for hulls. The Sappho and Scylla 
cost about 95,1001. each. The olus and Brilliant, 
the two Dockyard-built ships of the larger size, cost 
respectively 114,780/. and 113,8701. for hulls, whilst 
the Intrepid and Iphigenia cost 103,875]. and 
104,105/. respectively, and the Indefatigable was 
cheaper still, her hull costing just under 95,0001. 
The Pique, Rainbow, and Retribution cost about 
108,000/. each. 

The cost for machinery for these vessels varies 
between 54,1891. for the Hermione and 67,2291. for 
the Scylla. The average of all the machinery for 
Dockyard-built vessels is 60,4871. per ship ; and for 
contract-built ships 65,7841. The three sets of 
Dockyard-built machinery cost as follows: Astrea, 
61,667]. ; Forte, 60,9157. ; and Fox, 58,7691. The 
engines of all vessels of this class were estimated 
to develop the same power, but differences in price 
may possibly be accounted for by additional 
auxiliary machinery in some cases. So long as 
propelling engines, auxiliary machinery, spare gear, 
&c., are all lumped together, it is impossible for the 
public to draw satisfactory conclusions as to com- 
parative cost. To this extent the published esti- 
mates fulfil the purpose for which they are framed. 

The torpedo gunboats form a class of vessels 
upon which we have more than once commented. 
The two most interesting are the Speedy and the 
Hebe, the former as being fitted with Thornycroft 
boilers, and the latter from the fact that she was 
built and engined at Sheerness. The cost of these 
vessels naturally varies with their size. The 
Halcyon, of 1070 tons, is estimated at 78,275/., 
complete with guns, whilst the Jason and Jaseur, 
of 810 tons, are a little over 51,0001. each. The 
Hebe’s hull is put down at 27,310/., and her 
engines at 23,8701., the total cost, with guns, 
being 69,9691. The Speedy’s hull cost 26,583/., 
and her engines 28,813/. She was a knot or more 
faster than nearly all the other boats, excepting 
one, the Jason, which made 20.8 knots, but the 
Speedy’s engines developed over 1100 indicated 
horse-power more than the Jason’s. 





THE APPLIANOES OF FIRE BRIGADES. 

Tue Vienna Military, Transport, and Life-saving 
Exhibition gave rise to an invitation to British 
firemen to go and examine how the brigades of 
Austria were managed and equipped. In response, 
a party of ten was organised under the command 
of Chief Officer T. C. Dyson, of Windsor, and Chief 
Officer T. H. Dyer, of Alton (Hants). There were, 
besides, six officers representing small English 
towns, in addition to Mr. E. O. Sachs, foreign 
correspondent of the National Fire Brigade Union, 
and Captain A. W. C. Shean, representing the 
London Committee of the Exhibition. The party 
started on the evening of the 19th of May last, and 
in a surprisingly short time got through an amount 
of receptions, drills, ‘‘turn- outs,” luncheons, 
dinners, and sight-seeing that affords ample evi- 
dence of their being able to stand the fatigue 
attendant on several successive fires. They reached 
Amsterdam the first day before breakfast, and left 
at 6.15 p.m. for Berlin, after inspecting all the fire 
stations and the points of interest in the town, 
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The next morning found them in Berlin, ready 
again to follow the same round, and to finish 
the day at the opera. That night they went 
to bed. The journey from Berlin to Vienna 
was like a royal progress. At each station 
at which the train stopped the fire brigade was 
there to meet them, sometimes with thousands 
of the inhabitants, bands, and salutes of artillery. 
Bevies of damsels attended to present them with 
bouquets, while the wine of the country—and of 
other countries—flowed most freely. If they had 
saved the entire land from conflagration they could 
not have been received with greater enthusiasm. 
Two days were spent in Vienna, and were filled 
from morning to night with business and festivities. 
They then travelled to Buda-Pesth, and after a day 
and half there returned to Vienna, from whence 
they went to Innsbruck, the journey being still a 
succession of receptions and fétes. Some of the 
party came straight back to England, while others 
travelled by Venice, Florence, Milan, and thence 
home by the St. Gothard route. In less than 
three weeks the party travelled 4600 miles, ex- 
amined the working of 12 fire brigades, of which 
four belonged to capital cities, and came into 
contact with 170 other brigades. Great as is the 
labour represented by these figures, it is eclipsed 
by the record of the festivities. In one single day 
of 18 hours the party attended 22 official receptions, 
while there were very few of their meals that were 
not banquets. If ever the Austrian firemen should 
come here, we fear we should not be able to repay 
one tithe of the courtesies offered to our country- 
men. Even the traditional “ fireman’s wedding” 
would appear a poor thing after the fétes in which 
the whole countryside joined. Nothing less than 
the simultaneous marriage of all the men in a 
brigade would fit the occasion, and there might be 
difliculties in organising such a ceremony, owing to 
the legal objections to bigamy. 

The chief object of the journey was not pleasure, 
however, but instruction, and accordingly the 
fruits of the party’s observations have been pub- 
lished*. They are divided into the following 
subjects ; organisation ; telegraphic appliances ; fire 
extinguishing appliances; life-saving appliances ; 
fire stations ; uniforms ; harness and horses ; fires 
in theatres ; and summary. The impression that 
we gather from the book is that it is only in minor 
details that the equipment of foreign brigades 
excels our own, and that in all important points 
we have nothing to fear from comparisons. Our 
manual and steam fire engines are lighter and 
stronger than those of foreign manufacture, and 
our recent metropolitan fire stations have no supe- 
riors. Foreign brigades have, however, advantages 
in being able to deal in a more autocratic fashion 
with private property than is possible in a country 
where there is a tradition that a man’s house is his 
castle. In the matter of telegraphic equipment, 
Continental fire systems are well provided. No 
expense is grudged for instruments and batteries, 
and in some cases the wires are erected in tripli- 
cate between the district stations, so that even 
should two lines of communication be wrecked there 
would remain a third. In many towns the main 
circuit wires are laid underground, where they run 
very little risk of interruption. Electric alarms, 
worked from posts in the streets, are common, but 
they suffer, as do our own, from mischievous and 
malicious interference. So serious was this in 
Vienna at one time that the glass fronts have been 
replaced by iron doors, which are kept locked. Re- 
spectable citizens can obtain keys, but every key is 
numbered, and a register is kept of those that hold 
them. To give an alarm the box has to be un- 
locked. The key, however, cannot be withdrawn 
without the aid of a master key, possessed only by 
the firemen, and thus it is always possible to find 
out who it was that opened the box. 

In Berlin the members of the party were struck 
with the method of carrying the hose pipe. It is 
wound on a reel placed over each manual engine, 
and can be laid out easily and quickly. The 
couplings are provided with instantaneous joints. 
Great care is exercised not to use more water than 
is absolutely required. In Vienna the engines 
stand ready horsed, with the drivers on their seats 
and the men in an adjoining guard-room. When 
proceeding to a fire a trumpeter on the first vehicle 


***Notes on the Fire Brigades and Appliances of 
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blows a call, g-d of the treble clef, and at the sound 
of it cab-drivers and others have to clear the road- 
way. The Venice brigade has a plentiful supply 
of miniature manual fire engines, which are con- 
veyed to the scene of the fire on gondolas. A 
steam float is used for large fires. At Florence 
cycles fitted with hand-pumps and first-aid ap- 
pliances are largely used, and are sent to small fires 
in advance of the engines. The same custom pre- 
vails at Milan. The tricycles have two wheels in 
front, between which is fixed a hose reel with a 
stand pipe. A supply of water from the main can 
be obtained by these means. 

The life-saving apparatus used on the Continent 
does not differ very greatly from our own. All the 
brigades seem to be furnished with sheets for 
people, who cannot be otherwise rescued, to jump 
into. At Amsterdam the sheets are square, and 
the men grasp them with both hands, standing 
facing the sheet with their arms raised ; they bring 





the edge of the sheet level with their collar-bones 
by throwing the whole body back at an angle. At 
Berlin the men hold the sheet level with their | 
belts. At Vienna the men stand sideways, and | 
hold the sheet over their shoulders. The body is | 
bent forward, instead of backward, as at Berlin and 
Amsterdam. This last arrangement gives a very 
tight sheet, and one that is well elevated ; but the 
men cannot readily change its position to catch the 
jumper if he does not fall quite fair. At Berlin 
the great feature is the hook-ladder work. The 
ladder is about 14 ft. long, and has14 rungs. The 
hook is fixed below the second rung of the centre 
piece, the latter being worked into the top three 
rungs. When the ladder is hung, about 2 ft. of it 
always rises above the window to which it is fixed, 
enabling the man to get on and off it readily. It 
is possible to reach a third or fifth storey with one 
ladder. The same ladder is used at Buda-Pesth, 
and at a false fire-alarm at the barracks, three men 
each scaled the five storeys and let down their life- 
lines for the hose in a remarkably short time. 

To protect the firemen water suits are used at 
Berlin, consisting of a blouse and trousers made 
with a double layer of canvas, in addition to a 
diver’s helmet. All the branch pipes have taps, so 
that the fireman has only to press the nozzle into a 
suitable fitting on his garment and turn on the tap, 
when the space between the inner and outer layers 
of canvas becomes filled with water, the surplus 
escaping at a valve in the helmet. An air pipe can 
be attached to the suit to enable the man to 
breathe in any atmosphere. Smoke helmets are 
used in several towns. The form that was most 
approved by the travellers was that invented by 
Second Officer Miiller, of the Vienna Brigade. It 
consists of a leather hood, into which air is driven 
through a pipe by a manual fire-engine, and escapes 
through a wire-gauze vizor, blowing away the 
smoke in front of the man’s face. This hood can 
be worn over a helmet. 

Special pains are taken abroad to render the 
theatres safe. As many of them receive subven- 
tions from the State, it is naturally easier for the 
authorities to enforce the use of elaborate safe- 
guards. The City Theatre of Amsterdam has only 
recently been completed, and represents the most 
advanced ideas of fire-resisting construction. It is 
isolated ; the staircases are duplicated, and have 
wide easy treads; the ironwork is covered with 
concrete ; there are high-pressure water mains and 
sprinklers, as well as iron curtains to the stage. 
The auditorium and the stage are divided by pas- 
sages having fixed iron ladders on the outside walls, 
specially arranged for the brigade, who can enter 
the building and get to work without interference 
with either the audience or the actors. There 
is also a safe and certain retreat for them when 
they can no longer remain. In most foreign 
theatres, immediately on the fall of the curtain, 
the firemen lay out the hose ready for instant ser- 
vice. At the Opera House in Buda-Pesth the ex- 
tinguishing plant is tested twice a year, all scenery 
and furniture being removed, while tons of water 
are poured on to the stage from sprinklers and hose. 

It is satisfactory to know that a body of experi- 
enced firemen found in a journey of 4000 miles so 
little in which we are inferior to our neighbours. 
It is evident, however, that money is spent more 
freely on the service in Continental countries than 
here, and that the extra funds enable a most highly 
organised system to be established. At some towns 
all calls are attended in force, and in one, at least, 





they are responded to by both the adjacent stations 
to insure against all chances of delay or stoppage. 





It is a matter of common knowledge that in London 
the fire brigade is very weak for what it has to do, 
and the first time that we get two fires of the first 
magnitude simultaneously this fact will be em- 
phasised in the most disastrous fashion. There 
are occasions when every station from Hammer- 
smith to Blackheath is depleted of men and engines 
for a single fire, and the dependence of the rest of 
the metropolis is on its good luck. 





NOTES. 
Coast Protection 1n HoLianp. 

THE minds alike of engineers and of financiers in 
Holland are being seriously occupied just now by 
the question of coast defence. Already, as every 
one knows, vast sums of money have been ex- 
pended in protecting the land from being swamped 
by the sea, the waters of which are, of course, in 
various parts, at a considerably higher level ; but, 
notwithstanding all this, the gloomy prophecy has 
recently been indulged in that, unless still further 


| precautions are speedily taken, there will be no slight 


risk of the whole of South Holland being sub- 
merged. The weakest part along the entire Dutch 
coasts issaid to be that between Scheveningen and 
Rotterdam. During a recent storm a considerable 
portion of Scheveningen was inundated, while at 
Rotterdam the high-water mark reached a point 
over 12 ft. above the normal level, and a number 
of streets were swamped. Had a spring tide been 
combined with the prevailing gale, the results of 
this unprecedented visitation must have been de- 
plorable in the extreme. The elaborate defence 
works carried out on other parts of the coast have 
been neglected at Scheveningen, because the neces- 
sity for them has not appeared so great, and, also, 
because there was a natural desire to preserve the 
place in the interests alike of the fishing fleet, and 
of the 20,000 or so of visitors who stay at this 
most agreeable of sea-side resorts every year. 
From the point of view of a thoroughly efficient 
coast defence, the Dutch authorities, it is con- 
tended, ought, more especially, to run out all along 
the extensive beach, substantial wooden projections, 
against which the sand would be washed by the 
tides, or blown by the winds, thus forming, in 
course of time, artificial ‘‘dunes,” which would go 
far to resist further sea encroachment. But such 
would necessitate the construction of a harbour for 
the fishing fleet, and this would mean the expendi- 
ture of a considerably larger sum of money than 
the keepers of the national purse-strings are, in 
the present condition of Holland’s finances, in- 
clined to sanction. 


Snips’ BULKHEADS. 

The unfortunate collision between the Aberdeen 
steamer Crathie and the North-German Lloyd liner 
Elbe, has anew raised the question of ships’ bulk- 
heads. We have no intention to enter into any con- 
sideration of the facts of this particular collision ; 
too much has already been written in judgment 
in British journals before the facts have been judi- 
cially ascertained. But the statement has gone 
forth that it is impracticable in passenger steamers 
to avoid altogether in bulkheads water-tight doors 
on the level of the ’tween-decks. That is not so, 
and the best proof is that they have been dispensed 
with entirely in large Atlantic steamers without 
much inconvenience, while their efficacy has been 
undoubtedly established. In the American liners 
Paris and New York, built seven years ago, there 
have never been doors, the bulkheads running intact 
from the bottom of the ship to the upper deck, so 
that a passenger, or, for that matter, a stoker or 
an engineer, who wishes to go from one compart- 
ment to another, must go to the upper deck level. 
In taking this bold step the owners and builders 
acted most wisely, for while one passenger out 
of 100 may grumble, the prospective advantage 
in the event of a mishap is an unanswerable 
reply. The Paris, as everybody now knows, 
met with a mishap in her engine-room four years 
ago which flooded it, but as there was no door 
to the boiler compartment, the latter remained 
free from water. The bulkhead aft of the engine- 
room was damaged and the compartment flooded, 
but still the vessel floated. It is admitted on 
all hands that in the accident to the Elbe this 
bulkhead between the engine-room and the after 
cargo hatch was smashed so that two compart- 
ments were flooded. One point which the official 
inquiry may determine is as to whether the door 
separating the engine-room and the boiler-room 
was closed, and whether, had there been no such 
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door, and the water had not found its way 
into the boiler-room, the vessel would have floated 
longer and enabled all the passengers to be got off. 
The point of which there can be certainty, mean- 
while, is that the dispensing with bulkhead doors 
is not impracticable, but actually adopted, and ought 
to be extended, because, with doors, a bulkhead is, 
as a rule, useless. 


Licht Ratiways IN GENEVA. 
The small canton of Geneva is exceptionally 
well provided with transportation facilities. Though 
only about 93 square miles in area, and having a 
population of but 107,000, the length of railways 
and tram lines in the state is about 72 miles. Of 
this total, only 19 miles is standard-gauge railway 
line, the remainder consisting of 9} miles of tram- 
way and 43 miles of metre-gauge lines. These 
last are of considerable interest, in view of the 
attention now being devoted to light railways in 
this country. The lines are laid on the high-roads, 
save where exceptional grades or other reasons 
have rendered a short deviation advisable. These 
roads are from 27 ft. to 40 ft. wide, and the rails 
are laid on one side of the road, just like a tram- 
line, and this is the case even in the narrow streets 
of Geneva. Pedestrians, horses, and cattle have 
got quite accustomed to the passage of the trains, 
which on market days pass through the dense 
crowds in the streets of the towns and villages 
without accident. The regular stopping-places— 
they can hardly be called stations—are about ths 
of a mile apart, but there are optional stops in be- 
tween, At all dangerous crossings, signboards, 
bearing the French equivalent of the American 
‘“‘Look out for the trains,” are erected. About 
18.33 per cent. of the line is on the level, and of 
the rest, 16 per cent. is on grades exceeding 1 in 
33. The maximum grades are 1 in 16}, but these 
are for short lengths only. The sharpest curves 
on the line are of 115 ft. radius, but these are only 
used in the crossings and sidings, the quickest 
‘‘working” curve being of 147 ft. radius. The 
rails are of the Vignoles type, weighing 401b. per 
yard, laid for the most part on wooden sleepers, 
though steel sleepers are used through the streets 
of towns and villages. The rolling stock com- 
prises 22 locomotives, 57 passenger carriages, and 
8 goods wagons, exclusive of 3 milk vans. The 
locomotives are all of one type, and were built at 
Winterthur. They are six-coupled, the wheels being 
29in. in diameter over the treads, and the cylin- 
ders 9.45in. in diameter by 13.78 in. stroke. The 
steam pressure is 199 lb. per square inch. Empty, 
they weigh 13.4 tons, and 16.23 tonsallon. The 
maximum running speed is 15} miles per hour, 
but the average is only 6 to 9 miles per hour. The 
fuel used is coke in the towns, and briquettes in the 
country. The exhaust steam is neither condensed 
nor superheated, but escapes without noise. The 
passenger cars weigh about 4 tons each, and are 
of the end platform type, but the seats run trans- 
versely, and not longitudinally as in a tramcar. 
They can carry 31 passengers, 23 seated and the 
remainder on the end platforms. There is only 
one class. About one train is run per hour during 
weekdays, but on Sundays the service is increased. 
The total cost of the line, including rolling stock, 
has been about 57501. per mile. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 30, 1895. 

Tue first month of the year has been disappointing 
to steelmakers. A vast amount of business was pro- 
mised, Those familiar with the trade know it is the 
intention of users of mill products to make extensive 
purchases, but one unfavourable condition after an- 
other crops up. Now it is the depletion of gold 
reserves and the incapacity of Congress to deal with 
the trouble. The law-makers are at last aroused, and 
some patchwork legislation may be expected. Rail- 
road traffic is light; mill and furnace production is 
increasing a little. Baukers complain of idle capital. 
New enterprises are freely talked of, and there is no 
doubt but that exceedingly liberal industrial invest- 
ments will be made as sooa as business men see the 
way clear. Prices are weaker in most lines. Large 
orders for girder rails will be placed during February 
for spring track-laying. 

? February 6. 

_ The midwinter season has developed very little of 
Interest. Buyers are keeping within narrow limits. 
Prices are weak, though it is rumoured billets and 
Bessemer pig may advance in Western Pennsylvania, 
because of the heavy buying by large consumers for 
forward delivery. No change will take place until 


upon are undertaken. Railroad orders are few and 
small, Manufacturers anticipate a strong impetus 
from this quarter when it is nally decided to on 
work, Business interests await the determination of 
the financial policy of the Government. Fifty-year 
bonds will never receive respectful consideration in Con- 
gress. The silver party is much more of a factor than 
eastern papers admit, and the issue between an ex- 
clusively gold redemption and a redemption based on 
both gold and silver, will yet be an issue before the 
people. Those who know the people donot doubt the 
outcome. 








VALVE AND CONNECTING ROD 
LUBRICATOR. 
WE illustrate on this page an ingenious form of self- 
feeding lubricator now being introduced into this 
country by the Bangs Patent Lubricator Company, 


cator is intended to be used on reciprocating parts 
such as valve and connecting rods, and a section 
through it is shown below. As the moving rod to 
which it is applied comes to the end of its stroke, the 
oil in the cup tends, owing to its inertia, to move 
further forward. The consequence is that it dashes 
against the spoon shown in the figure, and is flung by 
it over to the oil-hole leading down to the bearing. It 
will, of course, be understood that it is necessary to 
fit the lubricator in place in such a way that the oil 











will run up the spoon as stated, but all that is neces- 
sary to secure this is that the line connecting the 
oil-hole and the tip of the deflector spoon shall be 
in the direction of the motion of the rod. The 
lubricator will, it is stated, feed equally well whether 
the rod to which it is fitted works vertically or hori- 
zontally. The amount of feed is regulated by small 
stop-plates which can be adjusted so as to obstruct the 
opening to the oil channel to a greater or less degree. 
The material of which the lubricator is made is an alloy 
of aluminium, which, whilst nearly as light as the pure 
metal, is much more rigid. It can, therefore, be ma- 
chined without trouble, and the screw threads cut on 
it are as perfect as if on brass. 





SOCIETY OF ENGINEERS. 

Tue first ordinary meeting of the Society of Engineers 
for the present year was held on Monday evening, 
February 4, at the Westminster Palace Hotel, West- 
minster. Mr. George A. Goodwin, the President for 
1894, occupied the chair, and presented the premiums 
awarded for papers read during that year, viz.: The 
President’s gold medal to Mr. T, W. Baker, for his paper 
on the “ Utilisation of Town Refuse for Generating 
Steam.” The Bessemer premium to Mr. bai@evda 
Segundo, for his paper on ‘* Power Distribution by Elec- 
tricity, Water, and Gas.” The Rawlinson premium to 
Mr. R. Nelson Boyd, for his paper on ‘‘ A Deep Boring 
near Friestadt, Austria, by the Canadian System,” and 
a Society’s premium to Mr. H_ B. Ransom, for his paper 
on “The Principles and Practice of Hydro-Extraction.” 
Mr. Goodwin introduced the President for the present 
year, Mr. William George Peirce, to the meeting, and 
retired from the chair, receiving a hearty and unanimous 
vote of thanks for his services during the past year. 
After thanking the members for having elected him to 
the chair, the President noticed the papers read and the 
works visited by the Society during the past year, and 

inted out the present satisfactory position of the 
Eoiety, both numerically and financially. He then 
referred to the progress of electrical traction as evidenced 
by the City a South London Railway and the Liver- 
pool overhead line, the successful working of which, he 
said, had paved the way for the Waterloo and City elec- 
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tion was then touched upon in connection with the con- 
ference in Belgium. The President observed that the 
great question was, whether canals should be placed in 
competition with railways, and so assist the agriculturist. 
The difficulty was, that the canals, for the most part, 
belonged to the railway companies. After referring to 
the opening of the new lock and weir at Richmond, and 
its satisfactory results, and the i. of the Manchester 
Ship Canal and the Tower Bri ge. the President gave 
some particulars of the Blackwall Tunnel now in course 
of construction. This important public work is beine 
constructed by a combination of methods which unitg 
the use of the shield, cast-iron segments, and 9. 
air. It will consist of 3083 ft. of cast-iron lining; 
1382 ft. of cut-and-cover in brickwork and concrete; and 
1735 ft. of open approaches; giving a total length of 
6200 ft. from entrance to entrance. Up to January 2 last 
722 ft. 6 in. of tunnel under the river had been completed. 

The President then went on to deal with the question 
of water supply. As a water works engineer, he treated 
this subject at some length. He observed that Liverpool 
ad now an excellent supply, and Birmingham had com- 
menced works for supplementing her present supply by a 
gravitation scheme, whilst Edinburgh was contemplating 
a similar undertaking. Referring to the water famine at 
Leicester, he observed that the water storage there was 
too limited for the growing requirements of the town, 
and an additional storage reservoir was in course of con- 
struction. As a matter of fact, water engineers generally 
must look to meeting future requirements, so as to avoid 
possible water famines in our great and growing towns. 
That was now being done in the metropolis, where the 
daily water consumption in 1891 was 182,456,905 gallons. 
According to the report of the Royal Commission which 
had just completed its labours, the estimated daily con- 
sumption in 1931 would be 294,000,000 gallons. To meet 
the growing requirements, the metropolitan water com- 
panies are constantly increasing their sources of supply. 
Those taking the bulk of their water from the Thames 
and Lea are opening up the gravel beds overlying the 
London clay. Others have been sinking wells and driving 
adits in the chalk, and the President stated that the 
various operations were, as a rule, giving satisfactory 
results, so that, as far as the metropolis ie concerned, there 
would appear to be no fear of a water famine, at any rate 
for some time to come. After giving some interesting 
particulars respecting the coal production and consump- 
tion of the world, the President concluded his address by 
a reference to technical education, which he said was of no 
practical value to the young engineer unless it was com- 
bined with knowledge gained in the daily round of the fac- 
tory and workshops, shoulder to shoulder with workmen. 








LAUNCHES AND TRIAL TRIPS. 

Messrs. Barciay, CurLk, AND Co., Limitep, White- 
inch, Glasgow, launched on the 29th ult. a steel screw 
steamer named Lagoon, built to the order of the British 
and African Steam Navigation Company, Limited, of Glas- 
gow and Liverpool. Her dimensions are 210 ft. by 
28 ft. by 14.6 ft.; she measures about 730 tons gross, 
and has been constructed for trading on the coast and 
rivers of West Africa, and is fitted with a continuous 
shade deck to protect the traders and crew from the heat 
of the tropical sun. The vessel has been built under 
Lloyd’s survey, and her outfit and appliances are all of 
the most approved and modern description. 


Messrs. Napier, Shanks, and Bell, Yoker, launched on 
the 8th inst, a steel screw steamer Shengking, built for 
Messrs. John Swire and Sons, London, and intended for 
their Chinese coasting trade. She is 260 ft. by 38 ft., with 
a shade deck, and deck-houses for the accommodation 
of a large number of passengers. The engines are to be 
supplied by Messrs. David Rowan and Son. 





Messrs. William Simons and Co., Renfrew, launched 
on the the 8th inst. complete, with steam up and ready 
for work, a steamer for carrying sewage pA my It is 
built to the order of the Salford Corporation, and is 
capable of carrying 600 tons of débris. To will receive its 
load at the swag: works, a short distance below Salford, 
and convey it >*-«side the Mersey into the open, a distance 
of 50 to 60 miles. The vessel is very strongly constructed, 
the hull, boilers, and machinery being to Lloyd’s 100A 
class, and it will havea speed loaded of 10 knots per hour. 
The hull is constructed of steel, divided into 10 water- 
tight compartments, and has a raised deck forecastle. 
Accommodation is provided for the officers amidships, 
The engines (two sevs) are of the triple-expansion type, 
driving twin propellers, and steam is provided by two 
steel boilers of 1601b.. working pressure. The hopper is 
formed of four tanks, each of 150 tons capacity, for the 
reception of the sewage. They can be filled separately 
or simultaneously as required, and can be discharged by 
a distributing arrangement fixed on deck. The vessel is 
named the Salford. 





The new racing cutter Ailsa, which was launched on 
the 7th inst. by Messrs. A. and J. Inglis, of Pointhouse, 
Glasgow, is a notable addition to the yacht-racing fleet, 
She has been built to the order of Mr. A. Barclay Walker, 
of Warrington—who last season owned the 20-rater 
Thelma—and has been designed by Mr. William Fife, 
jun., of Fairlie, N.B. It may be said that, on the ‘top, 
the Ailsa is a facsimile of the 20-rater Luna, and, on the 
other hand, that she is quite unlike anything previously 
modelled in regard to under-water form. She is about 
8} ft. shorter on the load water-line than the Satanita, 
and about a foot longer than the Britannia, while her sail 
area will far excced that of the Prince of Wales’s cutter, 
and will be about equal to that of the American cutter 








some of the enterprises and improvements determined 
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Vigilant. The Ailsa is 125 ft. over all, about 89} ft. on 
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the water-line, upwards of 26 ft. beam, and her total sail 
area will be about 11,500 square feet, and her rating, ac- 
cording to Yacht Racing Association measurement, about 
172. The Vigilant’s sail area, when she defended the 
America Cup, was 12,330 square feet, Yacht Racing 
Association rating, and the Valkyrie’s 10 800 square feet. 
The main boom of the Ailsais about 95 ft. long, and it 
has been hollowed, The new cutter has had her mast 
stepped, and it is anticipated that her outfit will be com- 

leted for her to leave the Clyde for the Mediterranean on 

“hursday next. I is not expected that she will be read 
to sail the first match at Cannes on March 1, but she will 
probably a the Britannia in the race for the Ogden- 
Goelet and Gordon-Bennett Cup on March 4. 


The United States cruiser New York, in commission, 
has had a natural-draught trial, regarding which Captain 
R. D, Evans, who is in command, reports officially : 
‘The bottom of the ship was clean, she having been re- 
cently painted at the New York Navy Yard. The 
meee was clear and cold, with light variable winds, 
mostly from east to south-east. The sea was smooth, 
with a long and, at times, heavy ground swell from the 
eastward. The engines were started ahead and gradually 
worked up to full speed at 10 a.m., when near the Sandy 
Hook Lightship. A course south-east was steered, in 
order to get deep water as soon as possible. When 25 
miles off shore the course was changed to south-west by 
south, and the run continued until 8 p.m, when we were 
up with Winter Quarter Shoal. The average speed for 
the run was 18 knots, the maximum being 19.6. The 
machinery worked well in all parts, and the fireroom 
force was ample for the purpose. The firerooms were 
cool, and the men seemed to enjoy the work. The run of 
the coal from the bunkers was used as directed by regu- 
lations, and no assistance from the deck force was 
found necessary in handling the same. The coal 
used caused considerable clinker, and after four 
hours it was found impossible to remove the clinker 
from the back of the furnaces, as the slice bars 
would slide up over it. The fronts were kept clear.” 
Passed Assistant Engineer F. J. Schell also made a 
report on the performance of the engines during the 
trial: ‘* The period covered was from 11 am. to 8 ee 
During this time half-hourly observations were made as 
far as possible. The average indicated horse-power for 
the main engines is 7170.78. The collective indicated 
horse-power for the main engines, air and circulating 
pumps, is 7212.78. In obtaining the average for the 
main engines, the cards were taken as a basis, as the 
revolutions of the engines then approached the average 
number quite closely. The horse-power of each cylinder 
was increased in the ratio of the cubes of the revolutions 
for the average indicated horse-power. The following 
auxiliaries, in addition to air and circulating pumps, 
were in use: One electric light engine, one ice machine, 
four ventilating engines, one flushing pump, three main 
feed pumps, four engine-room bilge pumps, one auxiliary 
condenser, one steering engine. The horse power of the 
auxiliaries was estimated partly from the data of the con- 
tractors’ official trial and partly from indicator cards 
taken at various times. It is not practicable to indicate 
them during the trial. Bituminous coal of good quality 
was used. The average amount of coal burned per hour 
was 7.85 tons. Taking the average speed at 18 knots, 
this gives 2.29 knots per ton of coal.” 





Messrs. Ramage and Ferguson, Limited, Leith, launched 
on the 11th inst. a screw steamer named St. Ninian, 
built for the North of Scotland and Orkney and Shetland 
Steam Navigation Company, Aberdeen. The principal 
dimensions of this vessel are: Length between perpen- 
diculars, 205 ft. ; breadth, 28 ft. 6 in. ; depth moulded to 
main deck, 15ft. 10 in.; and the machinery consists of 
powerful triple-expansion engines having cylinders 19 in., 
30 in., and 50 in. in diameter by 36 in. stroke, to which 
steam is supplied from two large boilers with a workin, 
yressure of 1801b. The vessel has been a. design 
bor this company’s Orkney and Shetland passenger trade, 
and accommodation has been provided for a large number 
of first and second class passengers. She is lighted by 

electricity. 





Messrs. Edward Finch andi Co., Limited, Chepstow» 
launched on the 12th inst. the tug Mindello, built to the 
order of the St. Vincent Cape Verde Islands Coaling 
Company, Limited. Her dimensions are 55 ft. by 12 ft. 
6 in. by7 ft. 8 in., and she will be fitted with engines 
having cylinders 11 in. and 22in. in diameter by 15 in. 
ae, and a boiler 7 ft. 6 in. in diameter by 8 ft. 6 in. 
ong. 





Messrs. Workman, Clark, and Co., Limited, Belfast, 
launched on the 12th inst. a steel screw steamer named 
the Mount Sirion, built for Messrs. Smith and Server, of 
Glasgow. The dimensions of the vessel are: Length, 
335 ft. ; breadth, 43 ft. 6 in.; depth, 28 ft. 11 in., witha 
gross tonnage of about 3250 tons. The machinery consists 
of triple-expansion engines, with steam supplied from 
two large steel boilers at a working pressure of 180 Ib. 








MISCELLANEA. 


Mxssrs. Cramp, of Philadelphia, have adopted electric 
heating for softening Harveyised armour-plates locally, 
so as to permit them to be drilled. The method has 
proved perfectly successful. 

At the ordinary meeting of the Civil and Mechanical 
Engineers’ Society, held on Thursday, February 7, a 
paper on *‘ Engine-Room Practice at Sea” was read by 

fr. W. M. Binnie, C.E. 





The electric ey gen beers at Kensington Court of the 
Kensington and Knightsbridge Electric Supply Company 
was burned out on Tuesday night last, one life unfortu- 


nately being lost. The supply was, however, maintained | }.4 


uninterrupted. 

Messrs. David Moseley and Sons, of the Chapel Field 
Works, Ardwick, Manchester, are introducing hydraulic 
hats and cups made out of ‘‘celluvert.” The material is 
stated to be stronger and to wear better than leather, an 
opinion which is backed by Messrs. Joseph Adamson and 
Co., of Hyde, who have tried a number. 


Some figures quoted by Mr. Manville before the 
Northern Society of Electrical Engineers, show that one 
of the most serious items in the cost of accumulator trac 
tion is the labour employed in moving the cells out of the 
cars for charging and replacing them. Out of a total cost 
of 9d. per car mile in the case referred to, this labour cost 
came to 3d., and that of the current to 43d. 


The trade and navigation returns for January show 
exports amounting to 18,224 236/., an increase of 72,356/., 
or 0.3 per cent., on the corresponding month in 1893 ; the 
imports amounting to 36,753, 068/., adecrease of 1,705,545/., 
or 4.4per cent. The value of the iron and steel exports 
was 1,351,086/., against 1,406,963/., a decrease of 3 9 per 
cent.; and of the coal and coke exports, 1,093,295/., 
against 1,531,603/., a decrease of 28.6 per cent, 


The usual fortnightly meeting of the Liverpool En- 
gineering Society was held at the Royal Institution, 
Colquitt.street, on Wednesday evening, February 6, 
Professor H. S. Hele-Shaw, M. Inst. C.E., President, in 
the chair, when a paper was read by Mr. Henry H. West, 
M. Inst. C.E., M. Inst. N.A,, entitled ‘‘ The Principles 
of Statical Stability in Ships.” The discussion upon the 
paper was adjourned till the meeting on February 20. 


A Fisheries Exhibition will be opened at Scarborough 
on May 29 next, and will not close till October, special 
buildings being erected for the purpose on the foreshore. 
Medals will be awarded on the report of qualified jurors. 
Full particulars can be obtained from Mr. Joseph Davis, 
the general manager, at Piccadilly Mansions, Piccadilly- 
circus, London, W., or at the Exhibition Buildings, Scar- 
borough. 

The Ministry of Public Works has issued an official 
statement with regard to the mileage of the French rail- 
ways at the commencement of this year. The total length 
of lines open for traffic was 22,792 miles, being an increase 
of 287 miles upon the previous year, while the length of 
local lines open for traffic was 2331 miles, or 99 miles more 
than a twelvemonth ago. The total length of tramways 
open for traffic was 1175 miles, while concessions had been 
granted for 685 miles more. 

The Chicago Shipbuilding Company are about to build 
two sister steamers, each of which will be 380 ft. long. 
One of these steamers is to be fitted with Babcock an 
Wilcox boilers, whilst the other will be fitted with marine 
boilers of the ordinary type. It is intended to have ex- 
haustive tests made in the two boats, so as to compare 
the efficiency of the two types. It is proposed that 
Commodore Melville, Engineer-in-Chief to the United 
States Navy, should personally superintend the trials. 
The results would thus be above suspicion. 


The traffic receipts for the week ending February 3 
on 33 of the principal lines of the United Kingdom 
amounted to 1,262,594/., which was earned on 18,728} 
miles. For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,379,599/., with 18,522? 
miles open. There was thus a decrease of 117,005/. in the 
receipts, and an increase of 206 in the mileage. The 
aggregate receipts for five weeks to date amounted on 
the same 33 lines to 6,359,275/., in comparison with 
6,676,722/. for the corresponding period last year ; decrease, 
317,447. 

In a note recently presented to the Indian Government 
by the consulting engineer for railways, cast iron is said to 
be a better material for sleepers than steel wherever metal 
sleepers are to beused. The extra weight of the cast-iron 
sleeper is said to be an advantage, and, being thicker, its 
powers of resisting corrosion are greater. In fact, some 
cast-iron sleepers on the Madras and Great Indian Penin- 
sular Railway are atill quite serviceable, though laid down 
25 years since or more. The scrap value of these sleepers 
is also high. On the other hand, the first cost of these 
sleepers is about 19 per cent. greater than steel, and 55 per 
cent. more than that of wooden sleepers. 


Swedish iron ore from the Griingesberg and Gellivara 
districts has by degrees found a good market in Ger- 
many. The Upper Silesian Iron Works commenced by 
using Griingesberg ore, and it is only within the last year 
or two that they began to use Gellivara ore. The blast- 
furnaces in Westphalia and the Rhine district have only 
for the last four or five years thought seriously of using 
Swedish phosphoric iron ore, but already, in 1891, 75,000 
tons of Griingesberg ore were imported into that district ; 
but now they also use Gellivara ore regularly, the 
more so since the Gellivara Mining Company began to 
classify their ore according to the percentage of phosphorus 
it contains. The total imports to these districts of 
Swedish iron ore during 1894 are about 450,000 tons. 


In an article in the February number of the Enginecring 
Magazine, Mr. Cope Whitehouse accuses the engineers to 
the Egyptian irrigation department of purposely prepar- 
ing impracticable plans for the execution of a reservoir 
at Wadi Raiyan. Some paternal irritation is excusable 
on the part of Mr. Cope Whitehouse, but a charge 
of this nature should not be made without the most ex- 

licit and irrefutable proof. Mr. Cope Whitehouse pro- 
esses to believe that England is opposed to the internal 





enya of Egypt. It is indeed difficult to understand 
ow such a proposition can be entertained by a gentleman 


of his intelligence, and no doubt in calmer moments he 
will be the first to repudiate the suggestion. 


The frequent explosions which have arisen from the 
state in which the gas companies keep their mains 
will certainly necessitate steps being taken to keep the 
junction boxes and manholes clear. In New York, where 
the gas companies are even more reckless than in London, 
the electric conduits are kept constantly under pressure 
by means of a blower, and in this way the gas is pre- 
vented from leaking in. As up to the present no instance 
has, we believe, yet occurred in which an explosion has 
arisen in a ventilated manhole, this remedy would seem 
rather more heroic than necessary. The difficulty, of 
course, is to let the gas leak out without letting water 
leak in. This is not insurmountable, and Messrs. Pierson 
and Co., of 124, Fenchurch-street, London, E.C., have 
sent us sketches of several methods of doing this which 
they have recently patented. 

In a paper recently read before the New York Railroad, 
Mr. Lewis R. Pomeroy stated that at present steel axles 
are more satisfactory than iron, being more homogeneous, 
more ductile, and capable of carrying » heavier journal 
load without grooving. Axles are now being supplied to 
American railway companies, made from steel, having a 
tensile strength of 42.5 tons per square inch, combined 
with an elongation of 25 percent. Drop tests made for 
the Northern Railway of France showed that steel axles 
required, under the test conditions, 1,000,000 foot-pounds 
to break them, whilst the iron axles only stood half the 
amount, or less. In practice steel axles had not, up to the 
present, given as favourable results as were to be ex- 
pected, but this was largely accounted for by the im- 
proper treatment they often received in the process of 
manufacture. 


In a communication to the Litge Section of the Asso- 
ciation des Ingénieurs de Litge by M. J. Faucan, engineer 
at the Ateliers de la Meuse, on the refining of metals by 
aluminum, the writer sums up as follows: The use of 
aluminum as a refining agent does not dispense with the 
usual precautions, it being still necessary to allow the metal 
to cool properly and give off its gas before casting; and, 
while pouring, the stream should be kept continuous and 
central, care being taken to avoid its falling too quickly 
so as to make large runners. If the metal be subject to 
considerable contraction, the ingot-moulds must be pro- 
tected from too rapid cooling, and if depressions be pro- 
duced by suction, hot metal must be immediately poured 
in to fill them. If these precautions be observed, the 
following results may reasonably be expected, viz., sup- 
pression of the use of silico-carbonated iron and a diminu- 
tion in that of ferro-manganese, aluminum playing the 
same part as the former under better conditions, and 
restricting that of the latter to the elimination of sulphur; 
in making nickel steel, great homogeneity of the product, 
aluminum acting violently in the steel and nickel bath, 
and greatly facilitating a union which is not otherwise 
easy ; in making iron and steel castings generally, leavin 
out of the question red shear iron (fer metis) in me 4 
aluminum plays an important part, the obtainment of 
castings very clean, very compact, and standing as well 
hot as cold; dense brass castings, easy to work with the 
hammer, and having an electric conductibility more than 
double that of ordinary castings; and lastly, in working 
nickel, all the advantages of refining with magnesium, 
but obtained more economically. 

The annual statement of the Registrar-General of 
Shipping and Seamen for the past year shows that there 
is a constant addition to the tonnage of the steamers 
owned at the ports of the United Kingdom. It may be 
of value to many to give the details of the additions and 
removals of the various types of vessels, and the figures 
below show this as far as the United Kingdom is con- 
cerned. The additions and removals in gross register 
tons are as under: 





Tons. Tons. 
Steel steamers added 774,922 
* removed ... 106,036 
Increase in year Se 668,886 
Tron steamers added ae 35,030 
a removed 307,744 
Decrease in year 272,714 
Increase, iron and steel 396,172 
Wood steamers added bss 1,907 
i removed ... 2,605 
Decrease in year si 698 
Net increase in all —— 
steamers si Kis 395,474 
Steel sailing vessels added... 86,166 
” removed 22,642 
Increase in year ne 63,524 
Tron ships added _... ais 5,040 458,998 
‘i removed ... a 72,041 
Decrease in year as 67,001 
Wood ships added ... - 18,678 
ms removed ae 58,936 
Decrease in year és 40,256 
Total decrease in year... 107,257 
Net increase, steamers 
and sail : ae 351,741 





Tacoma.—The value of the exports from Tacoma last 
year was 6,663,848 dols., as compared with 5,802,165 dols. 
in 1893. Tacoma is a growivg port on the Pacific coast 
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THE LONDON COUNTY COUNCIL AND 
EMPLOYERS. 
To THE EDITOR OF ENGINEERING. 

Sm,—The majority on the London County Council 
seems determined to carry on a war against employers, 
which, though apparently for the benefit of the working 
classes, must undoubtedly injure them in the long run, by 
driving English manufacturers out of business or causing 
them to transfer their factories to other countries. 

In the current issue of ENGINEERING it is stated that 
Messrs. Priestman and Co.—a firm which, I believe, has 
paid very dearly for the position it now holds as eminent 
in the construction of oil engines, &c.—is threatened by 
the trade unionists because of the piecework system 
adopted in their factory. 

This interference with rates of wages and hours of 
working is undoubtedly justifiable to prevent ‘‘ sweating ;” 
but, by carrying it too far, English manufacturers are 
rendered unable to compete with the foreigner. The 
British workman has long jeered at his foreign rivals, 
but I have seen imported machinery recently which is 
equal to our work and yet 20 to 30 per cent. cheaper. 

A friend who has just returned from South Africa tells 
me that the amount of foreign machinery going into what 
should be practically a British market, is simply appalling 
to an Englishman having the interests of his own country 
at heart. 

Another informs me that South America is now going 
in largely for agricultural machinery, and that this is 
mostly being purchased from the United States. 

At Antwerp there is always to be found on the quay a 
large amount of ironwork, nails, plates, wire, &c., of 
foreign make, awaiting shipment to this country and our 
colonies. 

Proposals are being made to British manufacturers by 
foreign firms to join them in doing Anglo-Continental 
business, the idea being to erect factories in France, Ger- 
many, &c., and sell goods here, and there is little doubt 
that the pressure put on British firms by trades unionists 
will force many to join such amalgamations for their own 
protection, and lead to the loss of employment by our 
workmen. 

The head of one large manufacturing firm, making 
goods for an important colony, tells me that he seriously 
contemplates building works on the spot and transferring 
ey business, sending goods to this country instead of out 
of it. 

These things are “‘ signs of the times,” and should act 
as a warning to those who would enforce one-sided bar- 
gains between employers and employed. The labour is 
in the country, and must stop here; but capital can leave 
it, and as profits dwindle, as they have dwindled for 
several years past, there is little doubt that money will 
be withdrawn from British concerns and embarked in 
foreign ventures returning better interest. 

I am, Sir, your obedient servant, 
Freperick A. Forster. 
Greenwich, February 12, 1895. 





PORTLAND CEMENT. 
To THE EpitTor or ENGINEERING. 

Srr,—I wish to commence this letter by thanking Mr. 
Spoor for his reply to mine in your issue of the Ist inst. 
In regard to the tests with carbonate of ammonia, ] 
believe that those who carried them out attributed to it 
an action on the cement greater than that caused solely 
by the free lime taking up the acid of the salt. There 
seems to be a great deal in Mr. Heath’s last sentence in 
your issue of last week, where he says that “‘ there is no 
accurate theory of the interaction of the ingredients.” 

In the matter of the carbonic acid evolved in the manu- 

facture, I admit the accuracy of Mr. Butler’s statement, 
namely, that out of 10 tons of raw materials the quantity 
of gas will in most cases be less than 4 tons. The amount 
of water in the former is a very variable quantity. How- 
ever, we merely require to remember that pure, dry 
chalk, or other carbonate of lime, contains, in roun 
numbers, nearly half its own weight of carbonic acid, to 
form a sufficiently accurate estimate of the enormous 
quantities evolved in every case. For the sake of sim- 
plicity, we will omit that produced by the fuel. 
_ In regard to Mr. Neate’s communication in your last 
issue, 1 resolved, on consideration, to reply to it, more 
particularly as he has had at least the manliness to put 
his name to it. 

I shall, therefore, with your permission, go into: the 
points of his letter, and with as much conciseness as 
possible. 

In the first paragraph he speaks of ‘‘ the wonderful pro- 
cess described.” I certainly did not describe any process. I 
drew attention to the great quantity of carbonic acid that 
was allowed to go to waste, to its value, and to the 
manner in which bye-products were recovered in some 
other industries. By thus condemning a process which 
was not even described, Mr. Neate clearly shows that, 
from whatever reason, he was writing under prejudice. 

The second paragraph, with its personal allusions, I 
shall entirely pass over. 

In regard to the third paragraph, all that I need say is 
that by proper management the organic matter can be 
destroyed, and that pure carbonic acid can be, and has 
been, produced, or recovered, during cement making. 

Ia his fourth paragraph Mr. Neate speaks in a very 
positive manner, and givestemperatures. As to retorting 
slurry at a temperature of 2000 deg. Cent., I need sa 
nothing, As for first retorting to expel the carbonic acid, 
with subsequent calcination in kilns, I way inform Mr. 
Neate that a temperature of about 800 deg. Fahr., not 
Cent., suffices for the operation, provided that the 
slurry has been previously subjected to suitable mecha- 
nical treatment. I may further state that slurry can be 


d| raised by him, even to the matter of was 


repared which is not friable after being retorted, and as 
or ‘‘insuperable” difficulties, they would be less than 
those entailed every day or night of the year in the num- 
berless gas works of the country. 

I may add that there are persons who consider that a 
previous retorting, or other treatment of the slurry, 
before being passed on to the kiln, would be an advan- 
tage, even apart from any question of recovery of car- 
bonic acid. Slurry which had been freed from its water 
and carbonic acid, could be subjected to the full heat 
of the kiln in ashort time. Thus the kiln would only 
require to doits own work, namely, the proper clinkering 
of the materials. 

We come to the fifth paragraph. Mr. Neate is evi- 
dently not aware that there are large works in operation 
in which the production of carbonic acid is carried on, 
not as a bye-product, but as the chief or only article of 
manufacture. I think Mr. Neate would find, on inquiry, 
that the process carried on in these special carbonic acid 
works is not of the extremely simple nature which he 
describes. 

I am, Sir, yours respectfully, 


JAMES Morris. 
Rochester, February 12, 1895. 
To THE EpIToR Or ENGINEERING. 

S1r,—Your correspondent Mr. Heath, if we may judge 
from the internal evidence of his letter, is somewhat in 
the case of the man who proposed to write a treatise on 
whist, and then learn the game. He seemsalso to take a 
gloomy and pessimistic view of Portland and all other 
cements, because, ‘after some study of the subject,” 
the conclusion is forced upon him that ‘‘the present 
knowledge of the composition of cementing substances 
(whether called ‘Portland’ cement, or by any other 
name) is in a tentative stage only, is mainly founded on 
practice and experience, and thereis no accurate theory of 
the interaction of theingredients.” Buttheknowledge that 
is founded on practice and experience is the best of all 
knowledge. The practical man discovers something useful ; 
practice and experience in its use show that it is eminentl 
suited for the purposes to which it is put ; and Mr. Heat. 
laments because there is “‘ no accurate theory of the inter- 
action of its ingredients.” Does not Mr. Heath know 
that theories generally are inaccurate? Improvement in 
Portland cement is not likely to be effected by theorists, 
especially when they cannot even formulate an accurate 
theory of the interaction of its ingredients. 

We do say that our Portland cement, with ragstone 
added, is an improvement on the old-fashioned cement 
If ragstone were added before calcination, the cement 
would be over-limed. Practice and experience in this 
matter have taught us how, in what quantity, and when 
to add the ragstone, and we prefer our practice and 
experience to the inaccurate theories of people who write 
treatises on cement-making, but have not learnt the 
game. That is a horrible idea of Mr. Heath’s about 
briquettes, which had given satisfactory results at 7 
to 28 days, subsequently crumbling into dust; and when 
Mr. Heath adds that he fears this result may follow ‘‘ the 
addition of ragstone to the cement during grinding,” we 
ourselves almost feel that we could dissolve with the 
**cloud-cap’b towers,” &c., and, “‘like the baseless 
fabric of a vision, leave not a wrack behind.” But 
Mr. Heath must not alarm himeelf, us, or our customers, 
for our tests have shown that time causes no deterioration 
in our improved cement, but greatly tends to strengthen 
it. Here are some of our tests for tensile strain, which 
were given at the Cannon-street meeting: Abt 7 days, 
492 lb. ; at 3 weeks, 556 lb. ; at 7 weeks, 656 lb. ; at 3 
months, 740 lb. ; at 6 months, 790 lb.; at 9 months, 
975 lb. ; at 11 months, 1000 lb.; and at 12 months, 
1010 1b. With three parts of sand to one of cement, tests 
of 410 lb. and 460 lb. were obtained at nine months. 
In reference to the inertness of the 10 per cent. residue 
left on a 50-sieve, we would refer Mr. Heath to our 
letters in ENGINEERING of January 11, January 25, and 
February 8 These deal with the — question now 

ing the residue 
before the gauging. We believe we proved pretty con- 
clusively in those letters that residue was not inert; at 
any rate, both Mr. Redgrave and Mr. Bamber have re- 
tired from the contest. 

Weare, Sir, yours truly, 
Macevoy AND Ho tt. 
Britannia Cement Works, Northfleet, 
February 13, 1895 





To THE EpiToR Or ENGINEERING. 
Sr1r,—With your permision I will be glad to reply to 
the remarks of Messrs. Macevoy and Holt appearing 
over their signature in your issue of the Istinst. first of 
all, I wish to put beyond dispute the fact that mixing 
limestone with Portland cement is an old practice. I 
have shown you that the German cement makers settled 
this question for themselves 12 years ago, and I submit 
the following quotation from the late Mr. Henry Reid’s 
book on ‘* Concrete,” in proof that in England also the 
question is an old one. I am quoting from the 1879 
edition, page 64: ; 

** Some makers of cement have an idea that a propor- 
tion of carbonate of lime acts beneficially in Portland 
cement, and in such cases deliberately use it as an adul- 
terant. A few years ago the author, in making an 
examination of an English cement works in the north of 
England, found that about 25 per cent. of blue limestone 
was ground up with the ‘clinker’ for the purpose, as 
the manager gravely asserted, of improving the strength 
of the cement. The limestone cost 8s r ton, and the 
clinker was worth 25s. per ton at the place in question. 
The cement so produced, and notwithstanding its sup- 

improvement by the addition of the spurious 


as ultimately to necessitate the breaking up of the estab- 
lishment—a suitable fate for all such manufactories 
whose conductors aim at obtaining profit regardless of 
the quality of their products.” 

So it is clear that in England also a few years before 
1879 we had a question of adulteration with limestone ! 
If Messrs, Macevoy and Holt’s idea of ‘ progress,” 
‘scientific research,” and ‘improvement ” is to return to 
those far-off times and begin once more this old practice. 
I hope their anger will not be kindled to white heat if I 
express the opinion that they will be followed by inex- 
tinguishable laughter. 

hey tell me that I take ‘‘ undigested chunks of tabular 
tests from his cement testament, and, without showing 
how or why, boldly state that they prove whatever he 
wishes them to prove.” Well, t submitted a few 
**chunks” in your issue of December 21, and have done 
my best to get Messrs. Macevoy and Holt to reply to 
them, but so far without success, so perhaps it may be of 
assistance to ‘show how and why” these tests prove my 
assertions that limestone is an adulteration and no better 
than sand. It is hardly fair to you, Mr. Editor, to give 
the whole of the Tables, and thus make an undue demand 
on your space, so I give a fair sample. 

Take cement “‘ B”: 

Age in weeks oP 
Unmixed cement ... ae 
Mixed with 20 per cent. fine 
san ~ ace - 15.7 19.7 24.76 
Mixed with 20 per cent. 
limestone ... as -- 161 19.3 2476 
The tensile strains are expressed in kilogrammes per 
equare centimetre, and the briquettes are sand bri- 
quettes of 
a = parts cement to 300 parts sand. 
b 


4 13 26 
20.8 24.5 27.1a 


‘“~ + 20 parts fine sand + 300 parts 
sand ; and : 
e 80 parts cement + 20 parts limestone + 300 parts 


sand 


respectively. Is it really necessary for me to supply 
them with “‘that indefinable something ” to enable them 
to see that these tests show that when 20 per cent. of 
limestone was added to the cement the strength was re- 
duced from 27.1 to 24.7, even when the test briquettes 
were oldest ? Is not that weakening, depreciating, adul- 
terating? and can they not see for themselves that the 
fine sand mixture is as strong as the limestone mixture ? 

The 10 per cent. mixture and the 33 per cent. mixture 

int the same moral, and I invite Messrs. Macevoy and 

olt to face these figures in a straightforward way, with- 
out beating about the bush. 

The second series of tests given by me were made by 
Dr. Béhme at the Royal Testing Station at Berlin in 1883, 
and form part of the Transactions for that year. I, 
therefore, repeat that they are by an independent expert, 
above ‘‘ suspicion,” and form part of an elaborate report 
on the question as to whether Portland cement could be 
improved by the addition of certain materials, of which 
limestone was one. 

How do Messrs. Macevoy and Holt deal with Dr. 
Boéhme’s tests? They pass in silence the figures showing 
that the addition of limestone weakens the cement. 
Why do they ignore this point? 

They eventually make an attempt on a corner of this 
particular ‘‘chunk,” and with what result? This: ‘* At 
any rate, these figures, if they prove anything, show 
that limestone is a little better than fine sand at the end 
of a year.” The mixture of fine sand gives 281 Ib. ; the 
mixture of limestone gives 293 Ib. ; a difference of 12 lb. 
r square inch in 12 months! I put it to this firm and 
invite a plain answer. Will they give your readers the 
breaking strains of any half-dozen of their briquettes, at 
any age, made from one sample? If they do, I will 
venture to say that your readers will see in the tests of 
various briquettes from the same sample of cement, a wider 
difference than that of 12 lb. between fine sand and lime- 
stone. 

Why their own figures of 410 Ib. and 460 Ib. for their 
nine-months’ sand briquettes show a difference of 50 Ib. ! 
‘*Limestone is a little better than fine sand”? And 
is that the end of this wonderful improvement ? 

I see they have once more trotted out their old state- 
ment that they ‘* have always held and shall continue to 
hold that the addition of ragstone improves Portland 
cement.” ; 

* Always” means “ nearly two years,” as Mr. Holt 
put it at the Cannon-streeb meeting, and “ shall con- 
tinue” to hold means on the same authority until it is 
‘damned ” (“if they damn it we will retire from it and go 
back to the old process”). I hope by this time Mr. Holt 
has been able to see that the limestone process is also fairly 
venerable. 

‘* For this belief we have the best of reasons.” What 
reasons are given in their letter? The cement has stood 
the test of time and exposure in actual use, &c. If they 
will mix brickbats with their cement, it will no doubt 
behave equally well as when mixed with limestone and 
stand the test of time and exposure. Then follow neat 
tests of their cement from seven days to one year, and sand 
tests at nine months. 

If they will ‘‘ show how and why” this series of tests 
proves thas their cement has been improved by the addi- 
tion of limestone, they will do me a favour. How can 
any one estimate this alleged improvement without know- 
ing what the difference between the two cements is ? 
Anent the German association, the idea of the larger 
makers crushing the smaller men by the former getting 
theur method of manufacture declared the only legal one, 
is too absurd for anything. 4 
Do Messrs. Macevoy and Holt not know that there is no 





ingredient of excellence, obtained such a bad reputation 





“legal method of manufacture” in Germany, that the 
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association was in existence 10 years before the declara- 
tion as to adulteration ; indeed, its very name of ‘‘ Asso- 
ciation of German Cement Makers” was not altered till in 
1888, owing to slag cement, and adulterated or mixed 
cements, being put on the market, they, in their own and 
their customers’ interests, found it necessary to declare 
against adulteration and make it clear they were Portland 
cement makers. Hence, in that year their change of 
name to Association of German Portland Cement Makers. 
It is a voluntary association, and, as I have previously 
shown, about 75 per cent. of its members are manufac 
turers whose individual output is below 500 tons a week. 
When I think of what the larger makers in Germany, 
such as Dyckerhoff, Towei of the Stettin Works, the 
venerable president, Dr. Delbruck, and others, have done 
for the me eo of the whole of the German trade, I am 
ashamed that any English firm should be found to make 
such a charge against such men. In this matter, as in 
others, I am glad to believe Messrs. Macevoy and Holt 
are alone, and that their sin is a sin of ignorance. 

So when German procedure is dead against Messrs. 
Macevoy and Holt they will not follow in their footsteps. 
And why? ‘‘ It must be remembered they are retrograde 
footsteps.” But if they can find perchance one righteous 
man on their side even, although he be a German, well, 
“they quoted the opinion of Dr. Michaelis because he 
was in favour of progress.” And ‘‘ Dr. Michaelis proved 
that limestone improved Portland cement.” Did he? I 
challenge Messrs. Macevoy and Holt to give me chapter 
and verse for that statement, and I hope they will not 
forget or overlook this point. I am glad they place such 
confidence in Dr. Michaelis, I see they are crowing very 
loudly on having ‘‘proved” that ‘‘the residue on a 50 
sieve was very far from being inert,” If they will kindly 
refer to Minutes of Civil Engineers, vol. lxiil., page 234, 
they will find Dr. Michaelis saying, ‘‘ General Scott 
suggested that cement should leave no residue upon a 
sieve with 40 x 40 = 1600 meshes per square inch. On 
this he would observe that if the cement which had passed 
through such a sieve were further sifted through a sieve 
of 5800 meshes (900 per square centimetre), the residue 
upon the latter would be in conformity with General 
Scott’s stipulation, and yet be absolutely valueless asa 
cementitious agent.” 

Will they throw Michaelis over on this residue ques- 
tion? I hope they will not forget that he is in favour of 
“* progress.” In whose footsteps are we to follow this 
time, those of Dr. Michaelis or those of Messrs. Macevoy 
and Holt? Iam inclined to think Dr. Michaelis will not 
feel flattered by Messrs. Macevoy and Holt’s attempt to 
shelter themselves under the authority of his name. Tagree 
his name carries weight as a cement expert, and has done 
for the last 30 years, and as I happen to know fairly well 
where he stands as to adulteration of Portland cement, I 
am anxious to know the title of the pamphlet or article 
in which he, as Messrs. Macevoy and Holt allege, 
‘* proved that limestone improved Portland cement.” 

I am, Sir, yours respectfully, 

February 13, 1895. . L. Spoor. 





LIME v. CEMENT. 
To THE EprTor OF ENGINEERING. 
Str,—Reading the correspondence in your columns 
about cement, will you allow me to record an experiment 
I made nearly two years ago with “ air-slaked ” lime. 
Jontemplating the erection of a brick building, I made 
one of my men put two half-bricks together with pure 
cement, and another pair of the same bricks were at the 
same time put together with air-slaked lime, as I 
happened to have a load of lime which had been lying in 
an outhouse for many months, and which had become 
‘* air-slacked.” Both pairs of half-bricks are still lying 
in my library adhering strongly together. I fancy the 
cement is the stronger of the two, but the pure lime is 
also still very strong, and I am quite unable to pull them 
asunder. The joint of the lime is about } in. thick, and 
it was made into a very thin mortar and immediately put 
between the two bricks, and if I remember right it was 
set quite firm in three or four days, but it seems to me to 
have hardened by time. I also, about a year before 
that, made some small briquettes of cement mixed with 
lime, because pure clean sand is very difficult to get on 
my property, and sand with ‘‘ clay ” in it is useless with 
cement. I used empty match-boxes for my moulds, 
making one of pure cement, and then two cement to one 
of sand, and one to one, and then one cement to two of 
sand, and lastly, one cement to three of sand. All of 
them hardened and seemed to grow harder with time. I 
went abroad for six months, and when I came back I 
found the one to three was mouldering away, and 
gradually the whole of the mixed briquettes have 
mouldered into dust, while, of course, the pure cement is 
as good asever. Now cement costs me six times as much 
as lime, which comes from Porthywaun, near Llany- 
mynych, on the Welsh side of Oswestry. Has any one 
ever tried pure lime in very thin joints as a cement for 
bricks put on immediately it has been mixed with water ? 
Penithon, Radnorshire. G. A. Hata. 











LIGHT RAILWAYS. 
To THE Eprrok oF ENGINEERING. 

Sir,—In your leader on “ Light Railways,” published 
in your issue of the 8th inst., have you not stretched 
the meaning of the words from Mr. Balfour when you 
say that he ‘‘approves of the construction of light rail- 
ways, provided the cost does not fall on the rates”? 
Your quotations, however, merely indicate that Mr. Bal- 
four approves of their construction only in ‘‘those parts 
of the country where the producer cannot carry his 
goods to market,” and this saving clause would surely 
limit their construction to the outlying portions of 


England, Wales, and Scotland, the portions distant 
from existing railways, or from —- places. 

But what would really be the relief to agriculture pro- 
duced by light railways? 

Mr. Portal, the chairman of the South - Western 
Railway, cogently observed at the recent general meeting 
that, ‘‘according to an eminent agriculturist, wheat can- 
not be grown at a profit under 40s, a quarter. . . . The 
selling price last year fell to 20s., and the average amount 
that the company received for the carriage of grain was 
about 1s. a quarter. ... As this average applied to all 
grain, it was utterly absurd for anybody to talk of rail- 
way companies being the cause, by excessive rates, of this 
depression.” 

Allow me to put this argument in another form. Ex- 
cessive competition with foreign producers has reduced 
the price of all foodstuffs to such an extent as almost to 
ruin our agriculture. The foreign cattle trade and the dead 
meat trade are ruining our graziers. 

The market value of a fat beast hardly pays for his 
stock value and his keep. The price of potatoes, of cab- 
bage and other green vegetables, of strawberries and 
other fruits, falls year by year ; and our people, in despair, 
let land go out of tillage. What relief would be obtained 
from the employment of light railways? Half-a-crown a 
ton at the most, and that only for lands distant from 
towns and railways. 

The fact is, that the easement which light railways 
would produce is like Mr. Portal’s shilling—a mere drop 
in the bucket. The only possible way to benefit agricul- 
ture is to remove the overwhelming handicap under which 
it now labours. Low steamer freights, better climates. 
cheaper labour and land, combined with the absence of 
local rates and taxes, enable most of our foreign com- 
petitors to undersell us. This trade would still flourish 
were our own agricultural interests protected by a sen- 
sible tariff on such imports. 

The price of foodstuffs would be enhanced by a small 
amount, the Exchequer would be replenished, and the 
agricultural interests would be saved. 

Light railways might then be of some value, but the 
agricultural edifice wants something more than a prop 
here and a prop there to keep it standing. Its founda- 
tions require to be seen to and to be placed on better 
footings. Light railways would atthe present time chiefly 
benefit the trades connected with the manufacture of 
the plant and permanent ways. Hence the reason that 
engineers and ironmasters are actually commencing to 
take an active interest in the agricultural depression. 

John Hodge and his “‘ maister” think but little and 
care less about light railways. Their anxiety is to secure 
lower rents, rates, and taxes, and, above all, higher prices. 





STEAM LIFEBOATS. 
To THE Eprror oF ENGINEERING. 

Sir,—In your issue of January 18, in which the three 
hydraulic lifeboats built by Messrs. Green are described. 
the speeds attained by the Duke of Northumberland, City 
of Glasgow, and President van Heel are said to have been 
8.18 knots, 7.75 knots, and 8.2 knots respectively. I 
think there must be a mistake here, as in a paper read by 
Mr. Joseph Green before the Society of Arts the speed of 
the Duke of Northumberland was given as 9.175 knots on 
her official trial with all weight on board, and the indi- 
cated horse-power as 170. presume that Mr. Green’s 
figures are correct, and if so it seems remarkable that the 
City of Glasgow should require 55 more horse-power to 
do one knot less s It is true that the latter boat is 
wider and rather heavier, but she has the advantage of 
being also longer, and every foot of length in vessels of 
this form must be of great valne. I see that Mr. Green 
says in the paper quoted that in Messrs. Thornycroft’s 
opinion the form of inlet adopted by them in the Duke of 

orthumberland effects a considerable saving of power as 
compared with the ordinary flush inlet which it appears 
from the drawings you nt Ase that Messrs. Penn have 
used, and this statement appears to be borne out by the 
results of the trials of the three vessels. 


Yours meme 
. Inst. C.E. 


CLEANING MARINE BOILERS. 
To THe Eprror or ENGINEERING. 

Srr,—The lamentable accident that occurred on board 
the s.s. Ambriz at Liverpool on the 17th ult., when 
one lad was scalded to death, and two other lads were 
scalded severely, shows the grave responsibility that 
steamship owners and superintendents incur by allowing 
persons to enter a boiler when it is adjacent to another 
boiler containing steam, and connected in the ordinary 
manner by a feed pipe and non-return check valve. It 
was formerly the custom in most steamers to work cargo 
with steam from a donkey boiler, which had no connection 
with the main boilers. It was then quite safe to clean or 
repair the main boilers ; but now, owing to the chronic 
complaint of stevedores for more steam to drive the 
winches, donkey boilers are, in a large measure, discarded 
as being too small for the work required; the conse- 
quence is that one of the main boilers is used for this 
purpose while the other boilers are being cleaned. Thus 
the danger of accidents through the failure of a check 
valve is daily increasing, as the practice is now becoming 
more general to fit out steamers without donkey boilers 
at all, the owner depending upon steam from the main 
boiler to work cargo while in port. At the coroner's 
a ep the chief engineer of the Ambriz stated that 

e 





ad examined the check valve two weeks previous to |. 


the ; accident it was then all right, and the coroner’s 
remark that it ought to have been examined oftener was 
most injudicious and uncalled for, as the valve might 


found without a visible flaw. Whether the valve broke 
by being screwed too tightly down on to the nut, or by 
ordinary wear, is unknown, but as a similar accident 
might happen to any boiler when working under similar 
conditions, the risk and danger should and could be 
avoided by disconnecting the boiler under steam from 
the others by means of blind flanges on both the main 
and donkey feed pipes. 
T ar, Sir, yours, 
BLiInD FLANGE. 





DOMESTIC BOILER EXPLOSIONS. 
To THE EpiTor oF ENGINEERING. 

Srr,—I have just read your article in your issue 
of January 4, page 18, on ‘‘ Domestic Boiler Ex- 
plosions,” and whilst admitting that the old theory 
of a boiler only exploding through being made red 
hot and then turning water into it is false, yet I question 
very much the wisdom of publishing it so widely, as it 
must tend to additional carelessness on the part of boiler 
‘‘tenters,” and other inexperienced and incompetent 
persons who have a liking to prying into things that they 
were better kept ignorant of. 

Moreover, I dissent entirely from the concluding para- 
graph, namely : “‘ In winter such explosions are frequent, 
and in view of all these experiments which have now been 
made, it can hardly be doubted that they arise simply 
and solely from the plugging of the outlets, and that a 
suitable safety valve forms a perfect guarantee against 
danger.” 

I do not know what you or Mr. Munro would call “a 
suttable safety valve,” but I do know that it is impossible 
to make such a thing and fix it on an ordinary domestic 
saddle boiler to be of the slightest use 12 months after 
fixing it, if it has not, indeed, before that time even, so 
injured and wasted the boiler by corrosion and leakage 
as to be a positive danger in itself, instead of “a perfect 
guarantee against danger.” Anything like a valve or 
other nice mechanism is entirely out of place at the back 
of a kitchen fire ; to be of the slightest use or dependence, 
it must be brought out of the vicinity of the fireplace 
altogether by means of a pipe, which pipe would always 
be frozen up or ‘‘ plugged” whenever the boiler itself and 
the rest of the apparatus were frozen up or plugged. 
Where, then, is the use of the ordinary safety valve, 
or *‘ perfect guarantee against danger ” ? 

I have seen the “suitable safety valve,” as applied and 
approved by the Manchester Steam Users’ Association, 
but the same objections that I have named equally apply, 
as that safety valve is not immediately and directly 
applied to the boiler itself, but through a medium, more- 
over, so applied as to altogether bar its application to our 
ordinary Birmingham kitchen ranges and fireplaces. 

I am sure, Sir, that there is far less ‘‘danger’”’ in allow- 
ing the people to believe that turning cold water into a 
red-hot boiler will produce an explosion, than to tell 
them that a small 4-in. valve, either dead-weighted or 
any other way of weighting, will form ‘“‘a perfect 
guarantec”’ against the explosion of a domestic boiler. 
The only perfect guarantee is never, in cases of severe 
frost, to allow the hot-water appointments to become 
inoperative or cold, in other words, to ‘‘keep the pot 
boiling ” by banking the kitchen fire at nights. instead of 
allowing it to go out, as is commonly done. Next to this 
perfect guarantee, I believe, is a very simple thing I have 
already submitted in confidence to several friends cc m- 
petent to judge, who have approved the same, but it is 
not a valve nor any other similar piece of mechanism, but 
is as simple as a pot on the fire boiling over. 

I remain, yours faithfully, 
JOHN Swirt. 

a Stanmore-road, Edgbaston, January 8, 1895. 

[We quite disagree with Mr. Swift. Our experience is 
that domestic boilers can be fitted with effective safety 
valves, and that such valves, if of a proper kind, remain 
in good order for many years. Can Mr. Swift mention a 
single case in which a boiler so fitted has exploded? On 
the device which Mr. Swift recommends, we can, of 
course, express no opinion, as we do not know what the 
arrangement is, but we may point out that the pipes con- 
nected to a domestic boiler may be stopped by other 
causes than frost, so that keeping the boiler always hot 
is not a perfect safeguard against over pressure.—ED. E. 





SOUTH-EASTERN LOCOMOTIVES AND 
ROLLING STOCK. 
To THE Eprror oF ENGINEERING. 

Srr,—May I be allowed, with reference to the state- 
ment in a daily paper that the South-Eastern Railway 
requires more powerful engines, to observe that the 
engines which draw heavy trains on the Belgian Luxem- 
bourg route over a very heavy road in an economical and 
satisfactory manner, have three pairs of driving wheels 
about 5 ft. coupled, besides a pair of small leading 
wheels with a slight lateral play. This gives a rigi¢ 
wheel base of about 10 ft., which is not excessive, andit 
the South-Eastern would try such engines for its ordinary 
fast trains, that company would no doubt find they would 
answer capitally. They weigh about 48 tons in working 
order without the tender, and though, owing to the 
moderate diameter of the driving wheels, they would not 
answer for very fast expresses, these engines would draw a 
heavy train over a line containing many steep inclines at 
an average of 40 miles an hour. ’ 

As regards the carriages of the southern lines, it is true 
enough to say that the accommodation for third-class 
passengers on tbe South-Eastern is at best rather poor, 
but then, on the Chatham and Dover line, saving three or 
four expresses, the whole rolling stock is a disgrace to 
the age. Yours sincerely, 








have been examined the day before the accident and 





Penge, January 26, 1895. CHARLES CLINTON, 
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EXPERIMENTS ON KITES. 
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EXPERIMENTS ON KITES. 
To THE EpIToR OF ENGINEERING. 

S1r,—I have lately made an experiment with kites that 
will interest you. As few experimenters can afford to lay 
a rail track of sufficient length to properly try a flying 
machine, I thought it would be well-spent time if I not 
only devised, but made and went up on a series of kites 
that could be converted into a flying machine by adding a 
motor. Or, the kites to be merely used as a means of 
safely lifting a flying machine from the ground ; trying it, 
and if it flew, slipping the moorings, as it were, and flying 
free, And, finally, picking up the kite line and descend- 
—_ risk, 

he cellular form of kite was used, but 18 months’ work 
has developed a structure vastly different from those crude 
affairs you have already shown (see vol. lvi., page 524). 

I provided myself with five kites, and their weights and 

dimensions are given in the Table: 
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The shoes on the inner ends of the booms slide along 
the top and bottom members of the main frame of the 
kite ; this allows the corners to come inwards, and the kite 
to furl as shown by C in the photograph. 

When the kite is furled, the main frame has nothing to 
stiffen it against winding; but when the corners are 
boomed out, the whole kite is practically a rigid struc- 
ture. Ibis not clear to me why the stretched surfaces 
stiffen the main frame, but they do so nevertheless. 














The surfaces are made of very inferior calico, The 
woodwork is American redwood. The kite string is 
common clothes-line, three-rope yarn Manilla, and not 
easy to handle when strained. 

One thing about these cellular kites is worth special 
mention: they are perfectly stable and certain in their 
action, and need no careful adjustment. I had an assis- 
tant, but under more favourable circumstances as to 
locality, and with a winch on the sling seat, he could 
readily be dispensed with. 

On November 12 we carried the gear shown in the 
photograph to the sea beach, and flew A, B, and C. C 
proved weak at one corner, and the right side of the for- 
ward section collapsed. This did not prevent it still 
flying steadily, aided by Aand B. However, we toggled 
on D in place of C, and flew E. A, B, D, and E were 
then flying on the same line, the distances apart being 
A to B, 52 ft.; B to D, 46 ft.; D to E, 46 ft. ; E to the 
ground, 6 ft. ; thelot pulling 180 1b. E was secured by a 
gun tackle purchase to the spring balance, and the spring 
balance to two sacks of sand. 

The sling seat was then toggled on, and I got aboard 
with a hand anemometer and a clinometer. My assistant 
slacked away the tackle fall to the end. The apparatus 
was then 42 ft. to leeward of the sand-bags, and veering 
with the wind round an arc of 40 deg. This was unex- 
pected, as the wind was well to the eastward of 8.8.E., 
and the coast trends N.N.E. and S.S.W. At this stage 
there were only a few pounds’ weight unsupported by the 
kites. The velocity of the wind was 14.7 miles per hour, 
the pull on the spring balance 120 lb. The slope of EK 
with the horizon was 15 deg. 

In about a quarter of an hour the wind freshened, and 
raised me, when I found the velocity of the wind to be 
18.6 miles per hour, the spring balance reading 180 lb. 

The wind fell lighter, and I came down, Several more 
ascents were made, but not of sufficient duration to read 
the anemometer, which has a two-minute sand-glass. 
However, a long and strong puff eventually came and 
sent me up like a shot. A careful reading showed 
the wind velocity to be 21 miles per hour, with 240 lb, 
pull on the spring balance. 

The weight aloft was ; 








Ib. 

The four kites ... ans ise eA “vp 35 

Line, toggles, anemometer, and sling seat 7 
Myself ... ies a xe Pay a 

Total ... ae 208 


raised by the 232 sq. ft. of lifting surface in the four kites. 

The angle at which A, B, and D were flying above was 
measured from E to be about 60 deg., and also the height 
from the sling seat to the ground 16 ft. The slope of the 
beach adds about 2 ft. to this; so that the angle of the 
tackle with the horizon may be said to have been 35 deg. 
A, B, and D were sloped to the horizon at about the same 
angle ag EK, i.¢., 15 deg. ; the forward ends of their cells 
being partly open to view from E. 

On coming to the ground, I was able by means of the 
purchase to haul myself and kites to the moorings with- 
out leaving the seat. The line attached to the forwaid 
end of E from the seat is to enable me to move the centre 
of gravity forward, reducing the amount of lift, and so 
coming down. On this occasion it was unnecessary, as 
the wind fell lighter on every ascent, and I always 
alighted very gently. 

I think this experiment marks an epoch in my work, 
Although the altitude attained was nothing to speak of, 
the conditions would be identical if the kites had been 
held by a mile of piano wire instead of the clothes-line. 

The particular steps gained are, that an extremely 
simple and compact apparatus can be made, carried about, 
and flown by one man, and that a safe means of making 
an ascent with a flying machine, of trying the same with- 
out any risk of accident, and descending, is now at the 
service of any experimenter who wishes to use it. 

Yours truly, 
Law. HARGRAVE. 
Stanwell Park, Clifton, New South Wales, Dec. 15, 1894. 


THE BALANCING OF LOCOMOTIVES. 
To THe EpitoR OF ENGINEERING. 
Srr.—Press of business has prevented me answering 
Mr. Rolfe’s letter of January 11 before, and with your 
kind permission I will now briefly reply. 
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1. Guide-Bar Thrust.—Mr. Rolfe is quite right con- 
cerning the connecting-rod angles, but with the propor- 
tions used in locomotives the difference is, however, very 
small; and under steam the thrust on the guide-bar 
generally depends very much more upon the conditions of 

- running than upon the acceleration of the reciprocating 
arts. 
. 2. Six-Coupled Goods Engines.—I am pleased to see 
that Mr. Rolfe practically approves of high-pitched 
boilers, and I quite agree with him that a long easy roll 
is infinitely better than a series of violent lateral impacts, 
which is a feature peculiar to low-pitched engines. It is 
somewhat singular that only within very recent times 
has the English practice of high-pitched boilers been 
followed on the Continent, though a very little experience 
will suffice to teach any one, who is not absolutely hide- 
bound, that a high-pitched engine will run more steadily 
than one whose boiler is low down. 

3. Partly Balancing Reciprocating Parts in Coupled 
Wheels.—I am pleased to see a letter from our friend 
“J. D. T.” again, and as from his previous letters I 
judge that he is a great admirer of American practice, I 
should like to ask him whether he approves of the con- 
struction of driving gear respecting which I gave some 
particulars in my letters of November 30 and ante. I am 
perfectly willing to admit that in certain cases it would 
be impossible to at all satisfactorily balance the reciprocat- 
ing parts by a counterweight placed in the driving 
wheels alone, but at the same time I venture to say that 
the construction of driving gear used on the Vauclain 
compounds and other American engines is nothing less 
than a monstrosity. 

4. Counterweioht Due to Coupling Parts.—Though late 
in the day, it will, perhaps, be well to point out that 
neither my exposé nor Mr. Rolfe’s is absolutely correct in 
this particular, as we both suppose all the coupling parts 
to be concentrated in the plane of the coupling-rod, 
whereas the coupling crank and part of the pin are in the 
plane of the counterweight itself, and should therefore be 
allowed for separately. 1 merely mention this pour 
mémoire, as I have never known it to be taken account of 
in actual practice. The off-side weight due to coupling 
parts is inany case so small that the difference between 
the exact and the conventional method would cause but 
very little change in the deviation of the near-side weight. 

5. Material for Driving Gear.—I shall await Mr. 
Rolfe’s remarks on piston and other rods with much 
interest, and will defer my remarks regarding materials 
and my comments on his letter of January 11 until then. 

Yours very truly, 
NovoyrE VREMYA. 

London, February 4, 1895. 





EXPORTED AUSTRALIAN HARDWOOD 
FOR STRUCTURAL PURPOSES. 
To THE Eprtor OF ENGINEERING. 

Sir,—We hear and read much at the present time of 
the value of Australian timbers, which the Colonial 
Governments are making strenuous efforts, and appa- 
rently with some success, to introduce into European 
countries and America for street pavements, coach build- 
ing, shipbuilding, bridge and wharf building, the manu- 
facture of furniture, &c., and owing to the immense 
value of these timbers, it is very probable that on their 
merits becoming better known, their use will be very 
largely extended. Indeed, it is difficult for an engineer, 
having Australian experience, to see how this prospective 
expansion of the Australian timber trade is to be prevented, 
owing to the undoubted superiority of these hardwoods 
over almost any other timber of the world. Assuming, | 
therefore, that these timbers will be largely used in Euro- 
pean countries in the future, it would be as well that im- 
porters should be warned at the outset of the danger of 
accepting. indiscriminately, any ‘‘ hardwood” which 
may be foisted upon them. The classifying of these 
timbers, if heartwood only is submitted for inspection, is | 
almost an impossibility to any but experienced men, as | 
there are are about 87 varieties of hardwoods, the struc- | 
ture of a is very similar, and in many cases almost 
identical. 

In Australia the classifying can be easily effected, 
especially in the forest districts, where so many of the 
inhabitants who spend the greater part of their lives in 
felling timber for the markets, are qualified for such a 
duty, as they are well acquainsed with all local surround- 
ings, including the habitat of each variety of timber, its 
appearance, and from whence each particular log has 
been obtained ; but away from Australia and Australians, 
the difficulty is increased. In dealing with this subject 
it might be remarked that the conditions observed in 
felling timber in older countries where it is, generally 
speaking, comparatively scarce and of value, are not ob- 
served in Australia, where, unfortunately, timber-getters, 
on obtaining a permit from the Crown, under which small 
fees are paid, can enter a forest reserve, cut away in any 
manner they think fit, and at any time of the year, and 
they are not compelled, or even requested, to replant new 
trees which would eventually replacs those taken away. 
After the eyes have been taken out of one area of forest 
country, and the most marketable of the timber trees have | 
been removed, the timber-getters seek fields afresh, pay | 
other small fees, and so continue the work of devastation. | 
This is mentioned, as through this system an element of 
danger exists to an export trade. 

If timber is felled under proper supervision, and at that 
period of the year when the sap is down and part of the 
sapwood has, during the descent of the sap, been trans- 
formed into an additional annular ring of heartwood, 
the nature of the timber is altogether more suitable for 
structural purposes, and the risk of an early dry-rot in 
the timber is minimised ; whereas if the timber had been 
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bility of portions of the sapwood being cut up with the 
heartwood and calculated upon as good timber, when at 
the same time this sapwood, which frequently has the 
appearance of good timber, is of very small value, having 
a life of about quarter of the heartwood, besides being 
much weaker timber and subject to dry rot. If care is 
taken in selecting the following timbers for the purposes 
as given below, there is little doubt that, with proper 
maintenance, an astonishing length of life and great 
strength will be obtained from them. The most suitable 
timbers are : 
For Pil 


iles. 
Tronbark (Eucalyptus paniculata). 
Turpentine (Syncarpia laurifolia). 
For Girders. 

Tronbark (Eucalyptus paniculata). 

Red mahogany (Eucalyptus resinifera). 
Grey gum (Eucalyptus sagligna). 
Turpentine (Syncarpia laurifolia). 
Blackbutt (Eucalyptus pilularis). 


For Decks of Wharves and Bridges. 
Tallow-wood (Eucalyptus microcorys). 
Red mahogany (Eucalyptus resinifera). 
Turpentine (Snycarpia laurifolia). 
Blackbutt (Eucalyptus pilularis). 

For Wood Pavements. 
Blackbutt (Eucalvptus pilularis). 
Red mahogany (Eucalyptus resinifera). 
Turpentine (Syncarpia laurifolia). 

For Furniture and Agricultural Implements. 
Spotted gum (Eucalyptus maculata). 
Water gum (Tristania laurina). 

M.1.C.E. 


Sydney, N.S.W., January 4, 1894. 





THE SPEEDS OF WARSHIPS. 
To THE EpIToR OF ENGINEERING. 

S1r,—In your issue of January 25 there appears a letter 
on the speed of warships, in which a very erroneous idea 
is conveyed of the speed of H.M.S. Blenheim. Her 
speed is given as 22 knots. and the Lucania’s and 
Campania’s as 21} knots. Now any one who has the 
slightest knowledge of the speed of warships knows that 
the speed quoted is that obtained on the contractors’ four 
hours’ run with forced draught. 

To compare the Campania’s and Lucania’s 21? knots 
speed with the Blenheim’s 22-knot speed is obviously 
absurd, since the former are sea speeds, and the latter a 
four hours’ forced draught trial speed under the most 
favourable conditions. 

As regards the speed the Blenheim was run at from 
Halifax to Portsmouth, your correspondent says: ‘‘We 
have flaunted before our eyes the splendid achievement of 
the fastest ship of Her Majesty’s Navy, which has 
attained a maximum speed of 14 knots with a gale of wind 
blowing from the most favourable quarter.” 

There is no reference in the passage quoted from the 
Times to *‘ maximum speed ;” it distinctly says ‘‘ uniform 
speed,” and how it can be spoken of as flaunting before 
our eyes the splendid achievement of the Blenheim I 
cannot imagine. 

That the Atlantic in midwinter is an excellent training 
ground no one will dispute, but what reason there is for 
running a ship more than 14 knots when the service does 
| not require it, is beyond comprehension. The Blenheim 
|is not a mail steamer required to run to time, so why 
| work the crew unnecessarily, not to mention the waste of 
money through burning so much more coal ? 

The experience to be gained in a few days, which a 
whole term of foreign service is incapable of teaching, is 
equally well obtained in the quarterly full-power and 
passage trials, which during the winter cruise of the 
Channel Squadron, are made off the coast of Spain. Surely 
the Atlantic there is stormy enough for gaining experience 
in bad weather. From the speed the Blenheim attains 
on these passage trials there can be no doubt that she 
was not run at her full speed. 

I remain, Sir, your obedient servant, 

January 31, 1895. MARINER. 











To THE Eprror or ENGINEERING. 

Srr,—‘“‘ A. G. R.’s” letter in your issue of January 25, 
relative to speeds of warships, is one calculated in my 
opinion to leave a wrong impression in the minds of many 
who do not know the circumstances under which the 
recent trip of H.M.S. Blenheim was carried out. 

In the first place, the time of arrival at Halifax was fixed 
by the Canadian Government, and, naturally enough, con- 
siderable allowance was made, so that had the weather 
been much worse, the time could have been adhered to. 

Secondly, the amount of coal usually carried by the 
Blenheim and her sister will not admit of a higher speed 
than 17 knots being maintained for a greater distance 
than 2500 miles. 

Thirdly—and this is a point I think ‘‘A. G. R.” has 
not considered—for a warship to have the same ocean 
speed and range as the Lucania, she would have to be 
built on somewhat similar lines and carry a very large 


| amount of coal; this, of course, can easily be done, but 


not without sacrificing some more desirable end. 

For instance, the thick steel protective deck would have 
to be abandoned over some portion of the ship, or else 
made less thick. 

To make room for more coal, some of the ammunition 
would have to be taken out, or guns of less calibre substi- 
tuted, for it is quite as much impossible for the Lucania to 
carry a complete steel deck fore and aft varying in thick- 
ness from 3 in. to 6in., and above that a considerable 
number of 6-in. guns, protected by 6 in. of vertical armour, 





felled when the sap was in the tree, there is every proba- | and still maintain her present speed and range, as it is for 





warships carrying these necessary fighting adjuncts, which, 
in the case of the Blenheim, weigh roughly 2000 tons. 

In conclusion I would like to assure your correspondent 
that, in the opinion of all on board, the speed was at no 
time ever even considered in connection with the safety 
of the ship, and that the highest speed attained by the 
Blenheim on this occasion was on the outward voyage, 
against strong westerly winds, and not, as stated, ‘‘ with 
a gale blowing from the most favourable quarter.” 

Hoping you will be able to publish these explanations, 
I inclose my card, and beg to remain. Sir, 

Yours faithfully, 

H.M.S. ‘‘ Blenheim,” Portsmouth, R. N. 

February 7, 1895. 








THE SCAVENGER CHARGE IN GAS 
MOTORS. 
To THE EprToR OF ENGINEERING. 

S1r,—I saw in your ENGINEERING of December, 1894, a 
description of improvement in gas motors, by Messrs. 
Crossley and Atkinson, whereby they claim an arrange- 
ment of valves so as to get a scavenger charge of pure air 
through the combustion chamber of the gas engine cylin- 
der by opening the air valve before the piston has reached 
the end of the discharging stroke, and by leaving the 
exhaust valve open after the piston has gone a little way 
on the suction stroke, this, in combination with a long 
exhaust pipe, making the engine more economical in gas 
consumption. Now, I have nearly always, since I de- 
signed and made engines three years ago, arranged to 
open the valves on this principle—that is, to open the air 
valve about # in. before the piston has finished the dis- 
charging stroke, and leaving the exhaust valve open the 
same on the piston travelling the suction stroke, so that I 
do not see how Messrs. Atkinson and Crossley can have 
any claim on this arrangement. As for the long exhaust 
pipe, this can no more be patented than you can patent 
putting a higher chimney to your house. As to the valve 
arrangement, I would not have thought of patenting it 
any more than I would linking up a steam engine to use 
the steam to more advantage. Messrs. Crossley can 
patent their arrangement, I suppose all other makers will 


have to have a standard position for their cams. I do 
not think they would submit to that. I, for one, would 
not. JUSTICE. 





THE REVISION OF RAILWAY FARES. 
To THE EpiTorR oF ENGINEERING. 

S1r,—In your article on this subject on January 11 you 
say ‘‘the second class has been nearly abolished in Scot- 
land;” as a matter of fact, the common sense of this 
country killed off the last remnant of second class nearly 
two years ago. 

Your article was both able and interesting, but I am 
not convinced that any hope of increased profits can be 
expected from first-class fares, because, owing to the 
greater weight hauled and the more expensive fittings 
per passenger, even at the present fare it is generally 
admitted each first-class passenger is carried at a loss, the 
whole profits coming from the third class, and if you 
lower the first-class fare it will be worse. The most pay- 
ing arrangement for the shareholders would be—one class, 
one fare, the latter to be low enough to encourage the 
million to travel, long-distance trains having first-class 
coaches, as in America, for which a special charge would 
be made, high enough to make them pay. 

The South-Eastern and London, Chatham, and Dover, 
instead of trying to discourage travel, should take an 
example from our Scottish lines, which last year intro- 
duced a system of cheap Saturday to Morday fares, 
generally equal to a single journey fare, and besides 
revised the ordinary fares in every direction in a very 
different sense from the South-Eastern Railway and 
London, Chatham, and Dover Railway have done, and 
this has paid so well that it has become a permanent in- 
stitution, winter as well as summer. Moreover, return 
tickets are not subject to the excessive limitations of 
southern lines, and are available for return by the other 
company’s line at any point where the two companies 
meet, I am, Sir, your obedient servant, 

Norman D. Macponacp. 

15. Abercromby-place, Edinburgh, February 4, 1895. 

{We notice that our correspondent says: ‘‘ Owing to 
the greater weight hauled and the more expensive fittings 
per passenger, even at the present fare it is generally 
admitted each first-class passenger is carried at a loss.” 
MoE state on what data he founds this conclusion ?— 

1D. E 


CYLINDRICAL v. WATER-TUBE BOILERS. 
To THE EprTor OF ENGINEERING. 

Srr,—I regret that Mr. Sampson has not seen his way 
clear to reply to the questions which were contained in 
my letter in your issue of January 4. Like your corre- 
spondent ‘‘ Marine,” I took the results quoted by Mr. 
Sampson to mean that it was nob necessary for any com- 
petitive trials between the two types of boilers to take 
place, as his figures showed, in his opinion, how good the 
results obtained by the Belleville over the cylindrical 
boilers were. I really think that he would do well to 
supplement those results with the names of the vessels, 
and the fullest particulars about them, as such ex parte 
statements do more to damage his case than giving 
free and open details, which he must have in his posses- 
sion. Figures which only give one side of the question 
must always be regarded with suspicion, especially when 
published by those who are deeply interested in the 
success of those experiments, and under these circum- 
stances I do not think I am asking too much. I have 
always noticed that Mr. Howden has never been back- 
ward in taking us into his confidence, and has at all times 
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given us the best information he has at his disposal, and 
in common fairness Mr. Sampson should be asked to do 
the same. 

A word with regard to ‘‘ Britannicus.” I cannot help 
what ‘‘Italicus” putson paper. I still maintain that 
the cylindrical boilers, in the report of the trial referred 
to, were forced pretty stiffly to have burnt the quantity 
of coal that they are credited with, and accepting the 
view put forward by ‘“‘ Britannicus,” that the Belle- 
ville boilers are, practically speaking, all firegrate, 
and that it is possible to burn as much as 40 lb. of 
coal per square foot, all I wonder at is, why those boilers 
supplied to the Sharpshooter should have had such 
large surfaces, and not been reduced so as to lessen the 
weight all that it was possible to do, and thus not have 
incurred the now so frequently quoted remark from Mr. 
Durston’s paper, ‘‘ that there was no reduction in weight 
per indicated horse-power.” 

‘* Britannicus ” thinks that I, among others, am hard to 
please. If he will kindly read all my letters published in 
your columns, he will find that all I ask for is, that 
whatever trials take place, there should be exactly 
similar circumstances and conditions, and no one can say 
that this was so in the report that we have by Mr. 
Sampson, where one boiler is burning 18 lb., and the 
other 28 lb., of coal per square foot of firegrate. 

Yours, &c., 
CONSULTING ENGINEER. 

London, E.C., February 4, 1895. 


To THE EpiToR oF ENGINEERING. 

Srr,—Once more I must beg your kind indulgence in 
being allowed a few remarks in answer to the letter of 
‘* Britannicus,” published in your valuable journal of the 
18th ultimo. 

My question was to know if the Belleville boiler, 
although being a good boiler while worked at a low rate 
of combustion, would still give a good production of 
steam when worked more actively, as is required in war 
vessels, owing to the limited weight allowed. 

This question is, I think, answered by ‘‘ Britannicus ” 
himself, when he states that in the Brennus, at the rate 
of combustion of 224 lb. per square foot of grate, they 
had 9 lb. of steam per pound of coal, whilst with a some- 
what higher combustion of about 284 lb., they decline to 
7.82 lb. of steam per pound of coal. 

What result would they have at the rate of 35 lb. ? 

But *‘ Britannicus” says: ‘‘ With the Belleville boiler 
I am able to have a larger grate surface than in any other 
kind of boiler, so that in the Belleville there is no necessity 
to force the combustion.” 

Now this is very easy to say, but, I think, very diffi- 
cult to prove. y knowledge of the Belleville boiler, 
used both for trade and naval purposes, leads me to believe 
that a ratio of nearly ,', between grate and heating sur- 
face is generally adopted. 

I may mention the boilers of the Australien and Poly- 
nesien, having 20,000 square feet of heating surface, with 
623 of grate surface, giving a ratio of ,',; those of the 
North-West with 26,000 square feet of heating surface, 
with 812 of grate, giving a ratio of ;\,. 

The largest grate surface adopted, in my knowledge, 
in Belleville boilers, is that of the Sharpshooter, where 
the heating surface is 7695 square feet, with 269 square feet 
of grate surface, with a resulting ratio of 3. 

3ut these boilers are heavier than the old locomotive 
boilers, and do not give any increase in steam production, 
and this, of course, owing to their unsuitability to work 
under forced draught. 

Very nearly the same ratio as in the Sharpshooter has 
been adopted by Mr. Sampson in his experimental boilers, 
a and I think it is very difficult to say that in 
naval boilers of the Belleville type, larger grate will be 
allowed. 

Now, considering that the ratio =; is often used in 
cylindrical boilers—see Blake, Blenheim, and others—I do 
not see how “‘ Britannicus” can claim a priority for the 
Belleville boiler, as having a larger grate surface than any 
other boiler. 

In the Lagrafel-d’Allest the ratio of ;s is generally 
used, and this boiler, not less than the Belleville, could 
have a large grate surface, if required, but this, of course, 
always necessitates an increase of the horizontal dimen- 
sions in spite of vertical ones, and also an increase in the 
weight, which cannot always be obtained in a battleship. 

Now to another point, viz.: ‘* Britannicus” says, with 
regard to the Lagrafel-d’Allest boiler, there is not a single 
vessel, either of the battleship or cruiser class, actually 
in service in the French Navy, furnished with these 
boilers, and, therefore, he concludes the same are to a 
great extent experimental. ; 

In reply, I beg to state: Since 1871 the Lagrafel boiler 
has been, and is still, used on board of many trade 
steamers, viz., L’Istre, belonging to the Company de 
Fraissinet, whose boilers are still in service, also the 
Blidah, Medeah, Paoli, Cabile, Spahis, Colon, Caid, and 
the Liban, the latter with Lagrafel boilers, modified by 
Mr. d’Allest, which steamer, since 1890, has plied between 
France and the Congo. 

There are also in the French Navy the Bombe, Ste. 
Barbe, and D’Iberville, commissioned since 1891-1893. 
The latter arrived first in the recent speed trials of the 
French fleet between Cape Corse and Iles d’Hyéres, 

Also the armoured ship Jemmapes, with Lagrafel et 
d’Allest boilers, recently completed successfully her 
official trials, giving 9250 indicated horse-power with a very 
slight forced draught, and I think this is the maximum 
power obtained up to date in any mercantile or war vessel 
with tubulous boilers. 


viz., 


IT remain, yours truly, 
ITALICUS. 








CAPITAL AND LABOUR. 
To THE Eprror oF ENGINEERING. 

Smr,—In the last letter of mine which you published in 
your columns, I exposed the absurd analogies which 
“BF. G. W.” put forward to give point to his opinions on 
the above subject. 

In his last letter {in your issue of January 11) one- 
third is verbiage. I will pass all that by, and take his 
first practical statement, ‘‘Take our Post Office, a good 
example of a centralised business which has never col- 
lapsed, although the ‘one man’ is being constantly 
changed.” ‘KF. G. W.” fails to realise that: 

1. The Post Office is an absolute monopoly with which 
it is impossible to compete. 

2. That the whole nation is its customer, and it regu- 
lates its own income and its own expenditure. 

3. That it is immaterial who is at its head. 

4, That no other business or profession that exists in 
the kingdom could be carried on under like conditions. 

Therefore there is no analogy whatever between the 
working of the Post Office and any other trade. The 
Post Office employés from top to bottom live on, and the 
profits from its working are derived from, the postal 
charges on the concerns which individual energy and 
responsibility have built up and are building in this and 
other countries. 

Postal charges are a necessary charge—properly regu- 
lated—on commerce and correspondence. They are a 
tax. But the salaries to its staff and the profits are no 
proof, or even ground for argument, that the Post Office 
is well managed. Its economical working is open to the 
severest criticism. 

“¥F, G. W.” then turns to the American Oil Trust, of 
which he has only the most superficial knowledge. 
know several of the Oil Trust proprietors and managers, 
and I may tell him that it is not managed or carried on 
for ‘fone man,” as he says it is; it is owned by a great 
number of men who have centralised and combined the 
properties that they have bought, and on which enormous 
sums of money have been sunk by many of them. The 
centralisation and individual management have produced 
two things : 

1. A great saving in the management. 

2. An enhancement of prices. 

By consequence, higher wages to the workers (this is a 
fact), greater profits to the owners. Nowif “F. G. W.’s” 
scheme had been in force when oil was first found, the 
great bulk of the oil now being used could not have been 
found, and the number of workers now employed could 
not have had work found for them. 

““F. G. W.” alludes to the railways. Again his want 
of knowledge and reflection show themselves. 

In France, in Russia, in our colonies, wherever State- 
managed railways exist : 

1. There is more waste. 

2. There are smaller profits. 

3. There is greater cost incurred in the management. 

4, There is more corruption. : 

5. The workers get no more pay. 

“FF, G. W.” next says that trade unions ‘‘ show that 
working men can organise men and money for definite 
purposes.” This I deny emphatically. Trade unions 
collect money—a tax—from working men and pay secre- 
taries, managers, and so on, but such organisations 
are not trading or business organisations. They do not 
buy, or sell, or make ; they make no profits ; they simply 
tax the members and spend the proceeds. The nation 
collectively, or any individual in it, is no richer or poorer 
through its proceedings from a producing point of view. 
Trade unions are good, and have done good to working 
men, but there is no point in their existence or working 
which serves to support ‘‘ F. G. W.’s” theories. 

**F. G. W.” next tries to bring me into his arguments 
(or rather assertions, for al] true arguments are based on 
facts, and these he ignores) by entirely misquoting me. 
He says, ‘‘‘T.’ speaks as though organisation was a 
special gift of Providence to capitalists.” I said nothing 
of the kind, but exactly the reverse. It is well known to 
every one, and I have been at some trouble to reiterate, 
that (and here I will borrow ‘“‘F. G. W.’s” own words) 
“this country is crowded with examples of great busi- 
nesses founded by working men.” 

I will give a few: Tangyes of Birmingham, Fair- 
bairns of Leeds, Fairbairns of Manchester, most of the 
huge cotton mills in Lancashire, Maudslays of London, 
and thousands of others. But all these great enter- 
prises have been the work of one man, and are the suc- 
cess of the principle of individual energy and never- 
ceasing anxiety and work, 

The ‘‘one man” of energy will rise, and whether a 
millowner, an engineer, a professional man, a soldier, or 
a sailor, it has been always, and it always will be, through 
unceasing and most anxious work, and tact, and per- 
severance, 

T return to the Post Office and State-governed railways. 

With these latter there can hardly be any, and practi- 
cally no, competition ; there can be none with the former ; 
but with the supply of flour, bread, butter, eggs, meat, 
fuel, light, clothing, cattle, horses, machinery, and so on, 
there always must be competition, and unless you can 
stop all competition, individual energy will supply more 
perfectly and more economically any want that the people 
may have. This individualism and its success is not the 
property of the plutocrat, thank God reverently and 
solemnly for it. If it were so, it would have been im- 
possible for the thousands of working men during this 
last 30 years (I keep to my own experiences) to have risen 
to wealth, honours, and titles as they have done. 

But “F. G. .’ may say that if each trade is 
nationalised the competition will cease. That is not so, 
for there is no one of the articles that ““F. G. W.” or I 
require that we cannot get from abroad, and if any one of 





the trades I have named were nationalised, the cost of 
production would be so increased that the production in 
this country must lessen, and the money spent in this 
country be lessened, and the money taken out of this 
country increased, and so the whole nation would become 
poorer and poorer. But there is another point to be re- 
membered. The capital in the country is wanted to 
carry on trade, whether in the country, in villages, or in 
towns and cities, and if you attempt to nationalise any 
one trade, the men who own the money, whether a few 
hundreds or in thousands, would transfer it to other 
countries, and enter into competition with the producers 
in this country. 

I quoted the great cotton industries of Oldham, built 
up by individuals (working men—not mere labourers, but 
poor working men). But “ F. G. W.” ignores this, and, 
further, he wilfully ignores the fact that the huge co- 
operative mills now in Oldham are in a miserable state 
of depression, and many of ruin. Individual exertions 
succeed, co-operative irresponsibility fails. 

I use the expression working men—I cannot help 
myself. ButI wish to emphasise that the real worker, 
who masters every detail of his work, and uses his brains 
as well as his hands, must rise above the level of those 
who, on the one hand, are content to be mere labourers 
for, say, eight hours per day, or, on the other hand, those 
who merely read and do not take the trouble to seriously 
master facts and details. 

Capital is a most sensitive article. It cannot be located 
by Act of Parliament, and “ F. G. W.” loses sight of the 
fact that the ‘‘one man,” the individual who achieves 
success, is the real master worker—who may be poor, and 
generally is—who is backed up by some one, it may be by 
one or more men of capital; it may be by a nation en- 


[| trusting him with soldiers and sailors; it may be as an 


organiser of thousands of men in civil engineering ; or it 
may be as a diplomatist. One point more. 

“FF. G. W.” recurs to patents, and says ‘‘an inventor 
would submit his invention to the particular trade society 
affected,” &c. Really it is hard toconceive how any sane 
man can write such nonsense. 

I speak from years of hard work and experience, and 
I am well within the limits of fact when I say that most 
patented inventions are worthless; the records of the 
Patent Office alone prove this. But nearly every good 
invention can only be perfected by a lengthened period 
of trials and tests, and when perfected it has to prove 
itself better than existing methods, All this means risk 
—risk of time, of energy, and of money; and it is not 
possible for any man or body of men to decide on the 
merits of an invention (with very few and small excep- 
tions) till these conditions have been worked through. 

It is clear that the world has benefited enormously by 
inventions, and it is equally clear that individualism 
alone has been the cause of their success. The inventor, 
with his own or borrowed capital, must be, and can only 
be, the pioneer to work out an original thought. If un- 
successful, the inventor and the capitalist suffer, as they 
most frequently do; but if successful, they are entitled 
for a term of years—not for ever—either to the profits 
which an economical invention saves, or those derived 
from the higher price of a superior article. 

T 





To THE EpitoR OF ENGINEERING. 

Srr,—Your correspondent ‘“I*, G. W. ” has not yeb 
answered the questions I put to him with regard to the 
character of the 3300 London dock labourers who, he 
said, on an average did not earn more than 8s. per week. 
He has not told your readers how many of the 3300 were 
too lazy to work for more than 8s. per week. Nor has he 
said how many of the 3300 were so drunken that they only 
were employed when sober men were not to be had. 
Neither has he said how many of the 3300, although they 
applied for the job, were physically fit to do the work re- 
quired to be done by a dock labourer. Instead of answer- 
ing these questions, ‘ F'. G. W.” refers me to Mr. Charles 
Booth’s address on dock labour. I am doubtful if it con- 
tains the information I asked for. Ihave, however, the 
opinion, on this subject, of a much higher authority than 
Mr. C. B., at least one in whom I have more faith, and 
he says: ‘‘The sluggard will not plow by reason of the 
cold ; therefore shall he beg in harvest and have nothing. 
The desire of the slothful killeth him ; for his hands refuse 
to labour. I went into the field of the slothful, and, lo, 
it was all grown over with thorns, and weeds covered the 
face thereof. The drunkard and the glutton shall come 
to poverty.” This is Solomon’s description of the lazy, 
the drunken, and the improvidest, and this picture is as 
true to life to-day as it was thousands of years ago. Will 
“i. G. W.” please inform your readers what he intends 
doing with this lazy, drunken, careless class when he starts 
his proposed model bakeries, &c., which are to take the 
place of those at present carried on by individual enter- 
prise? The cause of 90 per cent. cf distress, poverty, and 
crime in the United Kingdom is the drunkenness, laziness, 
and thriftlessness of the people who suffer, and bring suf- 
fering upon those who are depending uponthem. And so 
long as this state of matters exists, all the fads of faddists 
like ‘‘F. G. W.” will never mend matters. I know that 
this statement is not popular, nevertheless it is the truth. 

Glasgow. J. M. 





Tur Wortp’s GoLp.—The latest report of the director 
of the United States Mint estimates the world’s gold pro- 
duction in 1894 at 34,000,000/. This estimate, however, 
is @ very moderate one, and Mr. Preston is of opinion 


that the figures are likely to come out considerably larger 
when the final official returns are issued. The total pro- 
duction of gold throughout the world in 1893 was 
31,400,000/, 
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INDUSTRIAL NOTES. 


Tue first Parliamentary fight of the session 
centred around the question of the unemployed, 
but it was diverted into a mere party fight 
over cognate questions of ‘‘ depression in trade,” 
especially agriculture. In so far as the discussion 
in the House was concerned, it added but little 
to our knowledge of the state of affairs, and still less 
to any practical means of dealing with the unemployed 
problem. The member for West Ham tried to raise 
the question in a simple form, there being nothing 
in his motion except regret at no mention of the 
matter in the Queen’s Speech. Many felt this to 
be totally inadequate. But even in this form it was 
not to be raised. The exigencies of party led to a 
change of front in the midst of the debate, and the 
question of the unemployed was tacked on to a general 
amendment dealing primarily with agriculture, inci- 
dentally with the cotton industries, and lastly with a 
general reference to the unemployed question. The 
amendment was diffusive enough; the discussion was 
more diffusive still. The changed attitude of the 
Government was due entirely to a group of London 
Liberal members who had formulated a plan, in so 
far as the metropolis was concerned. Theirs, indeed, 
was the only thought-out plan, and it so im- 
pressed the Government that they assented to the 
appointment of a Committee to deal with the ques- 
tion, and suggest proposals or remedies. It is agreed 
on all hands that the position of London is peculiar. 
It is made up of a congeries of poor law unions, 
none of which are able effectively to deal with the 
matter as isolated unions. They can only deal with the 
problem in concert, and to deal with it in concert they 
must be able to make the cost a common charge over 
the metropolis. It is doubtful whether this can be done 
without legislation; but if by a Local Government 
Provisional Order it can be initiated, there will be 
some chance of relieving the congested districts at an 
early date, while the distress is most acute. Further 
remedies can be proposed later on of amore permanent 
character, if they can be found, 

Allthe great provincial towns, corporate and other- 
wise, are able to deal with their unemployed as a 
whole. London, under existing circumstances, can 
only deal with them in detachments, each locality by 
its own poor-law union. But some of the wealthier 
parishes will doubtless resent any extension of the 
common poor fund, which at present is restricted to 
indoor relief. Nevertheless, the London Liberal 
members insisted upon this as part of the plan of relief 
for the metropolis. One of the members for West 
Ham supported the Government, while the other, in 
view of the concession, abstained from voting. 





A very curious circumstance has come to light 
relating to West Ham. Some time ago an offer was 
made by Mr. Hill, of the Thames Iron Works Com- 
pany, to give 1000/. towards relief works, another 
500/. being also promised. This the West Ham Coun- 
cil at first accepted with thanks, but afterwards 
declined, at the instance of the local labour council, 
because of certain conditions. The latter body de- 
manded the trade-union rate of wages and hours of 
labour for all such workmen employed, which was 
not part of the original plan. Some days ago, 
before the debate came on in the House, a great 
meeting in West Ham demanded from the Govern- 
ment a subvention of 20/. per 1000 workers for relief 
work purposes. This would mean about 860/. as a 
total, or not very much more than one-half the original 
offer of Mr. Hill and his co-workers in the scheme of 
local relief. The refusal in the one case, and the 
solicitation of a subvention in the other, is a very 
curious instance of varying moods over this much- 
debated question. The fact is that those who de- 
mand that relief for exceptional distress shall take the 
form of trade union wages and hours of work, are 
utterly without knowledge and sense. 





There has been a great improvement in the condi- 
tion of the engineering trades in so far as employment 
is concerned, though it is only partially due to improve- 
ment in trade actually. The Amalgamated Society is 
able to report a total of 1095 fewer on the books than 
last month, but it is admitted that a large proportion 
of this reduction in the number o! unemployed is due 
to the resumption of work after the holidays were 
fully over, and the suspensions for stocktaking had 
ceased, But even after all allowances in these respects, 
the improvement in trade itself affects advantageously 
some 200 or more members. Adding these to the 
gradual reductions in the number out of work towards 
the close of last year, the tide seems to have turned 
favourably for trade. These facts give a tone of hope- 
fulness to which the members have been strangers for 
some time past, as the prospects are better ; still, the 
number on the funds for the three chief benefits is 
large. Out of 76,163 members, 5629 were on donation 
benefit, 2159 on sick benefit, and 2551 on supperanua- 
tion allowance, or a total of 10,339 on benefit, costing 


Though there are no serious disputes existing in con- 
nection with the union, some minor disputes seem to 
be pending in no fewer than 39 or 40 places, so that 
members travelling in search of employment are re- 

uired to report themselves to the local branch officers, 

he condition of trade in the Australasian colonies ap- 
pears to be very gradually improving, but the decrease 
of members on the funds is only very slight as yet. 
The American-Canadian council are also able to re- 
port a slight improvement, with a decrease of members 
on donation benefit. There is, and has been for some 
time past, a certain amount of friction between the 
Shipwrights’ Union and the Amalgamated Society of 
Engineers over the class of work done by the former in 
the Royal Dockyards, and the feeling of antagonism 
has rather developed of late. This was evident at the 
deputation to Mr. John Morley at Newcastle. The 
demand is for a thorough investigation of the claims 
of both bodies, according to the special work of each. 
It now appears that both are ready for some such 
investigation, the only question being the constitution 
of the committee. 


The report of the Ironfounders for the current 
month indicates some slight improvement in this 
branch of trade. The improvement is, first of all, 
manifest in the decrease of 151 on donation benefit, 
but it is even more encouraging when we analyse the 
returns giving the details of the state of trade where- 
ever the society has branches. The returns show 
that in 41 places, employing 4413 members, the state 
of trade varied from good to slack, as against 35 
places, employing 3505 members, last month. On the 
other hand, in 83 places, employing 10,756 members, 
trade was from very dull to very bad, as against 87 
places, employing 11,690 men, last month. These 
figures show a turn of the tide favourable to this 
industry in six centres, to the advantage of 908 work- 
men, and less depression in four places, to the advan- 
tage of 934 men. The difference may not be very 
great, but it is on the right side. The total number 
on the funds this month was 3145, last month 3345, 
showing a decrease on the funds of 200. There was 
an increase of four on the sick list, but otherwise 
there was a decrease under every head of expenditure 
for benefits. Of the total, only three were on dispute 
benefit in the entire society. The weekly expenditure 
for benefits was 1027/. 14s, 4d., or a trifle over 
ls.4}d. per member per week. The total balance in 
hand was 17,666/. 12s. 3d., showing for the first time 
for a long period an increase in the funds. The 
society feels compelled to levy all members to the 
amount of 2s. for the accident fund, which has become 
indebted to the general fund to the extent of 
781l. 16s.; but the former levy for extended dispute 
pay has ceased. The London branches have resolved 
to take part in the Eight-Hours demonstration in 
May next, There is some little friction in the metro- 
politan district over the question of an extra 2s. 
above the minimum wage on certain kinds of work, 
and steps are being taken to uphold that custom in all 
cases, The proposal to hold a delegate meeting to 
revise the rules has been lost by a majority of 2391, 
out of a tolerably strong vote. 





The Ironmoulders of Scotland have completed their 
returns for last year already, and have sent to the 
Registrar of Friendly Societies a general statement as 
provided by the Trade Union Acts 1871 and 1876. 
This is most commendable promptitude, and worthy of 
imitation, The general results of the year’s working 
have already appeared in ‘‘ Industrial Notes.” The 
state of trade in the Scotch districts is still far from 
good, Out of a total of 6396 members, 887 were idle 
and on benefit, and 406 idle but not on benefit, so 
that more than one-fourth were, more or less, on the 
unemployed list. As a matter of fact, only about two- 
thirds of the members were actually working at 
the trade in the month, so that Scotland is rather 
severely pressed at the present time in this particular 
branch of industry. 


The report of the Associated Blacksmiths is not 
quite so depressing in its facts and figures as that of the 
ronmoulders, but it has still to tell the tale of a large 
number of unemployed. Out of 2391 members, 267 
were on idle benefit, in addition to 27 on superannua- 
tion allowance, and 115 on the sick list. There was a 
decrease of 23 signing the vacant book, but otherwise 
the situation is not much changed. Out of 44 places 
reported upon, the state of trade was only good in 
four, and those not the largest. In some places it was 
fair, and others moderate, and in one improving, but 
generally trade was from dull to very bad. This union 
has resolved by a large majority to be represented 
at the Trades Congress by two rw fl tes, and has also 
decided to be represented on the deputation to 
Ministers as regards the legislation of the session. 
The report states that the prospects of trade are im- 
— , a large number of orders for shipping having 

n placed. But freights are too low to warrant any 
great rush at present. The dispute at Montrose was 


branch, as they saw no chance of bringing the dispute 
to a successful termination at present. The Dundee 
branch have added a bye-law as regards overtime. At 
Paisley there was a question of the work of angle. 
smiths, as touching another society. It seems that an 
attempt to fix some line of demarcation between the 
two societies failed, so that the branch may probably 
deal with it. 





At last there appear to be some real signs of im- 
provement in the condition of the engineering trades 
of Lancashire. The effective improvement may not 
be great as yet, but the indications are all in the right 
direction. The improvement so far manifest is scarcely 
sufficient to make itself generally felt, but in some 
departments new work is coming forward more freely, 
and in increasing quantities, so that the prospects of 
reviving industry are far more favourable than they 
have been far some time past. To this extent the 
situation is more satisfactory, and a more hopeful tone 
prevades the engineering industries of the several dis- 
tricts. It is, perhaps, exceptional where establish- 
ments have more than a moderate amount of work ; 
very few have sufficient orders to carry them over a 
long period; but the work gradually coming to hand 
keeps the works going, even if rather quietly in some 
instances. Machine tool makers are securing a fair 
amount of work, and machinists are tolerably well 
supplied with orders on foreign account, whilst railwa 
carriage builders have a considerable weight of wor 
on hand, both for home customers and abroad. Loco- 
motive builders are, however, quiet, without any ap- 
preciable improvement, and boilermakers are dull. 
Comparatively few of the branches of the Amalgamated 
Society of Engineers report trade to be even mode- 
rately good in the numerous Lancashire centres, while 
a large proportion represent it as bad. But the 
members will se feel the effects of the turning 
tide, as the orders are sufficiently advanced to be ready 
for commencing operations in the workshops. 





In the Wolverhampton district the iron trade js in a 
rather sluggish condition. The hopes of a week or two 
ago have not been realised by the larger consumption 
of iron, Probably some of this is due to the severity 
of the weather, which has checked nearly all outdoor 
operations, especially in the building trades, and in 
other industries also. A little more business is being 
done in the better qualities of finished iron, but orders 
are mostly confined to immediate requirements. The 
general constructive works of the district have been 
but indifferently employed during the severe weather, 
but this interference is mostly of a temporary cha- 
racter. Although the district is not quite so flourish- 
ing as it was some time ago, it is thought that there 
will be a speedy recovery at no distant date. 

In the Birmingham district the weather has greatly 
interfered with business in many of the industries, 
there being difficulties in the delivery of fuel and 
other material at the works, the canals being icebound 
and the roads in a bad state. Moreover, there has 
been a restriction of output in several instances, as 
manufacturers are not satisfied with the present run 
of prices for material or goods. The engineering trades 
are mostly moderately employed, but there are many 
still out of work, upwards of 50 in the engineering 
branches belonging to the Amalgamated Society alone. 
Nevertheless the prospects are not regarded as bad, 
all things considered, and the tone is hopeful gene- 
rally. 


The dispute between the London Building Trades 
Federation and Messrs, Trollope and Sons has developed 
a new phase, and it is one of no little difficulty to the 
trade unions of the country. The Building Trades 
Federation published a list of men who had gone in 
to work where the strike existed, which list was 
headed ‘‘Trollope’s Black List.” Messrs. Trollope 
thereupon applied to the High Court for an injunction 
torestrain the defendants from publishing such notice 
or list. The strike began in October, 1894, and was 
originally against two foremen, the men demanding 
their dismissal, which Messrs. Trollope refused. The 
strike continued till the middle of last month, when 
the men asked to be reinstated. Their places had, 
however, been filled up, and consequently there 
was no longer any room for them. The black 
list in question gave the names of those who had 
one in during the strike. The case came on in the 
hancery Division of the High Court, when Mr. Justice 
Kekewich, in giving judgment, said that not only was 
the list intended Ra t the members of the federa- 
tion, but to injure the workmen named in such list. The 
latter intention or object was actionable. It was, 
therefore, a case in which the Court could and ought 
to interfere, and exercise jurisdiction. The Court 
granted the injunction asked for, as it was not right 
that the men should be subjected to eg d pending 
the trial which is to take place, in which the federa- 
tion is being sued by the men whose names are men- 
tioned in the list. A similar case came before the 
Court of Queen’s Rench on November 1, 1894, but it 
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was abandoned upon the defendant giving an under- 


In such trials there has been one important observation 


taking not to persist in the course of action com- | which has hitherto been difficult, and which bas been 
plained of. The pending action is upon all-fours with made by methods of doubtful trustworthiness. The dry- 


the case of Tempertin versus Russell, tried at York, 
and retried by the Court of Appeal in April, 1893, 
when damages were given against the defendants. 
These actions will completely change the position of 
trade union officials under the law, and render their 
position delicate and difficult, as they may be cast in 
heavy damages by civil action where no criminal 
jurisdiction can apply. It is noteworthy that no such 





ness of the steam is a quantity which, in either a boiler 
trial or an engine trial, it is important to determine. If 
a boiler produces wet steam, it is credited with greater 
evaporative efficiency than it deserves, if the amount of 
unevaporated water is not ascertained. If an engine is 


| supplied with wet steam, its thermal efficiency will 


be diminished, and it will be undeservedly discredited 
uuless the quality of the steam is known. It has long 
b en understood that it is desirable in both boiler trials 


action was taken for over 20 years, from 1871, when | and engine trials to determine the quality of the steam ; 


the Trade Union Act was passed, till 1893. 





” 


Apart, however, from the Bills of ‘‘ private members, 
as they are called, the Government programme contains 
a promise of many measures affecting labour. The 
Factory Bill is to be an adequate one, that is the promise. 
Bills for the settlement of labour disputes by concilia- 
tion and arbitration are promised by private members, 
but no notice on this subject has been given by the 
Government. The chances of non-official members 
carrying Bills this session appear to be very slight. 
Most of the Bills will be relegated to the position of 
having to be moved after midnight, and, therefore, 
unless absolutely non-contentious, they will have no 
chance whatever, and even if they are non-conten- 
tious, any one member can block them effectually. 
Notices of motion will be almost equally badly placed, 
for when Supply is set up, there will be very little 
time, and the probability is that there will be early 
sittings, in which case members will have to make a 
House at nine o’clock, which will only be done in very 
important cases, The session is not, therefore, likely 
to be fruitful as regards private members’ Bills. 





The increase of unemployed in the building trade is 
always certain at this time of year, and just now the 
exceptionally severe weather has put a stop to most 
building operations out of doors. It was, therefore, to 
be expected that the list of out-of-work members 
would be great. In the Carpenters and Joiners, out of 
nearly 40,000 members, the exact number being 39,966, 
there were 3846 on donation benefit. But the total is 
not alarming, all things considered. Some of the 
branches are complaining because the general secre- 
tary has been elected as a poor-law guardian for Man- 
chester, and yet the members are clamouring for 
labour representation. This is scarcely consistent, as 
the executive point out to the branches. One branch 
actually complains of his having been made a 
justice of the peace! Some of the branches propose a 
general levy in the event of a dispute with the master 
builders of London over the 1892 agreement. 





The coal-mining districts have not been altogether 
.ree from disputes, but they are less frequent than they 
were. The dispute at Lofthouse Colliery, near Leeds, 
involving 600 persons, has been referred to the joint 
board of employers and men. About 1000 miners 
struck work at the Allerton Colleries, near Castle- 
ford, respecting ‘‘tonning prices;” the owners 
threaten to close the pits unless the men resume work. 
In Lanarkshire between 200 and 300 men struck work 
over the ‘‘ dirt question.” The men allege that the 
deductions are in violation of the Truck Acts, The 
matter has been submitted to the Procurator Fiscal for 
his opinion upon the matter. 


Further reductions in the wages of the tinplate 
workers of South Wales have been agreed to, in the 
hopes that operations may be cutnndl, and the works 
kept open to the men. The trade manifests no im- 
provement up to the present time, the whole of the 
districts affected being in a state of distress. The in- 
dustry has not been in sucha bad condition for years 
past, and the signs of recovery are not very reassuring. 





THE DETERMINATION OF THE DRYNESS 
OF STEAM.* 
By Professor W. CAWTHORNE Unwin, F.R.S. 


Every engineer who has to do with the manufacture 
or use of steam machinery will know that a large amount 
of experimental research has been carried out during the 
last 10 or 15 years, on the action of steam in the engine, 
and on the causes of waste of energy in the production 
and application of steam power. The testing of boilers 
and engines with a view to determine their comparative 
economy has come to be a matter of considerable practical 
and commercial importance. Not only are boilers and 
engines contracted for under stringent guarantees as to 
the amount of coal and steam they will use, but the 
results of trials are published in a kind of open competi- 
tion; and there is a tendency to record-breaking in 
engine tests, as well as in trials of a more sporting kind. 
For commercial reasons, therefore, as well as for scientific 
reasons, 1t is important that the observations taken in an 
— or boiler trial should be complete and accurate, 
and that the instruments used should be of the most satis- 
factory and trustworthy character. 





* Paper read before the Institution of Mechanical 
Engineers, 








| but the methods for measuring the amount of moisture in 


steam were troublesome to carry out, and when used they 
gave results which were more or less discordant and 
doubtful. It occurred to the author to suggest at the 
a meeting of the British Association that a com- 
mittee should be constituted to examine the various 
methods of determining the dryness of steam. A com- 
mittee was formed with Sir Frederick Bramwell, Bart., as 
chairman; and a report was presented at last year’s Oxford 
meeting. The present paper contains some account of 
the methods described in that report, and of the conclu- 
sions arrived at in trials of different methods, 

The earliest attempts to determine the amount of mois- 
ture in steam, of which records have been found, were 
made during some boiler trials carried out by a committee 
of the Société Industrielle of Mulhouse in 1859. This 
committee tried three different methouds—a method of 
separation, a condensing method suggested by Hirn, and 
achemical method. In these early trials the condensing 
method only, in which the total heat of a sample of the 
steam was measured, appeared to give satisfactory results. 
But although the committee did not place full reliance 
on any of their methods, these have all been used by 
various experimenters down to the present time. 

Origin of the Water Suspended or Entrained in Steam. 
—The water found in a sample of steam may have come 
there in one of three ways. 

1. Water projected into the steam space during ebulli- 
tion may be carried forward in the current of steam. The 
extent to which wetness is thus produced depends on the 
activity of the ebullition, the area of the water surface, 
the volume of the steam space, the position of the steam 
valve, the density of the steam, and, probably more than 
anything else, on the quality of the water and its liability 
to produce foam. Mr. Thornycroft has made some in- 
structive observations on the priming produced when 
water foams. He constructed a boiler with glass ends, 
through which the process of boiling could be seen. As 
the result of observations on this boiler he states* that 
waters which cause priming produce foam on boiling. 
Water which is very produces bubbles so durable as 
to remain a considerable time without breaking ; and by 
them the steam space of a boiler may be entirely filled. 
So soon as this takes place, instead of simply steam 
leaving the boiler, the discharge consists of foam, which 
becomes broken up in its rapid passage —- the steam 

ipe. With pure water, steam retains no film of liquid 
ong enough to be seen. 

2. Water may be produced in steam from the ex- 
pansions to which it is subjected. Fluctuations of pres- 
sure arise from the intermittent demand for steam, and 
from the steam passing from places of higher to places of 
lower pressure. But it is difficult to believe that any 
great amount of wetness arises in this way in ordinary 
cases, 

3. The steam in the steam space of the boiler, and 
when flowing through the steam pipes, loses heat by 
radiation from the boiler rvof and the surfaces of the 
pipes; and there is consequently a condensation of part 
of the steam. Probably in some cases considerable wet- 
ness is produced in this way. In the case of any indi- 
vidual steam plant, the absolute amount of muisture 
produced by radiation in a given time will be constant, 
and independent of the demand for steam. The wetness 
of the steam, therefore, so far as it is due to this cause, 
will increase as the demand for steam diminishes, 


Mertuops oF DETERMINING THE WETNESS OF STEAM. 

1. Weighing Method. —The density of saturated or very 
approximately saturated steam, of the — of that in 
Regnault’s total-heat experiments, can directly deter- 
mined on thermodynamic principles, and the result is 
confirmed by Fairbairn’s a Hence, if a known 
volume of steam is weighed, any excess of weight above 
that of a corresponding volume of dry saturated steam 
must be due to the water present. A method of direct 
weighing has been pro | by Guzzi (Revue Industrielle, 
1878, page 102), and om ht (Journal of the Franklin 
Institute, 1877, page 358). The method is obviously one 
of excessive difficulty. , 

2. Separating Method.—Ib is common to separate in a 
steam separator a great part of the water entrained in 
steam. In ordinary steam separators, however, the 
volume passing through is very large compared with the 
capacity of the separator, and the action is no doubt 
imperfect. In a separator dealing with only a small 
fraction of the steam, more perfect separation might be 
expected. Mr. G. A. Barrus, using a small separator in 
connection with a superheating calorimeter, noticed that 
nearly all the entrained water was trapped, and that the 
steam ing into the superbeating vessel was near! 
dry. ore recently, Professor Carpenter, of Cornell 
University, has introduced a form of ——— calori- 
meter of small size, which appears to give highly con- 
sistent and trustworthy results, and can be me 4 with 
great facility. It consists of a vessel A, Fig. 1, about 
12 in. high by 5 in. in diameter, consisting of an inner 








*« Circulation in the Thornycroft Water-Tube Boiler.” 
Transactions of the Institution of Naval Architects, 1894, 








chamber and a jacket. The steam from the steam pipe 
S passes first into the inner chamber, where the moisture 
is separated, and then into the outer chamber. The 
separating chamber is therefore perfectly protected from 
radiation. As the water accumulates in the inner 
chamber its level is shown by a gauge glassG, and the 
amount in hundredths of a pound can be read off on a scale. 
A very small orifice at the bottom of the outer chamber 
regulates the amount of steam discharged. The escaping 
steam passes through a flexible tube to a simple form of 
condenser C. The increase of weight in any given time 
in the condenser is noted, and the amount accumulated 
in the same time in the separator. If xis the dryness 


























fraction of the steam, w the weight of water caught in 
the separator, and W the weight of steam conden then 
x= W-—-(W + w). There is a gauge glass and scale 
on the condenser, graduated to pounds and tenths at 
a temperature of 110 deg. Fahr. But as the variation of 
volume in the condenser with temperature affects the read- 
ings considerably, it is best to place the condenser on a 
platform weighing machine. Professor Carpenter states 
that the dryness of the steam after pues the separator 
was tested in the laboratories at Sibley College by several 
observers, and with steam carrying from a cent. to 
60 per cent. of moisture. In every case the separation of 
the water from the steam was — and perfect. 
Other tests have been made with moderately dry steam, 
using the throttling and separating calorimeters simul- 
taneously, and the results were practically identical. 
The instrument is very simple to use, and requires no 
pressure gauge or thermometers. 

3. Condensing Method.—Suppose a known weight of the 
steam to be condensed, and its total heat to deter- 
mined by the rise of temperature of the condensing water. 
By comparing the total heat per pound of a sample of 
steam with that of a _— of dry saturated steam accord- 
ing to Regnault’s tables, the amount of moisture in the 
steam can be determined. This method was first sug- 
gested by Hirn, and the apparatus which he designed for 
use in the Mulhouse Boiler Trials of 1859 is, perhaps, the 
most convenient form of apparatus for determinations by 
this method. Ib consists of an iron vessel C, Fig. 2, 
about 1 ft. in diameter, furnished with a loose cover ; this 
forms the condenser. A small pipe and cock in the steam 
pipe deliver steam through a small orifice near the steam 
pipe into the pipe 8S, through which it passes into the 
condensing water. An agitatorG anda sensitive thermo- 
meter I are provided in the condenser. For weighing 
the amount of steam condensed, the whole condenser is 
suspended from a hydrostat H, which permits extremely 
accurate determination of any change of weight. The 
hydrostat is balanced by weights till the pointer P is at 
a fixed mark before and after condensing the steam. 

Let « be the dryness fraction of the steam, w the in- 
crease of weight of the condenser during the test. Then 
the condenser has received xw lb. of dry steam, and 
(1—«) w lb. of water at the steam temperature. Let W 
be the weight of water initially in the condenser, plus 
the equivalent of the condenser itself reckoned as water. 
Let ¢ be the temperature of the steam, and 7 and f the 
initial and final temperatures of the condenser water. 
Then using the ordinary approximate equations, 


x w (1116 — 0.71 t) + w(t-f) = W(f—i); 
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Wif-i-—w (t —f) 
w (1116 — 0.71 t) 

To arrive at satisfactory results the temperatures must 
be read to ;, deg. Fahr. at least, and the weight of steam 
condensed must be very accurately determined. It is 
desirable that the initial temperature i of the condenser 
water should be about as much below the temperature of 
the place where the test is made as the final temperature 


whence x = 
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that the agitator is used before the final temperature f is 
read can be made thus. Suppose the agitator is used for 
two minutes, and the temperature is then /f;, and that 
two minutes later a temperature f, is observed. Then the 
true value of the final temperature f at the moment when 
condensing ceased is f= 2 f;— fo In the Mulhouse 
tests the initial and final temperatures were about 60 deg. 
and 110 deg. Fahr.; and the steam generally showed 
from 24 to 5 per cent. of moisture, but in particular cases 
as much as 12 to 16 per cent. of moisture was observed. 

The condensing or total-heat method of ascertaining 
the dryness of steam has been used by many observers 
during the last 30 years. An apparatus for making this 
test is known in America as the barrel calorimeter, An 
ordinary oil barrel is used, fitted with an outlet valve. 
The barrel is filled with cold water, and steam is led 
into it hy a pipe and condensed. The barrel is placed 
on a weighing machine, and the weight and tem- 
perature before and after condensing are noted, The 
proceeding is a rough one, and has given anomalous re- 
sults in practice, Mr, Willans used this method in his 
trials of a non-condensing steam engine.* He sought to 
evade the known difficulties of the method by carrying 
it out on a very largescale. The condensing tank, weigh- 
ing with water about 3 tons, was placed on a platform 
weighingmachine. This was balanced by the sliding weight 
of the weighing machine. Then a standard hundredweight 
was placed on the platform, and the machine lever again 
put in balance. e hundredweight was then removed, 
the temperature noted,and steam condensed till the added 
weight of condensed steam just lifted the lever, making 
an electric signal. Then the water was stirred, and the 
temperature again noted. The thermometers were very 
sensitive, and were accurately compared with standard 
thermometers. A small correction was made for radia- 
tion. The value of the dryness fraction found on different 
days was 0.9986, 0.9638, 0.9949, 0.9646, 0.9976, 0.9893, 
1.0072, 1.0048, 0.9987. The mean of all was 0.9911, 
showing an average of about 1 per cent. of moisture in 
the steam. Probably this test was never more carefully 
carried out; but the results are not so accordant as could 
be wished. Two of the results indicate superheating, 
which under the circumstances was probably impossible. 

The condensing or total-heat method is strictly accu- 
rate in principle, but it is difficult to carry out satisfac- 
torily. It is not easy to make the proper allowances or 
corrections for the heat absorbed by the condensing vessel 
itself, and for radiation and loss by evaporation from the 
condenser. The thermometers must be very sensitive ; 
and very sensitive thermometers are Gifficult to use. 

4. Continuous Condensing Methols.—The difficulties of 
the ordinary condensing method were so obvious that Mr. 
Barrus, Mr. Hoadley, and other cbservers were led to 
propose methods of continuous condensation. Steam and 
cold water being both supplied at a constant rate, the 
condenser acquires a steady temperature, which can be 

er yy 3 
very accurately observed. The steam may be condensed 
either in the condensing water or in a surface condenser. 
Fig. 3 shows a continuous injection condenser. Steam 
passes from the steam pipe S toasmall injectorI. The 
condensing water is drawn from the tank A, and the 
mixed water and condensed steam are discharged into the 
tank B. The two tanks are place! on platform weighing- 
machines. Thermometers T, T give the temperatures of 
the condensing water and of the mixture of condensed 





steam and condensing water. The difference of the total | 
weight in the two tanks after any interval of time is | 
the steam condensed in that time. Fig. 4 shows a| 
continuous surface condenser, consisting merely of a} 
small pipe A ina vessel, through which flows a steady | 
stream of condensing water. As the condensing sur- 
face is constant, the rate of condensation is constant, 
and the rise of temperature of the condensing water is | 
constant. The condensed steam is drawn off steadily 


i] Fig.3. 
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from the condenser for weighing, and simultaneously a 
series of readings are taken of the water entering and 
leaving the condenser. The continuous condensing 
method seem likely to be more accurate than the ordinary 
method ; but it involves more elaborate arrangements, 
—s does not seem to have been much used in practical 
trials, 
(Zo be continued.) 





ON RESULTS OF EVAPORATIVE TESTS 
ON LAND BOILERS.* 
3y Mr. Gro. CarruTHERS THomson, F.C S. 
DETAILS OF TRIALS. 
(Concluded from page 194.) 

No. 10.—This boiler was the end boiler of a range of 
six boilers, five of which were working at 50 lb. steam 
pressure, 

Dampers area, 6 square feet, full open to main flue 
durirg trial. Main flue about 35 ft. long and 16 square 
feet area to chimney. Between the trial boiler and the 
chimney there is a self-regulating damper, set to close at 
50 lb. pressure on the other boilers, which closed 10 
times during the trial for about two minutes, but did not 
stop boilers working. 

the gases from furnaces went down below the boiler 
and then split along the sides to the main flue. 

Trial began at 7 a.m. and stopped at 5.30pm. The 
engine stopped from 10.8 till 10.23 a.m. for oiling, and 
the dampers closed then also. Steam varied from 43 1b. 
to 117 1b. pressure. Ashes drawn at 12 noon and 5.30 p.m , 
sufficient fine ash being left to prevent too much air pass- 
ing. Gases sampled from 11.50 to 11.59 a.m., 1.39 to 
1.46 p.m., 3.20 to 3.30 p.m., and 4.32 to 4.41 p.m. Fire- 
bars 5 ft. 2 in. long. 

No. 11.—This was one of two boilers in one range and 
connected to the same chimney. There was a range of 
four boilers connected to the same chimney, fitted with 
Vicars’ mechanical stokers, which during the trial emitted 
so much smoke that I was unable to observe the amount 
of smoke emitted by the boiler under test. 

The furnaces were fitted with rocking bars, 5 ft. 10 in. 
long, and patent firedoors which admit air all round side 
of doors to furnace, by Messrs. Duncan Stewart and Co., 
London - road Iron Works, Glasgow. The bars were 





+ Proceedings of the Institution of Civil Engineers, 
1888, vol. xciii., page 128. 








* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland. | 


all the steaming required for the establishment. 
full open during the trial ; closed from 8.55 till 9.55a.m., 
from 12 to 12,10 on account of a belt repair, and 12.55 
till 1.55 p.m. 


fixed during trial, and most of the air holes filled up with 
clay. The gases from furnaces were split along sides, and 
went back below boiler to damper and main flue. Damper 
full open during trial, and 6.7 square feet of area. Flue 
from damper to main flue about 185 ft. and 8 square feet 
area, and main flue to chimney about 79 ft. long and 
12 square feet area. 

Trial began at 8.30 a.m. and closed at 5.15 p.m., con- 
tinuous. Steam varied from 29 lb. to 40 lb. Fires 
cleaned 10.30 a.m., 12.45 and 3 p.m. Gases sampled at 
11.30 a.m., 1.15 and 2.45 p.m. Fires stirred between each 
charge. Flues cleaned middle of July previous, and 
boilers washed out every six weeks. 

Draught poor on account of tortuous and small flues, 


and too small diameter of chimney for the work. 


No. 12.—This boiler sits on iron stools, is quite free all 
round, and is covered with non-conducting composition. 
Tbe gases from the furnaces pass to front of boiler 


through the tubes and uptake into the iron chimney. 


Trial began at 7.45 a.m and ended 5.5 p.m. Damper 


closed from 9 till 9.55 a.m. and 1 till 1.55 p.m., and was 
full open during during rest of time, but no steam with- 
drawn for two hours. 
psessure, 
sampled 11.37 a.m. to 12.18 p.m., 2.25 to 3.9pm., and 
3.48 to 4.28 p.m. Trial took place on Tuesday, and tubes 
were swept on Saturday previous. A i 
assisted to do part of the work during the trial. Firebars, 
4 ft. 11 in. long. 


Steam varied from 47 lb. to 66 Ib. 
Fires cleaned at 11 a.m. and 3.30 p.m. Gases 


Cornish boiler 


No. 13.—The same boiler as in trial No. 12, but doing 
Damper 


Trial began at 7 a.m. and closed at 5.15 p.m. Fires 


cleaned at 10.45 a.m.and 3.45 p.m. Gases sampled from 
11.46 to 12.1 noon, 247 till 3.26 p.m., and 4.23 till 
4.48 p.m. 


No. 14.—The boiler in this trial was of the same dimen- 


sions as in Nos. 12 and 13, but was built in brickwork 
similar to a Lancashire boiler, and was placed close to the 
bottom of chimney. Gases from furnaces passed through 
tubes, then split along sides and bottom to boiler damper. 


Damper full open during trial, and 4 square feet area; 


closed from 9.15 till 9.50 a.m. 


Trial began at 8.52 a.m. and closed 5.30 p.m. Steam 


varied from 42 lb. to 70 lb. pressure. Fires cleaned 9 a.m. 
and 1.45 p.m., and well stirred between each charge. Gases 
sampled from 11.35 a.m. to 12 noon, 1.12 till 1.31 p.m., 
3.10 till 3.57 p.m., 4.42 to 5.9 p.m. 


During this trial a Cornish boiler, near at hand, was 


ee to same chimney, so that the smoke emitted 
was not noted. Firebars 6 ft. long. 


No. 15.—Same boiler as in No. 14, working alone, 


damper full open all the time. 


Test began at 7.7 a.m., ended at 4.53 p.m. Steam 
varied from 53 lb. to 78 lb. Fires cleaned 9 a.m. and 


2 ~ and stirred slightly between each charge, but 
we 


pockered up at 10 a.m. and 3 p.m. Gas samples 
drawn from 11.15 till 11.43 a.m., 1.15 till 1.41 p.m., and 
3.15 till 3.51. p.m. During two hours of the trial steam- 
ing very —_. 

No, 16.—This boiler was at the end of a range of similar 
— to the left, and all of them were at work during 
trial. 

The gases, after leaving furnace, went up through 
between tubes and over division at the bridge, thence 
straight away to main flue, 12.5 square feet area, and 
about 12 ft. long. Damper, full open during trial, 12 
square feet area. 

Trial began at 7 a.m. and closed at 5.10 p.m. Con- 
tinuous steaming. Steam varied from 45 lb. to 60 lb. 
pressure. Fires cleaned between 9 and 10 a.m. and 
1 and 2 p.m., and stirred between each firing. Gas 
samples drawn from 7.50 till 8.14 a.m., 10.22 to 10.49 a.m., 
11.21 till 11.49 a.m., 12.22 till 12.49 p.m., 3.8 till 3.34 p.m., 
and 4.14 till 4.44p.m. Boiler cleaned on March 12, 1893. 
Firebars 6 ft. long and 7 ft. 6 in. wide. 

No. 17.—Same boiler as in No. 16. Damper full open. 
Trial began at 7.10 a.m. and closed 3.50 p.m. Steam 
varied from 45 lb. to 60 lb. pressure. Fires cleaned be- 
tween 9 and 10 a.m. and land 2 p.m. Gas samples drawn 
from 7.50 till 8.20 a.m., 10.33 till 11.10 a.m., 12.20 till 
12.43 p.m., and 2.29 till 2.58 p.m. The ashes in all cases 
were drawn at the close of each trial. 

At the close of the trials the water was left at the same 
height in the glass, steam pressure as near as possible the 
same, and fires in the same condition as at the beginning ; 
the ashes drawn from below furnaces and weighed, and 
where the feed water was measured into tanks for the 
pump or injector it was brought up to the same level as 
at the beginning. Coal and gas samples packed up for 
—s to analyst, and all the instruments packed up 
carefully. 

If all the dimensions of boilers, flues, chimneys, and 
other details had not been taken before beginning trial, 
the following day was devoted to this work. 

Diagrams.—The diagramson page 228 show the variations 
in the steam pressures, height of water in gauge glasses, 
barometer, temperature of the air entering furnaces, tem- 
perature of the exit gases, and speed of the air in lineal 
feet per minute entering the furnace below firebars. 

The letter S indicates times when gas samples were 
drawn. 

The letter A indicates time when ashes were drawn 
from boilers fitted with mechanical stokers. 

The letter C indicates when fires were cleaned in hand- 
firing trials. 

The letters L.F. indicate left-hand furnace. 

The letters R.F. indicate right-hand furnace. 

I shall now briefly touch _ one or two points sug- 
gested by a glance at the Table of Results obtained, and, 
in the first place, draw your attention to the effect of the 
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TABLE OF RESULTS OF EVAPORATIVE TESTS ON LAND BOILERS—coneluded. 




































































| | 
1. Number of trial .. oe me “a | 10. 11. 12. | 13. 14, 15. 16. 17. 
2. Date “ <s os on ee -.| March 8, 1892 August 24, 1§92 Sept. 13,1892 | Sept. 14,1892 | October 28, 1892 Nov. 16, 1892 March 20, 1893 | March 21, 1893 
3. Duration oftrialin hours .. . ++ | Ll Sane 8: 7 hrs. 20 min. Shrs.10 min. | 8hrs. 3 min. 9 hrs. 46 min. 10 hrs.10 min. | 8 hrs. 40 min, 
4. Number and description of boilers .. - |One Lancashire |One Lancashire |One Burnet’s dry-back tubular boiler, |One Burnet’s dry-back tubular boiler, | Babcock and Wilcox tubulous boiler. 
| boiler, 7 ft. Gin. | boiler, 7 ft. 9in. | 10 ft. in diameter x 8 ft. long, | 10 ft. in diameter x 8 ft., and two 
x 28 ft., with | x 26 ft., with | with two furnaces 2ft. llin. in| furnaces, 2 ft. 11 in. in diameter, 
| two furnaces 2ft. | two flues 2 ft. | diameter, Geddes’ firedoors | built in brickwork, similar to a 
| 11 in. in dia- | 11 in. in dia- | Lancashire boiler 
meter, five cross | meter, fitted with | 
tubes in each | cross tubes 
| flue 
5. Heating surface, total .. oo q. 1.) 970 883 1030 1030 1200 2756 
6. Firegrate area .. oe oa: gsr 29.15 34 “28.68 28.68 35 45 
7. Method of firing adopted ..|S3inclair’s coking |Handfiring spread Handfiring Handfiring Handfiring 
| stoker | alternate fur- |Spread firing |Alternate side | Spread firing in alternate furnaces Spread alternate furnaces 
| naces alternate furnace | firing 
8. Chimney height .. on . 127 ft. | 141 ft. Iron, 48 ft. 6 in. 48 ft. 6 in. 98 ft. 98 ft. 155 ft. 155 ft. 
es diameter attop  .. oh oe 5 ft. |,  8ft. 6 in. 2 ft. 2 ft. oe 5 14 ft. square 14 ft. squars 
10. Barometric readings, average a in. 29.95 | 29.67 29.76 30.06 | 29.19 28.91 30.39 80.35 
11. Weather .. o - o .- |Dry, with slight |Fine clear day |Fine after day |Dry, sunny day |Showery, slight |Foggy morning, |Dry, and westerly |Bright and dry, 
| Snow morning | after night’s | and night’s rain, | and strong | S.W. win cleared after | wind no. wind till 
| and night, little | rain, no wind sunny, with | south - westerly | 9a.m., light wind after 2 p.m, 
| wind from N.E. | westerly wind wind | from 3 p.m. light S.W 
12, Steam pressure, average a ‘ Ib. 34.21 67.77 58.81 | 62.1 65.4 54 50.27 
13. Feed water, average temperature deg. F. 135 | 175.72 141.25 143.18 137 130.6 126 124,33 
14. = used in trial -- Ib 35,890 45,994 19.825 27,159 39,238 38,036 117,976 96,884 
15. ‘ »» per hour ry) 3501.46 | 5256.45 2703.4 3325.5 4,874 | 3,894 11,604 11,179 
16. ” ” ” from and ai | 
212 deg. .. ae oo ee se Ib. 3911.13 6571.8 2981.85 3361.4 | 5400.4 4341.8 12,967.65 12,498 
17. Feed water used per pound of fuel from) 
feed temperature - as =e Ib. | 5.55 | 5.97 } 6.00 } 6.03 6.18 6.95 5.44 5.40 
18. Feed water used per pound of fuel from and/| | | 
Os rT 6.2 6.33 6 62 6.65 6.85 | 7.75 6.07 6.04 
19. Feed water used per pound of fuel from) 
and at carbon value .. as os - | 8.3 | 9.13 8.24 8.27 8 48 9.77 7.51 7.93 
20. Feed water used per square foot of grate/ 
surface per hour athe. Sa aA 134.17 163.9 103.96 127.66 154.3 124.05 288.15 277.73 
21. Feed water used per square foot of heating} | | 
surface per hour [ile ae 4.08 | 6.31 2.895 3.55 4.5 3.62 4.70 4.53 
22, Factor of evaporation on ee a bE yg 1.06 1.103 1.101 1.108 1.115 1.117 1.118 
23. Fuel used in trials, name as ee .-|Douglas ParkCol- |Summerlee main Blantyre special dross Dykehead ell Ell dross from | Daldowie triping | Daldowie triping 
| liery, Wilson’s ross dross | Monkland No. 5 | 
} dross } pit | 
24. Condition of fuel and description --| Small, clean, dry | Smalland wet | Small, round, clean, and fairly dry Small and wet | Small, butdry | 
Jatit , | poe after —" rail ai : after a night’srain | P 
. = ”" volatile percent. | 5 43.2 8c } 40.83 43.25 42.80 41.25 40. 
25. Fuel analysis, proximate { fixed more 56.10 | 56.72 59.17 59.17 | 56.75 | 57.20 58.75 60.0 
26. Ultimate analysis— | | | | 
Carbon sie Pr as ” 58.48 | 58.37 65,04 | 65.04 65.46 | 63.29 65.00 61.17 
Hydrogen .. 1. ge I 4.49 3 05 4,25 4.25 4,26 4.43 4.38 4.18 
Oxygen an on es ” | 8.87 7.44 11.00 11.00 6.27 | 7.44 8.34 } 8.40 
Nitrogen oe es . * 1.61 1.26 1.54 1.54 1.82 | 1.78 1.61 1.54 
Sulphur oe . ee ” | 2.17 -68 . 1.54 1.54 91 | 1.10 81 71 
Ash .. «e Ss Sp o | 16.54 | 19.24 6.61 6.61 8.70 | 10 10 9.72 15.28 
Moisture ae ee oe ” | 7.84 | 9.96 10.02 10.02 12.58 | 11.86 10.14 8 72 
27. Specific gravity of fuel .. a < | 1.320 | 1.280 | 1.351 1.351 1.270 1.250 1.304 1,363 
28. Quantity of fuel used in trial... « kb. 6468 7700 | 3304 4500 6340 5470 21,684 17,920 
29. ‘8 perhour.. - 631 | 880 450.6 551 737.2 560 2132.85 2068.7 
30. a ashes and clinker during trial ,, 1232 } 812 375.5 331.5 638 441 | 1671 2093 
31. Percentage of ashes and clinker combineo 
per cent. | 19.04 10.55 11.36 | 7.36 10.06 8.06 7.70 11.68 
32. Thickness of fires, average ..  ..  in.| 5 6 34 to 4 | 4 to 44 6 to7 6 to7 15 15 
33. Number of times boiler fired during trial ..| | Continuous 3 times per hour | 17 times during | 28 times during | 40 times during | 34 times during 64 times 52 times 
| trial | trial trial trial 
84. Quantity of fuel used per week of 56 hours! | 
tons} 15.77 22 11.26 13.77 19.67 14.00 63.32 61.71 
85. Carbon value of fuel used per week of 56) | 
hours .. a on oe -. tons) 11.76 15.25 9.04 | 11.05 15.87 11.07 42.96 49.35 
36. Carbon valueoffuel ..  .. -. «| 74.59 69.32 80.29 | 80.29 80.70 79.18 80.73 76.09 
37. Fuel used per square foot of grate surface Ib. 21.64 25.88 15.71 19.21 21.06 16.00 47.39 45.97 
38. x oe heating ,, 5, .650 .99 .437 535 .614 .466 77 -75 
39. Temperature of air outside boiler-house 
deg. Fahr. | 39.64 71.42 61.77 | 58.6 65.6 46.3 53 55.44 
40. Temperature of gasesleaving boiler _,, | 580 717 | 635 706.7 669.6 622.6 839 736.4 
41. Draught at damper, average ..  .._—in.| 6 2 | .26 | “289 6 "45 14 “78 
42, pe chimney, ,, ae ve » | 1.0 } | | 
43. Speed of air entering below furnace feet) | 
per min. | 706 290 | 457 456 | 576 | 618 798 872 
44, Gas analysis— | | | | 
Carbon dioxide os . percent. | 6.22 9.45 | 5.50 7.58 | 7.30 8.47 8.65 8.25 
——: on oe a ee as 1.45 | ae } - 40 | ie da 35 
Oxygen .. ee oe eo *” 13.16 7.57 | 14.7 11.10 10.05 10.13 9.05 9.02 
Nitrogen os os ee ” 80.62 81.53 | 79.73 81.37 82.25 _ 81.40 82.30 82.38 
45, Ratio of air used to theoretical quantity ..| 2.72 va 1.53 to1 | 3.2 to m 2.35 to 1 | 224 tol 2tol re 1.75 to . 2tol 
er | Per er ; Per Per | er . er Per 
46. Heat expenditure— B.T.U. Gent, | B-T.U. Cent. B.T.U Cent. | B.T.U Cent. B.T.l Cent. | B.T.U. Cent. B.T.U. Cent. B.T.U. Cent. 
Utilised in heating water.. ee ° 5,990 55.23 | 6,107 60.59 6,397 64.79 6,413 54.93 6,616 66.38 7,490 65.05 5,873 60.03 5,832 62.71 
Lost by combustion gases se 2,882 26.57 1,915 19.00 | 3,786 32,43 3,212 27.51 2,914 24.83 | 2,451 21.28 3,358 28.61 2,752 24,87 
» imperfect combustion .. ; me co 770 7.70 | a = 4 bos 836 2.86 | AS sa as i | 238 2.15 
»  Mmoistureincarbon .. . 103 95 | 134 1.83 132 1.13 136 1.16 | 167 1.42 | 158 1.37 144 1.22 | 118 1.07 
», radiation and unaccounted for} 1,871 17.25 | 1,146 11.87 1,360 11.65 | 1,914 1640 | 1,701 14.29 1,415 = 12.29 2,363 20.13 | 2124 19,19 
47. Calorific value of 11b. of fuel as used 10,846 = 100.00 | 10,072 = 99.99 11,675 = 100.00) 11,675 = 100.00| 11,734 = 99.98 11,514 = 99.99 11,7388 = 100.00; 11,064 = 99.99 
48. Smoke, per hour— | | 
Dense.. .. +. ee minutes At 10 and 2, when) Do. at 10 and 2) 14 min | 
breaking up fires,) p.m., } min. light} | 
2 min. medium) at each charge 
| and 5 min. light,) only 
| rest of day 1 min.) 
| of light smoke! 
after charging. 
Medium... a oe » | No observation a No observation 34 No observation | No observation 
Faint .. on ae on pas - - os 254 | 
None .. oe ue ae 99 None ite me om * | 294 } m 
49. Practical heating power of fuel in pounds. 6.07 5.84 7.64 7.64 7.11 6.98 7.26 6.71 
50. Theoretical heating power of fuel in pounds 10.83 9.98 11.46 11.46 11.88 11.58 11.84 11.14 


quantity of air supplied to the furnace as it affects the 
evaporative efficiency of the boiler. 

In trial No. 1 the water used per pound of fuel carbon 
value is only 6.93 lb. (see line 19), and the heat utilised 
in doing this is only 46.16 per cent. of the fuel, simply 
owing to the large excess of air supplied, which was 6.69 
times the theoretical amount. 


; In trials Nos. 8 and 9, the better result obtained | 
in No. 9 was obtained solely by diminishing the supply | i 
too high a rate for economical working. In none of the 


of air by leaving the fine ash in a heap at the end of 
the firebars, instead of clearing all the ashes out as in 
trial No. 8, 

In No. 11, even with the disadvantage of small and 
tortuous flues, and consequent poor draught, the efficiency 


| quantity of air, and using 9.13 lb, of water per pound of 


rose to 60.59 per cent. with 1.53 times the theoretical | 











fuel carbon value. 

In No. 14 the boiler was being driven at a higher rate 
than was compatible with obtaining the best efficiency from 
the fuel, while in No. 15 the slower rate was more con- 
ducive to the efficiency of combustion and steam raising, 
and must be pretty near the best rate of working this 
boiler with economy. 

In trials Nos, 14, 16, and_ 17, the boilers were driven at 


other cases were they driven above their best rate of work- 
ing, while in some cases the rate could have been con- 
siderably increased with advantage. 

Another point worth noting is the fact that, in the exit 
gases the proportion of carbon dioxide, or carbonic acid, is 





high in the cases where the evaporation per pound of 
fuel is high, and where the highest percentage of caloritic 
value is used in heating water. 

Where the fuel has approached perfection in combus- 
tion, a fairly close agreement may be noted between the 
actual results obtained and the practical heating power 
of the fuel as given in line 49 of the Table ; as, for in- 
stance, in Nos. 5, 6,7, 11, and 15, where the water per 
pound of fuel from feed temperature (see line 17) is given 
at 6.75 Ib., 6.55 lb., 6.1 1b., 5.97 Ib., and 6.95 1b,, as against 
6.22 lb., 6.221b., 6°40 lb., 5.84 1b., and 6,98 lb. practical 
heating power. ; 

With regard to the best method of a fuel 
theory agrees with practice in pointing out that the fuel 
should be fed continuously into the furnace at the rate of 
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speed necessary to effect complete combustion with the | ing a savin 


of 10 


per cent. of the fuel, which can be 


I regret that time has not permitted me to go into 


minimum quantity of air, and these conditions have been | effected with the emission at the most of only the faintest | other points suggested by a comparison of the results 


most nearly met in trials Nos. 5, 6, and 7. 


I trust that no one will run away with the idea that | 


| trace of smoke at the head of the chimney. 


This can be done either by hand-firing or mechanical 


the machine used in these trials is therefore the best, and | stokers, but the men in charge must know and practise 


TRIAL 10. 





March 1892. 
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Full lines represent variations oa 13% Sept 
ole 2's ee 


only needs to be applied to any boiler to obtain similar 
results, The fact of such results having been obtained, 
was as much due to the skill displayed in the handling 
of the machine and fuel as arything else, and in the 
other trials, where high results have been obtained, the 
credit is due, in the main, as much to the fireman who 
was on duty as to any other reason. 

In trial No. 1, for instance, where the apparatus was 
beyond the control of the fireman, he took 50 per cent. 
more out of the boiler of the same dimensions alongside 
without any extra work, fuel, or care, and without the 
slightest we 

t may be said that these results are far better than 
can be obtained in everyday work, and that the men, 
knowing their work would be compared with others, did 
their level best. Even if we allow this to be the case, 
I consider that there is not the slight difficulty in obtain- 
ing an all-round efficiency of 60 per cent. of the heating 
power of the fuel. I believe Iam not understating it 
when I say, that the average efficiency does not exceed 
50 per cent. of the calorific value of the fuel, thus show- 
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their knowledge of how to fire, and take the most out of 
the fuel. 

In considering the amount of the fuel utilised in raising 
steam, id must not be forgotten that, in addition to rais- 
ing steam, work has to be performed in os the gases 
which leave the furnace up to the top of the chimney, in 
heating the cold fuel to the point of ignition, in heating 
the cold air supplying the furnaces with the necessary 
oxygen, and evaporating the moisture in the fuel. In 
doing all this a percentage of the fuel charged into the 
furnace is used up, so that if, say, 70 per cent. is utilised 
in raising steam, the most of the remaining 30 per cent. 
is not wasted, but does useful work, and the question 
for all steam users is so to work their boilers that as 
high a percentage as possible is utilised in raising steam, 
and so putting further away the time when our coal 
supply will cease. 

ith regard to proportions of grate surfaces, and flue 
and chimney proportions, the rules given by the late Pro- 
fessor Rankine will give good results if acted upon in 


putting down boiler installations. 


3 








obtained in these trials. 
| Before closing, I take this opportunity of acknowledg- 
ing the ready assistance given me by the owners, managers, 
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engineers, and firemen of the various places where I car- 
ried out these trials, and without which it would have 
been impossible for me to have given these results now 
before you. 





Exxcrric Rartways at VigNNA.—The Vienna town 
council is occupied with plans for a network of electric 
railways. The lines are intended to spread in 11 direc- 
tions from the centre of the city. 





Pia in GeRMANY.—The production of pig in German 
in November last year was 481,909 tons, as compared wit 
420,451 tons in the corresponding month of 1893. The 
total of 481,909 tons, representing the production in No- 
vember last year, was made up as follows: Puddling 
and spiegel pig, 130,803 tons ; Bessemer pig, 32,191 tons ; 
Thomas pig, 241,080 tons; and casting pig, 77,835 tons. 
The aggregate production of tho first 11 months of last 
year amoun to 5,061,089 tons, as compared with 
4,504,507 tons in the corresponding period of 1893, show- 
ing an increase of 556,582 tons, or 16 per cent, 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comritep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888, 
te stated 


number of views given in the Speci, 
Howmet fe cas ae en ae cation ts 


Where Inventions are communicated from abroad, the Names, 
&ec., of the Communicators are given in ttalics. 
7 Specifications may be obtained at the Patent Office 
ranch, 88, Cursttor-street, Chancery-lane, E.C., at the 
Boe yt at ~ eee 2 complete 
ade hay dpe: gene Md abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
ve notice at the Patent Office of opposition to the grant of a 
atent on any of the grounds mentioned tn the Act. 


TEXTILE MACHINERY. 


808. J. Clough, Keighley, and J. Park, Skipton, 
Yorks. Loomg. [4 Figs.] January 13, 1894.—a, a! represent 
the harness cords coming from the jacquard to operate the cutting 
blades. ¢ are levers centred at d connected at oneend to the 
cords a and at their opposite ends to the cords e attached to the 
blades g of the reed. fis the rod over which these cords pass to 
the blades g. o indicates about the line taken by the shuttle in 
its passage through the shed formed between the upper and lower 
lifts of the warp by the harness. 8, s! is the warp of the fabric. 
The healds (or harness) b for use in weaving the back or ground 
of the cloth or fabric are constructed and operated much ss 
usual. Blades, or a new extra reed g, as the case may be, is 
arranged with its dents or blades hinged at the bottom g!, ard 
each may be separately capable of being operated by reason of 
each blade being connected to a cord a of the Jacquard harnees. 
The selected blades g of the reed are by the operation of the 
jacquard drawn out of the norma! position (as at g*), and a space 























is left between those blades g that remained at rest and those 
drawn out of the line to g* through which the shuttle o is caused 
to pass. In so passing the shuttle lays its thread of weft, or 
“shoot.” Then as the reed is caused to beat up, those blades 
of the reed which have been drawn out have the shoot of wef: 
behind them, whilst the blades that remained in their normal 
relation have the shoot or weft before them, and the impact at the 
beat up causes the weft thus intervening to be cut wherever the 
drawn out blades in their return come in contact with it. The 
cords e connected to the blades of the reed 9 pass over the rod f 
down to rock levers ¢ below, which are also connected to and 
operated by the Jacquard harness. ¢, t° are wires which pass 
through the reeds to keep the bladesin position ; h is the hinged 
reed and i is the shuttle race consisting of a series of guides inter- 
spaced with the blades of the reed to keep them laterally in rela- 
tive position. j is the top guide plate, and & is the handrail. 
(Accepted January 2, 1895). 


GUNS AND EXPLOSIVES, 


4019. H. S. Maxim, Bexley, Kent. Cartridges. 
[4 Figs.] February 24, 1894.—A is the cartridge-case ; B is the 
projectile or bullet consisting of a hard metallic envelope b and a 
core or filling of lead b'; Cis the charge of powder. In the con- 
struction shown in Fig. 1, the hard metal envelope 0} is shorter 
than the lead part b', the rear end of which projects from the 
envelope b, and fits the interior of the cartridge-case A. Preferably 
the rear end of the bullet is made hollow. The rear end of the 
envelope b is bevelled or reduced to a knife-edge as shown at 62. 
A circumferential groove is formed in the enveloge b at b3 by 
pres ing the hard metal into the lead and so locking the two parts 
of the bullet together. The bull<t so made is then passed into 
the case A and is retained therein by forcing the metal of the 


#019, 





case at D into the groove b3, When the cariridge is fired, the 
part of the envelope b immediately forward of the groove 3 takes 
the rifling and insures the proper rotation of the projectile, 
while the projecting lead base is driven outward first against the 
interior of the case A and then against the barrel and fills the 
rifling completely, thus ¢ffectively preventing any escape of 
Powder gases and obviating erosion of the barrel. In the modifi- 
cation of the invention shown in Figs. 2 and 3, the envelope b is 
provided near the rear end with a number of holes b4 preferably 
*rranged in zigzag lines. These holes are filled by the lead b'. 
At the moment of firing the gun, the lead is forced out through 


the escape of the ome gases. According to the further modi- 
fication illustrated in Fig. 4, the groove 03 is filled with lead, and 
anumber of holes b4 are provided through the groove to forma 
communication between the lead inside the envelope and that 
in the groove. These holes are also filled with lead. The obtura- 
tion is performed at the irstant of firing by the lead, which is 
forced outward through the holes b4. In both of the modifica- 
tions above described, the lead b' does not need to project rear- 
bd beyond the end of the envelope b. (Accepted January 2, 


LIFTING AND HAULING APPLIANCES. 


562. A. Carr, Sheffield. Hoisting Block. [2 Figs.) 
January 10, 1894.—In this pulley block the chain a works in a 
chain pulley b, which is formed, as at c, to receive and act asa 
bed to each link of the chaina, to prevent the same from slipping. 
The chain works just sufficiently close under a worm d to clear 
the same, the arrangement being such as to cause the worm to 
press the chain down in its bed should it tend to override the 
pulley, ard to prevent the chain from slipping or jerking out of 
its place when loaded, causing it to work steadily and freely. The 
chain pulley bis formed in one with a wormwheel e, which engages 
with the worm d, the shaft f of which works in a frame g 
formed with a strong oval-like top h, which covers the worm and 
is provided with a hook i for suspending the whole, Ball bear- 
ings n, for reducing the friction, may be arranged between the 
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inner end of the wormshaft and the adjacent end of the frame g, 
ora hardened centre-pin with which the frame may be fitt -d forthe 
end of the shaft to bear against. The other end of the frame is 
fitted wich a bush gl, after the worm d is inserted, and the same end 
of the shaft / is fitted with a driviog pulley x, the periphery of which 
is grooved or cut to suit either an endless chain or a rope l, whereby 
the pulley & is caused, through the worm d and wormwheele, to 
actuate the chain wheel b, so as to effect the raising or lowerin 
of the weight as required. The pulley block is also provided wi 

a swinging frame m, centred on the shaft f, and fitted with two 
small pulleys m1, grooved or cut to suit the chain or rope l, which 
is passed around the pulleys so as to cross (Fig. 2), so that when a 
pu:l is exerted at either side of the pulley, the guide m, m' will 
always maintain the tame lap cf the chain or rope /, in the bed of 
the pulley k. (Accepted January 9, 1895.) 


4434. A. Thomson, London. Coaling Steamers, &c. 
{4 Figs.] March 2, 1894.—According to this invention, the 
steamer to be coaled is provided with an endless chain of buckets 
A and a ladder B for carrying the same. The upper end of the 
ladder B is suspended from a stanchion C by a fork D connect«d 
to the shaft F of the chain wheel G and drum H for driving the 
endless chain J ; the fork being connected to the stanchion by 
ropes or chains K passing round pulleys L and actuated from a 
winch M attached to the stanchion. The shaft F is formed 
at one side with a —_ projecting from it, and made to fit 
into a socket N fixed to the ship’s side, the socket forming a 
centre for the ladder B to turn ard rest on. The other end of the 
ladder B is suspended, when in use, from a stanchion, there being 





























interposed a boom with a jib P, to enable that end of the ladder to 
be placed more or less outwards from the steamer, so that it can 
be lowered into a lighter Q alongside from which the coal is to 
be raised ; or, 28 shown, the stanchion for the lower end of the 
ladder may be omitted, and the intervening jib P which ia jointed 
to a bracket R on the ship’s side is shifted further up. Tne lower 
end of the ladder B is provided with a fork D connected by ropes 
or chains K to the jib P and to a winch on the mast. Workmen 
in the lighter Q shovel the coal into the buckets A, and the buckets 
carry up the coal and tipit into a shoot S directly connected to 
the Zoal bunkers. The chain wheel G of the endless chain J is 
driven by means of a chain T from any convenient steam winch V 
on the steamer, and guided by pulleys W. (Accepted January 
9, 1895:. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


1531. J.G. Alderand T. M. Alder, Cleadon, Dur- 
ham. Thrust Block. (5 Figs.) January 24, 1894.—A i 





the hol's b4 into the rifling of the barrel, and effectua'ly prevents 


thrust rings in two pieces firmly bolted together. E are the 
hardened steel balls which work in a groove or grooves F. The 
groove F may be in the thrust rings C only, and a flat face on 
collar B, or counterpart grooves may be made in rings C and 
collars B, as shown. K is a hole by which the balls are put into 
groove F. The base J may be in two lateral halves bolted to- 
gether. The upper side edges of the base extend upward to 
above the horizontal plane of the axis of the shaft A, and are pro- 
vided with recesses H which serve to receive projecting ears G, G, 























of which each thrust ring carries two, projecting from it dia- 
metrically on opposite sides. The recesses H permit of a limited 
amcunt of vertical self-adjustment for each ring C, that is 
to say, adjustment in the plane of the ring, permitting it to 
always exactly centre itself with the shaft, ard they also permit 
of a slight amount of oscillatory adjustment whereby the pressure 
may be the better equalised all around the Legg surface. The 
solid standing parts H! between the recesses H in the walls of 
base J, serve as distance-pieccs for spacing the thrust rings. (Ac- 
cepted January 2, 1895). 
1838. W. von Pittler, London, Overhead Driving 
. [4 Figs.}] January 27, 1894.—The reversible friction 
clutch gearing chiefly comprises a hollow shaft a upon which two 
ste cones b, bi are loosely mounted, and a pulley c, which is 
rigidly secured to the shaft a between the cones or pulleys J, b!. 
The pulley ¢ is encircled by two rings d, d' which at one point of 
their periphery have each a tapered slot in which pins e, e! adjust- 
able by means of a spindle or bolt f are adapted toengage. If a 
single strap be used for reversing motion, there is secured to the 
hanger 9 a piece h wept with — groove, in which is fitted 
a pivot ¢ carrying the guide pulley k. The tension of the strap is 
controlled by means of a screw op acting on the pivot i. The 
strap passes from the driving pulley z to the largest section of the 


stepped pulley b!, then overthe guide pulley & to the smaller sec- 
tion of the pulley }, and back to the pulley z. The stepped cones 
b, b' always turn in oppcsite directions. Into the bore of the 
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shaft a is inserted a bolt or rod f, on which is formed a double 
cone f!. The pinse and e! removably fitted in the pulleyc and 
engaging with the tapered slots of the rings d, d!, slide upon the 
cones f' formed on the spindle f. By means of the lever / the 
spindle f may be reciprocated, and by pressing the rod f further 
into the bore of the shaft a, the bolt ¢ is forced by the cone /! into 
the tapered slot of the ring d, which is thereby carried round 
along with the st« pped cone b, and = sets the pulley c 
and shaft a also in rotary motion. By drawing the spindle / in 
the opposite direction, however, the bolt e is released, and the ring 
d is disengaged from the wall of the stepped cone b, while the rod 
Jf now forces the other bolt e'into the slot of the second — d', so 
that the pulley c, by reaeon of the connection of the ring d' with 
the — cone b', receives rotary motion in the opposite direc- 
tion. e motion thus produced is transmitted through a belt 
soe. m to the machine to be driven. (Accepted January 2, 
1895). 


1839. W. von Pittler, London. Bearings for 
Shafts, &c. [5 Figs.) January 27, 1894.—The bearing mainly 
consists of slotted bushes a, a!, which are adjustable by means 
of set screws 0, b', in such a manner that the shaft or spindle c, 
which is to be supported therein, can turn freely and without back- 
lash or clearance space. To compensate for wear, the adjusting 





screws b, b! are loosened somewhat, whereby the resiliency of the 
bushes a, a! is brought into operation, until the shaft or spindle 
¢ again acquires the desired firmness and uniformity of motion. 
The outer bearings d, d1, which are also slotted, and contain the 
bushes a, a!, may, after the adjustment of the bushes a, 1, be 
tightened or compressed by means of screws e, e¢', so as to suit the 
adjustment of the set screws b, b1, (Accepted January 9, 1895). 


3887. J. S. Dronsfield, Oldham, Lancaster. Cutting 
Worm Gearing. [2 Firs.) February 23, 1894.—The shaft or 
stud @ carrying the blank b is mounted upon a sliding carriage ¢ 
which can be set up by means of a screw not shown, go as to feed 
the blank 5 against the spiral cutter z, which is formed exac' ly of 
the curve, pitch, and shape of the worm intended to drive the 
wo'mwheel to be formed from the blank 6. When a number of 
dupl cate wheels have to be cut, a wheel d, representing the 
wheel to be cut, is prepared. This wheel d is fixed upon the 
shaft @ which carries the blank b, and is driven by means cf a 
worm ¢ or of a helical wheel fixed upon a shaft /, which is mounted 
to revolve in bearings upon the carriage c. The shaft / is con- 
nected with the cutter shaft g by means of intermediate wheels 
h, i gearing with the wheels j, k fixed upon the two shafts f and 
g. To provide for setting up and withdrawing the work towards 
and away from the cutter, the intermediate wheels h, i are carried 
upon jointed links 1, m,n which are mounted toturn upon the 
axes of the two shafts f and g, and are hinged together, the 
centres of the hinges coinciding with the axes of the intermediate 
wherls. The two shafts /,g must be positively astuated at the 





the shaft, & are the thrust collars solid with the shaft. C are the 


correct relative speeds. The blank b is thus moved at the exact 
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speed relative to the speed and pitch of the worm-cutter 2, 80 as F 
to cause the blank b to be cut with teeth which will exactly fit 


























the worm with which it is intended to engage, which worm will 
cyrrespond exactly in form to the worm-cutter xz. (Accepted 
January 2, 1895), 


4070. W. Eyre, Sheffield. Mandrils for Use in the 
Manufacture of Boiler Tubes with Internal Ribs. 
{2 Figs.) February 26, 1894.—It has heretofore been found diffi- 
cult to roll-weld ribbed boiler tubes on account of the mandrile 
used sticking inside the tubes as the tubes are passed through 
the rolls for welding them longitudinally. This invention con- 
sists in an improved mandril, by the use of which in the manu- 
facture of the said tubes, this objection is overcome. The im- 
proved mandril has longitudinal ribs arranged in numbers and 
distance apart to suit the ribs in the tubes to be welded. The 


Fig.1. Fig. 2. 
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ribs of the mandril are placed so that the ends which first enter 
the tubes in the process of welding do not come level with each 
other or in one plane at right angles to the axis of the mandril, 
but each succeeding rib is a short distance back from each pre- 
ceding rib; the first rib being preferably longest, the next one 
shorter, and the next to that shorter still, and so on successively 
round the mandril ; the shortest rib and the longest rib preferably, 
but not necessarily, coming side by side. Fig. 1 is a side view, 
and Fig. 2 anend view of the improved mandril with ribs a having 
their ends a2 which first enter the tubes, in the relative positions as 
described and shown. (Accepted January 2, 1895), 


SHIPS AND NAUTICAL APPLIANCES. 


4141. W. T. Crooke, Birmingham. Improve- 
ments in Ships. [1 Fig.) February 27, 1894.—Warships of 
the heavier class are formed in cross-section with three main 
thicknesses A, B, C. The outer one A is composed of heavy 
armour plating, with its framework D and backing E and inner 
lining F, forming one main outer thickness, calculated to resist the 
attack of the heaviest guns or of the ram. Then follow spaces G, 
H, which may be either partly or wholly divided into water-tight 
compartments throughout the length of the ship. The next 
thickness B may be constructed of any water-tight material. such 
as steel, iron, or wood, after which follows the second space K, and 
lastly the inner skin, or third thickness, C. The second space K 





is open at the bottom part to the water, which is free to rise to a 
limited level at the crown M that may be fitted underneath on the 
sea side with cork or other similar substance. The upper portion 
beyond, such as K, K, may be either used as cabinsor formed into 
a second or inner row of water-tight compartments. This arrange- 
ment is the same on both sides of the ship. The centre parts N 
are formed to any convenient section to carry the engines, boilers, 
guns, coal, and other requisites for the particular kind of ship 
being built. The inside skin C of the ship is almost entirely in- 
dependent of the two outer thicknesses B and A, which might 
both be pierced without greatly interfering with either the 
stability, safety, or fighting powers of the ship. (4 
January 2, 1895). 


STEAM ENGINES, necsame, EVAPORATORS, 
C. 


573. E. E. Dulier, London. Generating Elastic 
Fluid for Working es. [1 Fig.) yoo 4 10, 1894.— 
According to this invention air is forced through a coke fire, and 
the hot products of combustion thus produced are through 
a pipe into which water is injected in finely subdivided spray. 
The steam — in the pipe, mixed with the products of com- 
bustion, is led to the engine to operate as the working fluid. The 
accompanying drawing shows one form of apparatus for generating 
elastic fluid according to the method described. 
vessel lined with refractory material provided with a hole B for 
feeding fuel, and a hole C for removing ash, &c., both holes being 
provided with covers to close them tightly. D is a partition ex- 
tending down some distance towards the bottom, so that while there 
is a body of coke in the furnace it is divided into two compartments. 
E isa pipe supplying air at high pressure from a suitable com- 
pressor. This air alone  f be passed through the furnace, but 
when liquid fuel is employed, it is supplied from a closed tank F, 
the upper and lower parts of which communicate with the pipe 
E by pipes G and H. The pipe H terminates with a suitable 
nozzle from which a spray of the combystible liquid in a fine 





state of division is driven by the air current. Pressure equal 
to that in E is maintained in the tank F by the communicatin 
pipe G. The combustible spray and portions of the solid fue 
urn with the compressed air. The hot products of combusti 
pass from the furnace through an asbestos filter K to a pipe L, in 
which there is the nozzle of a pipe N communicating with a 

















closed water tank M in which pressure equal to that in L is main- 
tained by a pipe P. The current of hot gases causes a spray of 
finely divided water from the nozzle, and this is converted into 
steam, which, mingled with the partially cooled gases, constitutes 
working fluid for an engine. (Accepted January 9, 1895). 

003. B. W. May, Chicago, Ill, U.S.A. Steam 
Boilerand other Furnaces, [2 Figs. }) November 27, 1894. 
—The furnace consists of a cast-iron framework C inclosing the ash- 
pit c, and provided with ledges D, D1, D2, which carry the grate 
barsE, E!, The forward end of the furnace is provided with a cast- 
iron hood G inclosing and covering the front set of grate-bars so as 
to constitute a ‘‘ primary combustion chamber” g. This chamber 
g is separated from the rear set of grate-bars by a bridge wall H 
in which is a sliding door h arranged to be operated by a weighted 
lever I, thus forming a “ dary bustion chamber.” The 
primary combustion chamber is fitted with a door K toadmit air 
when required. When this furnace is used in connection with a 





Fig.1 





boiler, the boiler A of the ordinary flue type is ——— on side 
walls B, is arched over with firebrick b, and is provided at its front 
end with a chamber a leading to the smoke-stack. In the opera- 
tion of the furnace, the fuel is first coked in the primary combus- 
tion chamber, and the hot bed of fuel is then pushed into the 
secondary combustion chamber, where the combustion of the fuel 
is completed, fresh fuel being supplied to the primary combustion 
chamber. In using this furnace with a brick-kiln, the latter is 
built entirely over the secondary combustion chamber in the posi- 
tion occupied by the boiler in Fig. 1, leaving an arch immediately 
over the second set of grates so as to form a combustion chamber 
of the required size. (Accepted January 2, 1895.) 


3400. M. H. Robinson, Thames Ditton, Surrey. 
Automatic Variable Expansion Gear for steam 
Engines, &c. [3 Figs.) February 16, 1894.—Referring to the 
figures, C is the upper end of the hollow piston-rod of one set of 
cylinders, which rises up into the steam chest D. Eis a sleeve 
surrounding the upper end of the piston-rod ; it is free to turn, 
but not to move up or down. Init are oblique ports E! ; corre- 
sponding oblique ports are also cut in the hollow piston-rod. A 
governor is arranged to act on a rod G, which at its upper end 
carries the throttle valve H. I is the steam supply pipe. K, K 
are links connecting arms on the sleeves E to a crank lever L 
which can be rocked on its fulcrum L'. M is acylinder extending 
outward from the steam chest. N is a piston working therein. 
The piston-rod N! of this piston has projections standing out from 
it which enter radial slots in one of the arms of the lever L. 0 is 











a valve through which steam can pass freely from the steam chest 
to the inner end of the cylinder M, but which stops all passage of 
steam in the reverse direction. ©! is a small _—— which allows 


A is a strong | steam to pass slowly from the cylinder M to the steam chest when 


the pressure in the steam chest is lower than in the cylinder. 
This passage may be given by the hole through which the rod N! 
passes, instead of by a separate hole O'. Pisa By admitting 
steam from the steam supply pipe I to the outer end of the cylinder 
M. Qis a trunk or tail-rod from the piston N passing through 
the cylinder cover ; it is made of such a diameter as to diminish 
to the required extent the area of this side of the piston N, which 
can be acted on by the pressure of boiler steam admitted through 
the pipe P, so that when there is full pressure of steam in the 
valve chest this pressure acting on the larger area of the inner 
side of the piston may overcome the pressure on the outer side, and 






the piston N be consequently moved outwards, When the oblique 
ports in asleeve E and hollow piston-rod C are opposite to one 
another, steam is admitted to the interior of the piston-rod, and 
thence by other ports in the rod to the cylinders of the engine, 
but when through the descent of the piston-rod the ports in it 
have passed below the ports E! in the sleeve, steam is cut off. The 
point of cut-off may be varied by rotating the sleeve upon its 
axis, thus causing the ports in the hollow piston-rod to pass below 
the oblique lower edges of the ports E}, either earlier or later in 
the stroke according as the sleeve is rotated one way or the other. 
When the piston N moves towards the steam chest the sleeve is 
thereby turned in a direction to make the cut-off become earlier, 
and as it moves away to become later. The outward movement 
to make the cut-off later can take place quickly, as steam can pass 
quickly from the steam chest to the inner end of the cylinder M 
through the valve. An inward movement to make the cut-off 
earlicr takes place slowly, as the steam in the inner end of the 
cylinder M can only pass from it into the steam chest through 
the small passage O!, or by the clearance past the rod N! 
(Accepted January 2, 1895). 


VEHICLES. 


2949. W. O. Wood and C. Burnett, South Hetton, 
Durham. Rotary Tipplers for Discharging Coal, 
&c. [6 Figs.) February 10, 1894.—The tippler when rotating is 
supported by four wheels A, A and Al, A! upon which rest the two 
rings B. The two wheels A at one side are fixed upon a shaft C 
which is constanty rotated, and these wheels constitute driving 
wheels, while the two wheels A! on the shaft D are free wheels. A 
brake block E is applied at one or both ends of the . yh 
the rings B. The block E is hinged by a link F to the plate 
G, and also connected to toggle levers H. These toggle levers 77 
are by a block I and a rod J connected to the lower end K! of a 


double-armed starting lever K mounted on the other side of the 
tippler and fulcrumed on the bracket L, forming the bearing for 
the spindle D carrying the two free supporting wheels A’, or on 
the spindle D itself. 


Fig.1. 


When the apparatus is at rest, the tippler is 



































by the brake blocks E slightly raised so that the rings B are free 
of driving contact with the driving wheels A, A. The starting 
lever K then rests against a stop M on one side of the tippler 
rings B. To start the apparatus, the lever K is lifted clear of the 
stop M, so that the latter becomes clear of the recess in the lever. 
The lever is then pulled over, so that the toggle levers H, H are 
drawn towards the collapsed position, whereby the brake block 
E is lowered from off the ring B of the tippler. The latter drops 
upon the driving wheels A and is caused to make a whole turn 
round, whereupon the stop M comes against the starting lever K, 
turns it automatically into its normal position of rest, and there- 
by applies the brake and raises the tippler rings B clear of the 
driving wheels A, that is to say, brings the tippler to a standstill. 
The dotted lines show the stop M and the lever K at the first 
moment of contact. (Accepted January 2, 1895). 


MISCELLANEOUS. 


4498. J. Laidlaw, Glasgow. Centrifugal Machines. 
[2 Figs.) March 8, 1894.—This invention relates to that class of 
centrifugal machines which are suspended and driven from above, 
and in which the dried material is discharged through an annular 
opening in the bottom of the revolving basket. In carrying out 
this invention the opening a@ in the bottom b of the revolving 
basket A is made equal in diameter to that of the opening c in the 
top of the basket A. The bottom is made to slope down from the 
side, as well as from the centre of the basket A to the lips d of 
the opening a at an angle greater than the 4 of repose of the 
material which is to be dried in the centrifugal, so that when the 
basket A is at rest the solid material will not lie on its inclined 
surfaces, but will fall out through the openings a. Attached 
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to spindle e at some distance from the bottom a conical surface 
E slopes downwards or upwards from the spindle e on which 
the raw material falls. From the conical surface E the material 
is caused to fly out to the side of the basket by centrifugal force. 
The conical surface E is fixed at such a height that the solid and 
liquid, or semi-liquid material to be dried will form nearly a ver- 
tical wall, and fill the basket A to the openings a and cin the top 
and bottom. This conical surface serves to direct the raw material 
| outwards while it is being run into the machine—the machine 

being in motion—and prevents it falling down to the opening a 
in the bottom b. When the basket stops, the dried material falls 
| down the inclined bottom of the basket and out through the 
| opening. (Accepted January 2, 1895). 


UNITED STATES PATENTS AND PATENT PRAOCTIOB. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
| street, Strand. 
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ELECTRIO TRACTION.—No. VII. 
By Puiu Dawson. 


Heavy bare copper supplementary wires, have 
been used on many roads regardless of expense, 
when a far smaller amount of copper judiciously 
applied in bonding, would have produced a much 
more efficient return circuit. To know how heavy the 
bonding and the insulated return feeders should 
be, a careful study of each road and the conditions 
under which it will be operated is necessary. 

Each feeder must be calculated so as to give the 
admitted fall of potential with the maximum cur- 
rent which it will have to carry, say 10 per cent. of 


when a good return circuit is assured by the rails 
alone, if they are properly bonded, is seen by look- 
ing at the following Tables by Mr. McTighe, of 
Brooklyn, who is connected with the Atlantic 
Avenue Electric Railway of that city. 

The area of the rails in contact with the fishplates 
is too small and oxidised to be of any service for 
the return circuit. 

Table XXXIII. gives a too light bonding; the 
conductivity of the bonds used should approach 
that of the rails as nearly as possible, especially if 
the traffic is heavy. 

We see from the above, that for the 90-lb. rail, 
with double track and 12-in. double No. 0000 B. 





the station voltage. 


= 
| 2 SEERERES OS | 


and S. gauge copper bonds, the fall of voltage per 





Fig. 36. 






Supplementary Wire __ 








head or underground, back to the negative ‘‘ bus” 
bar at the switchboard in the power-house. 

The following is a description of the forms of 
rail bonds which have been used, and those which 
are now most in favour. There are, besides those 
described, many other types which have been 
brought out from time to time, but have never 
come into general or successful use. 

Edison, in experiments with low-tension traction 
(25 volts) and no overhead wires, used the follow- 
ing bonding device: 

The rails were connected by the ordinary fish- 
plates and by plates of copper. The rail was 
cleaned and then amalgamated by rubbing on 





sodium amalgam. The copper was also amalga- 










Fig. 38. 
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The especial factors governing the capacity and 
number of feeders to be used are : the number and 
weight of cars in service, their speed and headway, 
grades, curves, and weight of rails used. The in- 
TaBLE XX XII.—Sectional Area of Rails and Correspond- 

ing Copper Bonding for Double Track. 




















Weight | Equivalent in Copper. | 

of Rails | | ca) 
— | ag | Approxi Resist: 

| mate | 
raat —e | Seo. Thick | | Number, eae 
rea. | ti * | Wi .W.G. " 

Yara. | | — | ness. Width. | B.W.G. 
Ib. eq. in, eq. in. in. | in. | | ohm 
50 20 3.33 1 | 3.33 | 20 No. 0000 | 0.0121 
60 24 4.00 1 4.00 | 24 No. 0000 | 0.0101 
70 28 4.66 | 1 | 4.66 | 28 No. 0000 | 0.0086 
80 32 5.83 1 | 5.88 | 32 No. 0000 | 0.0075 
= 36 | 6.00 | 1 | 6.00 | 36 No. 000 | 0.0067 
”) 40 | 6.66 1 | 6.66 | 40 No. 0000 | 0.0060 

a | 

sufficiency of the bonding which has till quite 


recently been adopted, and the superfluity of em- 
ploying separate bare copper supplementary wires, 























TaBLE XXXIII.—Bonding Usually Adopted Per Mile of 

















Double Track. 
] 
. } Resist- | Resist- Totsl Re- 
bey Bonds Used. anceof | anceof | sistance 
‘a Rails. Bonds. of Return. 
Ib. per | ohm ohm ohm 
yard | } 
70 |No. 000 B. and S. copper | 
bonds, single, 36 in.) | 
long. No supple-' 
| mentary wire .. .-| 0.0086 | 0.70838 | 0.0169 
70 |No. 00 B. and §S. coppe | 
| bonds, single, 12 in. 
| long. oO supple-! | 
| mentary wire .. | 0.0086 | 0.0027 | 0.0113 
90 |No. 0000 Copper bonds, 
double, 12 in. long. | 
Nosupplementary wire| 0.0067 0.0011 0.0078 





mile per ampere passing through the rail, is 
— 0.0078 volt. If the current passing 
should be such that the fall becomes too great, 
insulated return feeders should be added, connected 





to the rails at intervals and brought either over- 


mated, the joints were bolted together, a layer of 
amalgam being interposed between the rail and the 
copper plate before bolting up. The joints thus 
made were then covered with marine glue and 
asphalted. The early rudimentary type of rail 
bond derived from steam railway signal system 
practice, has already been described, and is shown 
on Figs. 37 and 38. 

The ‘‘channel pin” method of bonding, which 
was next introduced, has been most extensively 
used, and from a constructive point is very econo- 
mical. It is now, however, entirely out of date, 
many better methods of bonding having become 
known. 

It consists in jamming a bare copper wire into a 
hole drilled in the web of the rail, by means of a 
coppered steel pin provided with a conical channel. 
The great defect of this system lay in the fact that 
the bond could not be riveted or made to completely 
fill the hole, and a rapid corrosion -/ the contacts 
took place. Moreover, the surface of copper in 
contact with the rail was very small, and the wire, 
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being wedge-driven into the hole in the rail, had a 
tendency to work loose with the vibration caused 
by the passage of the cars (see Fig. 39). 

A rail bond used to some extent and which, 
although by no means as good as later types, was an 
improvement on the channel pin, is represented in 
Figs. 40 and 41. It consists in a tapered, spring-steel 
cap, fitting over the end of the bonding wire and into 
the web or flange of the rail. The end of the bond 
wire was passed through the hole in the rail, which 
was drilled ;4; in. smaller than the outside diameter. 
The cap was then placed over the projecting end 
of the bonding wire and driven into the rail. A 
crimp extending the full length of the cap allowed 
the steel to be compressed firmly over the wire and 
into the rail. It would, however, seem that the 
empty space which remained where this process was 
used caused as rapid corrosion of the contact surfaces 
to take place as happened where the channel pin 
bond was employed. 

A somewhat similar method of obtaining the same 
result is attained in the ‘‘ Acme” rail bond, which 
consists of an iron sleeve with a tapered end. This 
sleeve has a channel cut on one side, making the 
wall of the sleeve rather weak at that point. The 
hole in the rail,is drilled about ;;, in. smaller than the 
largest outside diameter of the sleeve, and by driving 
the sleeve over the wire in the hole of the rail, the 
sleeve shapes itself to all the inequalities of the 
hole and the wire, and makes a fairly good joint. 

The ‘‘ Brooklyn” rail bond, as its name implies, 
has been extensively used in that city. It is formed 
of a strip of copper, bent so as to provide for expan- 
sion and contraction. A drive fit tapered iron rivet 
at either end holds it to the rails. Besides being 
liable to break in the middle, the conductivity of 
the connections with the rails is insufficient, and 
the use of this bond is not to be recommended 
(Fig 42). 

A form of bond used to some extent in Phila- 
delphia, consists of a steel screw nipple bored to fit 
the bond wire, and tapered and slotted at one end 
by three slits extending about half its length. The 
hole in the rail is threaded to receive the nipple, 
which is then screwed in, the copper bond wire is 
placed within the slotted end and a nut screwed up 
on the nipple until the three segments are brought 
together so as to clamp the bond. The labour re- 
quired to instal these bonds is more than with most 
other forms, and the contact surface of the copper 
with the iron is not sufliciently perfect to make the 
bond desirable (see Fig. 43). 

The solid riveted copper bond consists of a piece 
of from No. 0 to No. 0000 wire, at each extremity 
of which a head is formed, which is riveted into the 
web of the rail. The rivet portion of the bond is 
larger in diameter than the wire itself. In bond- 
ing, the rivet head and riveted end are pressed 
tightly against the side of the web, thus forming a 
very fairly perfect joint (see Fig. 44). 

This bond is generally manufactured in two 
lengths, viz., 8$ in. and 30 in. The 8}-in. bonds 
are used for riveting to the bottom flange of the 
rail, the 30-in. one being riveted into the web of 
the rail at each side of the fish plates. 

TABLE XX XIV.—Standard Riveted Types of Bond. 


: , ~ Diameter of Hole in | ,,. ‘ 
Size of Wire, B. and Rail into which End of Diameter of Bond 


8S. Gauge. | Bond Fits. Wire used. 
| in. in. 
0000 | 4 0.460 
000 4 0.410 
oo va 0 366 


0 i | 0.326 


The ‘** Vail” bond, called after its inventor, Mr. 
T. H. Vail, is in many respects a good bond, 
although it relies to some extent on external 





notes, is largely used on the West End Railway of 
Boston, consists in a solid or stranded copper wire 
having iron tapers brazed on to it at the points 
where the bond is driven through the web of the 
rails. After the tapers have been forced into their 
proper position, the free ends of the bond are 
brought together and fastened by means of a solder- 
ing sleeve (see Fig. 45). 

In the Johnston rail bond-—one of the latest and 
most approved types—all rivets are avoided, and 
the bond is applied to the rail by means of two 
nuts, shown in Fig. 47, which are applied to the 
ends of the bond, as shown in Fig. 46. The web 
of the rail is perforated by a taper hole, and after 
the insertion of the bond the nuts are screwed up 
tight and force the tapered nut into the hole, as 
shown in Fig. 46. The surfaces are first made 
smooth and bright by a special tool, after the rail 
is in position. The holes for the nuts are also 
tapered and made bright by the use of another 
tool—the bright smooth surfaces of the steel and 
brass nuts and their flanges making a firm, elec- 
trical, and mechanical water-tight contact, with 
all the possible solidity to be obtained by the use 
of bolts and nuts. This fastening cannot shake 
loose in ordinary or extraordinary wear, and it is 
reinforced by slightly upsetting the protruding 
end of the copper rod on the end nut after 
the whole is in place. After the bonds are 
installed the joints may be soldered, but should 
be thoroughly coated with a suitable preservative 
compound, The diameter of the hole in the web, 
together with the faces of the nuts, gives an area of 
contact much exceeding the cross-section of the 
bond itself. The size of the wire used in connec- 
tion with the Johnston bend can, of course, be 
varied at will, as is the case with all bonds, those 
nearest the power-house being made larger to 
allow for the increased current at that point. 
This can be done, however, without altering the 
bond nut, all that is necessary being to tap it to 
the size of wire desired. The present standard 
size is No. 0000 B. and S. copper rod (say, 
33 in. in diameter), 30 in. long (measuring from 
the centre of the holes in the rails). 

The ‘‘ Chicago ” rail bond, as its name indicates, is 
in very extensive use in Chicago, where alone over450 
miles of track are bonded by it. This is undoubtedly 
one of the best bonds now in use in America. The 
bond consists of a copper rod or flexible cable having 
tubular or thimble-shaped terminals which are bent 
at right angles to the bond, the whole being com- 
posed of one solid piece of rolled copper. The 
tubular or thimble-shaped terminals are inserted 
into holes through the web of the rail, and the 
slitted end of the terminal is spread or clinched over 
on the rail with a hammer and punch ; this holds it 
from drawing back out of the hole. Rust should 
be cleaned out of holes with a straight rose reamer 
not exceeding the size of the terminals more than 
gi in., or they should be cleaned with a round file 
a size smaller than the holes. If from any cause, 
as from an oversight or negligence, or from ream- 
ing the rust out of holes, they should be made too 
large for the terminals, making a loose connection, 
pins ;{; in. larger than the original pins sent out 
with the bonds should be used, and in applying 
these larger pins a punch should be used to open 
out the terminals to start the pins straight. The 
drift pin is larger in diameter than the opening in 
the tubular or thimble-shaped terminal, by about 
7s in. This pin is driven into the hole in the ter- 
minal, thus permanently expanding and wedging the 
terminal into solid contact with the surface of the hole 
through the web of the rail by stretching or swaging 


'the metal of the bond against the sides of the hole 


in the rail. This makes, as nearly as may be, an 


| absolutely perfect and solid contact between the 


contact surface. It consists of two heavy sockets | two metallic surfaces in connection, excludes all 


of copper, one riveted to eacl rail, and connected by 
two or more stranded copper cables brazed into the 
brass or copper sockets. The sockets have two or 
more projecting studs which are riveted into the 
web of the rail. These furnish a fair electrical 
connection with the rail, and the shoulders of the 
sockets can also be slightly relied upon at their 
contacts, provided the work is well done and the 
surfaces in contact were bright and dry at the time 
of their connection. An advantage of this bond is 
its flexibility, and this quality, notwithstanding its 
large sectional area, allows of its being much 
shorter, and causes a saving in copper. Solid bonds 
are, however, preferable to flexible ones, as they 
are less liable to damage by electrolysis. 

The ‘‘ West End” bond, which, as its name de- 





air and moisture, and renders corrosion or elec- 
trolytic action in the connection very nearly im- 
possible. The length of bond mostly used is 30 in. 
Instead of using solid wire between the terminals, 
stranded cables can be employed. Table XXXV. 
gives the proportionate dimensions of standard sizes 
of this bond. 

The advantage of this bond is the large contact 
surface it has inside the web of the rail, and the 
extremely good contact assured between the copper 
and iron. The size of conductor used depends upon 
the weight of the rails and the current carried (see 
Figs. 48, 49, and 50). 

A very good practice to diminish the electrolysis 
and corrosion of rail bonds, would seem to consist 
in heavily coating them with preservative com- 





TABLE XXXV.—Showing Standard Dimensions 
of Chicago Rail Bond. 

















Diameter of 
Size of Wire, | Hole in Rail} Diameter | Sectional Di 
B. and S. | into which | of Hole in Area of f Pit ter 
Gauge. Terminal | Terminal. | Rail Bond.| © *19- 
of Bond Fits. 
in. in. sq. in. in. 
0000 i C7 0.166 j 
000 } 3 0.132 F 
00 § te 0.104 j 
0 + | i 0.083 * 








The depth of the hole in the terminal (not including point) is 
1 in. in all sizes of the bond. 





pounds. Insulating the rails as much as possible 
from the ground by laying them on good rock 
ballast, and heavily coating them with tar, as- 
phaltum, or other preservative compounds, is 
recommended by practical street railway con- 
structors. A faulty rail bond will show itself in 
winter by heating and melting the snow which 
may be present on the ground around it. If the 
earth is fairly dry, and presents some resistance, 
faulty rail bonds will also show themselves by 
causing slight shocks to people or animals touching 
the metals, due to a difference of potential existing 
between the consecutive rails. Besides causing loss 
of power and electrolysis of gas and water pipes, a 
defective return circuit causes burnt armatures, 
hot motors, and frequent repairs. From the fore- 
going we may conclude: 

1, The rails ought to be bonded in such a way 
that the current capacity of the bonds is, as nearly 
as possible, equal to that of the rails, 

2. Supplementary bare copper wires laid in the 
earth between the rails are useless (see Fig. 36). 
If the rails are not heavy enough to carry the cur- 
rent required, insulated return feeders connected to 
them at intervals should be adopted. 

3. The rails should be heavily cross-bonded at 
least every 90 ft. or so, in order to equalise the 
current flowing through each line of rails as much 
as possible. 

4. The greatest care should be taken to have the 
surface of the rail in contact with the bonds per- 
fectly dry and bright at the moment of bonding. 
Only the surface within the holes in the web should 
be counted upon as absolutely reliable for the path 
of the current, and no portion of the external sur- 
face of the web of the rail should be considered in 
calculating the contact surface required. 

5. The resistance of the return circuit should be 
so low as to need no help from the earth. 

It is of the greatest importance that the surface 
of the copper bond which is in contact with the rail 
should be as large as possible, from 6 to 10 times 
the sectional area of the copper bond. 

The density of the current in the bond should 
also be low. 

(To be continued.) 





THE AMERICAN SOOIETY OF CIVIL 
ENGINEERS. 


(From our New York CorRESPONDENT.) 


Ir was expected that the meeting of the Society 
held in New-York City on January 16 and 17 
would be a most interesting occasion from the con- 
currence of several circumstances. There was the 
everlasting question of amendments to the con- 
stitution, which of itself is usually provocative of a 
lively discussion ; then the election of a President 
was to be settled, and that of a secretary. As to 
the question of amendments, it may be remarked 
that no sooner does a Society settle down into quiet 
running order than some uneasy individuals, who 
have had a sort of nightmare, arise with amend- 
ments. The dreams of these parties take the shape 
of a vision in which a crowd of malevolent persons 
desirous of wrecking theSociety are hovering around. 
New safeguards must be devised to prevent these 
‘*men of straw” from working their wicked will. That 
great ‘* bugaboo ” which has been held up for years 
to new members, the imaginary ‘‘ring” who run 
the Society, must be broken up, and so means are 
devised to scatter the governing body to such an 
extent it will be difficult to get any large number 
together. Those grasping individuals who are 
desirous of perpetuating themselves in oflice must 
also be thwarted, although there has never been a 
case in the annals of the Society where it has been 
done, yet it might happen, and so a new article is 
needed. Then the election of a secretary must be 
an expression of the wish of a majority of the 
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members, and the result is a most cumbersome 
arrangement, consisting of 38 members scattered all 
over the United States, 20 constituting a quorum, 
and 20 votes being necessary to an election, the im- 
mediate result being that there was no election pos- 
sible at the first meeting, and it is relegated to 
letter ballots. Then thesecond ballot must be thrown 
open for the election of members in case a candi- 
date has been rejected. The result of which will 
be that any rejected candidate who has a good line 
of friends in the Society can hardly be kept out. 
These were some of the prominent points on which 
amendments were brought forward. The gather- 
ing was large and representative, and, as is usual 
in meetings, they discussed and finally swallowed 
the amendments asa whole, probably with a view 
to changing most of them before long. The 
Standard Time Committee reported progress and 
was continued. This committee promises to be 
eternal, or, at least, to last during the lifetime of 
its members. The Committee on Uniform Methods 
of Testing Materials Used in Metallic Structures, 
presented a minority as well as a majority report, 
and a lively discussion ensued, resulting in laying 
the report on the table, thus preventing any dis- 
cussion of it in detail. A resolution finally pre- 
vailed that a discussion be had in the near future. 
The Committee on International Standards for the 
Analysis of Iron and Steel wanted two or three 
years more to complete its work, and gave a 
description of what had already been done. 
Its report was accepted, and the committee con- 
tinued. The Committee on Uniformity of Measures 
reported progress, and was continued. 

The announcement was made that the Rowland 
Prize had been awarded to Paper No. 617, on 
‘‘ Distinctive Features and Advantages of American 
Locomotive Practice,” by Mr. D. L. Barnes. The 
Norman Medal was awarded to Paper No. 641, 
‘© A Proposed Method of Testing Structural Steel,” 
by Mr. A. E. Hunt. 

The election of officers for the year 1895 resulted 
as follows, there being 709 votes counted: Presi- 
dent, George S. Morison, of Chicago, II]. (390 votes 
out of 691, while Mr. Wallace received 244 votes) ; 
vice-presidents, Desmond Fitzgerald, of Brookline, 
Mass. (676), and Benjamin M. Harrod, of New 
Orleans, La. (658); treasurer, John Thomson, of 
New York City (699) ; directors, George H. Ben- 
zenberg, of Milwaukee, Wis. ; George H. Browne, 
of Pittsburg, Pa. ; Robert Cartwright, of Rochester, 
N.Y. ; Fayette S. Curtis, of New Haven, Conn. ; 
Augustus Mordecai, of New York City; and 
Charles Sooysmith, of New York City. In regard 
to Mr. Morison, recently elected President, it may 
be said that his services to the Society have been 
conspicuous. Not only has his interest in its 
management been shown on many occasions, but the 
Society as a body has owed to him two exceedingly 
pleasant and instructive excursions. When we met 
in Boston, Mr. Morison tendered us a trip through 
the White Mountains in a special train, which in- 
vitation received a hearty acceptance, and the trip, 
which lasted several days, proved a great success. 
On another occasion, when the Society met in 
St. Louis, Mr. Morison invited them to visit the 
Plattsmouth bridge, then under construction, pro- 
viding a special train consisting of sleeping cars, 
and again giving the members a charming exhibi- 
tion of unbounded hospitality, as well as showing 
them a magnificent structure erected in the face of 
many obstacles, whose examination could not fail 
to give them much useful information. In regard 
to Mr. Morison’s career, it has been a most suc- 
cessful one, stamping him as one of the foremost 
bridge engineers of day. He was born at New 
3edford, Mass., on December 19, 1842. He was 
the son of John Hopkins and Emily (Rogers) 
Morison, of sturdy New Hampshire Scotch-Irish 
and English stock. As a boy George S. Morison 
lived in Milton, near Boston, and was fitted for 
college at the Phillips Exeter Academy, of which 
institution he has been one of the six trustees 
since 1888. He was graduated from Harvard 
College in 1863, and having studied law, he re- 
ceived the degree of LL.B., and was admitted to 
the N ew York Bar in 1866 ; but he never practised 
in this profession. 

In October, 1867, he sought his first engineering 
employment in connection with the Kansas City 
bridge, then being built over the Missouri River, 
under Mr. Octave Chanute as chief engineer. He 
remained at Kansas City, engaged upon bridge and 
railway work, until 1871, when he removed to 


Detroit, Eel River, and Illinois Railroad, in Indiana. 
In April, 1873, he came to New York as resident 
engineer of the eastern division of the Erie Rail- 
way, and was later the principal assistant to the 
chief engineer, Mr. Octave Chanute. He remained 
with the Erie Railway until November, 1875, and 
during this time rebuilt in iron the famous wooden 
Portage Viaduct, which was destroyed by fire on 
May 6, 1875. 

During the 10 years, 1875-1885, Mr. Morison 
was largely engaged in consulting work on railway 
properties in the United States, having a regular 
business engagement to and with Messrs. G. G. and 
G. C. Ward, the American agents for the famous 
Baring Brothers, of London. In this connection 
Mr. Morison served as a director on the boards of 
the following railways: The St. Louis, Iron Moun- 
tain, and Southern, 1876 to 1880 ; the Eastern Rail- 
road of Massachusetts, from 1876 to 1886; the 
Maine Central, from 1877 to 1885 ; and the Ohio 
and Mississippi Railroad, from 1884 to 1892. About 
this same time the firm of Morison, Field, and Co., 
bridge contractors, was formed ; but Mr. Morison, 
preferring engineering work proper to contracting, 
soon retired from this business. 

In 1887 Mr. Morison removed his office and resi- 
dence to Chicago, though he still retained a branch 
office in New York. Until 1889 he was associated in 
engineering practice with Mr. E. L. Corthell, the 
firm being known as Morison and Corthell. As 
chief engineer, Mr. Morison has built the following 
bridges over the Missouri River: Plattsmouth, 
1879-80; Bismarck, 1881-82; Blair Crossing, 
1882-83; Omaha, 1885-87; Rulo, 1885-87; Ne- 
braska City, 1887.88 ; Sioux City, 1887-88; Belle- 
fontaine, 1892-93; Leavenworth, 1893. Across 
the Upper Mississippi River, as chief engineer, he 
built the Winons Bridge, 1890-91; rebuilt the 
Burlington Bridge in 1890-91, and built the Alton 
Bridge in 1892-93. Healso built the Cairo Bridge, 
across the Ohio River, in 1887-89, and the Memphis 
Bridge across the Lower Mississippi, in 1889-92. 
He was consulting engineer and made the plans for 
the Merchants’ Bridge, at St. Louis, and was con- 
sulting engineer for the crossing of the Willamette, 
at Portland, Oregon; the Riparia Bridge, across 
the Snake River, and the crossing of the St. John’s 
River, at Jacksonsville, Fla. In addition to these, 
he built a number of smaller bridges and viaducts 
for various companies. 

In 1894 he was a member of the board appointed 
by President Cleveland to report on a safe and 
practicable span for a bridge across the Hudson 
River, at New York. Mr. Morison was made a 
member of the American Society of Civil Engineers, 
January 6, 1875. He is also a member of the 
Western Society of Engineers, of the American 
Institute of Mining Engineers, of the American 
Society of Mechanical Engineers, and is a member 
of the Institution of Civil Engineers of London, 
and an Assoc. Fellow of the American Academy of 
Arts and Sciences. In Chicago, IIl., he belongs to 
the Chicago and Union Clubs ; in New York City, 
to the University and Engineers’ Clubs and to the 
Down-Town Association ; in Boston, to the Union 
Club, and in St. Louis, to the St. Louis Club. 

The bridge at Memphis, which was completed in 
1892, is one of his greatest achievements. This 
crosses the Mississippi with a main span 790.42 ft. 
long, and two river spans of 621 ft. each. The 
total length of the bridge proper is 2597 ft., and 
including the viaduct approaches, 4988 ft. There 
are but two bridges in the world with longer 
trussed spans ; the Forth Bridge, with two spans 
each 1710 ft. long, and the Landsdowne Bridge 
(Sukkur), with one span of 820 ft. Only one other 
bridge has reached such a great depth by pneu- 
matic caissons, the Eads Bridge at St. Louis. The 
Table below gives the depths reached and the 
greatest immersion while work in the caissons was 
In progress : 


Below Low Below Immer- 
Water. High Water. sion. 
fb. fo. ft. 
Memphis ads 96.2 130.8 108.0 
Eads... “aa 94.0 135.5 109.7 


The Cairo Bridge is the longest metallic structure 
in the world. 

At the evening meeting the Society made a new 
departure in the method of entertaining the visiting 
members: a delightful reception was tendered them 
at the Waldorf, and dancing was one of the features. 
It would surprise one who was accustomed to re- 
gard these men of science as thoroughly immersed in 





Detroit, and until 1873 was chief engineer of the 





difficult and abstract problems, to see how jolly they 


were, and further, how well they could dance; indeed, 
they seemed to thoroughly enjoy this graceful per- 
formance, and supper was not served till 12.30, nor 
did the evening close till 2.30. Nevertheless the 
party assembled fresh and rosy from the cold 
weather in the steamboat at an early hour the next 
day, and sailed for Willett’s Point, where the United 
States Government has a school for engineers, 
Colonel King, the commandant, welcomed the 
Society, and several very enjoyable hours were 
spent in inspecting the models of various Govern- 
ment work, such as dams, jetties, fortifications, 
&c. These works are located all over the United 
States, wherever improvements for navigation, 
reclamations from the ocean, or fortifications, have 
been constructed. The models were beautifully made 
even to minute details, and it was with difficulty 
the party were taken from their contemplation. 
The enormous magnet constructed by winding 
14 miles of insulated wire around a 15-in. Rod- 
man gun was shown. Its capacity is 40 amperes, 
and the current is taken from two dynamos about 
200 ft. distant. A chain was broken under a strain 
of 23,500 lb., without detaching it from the mag- 
net. When the armature, which consists of six 
platform plates bolted together, was raised to the 
muzzle, it was attached to the gun by the current, 
and resisted a strain estimated at 44,800 lb., when 
the chain again broke. Five 325-lb. round cannon- 
balls stood out from the gun like a rod at right 
angles, each ball simply touching the one in front. 
As the first one was raised, it sprang against the 
surface of the gun, and each succeeding one sprang. 
to the one attached by the current, the point of 
contact being in each case simply the point of 
tangency of the two spheres. Several of the party, 
standing at a distance of 3 ft. or 4 ft., held bars in 
their hands, and on touching the bar held by 
another, the two adhered with some force, The 
gun weighs about 80,000 Ib.; and the lines of mag- 
netic force have been plotted in an approximate 
manner. The neutral point has been located near 
the muzzle, and at it even a tack will not adhere 
to the surface of the gun. At a distance of 71 ft. 
the magnetism of the gun and that of the earth are 
equal, and at 200 ft. the compass needle was de- 
flected but 3deg. This disposes of the statement 
of the intelligent (?) reporter in one of our daily 
papers that the compasses of ships at a distance of 
six miles were seriously affected by Colonel King’s 
great magnet. The evening was spent by a num- 
ber of the Society in listening to a popular lecture 
by Dr. C. E. Emery on ‘‘ The Utilisation of the 
Forces of Nature.” The subject was illustrated by 
stereopticon views of various engineering works, 
and received the careful attention of the audience. 
The annual meeting then passed silently into the 
past, and the members scattered to their homes. 





HADFIELD’S STEEL FOUNDRY. 
(Concluded from page 166.) 

ApsorninG the heavy foundry is a foundry where 
lighter work is done ; the building is 300 ft. long, 
and is well fitted with hydraulic cranes, overhead 
steam travellers, &c. There are separate casting 
pits, drying stoves, and the usual appliances. 
Here are produced a great variety of castings, 
amongst which may be mentioned three-throw 
crankshafts, over 4 in. in diameter, and of easy 
curves, single cranks and crossheads for stationary 
engines, brackets and levers of various shapes, 
steam-hammer tups and pellets ; anvil blocks, claw 
couplings for shafting ; cams, tappets, shoes, and 
dies for gold quartz machinery, pump bodies, &c. 
Messrs. Hadfield have been very successful in 
introducing steel castings in place of iron forgings 
and iron castings for railway work. A large number 
of these castings were in progress at the time of our 
visit. Engine wheel centres are now quite a common 
article of manufacture. In 1872 the company made 
cast-steel railway wheels, with which they were re- 
markably successful ; but, as our readers are aware, 
there was great opposition to their introduction. 
Engineers objected that though the wheel might be 
apparently sound, there was no guarantee that it 
would not be extensively honeycombed in some 
part. Of course these matters are questions of 
degree. Mr. Hadfield states that the risk of failure 
through unsound casting is not nearly as great as 
the risk in a wrought-iron wheel, built up of a large 
number of pieces welded together. There are atthe 
present time some of the firm’s wheels working in 
the United States which have completed close upon 





250,000 to 300,000 miles running. These are of 





234 


ENGINEERING. [Fes. 22, 1895. 








cast steel, without tyre, and are used on the bogies 
of locomotives, or on tenders. In Fig. 3 are 
shown the results obtained with a steel ‘‘ Hecla” 
wheel at various distances of running. The full 
outline shows the original section, the dotted line 
the wear (x4 in.) after 39,849 miles running ; the 
next line, in dot and dash, the wear after 100,506 
miles (}4 in.) ; and the inner line—a broken line— 
the wear ({ in.) after 122,589 miles running. This 
wheel was 3 ft. 04 in. diameter, and was cast in one 
piece ; and the tyre was neither forged, hammered, 
nor rolled. The wheel carried 44 tons, and was part 
of an express engine on a leading English railway. 

In England, however, locomotive wheels with 


; 
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centres of wrought iron or cast steel and separate 
steel tyres are preferred, so that the tyres may 
be renewed without discarding the whole of the 
wheel. American engineers go largely on a diffe- 
rent principle, and throw the whole wheel away 
when it has become worn to such an extent as to 
be unserviceable. At the t.me of our visit there 
were considerable numbers of locomotive wheel 
centres in progress, plain or with crankpin bosses 
and balance-weights cast on. Some of these were 
up to 7 ft. in diameter, but cast-steel centres have 


been made up to 8 ft. in this foundry. Messrs. | 


Hadfield are supplying to locomotive engineers cast- 
steel wheel centres with a tensile strength averaging 
32 tons to the square inch., and having an elon- 


gation of 16 to 18 per cent. As we believe | 


the English wheels are as cheap as those pro- 
duced abroad, it is difficult to understand why 





some do for engine-wheel centres, and it is well it|horn blocks and other railway castings, we may 
should be understood that good steel castings can | refer to the very successful tests tabulated below. 
be bought as cheaply in England as abroad. The | These were made at the Hecla Works by the In- 
railways supplied in this country with these wheel | specting Engineer of the Great Indian Peninsular 
centres are—the Great Eastern, the North-Eastern, | Railway, the test bars being cut from castings, and 
the Midland, the London and South-Western, the | with the exception of ordinary annealing, had been 
Great Northern, the London, Chatham, and Dover, | submitted to no other treatment. These tests show, 
and the Manchester, Sheffield, and Lincolnshire; | for unhammered cast steel with so high a tenacity, 
besides which, most of the principal locomotive | very excellent ductility. 

builders in Scotland and Manchester have used| Cast-steel ramps, of the single and double type, 
them. Amongst other articles that may be noticed | are now being made in large numbers. They are 
for railway work, as produced in cast steel, are| light and portable, and not easily broken; the 
roof bars for locomotive boilers, horn blocks, axle-| latter is a great virtue in an instrument required 
boxes, motion plates, dome rings, bogie centres, often for emergencies. 
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Table Showing the Results of Tests of Bars Cut from 
Hadfield Steel Castings. 





























































English engineersshould go to Germany in the way 






stays, brake hangers, slide-bar brackets, spring link 
brackets, buffer guides, reversible crossings, special 
fishplates, &c. 
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KK In mining work this firm turns out a large num- 


ber of wheels for colliery tubs or wagons ; this, 
indeed, being one of their biggest productions. 
The lightness, and more especially the durability 
and strength of these steel wheels, form a most 
important feature in modern mining practice ; the 


As an example of the harder qualities of steel for | mining engineer of the present day being fully 
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aware of the importance of not having a breakdown, 
in which the hindrance to work will many times 
outweigh the value of the broken wheel. Itis said 
on very good authority that steel wheels have 
played no small part in the enormous output of 
coal obtained last year, when not far from 
200,000,000 tons were won. During our visit Mr. 
Hadfield had tested for us a colliery wheel, which 


4 
. 
| 


withstood 35 to 40 blows from a 14-lb. sledge- 
hammer, wielded with vigour by a strong man. 
The wheel then did not entirely give way, although 
one of the spokes was broken. This was a steel 
wheel, which must have been fairly high in carbon, 
as the smith afterwards forged from it a cold chisel 
which, when hardened, had a good cutting edge. 
Amongst other articles of colliery use are incline 
ramps, pulleys and sheaves, pedestals and bearings, 
cage guides, buffer hoops, drawbars, rope clips, 


edge wheels, self-oiling wheels, double rail chairs, | 
As indicating this preference for cast steel, we | 


&e. 





| 








| 
| 


were shown some light pulleys over 6 ft. in dia- | 
meter, and constituting one of the most difficult 


castings that could be given to a steel-founder to 
produce. 

_ In agricultural work the steel castings of this 
firm are used for spur gearing of traction engines, 


parts of ploughs, and many other parts of agricul- | 


tural machinery far too numerous to mention. 


In | 


rolling mills the steel castings are being extensively | 


introduced for mill pinions, both with plain and 
helical teeth, clutches, trunnions, bearing blocks, 
&. In electrical work Messrs. Hadfield have 
made provision for meeting the large demand that 


has arisen for steel castings. These they make from 
special grades of mild steel, which possess a high 
degree of permeability. Where cast-steel castings 
displace cast iron, a considerably increased energy 
is, it is claimed, obtained from the dynamo; and, 
moreover, the design of some of the important 
parts can be greatly simplified, and considerable 
machining and fitting avoided. Castings of this 
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description are now being made up to about 6 tons 
in weight, and good results in actual practice have 
been obtained. In Fig. 5, on the present page, we 
give a diagram which records the results of certain 
tests made to show the magnetic permeability of 
Hadfield’s dynamo steel and other steels as com- 
pared with wrought and castiron. The curves on 
the diagram fully illustrate the excellent results 





obtained. When it is considered that the efficiency 

of a dynamo can be increased 15 to 20 per cent., or 

even more, by using a more suitable class of steel, 

it will be easily understood how important a point 

it is for electrical engineers to select the best 
| material for their purpose. Messrs. Hadfield in- 
| form us they have many hundreds of tons of cast- 
| ings of the special steel for use in electrical 
|machines, both for this country and America. In 

the latter country dynamo frames and other parts 
| are made almost entirely of cast steel, as by its use 
/a much lighter machine is produced, as well as one 
| of more pleasing appearance. 

In marine work, steel castings are used for pro- 
peller blades, and many other parts, such as hawse 
pipes, stern tubes, thrust blocks, pistons, engine 
frames, crank webs, &c. Parts of anchors are also 
produced of cast steel. In this department also a 
large number of parts for dredging machinery are 
made, among which may be instanced cast-steel 
tumblers, saddles, whelps, buckets (either com- 
plete or with backs only with cranks), lips, 
gearing, &c. 

In tramway work, wheels for electric, steam, and 
horse traction gears are produced in steel castings, 
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Messrs. Hadfield have designed a special steel 
wheel for tramway work, which has met with con- 
siderable success, and is known as the Hecla wheel. 
This wheel is cast in one piece, having arms of oval 
section and branched so as to thoroughly support 
the tread all round, and thus prevent any tendency 
to the formation of flat places. It is fairly claimed 
that wheels of this design combine strength with 
lightness, so that the liability to breakage in coming 
in sharp contact with points or crossings is greatly 
reduced. We give on the preceding page a view of 
the wheel store at the Hecla Works. 

Warmaterial isan important section in these works, 
and Messrs. Hadfield have been, as is well known, 
remarkably successful in the making of steel pro- 
jectiles ; their productions in this field being put 
by a high authority on an equality with those of 
Holtzer. Some time ago one of their 6-in. armour- 
piercing projectiles was fired through two succes- 
sive 9-in. compound plates and still remained un- 
injured. Quite recently a projectile of similar 
calibre, but with a specially pointed head, pene- 
trated a 6-in. Harveyed plate. The latter fact is 
of interest at the present time, when Harveyised 
armour is being so extensively introduced. 








THAMES BRIDGES.—No. V.: 
8.—WaTERLOO BRIDGE. 


WE are indebted to the elder Rennie for three 
of the finest bridges spanning the Thames ; those 
of London, Southwark, and Waterloo. The two 
first-named we have already referred to in the 
course of these articles; following the river up- 
wards, we come to the third, a short distance above 
Blackfriars. The illustration on page 246 gives a 
good idea of the general appearance of this beauti- 
ful engineering work ; for its description we can- 
not do better than turn to the ‘‘ Autobiography of 
Sir John Rennie,” from the pages of which we have 
already drawn information relating to London and 
Southwark Bridges.* 

Waterloo Bridge was partly constructed when 
the younger Rennie was intrusted by his father 
with a responsible position on the works in 1813, 
the year before the elder undertook the design and 
erection of Southwark Bridge. It was a great 
undertaking, for it cost no less than 677,000I., in- 
cluding the approaches, but not inclusive of the 
purchase of property and certain contingencies. In 
all, the total outlay was 1,050,000/., of which the 
bridge itself absorbed 565,000/., Mr. Rennie’s 
estimate having been some 10,0001. less. The 
works have a length of nearly a mile, of which the 
bridge occupies a quarter of a mile. The bridge 
consists of nine arches, each having the same span 
of 120 ft. ; they are elliptical in form, and have a 
rise of 34 ft. 6in. The masonry at the crown is 
4 ft. 6in. deep and 10 ft. at the springing, and 
there are inverted arches over each pier between 
the main arches, 4 ft. 6 in. deep. The piers them- 
selves are 20 ft. wide; they are enriched by two 
three-quarter Doric pilasters, that support project- 
ing buttresses and rest upon an extension of the 
pier on each side of the bridge. The heavy cornice 
and balustrade is in the same order of architecture. 
‘*The roadway above the piers was supported by six 
brick walls, 2 ft. 3 in. thick, covered with corbel 
stones. The shores being low on each side of the 
river, the approaches are constructed so as to form 
an inclined plane rising 1 in 30 on the Surrey side, 
and nearly level on the north, or Middlesex side, 
with the Strand, upon a series of brick arches 16 ft. 
wide each. These arches serve for store-houses. 
The roadway was formed by a layer of well puddled 
clay 15 in. thick, then a layer of lime and of fine 
gravel 3 in. thick, then a layer of equally broken 
granite, in pieces 2in. in diameter, 1 ft. thick. 
Through the centre of the masonry of each pier a 
hole 18 in. in diameter was cu, entering the river 
on one side of the pier at low water, and from the 
top of this hole inside the pier, cast-iron branch 
pipes of the same diameter were carried to side 
drains on each side of the roadway, so that all rain 
and surface water was effectually carried off into 
the river, thus preventing leakage. The piers and 
abutments were founded in the solid bed of the 
river, which is strong gravel; they rest upon a 
wooden platform, supported upon piles 12 in. in 
diameter driven 20 ft. into the bed of the river. 
The whole of the arches and the exterior face of 


* “The Autobiography of Sir John Rennie, F.R.S.” 
London: E and F. N. Spon. 








the bridge are built of Cornish granite, from the 
vicinity of Penryn, and the balustrade is made of 
fine grey Aberdeen granite.” The bridge was 
opened with Royal state on June 15, 1817, the 
anniversary of the battle of Waterloo, after which 
the structure was named. It is somewhat inte- 
resting to note the prices that were paid for some 
of the masonry. Workmen had to be obtained 
from Aberdeen for dressing the granite, and they 
received at first 2s., and afterwards 1s. a cube foot 
for working; when complete in the bridge the 
cost per cube foot amounted to 7s. 3d.; at the 
time there was a duty of 3d. a foot on stone. 
Hard sandstone from Derbyshire and Yorkshire 
was used for the interior of the bridge. It is worth 
noting that Waterloo is exceptional in having a 
level roadway from end to end. 


9.—Tur CHarinc Cross BRIDGE OF THE SOUTH- 
EASTERN Rartwaxy Company. 


The railway bridge over the Thames at Charing 
Cross was not only the first link of the chain of 
communication between the north and south sides 
of the Thames within the metropolitan area outside 
the City limits, but in its design were introduced 
several features then novel, at all events in similar 
structures ; for these reasons the bridge is one of 
special interest. Its construction, and that of 
Charing Cross Station, involved the absorption of 
much property, and considerable changes in the 
immediate vicinity. On the site of the actual 
station stood Hungerford Market, and its crowded 
approaches ; immediately beyond was Hungerford 
Suspension Bridge, the work of I. K. Brunel, 
famous in its time, and after its removal, utilised 
in the erection of the Clifton Bridge across the 
gorge of the Avon. The Charing Cross railway 
bridge originally formed the first part of the 
Charing Cross Railway, the final link of which, 
prior to the important extensions and incorporation 
into the South-Eastern system, was the Cannon- 
street Bridge. It was built under an Act obtained 
in 1861, and comprises nine spans, of which six 
are 154 ft. long, and three are 100 ft., the smaller 
ones being all on the Middlesex side, where the 
width is increased fanlike from the normal up to 
the entrance of the station, to provide siding 
accommodation otherwise unattainable. The super- 
structure is carried on cylinders 14 ft. in diameter 
sunk in the ground and reduced to 10 ft. above the 
bed of the river, the differences being made good 
by conical junction pieces. These dimensions refer 
to the ordinary spans ; at the fan end of the bridge 
the diameters of the cylinders are reduced, and the 
number increased with the varying width; the 
thickness of metal in these cylinders is 14 in. for 
the bottom rings and 1} in. for the upper sections ; 
they are built up of seven segments, for the most 
part 9ft. high. The cylinders were sunk from 
stagings erected in the river, the ground being ex- 
cavated from the interior, and the cylinders being 
built up and weighted as the work progressed ; as 
a rule about 150 tons were loaded on each cylinder 
to sink them to the desired depth, which varied 
from 52 ft. to 62 ft. ; in a few cases, however, this 
latter depth was exceeded by 10ft. After the 
cylinders had been sunk to their final position they 
were filled with concrete as far as the top of the 
conical connecting piece, and from there to the 
underside of the granite bearing blocks, with brick- 
work ; a test load of 450 tons was then applied to 
the top of each cylinder, and in a few cases where 
there was some doubt about the foundations, this 
load was increased to 700 tons ; the average settle- 
ment under this load was 3in. In the parallel 
part of the bridge the cylinders are placed 
49 ft. 4 in. apart, and there is no connection 
between them except immediately below the road- 
way, where a box girder 4 ft. deep extends trars- 
versely across the structure. 

The superstructure for the 154-ft. spans consists 
of two main girders placed 49 ft. 4 in. apart from 
centre to centre, and carrying, suspended to them 
at intervals, transverse girders supporting the road- 
way. The main girders are not continuous, but are 
separated over every span ; they are parallel, with 
a maximum depth of 14 ft., and are of the single 
intersection type; vertical bars divide the space 
between the top and bottom members into 14 panels, 
and these panels are filled with a double set of two 
diagonals, crossing each other at an angle of about 
45 deg. They are connected together and to the 
webs of the girders by pins of puddled steel, a some- 
what novel form of construction at the time this 
bridge was designed. The top member of the 








girder consists of a varying number of flat plates 
# in. thick and 4 ft. wide; to these plates are 
riveted four angle irons ; these serve as a means of 
connection for four webs, the two outer ones being 
2 ft., andthe inner ones 19 in. deep. The lower 
member is similar, except that it is only 3 ft. 
wide, so that angle irons are placed somewhat 
closer together ; corresponding webs 2 ft. and 19 in. 
deep complete this member. Steel connecting- 
pins pass through these webs, which are strength- 
ened where the holes made for them occur, with 
coverplates 1 in. thick ; the diameter of the pins 
varies from 5 in. at the centre to 7 in. over the piers. 
The four diagonals that form the bracing in each 
panel vary in size from 12 in. by 2} in. over the piers 
to 6 in. by 2in. inthe middle of the span. The two 
compression members of each panel are braced to- 
gether for nearly their whole length. The weight 
of each main girder for the 154-ft. spans is 190 
tons. On the abutments and old brick piers the 
girders rest on roller bedplates ; over the cylinder 
piers they are carried on granite blocks, with sheet 
lead interspaced. The cross-girders are placed 
11 ft. apart ; they are attached to the lower members 
of the main girders by angle-iron straps, so that the 
tops of the cross-girders are in contact with the 
underside of the main girders ; the former are ex- 
tended 9 ft. 6 in. beyond the main girders to carry 
the two footways which had originally to be main- 
tained for the traffic previously accommodated by 
Hungerford Bridge. The cross-girders are made with 
a slight camber as regards their upper flange, the 
lower one being curved so that the depth, which is 
2 ft. 14 in. where they are connected to the main 
girders, is increased to 4 ft. in the centre ; the 
width of the top and bottom flanges is 18 in., and 
the girder is built up of these and lattice bars. The 
widened end of the bridge increases from the 
normal of less than 50 ft. to 168 ft. at the entrance 
of the station ; this part of the work is divided 
into spans of 100 ft., supported at one end on the 
old brick pier of Hungerford Bridge and at the 
other by the Middlesex abutment, the intervening 
supports consisting of two rows of cast-iron columns 
spaced 100 ft. apart. The pier nearest the abut- 
ment is composed of nine columns, and the next 
one of seven ; the diameter of these cylinders is 
less than that for the other piers. 

The portion sunk in the ground is in all cases 
10 ft. in diameter, while the upper parts or 
columns are 8 ft. in diameter for the outer columns 
of each row, the inner ones being 6 ft. The con- 
struction of this part of the bridge differs from that 
above described. As it was necessary to maintain 
an unbroken platform over the whole area, the sup- 
porting girders, except, of course, the outside main 
girders, had to be placed below the floor line ; the 
clear height from rail level to the level of the road- 
way of the Thames Embankment, then in course of 
construction, was comparatively smal], and but 
little room was left for construction. For this 
reason the smaller spans of 100 ft. were decided on, 
and with this margin a depth of only 5 ft. for the 
bearing girders, or one-twentieth the span, was 
available. The type adopted was that of the ordi- 
nary plate girder ; they are laid at right angles to 
the piers and abutment. The form of the fan is 
not symmetrical, the angle formed by the outside 
main girders differing on each side of the bridge ; 
the triangular spaces between them and the adja- 
cent plate girders are filled in with cross-bearers. 
Between this framework longitudinal timbers are 
placed, and to them the planking, 6 in. thick, is 
secured. The flooring for the rest of the bridge is 
4 in. thick, spiked to longitudinals 15 in. by 15 in. 

The bridge works were commenced in June, 
1860, and were completed in 1863. There were 
4950 tons of wrought iron, including the steel pins, 
and 1950 tons of cast iron employed. It is worth 
notice that the trusses are braced with weldless 
tension bars, rolled in one piece by Messrs. Howard 
and Ravenhill. The total cost was about 180,0001/., 
and the cost per superficial foot, 11. 15s. The 
bridge was the design of the late Sir John Hawk- 
shaw, the contractors being Mr. George Wythes 
and Messrs. Cochrane and Co., of Woodside Iron 
Works, Dudley. Mr. Joseph Phillips was resident 
engineer.* 

At the time when the Cannon-street and Charing 
Cross Bridges of the South Eastern Railway Com- 
pany were constructed, it was considered that the 





* For further particulars the reader is referred to Mr. 
Harrison Hayter’s paper on ** The Charing Cross Bridge,” 
Proceedings of the Institution of Civil Engineers, vol. 
xxii., session 1862-63, 
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latforms were made of a sufficient width to accom- 
modate all the traffic that was likely to pass over 
them ; a few years’ experience sufficed to show so 
great an increase in business that it was evident 
both bridges must be widened, and in 1882 an Act 
of Parliament was obtained sanctioning these im- 
provements. We have preferred to postpone a 
description of the Cannon-street Bridge widening 
until we had to deal with the similar work on the 
Charing Cross Bridge. ; : 

The work of widening the Charing Cross Bridge 
was carried out by Messrs. James Cochrane and 
Co., under the direction and from the designs of 
Mr. F. Brady, the engineer of the South-Eastern 
Railway Company. The construction is practically 
a repetition of that in the original bridge, with such 
changes as certain altered conditions rendered 
necessary. ‘The cast-iron cylinders are of the same 
form and dimensions, and for the most part are 
carried down to the same depths. The specifica- 
tion prescribed that the cylinders nearest the 
Surrey shore should be sunk to a depth of 55 ft. 
below Trinity high water ; the three middle pairs 
of cylinders to 65 ft., and those on the Victoria 
Embankment to 50 ft. These were to be got into 
place by excavation and by weighting, a load of 
180 tons being specified for each cylinder. The 
foundations of the pier near the Middlesex side, 
and those of the Surrey shore abutment, were con- 
structed inside cofferdams. The extension of the 
brick pier near the Surrey side is supported on oval 
cylinders, screw piles, and cast-iron girders ; the 
bottom section of the cylinder adjoining this pier 
was employed as an air chamber, so as to facilitate 
the work of clearing away the débris of foundations 
left from the original work, to permit of the cylinder 
being sunk to the required depth. The piles that sup- 
plement the cylinders are 15 in. in diameter, with 
screws 3 ft. diameter. All the cylinders are filled 
with Portland cement concrete up to the level of 
the reducing plates referred to in the description of 
the original bridge ; above this height, brick filling 
in cement is employed; the extensions of the 
brick piers correspond, of course, with those of the 
old Hungerford Bridge that were utilised when 
the railway bridge was constructed ; the new brick- 
work is carried on cast-iron girders, bedded in 
cement on the cylinders, and secured by holding- 
down bolts. A 6-in. course of York landings is 
laid as a foundation for the brickwork. This 
method of construction applies to both of the old 
piers, and in each case all the open spaces out- 
side the cylinders between the bed of the river and 
the underside of the cast-iron girders were filled 
up with cement concrete packed solidly into place 
in bags. The voids inside the brickwork of the 
piers were filled solid with blocks of chalk up to the 
level of Trinity high water. 

Upon the extended substructure two lines of 
main girders were placed ; these correspond with 
the existing girders, and the cross-girders and 
other details of ironwork are also similar. The 
main girders of the old bridge on the south-west 
side were, however, strengthened, and, of course, 
the cantilevers carrying the footway on the side of 
the widening, together with the structure forming 
the sidewalk, had to be removed, leaving one on 
the other side of the bridge for the accommodation 
of the public. Over the Victoria Embankment, the 
span of which is fanned out to give increased siding 
space, the original main girder on the south- 
western side was shifted to form the outer girder 
of the widening, and small longitudinal bearers, 
similar to those used in the old bridge, were intro- 
duced to carry the new flooring. The new lines of 
main girders are placed, the one 19 ft. from the 
old main girders, and the other 29 ft. beyond. 
The girders before permanent erection, were tested 
to one-third of the calculated breaking load ; the 
maximum deflection permitted by the specification 
was one five-hundredth of the span. 

The widening of the Cannon-street Bridge was 
also designed by Mr. Brady, and was carried out 
under the same Act (1882) that sanctioned the 
alterations tothe South-Eastern Company’s bridge at 
Charing Cross ; as in the last-named work, a similar 
form of construction was followed except where 
changes were absolutely necessary. The cylinders, 
to which wrought-iron shoes were attached, were 
sunk by excavation and loading, 250 tons being 
prescribed for each cylinder. Special lengths of 
plates were provided to allow for irregularities in 
sinking and to bring the bottom of the flutings on 
the upper part of the cylinders to the same level. 
The same method of filling the cylinders with Port- 





land cement concrete used at Charing Cross Bridge, 
was adopted at Cannon-street. The abutments of 
the new work are carried on seven cast-iron 
cylinders ; of these the greater number are 18 ft. in 
diameter ; they are made in three rings, each 8 ft. 
deep, and each ring consists of eight segments ; 
wrought-iron shoes are secured to the bottom of the 
lowest section. The smaller cylinders are 12 ft. in 
diameter, and are also made with three rings, but 
of six segments. On the tops of these cylinders, 
after they had been filled with concrete and care- 
fully levelled, cast-iron girders were placed ; upon 
them a 6-in. course.of York landings was laid, and 
this formed the foundation for the brickwork of 
the abutment. At the back of the brickwork, the 
thickness of which corresponded to that of the old 
work, broken chalk was filled inand closely packed 
up to the adjoining wharf level; on this granite 
setts were laid, and the area thus obtained is 
utilised for warehouse room; sufficient headway 
exists for the construction of an upper floor reached 
by a stairway from the ground level. The river 
front of the abutment is protected by timber booms 
against damage from passing barges. The girders 
that carry the widened platform over the five spans, 
as well as the set of girders forming the bridge 
floor across the hollow abutment just referred to, 
are of wrought iron, and conform to the original 
design. The additions consist, for the most part, 
of new face box girders and eight single-plate web 
girders, all of the same pattern as those in the old 
portion of the bridge, and spaced at the same dis- 
tances apart ; the platform consists throughout of 
wrought-iron plate stiffened with angle and T irons, 
and covered with a double coating of asphalte. The 
eight girders carrying the platform over the hollow 
abutment are 2 ft. 6 in. deep, and are covered with 
similar floor-plates. The eight main girders con- 
stituting the bridge widening are connected trans- 
versely by cross-girders, on which are placed longi- 
tudinal rail-bearers. The ends of the main girders 
rest upon cross-bearing girders over the piers ; the 
former are fixed to the abutments and to piers 
Nos. 2and3; to the abutments by means of a 
wrought-iron sole-plate 1 in. thick, set in the granite 
bedstones, and on piers Nos. 2 and 3 by similar 
plates that are made continuous over the two 
bearers that carry the main girders. The ends of 
the main girders resting on piers Nos. 1 and 4 
are provided with cast-iron sliding bearer-plates, 
that are supported by gun-metal plates secured 
by set screws to cast-iron saddles to the cross- 
bearing girders. Of these latter there are two to 
each pier; they are box girders with three webs, 
and are fastened by lewis bolts to the granite bed- 
stones set in each cylinder. The original balus- 
trade, brackets, &c., were removed from the old 
face box girder on the side of the widening, and 
refixed on the new outer girder. A suflicient slope 
is given to the asphalte floor to carry off the water, 
and down pipes are fixed to the cylinders, leading 
the drainage into the river. 





THE NEW NORDENFELT GUNS. 
(Continued from page 206.) 

WE illustrate on pages 238 and 239 two natures 
of the new Nordenfelt field guns, both of them 
being 75 millimetres (2.95 in.), but of different 
weights ; the heavier of these two types is adapted 
for ordinary field service ; the lighter can also be 
used for mountain guns, and generally for situa- 
tions where the means of transport are difficult or 
inefficient. Belonging to these types is a system 
of breech mechanism differing in many respects 
from any other in service, and which is also applied 
to the mountain guns referred to last week, and to 
which the following description equally applies. 

This form of Nordenfelt breech mechanism is 
illustrated in principle by Figs. 17 to 24. In 
this the breech-block a, Figs. 17 to 20, has four 
faces, two of which are circular, and two are flat, 
the former having screw threads cut on them ; the 
lengths of the four sides are so proportioned that a 
quarter turn releases the screwed portion—the 
block seating having the threads cut away. The 
thickness of the block is sufficient to close the 
chamber, as shown in the section, Fig. 19. The 
breech-block is provided at the rear with a hollow 
stem which passes through the carrier hinged to 
the body of the gun; the forward part of this 
carrier is provided with screw threads to receive 
the last two threads of the breech-block, when the 
latter is turned into the open position. To turn 





the breech-block the hand lever ¢ is attached to 
the stem, as seen in Fig. 19; an opening through 
the centre allows an attachment of the lanyard to 
the end of the firing mechanism i. In the guns 
actually made, this lever is replaced by a toothed 
quadrant and gear, as we shall see presently. The 
operation of turning the block through 90 deg. not 
only frees it from the gun, but engages it with 
the carrier on which it can be turned back 
clear of the chamber, as seen in Fig. 18, 
the whole revolving on the pin f. In order 
to prevent the block from turning in the carrier, 
the screw thread of the latter is cut away in one 
place for the extractor bar to engage in it. This is 
indicated at a‘, Fig. 18. One form of firing device 
is clearly shown on the illustrations. The forward 
end of the rod g is screwed to received the socket ~, 
the point of which forms the hammer ; the rod ¢ is 
extended through the centre of the stem of the 
breech-block, in the lower side of which a slot is cut 
corresponding to a groove formed in the carrier. 
This is shown in Fig. 17, and the two sections, 
21 and 24, on lines C Dand A B respectively. In 
the groove thus formed fits a projection s on the 
rod g. When the block is turned by the lever the 
rod g and its projection s turn with it, but in doing 
so, s meets an inclined surface 11, Fig. 22, which 
represents the form of the groove in the carrier, 
and the combined turning and withdrawing move- 
ments cause the projection s bearing against the 
inclined surface to draw back the firing-pin. As 
the block is turned, the key/ by which the lever c 
is secured, comes in contact with the sleeve h sur- 
rounding the rear part of the rod g and turns it 
until a small projection on it holds the piece s and 
the gun is cocked. The diagram, Fig. 22, shows 
in full lines the position occupied by s when 
the breech is closed, and by dotted lines s! its posi- 
tion when the breech is open. The firing-pin g is 
always under the influence of the spring j, one end 
of which bears against the sleeve h, and the other 
against the head of the firing-pin z, so that as soon 
as the detent on the sleeve is removed the firing-pin 
is thrown forward against the cartridge. This is 
done by pulling on the trigger i and the projection 
v, which is in one with it. This projection moves in 
the same groove, ¢ in the carrier, as the projection s, 
and an inclined surface in the groove determines its 
path so as to turn the sleeve sufliciently to release 
the firing-pin. The trigger i, after it has been 
pulled back, is drawn forward, when released, by 
the spiral spring k, but in doing so the projection v 
comes in contact with the shoulder b', Fig. 23, in 
the groove of the sleeve p, but as this latter, when 
the breech-block is being turned, will be moved by 
the key / of the hand lever c, the projection v will 
be moved from the position v! into v? through the 
action of the spring k; this will bring the trigger 
into its forward position, and the gun cannot be 
fired till the breech is quite closed, as the surface c! 
of the breech-block prevents the projection v from 
moving till the block has been moved through 90 deg., 
and is quite closed. When this is done the trigger 7 
can be drawn back, and the projection v will slide 
from the position v? to v', and pressing on the sleeve 
h the latter will be turned and the shoulder y 
will clear the firing-pin. The extractor gear is 
shown in Figs. 19 and 20. It consists of a lever d 
placed in a recess cut in the breech of the gun in 
such a way that the point of the lever n engages in 
the rim of the cartridge case. The lever d turns 
on the pin 7, and its lower part a! is acted on by the 
extractor bar e, which slides in a groove cut in 
the bottom of the breech of the gun. The form of the 
extractor bar is shown in Fig. 19, where it will be 
seen that it endsin an eye with an elliptical opening 
through which the hinge-pin fof the carrier passes. 
It will also be seen that the bar is provided with a 
recess near the eye, into which fits an eccentric pro- 
jection of the carrier. As the latter is turned back, 
this projection enters the recess, and pushing on the 
shoulder, presses back the extractor bar, so that the 
shoulder a} acting on o drives the lever d forward 
and loosens the cartridge. When the carrier is 
closed, the extractor bar and lever return to their 
normal position. 

As will be seen from the Figs. 25 to 29, the breech 
mechanism as actually carried out, differs consider- 
ably in detail, while preserving all the principles 
described above. The form of block is the same, 
the arrangement of hinged carrier is quite similar, 
and so is the extractor device. But the methods of 
opening and closing the breech, and of operating 
and protecting the firing striker, are much 
modified. Instead of a hand bar fixed to the back 
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of the block, a bent lever with a toothed quadrant 
is mounted on the top of the carrier ring. The 
teeth of this quadrant gear into a rack on the 
underside of which is a set of vertical teeth engag- 
ing with a toothed wheel mounted on the end of 
the ‘‘action cylinder.” This cylinder corresponds 
to the sleeve described in the earlier arrangement, 
and incloses the firing mechanism. The operation 
may be described in a few words. Supposing that 
the breech is closed, and that a Re has been 
fired, a safety catch in the breech of the gun, and 
which embraces the bent lever, is turned back, 
leaving the lever free. By moving the latter 
from left to right, movement is imparted 
through the quadrant, the double rack, and the 
toothed wheel, to the action cylinder, which is 
turned round sufficiently to enable an inclined 
plane or cam path at the rear of the cylinder to 
draw back the striker and compress the coiled 
spring within it, releasing a stud upon it from a 
recess in the block. As the movement of the hand- 
lever and its quadrant is continued, the block and 
the cylinder move together to the end of the stroke, 
by which time the screw-threads of the block are 
disengaged from the breech seating, and the two 
last threads on the block have entered the screwed 
seating in the carrier ring; the striker has been 
already drawn back a certain amount, and it can- 
not turn because the stud above mentioned is held 
in a groove in the hinged carrier. The rotary 
movement of the toothed wheel on the action cylin- 
der has also actuated the starting lever of the 
safety catch, and throws it into position to act as a 
stop. In closing the breech after the carrier has 
been turned to present the block to the breech, 
the hand-lever is thrown over from right to left, 
locking the block in the gun, and at the same time 
the detent that has held the compressed striker 
and spring is released, leaving the striker held by 
the trigger, in the manner shown in Fig. 25, where 
it will be seen that a projection in the bottom of 
the striker is shaped so as to engage in a notch 
in the upper part of the trigger. When the hand 
lever is home, that is, when the breech-block is 
locked in its seat, the safety catch falls automati- 
cally over the lever, so that the breech cannot be 
accidentally opened. In the event of a misfire 





the striker can be again cocked without opening 
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COMPARISON BETWEEN THE NEW NORDENFELT SYSTEM OF QUICK-FIRING FIELD-ARTILLERY AND SERVICE TYPES OF 
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29.6 26.4 | 586 266 | 665 | 302 | 156 156 25.4 227 
27.1 | 24.2 | 705 320 | 760 | 345| 151 151 27.9 24.9 
32.1 | 28.7 | 608 276 | 591 | 268) 130 130 20.8 | 18.6 
33.6 30.0 | 571 259 | 661 | 300| 187 187 24.9 22.3 
47.1 42.0 | 564 256 | 696 | 316/ 108 108 22.2) 19.8 
24.1| 215 | 483 | 219| 432 196/195 195 | 35.8 32.0 
| | | _ 
| | 
26.1 | 23.3 | 718 | 326/ 855 | 383| 128 128 22.9 20.5 
| 80.8 | 27.5 | 727 | 330 | 815 | 370/ 185 135 22.9 20.5 
32.6 | 29.1 | 696 | 316 | 705 | 320] 108 103 | 18.0, 16.1 
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29.0 25.9 | 707 | 321| 776 | 352] 130 130| 25.0) 22.3 
28.2 252 | 703 319 | 745 | 338] 150 150 | 23.7/ 21.2 
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26.9 | 24.0 | 641 | 291| 789  358| 171 171 32.0 28.6 
32.4 28.9 | 774 | 251 | 750 | 340] 106 106 | 19.3 | 17.2 
22.6 | 20.2 | 593 | 269 | 593 269 | 233 233 37.9 | 33.8 
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Licut ARTILLERY. sec. | | sec. | tons. Ib. tons | 
Austria .. 2.95 7.5 10.54 | 4.78 | 1384) 422 | 708 | 216 | 183/088 | 430 131 | 3.97) 2.42 
France .. 3.15 8.0 | 13.89 | 6.30 | 1607 | 490 | 804 245 | 31.9) 1.53 | 594 181 | 7.93) 4.83 
Italy ..| 2.95] 7.5 9.85 | 4.47 | 1417} 432 | 691 | 211 | 19.2/ 0.92 443 135 | 5.22) 3.18 
Russia .. | 3.42/87 | 15.60 | 7.08 /1351| 412 | 728 | 222 | 21.0! 101 | 539 164 5,90 | 3.60 
Sweden .. ..| 2.95 | 7.5 | 10.36 | 4.70 1394 | 425 | 705 215 | 20.2 | 0.97 | 440) 134 4.58 | 2.79 
| | | 
Spain (Sotomajor) .| 3.09 7.85 | 13.89 | 630 | 1509} 460 | 728 | 222 | 29.2 | 1.40 784 | 239 | 7.25 | 4.42 
Socicté Nordenfelt 295 7.5 | 11.02 | 6.00|1476| 430 | 742 | 226 24.4 / 1.17 | 676 206 6.43 | 3.92 
| 
HEAVY ARTILLERY. | 
Austria .. 3.42) 8.7 | 15.74 | 716 | 1473| 448 | 784 | 239 22.7 | 1.09 | 437 | 133 | 5.46) 3.33 
Germany 3.46 8.8 | 17.79 | 8.07 | 1450] 442 | 787 | 240 | 24.0/ 1.15 | 509 155 | 5.79| 3.53 
England... 3.00 | 7.62/ 12.52 | 568|1719| 524 | 824) 251 36.3 1.74 | 735 224 6.86 | 4.18 | 
France .. . | 3.54) 9.0 | 19.13 | 868 | 1492) 455 | 807 | 246 30.0/ 1.44 | 568 173 | 7.23) 441 | 
Italy .| 342) 87 | 15.34 | 6.96 | 1492 456 | 758 | 231 | 25.0/ 1.20 | 499 152 | 6.09 3.71 | 
Russia . 3.42 8.7 | 15.60 | 7.08 | 1450/ 442 | 751 | 229 242/116 | 497 151 | 5.90 3.60 | 
Sweden .. ..| 8.31) 84 | 14.77 | 6.70} 1541} 470 | 777 | 237 | 28.3) 1.36 | 538 | 164 | 6.36 | 3.88 
Switzerland ..| 3.31) 84 | 1479 | 6.71 | 1509 s¢0 | 771 | 235 | 25.2) 1.21 | 515 , 157 | 6.28, 3.83 
Spain re 3.42| 8.7 | 15.76 | 7.15 |1479| 451 | 764 | 233 | 22.9] 1.10 | 417) 127 | 5.08 | 3.10 
Société Nordenfelt 2.95 | 7.5 | 12.89 | 5.85 1640 | 500 | 830 | 253  35.2/ 1.69 | S14 248 7.58 | 4.62 
1 } } | | 





In the above-mentioned weights of Socicté Nomdenfelt eystem are included 





and spare pa! 


protecting shields, gun brakes, lateral sighting gear, carriage springs, metallic cartridge cases, accessories, tools, 





Most of the above figures are extracted from Captain Schubert’s description of the field artilleries of the European States (1890). 


the breech. ‘To do this the safety catch is thrown 
clear of the lever, and a disc mounted on the rear 
of the breech and connected with the action cylin- 
der is turned half round ; this movement separates 
the connection between the cylinder and the block. 
The hand lever is then turned from left to right, 
the striker and spring are drawn back, as already 
described, and the gun is again ready for firing. 
The striker stud prevents the lever from being 
turned too far, so that no movement is imparted 
to the breech-block. When the re-cocking disc and 
lever are returned to their normal position, the 
lever handle is again locked by the safety catch. 
When it is desired to replace a striker or striker 
pin, the milled stud at the rear of the breech 
mechanism, and axial with the striker (Figs. 25 
and 26) is turned round through 45 deg. The 
stud, together with the re-cocking disc, the striker 
and striker spring can be then withdrawn and a 
new one introduced. As will be seen from the 
drawings, the extractor gear is very similar to that 
already described and illustrated by Figs. 18 and 19. 
The principal parts composing this breech me- 
chanism, and most of which can be identified on 
the drawings, consist of : (a) the breech-block ; (b) 
the hinged carrier ; (c) the firing mechanism, in- 
cluding the striker and striker spring, re-cocking 
dise and stud for replacing striker, the action cy- 
linder with its toothed wheel and cam path for 
compressing striker and the trigger ; (d) the hand 
lever and quadrant, double rack, and safety catch; 
and the extractor gear. 

We shall defer till next week our illustrations 
and description of the guns themselves, and limit 
ourselves for the present to a few words on the 
standard type of mounting. which is very clearly 
shown in Figs. 30 to 34. The trail is of steel of 
the form shown in Figs. 30 and 31, and as light as 
is consistent with sufficient strength; on the upper 
face guides are formed (Fig. 33) for the cradle 
carrying the gun to slide, and guides are also pro- 
vided on the sides of the trail for the brake gear to 
move upon during recoil, and in coming again into 
firing position. The manner in which the mount- 
ing is placed on the wheels, and the position of the 
case-shot cartridges that are carried on the gun, are 
shown in the illustrations. Wheel brakes are pro- 
vided to steady the gun when firing, or when on 
the road, if required. These brakes are eccentric 
to the axle, and when not in use are hung to the 





trail. They are thrown into action by a lever 
with which they can be forced against the 
wheel tyres. It will be seen that the men serv- 
ing the gun are protected by a shield large and 
thick enough to afford a considerable protec- 
tion; this shield is made in two parts, one of 
which is fixed to the trail, Fig. 30 ; the lower part 
to the wheel brakes, the shield pivoting around 
the axle, and being raised or lowered with the 
movement of the brake-rods. The form of the 
cradle and crosshead is shown in Figs. 32 to 34. 
The latter is made with two trunnions, which are 
carried in the trunnion bearings of the cradle, and 
the vertical trunnion on the gun is set in an open- 
ing in the bottom of the crosshead, and is kept from 
lifting by ascrewed end and nut. The bottom of 
the cradle is of the shape indicated by Fig. 33; 
it slides to and fro on the guides formed by the top 
flange of the trail frame. Two forms of brake are 
illustrated ; Figs. 30, 31, and 34 show the hydraulic 
gear, which takes the whole of the recoil, the 
brakes being sufliciently effective to prevent the 
carriage from shifting when the gun is fired. It 
will be seen from Fig. 34 that the hydraulic brake- 
rod is fixed to the trail, and the cylinder to the 
cradle, so that these, together with the cross- 
head, gun, and training gear, slide back on the 
guides during recoil, the force being absorbed 
by a pair of long coiled springs attached to 
the trail on each side of the’ brake cylinder. 
The gun is trained for elevation by a hand- 
wheel, bevel gearing, and a double elevating 
screw ; horizontal training is effected by another 
handwheel, which operates screw and worm gear. 
Figs. 32 and 33 illustrate a simple form of friction 
brake, in which the recoil of the gun actuates, by 
means of a rack, a pair of toothed wheels beneath, 
moving a central cam cast in one piece with them, 
and winding up a chain, the end of which is secured 
to a coiled spring that bears against a plate placed 
between the sides of the trail. The reaction of the 
spring brings the gun back into firing position, and 
the degree of effort is regulated by the two pairs 
of disc springs and the friction clutch mounted 
on the same shaft as the toothed wheels and chain 
cam. The Table above gives some particulars 
of the new Nordenfelt field guns, and compari- 
sons with other guns cf the same class and similar 
calibres. 





(To be continued.) 





ELECTRIC LIGHTING ENGINES AT THE 
NEUBAD AND LEOPOLDSTADT CENTRAL 
STATIONS, VIENNA. 

Tue two combined electric lighting stations of the 
** Allgemeine Oesterreichische Elektricitiits Gesell- 
schaft ” at Neubad and at Leopoldstadt supply several 
districts of Vienna both with light and power, through 
a network of cables of 23 miles length. At present, 
1850 arc lamps, 35,500 incandescence lamps, and 70 
electromotors are being fed, the total plant being 
equivalent to 50,000 incandescence lamps of 16 candles 
and 57 watts. Provision has already been made for 
working some tramway lines directly from these 
stations. The installation is essentially the work of 
Messrs. Siemens and Halske, who have arranged the 
light-feeders for continuous current on the five-wire 
system. The lamps are thus joined in four groups bridg- 
ing the five leads, the requisite potential difference 
between the extreme wires being 4 x 110 volts. The 
dynamos are hence constructed for 450 volts, about 
the pressure which has been found most suitable for 
power transmission on electric railways. The Neubad 
station, which is central to the district, contains water- 
tube boilers, and vertical compound Collmann engines 
coupled directly to Siemens and Halske dynamos for 
about 12,000 glow lamps of 16 candles. The station fur- 
| ther contains Tudor accumulators, which alone can feed 
| 6000 incandescence lamps of the same power. These 
accumulators effect at present the regulation and 
equalisation of the entire installation, the main switch- 
board and the accessory apparatus all being put up 
in this station. The four dynamos for 450 volts 
and about 1000 amperes at 110 or 150 revolutions 
are single-shunt machines of the T,,) type, the six 
poles being situated within the armature, which serves 
also as collector. Magnetically, this arrangement has 
| proved very satisfactory, as has the whole plant. The 
| generators take up little space, and the armatures are 
easily ventilated. 

| Thestation (Figs. 1 to 4, page 242) at Leopoldstadt isa 

| little more than a mile further off, somewhat outside the 

|supply area, The leads are taken to the Neubad mains. 
This necessarily involves a loss of pressure. But asthe 
| Leopoldstadt station, which will be fitted out as a cen- 
| tral station with all distributing and regulating appli- 
ances and the necessary accumulators, works with con- 
| densing engines, the economy of the installation is not 
| supposed to be impaired by this arrangement. There 
is, under these circumstances, no meal for more than 
two mains from Leopoldstadt to carry the current of 
450 volts, and a few men can easily manage the whole 
station. The main switches at present simply send 
| the current to Neubad, but they will be able to supply 
| the railway cables as soon as the line isready, Our 
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readers will be aware that, owing chiefly, it has been 
alleged, to the multiplicity of the authorities con- 
cerned, the various electric tramway schemes of 
Vienna have not advanced much beyond the embryo 
stage. The engine-house possesses an electric travel- 
ling crane of 69 ft. span, for loads of 15 tons, which 
Messrs. Siemens and Halske have provided with 
electromotors; the current enters from below 
through suspended rails. The station contains four 
500 horse-power engines, built by Messrs. L. Lang and 
Co., of Buda-Pesth, to the designs of Mr. A. Collmann, 
of III. Beatrixgasse No. 18, Vienna. 

The special features of the design of these engines 
are the steps taken with a view to reducing as much 
as possible all such troubles as arise from vibration. 
It is, of course, impossible perfectly to balance the 
reciprocating parts of an engine by revolving weights. 
M. Normand has, however, shown that in the case 
of triple-expansion engines, very perfect balancing 
is obtained by making the three pistons of the same 
weight, but as these three piston are not in one 
line, there is a tendency to rock the bedplate, which 
has to be resisted by bolting it firmly down. A 
‘‘secondary” vibration is thus produced which 
may be objectionable in engines running at a high 
speed. Messrs. aston and Anderson, in their 
‘‘ Whitehall” compound engine, reduced this secon- 
dary vibration very much by placing the high and low 
pressure cylinders on opposite sides of the crankshaft, 
the two connecting-rods being coupled up to separate 
pins at an angle of 180 deg. with each other, as close 
together as possible. Though the two pistons are not 
perfectly in line with this arrangement, they are nearly 
so, and the engines run with very great smoothness. 
Mr. Collmann, it will be seen from our two-page plate, 
Figs. 5 to 7, has worked on very similar lines, but his 
cylinders being placed both on the same side of the 
crankshaft, special arrangements have been necessary 
to permit of the two cranks being placed close to- 
gether. As will be seen, the high and low pressure 
cylinders are ‘‘ half lapped” with each other, if one 
may use the term, the low-pressure piston-rod 
passing through the steam and exhaust ports of the 
high-pressure cylinder, whilst its valve-rod passes 
down the other side of this cylinder. The distance 
between the crank centres is thus reduced to less than 
half the diameter of the low-pressure cylinder. 

The engines in question are, as already stated, of 
500 horse-power, and four sets of them have been 
erected at the Leopoldstadt station, and arrange- 
ments have been made for increasing this at some 
future date to 5000 horse-power, only a portion of the 
necessary buildings being erected at present. At the 
Neubad station there are aleo four sets of these 
engines, two being of 250 horse-power each and the 
others of 800 horse-power each. Referring to Fig. 6, 
it will be seen that the high-pressure piston is a solid 
block, whilst the low-pressure piston is cored out, so 
that the two, with their piston and connecting rods, 
are of the same weight. The valves, it will be seen, 
are of the piston type, and the clearance is therefore 
somewhat large, but can be reduced by suitable valves 
to the same amount as in engines of the Corliss type. 
The cylinders are 22.05 in. and 35.43 in. in diameter 
by 27.56 in. stroke. The bedplate is very light, and 
the main bearings, it will be seen, are long, being 
27.56 in. in length by 11.81 in. in diameter. There is 
thus ample bearing surface. The load on them is, 
moreover, very small, as the two pistons moving in 
opposite directions, the downward pressure from one is 
nearly balanced by the upward pressure on the 
other, and the crankpins being so close together 
the pressure on the bearing due to leverage is 
small. Mr. Collmann states that it is possible to 
run the engines at full speed with the caps removed. 

The coil of the displacement lubricator is placed in a 
vessel connected with the exhaust, as shown in Fig. 7. 
The advantage of this is that the working is very 
regular, being unaffected by atmospheric conditions. The 
governor is of the flywheel type, and, with its connec- 
tions, is shown in detail in Figs. 8 to 19, page 243, A 
feature of this governor is the fact that the speed 
can be altered whilst the engine is running, the springs 
being tightened up by driving a wedge between them. 
The governor consists of a cast-iron casing, Figs. 13 
to 16, bolted on to the end of the crankshaft. Inside 
it are fitted the springs and weights, as shown in Fig. 
14, The two central springs abut upon a wedge, Figs. 
1] and 12, operated by a screw handwheel, which can 
be seen in position in Figs. 5 and 6, The connection 
of this wedge with the frame of the engine is made, it 
will be seen, by ball-and-socket joints, which are kept 
thoroughly lubricated by the oil pipe shown in Fig. 11. 
On the outer cover of the governor casing is a crank- 
pin on which an eccentric rides. As the governor 
weights move in or out with the changing speed, the 
effective throw of this eccentric is altered by turning 
it round its crankpin. This is done by links connecting 
it and the weight arms together. The governor 
acts very quickly, any sudden check causing the 
balls to fly rapidly in, their motion being assisted 
by the springs. The eccentric is coupled to a 


the engine, and operating an expansion valve inside 
the high-pressure main valve. As shown in Figs. 17 
to 19, this expansion valve is also of the piston type. 
Its rod passes down through the main valve-rod, 
which is hollow, and fitted with a stuffing-box at its 
lower end, where it passes through a cast-steel yoke 
connected to the main eccentric rod as shown in Figs. 
8 and 10. The lower end of the expansion valve 
spindle is, it will be seen from the same figures, 
thoroughly well guided. With these arrangements 
the speed of the engine can, whilst running, be altered 
from 125 to 145 revolutions per minute, which is con- 
venient for the class of work to be done. 

The engines are designed so that they may be worked 
either condensing or non-condensing. The condenser 
is entirely separate from the engines, and is served by 
independently driven pumps. The boilers are de- 
signed to supply steam at a pressure of 207 lb. per 
square inch, but at present are worked at 147 lb. per 
square inch only. The higher pressure is, however, 
expected to form a useful reserve of power during the 
winter months, when the load is heavy. The working 
of the engines is stated to have confirmed the anticipa- 
tions of the designer, as they run perfectly smoothly 
at 140 revolutions per minute, no vibration being com- 
municated to either the floor or the walls of the build- 
ing in which they are situated. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 14, 1895. 

SALEs reaching 60,000 tons of structural material 
have been made within 10 days, and inquiries are in 
hand for 30,000 tons additional. Large rail contracts are 
under consideration that may reach 50,000 tons. Re- 
quirements for skelp iron and for cast-iron pipe are 
increasing. Pig iron is weak under a heavy produc- 
tion. Steel billets are well sold up at about 15 dols. at 
Pittsburgh. Girder rails are doing well. Nailmakers 
are accumulating stock for spring. The western 
markets will open up early, and as supplies of iron and 
steel products are very low, an active demand will 
arise as soon as the cold snap is over, The financial 
situation is unfortunate, and a strong faction will 
dissent from any proposition looking to creating a 
long-time gold bond. The volume of business as com- 
pared to a year ago shows an improvement, but prices 
remain at a low point in all markets. 





ROYAL METEOROLOGICAL SOCIETY. 

THE usual monthly meeting of this Society was held on 
Wednesday evening, February 20, at the Institution of 
Civil Engineers, 25, Great George-street; S.W., Mr. 
Inwards, F.R.A.S., President, in the chair. 

Mr. W. Marriott gave an account of the thunderstorm 
and squall which burst over London so suddenly on the 
morning of January 23. Ib appears that this storm 
passed across England in a south-south-easterly direction 
at the rate of about 47 miles an hour, being over Northum- 
berland at 4 a.m., and reaching the English Channel by 
lla.m. Thunder was first heard in the vicinity of Leeds, 
and accompanied the storm in its progress across the 
country. One of the most remarkable features of the 
storm was the sudden increase in the force of the wind, 
for in London it rose almost at one bound from nearly a 
calm to a velocity of 36 miles an hour. This sudden in- 
crease of wind caused considerable damage, and at 
Bramley, near Guildford, 28 trees were blown down along 
a track 1860 yards in length. 

Mr. E. Mawley presented his report on the pheno- 
logical observations of 1894. Between the third week in 
March and the third week in May plants generally came 
into blossom in advance of their usual time, and towards 
the end of April the dates of first flowering differed but 
little from those recorded at the same period in the very 
forward — of 1893. The cuckoo made its appearance 
even earlier than in the previous year. The year 1894 
was @ very productive one, and both the hay and corn 
crops proved unusually heavy, but most of the latter was 
harvested under very trying conditions as regards 
weather. The frosts of May 21 and 22 entirely destroyed 
the previous pone of a glorious fruit season. Indeed, 
the only really good crop was that of pears, which were 
singularly abundant throughout nearly the whole of 
England. 

r. A. B. MacDowall read a 
Weather Changes in Certain 
Geneva.” 


per on ‘‘ Some Gradual 
onths at Greenwich and 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Important Settlements of Colliery Disputes.—The crop of 
grievances in connection with the local coal trade has 
been reduced by the settlement of two important strikes. 
Since November last the men have been ‘‘ out” in respect 
to the working of the cannel coal at the = of the Top- 
cliffe Colliery of the Yorkshire Coal and Iron Company. 
The men are to resume work at the old rate of wages. At 
Allerton Silkstone 1000 men had handed in their notices 
owing to a dispute as to terms of payment. Yesterday 
it was determined that a new price list shall come into 
force, and a settlement as between masters and men 
shall be completed by August 18, 1896; failing agree- 
ment, an independent umpire to be called in, whose 
decision shall be final. There is a crop of other griev-, 


ment arrived at by the Conciliation Board are sought to 
be broken, strike pay is allowed the men affected. It is 
also proposed that a special donation shall be given from 
the funds of the union to colliers in the district who are 
out of work through no fault of their own. 


Vickers, Sons, and Co., Limited.—The directors report 
that the result of the year’s working has been satisfac- 
tory. After payment in August of the interim dividend 
of 24 per cent. (less income tax) on the 5 per cent. stock, 
there remains for distribution 89,7532. Out of this sum 
the directors recommend a dividend of 24 per cent. (less 
income tax) on the preferred stock, and a dividend of 15s. 
per share (74 per cent.), free from income tax, on the 
ordinary shares, leaving to be carried forward 15,378/. 
Considerable additions have been made to the special 
— for the production of war material, though the 

irectors have been disappointed in not getting the 
orders for large guns which they were ied to expect 
when they laid down their expensive gun plant. Mr. KE. 
Gray, of York, has been added to the board of direc- 
tors, a vacancy having been occasioned by the death of 
Mr. Reynolds. 


Progress of the Coal Trade.—The following will give an 
idea as to the manner in which coal supplies are being 
removed from this district to Hull, one of the nearest 
shipping ports on the east coast : During the past month 
there was forwarded a total of 142,576 tons, as compared 
with 145,008 tons in January, 1894. This was an increase of 
8904 tons as against January, 1893, but a decline of 25,352 
tons on January, 1892. The coastwise exports amounted 
in January to 15,197 tons, in January, 1894, to 15,602 tons, 
and in January, 1893, to 19,774 tons. Exports to foreign 
countries were in January 53,773 tons, as against 49,763 
—_ in January of last year, and 44,236 tons in January, 
1893. 


Iron and Steel,—The sae month of the year was one 
of the worst with which manufacturers have for a long 
time had to contend, but orders are now coming in, 
sparingly for manufactured iron, but in a larger degree 
for common qualities of steel, principally railway 
material for home railway and wagon companies. Prices 
are dormant, best engine tyres realising 12/. per ton and 
upwards, according to section ; carriage and wagon tyres, 
10/. ; and axles, 6/. 10s., for cash, at one month, less 
24 per cent. Bar iron is 5/. 5s. per ton, with severe com- 
petition ; Bessemer billets 5/. 7s. 6d., with orders short, 
and Siemens-Martin acid 5/. 17s. 6d. to 61. Finest quali- 
ties of cast steel, crucible, are in slow demand, the most 
promising market at present being the Continental. 





BELGIAN BriquEtTEs.—The exports of briquettes from 
Belgium in November, amounted to 35,316 tons, as com- 
pared with 39,569 tons in November, 1893, and 29,712 tons 
in November, 1892. The aggregate exports of briquettes 
from Belgium in the first eleven montbs of last year were 


R, | 528,723 tons, as compared with 437.231 tons in the cor- 


responding period of 1893, and 313,835 tons in the corre- 
sponding period of 1892. 


HAtu’s ANEMOMETER.—Mr. J. Hall, of 32, Trinity-road, 
East Finchley, N., has just brought out an anemometer 
fitted with an attachment for setting the hands to zero. 
This avoids the trouble of taking a reading before and 
after the observation, and subtracting the one from the 
other. Beneath the dial rim there is a milled head which 
can be put in gear with the hands toset them in either 
direction. This addition simplifies the taking of observa- 
tions, and greatly reduces the chances of mistakes. 








REVOLVING OBSERVATION TowERs.—The latest novelty 
at American watering-places is the revolving observation 
tower. This is the invention of Mr. Morris F. Smith, of 
the William Cramp and Sons Ship and Engine Building 
Company of Philadelphia, and comprises a light hexa- 
gonal steel tower, of 100 ft. or more in height, by 14 ft. in 
diameter. Surrounding the tower is a circular platform, 
which can be raised or lowered, and at the same time ro- 
tated. The Pomencees take their seats on the platform 
at the ground level. The platform is then raised to the 
top of the tower, and, at the same time, is caused to re- 
volve, so that each passenger follows a spiral path, and 
gets a complete view of all the surrounding scenery. I 
is contended that this arrangement will give all the 
advantages of the Ferris wheel at less than a tenth of the 
cost. 





SHIPBUILDING ReTurNs.—Three weeks ago (page 149) 
we noticed the publication of a well-arranged record of 
all trades during the past three years, reprinted from the 
Glasgow Herald, and now we have from Messrs. Mawson, 
a and Co., Limited, Leadenhall House, London, 
and Sunderland, another 1s. work, covering partly the 
same ground. Rut here the information is taken from 
several sources, and one cannot so readily recognise 
the consecutive character of the details. The ship- 
building and marine engineering throughout the weil 
and the principal industries on the north-east coast, are 
reviewed, many interesting points being brought out. In 
the preface the publishers acknowledge indebtedness to 
the proprietors of several journals for leave to reproduce 
many of the articles, but why they should not have done 
this in all cases it is not easy to understand. One can 
recognise copious extracts from other papers, in some 
cases with their slight typographical slips carefully re- 
produced, while in several cases the source of the informa- 
tion given is not its original source, but one where it has 
been adapted without acknowledgment. Thus in one 
week we find a French naval journal, a ndon en- 
ineering paper, and this pamphlet quote from different 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Business was again very 
quiet in the pig-iron warrant market last Thursday fore- 
noon. Some 3000 tons of Scotch and one lot of hematite 
iron were sold. Prices were stiff, Scotch advancing 1d. 
per ton at 41s. 54d. cash sellers. In the afternoon the 
market was again idle, only some 2000 tons of Scotch 
being edie. of. Prices kept very steady, and Cleve- 
land made an advance of 1d. perton. The closing settle- 
ment prices were—Scotch iron, 41s. 44d. per ton ; Cleve- 
land, 34s. 6d. ; Cumberland and Middlesbrough hematite 
iron, respectively, 42s. 44d. and 41s. 6d. per ton. - Dealing 
on Friday was entirely limited to Scotch iron. Not 
more than 5000 tons changed’ hands in the forenoon, 
at 41s. 5d. cash and 41s. 7d. one month. There 
was a very little cash buying in the afternoon, 
when 41s. 5d. was again the price. The settle- 
ment prices at the close were, respectively, 41s. 4}d., 
34s. 44d., 42s. 44d., and 41s. 6d. per ton. The market 
on Monday forenoon was steady, but very quiet, only 
2000 or 3000 tons changing hands. a Scotch iron was 
dealt in, the price being 41s. 44d. cash, closing with buyers 
over. Business was again very much restricted in the 
afternoon, not exceeding 2500 tons. Scotch warrants 
brought 41s. 5d. cash per ton, buyers at the close offering 
d, per ton less, and Cumberland hematite iron was dealt 
in at 423, 44d. and 42s. 5d. per toncash. The closing 
settlement prices were in all cases the same as on Friday. 
There was a moderate amount of business done on Tuesday 
forenoon in Scotch and Cleveland iron—in all 10,000 tons— 
and the tone of the market was flat, touching for Scotch 
41s. 4d. per ton cash, at which there were buyers at the 
close. Some 7000 or 8000 tons of Scotch changed hands 
in the afternoon. Prices remained flat, as also did the 
closing settlement prices. A moderate business was done 
this forenoc n, between 5000 and 6000 tons being dealt in at 
last night’s prices. About 10,000 tons changed hands in 
the afternoon, and the settlement prices were, respec- 
tively, 41s. 3d., 34s. 44d., 42s. 44d., and 41s. 5d. per ton. 
The following are the current quotations for several 
special brands of makers’ No. 1 iron: Clyde, 48s. 6d. per 
ton; Gartsherrie, Summerlee, and Calder, 50s. 6d.; 
Coltness, 53s.—the foregoing all shipped at Glasgow ; 
Glengarnock (shipped at Ardrossan), 49s.; Shotts 
(shipped at Leith), 52s. 6d. per ton; Langloan and 
Carron still out of the market. There are absolutely no 
fresh features to report in respect of the pig-iron trade. 
The rather firmer character of the market has been caused 
chiefly by the absence of sellers, and more desire is 
apparent to cover oversales by members of the ‘“‘ ring,” 
who have been of a ‘‘ bearish ” temperament. An addi- 
tional furnace has been blown out at Calder Iron Works 
during the past week, and there are now 73 furnaces in 
blast in Scotland, as compared with 59 at this time last 
year. Four are making basic iron, 25 are working 
on hematite iron ore, and 44 are making ordinary 
Scotch iron. Last week’s shipments of pig iron from 
all Scotch ports amounted to 2475 tons, against 6208 
tons in the corresponding week of last year. They in- 
cluded 680 tons for Australia, smaller quantities for other 
countries, and 1227 tons coastwise. The small total of 
the week’s shipments was in a great measure due to the 
extraordinary severity of the weather that was ruling. 
The stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood at 286,610 tons yesterday afternoon, 
as compared with 286,680 tons yesterday week, thus show- 
ing for the past week a decrease amounting to 70 tons. 


Glasgow Copper Market.—Copper showed a firmer tone 
last Thursday forenoon, when 25 tons changed hands at 
2s. 6d. per ton above the previous afternoon’s close at 
391. 10s. cash, with buyers over. The three months 
quotation was 39/. 17s. 6d. In the afternoon the price 
was again 2s. 6d. better; 50 tons were dealt in—25 tons 
at 39/. 12s. 6d. cash, and 25 tons at 39/. 13s. 9d. seven 
days, the close being 39/. 12s. 6d. cash, and 40/. 1s. 3d. 
three months. On Friday foreaoon copper was done 
to the extent of 200 tons, and the price rose 3s. 9d., at 
401. 6s. 3d. per ton three months sellers. No business 
was reported in the afternoon, and the prices were 
slightly easier. The market was flat on Monday 
forenoon, when 50 tons changed hands at 39/. 12s. 6d. 
and 39. 11s. 3d. per ton cash, the close showing prices 
down at 39/. 10s. cash buyers, and 39/. 17s. . three 
months. One lot changed hands in the afternoon at 40/. 
three months, and the close was decidedly better than 
the forenoon close. A drop of 5s. per ton took place 
yesterday forenoon. One lot was done at 397. 8s. 9d. 
one month, and the closing quotations were 39/. 6s. 3d. 
cash buyers, and 391. 17s. 6d. three months. Copper 
was a shade firmer this forenoon, when 150 tons were 
sold at 39/. 11s. 3d. and 397. 10s. cash, and 39/. 18s. 9d. 
three months. No change took place in the afternoon. 


Wages in the Scotch Steel Trac'e.—Some time since the 
Scotch steel manufacturers announced to their workmen, 
or more especially those of the higher-paid class, that it 
would be necessary to make a reduction in the rate of 
wages to the extent of 5 per cent. Asmight be expected, 
the men have not altogether fallen in with the notion, and 
the result was that a meeting of the Board of Conciliation 
was held in Glasgow on Monday evening, under the chair- 
manship of Professor Henry Dyer, D.Sc., C.E. A full dis- 
cussion of the position took place. The representatives 
of the workmen put forward the plea that in their opinion 
the proposed reduction was not at all warranted. As 
both sides were firm, no decision on the question of 
reduction could be arrived at. As provided for in the 
rules of the board, the manufacturers, on their side, 
claimed the intervention of the arbiter to decide between 
the parties and the issues which they a ogee d 
put forward. On the side of the men that way 





out of the difficulty was declined. Ultimately three 
weeks were agreed to be given the men’s represen- 
tatives for consultation with their constituents as to 
what position they were totakeup. At the expiry of 
that time afurther meeting of the board will be held, on 
which occasion it is expected that a final decision will be 
arrived at. There are said to be between 6000 and 7000 
workmen affected by the proposed reduction, and it is 
likewise stated that within the past four years the wages 
of steelworkers have been reduced to the extent of 30 
per cent. 


Large Gas Mains in Edinburgh.—Owing to the opera- 
tions of the North British Railway Company at Mac- 
dowall-street, Edinburgh, the Works Committee of the 
Gas Commission have found it necessary to lay a line of 
new mains of very large size. The pipes, which are 30 in. 
in diameter, are the largest that have ever been used in 
Glasgow. They are being supplied by Messrs. Macfar- 
lane, Strang, and Co., Lochburn Iron Works, Glasgow. 


New North British Railway Hotel, Edinburgh.—The 
directors of the North British Railway have adopted the 
designs of Mr. W. Hamilton Beattie for the new hotel 
and general railway oftices which the company are to 
erect in Princes-street, Edinburgh, on the site between 
the North Bridge and the Waverley Market. Mr. Beattie’s 
designs were chosen out of some half-dozen competitive 
plans submitted to the directors. They show a building 
which is estimated to cost 221,000/., and which promises 
to prove one of the greatest architectural ornaments of 
the city, finely adapted to its surroundings, and combining 
stateliness and dignity of composition with great elabora- 
tion of detail. The total accommodation, including apart- 
ments for hotel officers and servants, and for purposes of 
administration, will be 748 rooms. A special feature of the 
building is a tower on the Princes-street side, rising to a 
height of 160 ft., and another is a central court about 70 ft. 
square. 


Royal Society of Edinburoh.—At the ordinary meeting 
of the Royal Society of Edinburgh, held on Monday 
night, one of several papers read was by Dr. C. G. Knott, 
who treated of volume changes in iron and nickel tubes 
when magnetised. 


Destructive Fire in a Clyde Shipyard.—Farly last 


Friday morning a fire broke out in Messrs. Mackie and |} 


Thomson’s shipyard, Govan. Originated in the sawmill, 
it spread wt with such great rapidity that before it 
was finally got under, damage was done which was esti- 
mated at between 7000/. and 8000/., fortunately all 
covered by insurance. 


Aberdeen Harbour Improvements.—The Aberdeen Har- 
bour Board have this week resolved to go on with some 
important improvements which have been recommended 
by their consulting engineer, Mr. Wake, of Sunderland. 
One is an extension of Provost Jamieson’s Quay, with the 
widening of Regent Quay, and with a bridge to replace 
Regent Bridge. 


New Shipbuilding Contracts.—Severa] contracts for new 
steamers have been announced within the past week or 
two. The most important of them is one placed with 
Messrs. Scott and C’o., Greenock, by the China Naviga- 
tion Company, of London, for the construction of four 
screw steamers, each of 2000 tons register and 1500 horse- 
power. This order makes 10 such vessels for the same 
owners ordered of Messrs. Scott and Co. since last July. 
—Another order is for a large steel screw steam yacht 
which Messrs. J. and G. Thomson, Clydebank, have 
contracted to build for a Spanish gentleman.—For the 
Indo-China Steam Navigation Company, of London, a 
twin-screw steamer is to be built by the London and 
Glasgow Shipbuilding and Engineering Company. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a fairly 
large attendance on ’Change here, and the tone of the 
market was not so cheerless as it has recently been. 
Sellers were a trifle firmer, but buyers were not very 
anxious to do business, and prices were not quotably 
altered. At the same time, however, there were more 
inquiries both from Continental customers, who have 
delayed as long as they well can in the hope of lower rates 
ruling, and from local consumers of pig iron. The 
eneral figure named for early delivery of No. 3 g.m.b. 
Sleveland pig iron was 34s. 6d,, and several parcels 
changed hands at that ge Some sellers asked 
84s 74d. for the ruling quality, and were not disposed 
to take less, but they experienced difficulty in finding 
buyers at that figure. For delivery of No. 3 over the 
next two or three months 34s. 9d. was asked. No. 1 
Cleveland pig was still obtainable at 36s. 6d. The lower 
qualities ao ig iron were quiet but steady, No. 4 foundry 
being 33s. 9d., and grey forge 33s., both for early delivery. 
Middlesbrough warrants were 34s. 4d. cash buyers, with 
little doing in them. East coast hematite pig iron was 
dull, the supply being still a good deal in excess of the re- 
quirements. For early delivery of mixed numbers 41s. 6d. 
was about the usual quotation, but some sellers held out 
for a rather higher figure. Spanish ore was somewhat 
quieter. To-day the market was steady, and there was 
no change whatever in prices. 


Manufactured Iron and Steel.—Anything but satisfac- 
tory accounts are given of the manufactured iron an 
steel trades. A rather better inquiry is reported for 
rails, but plate-makers complain of slackness, and some 
of the mills are only very moderately employed. Several 
producers state that present market rates leave them no 
profit at all. Common iron bars are put at 4/, 17s. 6d.; 
best bars, 5/. 7s. 6d.; iron and steel ship-plates, each 


41, 12s. 6d.; and iron and steel ship-angles, each 4. 10s, 
—all less the customary 24 per cent. discount for cash. 
Heavy sections of steel rails are quoted 3. 11s. 9d. to 
31. 128. 6d. net at works, 

The Fuel Trade.—Fuel, on the whole, is easier. For 
blast-furnace coke delivered here 13s. has been accepted. 
but 13s. 3d. is still the syndicate’s price. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Steam coal has shown little change; the best 
— have made 10s. 3d. to 10s. 9d. per ton, while 
secondary qualities have brought 10s. per ton. The 
restriction of the output of large coal has strengthened 
the market for small. Household coal has been in im- 
proved demand, and prices have shown a slightly upward 
tendency; No. 3 Rhondda large has made 10s. 3d. to 
10s. 6d. per ton. Foundry coke has brought 15s. to 17s., 
while furnace ditto has realised 12s. 6d. to 13s. 6d. per 
ton. Iron ore has been in moderate request; the best 
rubio has made 11s. to 11s. 2d. per ton. The manufac- 
tured iron and steel trades have shown continued depres- 
sion. 

Barry Railway.—The directors of the Barry Railway 
Company have considered tenders received for the con- 
struction of a new breakwater in Barry Harbour, and an 
extension of the railway from Barry to theisland. After 
due deliberation the tender of Messrs. Price and Mills, 
the contractors for the new East Dock, was accepted. 


The Bute Docks.—In accordance with the Standing 
Orders of Parliament, Mr. C. L. Hunter, C.E., has pre- 
_ estimates of the cost of the new works proposed to 

constructed under the powers contained in the Bute 
Dock Company’s Bill of the present session. The total 
estimate for the whole of the works is 25,413/. 18s. 9d. 
Of this sum 21,8731. 2s. 6d. is to be expended upon a 
proposed extension of the embankment, or sea wall, 
originally authorised in 1882. The detailed estimates of 
this work give the quantity of land or foreshore which 
will be embanked at 64 acres, the cost of acquiring which 
is estimated at only 3207. A proposed railway 3 furlongs 
2.65 chains in length, in connection with a railway autho- 
rised last year, will, it is estimated, cost 3540/. 16s, 3d. 
This railway is proposed to be constructed as a double 
ine. 


The “ Lynx.” —An examination of the shafts and pro- 
pellers removed from the Lynx, torpedo-boat destroyer, 
shows that both of them were so severely damaged by the 
vessel’s grounding on the rocks at Sennen Cove, that it 
would not be advisable to use them again. Messrs. Laird 
Brothers, Birkenhead, the builders of the Lynx, have 
been instructed accordingly to manufacture new shafts 
with propellers complete. 


Gloucester Railway Carriage and Wagon Company, 
Limited.—The directors of this company have decided to 
pay an interim dividend of 5 per cent. for the current 
financial year. The interim dividend paid at the close of 
February, 1894, was at a similar rate. 


The “ Raleigh.”—During the past week the Lords of 
the Admiralty have been engaged in correspondence with 
the dockyard officials at Devonport with reference to the 
condition of the cruiser Raleigh, with a view to her being 
put in commission. The officials state that for about 
4000/. the vessel can be made fairly efficient, and can be 
maintained in a running condition for another three years, 
when it would be necessary to have her extensively refitted 
if it is then desired to keep her on service. 


Mineral Trafic on the Taff Vale.—The revenue of the 
Taff Vale Railway Company from mineral traffic in the 
second half of last year was 229,5827. The correspond- 
ing revenue in the corresponding period of 1893 was 
207,042/. 





Ratina OF Macuinery.—We are glad to report that 
the Rating of Machinery Bill has thus early in the 
session passed its second reading, the vote taken on the 
20th inst. having been 185 for to 134 against the Bill—a 
majority of 51, and that it has been referred to the Stand- 
ing Committee on Trade, so that if there is no early disso- 
lution the Bill has a good chance of being placed on the 
statute- book. Mr. Houldsworth moved the second 
reading, and mentioned that 338 members, including 
Cabinet Ministers, had voted for itin previous years. He 
stated that at present the law in this country was very 
uncertain, as a difference of practice existed in almost 
every union. What the Bill proposed was that the law 
on this subject should be assimilated to the law of 
Scotland and Ireland, the principle in those countries 
being that a hereditament containing machinery should 
be assessed, with the motive power, and all that pro- 
perly belonged to the hereditament, and, on the other 
hand, that what the tenant introduced in the shape of 
machinery and tools should not be rated. Accordingly, 
the Bill provided that in estimating, for the purpose of 
any valuation list, or poor or other local rate, the gross esti- 
mated rental or rateable valueof any hereditament occupied 
for any trade, business, or manufacturing purposes, any 
increased value arising from machines, tools, or appliances 
which were not fixed, or were only so fixed that they 
could be removed from their place without necessitating 
the removal of any part of the hereditament, should be 
excluded. The opposition of the agricultural districts to 
the proposal arose from misapprehension. This plea of 


d injury to agriculturists was met, amongst others, by 


Mr. Shaw-Lefevre, a Cabinet Minister, who stated that if 
he thought that the Bill was going to shift the burden from 
the manufacturer to the shoulders of the already over- 
burdened farmers, he would not support it, but he felt 
assured that such an idea was founded upon an entire 





misconception. 
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LAUNCHES AND TRIAL TRIPS. 

Tur steel screw steamer Johannesburg. built at the 
Walker yard of Sir W. G. Armstrong, Mitchell, and 
Co., bas been to sea for her trial trip. The vessel is the 
first of three building by the same firm to the order of 
Messrs. Bucknall Brothers, on bebalf of the British and 
Colonial Steam Navigation Company. The chief dimen- 
sions are: Length, 376 ft.; breadth, 47 ft.; depth 
moulded, 30 ft. 6in. She has a deadweight ——_ 
capacity of over 6000 tons. The Johannesburg is fitte 
with triple- expansion machinery, manufactured by 
Messrs. R. and W. Hawthorn, Leslie, and Co., the cy- 
linders being 30 in., 50 in., and 80in. in diameter by 
54 in. stroke, with three single-ended boilers, working at 
180 Ib. pressure. A full-speed run of some hours’ duration 
was made, an average speed of 14 knots being maintained, 
the engines working continuously at about 70 revolu- 
tions. 





The steel screw steamer Lombardy, 305 ft. by 41 ft. 3in. 
by 20 ft. 3in., constructed by Sir Raylton Dixon and 
Co., Cleveland Dockyard, for Messrs. David MaclIver, 
Sons, and Co., Limited, of oo had a trial trip in 
Tees Bay on February 16. tiple-expansion engines 
have been fitted by Messrs. Blair and Co., Limited, 
Stockton-on-Tees. The cylinders are 23 in., 37 in., and 
6lin. in diameter by 42 in. stroke, — with steam 
by twolarge steel boilers working at 160 lb. pressure, 





The s.s. Isle of Kent, built by Messrs. Ropner and 
Son, Stockton-on-Tees, for Messrs. Dixon, Robson, and 
Co., of Newcastle-on-Tyne, was taken to sea for the trial 
of her machinery on the 9th inst. The steamer, which is 
well equipped, is of the following dimensions, viz. : 
Length between perpendiculars, 315 ft. ; breadth, 40 ft, 
6in. ; depth moulded, 23 ft. 7in. Her triple-expansion 
engines are by Mesers. Blair and Co., Limited, having 
cylinders 224 in., 37 in., and 6lin. in diameter, with a 
piston stroke of 42 in., which are supplied with steam 
from two large steel boilers having a working pressure of 
160 1b., and fitted with an improved evaporator. The 
engines were run at full speed for a period of four hours, 
and worked to the satisfaction of every one on board. The 
boilers steamed easily at 160 ]b. pressure. The engines, 
running at 78 revolutions, with a vacuum of 28} in., gave 
a speed of 11 knots. 


The Bergens Mekaniske Veerksted, Bergen, Norway, 
launched on the 16th inst. a steel screw steamer of the 
following dimensions: Length over all, 195 ft.; breadth 
moulded, 27 ft.; depth, 14 ft. 2in. The ship is built to 
the highest class in the Norwegian Veritas, and has raised 
quarter-deck bridge and topgallant forecastle. There is 
a double bottom for water ballast in the main and after 
holds, and in the peak tank, aft. She is built specially for 
the American fruit trade, and has a large number of 
ventilators to the holds. The engines are of the triple- 
compound type, with cylinders 147 in., 23} in., and 39 in. 
in diameter, and 27 in. stroke. There is one steel boiler, 
constructed for a pressure of 175 lb. per square inch. 
The speed is to be about 104 knots. The ship was named 
the Condor, and is built to the order of Mr. Adolph Hal- 
vorsen, of this port. 





MISCELLANEA. 

THe traffic receipts for the week endingFebruary 10, on 
33 of the principal lines of the United Kingdom, amounted 
to 1,244,6137., which was earned on 18,728? miles. For 
the corresponding week in 1894 the receipts of the same 
lines amounted to 1,350,965/., with 18,522? miles open. 
There was thus a decrease of 106,352/, in the receipts, and 
an increase of 206 in the mileage. 


M. Moissan has recently succeeded in preparing pure 
titanium by means of the electric furnace. The metal 
proves to be the most refractory of any he has yet dealt 
with, being less fusible than pure chromium, tungsten, 
molybdenum, uranium, orzirconium. It is an extremely 
hard metal, capable of scratching the diamond. It is, 
however, soluble in lead, copper, and iron. 


The traffic returns of the Manchester Ship Canal for 
January show a sea-going traffic of 77,138 tons, yield- 
ing 8042/., as against 44,937 tons and 56417. for January 
last year. The barge traffic has amounted to 35,737 tons, 
producing 550/., as against 10,295 tons, producing 150/., 
for January last year. The passenger traffic has only 
realised 34/., against 5421. for the same month last year. 
Find total increase for January, 1895, is 57,653 tons and 

591, 


The fourth general meeting of the present session of 
the Newcastle-upon-Tyne Association of Students of the 
Institution of Civil Engineers was held on Wednesday, 
February 13, in the Durham College of Science, New- 
castle-on-Tyne, Mr. J. R. Baterden, vice-president, in 
the chair, when Mr. G. S. W. Rogers, Assoc. Mem. Inst. 
C.E., read a paper on ‘Sewage Purification,” in which 
both the chemical and sand methods of treatment were 
described. 


The Greenside Mining Company, of Greenside, Patter- 
dale, Westmoreland, state that they have found electric 
traction very economical, the electric locomotive sup- 
plied by the Acme and Immisch Electric Works, 
Limited, London, having run 6000 miles, the only repairs 
required being a new set of trailing wheels. The locomo- 
tive in question takes an average working load of 20 tons, 
some of the gradients on the line being 1 in 20, whilst 
sharp curves are numerous. 

In a paper read by Mr. A. H. Sabin before the New 
England Railroad Club, the author claims that ordinary 
paints are not very efficient as preservative coatings for 


iron, and the common oxide paint is, he says, but little 
used in the States for bridgework. Better success has 
been attained with asphalte paint, or rather varnish, as 
there is no pigment in it. This coating dries a hard 
black, and will resist a rainstorm 10 or 12 hoursafter it is 
put on. In 36 hours or so it is fairly hard and dry, but 
continues to harden for several days. 


With steel unprotected and exposed to the action of 
the weather and sea water, corrosion is said to go on at 
the rate of 1 in. in 82 years, whilst with iron the rate is 
lin. in 190 years. Exposed to the weather and fresh 
water, these periods are increased to lin. in 170 years 
and 1 in. in 630 years respectively. When kept completely 
immersed in sea water the rate is 1 in. in 130 years for steel, 
and 1 in. in 310 years for iron. With fresh water the rate 
is said to be 1 in. in 600 years for steel, and 1 in. in 700 
years for iron. Iron piles corrode most near low-water 
mark, and marine growths assist in protecting them. 


Mr. A. P. Trotter’s second lecture to the pupils and 
staff of Messrs. Crompton and Co., at Chelmsford, was 
upon “ Royal Roads to Calculation.” A considerable 
number of calculating machines, instruments, and slide 
rules were shown, and were left at Chelmsford for 
examination and use. The mechanism of the Edmondson 
and Brunsviga calculating machines was explained by 
lantern photographs, showing these instruments in 
various stages of dissection. Some of the wide capa- 
bilities of the Edmondson machine, and the great sim- 
plicity and durability of the Brunsviga machine, were 
demonstrated. 


In the Revue de Chimie Industrielle, M. A. M. Vallon 
gives an account of a method of forming artificial cotton 
out of wood cellulose, whichisclaimed to weave and to take 
dyes well. The cellulose is heated under pressure in a 
closed vessel with zinc chloride, hydrechloric and acetic 
acids, a little rice oil, caseine, and gelatine being added. 
A pasty mass is thus produced which is placed in a 
cylinder and expelled through fine holes at the base of the 
latter by means of a heavily loaded piston. The threads 
as they issue are led first between two hot rolls, then into 
a weak solution of washing soda, and finally between 
another pair of drying rolls. The strength of the cotton 
thus produced is much increased by parchmentising. 


On Wednesday last the Royal United Service Institu- 
tion was formally installed in its new home, the Prince of 
Wales, in the absence of the Duke of Cambridge, per- 
forming the opening ceremony. There was a distinguished 
company present, including the Duke of York, the Earl 
of Rosebery, Earl Spencer, Lord George Hamilton, 
Field-Marshal Sir Lintorn Simmons, Captain Boughey 
Burgess, the late secretary of the Institution, and a 
large number of naval, military, and political persons. 
The Prince of Wales was received by Admiral Boys, 
vice-chairman of the Council, and other leading members 
of the Institution. An address was read, to which his 
Royal Highness replied, wishing the Institution con- 
tinued success, and referring with regret to the absence 
of General Erskine, chairman of the Council, who was 
too ill to be present. 


The list of West Australian company promotions for 
January is double for December, and the total capitalisa- 
tion is fairly large. In connection with the summary given 
below, all companies which invite subscriptions for their 
capital are included, even though the issue may prove to 
be a failure. The total companies promoted so far num- 
ber 81, with a total capital of 7,618,400/. Of these, as 
many as 52, representing 5,778,100/., have been formed 
since the beginning of October. The numbers for the 
past 12 months are interesting : 





























| Number of Aggregate Average 
Month. ; Companies. Capital. Capital. 

£ £ 

January.. - _ _ 
February 1 100,000 100,000 
March 1 5,250 5,250 
April 6 173,550 32,710 
May 2 100,C00 50,000 
June... 2 120.000 60,000 
July... 3 226,500 75,500 
August .. 8 130,000 48,333 
Scptember 8 795,000 99,375 
October .. 17 1,450,000 85,294 
November 17 1,906,100 112,123 
December 5 850,000 170,000 
January.. 13 1,572,000 120,923 
78 95,236 


7,428,400 | 





On Monday, the 11th inst., a paper was read by Mr. 
Stephen H. Terry, nst. C.E., at Kingston-on- 
Thames, on “Steam Locomotion on Common Roads.” 
In the course of his remarks he stated that the first reli- 
able account of a steam locomotive was that of Cugnot, 
who, in 1769, ran a locomotive in the streets of Paris. 
William Murdoch’s model was made in 1784, Symington’s 
in 1786, whilst Trevithick’s and Vivian’s steam coach ran 
in London in 1803, Nasmyth’s in 1827, during which year 
Dr. Harland’s model was also built at Scarborough. In 
1831 Messrs. Somers and Ogle attained a speed of 32 miles 
an hour on the London and Basingstoke road, and during 
the 16 years following 1827, Walter Hancock, of Stratford, 
built 10 successful steam coaches, some of which ran from 
Paddington to the Bank, and plied with the same regu- 





larity and success that omnibuses now ply, and ran at 
regular speeds of 10 miles an hour without mishap, carry- 
ing many thousands of passengers. Scott Russell’s 
coaches, which ran between Glasgow and Paisley in 1834, 
were then referred to, and the steam car built by Mr. 
Messenger in 1858, and that by Mesers. Carrett and 








Marshall in 1861, known as the “ Fly-by-Night.” All this 


progress was stopped by the Road Locomotive Act, passed 
in 1865, prohibiting a speed beyond 4 miles an hour in the 
country and 2 miles an hour in a town. me 8000 slow- 
r aye traction engines were, however, in use throughout 
the kingdom. 


It is well known that the voids in a mass of particles 
all of nearly uniform size are greater than when the 
dimensions of the particles vary largely, and hence in 
cement testing, the voids in a standard sand, carefully 
screened to be as uniform as possible, are much greater than 
in ordinary gravel. Mr. Spencer R. Newberry, in a 
paper read before the Ohio State Engineers’ Society, 
states that he has found briquettes made with 1 part 
of cement to 3 of sand to be weaker at the end of three 
weeks than similar briquettes made out of 1 part of 
cement to 3 parts sand and 4 te gravel. In making 
a concrete the materials should be mixed so as to fill the 
voids as fully as possible, the amount of cement required 
for this being increased by 10 to 15 per cent. for safety. 
The following results obtained by R Dykerhoff show 
that a suitable addition of gravel to sand may strengthen 
the concrete, as claimed by Mr. Newberry : 


Portland Crushing Strength. 


Pounds per 
Cement. Square Inch. 
2125 


2747 
2387 
978 
1383 
1632 
1515 
1053 
5 1273 
8h 1204 


The Southern Pacific Railroad + nog have adopted 
special plant for preserving timber by Ceonosticinn or 
creosoting. The timber used by the company is mainly 
Californian redwood, but a considerable quantity of 
pine is also used, and it is for this that the burnettising 
process bas been found most valuable. In order to avoid 
the cost of hauling the timber to a fixed dép6t for treat- 
ment, a portable plant has been adopted which is taken 
to the timber. This plant comprises all the appliances 
essential for creosoting and burnettising. One car carries 
two steam boilers, a steam winch, tools, wire rope, &c., 
another carries the superheater, measuring tank, force 
pump, air and circulating pump, and condenser, whilst two 
cars more carry six wooden tanks, each capable of holding 
4000 gallons. The retorts, which are each 6 ft. in 
diameter by 114 ft. long, divided into sections, each 
mounted upon bogie trucks, complete the plant, which, it 
will be seen, makes up a train equivalent to eight cars. 
The sleepers to be treated are placed on “retort” trucks 
and run into the retorts, the doors of which are then 
closed. A vacuum of about 20 in. is then produced 
inside the retort, after which steam is admitted 
for about 44 hours, and is then blown off and the 
retorts drained. A second vacuum is again created 
of from 22 in. to 26 in., and maintained for one 
hour. The retort is then filled with a 43 per cent. 
solution of zinc chloride at a temperature of 150 Fahr. 
and under a pressure of 120 Ibs. to 140 Ibs. per square 
inch, and which is continued until the requisite amount 
has been forced into thetimber. The surplus fluid is then 
drawn off and the treated ties removed. The total time 
taken is about 84 hours, and about 504 ties are treated 
at once. For creosoting the same plant is used, the 
timber being placed in the retort and boiled in the dead 
oil, and when sufficiently dry the oil is forced into the 
pores by pressure, the process being completed in 12 to 
14 hours. For both processes the greener the wood the 
more easily it is impregnated. 


Sand. Gravel. 
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Paciric RAILROADS.—Only one of the Pacific railroads 
is now paying dividends upon its common stock or shares. 
The Northern Pacific has never paid any dividend upon 
its common stock, and the common stock holders of the 
Union Pacific have also received nothing for several years. 
The Central Pacific paid a dividend of, 2 per cent. upon 
its common shares in 1893, but nothing was forthcomin 
for 1894. The Canadian Pacific maintained its dividen 
upon its common stock last year at 5 per cent. 





Tue IncrEASED Raitway Rates.—The answer given 
by the President of the Board of Trade to Mr. Jeffreys, 
on the 15th inst,, removes all doubt respecting the time 
within which complaints of railway rates increased prior 
to the passing of the Act of last session, must be made by 
those who have either paid or retained the amount of the 
increases. The time in question will expire on Saturday 
next, the 23rd inst., and the Board of Trade have no 
power to enlarge it. ‘The Board are empowered to extend 
the period allowed for the recovery of overcharges or 
damages (which also expires on the 23rd inst.), but they 
~ ws J do so in the case of complaints made to them by 
that date. 





**Upyoca.”—We have received from Messrs, Dixit and 
Co., of Nagpur, Central Provinces of India, a copy of 
Udyoga, ‘‘an illustrated monthly magazine, treating of 
science, arts, manufactures, and commercial products.” 
So far, we are quite clear. But as everything, except the 
title, is printed in Hindustanee, both words and characters, 
we are unable to criticise the contents. We hope, how- 
ever that the matter is better than the illustrations, some 
of which remind us of the pictorial efforts of the cave men. 
Until the engravings improve we shall not commence to 
learn the language in order to read Udyoga, although the 
publisher tells us that an exchange of papers ‘‘ will be 
useful for both,” 
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PRISON LABOUR. 

THE many-sided problem, whether prisoners 
should or should not be employed in reproductive 
labour, raises certain questions which lie at the 
root of economic science. 'To judge by the debate 
on this subject, which Colonel Howard Vincent 
raised in the House of Commons on last Tuesday, 
the matter is one which does not require a second 
thought for its solution ; but the House of Commons 
is the last place where one would expect to find 
economic science. Those members who have 
knowledge of that science would do well to forget 
it as soon as possible ; as Mr. Bryce now, perhaps, 
sorrowfully recognises after the rough handling he 
received from various speakers, notably Mr. 
Chamberlain. In fact, knowledge of this nature is 
as embarrassing to the political gladiator as isa con- 
science. John Stuart Mill found that out a genera- 
tion ago, and Mr. Bryce is re-learning the lesson. 

We do not propose to deal in any way ex- 
haustively with the debate on Tuesday night. Ap- 
parently something is to be done, but we confess 
we have a very vague notion what. The only thing 
we are quite sure about is that a Committee is not 
to be appointed ; for a Committee would by no 
means have played the game of the Parliamentary 
hands, old and young, who used foreign prison 
labour as a goad for prodding the Government ; 
although it might have led to useful information 
on a subject of great national importance. 

Colonel Vincent’s resolution was : 

‘That in the opinion of this House it is incumbent on 
Her Majesty’s Government. in the interests of the indus- 
trial classes of the United Kingdom, at once to take steps 
to restrict the importation of goods made in foreign 
prisons by the forced labour of convicts and felons.” 

This resolution was ultimately agreed to without 
a division, but how Her Majesty’s Government are 
to carry it out is a matter upon which not a single 
member could give even a suggestion. Some 


speakers professed to have remedies at their 


fingers’ ends, but would not reveal them. ‘‘I do 


56 | not think there would be much difficulty in finding 


him (Mr. Bryce) a policy,” said Mr. Chamberlain, 
referring to ‘‘a policy” by which foreign prison- 
made goods could be excluded ; ‘‘ but,” he con- 
tinued, ‘‘I do not see why we shouid prescribe 
until we are called in.” For which public-spirited 
expression the right hon. gentleman was cheered 
vigorously by sympathetic supporters. At another 
time he said, ‘** Let the right hon. gentleman (Mr. 
Bryce) resign ; we will find him a policy. But we 








are not going to lend him our prescriptions while he 
takes the fees.” Whereupon there was more 
cheering from the patriotic gentlemen who express 
such noble and disinterested sentiments at election 
time. No word of anything so sordid as “‘ fees ” 
then. The parent of the debate himself, Colonel 
Vincent, was no more helpful. Mr. Bryce con- 
fessed his inability to suggest a means of keeping 
out prison-made goods. ‘‘ Distinguish by regula- 
tions,” said the gallant Colonel. ‘‘ What regula- 
tions ?” inquired Mr. Bryce. ‘‘ Regulations made 
by the Board of Trade,” was the Colonel’s rejoinder. 
This is as delightfully funny as a page from ‘‘ Alice 
in Wonderland,” but it gets us no nearer a solution 
of the problem as to what are, and what are not, 
foreign prison-made goods. 

There is one scheme by which foreign prison 
productions can be kept outside our borders, but no 
one had the courage to broach it. It is a method 
followed, more or less, by nearly all civilised 
countries except Great Britain, not excepting 
Great Britain’s colonies. Can it be that that 
blessed word ‘‘ Regulations,” if translated into the 
free thought of Colonel Howard Vincent, would 
read ‘‘ Protection”? But we are on dangerous 
ground ; though this much we may say, that unless 
foreign Governments ayree to mark distinctively 
prison-made goods, it is only by a general scheme 
of protective tariffs that we can exclude them from 
our markets. 

The space at our command is small for the dis- 
cussion of so complex a subject, and we prefer to 
devote it chiefly to stating certain facts in regard 
to prison labour in Germany, the country which 
appears to give greatest offence to certain persons 
in this respect. Those who calmly examine these 
facts and their bearing will, we think, form a 
very different opinion to that which would be 
suggested by the debate of Tuesday. It is absurd 
for Englishmen to speak indignantly, as many do, 
about the sending over of prison-made goods. The 
German Government is acting exactly as any other 
Government that does its duty would act; it is 
doing what it considers best for Germans. It has 
come to the conclusion, in common with nearly 
all other civilised Governments, that the best way 
to reform criminals is to set them to work, to teach 
them a trade, and to give them an opportunity to 
earn a little money which may put them in the 
way of honesty when their time of imprisonment 
is up. 

Our contemporary the Hardwareman, in an 
article we refer to at some length later, expends 
much sympathy on the hard lot of the working 
prisoners in Germany. We think most people will 
agree that a man is considerably less miserable if 
engaged on productive labour than when treading 
the dreary round of prison routine. If reformation 
can be made to go hand in hand with an easing of 
punishment, a step is taken which it would be 
indeed cruel to oppose. We mostly condemn our 
criminals to a profitless life of hardship, and dis- 
charge them lower and more hopeless than they 
enter prison. This is done with the laudable 
desire to prevent competition with free labour. It 
is considered the least of two evils. Whether it be 
so or not is far too wide a subject to discuss here. 

This question of foreign prison labour was, we 
believe, originally brought before the notice of the 
present Government by Mr. R. A. Toleith, the 
London manager of the Manchester Examiner and 
Times, a paper which has since been incorporated 
with another journal. Wethink, however, that our 
enterprising Birmingham contemporary, the Hard- 
wareman, must be credited with first unearthing 
the subject. Mr. Toleith also. wrote to the Foreign 
Office, and the result of his letter and the Hard- 
wareman’s article was a long series of communica- 
tions of the usual character between the Foreign 
Office and the Board of Trade, the Foreign Office 
with its representatives abroad, and these gentle- 
men with their representatives. From the in- 
formation contained in the Blue-book which 
was the outcome of this correspondence, we 
learn primarily that the German prison system 
allows the labour of prisoners being hired out 
to certain ‘‘concessionsires” who engage in 
manufacturing operations, either within the 
prison or on premises outside the precincts. A con- 
tract is made between the governor of the prison and 
theconcessionaire with regard tothe wages to be paid; 
but beyond this contract the functions of the autho- 
rities cease. Naturally, if the goods thus produced 
were stamped with the names of English manufac- 
turers, a fraud would be committed ; and we are 
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assured by the British representative at Berlin that 
should such an act ‘*‘ come to the knowledge of the 
authorities, the perpetrators would undoubtedly be 
prosecuted.” So much Mr. Schwabach, the consul- 
general at Berlin, tells, and, acting on this informa- 
tion, the Foreign Office wrote to Mr. Toleith saying 
that no representations could be made to any 
foreign Government with reference to the use it 
might make of prison labour ; but that if evidence 
were produced to show that any goods made by 
German prison labour bore false markings, the fact 
would at once be brought to the knowledge of the 
German Government. So far as we are aware, no 
specific information of this nature has been brought 
forward. It was after this letter was written that 
Mr. Chamberlain asked a question in the House 
which had the effect of stirring up the Board of 
Trade to further exertions, which ultimately led to 
fuller inquiry by the Foreign Office. 

The different German States are treated sepa- 
rately in the Blue book ; each communication deal- 
ing with the statistics in different form. From 
information sent from Dresden it appears that in 
1892 the mean number of prisoners in Saxony was 
4777, and from these was obtained 1,748,417 days’ 
work. The labour is divided into two classes, viz., 
that for the requiremeats of the prisons, and 
‘* paid work.” The former work accounts for 
280,696 days’ labour, the latter 1,354,514 days, the 
mean actual wage (for all trades) being 8d. per day. 
The value of the goods produced for prison use was 
17,3391., by far the largest items being for cloth 
and linen. As the amounts paid by contractors for 
prison work only refer to labour units employed, 
there is no information as to the output of goods ; 
but a record is kept of the description of work upon 
which prisoners are engaged. The commodities 
produced are divided into 35 groups, and the wages 
in the year 1892 amounted in all to 27,5001. Of 
this total the manufacture of shoes and cigars stands 
a long way before the rest. The production of the 
former, including cloth shoes, absorbed 839951. ; 
whilst against ‘‘ Cigars” we find the sum of 43781. 
‘* Machinery for knitted goods” absorbed a further 
sum of 1580l.; ‘‘ Weighing machines,” 13441. ; 
‘* Knitting,” 1296/.; ‘‘ Weavers’ work,” ‘‘ Lamps,” 
and ‘‘ Cocoa mats,” each about 1000/. The other 
items are each under 10001. These sums, it must 
be remembered, are for wages only, calculated at 
the average rate of about 8d. per day. The wage 
of a free cigar-maker, we are told, is from 3s. to 
4s. per diem. Prison labour for weavers is charged 
6d. per day, whilst a free weaver earns about 
2s. 6d. a day. 

In Bavaria the total number of male prisoners em- 
ployed in the year 1892 amounted to just above 
6000, and of these 768 were employed for prison 
wants. Of the total number 1979 were engaged in 
agricultural pursuits and ordinary daywork, as 
well as in work on Government account ; whilst 
2507 were occupied in general industrial occupa- 
tions on account of tradesmen. In this country, 
under the heading ‘‘ Spectacles and glasses,” we 
find the greatest number of male prisoners em- 
ployed, the total being 391. Leather shoe making 
comes next, with 354; then tailoring, 331; after 
which follow gilt fabrications, 240 ; wood-carving 
236 ; weaving, 229; wickerwork, 152; and linen 
weaving, 147. The other products are of a miscel- 
laneous nature, and supply occupation to a number 
of prisoners, varying from one for turning to 89 for 
basket rails. These, apparently, were all employed 
in prisons without the intervention of concession- 
aires—although the report is not very clear on this 
point—but there were 328 prisoners employed in 
making tents, woollen woven goods, and straw 
plait, which goods were sold to various tradesmen. 
Further, 377 prisoners were employed exclusively 
on account of a few private individuals, nearly one- 
half of them being engaged in stone breaking and 
picking. There were also employed 912 female 
prisoners. No information is given as to rates of 
payment, but the matter is of small importance, as 
it does not seem as if the competition of prison 
labour in Bavaria influenced us much. 

Wiirtemberg, also, can hardly compete very 
briskly in the British market by means of its 
prison labour. Up to March 31, 1893, the 
average daily number of prisoners, presumably for 
the year, was 1914; of these, 1490 were employed 
in industrial occupations. The British consul at 


Stuttgardt, states that the greatest part of the 
goods manufactured by prison labour are of cheap 
quality, and are mostly bought by hawkers, who 
sell them to the lower classes. 


Turning to the 








Grand Duchy of Hesse, we learn from the report 
of Mr. Buchanan, forwarded from Darmstadt to 
Lord Kimberley, that ‘‘no exportation of goods 
actually manufactured in the prisons takes place. 
In some of the penal establishments, however, 
prisoners are allowed to work for contractors, 
manufacturers, &c., and it is quite possible, though 
it is difficult to verify the fact, that a portion of the 
goods thus manufactured may be exported to 
foreign countries.” This form of prison labour, 
Mr. Buchanan is informed, ‘‘does not compete 
unfairly with ordinary labour, as the price paid 
for it is, as far as possible, the same as that 
paid for similar work done by an ordinary work- 
man.” 

The statistics referring to the Grand Duchy, fur- 
nished by the State authorities to Mr. Buchanan, 
are somewhat imperfect, so it is impossible to say 
either what number of prisoners are employed or 
what is the value of their earnings. We gather, 
however, from the tables sent that about 1300 
prisoners are on an average employed in ‘‘ indus- 
tries.” In one case about 150 are hired by a manu- 
facturer to make pocket-books, whilst unstated 
numbers of prisoners are engaged in the manu- 
facture of steel corsets, metal buttons, brushes, 
tobacco, &c.; whilst others are employed in 
making shoes and clothing for prison use. 

The information contained in the return upon 
prison labour in Prussia is more complete than 
that of the other German States referred to, Mr. 
Tower, second secretary to the British Embassy at 
Berlin, having made a fairly exhaustive report. 
From this it appears that the prison authorities 
farm out to contractors the labour power of 
prisoners. The work is executed under the direc- 
tion of the contractor or his foreman, who have 
access to the gaol subject to the will of the prison 
authorities and to prison rules and regulations. 
Raw materials and tools are supplied by the con- 
tractor. The following statistics refer to the year 
1892-93: The daily average of prisoners employed 
on labour was 20,217 men and 3188 women. Out 
of this combined total of 23,405 persons, 17,274 were 
working for wages, the remainder being employed in 
producing articles for prison use, or were otherwise 
engaged on prison requirements. The wage-earners 
are divided into four classes, of which the first com- 
prises those, employed on actual manufactures. 
Taking men first, we find the following: Cigar 
manufacture, 1494 ; machine knitting, 1412 ; basket 
weaving and “cane furniture, 959 ; brush-making, 
863; cardboard work, 642; hemp sacks, cocoa 
matting, 354 ; felt and woven shoes, 295 ; buttons, 
203 ; metal fittings, lamps, and copper ware, 163 ; 
wood-carving, 199 ; netting, 150 ; toys, 141; wood 
and ivory turning, 137 ; picture frames, &c., 110 ; 
chains, screws, and nails, 40; and miscellaneous 
factory work, 1134. This gives a total of 8296 
male prisoners employed on a daily average 
in the above trades. In the same class (‘ for 
wages”) we find a daily average of 1376 women 
employed on tapestry, cigar manufacture, em- 
broidery, and miscellaneous factory work. 
The second class comprises those employed 
in ‘*manual labour,” under which heading are 
classed carpenters, shoemakers, tailors, weavers, 
locksmiths, and miscellaneous workers, in all, 5017 
men. To these must be added 644 women engaged 
in sewing, knitting, &c. The third class is described 
as ‘manual labour of a simple description,” and 
includes such occupations as paper bag making, 
wickerwork, picking or sorting materials, &c. It 
includes 1566 men and women. The fourth class 
is engaged solely on agricultural work, and numbers 
375 men and women. 

Deducting the last-named class, we have 16,899 
prisoners employed, on an average, daily on prison 
labour in Prussia during the year 1892-93. Of 
these, we learn 221 were engaged in tailoring and 
shoemaking work for prison officials, and 697 in 
executing orders received from the Imperial 
authorities. This leaves 15,981 Prussian prisoners 
as the daily average whose work reaches the outside 
market. It now remains to add this number to that 
of those prisoners engaged on similar work in other 
German States. This we are able to do by the 
information contained in Mr. Tower's report, and 
we find that in the year referred to there was a 
daily average of 29,200 prisoners in Prussia, 
Bavaria, Baden, and the Thuringian States com- 
bined, whose work eventually reached the outside 
trade. If those prisoners who were engaged on 
prison or State work be added, the total average 
reaches 44,700 prisoners. It is the former figure 








which chiefly interests British manufacturers. The 
question is, How far? 

Unfortunately that question is one in answer to 
which we get very little detailed information. To 
judge by the discussion of Tuesday last in the House 
of Commons, which has every appearance of having 
been largely inspired by the article on this subject 
in the Hardwareman—a very ably penned contribu- 
tion, though failing somewhat in calm analysis— 
one would conclude that German prison labour is 
sapping an important part of the fabric of British 
manufacturing industry. It may be so; but our 
contemporary does not produce figures which sup- 
port this contention, and none were produced in 
the House of Commons. It would be foolish, 
however, to reject all evidence which cannot be re- 
duced to exact numerical proportions, and our Bir- 
mingham contemporary has unusual facilities for 
forming what might be called ‘‘a sound average 
opinion.” 

The article in question gives, in a general way, a 
good deal of information of the nature we have 
already extracted in detail from the Blue-book ; 
but the writer’s personal observation enables him 
to add details hardly to be expected from official 
publications. He gained access to two prisons, 
which he was assured were fair examples of many 
others. We abstract some passages from this 
report : 


** Tn the two ~— I saw the same spinning lathes and 
stamping presses that one would see in Birmingham, and 
just as many beading or edging rolls as would be found 
in ‘an English shop of an equal size, while the quantity 
of dies and chucks that were hung upon the walls indi- 
cated not only a‘ sale for almost every article that could 
be spun or stamped, but also the good many years during 
which the work has been quietly carried on. In these 
particular sheet metal shops I saw a perfect host of 
articles in progress that I recognised as forming English 
‘ cutting lines ;’ and among them I may briefly single out 
all such rubbish as those leaky hurricane lamps that sell 
for something under 1s. 6d., the equally light and leaky 
oil bottles with and without screw stoppers, the 24d. to 
23. 24d. oil feeders for both sewing machine and engine 
use, the bull’s-eye lantern that delights the youth of a 
suburban neighbourhood, the common washbowl, the 
servant’s bonnet-box, the sheet-iron stove, the ordinary 
cash-box. . . . I saw enough to know that all these lines 
and many more that were lying in stages of partial pro- 
gress, were of patterns that were absolutely unknown, or 
at least unused, in Germany. A warder who apologised 
for the little work in his department said, ‘Now, if you 
had only seen it next week you would have seen it some- 
thing like, for the concessionaire has just sent a tra- 
veller to England.’” 

The Hardwareman’s representative also saw 
certain objects which he was informed had been 
bought in England for the purpose of forming 
patterns for reproduction in the prison workshops. 
He continues : 


‘There you have the essence of the whole story. 
English patterns stolen by a cunning German, made by 
sweated labour in a German gaol, and sold in England as 
the fair produce of German thrift and economy. And 
this, gentlemen, is done in a Government institution 
under Government supervision, but within four walls, 
where ‘no one knows about it.’ These parasites upon a 
rotten stem have a blacksmith’s shop just as perfect as 
you would find in Wolverhampton, only cleaner, and here 
they make such things as folding chairs, garden seats, 
and furniture of every kind, wine-bins, cots, and folding 
washstands; and I am told that more treacherous welds 
and rougher hammerwork have never been turned out 
within the memory of man; but then all the work from 
this section is painted, and so no one is wiser until the lady 
purchaser comes in to wrangle with her unlucky dealer 
who forms the intermediary.” 


The correspondent gives other examples of work 
he saw in progress, but we need not multiply in- 
stances. There was, however, one case differing 
somewhat from the rest, and which is described 
under a sub-title as ‘‘ A Flagrant Theft :” 


‘‘ Entering a cabinet-maker’s shop I saw one of Bissell’s 
carpet sweepers upon the bench, and a convict workman 
matching by ita series of panels. . . . . A paltry business 
at best, but still a new development that is evidently 
intended to flood the English market with cheap destruc- 
tive sweepers. The bodies were gilded in the familiar 
fashion with the names under which they seek the suf- 
frages of an unsuspecting public. Such names they bore 
too! ‘*Perfection,” ‘* Victoria,” ‘‘ Little Reliable,” 
‘* Lewis’s Manchester,” ‘‘ Ray and Miles, Liverpool,” and 
others of the same tenour, but all stamped, mind you, 
‘*English Patent,” and clearly, unblushingly intended to 
be sold in England. Perhaps the Bissels need less of my 
sympathy, and yours, for being a firm of American origin ; 
but even on the barest ground of fair play toa man who, at 
heavy outlay, perfects a useful article and makes a trade 
for it in English shops where no such trade was done 
before, is it not a shame that the article should be so 
meanly stolen and so slavishly copied by the cheap and 
incompetent labour of this ghoulish system ?” 


We have made somewhat extensive quotations 
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from our contemporary’s article in order that an 
opinion may be formed from the writer’s own words. 
A good deal more is said about the extremely in- 
ferior nature of these foreign prison-made goods, 
and the point has been strongly insisted upon in 
other quarters. It is to be feared, however, that 
it is not inferiority which is the sore point. 





THE ECONOMY OF COLONIAL 
RAILWAY MANAGEMENT. 


On efficient transportation unquestionably de- 
pends the permanent success of our colonies. The 
future may have many difficulties in store, but pro- 
vided there is a cheap and ready means of conveying 
to the seaboard for export the products of the in- 
terior, the utilisation of great natural wealth, still 
more or less latent, will quickly follow. Wheat, for 
instance, can be taken from a South Australian 
port to Europe or the United Kingdom for 26s. 3d. 
a ton, from Melbourne at 26s. 3d., and from New 
Zealand at 30s., while wool can be taken at 42s, 6d. 
per register ton of ship; very low rates when 
compared with those of a few years ago. The 
question, however, of getting products to the coast 
cheaply is a different one. This necessitates not 
only the economical construction of railways, but 
more particularly economy in their management. 
We fear that this question has not received the atten- 
tion it merits in all the colonies, and the unsatis- 
fatory results which exist are due, in some cases, 
to parsimony in construction, but more frequently 
to indifferent management; and it is time that 
investigations were made into the matter. The 
appointment about six years ago of a Railway 
Commission in New South Wales, with Mr. 
E. M. G. Eddy as chief, has had most pronounced 
effect, and now that his term of office is expiring, 
the opportunity is appropriate for a review of what 
has been done. Reforms have been vigorously en- 
forced, and, as amatter of course, have raised little 
whirlwindsof personal abuseand some show of public 
opposition ; but, happily, without any effect in the 
course of economy. To such opponents the report 
now made on the six years’ progress may be re- 
garded as Mr. Eddy’s ‘‘ Apologia ;” but to right- 
minded colonists, the fact that the railways have 
been put upon a sound profit-earning basis, instead 
of involving a loss, will at once appeal forcibly and 
earn for the Commission some expression of the 
growing confidence, if not also gratitude, which has 
manifested itself lately. The outcome of this con- 
fidence is the strong desire that Mr. Eddy should 
retain his appointment, and thus he has been 
offered, and has at length accepted, reappointment 
at a salary of 40001. This is 1000/. more than he 
formerly had.* By other colonies, and by railway 
managers generally, the policy pursued will be 
studied with interest, for the improvement is the 
result largely of the adaptation of locomotives and 
wagons to suit the traflic, as well as of changes 
in the permanent way and bridges to minimise 
maintenance and working expenses. These altera- 
tions account for a saving of over 100,000/. annually. 
There has been, too, a sifting in the depart- 
ments, so that the executive staff now cost 24,1311. 
less, though the wages and privileges of the men 
have been improved. During the six years that 
the Commission has been at work there has been 
an increase of about 5.7 millions to capital, due to 
307 miles of new line, to doubling 96 miles of single 
line, to additions to rolling stock, and to straighten- 
ing lines and reducing grades. In addition a vote 
was made of a million sterling for reconstruction 
and improvement of permanent way and rolling 
stock, of which 225,000/. has been paid back. In 
spite of all this there is a higher return on the in- 
creased capital, notwithstanding reduced rates and 
better Jabour remuneration. 

A very large permanent saving, estimated at 
100,0001. per annum, has been effected in the 
cost of tractive power ; this is due to two causes—a 
reduction of steep grades and the use of more power- 
ful engines. Prior to the Commissioners taking 
over the railways there were 631 miles of grades 
varying from 1 in 30 to 1 in 75, the worst gradients 
being on the trunk lines; by modifying some of 
these and easing curves, as well as by the use of 
more powerful locomotives, the train and assistant 
engine mileage has been reduced by 900,000 miles 
as compared with the figures for 1888. Again, by 


* See ENGINEERING, vol. liv., pages 358, 489, 516, 
and 575. 





reducing the number of trains necessary for a given 
traffic, the duplication of lines, that would have been 
necessary under the old system, has been indefinitely 
postponed. It is interesting to glance at the 
salient features of the three types of locomotives 
introduced and their respective hauling powers. 
In explanation of the tabulated particulars, it may 
be said that A is a British engine with four- 
wheeled bogie having 3 ft. 3in. wheels and six 
coupled wheels 5 ft. diameter. The cylinders 
are 20 in. diameter, the stroke 26 in., and the 
weight of engine 56 tons 10 cwt. 3 qr. B 
is an American consolidated engine with single 
bogie, having 2 ft. 6 in. wheels and eight 
coupled wheels 4ft. 3 in., the cylinders being 
21 in. and the stroke 26 in., while the weight is 
62 tons 12 cwt.2qr. The third, C, isan Australian 
consolidation engine, which is said to embody all 
the best qualities of the American and British types. 
It exhibits a little of the elegance of the latter, 
with its general appearance, but has the same 
arrangement of wheel and size of cylinder as the 
American engine, and is of the same weight ; the 
heating surface is much greater. The hauling 
one of the locomotives are given in the appended 
Table : 

















Tons Hauled. 
Grade. Speed ——— — = 

A. a |e 

miles 
1 in 40 10 275 350 | 350 
1:76 12 505 580 615 
1,, 100 15 600 620 700 
B55 3 18 700 650 750 





The first engine of British build is also for pas- 
senger traffic, and on the gradients given in the 
Table, the tons hauled at 20 miles are 225, at 30 miles 
260 tons, at 35 miles 255, and at 35 miles on the 
flattest gradient, 330 tons. One feature about the 
figures is that while the American engine B 
takes the heavier load on the stiffer gradient, the 
British engine has the advantage on the easier 
grade, which is explained by a higher internal 
friction in the American type at the greater 
speeds. In 1891 the powerful engines first began 
to work, and since that date the gross earnings 
per train-mile have increased from 6s. 63d. 
to 7s. 10}d., or by 153d., while the net earnings 
increased from 2s. 5d. to 3s. 5d., or 1s. This repre- 
sents on the mileage run in 1894 a gain of 358,489/., 
and in the four years the gain under this head has 
been 954,1411. 

This has also been contributed to by improve- 
ments in rolling stock. Owing to weak axles many 
wagons could only carry 44 to 6 tons; this was 
remedied, and the carrying capacity increased, 
while a considerable number of bogie wagons were 
introduced. On this latter point Mr. Eddy and 
his confréres take a reasonable attitude, recognising 
the extremes to which partisans have gone in the 
discussion of the relative advantages of bogie 
versus ordinary wagons. In the opinion of the 
New South Wales Commissioners, neither system 
can be adopted advantageously in its entirety, but 
by using each type where specially satisfactory, the 
maximum economy has been attained.* Thus a 
given quantity of traffic is conveyed in fewer trucks, 
the non-paying weight being less, while in addi- 
tion there is the gain of less station room being re- 
quired, a great desideratum when 6000 to 10,000 
bales of wool have to be unloaded at Sydney each 
day at the height of the season. Thus with the old 
description of wagons 175 would have carried 4725 
bales with a non-paying load of 787 tons, requiring 
a standing space of 3130 ft., while 50 tubular 
wagons do the same work with a non-paying load 
of 500 tons, and only 1900 ft. standing space is re- 
quired. 





* The details of the three types may be given, the first 
two being on bogies and the third of the usual four- 
wheeled type: 





Tubular Tron 
Wagon. Underframe. 


ton | 


| Ordinary. 





Length of body out- 
side . 34 ft. 32 ft. 16 ft 
| 





Length over buffers | 38 fr. 4 in. 35 ft. Sin. | 19ft.8 in 
Width (outside) | 8 ft. S,,. 8; ae 
Height of body in- 

side.. = .-| 2ft. 9in. 2 104 ,, , Ee Eee 
Tare .. a ~ 10 tons 11 tons7 cwt. 5 tons 16 cwt. 








It is stated by the commissioners that the working 
of the two systems in conjunction, admits of the 
greatest advantage being obtained, as for traflic in 
bulk, such as wool, agricultural produce, and for 
running between points having large consignments 
of goods of various kinds, the large trucks are ad- 
vantageous in every way; but for general mis- 
cellaneous working the 4-wheeled wagons will 
carry the largest possible load with the minimum 
of dead weight. A few bogie wagons have also 
been built for the conveyance of live stock, and 
it has been found that the animals suffer less in 
them than in the ordinary wagon. The number 
is, therefore, to be increased. The repair and 
renewal of rolling stock cost in six years 1,749,000/., 
as compared with 1,016,000/. in the preceding 
years. 

Similarly wise liberality has been exercised in 
connection with the permanent way. A covered 
agricultural produce shed at Redfern, an outer goods 
shed with hydraulic crane, and a wool shed at 
Darling, with exchange sidings for the latter, re- 
sulted in a release of the wagons much more 
promptly. This was practically as good as an addition 
to the rolling stock, and in this way, presumably, 
the saving of 14,000/. per annum referred to in the 
report, is accounted for. This is a point of great 
importance, for while it would be a mistake to 
attempt to work any railway with insufficient stock, 
there is a frequent tendency to unnecessary multi- 
plication by not taking full service out of exist- 
ing plant. Again, the quadrupling of the suburban 
tracks has given a regularity which, by comparison 
with that on any of the London lines, is most satis- 
factory. A three months’ return for September 
last shows that of the main suburban trains, 97.28 
per cent. were to time or not more than two minutes 
late, 2.35 per cent. two to five minutes late, and only 
.37 per cent. above five minutes late. For local trains 
the respective percentages were 95.73, 2.57, and 
1 70; and for through mail and express trains 83.92, 
5.16, and 10.92 per cent. The traffic has been 
accelerated, the comfort of passengers greatly 
improved, while several details, such as the im- 
provement of engine-shed accommodation, the care- 
ful lighting of all shunting grounds, &c., have all 
been towards economy. Another result has been the 
low percentage of fatal accidents. In the past 
year these were 1 in 1305 employ és, in Britain 1 in 
829, and in the States 1 in 322. Again, in respect 
of safety appliances, it may be said that in 1888 
only 28 miles were worked under the block system 
of signalling, and now 1168} miles are so worked, 
and the number of points or signals otherwise 
interlocked has increased from 24.63 per cent. to 
60.28 per cent. The system of block introduced 
for the single lines is Tyer’s tablet system and 
Webb and Thompson’s electric staff system, both 
of which are reported as working excellently. A 
system of exchanger has been adopted for express 
trains for the tablet, by means of which the train 
does not need to be slowed down, and this has in- 
creased the capacity of single lines. The total ex- 
penditure to date for brake materials, fitting 
brakes, &c., amounts to 64,0001.; and the result- 
ing saving in guards alone renders a net return of 
12} per cent., while the advantage of the greater 
security is obtained without cost. 

The improvement of the financial position of the 
property has thus been a first consideration, and 
the reforms indicated all tend to permanent ad- 
vantage from a monetary point of view. The 
realisation of this gain has enabled money to be 
spent in other directions, and not the least impor- 
tant is the improvement of the permanent way. 
In six years the commissioners relaid 400 miles, 
costing 422,1601., as against 123 miles, costing 
135,7001., for the six previous years. There have 
also been used 930,000 tons of ballast, principally 
blue metal. During the past six years, 720,000 of 
the highest class ironbark sleepers have been used. 
On 143 miles of line the sleepers have been re- 
spaced and brought closer together, so as to admit 
of the using of more powerful engines. Many 
timber bridges have been renewed and replaced by 
iron and brick structures, so materially reducing 
the maintenance expenses, the ravages of the white 
ant being serious with wooden structures. In con- 
nection with the work of reballasting, the cost has 
been much reduced by the use of Rodgers’ patent 
hoppers and ballast ploughs, with which 72 cubic 
yards of ballast can be unloaded and spread over 
250 yards of railway in five minutes, by two men. 
Under the ordinary system the same work would 
occupy 24 men about 1} to 14 hours, The acquisi- 
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tion of several quarries has greatly cheapened the 
supply of ballast, and will be of much service in 
the future maintenance. Other economies have 
been obtained on new lines, and instances are given 
by the commissioners where the same station ac- 
commodation as that existing on the older railways 
has been obtained more cheaply. Mr. Eddy advo- 
cates that where new extensions are needed in 
purely pastoral and level country, light railways 
of standard gauge—‘“ pioneer” lines—could be 
constructed for working during the day at 15 miles’ 
speed, for 17501. per mile, exclusive of bridges, 
waterways, and station accommodation. 

The savings resulting from the employment of 
more powerful engines and better rolling stock, 
and also in the reduction of maintenance charges, 
have profited the colony firat in the reduction of 
rates. Had the rates of 1883 been maintained on 
last year’s volume of traffic, the revenue would have 
been 300,000/. greater. This is a measure of the 
annual saving. We need not consider this part of the 
question at any length, but it may be pointed out 
that in agricultural produce and coke there is a 
reduction of a fifth, and in all things a great reduc- 
tion on long hauls. Coal forms 57.31 per cent. of 
the tonnage. The average haul is 17.69 miles, and 
the earnings .72d. per ton per mile. Wool, 
another staple product of the colony, forms 3.44 
per cent. of the tonnage, the average haul being 
274.67 miles, and the rate is 2.48d. per mile. Live 
stock forms 4.43 per cent. of the total, the haul being 
236.51 miles, and the rate 2d. Hay, straw, and 
chaff are carried for .45d.; grain, flour, &c., .63d., 
and firewood .88d. per mile. Suburban passenger 
fares have been reduced, and week-end tickets 
issued at 1d. per mile for first class, and 4d. for 
second class. Moreover, long-distance excursions 
have been organised at .8d. per mile for first, and 
.4d. per mile for second class. A cheap parcel 
system has also been organised, so that in every 
direction the people are directly profiting by the 
economies. The reductions have been gradual, and 
have been more than made up for by increased 
volume. 

The employés, too, have profited. Here the com- 
missioners have had to walk warily, having been 
beset on all sides by self-approved champions of 
labour interests. 'Two or three years ago, for in- 
stance, the commissioners promoted a provident and 
pension scheme, under ohich the payment of 1s. 
per week insured 25s. per week for half-a-year, and 
18s. for the next half, during illness ; or 40s. and 
30s. respectively for injury. Three hundred 
pounds was to be paid on death or permanent 
disablement owing to accident, 50/. for natural 
death, and 201. on the death of a contributor’s wife. 
The pension, after 65 years of age, was to be 2Us. a 
week, while on retiring earlier, 20/. was to be paid 
for 10 to 15 years’ contributions, 301. for 15 to 20 
years, and 50l. for over 20 years. Alternative 
rates for less weekly payment were proposed. ‘‘ In 
consequence, however, of the influence of persons 
who posed as friends of the men, so much feeling 
was created against the proposal” that the 
Bill was withdrawn. To this and kindred in- 
terference we have referred in previous articles, 
and need only here indicate some of the advan- 
tages under which the men now work, notwith- 
standing this combative attitude. The running 
staff, when away from home, are provided, free of 
expense, with accommodation in special lodging- 
houses under caretakers, with public rooms, bed- 
rooms, &c., and 3s per night as expenses. Three 
weeks’ holidays with liberal pass concessions are 
granted. Public institutes, libraries, &c., have 
been provided, and ambulance corps organised with 
826 members in town and country. Moreover, 
there is the material advantage of advance in 
wages. The staff employed in the chief offices 
has been reduced by 110, at an annual saving of 
24,1311. There are reductions also in other depart- 
ments, while in very many cases the individual 
wages have been increased ; but withal the wages 
bill is less, for while the total railway and tram- 
way mileage has increased from 2152} to 2559 
miles, the number of employés has decreased from 
11,393 to 10,351 in the six years. In the com- 
missioners’ office alone there is a reduction in the 
wages bill from 10,6141. to 42281. 

Various other incidents in the keeping of ac- 
counts affect the general result, for formerly relay- 
ing, &c., was charged to capital, while stationery was 
not charged totherailwayaccounts. In small matters 
there have been economies which are specially 


in a system that are worth close attention. Thus, 
less stores were used, kerosene was largely consumed 
in various descriptions of lamps instead of colza and 
other expensive oils, and mineral oils for lubricating, 
instead of castor and other oils ; waste and sponge 
cloths, too, were washed and re-used. The locomo- 
tive department expenditure for oil, tallow, waste, 
sundry stores for cleaners, and greasing and oiling 
carriages and wagons (including wages of oilers), 
for the year ending June 30, 1889, was 42,2721. ; 
for the year ending June last this had been reduced 
to 19,0351., and, for the current year, it is con- 
fidently expected that the cost will be under 15,0001. 
An actual saving under this head of 23,0001, 
especially with a much greater train mileage is, 
indeed, suggestive. 

These facts, with other small items, explain 
in large measure why the ratio of working 
expenses to gross revenue has decreased from 
66.69 per cent. in 1888 to 56.58 per cent. last year, 
while for the current year it is anticipated that it 
will be 55 per cent. Six years ago the ratio 
in this country was 52 per cent., but recently, 
owing to the greater demands of labour, it has 
steadily gone up to 57 per cent. Curiously enough, 
too, the large lines stand highest, the Great 
Northern and the Manchester and Sheffield for 
1893, the last year for which we have official 
data, standing at 60 per cent. ; the Great Eastern, 
the Lancashire, and the Midland, 59: the North- 
Eastern, 58; London and North-Western, 57 ; 
South-Eastern, 56; Great Western and London 
and South-Western, 55; but the Brighton and 
Scotch lines show a better result. As to the 
exact profit to New South Wales, it is shown in 
the report that in the seven years preceding the 
advent of Mr. Eddy and his commission, while the 
gross earnings showed an accumulated increase of 
2.67 millions, there was an accumulated decrease in 
the net earnings of 141,656/. Now in the six past 
years the gain on gross receipts, notwithstanding 
reduced rates, was 3.22 millions, while of this 
two millions was saved as net profit, largely owing 
to the economies practised. In other words, while 
formerly all of the increased receipts and more 
were needed for expenses, 62.98 per cent. of the in- 
crease in the past six years has been saved to the 
colony, so that the return to the colony on its rail- 
way capital has been 34 percent. In like manner 
the tramways have shown a greater financial gain, 
the profit being 4/. 18s. per cent. ; but into these 
figures it is not necessary to go. 

No comparison can be drawn with the progress of 
economy in other colonies or countries, for there 
can be no question that the system in New South 
Wales was ripe for drastic reform. The bitter 
opposition and hand-to-hand fights directed against 
Mr. Eddy and his co-workers prove this, as do also 
the reforms that have been carried out. But a 
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glance at the conditions in the other Australian 
colonies, as suggested in the Table given, and a 
study of Mr. Eddy’s report, suggests that the 
other colonies should awake to a sense of the 
possibilities of improvement. New South Wales 
has offered a good example to them. The condi- 
tions in their cases may not be quite similar in 
detail, but the general tendency of Mr. Eddy’s 
policy can be studied with much profit. 





AN ENGINEERING LABORATORY FOR 
GLASGOW UNIVERSITY. 
Guiascow being admittedly the metropolis of 
mechanical engineering, and second only to London 
as a centre of civil engineering practice, it will 
surprise very many to be told that there is no labo- 
ratory for applied mechanics and engineering at 


notwithstanding this want, is in some measure 
accountable for this surprise, and the fact has only 
been brought to knowledge because of an appeal 
for funds to establish the laboratory. There are 
many reasons why a liberal response should be 
made not only by the West of Scotland, but by 
many others further afield. Science, as well as 
literature and art, owes much to Glasgow Univer- 
sity. In the two latter branches it is not too much 
to say that for years a powerful influence on the 
modes of thought not only of Scotland but also of 
England has emanated first from the old College in 
the High-street, and subsequently from Gilmore- 
hill—the work of Professor Adam Smith, the author 
of the ‘*‘ Wealth of Nations,” might be instanced— 
while in science the world owes a big debt to 
Glasgow. One or two items in this bill of gratitude 
due need only be mentioned. It was at Glasgow 
University that Watt worked out so well the 
system of separate condensation without which the 
steam engine could never have attained its present 
economy. He discovered independently the prin- 
ciple of latent heat, and laid the foundation of that 
inventive skill which brought in its train the 
steam jacket and the many other improvements. 
The name of Gordon, an old-time Professor of Engi- 
neering at Glasgow, is well known in connection 
with the column formule now almost universally 
used. These were subsequently slightly amended by 
Professor Macquorn Rankine, who was himself 
one of the founders of the theory of the steam 
engine, and one of the first to devise the general 
theory of earth pressures, while his works, 
the result of his research, are still and will long 
be standard books. Professor James Thomson did 
magnificent service, too, and one can scarcely turn 
over a standard book without finding frequently 
the statement that this or that idea first occurred 
to this most philosophical of workers. And as to 
Lord Kelvin, the oldest of Glasgow professors, 
his influence is well nigh limitless. 

Principal Caird and his colleagues have had equal 
influence in the world of letters. As indication 
of the earnestness and spirit of progression of the 
Senatus, it need but be mentioned that the Univer- 
sity took the initiative in the foundation of leading 
laboratories of chemistry, and, again, the Physical 
Laboratory was the first of its kind founded in the 
world. The engineering chair was further the first 
engineering chair in the kingdom, if not also in the 
world, and it is only because of the good work 
done that it has been so long without an engineer- 
ing laboratory. In evidence of the extreme im- 
portance attached to engineering teaching and the 
estimate of Professor Barr’s skill and popularity, 
it need only be said that there is a steady increase in 
the number of students, clearly indicating that there 
is a demand for training in this University. It is 
for the public to encourage this, for on economic 
grounds the value of higher education cannot be 
over-estimated. We could name many instances of 
works in Britain, where a want of a knowledge of 
first principles has: led to great waste of money. 
For similar reasons, designs and estimates of struc- 
tures for abroad are often rendered more costly 
than they need be, while the competitor having a 
wider scientific knowledge can afford to do the work 
at less cost. The tendency of mere class-room 
training may have the effect of over-confidence in 
estimating the power to withstand stress; while 
the practical training alone tends to the opposite 
extreme. The influence, therefore, of that quicken- 
ing of observation and of that practical training in 
the properties of material to be acquired in a labora- 
tory will gosome way to inaure greater economy. It 
must not, however, be understood that the labora- 
tory can ever give the same training as the work- 
shop. It will, however, prepare the way for that 
wider experience in the case of students who have 
not previously been through the mill of practical 
apprenticeship, and in the case of those who have 
been already in the shops or in the drawing office 
—the majority in the case of the engineering stu- 
dents in Glasgow University—it will supply the 
necessary link between their practical training and 
their studying of scientific principles and method. 
In this respect it is indispensable. 

The first engineering laboratory founded in this 
country was that at University College, London, 
and the college has recently constructed new and 
magnificently equipped laboratories, which we fully 
illustrated and described on the occasion of their 
inauguration.* King’s College has recently had 
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important additions, Lady Siemens having had con- 
structed the William Siemens Laboratory of Elec- 
trical Engineering. Lord Kelvin, too, lately opened 
formally the new laboratory at Cambridge, con- 
structed at a cost of over 20,000/., while at the York- 
shire College at Leeds Professor Barr—now at Glas- 
gow—had constructed and equipped in 1888, at a 
cost of 10,000I., raised by Leeds engineers, a com- 
plete institution, and later laboratories have been 
constructed at Dundee; at the Owens College, 
Manchester ; and at the Walker Laboratory at Liver- 
pool, the latter, costing over 25,000/., having been 
illustrated and described in a previous volume.* 
Bristol, Birmingham, Edinburgh, and other centres, 
have their engineering laboratories, while the 
splendid equipment of the Central Institution our 
readers have already had opportunity of appre- 
ciating.t And yet Glasgow has been left, to quote 
Professor Barr’s appeal, ‘‘ not only without labora- 
tories, but actually without sixpence-worth of appa- 
ratus to place upon the lecture table for the illus- 
tration of such an eminently experimental and 
practical science as engineering.” 

It is impossible that this can continue. Apart 
altogether from the considerations we have urged, 
there is the fact that the Universities Commission 
has ordained that thequalifying courses in Engineer- 
ing shall include laboratory practice. If the want is 
not, therefore, met, the result will be that after the 
lapse of a period of three years’ grace no student will 
be able to qualify at Glasgow for the degrees in 
Engineering Science. That the decision of the 
Commission is reasonable must be admitted, and 
we have no doubt that the public of the West of 
Scotland, who have so often taken the lead in edu- 
cation matters, will not allow the University of 
Glasgow, which has done so much for the advance- 
ment of Pure and Applied Science, to be alone, 
of all the Universities, debarred from granting 
degrees in Engineering Science, especially as 
only 12,5001. to 15,0001. are needed. The Bella- 
houston Bequest Trustees, rightly interpreting their 
mission to disburse a large annuity, inter alia, 
for ‘*the founding and endowing, or assisting 
to found and endow, educational institutions, pro- 
fessorships or masterships . . . for the giving of 
scientific and technical knowledge,” have agreed to 
grant 10,00C/. if a like sum be raised from other 
sources. They are further prepared to increase 
their grant proportionately up to 12,500/. Pro- 
fessor Barr estimates that 25,000/.—the sum spent on 
the Walker Laboratory at Liverpool—would pro- 
bably be sufficient, so that only 12,500/. is needed, 
and this would be spent on building and equip- 
ment, the University Court granting the site. An 
influential committee has been formed, of which 
Sir William Arrol, LL.D., is chairman, and Mr. 
G. A. Baird, M.P., Mr. Peter Denny, LL.D., Mr. 
John Inglis, Mr. James M. Gale, M. Inst. C.E., 
and Sir Renny Watson are vice-chairmen, with Mr. 
Robert Gourlay, of the Bank of Scotland, Glasgow, 
as treasurer. Already, we understand from a 
report of the first meeting of the committee, a good 
start has been made towards raising the required 
sum, and we hope that the whole sum will be 
readily subscribed. It is but a small amount com- 
pared with the immense value of the production of 
engineering in the west of Scotland. It is equal to 
about 3d. per 1001. of the value of vessels launched 
in a year, while equal to 10s. per 1001. of the 
engineering exports from the Clyde last year. 





THE YACHTING EXHIBITION. 

Tue Yachting Exhibition now being held at the 
Aquarium, Westminster, and to which we made 
brief reference in a recent issue, may be described 
as of ‘‘a very mixed nature,” applying the term as 
used in Society as an antithesis to “‘ select.” There 
are some very good exhibits of a genuinely yachting 
nature, whilst others are of a distinctly patent pill 
and universal advertisement quality. The exhibition 
suffers, too, certainly in dignity, by being mixed up 
with side shows of the freaks-of-nature and fat-lady 
description, together with female acrobats whose 
feats of activity are certainly not encumbered by 
superfluity of garment. In spite of these things, 
those interested in aquatic sport may spend a very 
interesting couple of hours examining what is 
better worth notice. We now propose referring 
to some of the exhibits that attracted our attention 
in an afternoon spent in this way. 





-* See ENGINEERING, vol, lii., page 144, and vol. liv., 
page 412. 
Ibid. vol. xlvi., pages 419, 473, 497, 523, 559, 596. 


In our previous note on the exhibition we made 
reference to the handsome electric launch Aphro- 
dite, shown by Mr. S. E. Saunders, of Goring- 
on-Thames ; one of the best modelled and best 
constructed electric boats we have seen. Elec- 
tricity as a means of aquatic propulsion has 
suffered by being used in conjunction with a large 
number of unsightly and ill-designed vessels, and it 
is, therefore, additionally pleasing to see electrical 
machinery combined with a good hull. The Aphro- 
dite is 36 ft. long over all, and 28 ft. 6 in. on water- 
line, by 6 ft. wide, and has been in actual use for 
about 12 months. The draught of water is only 
15in., so that the boat can be taken almost any- 
where that a good-sized gig would go. Like all 
well-designed electric boats, there is good accommo- 
dation, no engine and boiler occupying the best 
part of the vessel, in fact, she is all ‘‘ state-room,”’ 
the batteries being snugly tucked away under the 
seats. The machinery has been supplied by Mather 
and Platt, and consists of a ‘‘ Manchester” motor 
and chloride accumulators, the latter made by the 
Chloride Electrical Sterage Syndicate, of 16, Vic- 
toria-street, Westminster. In boat propulsion it 
is desirable to run motors at a moderate speed in 
order to get a higher efficiency. In boat work the 
question of total weight carried is one of con- 
siderable importance, and it is tempting to use 
small motors run at a high speed in order to get 
the required power on a given weight. The result 
has been a sacrifice of efficiency either in the pro- 
peller or the motor. In the case of the Aphrodite 
the disadvantage due to the adoption of a com- 
paratively large and therefore heavy motor, which 
can be run efliciently at slow speed, has been com- 
pensated for by the use of chloride cells, which are 
lighter than those ordinarily used ; in other words, 
a saving in weight in the source of power allows an 
increase in the weight of the motor. This weight 
and efficiency problem has been tested by means 
of a series of trials made with the Aphrodite 
by Mr. H. A. Earle, representing the manufac- 
turers of the machinery, and Mr. Saunders, the 
builder of the boat. In the course of these 
tests several different screws were tried, and 
the motor was run at speeds from 300 to 1000 
revolutions per minute. Runs over known dis- 
tances up and down river were made, the times and 
revolutions also being taken on the measured mile. 
In one run from Goring to Henley and back the 
speed was found to be 4.97 miles per hour. At 
this rate of travelling the charge would last for a 
period of 28 hours, thus allowing a distance of 140 
miles to be covered without recharging. This is 
counted as a half-speed run. When the speed was 
increased to 6.8 miles per hour, the charge lasted 
for 6 hours, thus giving a radius of action of 41 
miles. The full speed of the boat with the same 
screw—known as No. 1 screw—was 7.35 miles per 
hour as a mean of runs with and against stream. 
No. 1 propeller was the best out of about a dozen 
tried, but afterwards a screw supplied by Measrs. 
Thornycroft and Co. was fitted to the boat, and 
this proved by far the most efficient, both in regard 
to speeds attained with a given number of revolu- 
tions, and to radius of action, or ability to drive the 
boat a greater distance with a given power. Thus 
at 5.6 miles per hour the charge would last 23 
hours, whilst at full speed 8.26 miles per hour was 
reached as a mean of runs with and against stream ; 
a rate of progression unattainable with any of the 
other screws. The conditions as to displacement, 
&c., were the same on all runs. It may be stated 
that the curves plotted as a result of the runs show 
a very regular increase of resistance as the speed 
increases, thus indicating that the boat itself is well 
designed. It isa point which should not be lost 
sight of in estimating the efficiency of electrical 
machinery. 

We have not had an opportunity of running in 
Mr. Saunders’ boat yet, but hope to do so shortly, 
when we shall doubtless be able to give fuller 
details. One important characteristic of this vessel 
is that there’is very little vibration, a most essential 
matter in a pleasure-boat to be used up-river, where 
quiet is one of the greatest charms. This is attri- 
buted partly to the construction of the boat itself, 
but is chiefly due to the lower speed at which the 
motor isrun. The Thornycroft propeller also gave 
the best results in this respect. The motor weighs 
about 5 cwt., and there are 40 cells, each of 72 lb. 

A folding outrigger and swivel rowlock is also 
shown by , og Saunders. It possesses what we 
believe is the unique merits of being at once 








perfectly rigid, capable of being folded in very 





quickly, and stowed away flat and snug on the 
inside of the boat. The rowlocks are lined with 
ebonite—an improvement on the old wood lining, 
as it is not so necessary to grease the leather of the 
oar. There are some handsome gigs and skiffs on 
this stand, and several other interesting features, 
which, however, space will not permit us to notice 
at present. 

On an adjoining stand is shown an example of 
another means of aquatic propulsion in the 
Daimler boat exhibited by the Daimler Motor 
Syndicate. This boat is 23 ft. long by 5 ft. 6 in. 
wide, and is propelled by a one horse-power petrol- 
motor, which will drive it from 64 to 7 miles per 
hour. The motor is an oil engine of the 
ordinary type as far as regards the cycle of opera- 
tion, one stroke in four being effective. A recti- 
fied petroleum or benzine is used, having a specific 
gravity of 0.68 to 0.70; the price of which is about 
13d. per horse-power per hour, so it would cost 
if to drive the little boat exhibited 6} miles. 

aturally considerable advantage follows the use 
of a rectified petroleum, the chief objection being 
that such a material is not so readily purchased as 
ordinary lamp oil, which can be obtained in every 
town or village throughout the kingdom. The 
Daimler engine has had a few alterations in detail 
made since last year, so that it is now more com- 
pact and accessible. The motor in the boat shown 
is contained in a box 20 in. long by 15 in. wide 
by 3 ft. high. The oil is contained in a tank fitted 
in the bow, which wil! hold 8 gallons, and as the 
consumption is one pint per horse-power per hour, 
the boat in question would run 64 hours. The 
weight of motor and fittings is 3} cwt. 

We have already in our previous note referred to 
the exhibit of Messrs. Edwin Clark and Co., launch 
builders, of Brimscombe, near Stroud, in Glouces- 
tershire, who show a nicely designed and finished 
pair of compound launch engines. It is perhaps 
typical of the advance in engineering practice 
that there was in the exhibition, so far as our 
observation extended, but a single example of 
the simple ‘‘ high-pressure” launch engine, which 
was all but universal a dozen years ago. The ex- 
ception referred to is that shown by Messrs. Simp- 
son and Denison. This engine, however, is about 
the size that a full-grown man could carry.in his 
waistcoat pocket, and is placed in a Canadian 
canoe. To make up for this, the same firm have 
a four-stage compound engine in a launch close by. 
We shall, however, come to the Dartmouth firm’s 
exhibit later; at present we have to do with 
Messrs. Clark’s stand. The firm shows no full- 
sized boat, but have models, drawings, and 
photographs of several launches fitted with both 
steam and oil engines. Mr. Clark has turned 
his attention a good deal to the latter mode 
of propulsion, and is at present building 
three launches, which are to be fitted with oil 
engines, each of a different type. Trials are to be 
made with these boats as to consumption and 
general efficiency, and no doubt some interesting 
facts will be brought forward. This firm also ex- 
hibit a pair of double tandem compound condens- 
ing engines. Gun-metal fittings for yacht and 
marine work are further shown on this stand. There 
is a large variety of these objects, and they are well 
cast and finished. A small hand pump especially 
designed for boat use, and known as the ‘‘ Com- 
pactum” pump, is a style of fitting that has long 
been in requisition. The pump is handy and really 
compact. The valves, which are of the leather 
clack type, can be easily got at, and the bucket can 
be quickly withdrawn. The valves and passages are 
made so as to allow chips, &., to pass without 
choking. 

The adjoining stand is occupied by an oil-engine 
boat of the coast-built type, exhibited by Messrs. 
Vosper and Co., of Portsmouth. She is 20 ft. 
long, and has a 3 brake horse-power motor, of 
Messrs. Vosper’s now well-known type, fitted in a 
case inthe stern. This boat will, we are informed, 
travel 8 miles an hour, which is certainly a high 
speed on her dimensions. There is a very pretty 
reversing blade propeller which is worked very 
easily by a lever with a sleeve arrangement. 
There is also shown a 1 horse-power motor. This 
engine has also the ordinary gas engine cycle, and 
therefore, like others of its class, requires a heavy 
flywheel. It uses ordinary petroleum, and a small 
tank, 9 in. in diameter by 5 in. deep, placed above 
the engine, will supply sufficient for four hours’ 
running of the 1 horse-power motor. The boat 
shown has a tank in the bow which will hold 
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enough fur 10 hours’ running. These boats are 
especially suitable for tenders to large yachts, the 
motors being easily taken out and slung on deck, 
when the boat can be hoisted to davits as an ordi- 
nary gig. The exhaust pipe from the engine dis- 
charges at the stern below the water line. Messrs. 
Vosper also show asmall donkey pump, which is 
one of the prettiest things in the show. It isa 
No. 0 size, is constructed of phosphor bronze, and 
weighs 9 lb. ; it has a steam cylinder 14 in. in 
diameter, and will pump 30 gallons per hour. 

The Liquid Fuel Engineering Company, of East 
Cowes, show a very interesting boat, which will 
possess the merit (in the eyes of a large number of 
people) of being steam-propelled and yet requiring 
no coal, There is no doubt for those who want to 
go fast steam must supply the motive power, and 
the boats built by this firm appear to have gone 
very fast indeed. An ordinary compound condens- 
ing engine is used in conjunction with a pipe 
boiler of the natural circulation type. The fact 
that there are no fire-bars allows a large amount of 
heating surface being contained in a small space, 
and there is consequently ample passenger 
accommodation. The boat shown is excellently 
arranged and constructed, and the makers claim 
they have entirely got over the well-known dif- 
culties that have hitherto barred the way to the 
adoption of petroleum fuel for such purposes 
as this. The supply of oil is maintained by air 
pressure on the surface of the supply tank, and 
overflow to the burner is prevented by means of a 
relief valve and by-pass. The burner is on an 
entirely new principle, but as we hope to have an 
opportunity shortly of seeing one of these boats in 
use, we will leave the matter for the present. The 
same firm shows a stockless anchor for yacht and 
boat purposes. It is made in cast steel in two 
parts only, but how the arms with the broad palms 
attached are got through the eye in the crown will 
doubtless puzzle a good many people who are not 
versed in foundry ‘‘ dodges.” The explanation 
is, of course, that the palms are not got through 
at all, but are simply cast in situ, with a little 
asbestos or other non-conducting material to pro- 
tect the inside of the eye. The anchors are annealed 
and galvanised on all surfaces, even to the inside of 
the eye. 

We have already made reference to the exhibit 
of Messrs. Simpson, Strickland, and Co., of Dart- 
mouth, who show a very nice steam launch of the 
sea-going or yacht’s tender type. She is 24 ft. 
long, and has a two-crank four-stage compound en- 
gine, the cylinders being placed tandemwise. The 
excellent and trustworthy air pump, of which we 
shall always speak gratefully, is still fitted by this 
firm. We have worked this pump for long periods 
(we had one in use two years without once opening 
it up), with the most sticky water, and never 
knew it fail. The annular grooved piston-rod is 
also still used. This obviates the necessity of a 
stufling-box between the tandem cylinders. The 
same firm shows a Canadian canoe 17 ft. 6 in. 
long, fitted with a tiny high-pressure condensing 
engine and pipe boiler fired with liquid fuel. It 
is an example of misdirected ingenuity—although 
the ingenuity is great— for one can hardly 
imagine a position in which an engine and boiler 
would be more out of place than in a Canadian canoe. 
One of the best things in the exhibition, however, 
is shown by this firm. ‘t is a model of a very 
ingenious and highly practical capstan. The handle 
is at the top, working by means of a pinion and 
circular rack on the capstan head. By turning 
the handle in one direction a quick motion is 
obtained, and by reversing the action the heavier 
gear isputon. The great use of a quick change 
such as this, which is effected by pawls, will be 
obvious to any yachtsman. It is very curious to 
see the barrel turning in the same direction which- 
ever way the handle is turned. The capstan is 
geared 4 to 1 when the handle is turned one way, 
and 12 to 1 when the other. 

Among other exhibits of a mechanical nature 
may be noticed one by the New-Mayne Electric 
Rudder-Motor Syndicate, a very ingenious device 
for the encouragement of laziness. As, however, 
there are plenty of lazy people in the world, and 
as even the most active may be excused if they lay 
aside their energy on a summer day on the Upper 
Thames, this device should find many admirers. The 
‘* rudder-motor ” is a rudder of very large size and 
ungainly shape, in which there is included an electric 
motor. Two small propellers are fitted to thearmature 
shafts, and move with the rudder. These propellers 


are free to slide on a short length of shaft, pre- 
sumably with a view to assist the steering, but as 
we have received no special instruction on this 
int, we will refrain from hazarding theories. 
essrs. Davis and Co., of Fenchurch-street, show, 
according to the catalogue, ‘‘steering gears of 
every description,” but we only saw one example on 
their stand. The Phosphor Bronze Company have 
an extensive and interesting exhibit of propeller 
blades, rigging, screws, coiled springs, wire rope, 
&c. They show a large number of stampings in 
Bull’s metal. The most yacht-like thing is a double- 
action lifting-bulb sliding-keel ; a very undesirable 
arrangement to put beneath a boat. 

The Thames Electric and Steam Launch Com- 
pany exhibit an electric boat; Mr. J. W. Gorham 
a twin water cycle ; Messrs. Alexander and Co. a 
collection of blocks and yachts’ fittings ; the British 
Aluminium Company an aluminium naphthalaunch ; 
Mr. R. G. Lacey sea anchors, oil distributors, 
rocket apparatus, &c. ; whilst there are many other 
exhibits which we have not space to refer to. 








NOTES. 
Tue Action or Boron on Cast Iron. 

M. Henri Morssan has recently contributed to 
the Comptes Rendus of the Paris Académie des 
Sciences the results of an investigation recently 
completed on the effect of boron on cast iron. His 
first experiments were made on a grey cast iron, 
containing 3.18 parts of carbon, combined and 
graphitic, and .5 part of ‘‘scoria.” This latter 
term requires explanation. In the analysis of 
cast iron, the mixtures of the different varieties 
of carbon are first separated by means of chlor- 
ine or bichloride of mercury. The residue is 
burnt in oxygen, and the name scoria is applied to 
what is then left in the form of ash. Ten grammes 
of the above variety of cast iron were placed 
in a porcelain boat, 2.5 grammes of boron being 
added. The mixture was then strongly heated in 
an atmosphere of hydrogen, and after cooling a 
well-formed ingot was found in the boat. This 
ingot was covered with a black coat of graphite. 
The metal had a yellowish tint, and showed at its 
surface some long crystalline prisms. On analysis 
it proved to contain 8 to 9 per cent. of boron and 
only 0.27 per cent. of carbon, and no ash was left 
on burning the residue in oxygen. Boron, there- 
fore, readily combines with the impurities in the 
metal, carrying them out into the slag, having much 
the same action on iron oxide as that usually attri- 
buted to manganese. Experiments on other varie- 
ties of cast iron gave very similar results. The 
carbon in every case was largely driven out of the 
metal by the boron, at the same time as the other im- 
purities. M. Moissan has not yet given an account 
of the physical properties of the ‘‘ borated ” iron, 
but will doubtless make good the omission later 
on. 


CHANGES IN THE MaGnetic PERMEABILITY 
or Ikon. 

It is found that the magnetic permeability of the 
iron cores of electric transformers suffers a gradual 
decrease. This subject has been investigated by 
Mr. W. H. Mordey, who has communicated the 
result of his researches to the Royal Society, 
through Dr. Sylvanus P. Thompson, F.R.S. He 
first sought to determine whether the increased 
amount of electric energy necessary to magnetise 
the cores was due to eddy currents being set up in 
the coils by partial failure of the insulation between 
adjacent portions of the conductor, or to eddy cur- 
rents in the iron due to change in the insulating 
material interposed between the thin plates of iron of 
which the transformers are composed. Examination 
showed that neither explanation was tenable. He 
next investigated the effect of long-continued heat, 
since the temperature of the iron of transformers 
is, in working, usually 20 deg. to 60 deg. Cent. 
above the surrounding atmosphere. Samples of 
iron were kept for months in an oven at tempera- 
tures varying from about 60 deg. to 70 deg. Cent. 
and were tested from time to time. The con- 
clusions to which these observations have led, 
so far as they have gone, are: 1. The effect is not 
fatigue of the iron caused directly by repeated 
magnetic reversals—it is not ‘* progressive mag- 
netic fatigue.” 2. Neither magnetic nor electric 
action is necessary to its production, 3. It is a 
physical change resulting from long-continued heat- 
ing at a very moderate temperature. 4. It appears 








to be greater if pressure is ape during heating. 
5. It is not produced when the iron is not allowed 





to rise more than a few degrees above the ordinary 
atmosphere. 6. It is similar to the effect produced 
by hammering, rolling, or by heating to redness 
and cooling quickly. 7. The iron returns to its 
original condition on re-annealing. 8. It does not 
return to its original condition if kept unused and 
at ordinary atmospheric temperatures, whether the 
periods of rest are short or long. 


THe New Larce Racine \ acut. 

The Mediterranean yachting season opens next 
week, and the splendid sport on the English coast 
last year promises to be maintained, if not made even 
more exciting. The Prince of Wales’s yacht, the 
Britannia, which carried off the honours last year, 
will have a new competitor, of which great hopes 
are entertained, while with the Earl of Dun- 
raven’s further attempt to capture the America 
Cup, this year must bring many exciting matches. 
We have, indeed, quite a large number of first-class 
cutters—a class of vessel which requires a good 
man at the helm, and a fair balance at the bank. 
The Satanita was the contribution of the English 
builders last year, and will represent them this 
year. The Prince of Wales’s craft was built by Hen- 
derson, of Glasgow, from designs by Watson, from 
whom, also, Lord Dunraven’s new America Cup 
challenge yacht Valkyrie is coming. The Calluna was 
built for a Glasgow syndicate of iron merchants, 
but her success was only partial, as she had not the 
advantage of a thoroughly trained racing crew. 
The new big rater Ailsa, built for Mr. Walker, of 
‘‘Thelma,” is the second attempt of W. Fife, Jun. 
—the third of the name—at the largest class of 
racers, but his smaller craft have had great success, 
and the connoisseurs hope for great things from a 
vessel of such beauty of form as the Ailsa. She 
has been built by Messrs. Inglis at Glasgow, a 
firm who have had many successes in yachts— 
racing, cruising, and steam. The length over all 
is 125 ft., onthe load water-line 894 ft., the beam 
—exceptionally great—over 26 ft. She is 84 ft. 
shorter than the Satanita on the load water-line, 
but 1 ft. longer than the Britannia. Her main 
boom is 95 ft. long, and her total sail area about 
11,500 square feet, 850 ft. less than the Vigilant, 
but 700 ft. more than the Valkyrie in the Cup 
races. It is largely in excess of the Britannia’s 
sail area. The Ailsa’s yacht measurement is 172 
tons. Many improvements have been _intro- 
duced, but it would be scarcely right to 
divulge these. The process of evolution of the 
fin-de-siécle racer is curious. There has been no 
hitting on a design of superlative excellence, all 
the details having been ground out slowly, until 
the successful boat of this year diverges pretty 
widely from the prototype of seven years ago. 
There is no science, probably not much genius, 
about the business; although a certain ingenuity in 
evading the incidence of taxation is common to 
yacht designers, as well as to men who are only 
designing in other ways. 


SUBMARINE TELEGRAPH ENTERPRISE. 

The revenue of the Eastern Telegraph Com- 
pany, Limited, in the six months ending Sep- 
tember 30, 1894, was 339,402/. The working 
expenses, properly so-called, in the same period 
were 97,5331. The cost of repairing and renewing 
cables in the six months was 43,710/.; and after 
allowing 48151. for depreciation of spare cable, and 
making provision for income tax and revaluation of 
currency assets, the profit realised for the half- 
year was 209,902/. The reserve stood at the close 
of September, 1894, at 416,2431., of which 390,5391. 
was invested. In the course of the half-year 
55,4071. was diverted from the general reserve 
fund to capital, 50,0001. being applied to payments 
on account of the Aden and Bombay No. 38 cable, 
while 5407]. was absorbed by the balance due on 
the Syraand Pirewus duplicate cable, certain land 
lines in Egypt and Malta, cable tanks at stations, 
&c. At the close of September, 1894, the expen- 
diture made by the company on capital account 
for cables, land lines, stations, &c., stood at 
5,154,5791. A further outlay of 163,500/. had 
been made for maintenance ships. Lands, build- 
ings, and estates figured for 105,4411., and 
shares in other telegraph companies (viz., Eastern 
and South African, Direct Spanish, African Direct, 
and Europe and Azores) for 766,043/. The aggre- 
gate amount diverted from the reserve fund for 
new cables, land lines, instruments, and cable re- 
newals, from 1877 to 1894, was 1,401,051. Had 
the reserve fund not been reduced in this manner, 
it would now have amounted to nearly 2,000,000/. 
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The policy of the company has been to pay fairly 
good, but by no means immoderate, dividends upon 
its share capital, and to quietly apply a considerable 
portion of its profits to the extension and improve- 
ment of the system rather than to over-capitalise 
the undertaking. This, no doubt, has been a sound 
and prudent course; but very few companies are 
strong enough to act uponsuch ideas. The revenue of 
the Anglo-American Telegraph Company, Limited, 
declined in the six months ending December 31, 
1894, to the extent of 6948]. ; on the other hand, 
the working expenses were reduced 3399/., 80 
that the reduction in net revenue did not ex- 
ceed 35491. The company’s repairing ship 
Minia was engaged during the past half-year 
in repairing the northern and southern Placentia, 
the Tricore, the Rauem, and the Duxbury cables, 
The steamer was also employed by the Direct 
United States Cable Company and the Western 
Union Telegraph Company in repairing cables 
belonging to those companies; for this work the 
Anglo-American Company received 45001. The 
outlay made in the repair of cables in the half-year 
ending December 31, 1894, was 11,501/. In this 
total the expenses of the Minia figured for 10,5041., 
and the value of the cable expended for 997/. In 
the second half of 1894 the revenue account was 
debited with 12,0001. for an addition to the re- 
newal fund. The amount received for interest on 
the securities held by this fund during the second 
half of last year was 9564/., and a profit of 13,3211. 
was realised by the sale of renewal fund securities. 
On the other side, the fund was debited during the 
six months ending December 31, 1894, with 
145,2301. to finally complete the amount re- 
quired for what is known as the new cable 1894. 
The whole cost of this cable was 436,4161., but 
291,1861. had been charged off previously. The re- 
newal fund was also debited in the second half of 
1894 with 30,4611. for the value of cable expended 
in the repair of the 1874 cable. The renewal fund 
was further debited with 26341. for the renewal of 
duplex apparatus. In consequence of these various 
deductions, the fund was reduced from 729,5171. at 
the close of June, 1894, to 586,077. at the close 
of December, 1894. At the half-yearly meeting of 
the proprietors there was a good deal of grumbling 
as to the rigidity with which the directors main- 
tain this renewal fund ; but the figures which we 
have just given show that the course adopted by 
the board in connection with the fund is fully 
justified by actual current circumstances. 








PORTLAND CEMENT. 
To THE Epiror oF ENGINEERING. 

S1r,—I would remind Messrs. Macevoy and Holt that 
it was they who mentioned diplomacy and became per- 
sonal in the discussion, for to my view, to accuse a person 
of making ‘‘ utterly inaccurate statements,” is quite per- 
sonal enough. 

Tam not in the habit of making statements I cannot 
substantiate, and as the members of the Institution of 
Civil Engineers are the most interested in obtaining the 
best Portland cement, it is before them I shall place the 
results of my investigations, where Messrs. Macevoy and 
Holt will have the opportunity of hearing them and 
proving them wrong if they can. 

They have also made a bad shot about my getting my 
cement for mixing with Kentish ragstone from the 
makers whose finely ground cement I have mentioned. 
When in Scotland recently in conversation with an engi- 
neer for whom I test all the cement used in his work, he 
told me that some makers had offered to supply him with 
finely ground cement. Atmy desire he found their letter 
and gave me their address. On my return to London, I 
wrote this firm, asking them if they would kindly send 
me samples of their finely ground cement, which they 
did. I have never seen these gentlemen, and all I know 
about them is that 

They supply their cement genuine in cask or bag ; 

Not, like some other makers, mixed with rag. 
Moreover, I have not the slightest personal interest in 
any Portland cement factory in the world. In the reports 
of the meeting held at the Cannon-street Hotel, Mr. Holt 
is stated to have said that his customers knew perfectly 
well what they were mixing with their cement. May I 
ask if this is not an “‘utterly inaccurate statement ”? 

It is a question if a manufacturer or merchant who 
sends out cement mixed with Kentish rag or other foreign 
substances during the grinding does not make himself 
liable to the law if his packages are marked as containing 
Portland cement and not a mixture. 

Many people think the addition of chicory to coffee is 
an improvement, but this does not shield the grocer when 
called to account. 

I do not know where Mr. Heath got his figures, but I 
have never met with any cements made from chalk and 
clay by the best makers vary to anything like the extent 
he mentions, and as to our not knowing the best propor- 
tions for good Portland cement, I imagine if we take 
accurate analyses of cement usually produced by five or 
six of the best makers of genuine cement from chalk and 





clay, which I believe will not vary. greatly, we may safely 
take the average of these as the best present composition 
of Portland cement, leaving any alterations to be made 
when any great improvement has been proved. It is 
only by analyses that these foreign substances can be 
discovered, for by finer grinding and other means known 
to manufacturers, cement may . mixed with large pro- 
portions of these inert substances, and yet stand the 
tensile strains required by most specifications. 

With regard to the experiments of Professor McLeod, 
mentioned by Mr. Heath, he at once drowns his cement 
by excessive quantity of water, thereby separating all the 
ingredients and enabling the lime to be dissolved out, 
whereas if he will take a briquette of cement three 
months old and grind it, he will, I think, obtain very 
different results. 

The chief object of the manufacturer is to obtain his 
clinker in a semi-fused state, when the ingredients will be 
in a semi-chemical combination, and when ground and 
mixed with the proper quantity of water, the ingredients 
will arrange themselves to form hydrated silicates and 
aluminates of lime, with, no doubt, more lime than re- 
quired by the silica and alumina, but when mixed with 
sand in the usual way, the excess of lime will gradually 
combine with the exterior of each grain of sharp quartz 
sand, and, I believe, assist in the gradual strengthening 
of the cement by age. If the clinker be overburned or 
fused, the ingredients enter into fixed compounds, and, 
however finely ground, will not combine with water like 
properly burned clinker. 

Owing to my being laid up with severe cold, the above 
letter was sent to the editors too late for insertion last week. 
I now see that Messrs. Macevoy and Holt say that I have 
retired from the contest owing to their having conclusively 
proved their contention with regard to the cement residue 
left on 250 sieve. They are rather in ahurry. I do not 
think they have proved it to any one’s satisfaction but 
their own, and I am not going to waste time in bringing 
facts here before people who are so cocksure that no one 
knows anything but themselves, but at the time and 
place I have above mentioned I shall be able, I believe, to 
prove by actual experiments that their views are “‘ utterly 
inaccurate.” Surely anything to have any real cementi- 
tious value must be able to exercise it ina reasonable time, 
avd not wait until further expansion of the ingredients in 
setting will be a disadvantage. I believe most engineers 
will hold similar views to these. 

Yours truly, 
Henry Ketway Bamser, F.I.C., &c. 

Westminster Chambers, 9, Victoria-street, S.W. 





To THE EprtoR or ENGINEERING. 

Srr,—Your correspondents, Messrs. Macevoy and Holt, 
do me the favour of writing to your periodical remarks 
which are somewhat personal, when they are entirely 
ignorant of the subject thereof, and write happily un- 
trammelled by any disturbing facts, Let me assure 
Messrs. Macevoy and Holt that I do not take umbrage at 
this; my disposition is to make every allowance for the 
trying circumstances in which Messrs. Macevoy and Holt 
find themselves. 

If, instead of personalities, Messrs. Macevoy and Holt 
would endeavour to combine practice and experience 
(which I value very highly) with accurate theory, there 
might be some prospect of an important advance in the 
knowledge of the proportions and interaction of ingredients 
of a cement, 

I must apologise for occupying space in your columns ; 
my object in writing to you was to ventilate this matter, 
which seems to me of great interest and importance, and 
is one the solution of which is almost necessarily in the 
hands of cement manufacturers, who can, by their ex- 
perience and by the help of experimental and laboratory 
work, ascertain for the professional world, and for them- 
selves, what is the best cement and how it is best used. 

My query on that matter is left untouched by Messrs. 
Macevoy and Holt; also that as to the meaning of the 
washing out of free lime from old-hardened powdered 
briquette. The reiteration of experiments conducted up 
to the limited time of 12 months fails to convince me that 
the addition of ragstone will yield a durable cement ; and 
I am quite unable to find any statement that in the ex- 
periment on the coarse particles of cement the surfaces of 
those particles were cleansed from all dust or flour. 

I thank Mr. James Morris for his kindly appreciation 
of the points brought forward. Despite the efforts on my 
behalf of Messrs. Macevoy and Holt, I still am of opinion 
that there is lacking an accurate theory of the interaction 
of the ingredients of a cement, and I regard the search 
for such theory as the passage-way, walled in by practice 
and experience, to progress in the making and use of 
cements, 

I am, Sir, yours truly, 
A. H. Heara. 

Royal Indian Engineering College, Cooper’s Hill. 





To THe EpiTor or ENGINEERING. 

Srr,—Mr. Spoor, after judiciously allowing two weeks 
to pass, apparently for the purpose of letting your readers 
forget what we really said in our last letter, has in 
returned to the attack. Triumphantly he again slays 
the slain. He is very jubilant in asserting that the use 
of limestone as an addition to Portland cement is an old 
ractice. We never said that it was new; and in our 
etter of January 30 we said that, if it had been new, we 
should have made ib the subject of a patent. Mr. Spoor’s 
method is to ignore this, and again accuse us of claim- 
ing the addition of a ragstone as a novelty. There 
are some ple who can manage everybody’s busi- 
ness but theirown; and it is possible for one manu- 
facturer to make a very inferior cement with the best 
possible materials, while another, with comparatively 


oa materials, will turn out an inofiaitely better product. 
hat is where practice comes in against theory. 

Our idea of e ess is, at any rate, more progressive 
than that of Mr. Spoor, the German Association, and the 
proposed English association, whose advance might fairly 
be described by the phrase, ‘*‘ As you was!” Portland 
cement has always been made of chalk and clay, so let us 
advance and make it of clay and chalk. As to the in- 
extinguishable laughter which will follow our use of rag- 
stone, we would merely remark that there is a laughter 
which is ‘‘ like the crackling of thorns under a pot.’ 

We repeat that Mr. Spoor takes “‘ undigested chunks 
of tabular tests from his cement testament, and, without 
showing how or why, boldly states that they prove what- 
ever he wishes them to prove.” We even go further, 
after reading his last letter. We say that when we take 
one of his very doubtful Tables, and show that it proves, 
if indeed it proves anything, that limestone is slightly 
better than sand, Mr. Spoor at once throws over that 
Table and proceeds to argue on one that he gave on 
January 25. As Mr. Spoor’s unfortunately chosen figures 
prove to the contrary, we may perhaps be excused for nob 
being able to see that fine sand is as good as lime- 
stone. But we should care very little about Mr. Spoor’s 
figures even if they supported his contention. We would 
prefer our own practice and experience as to ragstone 
improving cement to all the theories and Tables that Mr. 
Spoor could copy out. The tests which our cement gave 
are not exactly those which a cement weakened by the 
addition of a material no better than sand would give. 
These are the tests for tensile strain given at the Cannon- 
street meeting: At 7 days, 492 lb. ; at 3 weeks, 556 Ib. ; 
at 7 weeks, 656 lb.; at 3 months, 740 lb.; at 6 months, 
790 lb. ; ab 9 months, 975 lb. ; at 11 months, 1000 lb. ; and 
at 12 months, 1010 lb. With three parts of sand to one 
of cement, tests of 410 lb. and 460 lb. were obtained at 
9 months. 

We again trot out our old statement that we “ have 
always held and shall continue to hold that the addition of 
ragstone improves Portland cement.” ‘‘ Always” means, 
of course, as long as we have tried it. We never believe 
much in anything till we have tried it for ourselves. We 
are not in the habit of ay may out of, say, such 
a book as Dr. Brewer’s ‘‘Guide to Science,” and then 
adopting them as dogmas. We doubt if ‘ brickbats” 
mixed with cement would give results which would satisfy 
us; but if Mr. Spoor has ever found such an admixture 
satisfactory, we have no wish to traverse his experience. 

Every manufacturer of any sense knows that the 
German Association of Portland Cement Makers was a 
trade device for crushing manufacturers who could not 
say that they used only chalk and clay in their manufac- 
ture. The idea was, of course, to cast a stigma on all 
other cement, however well it answered the purpose for 
which it was made. 

In reference to Dr. Michiielis’s opinion as to the effect of 
limestone on Portland cement, we refer Mr. Spoor to our 
letter in ENGINEERING of January 11. This was partly in 
answer to Mr. Spoor. We gave quotations from Dr. 
Michielis’s pamphlet in that letter. Now Mr. Spoor asks 
us again why we quote Dr. Michielis, The pamphlet we 
quoted from is an “‘ Open Letter to the German Cement 
Manufacturers’ Union,” ‘‘ Re Dogma concerning the im- 
possibility of improving Portland cement by the addition 
of substances containing silicic acid fit for chemical com- 
— It is printed by William Knapp, and dated 


On the question of the inertness of cement residue, we 
have never taken any authority up, and so we cannot, 
even to oblige Mr. Spoor, throw any authority over. 
Having proved by experiment that residue is not inert, 
we look upon that matter as unaffected by any theories 
whatever, 

If Dr. Michielis proved to be adverse to our manufac- 
ture on any point, we should be exceedingly sorry ; bub 
our “— would not lead us to oo? bias to him, as 
Mr, Spoor did, when he hinted Dr. Michiielis’s feud 
with the German Association was due to their not having 
purchased his ‘‘composition” for mixing with Portland 
cement. Nor should we, if we fancied that his opinion 
might be favourable to us, discover for the first time that 
‘*his name carries weight as a cement expert, and has 
done for the last 30 years.” 

e are, Sir, yours truly, 
Macevoy anp Hott. 

Britannia Cement Works, Northfleet, 

February 20, 1895. 


To THE EpiToR or ENGINEERING. 
_ Srz,—I regret that I have been prevented from answer- 
iog Mr. Bamber sooner, but have, owing to the weather, 
been unable to obtain a fresh sample of Kentish rag. 

However, an analysis of a comparatively old sample 
gave 1.5 per cent. water, 75.2 per cent. calcium car- 
bonate, and 23,2 per cent. sand and clay. Hence, 2 
parts of this ragstone will contain .3 part of water, cap- 
able of ——T with .93 parts of lime, or the lime 
obtained from 1.66 parts of pure chalk. 

Thus, if 20 per cent. of ragstone be added to an over- 
limed cement, it will slake .93 parts of lime in 80, or 
1.16 per cent., equal to about 2 per cent. of chalk in the 
slurry, a quantity amply sufficient to introduce a serious 
element of danger if left in its unslaked condition in the 
finished article. 

As to Mr. Bamber’s quoted analysis, it is almost need- 
less to remind your readers that water being usually of 
little importance, and always variable, is usually expelled 
before analysis, and therefore not likely to appear in the 
final results, to the manifest confusion of the other 
figures. 

As to separators, the matter is not worthy of your 
valuable space, though I insist that I have most excel- 








.ent opportunities of ascertaining both the action and 
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the location of the various separators used in the cement 
trade. 

Mr. Butler introduces an important element into the 
discussion when he truly states that the degree of fine 
grinding is only limited where the extra cost of pro- 
duction exceeds the increased cementitious value of the 
product. 

In comparing relative cementitious values there should 
be considered the expense of packing, transporting, and 
storing the variable weights of tine and coarse cement 
having equal cementing — and in estimating cost of 
production, it should be borne in mind that modern edge- 
runner grinding mills, such as that illustrated in your 
issue of January 30, 1891, take under 10 A.H.P. per ton 
per hour of output, or less than half the power required 
or millstones, and also that extra fineness can be obtained 
rom these machines, with far greater case, and less per- 
sonal skill, than from stones. 

The Germans and Americans recognised the value of 
fine grinding years ago, and we only have our own 
supineness to thank, for the practical loss of the New 
York cement trade. 

Turning now to Mr. Morris, a reperusal of this corre- 
spondence will show the intentional crescendo in the 
weight of my argument, and the corresponding dimi- 
nuendo of his replies thereto. Thus he begins with 
being very wroth at a slip of my pen, in calling his 
visions ‘‘ the wonderful process described ;” further on, 
he takes me to task for giving the temperature at which 
all CO, is driven off, as the reasonably probable one to be 
adopted, +, it is a perfectly well-known fact that 
decomposition begins at a very much lower heat. 

Last of all, he entirely ignores my strongest argument, 
to the effect that if CO. is ever to be collected as a waste 
product of the dissociation of calcium carbonate, it will 
be from lime burning, and not from cement. 

I cannot deny that ‘there are persons who think” 
most remarkable thoughts at times, but I would point to 
the disastrous results of handling excessively finely amal- 
gamated half-burnt slurry in the Dietsch kilns at Ditton, 
near Widnes, as an object lesson, far more to the point 
than any mere opinions. 

In conclusion, I should add that Mr. Morris ae 
to be a total stranger to me, and that, far from wishing 
to be personal, I trust I have earned his thanks by giving 
him a timely eye-opener. 

Yours faithfully, 
Rochester, February 20, 1895. Percy J. NEATE. 








LIME v. CEMENT. 
To THE Eprror or ENGINEERING. 
Srr,—There is a mistake in my Jetter—page 220, near 
the end—whether mine or the printer's I do not know. 
The briquettes were made of cement and lime—not 
cement and sand; and though they appeared hard at 
first, mouldered away as described, showing that lime 
would not take the place of sand as an economiser in 
using cement, 

IT am, Sir, yours truly, 
G. A. Hate. 

[The error occurred in Mr. Haig’s MS.—Ep. E.}. 





THE APPLICATION OF ELECTRICITY TO 
WORKING SHIPS’ TURRETS. 
To THE Eprror oF ENGINEERING. 

Srr,—I have been much interested in the series of 
articles which have appeared in your widely-read journal 
in relation to the application of electricity to the working 
of ships’ turrets. 

In the winter of 1884-5, I applied an electrical training 
gear to a 38-ton gun at Sheerness. Two motors were 
employed, one for elevating and depressing the gun, and 
the other for training it. ihe switch for operating and 
reversing the motors consisted of a lever extending to the 
rearward of the gun and electrically connected in such a 
manner that, in whichever direction the lever was pressed, 
the gun would follow it. For instance, if the training 
lever was pressed slightly to the right, the training motor 
would be switched into circuit so that the breech end of 
the gun would swing slowly in the direction that the lever 
was pressed. When the lever was only slightly pressed 
there would be considerable resistance in the circuit, but 
if more force was used the resistance was gradually cut out 
until, when the lever was pressed fully over, all resistance 
was cut out of the circuit, and the gun and carriage moved 
rapidly in the direction in which the lever was being 
pressed. If the lever was pressed to the left, the current 
was reversed in a part of the motor and the resistance 
manipulated in exactly the same manner. To elevate or 
depress the gun, another system of resistance and switches 
was employed, but attached to the same lever. 

It was found that these heavy guns could be trained 
from the shoulder with about the same facility that one 
could train a 6-pounder ; that no 1aatter in which direc- 
tion the lever was pressed, the gun and carriage promptly 
followed it; and one of the military officers who witnessed 
the experiments expressed it as his opinion that with case 
shot he could shoot a gull on the wing. It was believed 
at the time, and has never since been questioned, that 
this was the first system of training ever applied to a large 
gun which was sufficiently quick and sensitive to enable 
the gunner to fire on a quickly moving torpedo-boat, with 
a large gun. 

Later on I received an order from the Government to 
apply a similar training apparatus to a 44-ton gun at 
Shoeburyness. On the first occasion that the gun was 
tried the hydraulic buffers of the carriage, which of course 
had nothing to do with the electric training, split, and it 
was afterwards found that the gun itself was weak. Con- 
sequently the electrical training, as far as this gun was 
concerned, came to an end 


This apparatus was patented in France, and, as is well 
known, a patent has to be worked in France. Some 
months before the working was due I went to Paris in 
company with Mr. Robert R. Symon, where we laid the 
invention before M. Canet. We told him what we had 
done, explained the working of the apparatus, showed 
him the British patent, and came to an understanding 
with him that he was to work the patent for usin France, 
that he was to apply it to some kind of a gun carriage, 
and then invite the Government engineers to witness its 
action, and so legalise the working of the patent. M. 
Canet, as agreed, applied the training apparatus to a 
gun of about 4 in. ibre, but exhibited as M. Canet’s 
electrical training device, the name of Maxim never being 
mentioned to the officers to whom it was exhibited. 

In an article contained in your issue of January 25, 
1895, on Canet’s electrical training device, I find the 
following : ; : 

wet - To turn the turret to the right or left at will by 
shifting a leverin the direction of the desired movement. 

“2. With whatever force the lever may be thrown over, 
the movement of the turret must be gradual, in order 
that the maximum speed may be attained after having 
passed through various defined rates of speed from a state 
of rest. 

**3. In this way a8 proportional to the angle de- 
scribed by the controlling lever must be obtained,” &c. 

I meno > § say that at the time I took out my patent for 
training guns, carriages, and turrets by maga in the 
art was completely new; no one had ever applied elec- 
tricity to the training of guns before. To reverse the 
circuit, to chang e resist for varying speeds, was 
all quite new, and it was fully described and broadly 
patented by me in all countries. It appeared to me at 
the time that the only efficient means of controlling the 
current, so that any man could understand it and manceuvre 
a gun in a perfectly natural manner, would be to extend 
a tomer to the rearward of the gun after the manner of a 
shoulder piece, and have the electrical circuits connected 
in such a manner that the gun would follow the lever. 
Iv will be observed, by your own description, that M. 
Canet uses this device. 

The third claim of my invention (Patent No. 13,762, 
dated October 17, 1884), was as follows: 

‘A controlling apparatus for the purpose above speci- 
fied, included in an electric circuit, and provided with a 
lever which is so arranged that, by turning it around or 
about its fulcrum in any direction, the necessary contacts 
will be made for causing the gun to be moved in the same 
direction, and the resistance in the circuit will be more 
or less diminished according to the angle through which 
the said lever is turned, as above set forth.” 

I think from this it is clear that I was the first 
in the field, and that if M. Canet has carried out the work 
as described in your paper, he has infringed my patents, 
as there is no question but that he is using the apparatus 
which was invented by myself, the patents for which 
have been drawn as clearly as it is possible for highly 
trained patent solicitors to do. 

Some of the daily papers have accused the English of 
being behind in the use of — for training large 

ns. This, however, is not strictly true. The first 
lication of electricity to the training of guns was made 

ngland, and the English Government could still have 
been ahead of all other nations had they wished it. There 
is no question but what electricity is the most suitable 
of all forms of energy for training large guns, as it enables 
the gunner to train the largest gun with the same facility 
that he can train a 3-pounder or 6-pounder from the 


shoulder. 
Yours a, 
RAM 8S. Maxim. 
Baldwyn’s Park, Bexley, Kent, February 19, 1895. 
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THE SPEEDS OF WARSHIPS. 

To THE EpiToR OF ENGINEERING. 
Str,—Your correspondents ‘‘ Mariner” and ‘‘ R.N.” 
do not like the conclusions I drew from the Times report 
of the Blenheim’s voyage. ‘‘ Mariner” does not see that 
the Times did “‘ flaunt before the eyes of the public the 
splendid achievement of the Blenheim.” I imagine the 
details would not have been given but for one of two 


reasons : either they considered the performance specially 
good, or specially bad. ‘‘ Mariner” apparently inclines 
tothe former. It is a choice of opinions, ith true 


eailor’s bluntness, however, ‘‘ Mariner” eventually hits 
the right nail on the head ; I quote from his letter: *‘ Any 
one who has the slightest knowledge of the speed of war- 
ships knows that the s quoted is that obtained on the 
contractors’ four hours’ run with forced draught. To com- 
pare the Campania’s and Lucania’s 21}-knots speed with 
the Blenheim’s 22-knot speed is obviously absurd, since the 
former are sea speeds and the latter a forced-draught trial 
speed under the most favourable conditions.” Precisely, 
but the absurdity lies in the fact that the Lucania covers 
the 3000 odd miles to New York at an average speed 
within a fraction of a knot of her trial trip speed, 
whereas the Blenheim—well, exactly what the Blenheim 
can do over such a course is just what the British public 


would like to know. : 
To “R.N.” I am indebted for the assurance that 
“a was at no time even considered in connection 


with safety,” and as his letter is dated from H.M.S. 
Blenheim, Portsmouth, I presume he ought to know. 
‘*R.N.” says the time of arrival at Halifax was fixed by 
the Canadian Government. If he refers to my letter he 
will notice that I expressly avoided any reference to the 


outward when, of courss, s was necessaril 
stgutated tay Gee me of aacival of Haliies. a 


is remarks as to the limited range of action at full 
speed, owing to the small quantity of coal which it is pos- 


capable of steaming a distance of 2500 miles at 17 knots, 
The Lucania can do 3000 miles at 21? knots. ‘‘RK.N,.” 
proceeds to say “for a warship to have the same ocean 
speed and range as the Lucania, she would have to be 


built on somewhat similar lines and carry a very large 
amount of coal ; this, of course, can easily be done, but not 
without sacrificing some more desirable end.” Therein, 


of course, lies the crux of the whole matter ; every warship 
that is built is more or less of a compromise of conflicting 
ideas. But what is now being advocated—and promi- 
nently by no less a person than Sir Edward Harland—is 
that too much is being sacrificed to protective decks and 
6-in. guns, and the result is a boat like the Blenheim, 
which is absolutely useless fur the purpose for which she 
was constructed. 
I am, Sir, yours faithfully, 
A. GR. 








COAST PROTECTION IN HOLLAND. 
To THE EpiToR oF ENGINEERING. 

Srr,—In your ‘* Notes” of this week’s issue, on ‘‘ Coast 
Protection in Holland,” you state the defences at 
Scheveningen have been neglected, because the necessity 
for them has not appeared so great as at other parts of 
the coast. This is scarcely correct. For some consider- 
able time past the question of preserving the foreshore at 
Scheveningen, especially in front of the Casino and Kur- 
haus, has been much agitated and discussed, but unfor- 
tunately no definite decision could be arrived at, on 
account of the antagonism, on the one part, of the Canot 
party and the inhabitants of the city of the Hague 
proper, with which Scheveningen is now incorporated, 
who desire the town to remain and become increasingly a 
fashionable place of residence and bathing resort, and on 
the other part of the smack-owners and allied traders, who 
have invested a sum computed at not less than 8,000,000 
guilders, roughly 700,000/., at Scheveningen itself, in their 
— to increase the scanty facilities to carry on their 
trades. 

The local craft, or ‘‘ bombs,” are shallow round- 
bottomed vessels, and, on account of their peculiar con- 
struction, are compelled to find shelter and anchorage at 
whatever part of the foreshore they may be driven by 
winds or tides. Hence the owners always protested against 
the construction of any groins or projections, for fear of 
damage to their fleet, and though a pier is one of the 
urgent requirements, to add to the attraction and pro- 
sperity of this charming bathing resort, no permission 
could be obtained thus far by us on account of the oppo- 
sition of the resident shipowners and friends. 

Lately, however, the greater part of the foreshore 
where the smacks were accustomed to anchor, having 
been washed away, and the smacks having been forced to 
transfer themselves to the neighbouring port of Vlaar- 
dingen, the above objections have become nugatory, and 
steps are being taken to afford the shore of Scheveningen 
the same protection as has been supplied to other parts of 
the coast, and we have been approached to carry out the 
building of a pier and landing place at Scheveningen, 
the harbour scheme having been finally rejected by the 
burgomaster and aldermen. 

Yours respectfully, 
HENRY HEMANS AND Co. 

Cornwall Buildings, 35, Queen Victoria-street, 

London, E.C., February 15, 1895. 





ELECTRIC TRACTION. 
To THE EpiToR oF ENGINEERING. 

Srr,—I have no desire to enter into the discussion 
which has been raised by Mr. Sturgeon on Mr. Dawson’s 
articles, published in your journal, but as the engineer 
who designed the Brixton and other cable tramways in 
this country, I feel constrained to take some notice of a 
reference by Mr. Hammond to the Brixton line. If that 
gentleman has seen cable cars assisted up Brixton-hill by 
means of a crowbar, it was a novel experience, due to a 
temporary disablement, and such a car would be taken on 
by the one following with but a trifling loss of time. Mr. 

ammond, no doubt, made use of his reference to Brixton 
as a set-off against Mr. Sturgeon’s allusion to Leeds, and 
not to disparage the cable system. 

I may point out that I provided the Brixton cars with 

ual gripping power to those at work in Edinburgh, 
where they ascend grades of 1 in 11 with loads of 11 tons, 
whereas, at Brixton, the grade is 1 in 20, and the load, 
say,6 tons, Therefore it could only be an accident which 
would cause a failure of the grip at Brixton. 

I have had some considerable experience of mechanical 
haulage for tramways in this country, America, and the 
Continent, and I have made myself familiar with the 
diversified conditions under which operations are per- 
mitted in the various countries. Such experience teaches 
me that dealing with generalities and entering into a 
discussion on close comparison between electric and cable 
haulage without the fullest conditions clearly defined, is 
not only unsatisfactory, but may be most misleading. 
Mr. Dawson’s statistics were very interesting, but I have 
the opinion that he did not intend them to be all that 
would be necessary for forming an opinion as to the 
suitability of either system for all conditions. 

T am, Sir, yours ywaeregy, 
. N. Coram, Memb. Inst. C.E. 

Billiter-buildings, London, E.C., February 20, 1895. 





_Beieran Coat Exports.—The exports of coal from Bel- 
gium in the first 11 months of last year were 4,053,748 
tons, as compared with 4,423,274 tons in the correspond- 
ing period of 1893. The exports of Belgian coal to France 
fell off rather materially last year, having only amounted 
to November 30 to 3,179,257 tons, as compared with 








sible to stow, are much to the point. The Blenheim is 





3,562,333 tons in the corresponding period of 1893. 
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BEDDOW’S ORNAMENTAL LATHE ATTACHMENT. 
CONSTRUCTED BY THE BRITANNIA COMPANY, 


ENGINEERS, COLCHESTER. 








WE illustrate above an ingenious lathe attachment 
for ornamental work which is being introduced by 
the Britannia Company, Colchester. This company 
are now devoting considerable attention to the. con- 
struction of ornamental lathes, and have secured the 
services of Mr. J. H. Evans, formerly of Wardour- 
street, whose reputation for this class of work is of 
very old standing. The details of the new appliance, 
the original invention of which is due to Mr. A 
Beddow, have been worked out by Mr. Evans. It is 
intended for geometric, eccentric, and spiral cutting. 

In geometric cutting, of which examples are shown 
below, both the work and the tool are rotated 
at definite velocity ratios. The two rotations com- 
bined give rise to an immense variety of patterns, some 
of which are of the most bizarre appearance. In 
eccentric cutting the work is stationary whilst the 
tool revolves, whilst for spiral cutting both work 
and tool revolve, but the latter at the same time is 
given a traverse, so that, practically speaking, the 





operation consists in milling out a screw thread. The 
apparatus consists in the first place of a fork, the stem 
of which can be secured to any ordinary slide rest. At 
the other end of the fork are hearings for the spindle 
which carries the cutters and drills. This spindle may 
be driven either by an overhead motion, or in themanner 
shown in our illustration above, which represents the 
arrangement for rose cutting. For geometric work a 
spurwheel is screwed on to the lathe spindle behind the 
chuck, and drives a shaft running in centres on sup- 
ports clamped to the lathe bed. The cutter spindle is 
then driven through a set of change wheels, and 
various very complicated geometrical patterns can be 
cut. For rose cutting the rosette is fitted, as shown, 
and a roller travelling along this rosette, and acting in 
conjunction with a spring keeping the two in contact, 
gives the cutting point the necessary reciprocating 
motion. Comparatively deep cuts can be taken, deeper, 
Mr. Evans says, than with the usual appliances, save 
when they are provided with independently rotating 
cutters. For eccentric cutting the spurwheels are 
thrown out of gear, and the tool driven by an overhead 
motion, The cutting point is fitted with a traverse, 
enabling eccentric circles of all diameters, within range 
of the tool, being cut, a graduated scale showing the 








true size, For drilling, the overhead gear is used, and 
another spindle substituted for that used in the eccen- 
tric and geometrical work. For cutting spiral work 
on cylinders the change wheels on the movable counter- 
shaft are arranged to drive the traversing screws of 
the slide rest instead of the spindle, the latter, fitted 
with a suitable cutter, being driven by the overhead 
motion. As will be seen, the tool has a large range of 


E. | adaptability. 





INDUSTRIAL NOTES. 

THE labour statistics of the Board of Trade accen- 
tuate the complaints of the unemployed, and point to 
a condition of things which is most deplorable, al- 
though it is to be hoped that it is for the most part 
temporary. In the 76 trade unions making returns, 
the total number of members being 370,335, we find 
that in 44 of them, with a total of 156,412 members, 
the number of unemployed was under 7 per cent. But 
in the other 32 unions, with 213,923 members, the 
proportion out of work averaged from 7 to over 10 per 
cent. of the total. The total number out of work was 
30,433, or 8.2 od cent,, as compared with 7.7 per cent. 
last month. he percentage is greater than in 1894, 
at the same date, by 1.2per cent. Lamentable as this 
state of things is, a large —— if not the whole, 
of the increased ratio of unemployed is due to the 
weather. In the building trades work generally has 
been at a standstill, and these trades account almost 
entirely for the increase that has taken place. Butup 
to the end of last year the building trades all over the 
country were in a flourishing condition, so flourishing 
that there were increases in the rates of wages and a 
decrease in the hours of labour in numerous places, 
The satisfactory thing, therefore, is that, amid much 
that is most distressing, when the temporary cause 
of the distress is over there will be a resumption of 
work in nearly all cases, But it is curious to observe 
that coal-miners have not been quite so fully em- 
ployed. From the returns of owners of 1135 pits, 
employing 280,382 work people, the average number of 
days worked was 4.70, as compared with 4.97 in the 
previous month. But apparently the increase of 
unemployed colliers is wholly in the northern coal- 
fields, where the proportion out of work increased 
from under 1 to 2.7 per cent. A more critical exami- 
nation of the returns shows that of the total num- 
ber, 280,382, only 11,286, or 4 per cent., worked 
less than 12 days in the month; 156,616, or 55.9 
per cent., worked from 12 to 20 days, and 112,480, 
or 40.1 per cent., worked from 20 to 24 days (full time) 
at the pits. In South Wales and Mesmooth the average 
was 5.29 days per week. In all the other districts 
the average was between four and five — per week, 
ranging from 4.38 to 4.91 days per week, except in 
West Scotland and North Wales. 


Employment in the iron-mining industry has 





slightly fallen off, the average at 85 ironstone 
mines being 5.43 days per week, as against 5.85 days 
in the previous month. But this, apparently, was 
mostly due to a partial cessation of work in Scotland. 
The iron industries are not quite so well off, there 
being four fewer furnaces in blast than in the previous 
month, But the total men unemployed was only 183, 
or less than 1 per cent. The steel trades manifest 
some improvement in Scotland and in the northern 
counties, but in other districts, and especially in 
Wales, those industries are dull. But on the whole 
the state of trade in the iron districts is better than it 
was a year ago, for 1294 more persons were employed, 
or 7.3 per cent. above the average of the same time 
last year. These figures represent 87 per cent. of the 
total inon works in the kingdom, 


It is satisfactory to find that the engineering indus- 
tries and cognate trades show some slight improvement, 
though they are still in a depressed state. The per- 
centage of unemployed has fallen from 9.7 per cent, to 
8.7 per cent., whereas, at the same period last year, the 
percentage was 9.2. The improvement is very slight, 
but it points in the right direction. The shipbuilding 
trades are, however, still in a bad state; the percentage 
out of work is 17.3, as against 18 in the previous month, 
or 0.7 better, although at the same time last year the 
percentage was 13.8, so that it is worse by 3.5 per 
cent. than a year ago. But as a set-off to this state of 
things, the prospects have improved in nearly all the 
shipbuilding centres, Indeed, it is expected that this 
will be a busy year if no adverse circumstances arise to 
dissipate the improved indications. The actual increase 
of unemployed in the building trades is from 5.7 to 8.2 
per cent. The woodworking and furnishing trades 
show a —_ increase, from 6.3 to 6.7 per cent. In the 
cotton industries the percentage out of work is small, 
only 3.1 per cent., as against 2.8 in the previous month, 
This is as regards cotton-spinners ; the weavers have 
also declined in activity. The woollen and worsted 
trades have slightly improved, and also the hosiery 
branches, but not the lace trades. The boot and shoe 
trades have improved in most centres, but in some 
districts short time is still worked. The clothing 
trades, also, have felt a slight improvement, more 
especially in the ready-made branches. The be- 
spoke department is, however, rather slack in most 
districts. 





Dock work was tolerably busy in Liverpool, but 
dull at other ports, is the general purport of the Board 
of Trade returns, At the London Docks, taking the 
whole of them, including ae see and contractors, 
the average number in employment during the past 
month was 6985, as against 7491 at the same period 
last year, a decrease of 506. This is not a large de- 
crease, al] things considered. Moreover, the number 
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increased from 6405 in the second week of the month 
to 7595 at the end of the month, that is the average 
for the fourth week. The average for the last two 
weeks was 7539, as against 6431 in the two first weeks. 
This is not altogether discouraging, as it shows that an 
average of 1108 more were employed than in the two 
first weeks. Again, the number of men employed by 
shipowners and others was 2582, as against 2450 in 
the previous month. The curve lines in the chart 
show that a large improvement was manifest as com- 
pared with last year, though the line at the close was 
slightly below that of 1894. 


Employment of seamen has declined considerably. 
The total number of men shipped as crews in foreign 
vessels in January of this year was 29,897, as against 
33,572 in 1894; decrease, 3675. There was a slight 
increase in Dublin and Belfast, Liverpool and Middles- 
brough, but at all the other ports there was a decrease, 
Cardiff heads the list with 1298, the Tyne follows 
with 696, Sunderland with 382, Swansea with 371, 
London with 244, Glasgow with 241, and other ports 
similarly, although the numbers are not so large. 
Singularly enough, it is stated that there was a scarcity 
of seamen at Newcastle, and also at Dublin for sailing 
vessels. At all the other ports there were more appli- 
cants than berths. There has been nochange in wages 
except at Swansea, where the rates are 5s. per month 
lower than they were. At all the Bristol Channel 
ports there was a large decrease of men shipped, and 
trade seems generally to be languishing in_ these 
localities. With this depression the Seamen and Fire- 
men’s Union is suffering to such an extent that it is 
almost impossible to keep it together. Three years 
ago it was a powerful union ; to-day it is little better 
than a waif in the trade union world. 


Notwithstanding the state of trade, or perhaps as a 
consequence of it, the number of fresh disputes in the 
month was 57, as compared with 43 in the month pre- 
vious, and seven more than in the corresponding month 
of last year. Of the 57 there were 16 in the mining in- 
dustries, 11 in the textile trades, nine in the iron, steel, 
and metal trades, seven in the building trades, seven 
in miscellaneous trades, five in the shipbuilding trades, 
and two in the clothing trades. In 52 of the disputes 
some 12,300 persons were involved, or an average of 
237 per dispute. The number was swollen by the dis- 
pute at the Ebbw Vale collieries, affecting some 6000 
persons. Thirteen old disputes were brought to a ter- 
mination, involving some 1750 persons, but 35 disputes 
were still unsettled, affecting some 3000 persons. The 
changes in wages in the month were nearly all in the 
nature of reductions. These reductions affected ad- 
versely about 139,000 persons, In the two previous 
months the aggregate so affected was 122,500, or a 
total in three months of 261,500 persons whose wages 
were reduced. In the past month the figures included 
32,000 miners in Northumberland, 90,000 miners in 
South Wales, 12,000 iron and steel workers, and 2000 
tinplate workers in South Wales. About 500 work- 
people had their hours of labour reduced. Some 
of the disputes recorded were very frivolous in their 
character. Two, for example, were as to what 
work should be done by shipwrights and by ship- 
joiners. The shipwrights demand to be employed 
upon iron as wall as wood, and yet dispute with 
joiners as to woodwork. Some strikes were against 
an official, others for the reinstatement of men dis- 
missed, others against non-unionists; one lock-out 
took place because the men alleged that one of their 
number was treated differently to the rest. Several 
were against reductions in wages, and a few were for 
an advance in wages. One item of news in the reports 
is gratifying, namely, the increased number of cases 
where the matters in dispute were referred to and 
were settled by arbitration. 





The Boilermakers and Iron Ship Builders’ report 
shows very little change from that of last month as 
regards the number of unemployed. The total number 
on the funds of this union was 9073, as against 9010 
last month. The total number on home donation 
was only two less—4359 this month, 4361 last month ; 
signing the vacant book 2828, as against 2926; cards 
granted 73, as against 31 last month. On the sick list 
there were 1404, as against 1239, and on superannua- 
tion allowance 409, against 399. The percentage of 
unemployed is stated to be 18.8 an enormous per- 
centage for one union. The union, however, keeps 
compact, for only a decrease of 31 is reported after all 
the long and severe pressure. As 19] new members 
were admitted in the month, the decrease is merely 
nominal, the members having run out of benefit by 
severe pressure. The council is able to report a new 
departure as regards apprentices. Mr. W. Allen, 
M.P., drew the attention of his manager to the fact 
that the boiler-shop apprentices were excluded from 
the drawing offices, and he suggested that this should 
be rectified, so as to give the lads a chance. The 
experiment was tried, and it turned out well, so that 
these lads in future will take a turn in the drawin 
offices. In South Wales trade has undergone a decided 








change for the better ; employment is more regular, and 
there is a fair amount of work on hand. In Scotland 
there is improvement. The yards are busier than 
they were, and the prospects are far brighter. 
The new Admiralty contracts alone represent 
60,000 tons, 54,000 of which go to the Clyde. The 
tonnage on hand is said to be 284,000 tons, or 
56,000 tons more than last year at the same date. 
There is also improvement in the Liverpool district. 
There have been some new orders for steamers, barges, 
and small craft, and the repairing jobs have been 
numerous. The boiler-shops in Staffordshire are dull, 
in Lincolnshire fairly steady, and in London very 
slack. However, the indications are more favourable 
in all districts as soon as fair and genial weather sets in. 

The severe weather has prevented any further de- 
velopment of the improved prospects of the engineer- 
ing industries in Lancashire, or rather has retarded it 
for a while. Nevertheless the situation is more hope- 
ful than it was as to the nearfuture. Some firms have 
recently booked fairly good orders for machine tools 
for Japan and Russia, and there is a moderate weight 
of contract work stirring both for home and foreign 
Governments. Locomotive builders are very quiet, 
and boilermakers are but indifferently off for work. 
Taking the chief centres, we find that in the Man- 
chester district there is little, if any, improve- 
ment. At Warrington there is some improvement 
amongst the ironworkers. At Oldham the engineers, 
millwrights, fitters, turners, &c., are only partially 
employed. Machine-makers are slack in many depart- 
ments, but those engaged in textile machinery are 
fairly wellemployed. At Barrow marine engineers are 
busy, a number of men being taken on, but the other 
branches are dull. In the Liverpool district 7.9 per 
cent. of engineers are unemployed. 





The signs of slight improvement in the Wolver- 
hampton district have been interrupted by the severity 
of the weather. The numerous canals throughout the 
Black Country have been frozen to such an ex- 
tent as to prevent navigation, stopping the supply of 
all fuel from the collieries. Under such circumstances 
the iron and steel works have been in a state of sus- 
pense. Buteven apart from this, the present outlook 
is not encouraging, for it appears that merchants and 
consumers seem bent upon pressing down prices still 
lower, and makers declare that the present rates are 
profitless. Production is, therefore, limited to abso- 
lute needs, the works being on short time even where 
in operation, as in some cases they are by the supply of 
fuel by rail. Manufacturers of bar iron are able to 
report a steady run of inquiries, and best iron finds 
more customers than for some little time past; but 
common bar makers find keen competition by other 
districts. Though the auditors of the Wages Board re- 
port a decline of 2s. per ton in the average selling price, 
the rates of wages are to remain as before for the cur- 
rent two months. Engineers and constructive machi- 
nists report no change; only about 4 per cent. are 
unemployed. Bridge and girder constructors, boiler- 
makers, and tank constructors are fully employed, but 
heavy iron founders and iron door and safe makers 
are generally on short time. 





In the Birmingham district the outlook is, if any- 
thing, improved. General engineering is moderately 
employed ; toolmakers and machinists are quiet; 
electrical engineering is busier, some even workin 
overtime, but others are on short time, and there are 
about 4 per cent. unemployed. Filesmiths report an 
improvement, but about one-third are on short time. 
Smiths and strikers have 10 per cent. out of work. 
The brass and copper trades are rather depressed. 
Chandelier and electric-fitting workers are mostly 
slack, but those employed on incandescent gaslight 
fittings are busier. In the outlying districts the iron 
trades are slack, but the steel trades manifest some 
improvement. Some of the enamelled works are busy, 
one firm being obliged to resort to a double shift. The 
cycle trades are busier ; stove-grate, all kinds of heat- 
ing apparatus workers are busy; the tube trade also 
is more brisk than it was, but metal-rollers are quiet, 
and the iron-plate trade is depressed. The district is 
fairly free from labour disputes in all industries. 





The engineering, shipbuilding, and metal trades in 
some of the eastern counties of England are reported 
to be fairly well employed, especially at Yarmouth, 
Thetford, and Beccles, but at Norwich there is no 
improvement. In the Suffolk and Essex districts 
things are bad all round. At Ipswich a large number 
of engineers are out of work. 

In the south-western districts—Bristol, Somerset, 
and Gloucestershire—boilermakers and ironfounders 
are better off for work, and patternmakers are fairly 
busy. Engineers are also moderately employed, with 
about 4 per cent. out of work. Ironworkers are not, 
however, well employed, and there is much distress 
among them. 

In the South Wales districts engineers and ship- 
builders have been busy at repairs. Boilermakers are 








busy. Shipwrights have been very busy, men having 
been applied for from other districts. All the foundries 
of the districts have been busy, but the tinplate trades 
have been in a very depressed condition, and the 
reductions in wages have not stimulated the industry 
to any extent. The steel works are in a dull condition 
generally. But the building trades have suffered con- 
siderably by the inclement weather. 





The unemployed problem has been relegated to a 
Select Committee. The reference is good, as finally 
passed, and will leave the Committee free to deal with 
the subject generally and specifically. There was 
some reluctance on the part of the Government to grant 
the inquiry, but this reluctance came from the Local 
Government Board, whose duty it is to look after this 
department of the social economy of Government. 
The resistance always comes from the departments, 
from the permanent officials ; and the heads of depart- 
ments are seldom strong enough to resist their pres- 
sure. But the Committee is granted, and the reference 
is, as we have said, excellent. 





The engine-room artificers of the Royal Navy, the 
only real body of well-trained and skilful artisans in 
that service, have many grievances to complain of, and 
one, in the Chatham and Sheerness districts, has been 
the compulsion to buy their own outfit, at their own 
expense, of the Navy contractors, After a good deal 
of friction, the ‘‘compulsion” is withdrawn. But, 
somehow or another, the men are harassed if they buy 
their clothes elsewhere. This is a violation of the 
Truck Acts, which says that a workman shall not be 
compelled to purchase at a particular shop. The Navy 
claim to be exempt from the Act. How, under what 
Act, or provision in any Acts? This will be brought 
before the House—a question was down for Friday last, 
but it was postponed at the request of the Civil Lord. 





The miners are very wroth because of their being 
out of the ballot on the Mines Eight-Hours Bill. They 
will now try to get a clause into the Government 
Mines Bill to restrict the working hours of all under 
21 years of age to eight per day. If they could see 
their way clear to put in 18 instead of 21 years, they 
would carry it. 


It is to be feared that, after all, there will be a 
struggle in the boot and shoe trades. The two parties 
seem to have come to the parting of the roads—one 
will go one way, the other another. The Manu- 
facturers’ Federation have rejected the demand for 
arbitration, on the conditions laid down by the opera- 
tives as the only conditions upon which a national con- 
ference could be re-established. This is the flaw in 
efforts to arbitrate—one party or the other want con- 
ditions. The conditions often involve the whole, or 
the chief point at issue. Both sides seem to be prepar- 
ing for a fight, so that it seems they are determined to 
have it. : 





GOVERNING STEAM ENGINES. 
Governing of Steam Engines by Throttling and by 


Variable Expansion.* 
By Captain H. Rratt Sankey, of Thames Ditton. 
(Continued from page 193.) 
THE above points to the following method for construct- 
ing a diagram, by means of which the economy of govern- 
ing by expansion and by throttling can be compared. 


& | Draw the water-consumption curve P P for constant pres- 


sure, Fig. 6, suitable for the case under consideration ; 
that is tosay, according as the engine is condensing or 
non-condensing, simple, os or triple. Then draw 
draw a vertical line M P through the maximum mean 
pressure at which, under any conditions, the engine may 
have to work; and through the intersection of this ver- 
tical with the constant-pressure curve draw the constant 
expansion straight line P E, according to the Willans 
law. The required comparison is thus established. 

A most important point to notice is that with throttle- 
governing the water per indicated horse-power decreases 
continually as the load increases; but with expansion 
governing the water per indicated horse-power decreases 
at first with increase of load, until the best economy per 
indicated horse-power is reached, after which it increases. 
This can be shown in the following manner: Let the 
curve P p, Fig. 7, be the water-consumption curve for 
constant pressure P ; then, in order to find the consump- 
tion per indicated horse-power corresponding with any 
point p on the curve, draw a straight line O p to intersect 
the vertical scalet marked ‘‘ water per indicated horse- 
power ;” the point of intersection d shows the water per 
indicated horse-power at the point p, namely, 16.8 Ib. 
in the example taken. Ib is evident that, in order to find 
the mean pressure corresponding with the minimum 
consumption per indicated horse-power, it is only neces- 





* Paper read before the Institution of Mechanical 
Engineers. 

+ The water per indicated horse-power is evidently pro- 
portional to pn + on, that is, to the tangent of the angle 
pon, which is proportional to I d; so that the scale of 
** water per indicated horse-power ” is evidently an equally 
divided vertical scale ; and it is convenient to place it at 
10 lb. mean pressure, as it is then one-tenth of the scale 
for total feed water. 
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sary to draw a tangent O T to the curve from the point 
O; then a vertical T m through the point of contact gives 
the corresponding mean pressure. It will also be seen 
that, as the point p moves to the right along the constant- 
pressure curve, the water per indicated horse-power re- 
presented by Id will diminish until the point T is 
reached ; beyond this point the consumption per indicated 
horse-power increases until the point P is reached, beyond 
which it will be supposed the engine is not intended to 
work. PE is the consumption line for a constant-expan- 
sion engine; in this case it is clear that the minimum 
consumption occurs at P. aeay 

This construction readily solves the following important 
problem, which is given here although only indirectly 
connected with the present inquiry. The problem is: 
what is the most economical mean pressure to work at, 
knowing the conditions of loading, the kind of engine, 
and the available steam pressure? For instance, let a 
compound condensing engine, with an available steam 
pressure of 150 lb. absolute per square inch, be required 
to work principally at a load of 300 indicated horse-power, 
but occasionally up to a maximum of 600 indicated horse- 
power.* The constant-pressure consumption curve for 
150 lb. is given in Fig. 7; and, as already seen, the lowest 
consumption per indicated horse-power is obtained with 
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of expansions, however, the Willans straight line is a 
tangent to the constant-pressure curve; and for all mean 
pressures below the point of contact the constant-expan- 
sion engine is more economical than the constant- pressure 
engine, The best possible results would therefore be ob- 
tained by altering the cut-off from full load down toa 
certain mean pressure depending on the conditions of the 
case; and from this mean pressure downwards by 
reducing the power of the engine by throttling. A case 
in point is illustrated in Fig. 23. From A to B the 
cut-off is varied, and the saving effected in com- 
— with a constant cut-off is exhibited by the 

ifference between the curve and the Willans line W3;. 
At B the cut-off becomes fixed, and the consump- 
tion then feliows the Willans line W,; and the saving 
is the difference between this line and the dotted por- 
tion of the constant-pressure curve. This result can 
be obtained by an arrangement consisting essentially of 
a throttle-valve governor, together with a steam cylinder 
and piston which controls the cut-off. The movement of 
the piston is produced by the changes of pressure in the 
steam chest, which are caused by the throttle valve. Such 
an arrangement can be applied to any engine; but the 
exact mechanism will, of course, depend on the class of 
engine with which it is used. 
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30 lb. mean pressure, and is 14.7 lb. of water per indicated 
horse-power per hour, Since the engine is working most 
of the time in the neighbourhood of 300 indicated horse- 
power, the cylinders ought, if possible, to be so arranged 
as to give 300 indicated horse-power with 30 lb. mean 
pressure; but with such cylinders the mean pressure 
required for the maximum load of 600 indicated horse- 
power would be 60 lb., which cannot be obtained with the 
steam pressure available in a compound engine with the 
usual ratio of cylinders. There would be no difficulty, 
however, in obtaining 50 lb. mean pressure, hence an 
increase of cylinder volume is necessary in the ratio of 50 
to 60. With the enlarged cylinders 300 indicated horee- 
power would require 30 x 50 60 = 25 lb. mean pressure 
per square inch. Referring to Fig. 7, it will be seen that 
with this mean pressure the consumption per indicated 
horse-power is 14.9 lb., or an increase of only 0.2 lb. 
over the minimum. 

To take another example, let the average load be 450 
indicated horse-power and the possible maximum 600, the 
other conditions being as before. In this case the cy- 
linders ought to be arranged to give 450 indicated horse- 
power with 30lb. mean pressure; and thus the mean 
pressure required for the 600 indicated horse-power would 
be 30 x 600 ~ 450 = 40 Ib. 

The true criterion of the engine’s performance ought, 
however, to be the water consumption per brake horse- 
power, and not per indicated horse-power. With a slight 
modification of the above construction, the mean pressure 
can be determined which gives the best economical results 
per brake horse-power ; such a question, however, does 
not enter into the scope of this paper. 

From the foregoing it appears that, at any rate up to a 
certain point, the lower the mean pressure for which the 
fixed cut-off is arranged the less difference is there between 
the consumption at constant expansion and the con- 
sumption at constant pressure. Fora particular number 


* Such a case is not unlikely to occur in electric tram- 








way work and in rolling mills. 














Thus far, condensing engines only have been con- 
sidered ; but Fig. 8 gives the lines of water consumption 
for a non-condensing engine with constant pressure, and 
also with constant expansion. The available pressure at 
the engine is 130 lb. absolute ; and by way of comparison 
the consumption lines for a condensing — with the 
same available pressure have beendrawn. Theimportant 
point to observe is that the economical mean pressure is 
considerably greater for a non-condensing than for a con- 
densing engine. Thus in the example chosen, the lowest 
consumption with the non-condensing engine occurs with 
38 lb. mean pressure, and is 21 lb. per indicated horse- 
power ; whereas with the condensing engine it occurs with 
25 lb. mean pressure, and is 15 lb. per indicated horse- 
power, as is seen by drawing tangents from the origin to the 
respective consumption curves. In fact, the economical 
mean pressure in a non-condensing engine is nearly equal 
to the greatest mean pressure that can be obtained in it, 
supposing it to be a compound engine with the usual ratio 
between the cylinders; but in a condensing engine it is not 
much more than half the greatest mean pressure which can 
be obtained. This difference is of great importance, and 
materially reduces the value of variable cut-off gear in 
non-condensing engines. Asan illustration the case may 
be taken where the engine is occasionally, but for short 
periods only, called upon to develop the greatest possible 
power compatible with the steam pressure available. In 
the non-condensing engine the greatest attainable mean 
pressure in the example represented by Fig. 8 is 45 lb., 
and 6 expansions are required to obtain this mean pres- 
sure with 130 lb. absolute steam pressure. The Willans 
line W, for this number of expansions is drawn in Fig 8, 
and shows that with 30 lb. mean pressure the gain by 
expansion governing is 10.12 percent. Inthe condensing 
engine the same maximum mean pressure is attain- 
able, and the Willans line W. gives the consumption 
for a throttling engine whose cut-off is arranged to 
allow of this mean pressure being obtained, and the 
intercept between this line and the constant-pressure 
curve shows that at 30 lb. mean pressure the gain by ex- 


pansion governing is no less than 11.15 per cent. Clearly, 
therefore, the value of expansion governing is greater in 
a condensing than in a non-condensing engine. 

Governing.—It would ap: that Corliss, Sulzer, and 
other similar trip-gears can be made to work up to speeds 
of about 150 revolutions per minute. Taking the valve 
motion into consideration, such gears are mechanically as 
simple as throttle-valve gear, and the working parts of 
the governor require little power to move them, so that 
such governors are very sensitive. For a simple engine, 
therefore, the two methods ought to be on a par in respect 
to closeness of governing, but with some advantage to the 
expansion governor on account of the generally smaller 
clearance, and the absence of the reserve of steam which 
is contained in the steam chest of the throttling engine 
and is consequently beyond the control of the governor. 
For a compound engine, however, the trip gear has clear] 
the advantage, as it can be more readily applied to eac' 
cylinder ; and this is still more true of a triple-expansion 
engine. Up to 150 revolutions per minute, therefore, 
throttle-valve governing need not be considered. 

Above these speeds, however, variable expansion gears, 
being no longer of the tri class, require considerable 
power to work them as a rule; and itis usual to employ 





powerful shaft governors for the purpose. Such governors 
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are clearly more expensive than throttle-valve governors, 
and are probably also less sensitive. The comparative 
simplicity of throttle-valve governors, and their greater 
sensitiveness under such circumstances, are in fact their 
great recommendation. 

The object in view in regulating the speed of an engine 
is to approximate as nearly as possible to an absolutely 
uniform angular velocity. Irregularities in this respect 
may occur as follows: (1) Variation during a single 
revolution; (2) variation without change of load, or 
with only slight change of load or steam pressure ; 
(3) variation consequent on considerable but gradual 
change of load or pressure ; (4) momentary variation con- 
sequent on sudden change of load. For a given engine, 
changes in angular velocity during a single revolution 
depend solely on the flywheel, and not on the governor, 
excepting, indeed, in an exceedingly slow-speed engine, 
where the governor may have some effect. Accuracy in 
this respect is evidently attained moreeasily ina high-speed 
engine than in a slow-speed engine. The second class of 
variation is generally due to friction in the governor, or 
rather to want of power in the governor to overcome the 
friction, so that a considerable change in speed is required 
to move the governor and to effect any change in ths 

ition either of the throttle valve or of the cut-off. 
xpansion gear driven by a shaft governor is clearly 
more difficult to manage in this respect than a throttle 
governor. The third variation can be reduced, whatever 
the kind of governor, to any ——- desired, however 
small ; but the penalty paid for extreme accuracy in this 
respect is liability to “‘ hunt,” unless accuracy is obtained 
by a secondary governor, or by means of secondary action 
in the governor, As regards hunting, it would appear 
that high-speed engines, especially if governed by the 
throttle valve, are more liable to this defect than slow- 
speed engines. A rapid oscillatory motion of the valve 
can produce only a small effect in a slow-speed engine, 
because the inertia of the parts and of the flywheel is so 
considerable as to prevent any great proportionate change 
in speed during the interval of an oscillation. A high- 
speed engine, however, owing to the much reduced 
inertia, responds to any alteration in the position. of the 
valve by changing its speed materially ; or, in other words, 
the speed of a high-speed engine tends to follow the oscil- 
lations of the throttle valve. Such oscillations are pro- 
duced by any stickiness in the governor, and are much 
increased in amplitude if the time of oscillation of the 
governor synchronises with the revolutions or with some 
multiple of the revolutions of the engine, or in excep- 
tional cases with the oscillations of the steam in the steam 
pipes. It would appear that in this respect expansion 
governing is less liable to “hunting ;” which may be due 
to the — action occurring intermittently, that is, 
when the cut-off takes place ; whereas the throttle valve 
is governing more or less continuously. 
he fourth requirement of governing, namely, capa- 
bility of dealing with momentary sudden and considerable 
changes of load, does not apply to all engines, but only to 
those in which the load actually changes in this manner ; 
such, for instance, as an engine driving a wire mill. 
Rapidity of action of the governor is essential in this case’; 
but a heavy flywheel is also necessary, in order to secure 
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fairly steady running, and it is evident that, theoretically 
at any rate, the momentary change of speed can be re- 
duced to any desired percentage by suitably increasing 
the weight of the flywheel. The momentary change in 
speed in an engine on suddenly changing the load is 
loeked upon by many as the best criterion for comparing 
the relative merits of the governing of engines. It is no 
doubt a good test, if not pushed to extremes; but it 
should be observed that the governing arrangements of an 
engine may be perfectly suitable for a slowly changing 
load, and yet quite unable to cope with a suddenly chang- 
ing load. The highest perfection of governing, when 
dealing with a suddenly changing load, can be obtained 
only by having an abnormally heavy flywheel, and by 
regulating the admission of steam to each cylinder indi- 
vidually in compound and triple-expansion engines. The 
latter regulation generally involves a considerable addi- 
tion of gear to the engine, and the brake efficiency is pro- 
portionately reduced. 

In order to compare the relative merits of expansion 
and throttle governing in respect to a rapidly changing 
load, the author will consider three different high-speed 
engines of the same kind and power, the first being 
simple, and the other two compound and triple, with 
receivers and with the cylinders arranged tandem- 
fashion; and it is further to be understood that each 
engine is running at the same speed, and has the same 
flywheel power. 

In a simple engine, when governed by the throttle, a 
sudden increase of load is met by an increase of pressure ; 
and if the governor is sensitive, the interval between the 
change of load and the increase of pressure is exceedingly 
short, so that the speed will be well maintained. If, on 
the other hand, the engine is governed by the cut-off, the 
heavier moving parts of the governor, if of the flywheel 
kind, will increase the interval between the change of 
load and the action of the governor ; so that the speed of 
the engine will drop more than in the former case. But 
inasmuch as the first effect will be to make the cut-off too 
late, the engine will momentarily develop considerably 
more horse-power than the normal, owing to which the 
normal speed will be recovered in less time than with 
a throttle governor ; it may, however, overshoot the mark, 
and thus oscillations in the speed may take place for a 
short time. If the load is suddenly diminished, the 
throttle-valve governor will act more rapidly than the 
expansion governor; but, on the other hand, there is the 
steam in the steam chest to deal with. Both arrange- 
ments are capable of cutting off the whole steam supply 
from the engine ; hence the recovery to normal speed will 
occupy practically the same time in both. It appears, 
therefore, that ina simple engine, the regulation when 
dealing with suddenly changing loads is on the whole 
as good with a throttle governor as with an expansion 
governor. 

{n a compound engine with receiver, when the load is 
suddenly increased, the receiver has to be filled to the 
pressure corresponding with the increased load before the 
low-pressure cylinder can do its fair share of the work ; 
and the increase of the load may be so considerable that, 
even with the admission of the full boiler pressure, the 
power developed in the high-pressure cylinder may, if the 
engine is governed by the throttle valve, be insufficient to 
make up the difference, as is illustrated in Figs. 9 to 12; 
and this loss of time will cause a considerably greater 
reduction in speed than in a simple engine. If, however, 
the engine is governed by the expansion, the cut-off in 
the high-pressure cylinder will become later than is 
necessary for the load, so that not only will this cylinder 
do more than its fair share at first, but, what is equally 
important, the receiver will also be more rapidly filled, 
thus enabling the low-pressure cylinder sooner to do its 
proper share, as shown in Figs. 13 to 16. Clearly, there- 
fore, the reduction of speed will be less than with 
throttling. When, however, the increase of load is com- 
paratively small, the greater sensibility of the throttle 
governor will cause less reduction in speed. It is evident, 
therefore, that there is some particular increase of load, 
which is equally well dealt with by either form of 
governor, so far as regards reduction in speed ; and that 
for a smaller increase the throttle valve has the advantage, 
for a greater increase the expansion governor. 

The effect of suddenly and largely diminishing the load 
on a compound engine with receiver, if governed by the 
throttle valve, would be nearly so shut off the steam 
supply altogether; the speed, however, would still in- 
crease for a time, owing to the steam already in the re- 
ceiver and in the steam chest. On the other hand, if 
the engine is governed by the cut-off, the steam supply 
to the high-pressure cylinder is at once entirely cut off. 
should the diminution of load be so great as to need 
this, no matter what the pressure in the steam chest may 
be; and thus only the steam in the receiver has to be 
dealt with. Unless, therefore, the governor acting on 
the throttle valve is far more sensitive than that acting on 
the expansion, the speed of the ergine will momentarily 
rise, more in the former case than in the latter. The 
same arguments apply to a triple-expansion engine with 
receivers, the effect of the second receiver being added ; 
and it is clear, therefore, that the change of speed pro- 
duced by an equal sudden change of load will be greater 
in such an engine than in a two-cylinder compound 
engine with receiver; and this will be the case whether 
the engine is governed by the throttle or by the ex- 
pansion. 

In certain special instances advantage in the way of 
economy can be obtained by materially reducing the speed 
of the engine as the load is diminished. To effect this the 
adjustment of the governor must be made whilst the 
engine is running. This can be done with comparative 
ease with a throttle-valve governor; but the powerful 
shaft governors required, as a rule, for expansion govern- 
ing in high-speed engines are more difficult to adjust 








whilst running, although there are arrangements for 
doing this. ; 

Having compared in a general way the relative effects 
of expansion and throttle governing on the economy and 
closeness of governing of an engine, the author now pur- 
poses applying the results of this comparison to a few 
typical cases which occur in practice. Reviewing what has 
been said, it will be seen that the nature of the load isthe 
most important factor in deciding whether the engine 
should be governed by the throttle or by the cut-off ; and 
if the conditions are such that the most economical 
load of the engine ought to be less than the full load, or 
that the engine has to be overloaded for short periods of 
time, or that the load is subject to sudden and consider- 
able fluctuations, under any such conditions it is better 
that the governor should act on the cut-off. 


(To be continued.) 





THE HOXTON BOILER EXPLOSION. 

THE boiler explosion which occurred on Monday, De- 
cember 17, at the works of the Henry Rifled Barrel Engi- 
neering and Small Arms Company, Limited, Eagle 
Wharf -road, N., causing the death of two men and 
serious injury to several others, has been the subject of 
a formal investigation by the Beard of Trade, under the 
provisions of the Boiler Explosions Act, 1882. The in- 
vestigation was held at 4, Kingsland-road, on January 30 
and 31, the Commissioners being Mr. Howard Smith and 
Mr. J. H. Hallett ; while Mr. Gough conducted the pro- 
ceedings for the Board of Trade. r. Edwards, solicitor, 
watched the case for the owners, and there were present 


considered it the duty of Carter, as foreman, to examine 
at every favourable opportunity, while Carter, in his 
turn, was under the impression that he need only examine 
when the engine-driver called his attention to serious 
defects. The engine-driver, a man named Hughes, had 
been intrusted with the duty of cleaning and examinin 

the boilers from time to time, also of making repairs an 

caulking when necessary, without the superior control of 
the officers of the company. The boiler was used for 
driving the machinery at the shops, and was fed with 
water from a well containing a certain amount of solid 
matter. It was worked from 7 a.m. to 6 p.m. daily. 
About one o’clock it was usual for the MA to go to 
dinner, and it was the practice to work the fires at that 
time in order to get a good head of steam ready for two 
o’clock, when the hands returned. The working pressure 
allowed by the insurance company was 60 lb. per square 
inch. The boiler was examined from time to time by 
their inspectors, and recommendations made to shorten 
the safety-valve levers to prevent their being loaded above 
the —— pressure, but this suggestion was not 
adopted. Trouble was experienced at the bottom of the 
boiler; in 1889 a patch was put on, in 1890 some rivets 
were renewed, and in 1891 a defective plate was cut out 
and renewed by a Low Moor plate. In April, 1892, Mr, 
Samuel Turton, inspector to the insurance company, 
made a thorough examination, when he found some slight 
defects and some scale on the bottom plates. He 
cautioned the engine-driver to be very careful to 
keep the plates clean. In April, 1894, he made another 


examination, and found the plates in order, and he 
then expressed himself as particularly satisfied with 


In 





the clean manner in which the boiler was kept. 








several gentlemen who were interested in hearing the 
evidence respecting so — an explosion. We annex 
an engraving, prepared from a photograph, which will 
give some idea of the wreck which this explosion caused. 

Mr. Gough, in his opening statement, said that the 
boiler was made by Mr. Bone, Tabard-street, Borough, 
in 1881. It was of the horizontal cylindrical tubular 
externally fired type, the shell being 5ft. 6in. in diameter 
by 10 ft. in length, composed of plates 4in. thick, all of 
them being of ‘* best ” Staffordshire iron, with the excep- 
tion of one which was of Low Moor. The plates were so 
arranged that the longitudinal seams passed in one line 
from end to end of the boiler, with a circumferential 
seam mid-length at the bottom. The longitudinal seams 
were double-riveted, with rivets spaced 28 in. apart. The 
circumferential seam was single-riveted, the rivets being 
spaced about 2in. apart. The internal flue tube was 
1 ft. Sin. in diameter, composed of three rings of Stafford- 
shire “ best ” quality, each ring being Zin. thick. There 
were 24 smaller tubes 4 in. in diameter, the ends being ex- 
panded into the shell end plates. The dome was 2 ft. 6in. 
in diameter and 2ft. 4in. high, made of Staffordshire 
“best best” iron, gin. thick. When completed, the 
boiler was tested to 120 lb., and was intended for a work- 
ing pressure of 601b. The rivet-holes were 4% in. in 
diameter, and in the process of construction they appeared 
to have been punched before the plates were put through 
the rolls. The boiler was set in eb ted the flues 
being so arranged that the heated gases, after leaving 
the furnace, returned through the small 4-in. tubes to 
the front, and then back through the large central tube 
to the chimney. ‘There were two safety valves loaded 
by means of levers and weights, a steam-pressure gauge, 
a glass water gauge, and other usual and necessary 
fittings. Mr. Thomas Purvis, who was an engineer, was 
general manager of the works, and Mr. George Carter, 
also an engineer, was foreman. The boiler, and 
another alongside, were insured in the National 
Boiler and General Insurance Company, Limited, 
for 8001. The duties of Mr. Carter in connection 





with the examination and upkeep of the boilers, 
were not clearly defined. Mr. Purvis appeared to have 





October, 1894, Mr. Black, another inspector, made an 
external examination, and found the plates over the fire 
in order so far as he could see them. Towards the end 
of November last the boiler leaked considerably. Oa 
December 14 a leak was observed at the circumferential 
seam on the right-hand side of the furnace. On Decem- 
ber 15 the boiler was stopped, and Hughes asked for 
assistance to do something to it, his intention apparently 
being to generally examine and overhaul it. hen the 
manhole lid was removed, Carter looked in and saw a 
little heap of mud. He asked Hughes what it meant, 
and he replied he thought it was a small leak. A labourer 
was directed to assist Hughes, and they were left on the 
Saturday working at the boiler. Hughes appeared to 
have caulked the , he itudinal seams and other parts with 
a heavy hammer. The work was finished late on the 
Saturday night, and on the following Monday morning, 
December 17, the fire was lit about nine o’clock, but the 
boiler still leaked in the furnace. It did not appear that 
Hughes had inquired of any one in authority as to 
whether he might work the boiler, but lit the fire and got 
up steam himself. At one o’clock the fire was cleaned 
and worked as usual to be ready for starting at two o'clock 
when the hands returned. At twenty minutes to two the 
boiler exploded. The explosion was a very violent one. 
The boiler was lifted from its seat and hurled a distance 
of 10 ft., and many of the surrounding buildings were 
wrecked. Hughes, the engine-driver, and Rutherford, 
an apprentice, were killed, and three persons were 
seriously and seven others slightly injured. Inquests 
were held touching the death of the two men, and verdicts 
of ** Accidental Death ” were returned. , 
Mr. Gough added that he had not been able to obtain 
any evidence as to the exact pressure. The safety-valve 
levers were loaded with movable weights, and it was 
impossible to ascertain the position of those weights at the 
time of the explosion. Though this point was a feature 
in the case, it was not important. Skilled evidence would 
be brought before the Commissioners, which would 
doubtless satisfy them, that rupture commenced on the 
right-hand side of the longitudinal seam near to the ring 
seam at the bottom plate. At that part a fracture ap- 
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peared to have existed for some time prior to the explo- 
sion, and one feature for the Court to consider was whether 
that fracture was partly brought about by the construc- 
tion of the boiler. 

Mr. Francis George Bone, examined by Mr. Gough 
deposed that he was an engineer and boilermaker, an 
made the boiler in question in 1881. It was on his own 

atent principle, according to the specification produced. 

e recapitulated the details of construction already 
given, and said that the plates were punched before being 
bent in the rolls. It was the common practice in 1881 to 
punch rivet-holes ; they were never drilled. He had 
examined the boiler since the explosion, and suggested 
that an expert from the Board of Trade should go with 
him to see it, and he certainly would not find a bad rivet- 
hole. All the holes were fair, and he did not think it an 
undesirable practice topunch holes. He had boilers 40 years 
old still working, and had had no complaint. He made 
no calculations as to the factor of safety, but reckoned 
that the boiler should work at 70 lb. or 801b. He putthe 
boiler on its bed and set it according to a tracing which 
he submitted to the Commissioners, and then his contract 
ceased. He thought something unnatural had caused the 
explosion ; som ething had been done that ought not to 
have been done; the safety valve might have been over- 
weighted, or the feed suddenly put on ; the boiler might 
have been pressed too high, or if water was let in when 
the plates were red-hot, it would cause it to burst. The 
boiler gave way, he thought. along the right-hand seam. 

By Mr. Howard Smith: °He did not think the boiler 
would have burst if the pressure had got up to 70 lb. 
He had only casually examined the boiler since the ex- 
plosion. 

Mr. Thomas Purvis said he had been general manager 
of the works for 23 years, and was, by profession, an engi- 
neer. Ib was the duty of Hughes to report to Carter if 
anything was wrong, and Carter would then attend to it. 
If it was anything serious, the matter would be reported 
to witness. Hughes had been 15 years in their employ, 
and bore a very good character as engine-driver. Carter 
was not instructed to examine the boiler at stated in- 
tervals, as the insurance company did that. 

Mr. Howard Smith : But that is not their duty ; they 
can do it when they like. 

Witness, continuing, said Hughes had to examine once 
a month, and perfectly understood boilers. 

Mr. Howard Smith here remarked that as the result of 
many inquiries respecting explosions, it was not the ex- 
perience of the Commissioners that engine-drivers were 
capable of examining boilers. 

Witness, in reply, said that in this case the man was 
capable, though he had not been through the shops. 
The certificate received from Mr. Brown, now one of 
the engineer-surveyors to the Board of Trade, said he 
was a handy, competent man. They employed him as a 
trained engineer and stoker, and paid him 32s. a week, 
but he received 12. a week extra for examining and clean- 
ing the boilers, but out of this he paid 13s. or 14s. a week 
for assistance. The duty of examining the boilers was 
left entirely to him unless he requested otherwise, but he 
made no — as they had another man for that work. 
He caulked the boiler, but witness did not know that he 
was allowed todo so. If anything serious was required, 
Mr. Bone did it. No report had been made to witness as 
to the boiler leaking, and he never heard of it; neither 
Hughes nor Carter mentioned the matter during the week 
before the explosion. 

Mr. Gough here quoted from several reports on the 
boiler by the insurance company. In one it was stated 
that the safety valves could be loaded to a dangerous 
point, and in order to avoid the stipulated pressure being 
exceeded, it was recommended that the extra length on 
the safety-valve levers should be cut off. What, Mr. 
— inquired, was done on receipt of that report? 

itness replied that the levers were not cut. 

Mr. Howard Smith: bt 8 

Witness replied that the levers were so when they got 
the boiler from the makers, all had gone on right for 
several years, and they had got the policy from the 
insurance company without the extra length of the levers 
being cut off, and, in consequence, they did not adopt the 
recommendation of the report. 

Mr. Gough: In April, 1887, the insurance company 
reported that the shell plate was fractured transversely 
for a length of 6in. as anything done on receipt of 
that report ? 

Witness replied that some repairs were made, but he 
could not describe them. 

Mr. Gough: In July, 1887, January, 1888, March, 1888, 
July, 1888, April, 1890, and April, 1891, the insurance 
company again called attention to the advisability of 
shortening the safety-valve levers. On May 4, 1893, they 
reported, ‘‘No. 1 thoroughly examined. Over the fire 
seven fractured rivet-holes in the plate and some lap 
fractures. Stop rivets should be inserted.” What was 
done on receipt of that report ? 

Witness: The repairs recommended were made. 

Mr. Gough: In April, 1894, the insurance company 
wrote: “Deposit heavier than desirable, and liable to 
involve overheating. Fracture of plate over fire ap- 
peared to be tight.” What was this fracture? 

Witness replied that he did not recollect, but it was 
repaired in due course. He gave instructions that the 
boiler should be kept clean. Referring to a patch put on 
the bottom of the boiler in 1889, witness said no doubt 
the boiler had been leaking. It had not been overheated 
to his knowledge. In May, 1893, further repairs were 
effected, two patches, one large and one small, being put 
on, in addition to the patch already applied. The work- 
ing pressure was 60 lb., but he never saw it up to that 
= though he did not know that there was difficulty in 
keeping up the steam. The boiler was insured on the 

group” system for 800/., so that they could claim that 


amount in the event of an explosion. They had six 
boilers on the premises, and about 350 hands employed. 
When the safety valves blew off at 60 lb., the weights 
were where there was a mark on the centre of the levers. 
There was a set screw to pin the weights on both levers. 

Mr. Howard Smith: Did you see that the weights were 
pinned so that the pressure was not exceeded ? 

Witness replied that the pressure was fixed when the 
boiler came on their premises, so far as he knew. 

By Mr. Gough: He had formed an opinion as to the 
cause of the explosion, but now found he was wrong, and 
so could not say anything on the point. Hughes was, he 
considered, responsible for the safety of the boiler. 

Mr. Howard Smith pointed out that it was not usual to 
put the responsibility for the plant and machinery on the 
engine-driver, and inquired of witness whether neither he 
nor Carter were responsible for the upkeep of the boiler. 
How did witness satisfy himself as to the fitness of Hughes 
to examine the boilers ? ; 

Witness replied that he had often seen Hughes examin- 
ing, cleaning, and washing the boilers out, removing the 
scale and looking for cracks, but had not seen him use a 
hammer or measure the plates with a straight-edge. 

Mr. Howard Smith: Who was responsible for bis com- 
petency, you or Carter? 

Witness: Both had to see to his fitness, but Carter was 
responsible under him. 

Mr. George Carter, foreman, said he served his time as 
an engineer, and entered the employment of the company 
11 years ago. He prec beth the general machinery, 
engines, boilers, &c., and made small repairs, but if any- 
thing serious was required, boilermakers were called in. 
They depended on the insurance company for examina- 
tions as to the fitness of the boilers for the pressure 
carried, but if the engine-driver reported anything im- 
portant, he would examine personally. Repairs had been 
effected to the exploded boiler from time to time. About 
two years since a patch which had been put on the bottom 
was cracked, and rivets were inserted, but it leaked again, 
so they put on a larger patch. There was not much sedi- 
ment, as they blew off every other week. He never made 
a thorough examination of any of the boilers. On the 
morning of December 15 at Hughes’ request he looked in 
the boiler and saw a heap of mud about 1} in. high. 
Hughes said this was a leak at the right-hand side of the 
patch, and asked for assistance in cleaning out. Witness 
only put his head in at the manhole, and made no examina- 
tion, as Hughes was going to overhaul the boiler. Being 
an externally fired boiler, they were always anxious to keep 
it clean. He did not know what the leak was, and left it 
to Hughes to find out, and to report if anything was wrong. 
If a slight leak were found, it would be the duty of 
Hughes to caulk it and close the leak. Hughes was late 
in arriving and getting up steam on the morning of the 
explosion. Witness saw him about 10 o'clock, and he 
reported all was tight. The pressure, when witness saw 
the gauge, was 501lb. He had formed no opinion as to 
the cause of the explosion. 

Mr. Gough inquired whether, as an engineer, witness 
thought it was = to allow Hughes to caulk the boiler 
as he did, to which witness replied that he had only been 
foreman three years, and Hughes, who he thought was 
a practical man, had done the work previously, so he did 
not like to interfere. He did not think Hughes had done 
any harm in —- as there was not room enough to 
strikea blow. It had, however, been heavily caulked at 
all the seams. 

By Mr. Howard Smith: So far as he understood, he 
thought the fact that the insurance company examined 
the boiler as to fitness for the pressure carried, was suffi- 
cient, and he did not think this was the engine-driver’s 
duty. 

Mr. Samuel Turton, inspector to the National Boiler 
Insurance “eos gay said he examined the boiler in April, 
1892, and found a fracture at a patch at the bottom near 
the back end, extending slightly into the body of the 
plate. There was not much scale, and he advised Hughes 
to be careful to keep the longitudinal and ring seams 
clean. He next examined the boiler in April, 1894, and 
found the bottom plates nearly clear of scale, and com- 

limented Hughes on the fact. The crack was tight, and 
os saw no sign of straining, but he gave a general re- 
commendation as to lowering the firebars. He then 
thought the boiler safe for the pressure. 

By Mr. Howard Smith: He saw no indication of frac- 
ture at the last examination. In his opinion the cause of 
the explosion was a fracture at the longitudinal seam on 
the right-hand side of the second belt of plating. He 
thought the fracture had existed for a length of 12 in. or 
18 in. some time before the explosion. It had probably 
been covered by the goons of the seam, and might have 
been aggravated by caulking. He did not discover 
evidence of heavy caulking along the longitudinal seam. 
By Mr. Howard Smith: Hughes appeared to be an 
engine-driver with more than the average intelligence, 
and to have a fair knowledge of his boilers, 

Mr. J. F. Black, inspector to the National ae 
deposed to examining the boiler in October last, It 
seemed to be in good order, and there was no irdication 
of leakage. : 

Fred King, engine-driver, and Henry White, fitter, 
having given evidence, Alexander Hughes, son of the 
deceased driver, said he helped his father to clean out the 
boiler. His father worked at it till 12 o’clock at night on 
the Saturday before the explosion. He never made any 
remark as to the boiler being unsafe. 

Alfred Osterritor, labourer, said that on the Thursday 
before the explosion the boiler was leaking heavily over 
the bridge at the back of the furnace. The ashes were 
very wet. He assisted in cleaning the boiler, and Hughes 
caulked along the longitudinal seam and also the circum- 
ferential seam. He had seen him use caulking tools and 








an ordinary fitter’s hammer. He caulked a wedge-shaped 





piece of iron about } in. thick by 1 in. long into the longi- 
tudinal seam at the corner of a patch. When repaired the 
boiler was not quite tight, but leaked towards the front, 
and Hughes again caulked it. Witness looked into the 
furnace on the morning of the explosion, and the boiler 
was then —_— 

Mr. E. G. Hiller, chief engineer to the National Boiler 
and General Insurance Company, Limited, deposed to 
the fact of the boiler being insured with that company, 
at a stipulated pressure of 60]b. It was examined 
thoroughly once a year, and externally several times. 
No defects involving danger bad been reported, but 
simply minor ones, such as fractures over the fire. The 
company’s recommendations as to patches, &c., had been 
complied with, but the levers had not been shortened. 
Externally fired boilers were more risky than those in- 
ternally fired. The construction of the exploded boiler 
was not that of the present day, and was open to objec- 
tion. Incipient fractures were liable to be set up, Is 
was objectionable to punch the rivet-holes, it being diffi- 
cult to get the holes to come fair. The explosion was 
caused by the failure of the boiler at a longitudinal seam 
where a fracture had for some time existed along a portion 
of its length. This fracture was probably extended by 
the caulking, which weakened the strength of the seam, 
and led to its failure. Along the edge of the plate the 
depth of the indentation varied in a marked manner, it 
being 4 in. at the most severe part. The flat lap of the 
plate was also indented and burred, the most severe part 
being 4; in. deep, showing that the caulking had been 
of a heavy nature. The —- had been severe, and an 
ordinary engineer would probably caulk the seam to sto 
it. The fracture was an unusual defect, and it woul 
take more than an average man to suspect its existence. 

By Mr. Howard Smith: There were no signs of de- 
om ; the plates were good externally and inter- 
nally. 

r. Howard Smith remarked that the insurance com- 
pany examined boilers er gm | once a year, but they 
did it for their own protection. To this witness replied 
that people insured for various reasons. It was not neces- 
sary for the purposes of the company to examine 
thoroughly more than once a year. 

Mr. Howard Smith: The examination is not intended 
to be a ngewe of safety. 

By Mr. Hallett: An experienced man knowing the 
construction of the boiler would be very careful in examin- 
ing the seams over the fire, and might have suspected 
the crack. If he had suspected it, he would have advised 
the removal of some rivets. Witness thought the plate 
had been locally overheated at times. The feed water 
was of the usual quality, and for the period at which the 
boiler was made, it was fairly well constructed. 

Mr. G. E. Brown, engineer-surveyor to the Board of 
Trade, presented a report and drawings, and described 
the course of the rents and the flight of the various parts, 
one of which he said, vane 80 lb., fell in a public 
square, and another through the roof of the proving-house. 

The further examination of this witness was then post- 

oned until the following day, when Mr Atkinson would 
ave given his report. 

In the meantime Mr. Gough said he wished to submit 
the following questions to the Court and to request their 
judgment thereon : 

1. Whether the boiler was properly constructed, and 
whether the practice of punching plates before bending, 
and bending the ends of plates over metal blocks, is likely 
to render the plates liable to incipient fractures along the 
line of rivet-holes ? 

2. Whether the Henry Rifle Barrel Engineering and 
Small Arms Company, Limited, took proper measures to 
insure that their boilers were being worked under safe 
conditions ? 

3. Whether the duties of the officers in charge of the 
several departments were properly laid down in regard to 
the upkeep of the boilers, and whether Mr. Thomas 
Purvis, general manager, took proper measures to insure 
that those duties were performed ? 

4, Whether it was the duty of Mr. Carter, the foreman 
engineer, to make periodical examinations of the boiler 
from time to time, and, if so, did he perform that duty ? 

5. Whether the steam pressure gauge was accurate, and 
whether proper measures were en to insure that the 
aa omg of the boiler was not exceeded? 

6. ether Mr. Carter, foreman engineer, made an 
examination of the boiler on December 15 last, and, if not, 
whether he was then justified in neglecting to do so? 

7. Whether Alexander Hughes, the engine-driver, was 
intrusted with the duty of caulking the boiler without 
proper and competent supervision ? 

8. Whether proper measures were taken to ascertain the 
cause of the leakage in the boiler during the week ending 
December 15? 

9. Whether Alexander Hughes should have been 
intrusted with the duty of stopping this leakage? 

10. What was the cause of the explosion and loss of life? 

11. Whether blame attaches to Mr. Thomas Purvis, 
general manager ; to Mr. George Carter. foreman engi- 
neer ; and to the Henry Rified Barrel Engineering and 
Small Arms Company, Limited ? 

Mr, E. T. Atkinson, deputy engineer to the London 
County Council, said he had made an examination of the 
exploded boiler for the coroner. He found a great many 
of the rivets and rivet-holes not fair. He was of opinion 
that the peep rip occurred at the right-hand longi- 
tudinal seam. where joined by the ring seam, 3 ft. 3in. 
from the front of the boiler. He did not specially look 
for evidence of heavy caulking, and did not see it. He 
cut four pieces from the plate where rupture first took 
place, and had them tes by Professor Kennedy. The 
results were shown on the report he handed in, Thecon- 
clusion he arrived at was that the material was short and 








brittle, and quite unsuitable for boilermaking. This might 
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to some extent be caused by the workirg of the boiler, 
but the lamination must have been a defect in the manu- 
facture of the iron. He could not ascertain the working 
pressure. 

By Mr. Edwards: It would have to be a very good 
boiler that never leaked. There was no sign of undue 
caulking. If properly made, the boiler should have lasted 
2U or 25 years, but in the condition in which he found it, 
he did not think it fit to work at all. The brittleness of 
the plates was a great factor inthe explosion. He thought 
that both boiler inspector and boiler attendant had been 
deceived, and that internal and growing flaws existed. 

By Mr. Howard Smith: He fae = there had been a 
crack, and that others had been in existence and growing 
for some time owing to the shortness of the material. 
They could not be easily discovered by inspection. If 
leakage existed, it should have put the attendant on his 
guard if he were competent, and then he would at once 
have sent for a boilermaker to examine the boiler. 

By Mr. Hallett: If he had been called in and found 
the leak it would have occurred to him as strange, 
and if he had found the caulking he would have suspected 
the insidious flaws. This would be natural, taking into 
consideration the fact that the boiler was externally 
fired. The material was more brittle than he would ex- 
pect it tobe after being subject for some years to the 
action of the fire. It was originally of a brittle nature. 
Anexternally fired boiler required more careful examina- 
tion and attention than an internally fired boiler. Getting 
up steam too quickly would set up unequal expansion, the 
top of the boiler being cold and the bottom hot. The 
feed was introduced near the bottom. 

Mr. Brown then continued his evidence, and dealt 
with the equipment of fittings and the question of 
pressure. He did not think the boiler was constructed 
in accordance with the best practice of the time. 
The plates were not of high quality. Punching holes 
before bending the plates was very liable to start 
insidious flaws, and this tendency would be further in- 
creased by bending the edges of the plates over metal 
blocks. The longitudinal seams being in line constituted 
an element of danger. In marine practice he would not 
like to be responsible for a boiler so constructed if ex- 
ternally fired. The seams being so close to the fire would, 
if coated with scale, be subject to overheating, and this 
would tend to increase the fractures liable to be started 
by the method of construction. The rivet-holes were not 
fair. An old fracture had existed in the longitudinal 
seam nearly 19 in, in length, so far as he could ascertain, 
and he thought it started on the inside, where covered by 
the overlap of the plate, but that it had not extended 
through the plate until recently. As soon as it did extend 
through the plate, leakage would result. 

By Mr. Howard Smith: He observed signs of heav 
caulking along the seams, where the fracture vontbemn 4 
The outer edge of the plates showed no signs of over- 
heating, but the original fractures might have been due 
to scale or muddy deposit causing overheating. When 
Hughes left his employ in 1879 he gave him a testimonial: 
he had been six months with him as fireman on board 
ship, and was a competent man to fire and feed, and also 
to examine a boiler, but not to rely upon to discover 
defects. 

Mr. Bone, being invited by Mr. Howard Smith to 
speak, as his boiler had been somewhat severely dealt 
with during the inquiry, said the safety valves were from 
a reliable firm, and were certified as correct. They had 
been examined by the insurance company as long since 
as 13 years, and if any errors existed, why were they 
not discovered? If wrong now, where was the pressure 
gauge all the time? At the period when the boiler was 
made all seams were single-riveted, but as he wished to 
improve his patent, he double-riveted the longitudinal 
seams to make them stronger. He had made 120 boilers 
with seams over the fire like the exploded boiler, but he 
now fixed a chamber into which the mud was blown, so 
that now none was left on the bottom of the boiler. He 
thought the strictures of Mr. Brown and Mr. Atkinson 
were undeserved. A boiler made by him 40 years ago, 
of similar construction and owned by the London County 
Council, was now working in Belvedere-road, although 
he made a report upon it, practically condemning it. 

Mr. Atkinson: The pressure has been considerably 
reduced and the levers cut, and its renewal is contem- 
plated. 

Mr. Bone, continuing, produced a letter from Messrs. 
Heath, affirming the good quality of the material. He 
thought the boiler had been emptied too quickly, and 
when the brickwork was very hot. It was, he considered, 





too small for its work ; the engine-driver had a great deal 

to do in looking after the four boilers and in getting up | 
steam, and had not much time to spare, so that steam | 
might have been got up too quickly. | 

Mr. Edwards then addressed the Court at some length | 
on behalf of the Henry Company, and pointed out that | 
the steps they had taken were the proper ones. They | 
relied on the examinations and reports of the insurance | 
a , and acted on their recommendations. 

Mr. Howard Smith here interposed with the remark 
that it was, no doubt, a proper thing to do to insure, and 
that the examinations were thorough and carefully re- 
ported on, and those examinations might have been sufti- 
cient, but the point was that in the boiler in question a 
leak was found which should have shown that something 
was wrong. Were the Henry Company justified in allow- 
ing Hughes to determine, first, what was wrong, and, 
secondly, the remedy? Was it not the duty of the engi- 
neer to report to the firm, and to have called in a compe- 
tent man to remedy the defect or condemn the boiler? 
The question of the insurance company did not come in 
at all here. 

Mr. Edwards, continuing, said that Hughes was a! 
competent man, and had been 13 years in their employ. 





The cause of the explosion, he contended, was that extra 
ressure was put on to get up steam on the Monday. 
he steps Hughes took as to repairs were proper ones. 

The evidence showed defects in the construction of the 

boiler, in the plates, and in the way of making the 

rivet-holes. is clients had, he thought, taken every 
reasonable precaution to insure safety. 

After the Commissioners had deliberated for some time 
in private, Mr. Howard Smith delivered judgment. He 
reviewed at considerable length the evidence that had 
been given respecting the construction, equipment, and 
general treatment of the boiler. He pointed out that no 
periodical examinations had been made or attempted by 
any of the employés of the company, but this was done 
by the insurance company, who reported from time to 
time. He referred to various examinations made and 
reports sent by the insurance company, and read extracts 
from them, pointing out specially the footnote attached 
to the reports in which it was stated that the object of 
the inspections was to remove risk of explosions, but 
they were not intended to lessen the care of the boiler 
owner. The explosion was caused by the fracture in the 
longitudinal seam on the right-hand side of the boiler at 
its juncture with the ring seam, produced by expansion 
and contraction, aggravated by the severe usage and hard 
firing to which the boiler had been subjected, so that it 
could no longer withstand the pressure. All the wit- 
nesses agreed that incipient fractures had existed for 
some time. The plates, it was clear, were of a brittle 
nature, but how far this was caused by age or usage could 
not be determined. Some of the witnesses had said that 
the boiler was not well constructed, and that the rivet- 
holes were not true, but the Court held that at the time 
the boiler was made it was the common practice to so 
construct boilers, and that it was of the average workman- 
ship obtaining at that period. The Henry Company did 
not take proper measures to insure their boilers being 
worked in safe condition. Although the boilers were 
insured with an insurance company, and the owners had 
received reports from time to time, no competent person 
was appointed to examine the boilers on their behalf when 
attention was called to defects or leakages. The recom- 
mendation as to the cutting of the levers was not acted 
upon. No steps were taken to ascertain the pressure to 
a ce the safety valves were weighted. Although there 
were two engineers, both disclaimed responsibility for the 
examination of the boiler, but the duty seemed to have 
devolved upon Hughes, who, from his antecedents, was 
not competent, not having been trained and not having in- 
structions for such an oe duty. The Commissioners 
were clearly of opinion that if a practical man, knowing 
of the leak and the way in which the boiler had been 
habitually used, had gone into the boiler on December 15, 
he would have been on his guard, knowing that externally- 
fired boilers were very liable to incipient fractures. If 
the crack was not visible, the rivets in the vicinity should 
have been removed, when, no doubt, the mischief would 
have been apparent. At their examination of the boiler 
made by the Commissioners that day, they had noticed 
three patches on the bottom, which showed that it had 
been subject to fractures. There had been no proper 
supervision, and the Henry Company were very Jax in 
this respect in the management of their works. It was 
the system the Court condemned, and not so much indi- 
viduals, but Mr. Purvis could not be acquitted of blame, 
for as an engineer and manager he should have condemned 
the system, and called the attention of the directors to it. 
Carter was not responsible, and the Court acquitted him 
of blame. 

In conclusion, Mr. Howard Smith said the gross mis- 
management of this boiler caused the death of two persons 
and serious injury to several others, for which the Com- 
missioners found the Henry Company to blame. It was 
a merciful thing that greater loss of life had not oc- 


curred. 

On this finding of the Court, Mr. Gough applied for 
costs against the boiler owners. 

Mr. Howard Smith asked Mr. Edwards what the com- 
pany were doing for the injured men, and what he had to 
say as to mismanagement. The boiler had never been 
examined by their own officials, although the firm chose 
to insure the boilers with a company who pointedly said 
that their inspections did not relieve the owners of re- 
sponsibility. 

Mr. Edwards replied that the firm were paying the wages 
of the injured men, and that they were Aue tee | under the 
a Liability Act. 

r. Howard Smith said that Mr. Hallett was much 
stronger even than he himself on the question of liability, 
considering the position of the company. The Court felt 
that it was a case in which the full costs should be paid, 
but they would name a specific sum, and therefore 
ordered the Henry Rifled Barrel Engineering and 
Small Arms Company, Limited, to pay 90/. to the 
Board of Trade towards the costs and expenses of the 
investigation. 

THE DETERMINATION OF THE DRYNESS 
OF STEAM.* 
By Professor W. CawrHornE Unwin, F.R.S. 
(Continued from page 226.) 

5. Superheating Method.—About 1890 Mr. G. H. 
Barrust devised a calorimeter, in which the steam to be 
tested passed through an inner chamber jacketed by 
superheated steam. The sample of steam to be tested 
was thus dried and superheated at the expense of heat 
borrowed from the jacket. To avoid measuring the 


° Paper read before the Institution of Mechanical 
Engineers 

t “Boiler Tests,” by Barrus, Boston, 1891, page 18, 
“‘ Experimental Engineering,” by Carpenter, page 386. 








steam, an attempt was made to secure that equal weights 
of steam passed through the inner chamber and through 
the jacket. In that case the wetness of the steam can be 
calculated from observation of the temperatures only. 
The method is accurate in principle, but appears to be 
difficult to carry out satisfactorily. 

6. Wire-Drawing Method.—A method in which the 
steam to be tested is dried and slightly superheated by 
wire-drawing was proposed by Professor Peabody. Mr. 
Barrus and others have devised modified forms of the 
apparatus. Fig. 5 shows Mr. Barrus’s arrangement. The 
steam passes from a chamber A toa chamber B through 
a very small aperture, about ; in. in diameter. The full 
steam pressure is in A, and the pressure in B differs 
little from atmospheric pressure. Thermometers T, T 
give the temperatures in the chambers, which are pro- 
tected from radiation by a thick coating of asbestos and 
felt. The steam is allowed to flow through the apparatus 
for 20 minutes or more, when the temperatures become 
nearly steady. Let ¢, t, be the temperatures of the steam 
before and after wire-drawing, t; the temperature of 
saturated steam corresponding with the pressure in the 
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second chamber B. Then the steam in B has been super- 
heated i,—t, degrees by wire-drawing. Leth; L, be the 
liquid heat and latent heat of steam at ¢,, and h, L; cor- 
responding quantities for steam at ¢;. Taking as usual 
the specific heat of water as unity, and that of steam as 


0.48, the dryness fraction « = ‘3 —! r+ Ly + 0.48 (t2—ts) 


Ly 

No weighing is required, and temperatures only have to 
be observed. The observations can be continued as long 
as desired, so as to obtain a mean value for the dryness 
fraction « from a considerable quantity of steam. If the 
steam is very wet, the temperature in B falls to about 
212 deg., showing that wire-drawing to atmospheric pres- 
sure is insufficient to dry the steam. Practically the 
instrument cannot be used if the wetness exceeds the 
values given in the following Table, the pressures being in 
pounds per square inch and the atmospheric pressure being 
assumed at 14.7 lb. 








=o) ae Initial Initial 
(Absolute). (Gauge). Temperature. Wetness. 
deg. Fahr. per cent. 
29.9 15.2 250 0.80 
67.2 52.5 300 2.44 
135.1 123.4 350 4.21 
247.7 233.0 400 6.13 











Two conditions are necessary for accuracy in using this 
method. The chamber B must be large enough for the 
eddies to die out before the steam leaves the chamber. 
Radiation must be so far prevented that the steam in the 
chamber is not sensibly cooled. As a large quantity of 
heat is passing through the chamber, it appears that, 
when reasonable precautions in clothing the apparatus 
are taken, the loss by radiation is so small a fraction 
that it produces no important effect. 

7. Combined Separating and Wire-Drawing Methods.— 
To extend the usefulness of the wire-drawing method, 
Mr. Barrus added a separator C, Fig. 5. The steam in 
passing through the separator leaves most of its moisture 
there ; and the remainder is measured in the wire-drawing 
part of the instrument. When thus arranged the use of 
the instrument is much more troublesome, as the amount 
of steam passing through in a given time must be observed, 
and the amount of moisture collected in the same time 
must be weighed. A condenser must therefore be used, 
at least occasionally, in order to determine the discharge 
per minute by the apparatus at different pressures. A 
formula can be found, connecting the discharge per minute 
with the fall of pressure in the chambers A and B ; but it 
is not clear that the calculation of the steam used from 
the formula is quite accurate enough for the purpose ; 
and using the condenser in every test is troublesome. 

h 4 6 shows a modification of Mr. Barrus’s apparatus, 
which is manufactured by the Globe Engineering Com- 
a. A gauge glass is added to the separator, for 
facilitating the observation of the quantity of steam 
trapped. At the bottom of the separator is a cock, by 
which the water can be drawn off, or the level in the gauge 
glass regulated. The Globe calorimeter is well arranged 
and neatly made; but a condenser should be supplied 
with it, and be capable of easy attachment to the dis- 
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charge pipe. The separating and wire-drawing parts in 


this instrument cannot be used oe ently. 


8. Second Superheating Method.— 
observed, the volume being constant. 


ressure with temperature wi 


and heat is supplied to the jacket. 


fi 


Fig. 6. 
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t. is found, at which, from the change in the rate of in- 
crease of pressure, the steam has just become dry. Lett, 
be the initial temperature of the steam, and 7, v, the 
specific volumes of saturated steam corresponding to the 
temperatures ¢,, ¢,. Then the initial dryness fraction x of 
the steam is x = v. +v, The method is correct in prin- 
ciple, and there does not seem to be any insuperable diffi- 
a in using it ; but it does not appear that it has been 
tried. 

9. Chemical Methods.—Let a soluble salt be added bo the 
boiler water, so as to form a solution of known — 
at any given time; and let the boiler be afterwards fed 
with pure water. If the steam leaving the boiler is dry 
saturated steam, the boiler solution should remain of con- 
stant strength. Butif there is priming, part of the boiler 
water will be removed with its percentage of salt, and the 
solution in the boiler will diminish in strength. This 
method has been often used from the date of the Mulhouse 
experiments in 1859 to the present time. There are three 
variations of the mode of procedure. 

(a) The decrease of saltness of the boiler water in a 
given time can be determined by taking samples from a 
gauge cock and analysing them. The sample should be 
drawn off through a worm cooled so that the water is 
below 212 deg. at the point of discharge; otherwise there 
will be a loss by evaporation, which will alter the salt- 
ness of the sample. Care should be taken that the level 
in the boiler is the same when the initial and final 
samples are taken. 

(b) A sample of the steam may be condensed in a small 
surface-condenser, and the amount of salt present in the 
condensed steam can be determined. Numerous samples 
should be taken during a trial, so as to obtain an average 
value of the dryness fraction of the steam. 

(c) Mr. Escher, of Zurich,+ has suggested another mode. 


* Transactions of the North-East Coast Institution of 
Engineers and Shipbuilders, 1893, vol. ix., page 233. 
t Der Civilingenteur, 1879, page 51. 





W. R. Cummins 
has suggested another method. A vessel is filled with 
the steam to be tested, and then heated by a jacket. As 
it is heated, the rise of pressure in the inner vessel is 
So long as the 
steam is moist, the pressure will rise with the tempera- 
ture according to the law for saturated steam. The 
moment all the moisture is pees noes. the rate of rise of 
1 become much slower. 

oth inner chamber and jacket are first blown through 
with steam from the steam pipe. Next both are closed, 
During this process 
the temperature and pressure in the inner chamber are 
observed at short intervals of time ; and the temperature 


centage of soluble salt. 


water is as great as the amount of salt introdu 
same time by the weaker feed-water. b 
centration and the quantity of feed supplied are known, 


least so far as the moisture in it is due directly to priming. 


mately determined from the concentration in a given time, 


having been tried. 


salt methods (a) and (5) in a number of boiler trials ; and 
he believes that these justify the following general con- 
clusions. 1. According to the salt test there is usually 
less than } per cent. of moisture in the steam produced ; 
whereas in tests of the same steam by other methods a 
considerably greater amount of moisture is indicated. No 
doubt this arises partly, perhaps principally, from the 
fact that the salt test can show only that part of the 
moisture in the steam which is due to mechanical — 
It may be inferred that in ordinary cases a sensib 

proportion of the moisture in steam is due, not to 
mechanical priming, but to condensation in consequence 
of radiation occurring after the steam is formed. 2. The 
results obtained by salt tests during any one boiler trial 
are not closely accordant, and results by method (a) do 
not well agree with results by method (b). This throws 
some doubt on the accuracy of the methods, 3. In cases 
where there was obviously a good deal of mechanical 
priming, the wetness shown by salt tests in successive 
— of the steam is extremely variable. In a trial 
by Dr. Bunte, for instance, tests by method (b) showed 
from no wetness up to 13 per cent. of moisture, the mean 
being 3} per cent. At the same time method (a) gave 1.7 
per cent. of moisture. It is obvious that in method (a) there 
must be great difficulty in securing a uniform distribution 
of salt in the boiler, and if this is not obtained it is im- 
eargeed to get average samples of the boiler water. The 





| to prevent a uniform distribution of saltness. — 
| (b) ib would seem that the amount of steam which can con- 








act that the feed is supplied at one definite place tends 
In method 


veniently be condensed is not large enough to be an average 
sample of thesteam. A subordinate question is this. Some 
engineers have thought that the salt method was most 


| suitable for boiler trials, because ib gives directly the 


mechanical priming; while other methods were more 
suitable for engine trials, where a knowledge of the 
absolute dryness of the steam was required. It seems 
doubtful if the salt test does give the mechanical priming 
accurately ; but also the view seems to be founded on a 
misapprehension. In determining the evaporative effi- 
ciency of a boiler, it is necessary to know how much of 
the feed leaves the boiler as steam, and how much as 
water. The total heat utilised depends on the dryness of 
the steam leaving the boiler. It does not matter how 
moisture originates in the steam, provided it is there. 
Moisture produced by radiation from the boiler roof is as 
much a deduction from the efficiency of the boiler as 
moisture projected into the steam mechanically. It is 
important in a boiler trial that the steam tested should be 
taken very near the boiler, and not from a steam pipe in 
which heat may have been lost by radiation. On the 
other hand, in an engine trial it is desirable that the 
sample of steam should be taken very near the engine. 


(To be continued.) 





THE PATENT OFFICE LIBRARY. 

WE have received from Dr. Purcell Taylor copies of the 
followiag correspondence that has taken place concerning 
the lack of nites funds in the Patent Office Library. 
They show more plainly than —— else could do, the 
immense difficulties under which the late lamented Mr. 
Allison laboured : 


‘¢ 2, Powis-place, Queen-square, W.C., 
**London, August 11, 1894. 

‘‘ The President of the Board of Trade. . 

‘‘ Sir,—I am compelled to address you again on the 
subject of the bad supply of books at the Patent Office 
Library. 

ing | to call your attention to the correspondence 
that took place in the spring of last year between your- 
self, the Treasury, and myself. The answer that I then 
received gave me to understand that a very considerable 
increase would at once be made in the amount allotted ; 
and that, from the commencement of the present financial 
year, the library would be maintained on a scale commen- 
surate with its importanceto the country. | 

“That promise (if it is to be called a promise) has not 
been carried out. Indeed, so far as I can ascertain, the 
library is now more than ever in a pinched condition. 

‘*T really do not understand why it should be left to a 
private individual to take up the question of providing 
the necessary funds for one of the national public offices, 
nor why, when attention was once called to it, the 
library funds should not have been immediately increased 
to an adequate amount. ’ 

‘* Tt can hardly be necessary to say anything about the 
value of the library to the State, for it is self-evident 
that an industrial country depends for its welfare on the 
spread of accurate and modern knowledge of the prin- 
ciples of those arts by the exercise of which it exists. If 
that knowledge is not available, then the product and the 

roducers must suffer. This is so extremely obvious that 


The boiler is fed with water containing a constant per- 


During working the solution in 
the boiler steadily concentrates. If the boiler primes, 
the concentration will reach a fixed limit when the amount 
of salt in the concentrated solution removed by the poner 
in the 
If the limit of con- 


the dryness of the steam can be exactly determined, at 
Mr. Escher has shown how the dryness can be approxi- 
when the limit is not reached. This appears to be accu- 
rate in principle, as a means of determining the amount of 
mechanical priming ; but no record has been found of its 


The author has examined the results obtained by the 


** But what I wish particularly to draw your earnest 
attention to is this: 

‘* Patentees and inventors—the people to whom this 
nation owes its status—not only support the Patent Office 
with its hosts of officials, but they also contribute no less 
than 100,000/. a year (in round numbers) to the revenue 
of the country. In other words, beyond being taxed in 
fees fot the grant of their patent, they are singled out for 
superfluous indirect taxation. And they get in return 
for it—what? First, the right of going to law about their 
patents ; and second, a library (so called) which is so far 
behind the age that it is an object of derision to all other 
nations. There are no idlers or gossipers in the 
library. It is frequented solely by hard workers. It 
is the only purely technical library in Britain, and 
it is used by thoughtful youths and men (with 
one or two ladies) who come regularly, studying the 
subjects that most concern them. But what are their 
feelings when they find that the most modern books are 
not available? They inquire of the librarian, and he is 
forced to say, ‘ Yes; it is certainly a os book, and I 
will get it as soon as I can; butI really have no money 
to buy it at present, andI shall probably have to wait 
many months for it.’ Is that the kind of answer to be 
given by an officer of the richest kingdom in the world ? 

“For a sue the annual grant (such as itis) has 
been forestalled by about two years; that is to say, that 
a valuable and useful book published to-day cannot be 
pe goo until 1896, because there is already a very long 
ist of necessary books, which the librarian’s lack of 
funds has prevented him from obtaining. 

_ “It may be as well to state that I have no personal 
interest in the matter. Iam thankful to say that I am 
able to purchase what books I need; but I have not 
always been in the commanding position that I now 
occupy. Indeed, I was at one time so poor that I was 
lad to avail myself of the kindness of Mr. Reeves, a 
kseller in the Strand, who allowed me to read his 
scientific books gratis for a few minutes each day. You 
will therefore understand that I can feel for those youths 
whose circumstances will not allow of their buying the 
works they require, and who, for the reasons already 
gi me are disappointed in obtaining them at the Patent 
O 


ce. 
‘Taking the two leading sciences of chemistry and elec- 
tricity, it is astonishing to note the paucity of treatises 
on those subjects. Yet both these branches of science 
are advancing with such monstrous strides in su many 
directions at once, that it is difficult for a man to keep 
himself up to date in eitherof them. Thus, unless a book 
is available at the very instant of publication, it loses very 
much of its value. I might almost say that books on some 
branches of applied electricity and chemistry would be 
quite useless and mere ancient history at the expiration of 
that time (two years), owing to the inconceivably rapid 
progress made in them, 
‘*T am not in any way exaggerating the delay in speak- 
ing of two years. I could name many very valuable books, - 
in these and other sciences, that have been for over two 
years on the list of recommended and approved books. 
The librarian exercises a very wise discretion in applying the 
limited funds at his disposal, but he has not money to buy 
even all those books published in England—to say nothing 
of the vast wealth of American and French technical 
literature. 
‘*There is no new complaint in what I have said. If 
you refer to the leading technical papers you will see 
that it is the phonographed cry of the frequenters of the 
library for a long time past; but, nevertheless, those 
responsible for the funds of the library have never done 
ws yr to remedy this very unsatisfactory state of affairs. 

** Hitherto I have spoken of books only, but my argu- 
ments apply with the same force to the periodicals. Many 
of those already in the library are given regularly by their 
publishers; but notwithstanding the outdoor relief thus 
obtained by pauperising the country, the librarian is un- 
able to obtain many very necessary (not to say indispens- 
able) journals. 
‘Again, owing to the very defective arrangements 
made, those periodicals that are ordered are not supplied 
with regularity or with a ors sd degree of despatch. 
Latterly some improvement has been noticeable, owing to 
the frequent complaints made ; but there is still much to 
be done before the supply becomes satisfactory. 
**You wil), I believe, agree with me in thinking that 
the facts above detailed point to the conclusion that ar- 
rangements should be made forthwith to put the library 
funds on a proper footing, providing for the immediate 
supply of all books and periodicals needed.” 


To Mr. Bryce, President of the Board of Trade 
(inclosing the above letter). 
“ August 11, 1894, 
“* Dear Sir,—Perhaps a word of explanation may not be 
amiss concerning the inclosed. , 

** About 18 months ago your | ace enese 4 in office, Mr. 
Mundella, wrote to me to the effect stated in the inclosed. 
For some reason he marked his letter ‘ Private,’ so that 
I cannot say more concerning it. 

‘** Some steps were taken ; but so far as my information 
is correct, the matter ended in the usual official manner— 
all talk and no work. . 

‘“* Therefore I have written to you personally, entreating 
you to see that the thing is done. 

‘*The importance of the subject needs no eulogy from 
me, and the urgency of the necessity will, doubtless, be 
equally obvious. “O92 





** Board of Trade, September 10, 1894, 
“* Sir,—I am directed by the Board of Trade to refer to 
your letter, addressed to the President of this Board, with 





need not dwell on it longer. I should rather apologise 
for having quoted such a truism. 


reference to the supply of books to the Patent Office 
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Library ; and, in reply, to state that they concur in your 
view that the Patent Office Library should be efficiently 
kept up, and with that object they were recently success- 
ful in moving the Lords Commissioners of Her Majesty’s 
Treasury to sanction a considerable increase in the annual 
grant for books and binding. 

“*T am to point out that a difference of opinion must 
always exist as to the books which are desirable for a 
library, but the Board of Trade are fully sensible of the 
necessity for providing, so far as the funds at their dis- 
posal will permit, those standard works of reference of 
undoubted excellence which are likely to be useful to a 
searcher as to novelty of invention. 

**T am, Sir, your obedient servant, 
“Francis J. S. Horpwoop.” 





THE CHELFORD DISASTER. 

SaturpDAy, December 22, 1894, will be long remembered, 
in the Midlands and North of England at any rate, as the 
date of one of the most terrible gales of recent years, a 
gale which not only caused the loss of hundreds of lives 
at sea and played fearful havoc with chimneys and trees 
on land, but no doubt largely contributed to one of the 
most disastrous railway accidents that we have had to 
chronicle in this country for a long time—an ‘* accident,” 
too, that really merits the name, as from Major Marindin’s 








and probably not been derailed at all. The station- 
master c' over in front of the express, as did also 
the brakesman, who narrowly escaped being run over, 
and they both waved their red lights. These were duly 
seen by the two drivers of the express, which was double- 
engined, but while they were in the 6.ft. they were taken 
for lights for the shunting train. Anyhow, the brakes 
were applied only just before the collision, and they could 
scarcely have taken effect before they were automatically 
roo owing to the leading brake-pipe being broken 
by the empty truck. The train consisted of 16 vehicles, 
equal to 174, and weighed about 240 tons, of which 170 
tons were on braked wheels (automatic vacuum), and it 
was travelling at quite 60 miles an hour. 

Judging from the marks on the permanent way, the 
engines do not appear to have left the rails at once, but 
near the south end of the cross-over road, from which 
point the line was completely broken up; thence they 
probably ploughed along with their left-hand wheels on 
the outside of the 4-ft. until they came to a double ramp 
in the centre of the up platform, when the leading engine 
mounted this with its left-hand wheels, and then toppled 
over on to its right side, thus bringing the train to a very 
sudden dead stop. The brake appears to have taken good 
effect by this time, as the first three vehicles were 
damaged very much less than those nearer the middle of 
the train, although one of them—a Great Western 48-fb. 
bogie composite carriage—had apparently struck and 


Position of Northend — Position of Northend Point where 
































be allowed, or where this would lead to unreasonable 
delay, all wagons shunted back should have their brakes 
pinned down as soon as they come to a stand, no matter 
what may be the gradient of the line, and he adds that, 
in order to make this operation safer and easier, all 
wagons should be fitted with brake handles on both sides, 


Particulars of State of Express after the Accident. 

Engine No. 418, ‘* Zygia.”—On its side on the up main 
line, with the chimney towards the 6-ft. way. 

Tender No. 361.— On its wheels on the ramp of the up 
platform, detached from the engine. 

Engine No. 52, ‘‘ Express.”—Upright on the main up 
line, with all wheels off the rails, about 6 in. into the 
6-ft, way, and detached from the tender of the leading 


“—e. 
Tender No, 874.—In a similar position behind its 
engine. 

1. Great Western six-wheeled brake van, No. 816 (15 
years old).—Upright, with all wheels off the rails, and 
with the front slightly stove in. 

2. Great Western third-class four-wheeled carriage, 
No. 522 (27 years old).— ce egw with all wheels off the 
rails, and + wd dam at both ends. 

3. Great Western 48-ft. bogie composite carriage, No. 
1339 (4 years old).—Upright, with all wheels off the rails, 
and with the front of y stove in. 

4, Great Western third-class six-wheeled carriage, No. 
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report, just issued, we gather that no blame attaches to 
any one for any breach of existing rules. 

Chelford is a little wayside station on the London and 
North-Western Railway between Stockport and Crewe, 
with up and down sidings as shown in the accompany- 
ing plan. As will be seen, the lines are straight through 
the station and practically level. A down pick-up goods 
train arrived at the station about 4 p.m., and was engaged 
for some time shunting into and out of the down siding, 
the rear portion of the train being left on the down main 
line, with | the leading wagon near the goods warehouse. 
As there is a discrepancy in the evidence as to the 
number of wagons roe A to the engine, it is not 
possible to exactly locate this position, but it ap- 
pears probable that it was nearly opposite the cabin, 
as stated by the driver. The shunting operations 
were performed under the charge of the stationmaster, 
who stationed himself at the down siding points, 
while the brakesman was nearer the engine. After sundry 
shunts the last four were as follows: A loaded wagon 
was fly-shunted back on to the main line; how far it ran 
cannot be said, but it was not heard to strike the stand- 
ing train ; another wagon was hit back into the sidings, 
then an empty high-sided London and North-Western 
wagon was hit back on to the main line, and finally the 
engine and the remaining wagons (21 according to the 
driver) were drawn forward clear of the siding points, 
which were pulled over, and after six of the wagons were 
uncoupled they were fly-shunted into the siding. At each 
movement of the points the stationmaster satisfied himselt 
that they were properly cleared before signalling to the 
signalman to pull them over or to the brakesman 
to tell the driver to move, and he is positive that the 
empty wagon went back 10 or 12 yards clear of the fouling 
point of the siding, and there came to a dead stand, as at 
each shunt (and he is corroborated by the brakesman) he 
went back with each wagon in order to see if it was 

uite clear of the fouling point. He heard no noise as of 
the empty wagon striking the loaded one previous] 
shunted. After seeing the empty wagon come to a stand, 
the stationmaster gave a light for the driver to draw 
ahead, and followed the train up to the points, which were 
then set for the siding by the signalman on receiving a 
light from the stationmaster. On turning round he saw 
the empty wagon coming back towards him, and it was 
then nearly foul of the siding, along which the six wagons 
had already commenced to run; he ran towards the 
wagon with the view of stopping it, but seeing that he 
could not do so in time, he turned round again and 
waved a red light towards the up express, which he 
heard coming at full speed, and which could not have 
been more than 250 yards north of the siding points 
at that moment. He then saw the leading left- 
hand corner of the empty wagon collide with the 
trailing left-hand corner of the first of the wagons 
being fly-shunted into the siding, and the end of the 
empty wagon lifted off the rails and turned at right 
angles on to the 6-ft. and partially on to the 4 ft. in front 
of the express, and the marks on the wagons on the 
siding road corroborate this. As Major Marindin — 
oak, kell the wagon been struck a few seconds earlier or 
later, it would have been driven back on the main line, 
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knocked down the front part of the signal cabin. The 
very serious damage to the fifth, sixth, seventh, eighth, 
ninth, and tenth vehicles was due probably to some of 
the wreckage of the empty wagon getting jammed be- 
tween the express and the standing portion of the goods 
train. Most of the 14 passengers who were killed and the 
79 who were injured, many seriously, were in this portion 
of the train. The remaining six vehicles were not so 
severely damaged, and the last three did nob even leave 
the rails. Appended will be found particulars of the 
damage done to the train, and the curious fact that the 
Great Western coaches kept upright, while the London 
and North-Western ones were so severely damaged, 
will supply food for thought to all railway carriage 
superintendents. Without having the full particulars 
of the weights and build of these various coaches 
it would be useless to attempt to draw any infer- 
ences from this circumstance, and it is only fair to add 
that the Government Inspector states that: ‘The ter- 
rible loss of life in this collision cannot be attributed to 
any weakness of the rolling stock of which the train was 
made up, for the whole of the passenger carriages were 
strong, and of comparatively modern build, except the 
Great Western third-class carriage No. 522, which was 
an old four-wheeled carriage, built in 1867, and which, 
curiously enough, was very little damaged, although it 
was the second vehicle in the train, and was immediately 
in front of a 48-ft. bogie composite carriage, the heaviest 
vehicle in the train.” The leading driver and fireman 
and the head guard, who was riding in the rear van, were 
severely injured, while the driver and fireman of the 
train Soe with the assistant guard in the 
front Great Western van, were but slightly so. 

Given the fact of the first collision, Major Marindin 

considers that no blame whatever attaches to any one for 
the second collision; in fact, everything was done to avert 
and mitigate it, and all the station staff behaved admir- 
ably after the collision, and we are pleased to see that 
valuable assistance was given by the trained ambulance 
men. May this prove an incentive to the further exten- 
a of ambulance classes among railway men of all 
grades ! 
As regards the first collision, the Government Inspector 
considers that, while existing rules were faithfully carried 
out, so that no one is to blame for breaking them, yet the 
stationmaster is not entirely free from culpable negli- 
gence in not realising that the force of the wind was suffl- 
cient to move the wagon the 131 ft. that itdid. Although 
the bare had passed its height, there was still a very high 
wind blowing across the line from a westerly direction, 
or at an angle of 45 deg. with the line, and just at the 
time of shunting the empty wagon there was a gust of 
exceptional violence, as was proved by the evidence of all 
the company’s servants, and by the fact of some chimneys 
being blown down in the neighbourhood at that time. 
Taking the wind pressure as 10 lb. to the square foot, and 
it was —-, higher, Major Marindin estimates that 
it would have been sufficient to have moved the wagon in 
the time given, viz., 14 to 2 minutes. 

In consequence of this accident he recommends that the 
Associated Railway Companies should lay down in their 
book of rules that during high winds no fly-shunting should 
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1559 (10 years old).—Upright, with all wheels off the rails, 
and badly damaged about the body. 

5. London and North-Western) 
42-ft. composite eight-weeled car- 
riage. No. 1406 (1 year old). 

6. London and North - Western 
third-class six - wheeled carriage, 
No. 666 (7 years old). 


7. London and North-Western 
composite six - wheeled carriage, | All badly damaged. 
No. 189 (2 years old). Mixed and piled 
8. London and North-Western { up with débris of 
composite six- wheeled carriage, | wagons. 


No. 650 (5 years old). 

9. London and North-Western six- 
= milk van, No, 2186 (23 years 
old). 

10. London and North-Western 
42-ft. composite eight-wheeled brake | 
carriage, No. 1283 (5 years old). 

11, London and North-Western 42-ft. composite eight- 
wheeled carriage, No, 1397 (1 year old).—Upright, with 
the wheels knocked from under it. 

12. London and North-Western third-class six-wheeled 
carriage, No. 328 (4 years old).—Upright, but off the rails 
and slightly damaged. 

13. London and North-Western 42-ft. composite eight- 
wheeled carriage, No. 864 (10 years old).—Upright, with 
one pair of wheels off the rails. 

14. London and North-Western 
42-ft. composite eight-wheeled car- 
riage, No. 1408 (1 year old). 

15. London and North-Western 
third-class six-wheeled carriage, No. 
1087 (7 years old). 

_16. London and North-Western 
six-wheeled brake-van, No. 169 (5 
years old). 





On the rails. 





BLAst-FURNACES IN THE UNITED StatEs.—The number 
of furnaces in blast in the United States at the commence- 
ment of January, 1895, was 182, their aggregate produc- 
tive weekly capacity being 168,414 tons. The correspond- 
ing number of furnaces in blast at the commencement of 
July, 1894, was 107, their aggregate weekly productive 
capacity being 85,950 tons. The corresponding number 
of furnaces in blast at the commencement of January, 
1894, was 130, their aggregate weekly productive capacity 
being 99,087 tons. The corresponding number of furnaces 
in blast at the commencement of July, 1893, was 220, 
their aggregate weekly productive capacity being 153,762 
tons. e corresponding number of furnaces in blast at 
the commencement of January, 1893, was 246, their aggre- 
gate weekly productive capacity being 173,068 tons. 
Production began to decline in May, 1893, and it receded 
in October, 1893, to 73,895 tons per week. It then began 
to revive, until it attained a total of 126,732 tonsin April, 

1894, In June, 1894, it had again receded to 62,517 tons 
per week. It then again revived, until in December, 

1894, it stood at 168,762 tons per week, 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


CompitepD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFIOATI( NB 
UNDER THE ACTS 1883—1888, 

The number of views given in the Specification Drawings ts stated 
in each case ; where none are mentioned, the Spectfication ts 
not illustrated. 

Where Inventions are communicated from abroad, the Names, 
o:., © Eas aa © ded af he Panen © 

Copi peci, may i at ‘atent 
Sale Branch, 38, Cursttor-street, Chancery-lane, E.C., at 4 
untform price of 8d. 

The date of the advertisement the tance of a complete 
— i tn each case, given after the abstract, unless the 

atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a spectfication, 
gtve notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned tn the Act. 


ELECTRICAL APPARATUS, 


14,545. Thomas Parker, Limited, and T. Parker, 
Wolverhampton. Dynamos, &c, [4 Figs.) July 28, 
1894.—This invention has for its object, firstly, to facilitate the 
cleaning and the removal and repl t of the armat of a 
two-pole single-limb dynamo-electric machine or electro-motor 
in which the armature and pole-pieces stand above or outwards 
from the magnet coils, and also the removal and replacement of 
the ferrules which carry the magnet coils ; and, secondly, to alter, 
with a view to facilitating their preparation, the forms of cer- 
tain parts of the pole-pieces which have been previously devised 
to enable the object above stated to be effected. The upper or 
outer portion A of each pole-piece is hinged at a to the lower or 
inner portion B thereof, so that it may be turned back into the 
position shown in Fig. 3, The lips (one of which b is shown in 
section in Fig. 1), which usually project inwards from the pole- 
pieces around portions of the lower side of the armature C, are 
formed separate from the pole-pieces, and are carried by the ferrule 
caps c which are fixed by means of bolts d to the pole-pieces. Each 
lip bis, preferably, formedin one piece with the corresponding cape. 
When the portions A of the pole-pieces are turned back a con- 
siderable su:face of the armature is exposed, and, if desired, the 
armature may be lifted up between the turned-back parts of the 
pole-pieces clear of the machine. The ferrule caps ¢, and lips } 
which they carry, may be drawn up over the pole-pieces and 
removed from the machine, and the ferrules D carrying the coils 
may be also drawn up over the pole-pieces and removed. The 
joint e, at the inner face of each pole-piece, between the hinged 














portion A and the inner cr permanently fixed portion B, may be 
as far upwards or outwards from the transverse axis fof the 
armature as will allow of the armature being readily drawn up 
from between the portions B of the pole-pieces when the portions 
A have been turned back ; and thus considerably more than half 
the total lines of force passing from a pole-piece to the armature 
will pass exclusively through the portion B. In order to leave as 
much metal as possible in each inner portion B of a pole-piece 
which is above or outwards from the transverse axis of the arma- 
ture, and to increase the area of the joint between the outer avd 
inner portions of each pole-piece s0 as to reduce to a minimum 
the magnetic resistance of the joint, and to lighten the hinged 
por ion of each pole-piece, the joint g is formed to slant upwards 
from the inner face of each pole-piece from the level of the line e 
or inner end of such joint. It is preferred toconstruct the hinged 
joints of the pole-pieces with projections h from the hinged 
portions A, which fit within corresponding recesses formed in the 
portions B, so as to leave no projections from the la‘ter portions 
whereby the machining of such portions is facilitated. The second 
part of this invention is illustrated by Fig. 4. In this case each 
pole-piece consists of a portion B' which is permanently fixed, and 
of arcmovable portion Al, The two removable portions A! are 
fixed together by a grid E or other distance piece, and their faces 
g) which bear against corresponding faces of the portions B! of the 
pole-pieces, are then together turned up in a lathe, so that they 
have acommon centre. The corresponding faces of the portions 
B! are bored out when such portions are fixed in their proper 
relation to one another, and thus a true fit is insured. (Accepted 
January 16, 1895). 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


4301. H. P. Holt, London. Gas Engines, &c. [2 Figs.) 
March 1, 1894.—This invention relates to means of operating the 
valves of gas and oil engines working on the ‘‘ Otto cycle,” and 
its object is to dispense with the countershaft and gear usually 
employed for opening the exhaust and other valves at ever} 
alternate revolution of the crankshaft. For this purpose there is 
eg a reciprocating rod made in two parts, the one part A 
inked to an eccentric B on the crankshaft ©, the other part 
being the one arm D of a lever, the other arm of which carries a 

















weight E. The lever is pivoted on the stem F of the valve G. 
When the parts are in the position shown in Fig. 1, the end of 
the rod A advancing in the direction of the arrow meets the end 
of the arm D and pushes it and the stem F on which it is pivoted 
so as to open the valve G. When the rod A retreats, the arm D 
moves back to the left, and with it the weight E, until the valve 
G closes, but as D cannot move farther to the left, the weight E 
in virtue of its momentum continues to move to the left, and thus 





throws the arm D into such a position, indicated by the dotted 
lines D1, that at the next forward stroke the rcd A misses D. 
Consequently the valve G is not opened, until the weight E and 
arm D having attained their normal position, the rod A again 
advances, meeting D and opening the valve. Thus the valve is 
opened only at every alternate forward stroke. A rod H may be 
connected to the sliding part of a centrifugal governor so that, 
when the speed is too great, the arm D is withdrawn by the 
governor out of line with the rod A, the exhaust valve then remain- 
ing closed at the time when it would be opened if the speed were 
normal, Instead of employing a centrifugal governor in this 
way, an inertia governor may be applied, as shown in Fig. 2. In 
this case there is mounted on the rod A a lever, like that on the 
valve stem F, having an arm K and a weight L. When the rod 
A advances at normal speed, the end of the arm K meets the end 
of D, and the valve G is opened. But when the rod A advances 
at greater than normal speed, the weight L, in virtue of ite 
inertia, lags behind, causing the arm K to deviate as indicated 
by the dotted lines K1,and soto miss meeting D, the valve G 
then remaining closed. (Accepted January 9, 1895’. 


GUNS AND EXPLOSIVES. 


2687. F. Ritter von Mannlicher, Vienna. Automatic 
Firearms, [14 Figs.) February 7, 1894.—The rifle consists 
essentially of the barrel L, the breech receiver G, the breech bol: 
V, the closing spring S, the tube R, the firing-pin B with spring 
i, the trigger mechanism, and the magazine. The breeoh re- 
ceiver G to which the barrel L is attached, is provided with lateral 
guide grooves / for the breech bolt, and with transverse recetses 
q into which the studs of the breech bolt may lock. The breech 
bolt consists of the bolt — V with hand-piece h, of the bolt- 
head K, and of the coupling piece K'. The cylindrical bolt-head 
K carries at its forward end the locking studs w, and is with its 
rear end inserted into the forward part of the bolt proper V, in 
such manner that the ecrew threads s and e, with which the bolt 
V and head K are respectively provided, will engage into each 
other. Bolt V is provided with lateral ribs 7, by means of which 
it is guided in the grooves / of the receiver and in grooves 2! of 
the extension tube R. In this manner bolt V is prevented from 
turning and can only perform a rectilinear movement in the re- 
ceiver. Bolt-heed K, which is hollow, contains the firing-pin B 
with its spring 7, and is closed at its rear end by the coupling 
piece K!, The firing-pin B is provided with a slot f11 through 
which passes a key f, whichis driven horizontally through the 
bolt V, and which is provided witha head f! for keeping it 
in position. The firing-pin is furthermore provided with a 
notch d, with which may engage the spring-actuated sear 
4, which is pivoted in the coupling piece K'. The locking 
recesses f are not at right angles to the longitudinal guide 
grooves / in the receiver, but rise in a certain measure in a for- 
ward direction in the of a screw thread. The locking 
studs w are correspondingly placed upon the bolt-head, also re- 
sembling part of a screw thread. The pitch of this thread must 
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here be somewhat steeper than the angle of resistance, so that, 
at the moment of firing, the locking studs will find sufficient 
resistance in their locking grooves during the explosion, at the 
same time, however, permitting the bolt-head to turn open through 
the force of the recoil. When the bolt-head, at the moment 
of firing, perferms this rotary, opening motion, bolt V will at 
first, in consequence of its screw connection with head K, be 
driven back a distance corresponding to the pitch of these con- 
necting screw threads s and ¢. Then the locking studs w having 
entered the longitudinal guide grooves 1, both parts, head K and 
bolt V, continue this rearward, rectilinear movement until bolt 
V strikes against the end of the extension tube R, and is stopped. 
Assoon as head K begins to turn open and the bolt recedes, key 
f, which is attached to the latter, operates against the rear end of 
slot f1! in the oe whereby this latter is carried back and 
the firing spring i is tightened. At the end of this movement 
the sear A springs into notch d of the firing-pin, and retains it 
in its cocked position until it is released by the trigger Z. The 
bolt having completed its rearward movement by which it has 
compressed spring S, this latter drives it forward again. The 
locking studs w being guided in grooves 7, head K is prevented 
from turning, and both it and the bolt V move forward in a 
straight line until the locking studs w have arrived at the end of 
the grooves / opposite their locking recesses g. Here the straight- 
forward movement of the head K ceases, but the bolt V con- 
tinuing this movement, causes head K to turn, whereby studs 
w are made to enter their recesses q and the bolt is again locked. 
The breech bolt having in its forward movement taken a fresh 
cartridge from the magazine, and introduced the same into the 
chamber in the barrel, the rifle is ready for the next shot as soon 
as the trigger is released and pulled again. (Accepted January 
16, 1895). 





4826, J. Vavasseur, London. Ammunition Hoists. 
[3 Figs.) March 7, 1894.—This invention relates to a pneumatic 
hoist main] — for raising cartridges or elongated projec- 
tiles for quick-firing guns from the handing-room adjacent toa 
ship’s magazine into a gun battery. A is the ammunition hoist 
tube—at its lower end it is made adjustable in length by an adjust- 
able piece B. C is a horizontal table capable of being turned ona 
vertical pivot D. E is a socket carried by the table, into which can 
be inserted base uppermost a cartridge F having a grummet G 
around its base to form a piston within the tube. H, H are reser- 
voirs of compressed air also carried by the table. I is a passage 
from these reservoirs to the bottom of the socket E. J isa valve 
by which this passage can be opened or closed. K is a handwheel 
having on its circumference a cam projection K'. Lisa lever, one 
end of which is acted on by the cam K! ; the other end bears against 
the stem of the valve J. M is a feed table along which a supply of 
cartridges may be brought forward into position to be placed one 
by one into the socket E. When a partial turn is given to the 
table so that the socket E is moved away from below the end of 
the hoist tube A, a cartridge is placed into the socket, and the 
table is then turned back again to bring the cartridge below the 
end ofthe tube. One or more turns are then given to the hand- 
wheel—at each turn the air valve is opened by the lever Land a 
puff of air admitted to the bottom of the socket—the cartridge is 





thereby caricd seen through the hoist tube. When it arrives 
at the top it is upheld by catches N and can be taken away. An 
electric or other suitable indicator may be fitted near the mouth 
of the tube to show the presence of a cartridge at that position, so 








as to prevent another being sent up before removal of the first. 
The claims are: ‘‘1. An ammunition hoist in which the projectiles 
or cartridges are raised by the direct application of pneumatic 
pressure. 2. The construction of ammunition hoists substantially 
as hereinbefore described.” (Accepted January 16, 1895). 


LIFTING AND HAULING APPLIANCES. 


837. M. J. Paul, London. Discharging Cargo. 
(8 Higs.] January 13, 1894.—This invention relates to means of 
the kind described in the specification of Patent No. 2140 of 
A.D. 1890, for discharging coal and similar cargo from lighters or 
ships to ships or wharves. According to the present invention a 
travelling bed is composed of a series of trough-shaped pieces of 
metal a the full width of the travelling bed ; the transverse edges 
a', a2 of each piece of metal being formed as sections of hollow 
cylinders. The sides of each piece are furnished with plates b pro- 
jecting to a suitable height and forming a boundary slong each 
side of the travelling bed. These pieces of metal a are linked to- 
gether on either side of the travelling bed. The links c are prefer- 
ably arranged singly and in pairs alternately, and are connect: d 
by jcint-pins c', c*, the axes of which are coincident with the 
axes of the sections of the hollow cylinders forming the transverse 
edges a', a of the trough-shaped piecesof metal a. Certain of 
the joint-pins (c?) extend from side to side of the travelling bed, 
and carry rollers d which run on the rails ¢, e', e? (Fig. 4). The 
leading edge a' of each trough-shaped piece a is a section of a 
cylinder of smaller diameter than the trailing edge a? ; the dif- 














ference in the diameters of the two cylinders being equal to twice 
the thickness of the metal of which the pieces are made, so that 
the smaller cylinder a' fits exactly in the larger one a?. Some of 
the troughs are furnished with backs a3 which may correspord in 
height with the side plates b. In each trough-shaped piece the 
edge curved to the smaller radius lies concentrically within the 
edge curved to the larger radius of the adjoining trough-shaped 
piece ; the one part overlapping the other sufficiently far to allow 
the chain to bend to the maximum extent without leaving an 
interval between the edgee. This chain is practically dust-tight. 
At the foot of the derrick-arm A where the travelling bed leaves 
the horizontal and assumes an inclined attitude, the guide-rails ¢, 
beneath which the rollers d carrying the travelling bed work, are 
provided with a slipper-piece f which bridges the gap between the 
extremities of the rails appertaining to the fixed and movable 
guide-ways respectively. The slipper-piece may be hinged at f! 
to the rail extremities e above referred to; the opposite end /? 
sliding on the other rail e* as the derrick-arm moves about its 
pivot B. A ping working in a slot g' connects the two parts to- 
gether. (Accepted January 16, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


5231. C. Hall, New York. Pipe Wrenches, (9 Figs.) 
March 13, 1894,—The handle bar A is formed at oneend witha metallic 
or wooden handle, and at the other end is made as a jaw 2 at an acute 
angle. The edge is chisel-shaped and adapted to press against and 
rotate the pipe when the parts are in the position represented by 
dotted lines in Fig. 1, and there may also, be teeth upon the 
edge of the handle bar, as shown at 16. The swinging jaw E is 
hook-shaped, and the inner face 5 of the hook is parallel with the 
jaw 2 at the end of the handle bar, and this es jaw is 
preferably made with a ribbed back. It is also formed with two 
strap portions 6 that pass at ae sides of the handle bar A, 
and through which the pivot pin C passes aoe which the jaw E 
may be swung. The pivot pin C goes through a longitudinal slot 
3 in the handle bar, within which is the screw D that acts to ad- 
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just the pivot pin C and regulate the distance between the handle 
bar jaw 2 and the inner face 5 of the swinging jaw E. When 
the swinging jaw E is in the position represented in Fig. 1, the 








portion 14 of the jaw E formsa stop against the edge 11 of the 
handle bar, so that the parts are in a position adapted for use 
= — wrench upon a nut or bolt. (Accepted January 16, 
895. 

5698. W. F. Beardshaw, Sheffield. Twist Drills. 
{1 Fig.] March 19, 1894.—Accordiog to the present invention, which 
relates to the manufacture of that class of drill ia which four radial 
arms project from a common centre, it is proposed to roll or forge 
steel bars with two opposite arms increasing in diameter out- 
wardly, and two opposite arms decreasing in diameter out- 
wardly. The bar so rolled or forged is then twisted, sharpened, 



























































and tempered in the usual manner to form the finished drill. The 
accompanying figure is a cross. section of the bar prior to twisting, 
and shows the two opposite arms A, A increasing in diameter or 
thickness outwardly, and the two opposite arms B, B decreasing 
in diameter or thickness outwardly. In both sets of arms it is 
preferable to remove or ‘‘back” a small portion a, a, as is 
customary in twist drills. (Accepted January 16, 1895.) 


MINING, METALLURGY, AND METAL 
WORKING. 


436. J. Robinson and M. 8S. Plumb, Sydney. 
Apparatus for Pulverising and Amalgamating. 
(9 Figs.] January 8, 1894.—This invention has reference more 
particularly to machinery consisting of a chamber containing 
rollers to which motion is imparted by the rocking motion of 
the chamber provided with amalgamating wells and screens. 
The improvements consist mainly in constructing the rocking 
chamber with its roller path essentially of the form of an in- 
verted ellipse. The curves are carried above the axis and pro- 
vided with spring cushions, which allow the rollers to seat 
themselves without violence, and also assist their return 
motion. The centre of the roller or rollers is below the trans- 
verse axis when the rocking chamber occupies a horizontal 
position. The chamber is aiso constructed so as to provide for 
oharging the material by means of a hopper and chutes, which, 
in the first instance, will admit of the material being fed to a 
central roller. For this purpose channels are constructed on 
each side of the chamber, and are carried across the chamber 
until they meet. The roller path is filled with a false bottom, 
each end of which is formed taper 80 as to provide for the quick 





delivery of the material, and also for its gradua pulverisation 
prior to its final delivery upon the broader surface of the roller 
path. The material to be treated is placed in the hopper attached 
to the central chamber G, and an oscillating movement imparted 
to the machine by means of the connec'ing-rod, &. The rod T 
being stationary will secure the lever S, which carries the pin V, 
but the quadrant U will travel upon the pin V until the end of the 
slot is reached, when U will be set in motion, causing the door R 
to oscillate so as to uncover the pacsages leading out of Q into 
P. The larger pieces of material remain in the channel J until 
they are reduced in size, and then gradually work their way to 
the roller path B. The material ‘educed to fineness passes out 
through the screens, and if water is used flows through the mer- 
cury troughs I into the outer chamber L, where it may be further 
reduced by the rollers M until it passes through the outer screens 
N into the outer mercury troughs O, the precious metals being 
collected in the mercury troughs. E are the spring cushions. As 
oscillation is taking place, the projections and indentations, 
which are shown upon the rockers W and the bearing plate Y, 
will, by fitting into each other, secure a bearing surface at every 
part of the stroke. (Accepted January 9, 1895). 


RAILWAYS AND TRAMWAYS. 


23,609. J. E. Wallis, and Wallis and Stevens, 
Limited, Basingstoke, Hants. bang poy Trucks, 
[10 Figs.] December 5, 1894.—A is the body, B are the trunnions, 


Care the trunnion bearings, D is the frame turned up to form the 
end or standards, E are the wheels and axles, and F the bearings. 
The sides of the frame are turned round and up, 80 as to form 


‘attaching the trunnion carriers at C and the buffer-plate at G. 
The turued-up enda of the frame are shown set back, 89 that the 
end of the frame may form the buffer, and keep the truck bodies 
clear of each other when turning sharp curves. This is — 
fitted with the plate G, which is bolted or riveted to both sides of 
the frame, holding these firmly together and forming the buffer 
end. Toenable the bodies to be packed in the smallest space 
possible, the truck bodies are made tapered both on their sides 
and ends, and in cases where the bodies tip on trunnions these 




















trunnions are removable, so that when being packed one 
body slips inside another, and as many as desired can be thus 
nested within each other, as shown in Fig. 4. Fig. 3 shows an 
improved corstruction of axle bearing, comprising a bearing 
bracket a of cast metal, a steel reversible liner b, and an axle 
strap c for keeping the axle d in position. The whole is held 
together and attached to the frame of the truck by bolts e. 
(Accepted January 9, 1895). 


STEAM ENGINES, a, EVAPORATORS, 
Cc. 


3478. M. H. P. R. Sankey, Thames Ditton, Surrey. 
Automatic Variable Expansion Gear for Steam, 
&c., ines. (4 Figs.) February 17, 1894.—In the ordinary 
running of the engine, when the throttle valve is in full, or nearly 
full, open position, and the valves are in the position shown in 
Figs. 1 and 2, pipes 1 and 2 are in communication with one 
another, and pipe 3 is closed, so that there is free communication 
between the boiler and the outer end of the cylinder M. But 
when under the influence of an increased load, the speed of the 
engine has commenced to diminish, and a later cut-off is required, 
the governor spindle rises and carries the throttle valve beyond 
the full open position, and in so doing depresses the valve P, and 
thereby opens the outer end of the cylinder M to the exhaust or 
other place of low pressure, at the same time closing the commu- 
nication between the outer end of the cylinder M and the boiler. 
The pressure in ths outer end of the cylinder M being in this way 
relieved, the piston N moves away from the steam chest, and the 
cut-off is made later. When the oblique ports in sleeve E and 
hollow piston-rod C are opposite to one another, steam is admitted 
to the interior of the piston-rod, and thence by other ports in the 
rcd to the engine cylinders. But when, through the descent of 








the piston-rod, the ports in it have passed below the ports E! in 
the sleeve, steam is cut off. The point of cut-off may be varied by 
rotating the sleeve upon its axis, thus causing the ports in the 
hollow piston-rod to pass below the oblique lower edges of the 
ports E! either earlier or later in the stroke, according as the 
sleeve is rotated one way or the other. When the piston N moves 
towards the steam chest, the sleeve is thereby rotated in a direc- 
tion to make the cut-off become earlier, and, as it moves away, to 
become later. When the piston moves towards the steam chest, 
the movement is slow, as the steam in the inner end of the cylin- 
der can only pass slowly from it into the steam chest through 
the small opening O'. When the piston moves outward conse- 
quently upon the outer end of the cylinder having been put in 
communication with the exhaust, the steam in the inner end of 
the cylinder acts expansively, and the movement of the p'ston 
takes place quickly. The smallness of the opening O' through 
which steam can enter the eylinder M from the steam chest, is 
therefore no hindrance to the piston making a quick outward 
movement. The piston may be cushioned at the outer end of its 
stroke by causing it to pass over and close the opening leading 
_ abe) pipe 2, or by other equivalent means. (Accepted January 
, 1895). 


22,239. W.E. Heys,Manchester. (Schafer and Buden- 
berg, Buckau-Magdeburg, Germany.) Automatic Shut-Off 
Cock. [2 Figs.] November 17, 1894.—The cock, as constructed 
according to this invention, consists of the casing C and the plug 
Pp. The bore of the casing and the cross-section of the plug 
differ from those of ordinary cocks in not being truly circular, 
but in being bounded by tric arcs of two different 
radii. One half abc of the plug and of the bore has a larger 
radius than the other half d e f. It is immaterial whether the 
plug and its seating be conical orcylindrical. The passage through 





If when the cock is in use there is no reduction, or only a slight 
reduction, of pressure on the outlet side, no action will take place, 
but should there occur from any cause, such as the breakage of a 
gauge gine, a sudden or material reduction of pressure on the 
outlet side, the excess pressure will be exerted on the shoulder a 
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of the plug and cause it to rotate into the position indicated 
in Fig. 2. The plug is fitted with an external handle, which in- 
dic ates the position of the plug, and the momentum imparted to 
the plug and handle will be sufficient t> carry it into the closed 
position. (Accepted January 9, 1895). 

23,576. W. Mather, Manchester. Pistons. [1 Fiy.] 
December 4, 1894.—This invention relates to a construction of 
piston having packing consisting of split rings pressed outwards 
and laterally apart by an internal helical spring, and rings arrai ged 
to cover the divisions. In this form of piston, steel rod of square or 
rectangular section is coiled into the form of a helical spring A 
consisting of several convolutions of the rod. This spring is lodged 
in internal recesses of two split rings B, B'. In order to render 
this packing steam-tight, external recesses are formed in the rings 
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B, B!, and in these recesses are lodged cover rings C, C', which are 
also split. The rings B, B! and C, C! are so arranged that their 
splits break joint, no division of one of them coming in line with 
the division of another. Thus the rings C, C! serve as covers to 
the divisions of B, B!, and conversely. The rings B, B', and also, 
through them, the rings C, C', being pressed outwards and later- 
ally apart by the spring A, prevent leakage between them and 
the surface of the cylinder in which the piston works, and also be- 
tween them and the flange and junk ring of the piston. (Accepted 
January 9, 1895). 


TEXTILE MACHINERY. 


18,975. C. Berisford, D. Birchenall, and H. Beris- 
ford, Congleton, Cheshire, and W. Gorton and C, 
Wood, Prestwich, Lancashire. Looms. [4 Figs.) Oc- 
tober 6, 1894.—This invention consists in the application, chiefly 
to small-ware looms, of mechanism for regulating the tension on 
the warp threads during the process of weaving in looms such 
as are employed for weaving textile fabrics. The object is to 
dispense with hand manipulation for regulating the speed of the 
beam and the tension on the warp. The improved mechanism 
comprises a lever b (Fig. 1), in which is a groove b! intended to 
fit on the edge al of the end of the warp beam a. The levers bare 
fulerumed at d by means of rods / that are fitted longitudinally 
between the ends of the loom and in proximity to the warp beams. 
One of these levers is placed in a transverse position opposite or 
over the edge of one of the ends of each warp beam. The free 
end of each lever is attached by a cord e to the warp weight 
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ulley j that is connected by means of the warp with the warp 

am upon which the lever is intended to act, the cord e passing 
through the hole cl in the end of the arm b? of the lever b. The 
upper edge of the arm b? is notched or serrated, and an adjusting 
weight g is suspended therefrom. The groove b! of the lever } 
will by these means be caused to bear more or less on the edge a! 
of the warp beam a, and the tension on the warp will thereb be 
regulated and adjusted, greater or less tension being pl: on 
the warp, according to the texture of the fabric that is being 
woven, & placing the weight g nearer to or farther from the rod 
l. The warp q is shown passing from the several beams @ over 
the rod J placed opposite each tier, and is carried around under 
the rods and 22, thence upwards over the separate pulleys k 
and kl to the warp weight pulleys j to which the levers b are 
attached, following the ordinary course as indicated by arrows, 
until the finished fabric is deposited at x. (Accepted January 9 
1895). 
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UNITED STATES PATENTS AND PATENT PRAOTIOB. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 








the ends and supports for carrying the trunnion bearings. The 
frame is made in two halves, fixed together by the bolts or rivets 








the plug g is smaller than the inlet and outlet passages A, Al, 
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ELECTRIO TRACTION.—No. VIII. 
By Puitre Dawson. 


WE now come tothe electrical welding process, 
which, if successful, will do away with all bonding 
and use of copper wire, except where return feeders 
are necessary in connection with the return circuit. 
It practically means the use of continuous rails 
without joints of any kind. It has already been 
stated that it is now a nearly universal practice in 
America to butt the rails, without leaving any room 
for expansion at the joints, and that in paved 
streets nearly perfect joints have been the result. 
The Johnson Company, of Johnstown, Penn- 





sylvania, have gone still further, and after an ex- 


of weld 
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Trolley Wire 


welded separately to each rail. The ends of the 
rail were not welded together, but the fishplates, 
which were 4 in. by 7 in. by 1 in. and of form 
shown, were joined to each rail, thus necessitating 
two operations for each joint. The first road 
which was operated upon had a very old and poorly 
constructed permanent way, and it was soon found 
that most of the welded joints broke off, not at the 
weld, but just below or above it. This led the 
Johnson Company to devise a new plan which has 
since been employed apparently with great success. 

The next road on which track welding was tried, 
was the Baden and St. Louis Railway of St. Louis, 
Missouri. Welding was begun on this line in 





February, 1894. The road has many curves, and 


trulley wire, passed through an automatic circuit- 
breaker, switch, ammeter, and starting rheostat, to 
a transformer or motor generator which trans- 
formed the 500-volt continuous current into an 
alternating one. The periodicity of the alternating 
current used was from 73 to 74 per second. This 
alternating current then passed through a break 
switch and regulating induction coil with movable 
iron core to a transformer, where it was trans- 
formed into a current at a pressure of from 3 to 4 
volts, which traversed the welding machine. For 
convenience in working, thismachine was hung from 
acrane. The secondary winding of the transformer 
consisted of a single turn of very heavy copper 
strips, leading to the copper contacts between which 











Fig. 52. 
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, Rails Circuit 


haustive series of experiments, have undertaken to 
weld the rails instead of connecting them by fish- 

lates. Their system was first tried at Cambridge, 
Semadtuenitiies on a branch of the West End Street 
Railway Company of Boston. The method of 
operating was as follows: The fishplates were re- 
moved, the ends of the rails cleaned by an emery 
wheel on a flexible shaft, a thin piece of steel was 
forced between the rail ends and a pair of fishplates 
of the form shown in Fig. 51, attached. 

A welding car, specially constructed and self- 
propelling, was then brought up the track and the 
weld made, the current being taken from the trolley 
wire and transformed into an alternating current at 
low pressure. In making these welds the fish- 
plates were grasped by specially arranged jaws, and 
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Welder 


lugs 
for welding Rails 


the rails were first bent and laid, and then welded 
in place. It was found necessary to lay the track 
and tamp and surface the line completely before 
commencing to weld the joints, as otherwise the 
weight of the welding car would have depressed the 
rails in the middle and raised them at the ends, 
thus causing the welded joints to be high. The 
metals were spiked to wooden sleepers, 3 ft. be- 
tween centres, laid on 6 in. of macadam well rolled, 
and the track was then tamped to grade and filled 
in to the tops of the sleepers or ties. The rails 
were then ready for the welding of the joints. The 
welding car was in this case equipped with two 
‘““W. P. 50” electric motors, ae all the speed 
regulating and starting devices of an ordinary 
electric street car. The current coming from the 














Fig. 55. 


the weld was made (see Fig. 52). The distance be- 
tween these contacts was regulated by a screw gear, 
by means of which a very large pressure could 
instantaneously be brought to bear upon the weld. 
The welding car also contained a motor for operat- 
ing the crane, and another which drove a pump 
forcing cold water through the hollow arms of the 
welding machine. The weight of this welding car 
was about 30 tons. It was preceded by an 
auxiliary car carrying two electric motors driving 
emery wheels on flexible shafts, which were used 
for polishing the rails where the joint was to be 
made, previous to welding. The mode of operation 
was as follows : 

The ends of the rails were butted together by 
driving a wedge in the joint ahead of the one to be 
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welded. The welding car was then run over the 
joint, the welding being done from the rear, so 
that it was not necessary to run over a hot joint. 
The webs of the rails were polished by the emery 
wheels for 2 in. on each side of the joint. The 
joint was then clamped in a gun-metal casting 
holding the rails in the proper position for welding. 
The two steel lugs, 1 and 2, shown in Fig 53, were 
placed each side of the joint, resting on and partly 
surrounding the foot of the rail, and the contact 
clamps screwed down upon them. The electrical 
circuit of the secondary coil of the transformer was 
thus completed, and the current was gradually 
turned on. When the welding heat was reached, 
the jaws of the welder were brought tightly to- 
gether, thus forcing the molten steel into the joint 
between the ends of the rail. Then the top lugs, 3 
and 4 in Fig. 53, were inserted and the same pro- 
cess gone through. Previous to turning on the 
current, pieces of carbon were placed on the top of 
the rail to prevent the joint softening. After the 
lugs were welded, the tread and flanges were 
smoothed by hammering, the hammer being con- 
tained in the welding apparatus. The welds on the 
St. Louis road are so well executed that it was 
well-nigh impossible in most cases to distinguish 
where joints had been welded. By this process 
enough molten steel enters the joint between the 
rails to make a butt weld, besides which additional 
security is afforded by the lugs welded to the web 
of the rail. The greater part of the time is taken 
up in preparing the joints, moving the machine, 
and setting up the welder. The average time 
occupied in making a joint is from 12 to 15 
minutes, and it was said that the cost ran from 12s. 
to 15s. per weld. The current is taken from the 
trolley line at an average pressure of 500 volts, and 
averages 250 amperes for from two to three 
minutes. The pressure of the secondary welding 
current used is from 3 to 4 volts, and taking 
into consideration the losses in the various trans- 
formations, the welding current would probably 
amount to from 40,000 to 50,000 amperes. No 
buckling had been observed in July when the 
writer visited the line. The track was filled up 
as soon as possible after welding, but on several 
occasions 300 ft. to 500 ft. of welded track were 
left open for several days without any bad results 
ensuing. So far 3} miles of double track have been 
treated in this way at St. Louis, and the manager, 
Mr. R. McCulloch, expressed himself as extremely 
satisfied with the results attained. The electric 
railway which has so far adopted electric welding 
on the most extensive scale is the Nassau Electric 
Railway Company, of Brooklyn, New York, where 
over 100 miles of track will soon be continuous. 
The welder used here is an improvement on the 
one which was employed at St. Louis (see Figs. 54 
and 55). The equipment is contained in two cars 
instead of one. The first car contains the motor 
generator. The alternating current coming out of 
the motor generator is conducted at a 300-volt pres- 
sure to the step-down transformer and welder in the 
second car which is nearest the joint. Instead of 
using a screw jack to tighten up the gun-metal | 
welding clamp, hydraulic power is employed. The 
width of the lugs used in welding has also been 
increased, and the rails are polished 34 inches on | 
either side of the joint by means of an emery wheel | 
carried on the first car. Against the head of the 
rail a non-conductor of heat is placed so as not to’ 
cause any loss of temper in the rail. When the | 


| 


rails are laid, two out of three joints are butted, a| 





space of ;'; in. being left every third rail. When | 


the non-butted joint comes to be welded, a thin 
section of rail is driven in between the two ends, 
which renders the rail continuous. The rails are 
also cross-connected together every 600 ft., so as 


to secure a good return circuit for the current, by | 
welding a flat steel bar 1} in. by 2} in. in dimen- | 
Where the line is double | 
track, the interior rails of each track are also’ 
| viz., 330 ft. higher than Righi, and 730 ft. lower 
, than Pilatus. 
| Railway consists of two parts, viz., (a) of an electric 


sion, from rail to rail. 


welded together every 600 ft. in a similar manner. 
Whether electric welding will eventually take the 

lace of all bonding is still an undecided question. 

t has not yet stood the test of practical use under 
all conditions of weather and traflic, and on a large 
scale for a sufficiently long period to pronounce an 
opinion. The equipment in Brooklyn will be 
watched by all electrical street railway operators 
with the greatest interest, and the result will go a 
long way towards deciding conclusively in favous 
of or against welding. At all events the pioneer 
company in this line of work seem to have great 
faith in its success, and it is said that they have 


‘ 


already invested over 120,000/. in experiments and 
practical application. 

Another process of attaining the same results as 
with electrically welded joints has just been experi- 
mented with by Mr. McCulloch, of St. Louis. It 
consists in welding the joints of the rails together 
by casting a cast-iron sleeve round the sides and 
bottom of the joints. It has been carried out for 
@ length of about three miles of track at St. Louis 
by the Falk Manufacturing Company of Milwaukee. 
This process was first shown in October of last year 
at the Atlantic Street Railway Convention. The 
outfit is composed of a small smelting cupola on 
wheels, weighing about 3 tons and drawn by two 
horses. A light steam blower is attached to the 
cupola, and oil is burnt under the boiler. When a 
joint has to be made, a cast-iron mould, lined with 
graphite, and which has previously been heated to 
a dull red heat, is put round the joint. Before 
applying the moulds, the ends of the rails are 
cleaned and polished, and if the ends do not butt 
together, a thin section of rail is driven in to fill up 
the gap. These preparations having been made, 
and the mould fixed in position, the molten iron is 
poured in witha ladle. Broken sections of joints 
made in this way seem to show that the union 
between the cast iron and the steel of the rails 
is similar to that effected by electric welding. The 
moulds are fixed to the rails by screw clamps, and 
hold the joint in place till the mould is cool and 
can be removed. the space left at the top between 
the mould and the rail is made tight by means of 
moulding sand. An iron plate is laid over the top 
of the rail at the joint, so as to prevent the cast 
metal coming up and flowing out between the ends 
of the rails. A gang of from six to eight men and 
one cupola will make from 60 to 140 joints per day 
of 10 hours. As already stated, the moulds are 
heated before using, and the ends of the rails are 
allowed to heat by the application of the red-hot 
moulds before the cast-iron is poured into them. 
After the metal has been cast, about 10 minutes are 
allowed before removing the moulds. 

To prevent too severe contraction and expansion, 
every other joint is cast and allowed to cool entirely 
before the remaining ones are proceeded with. 
The joints made weigh 120 lb., and cover four 
bolt-holes, or approximately 16 in. The cost of 
such a joint is stated to be about 12s. 

It is too soon to express any opinion upon this 
method, although it would seem as if it must be far 
more difficult to obtain welding between cast-iron 
and steel by this process, than between steel and 
steel at the higher temperature attainable by means 
of electric welding. The great advantage, of course, 
would be the cheapness of the outfit as compared 
with that of an electric welding plant. 





ON ELEOTRIC CABLE RAILWAYS. 
By C. 8. Du Ricue ree Ph.D., A.M.I.C.E., 


(Continued from page 201.) 
ITI.—SrTansERHORN. 

General Remarks (Fig. 30, page 268).—This is the 
most recently constructed of the three cable railways 
under notice, and marks not only a further deve- 
lopment in the application of electric motive power, 
but a phenomenally new departure in dealing with 
such steep grades as 60 per cent., inasmuch as the 
rack is entirely dispensed with. This, together 
with the comparatively great length of the line, 
worked in three sections, and the general boldness 
of design, renders the Stanserhorn cable railway 
unquestionably the most remarkable of its kind. 
Stanserhorn is a conspicuous pyramid - shaped 
mountain south of Lucerne, beyond Burgenstock, 
and, seen from Lucerne, fills up the gap between 
Righi and Pilatus. It has the advantage of being 
situated more in the centre of the Alps than its 
two rivals, and of being less subject to mist than 
Pilatus, its altitude being 1900 metres (6233 ft.), 


Properly speaking, the Stanserhorn 


road railway 3.5 kilometres (2.2 miles) in length, 


| which connects the steamboat station of Stansstad 
(Lake of Lucerne) with Stans, situated at the foot 


of Stanserhorn, and () of the cable railway from 
the latter point to the summit. As the electric 


| road railway is an excellent example of electrical 


traction in rural districts, the writer will deal with 
| it in a separate notice as an appendix to this paper. 
| Alignment (Fig. 2, page 138 ante).—As before 
mentioned, the metre-gauge cable railway is com- 





posed of three sections, each of which is worked by a 
separate cable with a midway automatic turnout, the 
carrying capacity of the line being thus considerably 
increased. Starting from Stans, the line ascends 
through Alpine pastures to Kiilti, the first inter- 
mediate station; thence through a ravine and 
fir plantation, and in very loose boulder clay, to 
Blumatt, the second station ; and thence, on open 
ground, through boulder clay and limestone, to the 
summit of Stanserhorn, crowned with a large hotel, 
under which the line passes bya tunnel. Through- 
out the ascent, the line affords magnificent views 
of the Lakes of Lucerne and Zug, together with the 
Righi, Pilatus, and Burgenstock groups, while on 
the summit it faces the Alps of the Bernese Ober- 
land. All the four stations are prettily built in 
Swiss chalet style, with spacious covered platforms 
for changing cars, the two intermediate stations and 
the summit station having each a complete motor 
installation. Owing to the configuration of the 
ground and site of the intermediate stations, the 
line deviates several times from the straight, and 
forms, as a whole, a series of flat S-curves, the 
curvature varying from 250 to 400 metres (820 ft. 
to 1420 ft.) radius. In the three crossings, which 
are from 73 to 90 metres (240 ft. to 295 ft.) in 
length, the radius is reduced to 120 and 150 metres 
(394 ft. and 492 ft.). 

Profile (Fig. 31, page 268).—The altitude of the 
Stans terminus is 450 metres (1476 ft.), that of the 
summit station 1850 metres (6080 ft.), so that in a 
total length, measured horizontally, of only 3.6 kilo- 
metres or 2.25 miles, the rise is no less than 1400 
metres (4592 ft.), equal to an average of 40 per 
cent. Hach of the three sections forms an approxi- 
mate parabola, the rises, lengths, and grades being 
given in the following Table : 
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It is seen that on the second, and notably on the 
third section, the maximum gradient predominates, 
the actual mean being in excess of the average of 
the minimum and maximum. 

Works.—The works of the line were commenced 
in 1891, and completed in 1893, being, during the 
winter, limited to tunnel excavation. The heaviest 
works in the shape of retaining walls and tunnels 
were on the second and third sections (Figs. 32 and 
33), the former lying throughout along a torrent 
in a deep gorge or defile, with steep and loose 
moraine slopes, while the latter crosses, besides, 
limestone strata, necessitating a tunnel of 160 
metres (176 yards), an avalanche course which in- 
volved considerable protective works. A view from 
the summit of the line is shown in Fig. 34, page 
269. In open ground the line is fenced in on both 
sides. As on the Salvatore and Burgenstock 
lines, so also on the Stanserhorn Railway, the for- 
mation level is formed by a solid bed of cement 
masonry with steps in the upper sections, the 
width being on the first section 1.65 metre (5.4 ft.), 
and on the second and third sections 1.5 metre 
(4.9 ft.). All the works of art were carried out 
in a very substantial manner by picked Italian 
workmen, whose wages were 5 francs or 4s. per 
day, the cost of masonry being 12 francs per cubic 
metre (7s. 4d. per cubic yard), while the cost of 
tunnelling was about 400 francs per metre, or 
151. 13s. per lineal yard. 

Line without Rack (Figs. 32 and 33).—As before 
mentioned, the most striking innovation intro- 
duced on the Stanserhorn Railway is that of the 
rack being entirely dispensed with. In order to 
demonstrate the practicability and safety of this 
innovation with heavy passenger car-loads, an 
experimental cable line to a quarry not far 
from Stans was constructed, with a gradient 
of 70 per cent. and more, and exhaustive trials 
were made with loads equal to those of the full 
Stanserhorn cars. Three trials having been en- 
tirely satisfactory, the Swiss Railway Department 
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authorised the construction and working of the 
Stanserhorn cable railway without a rack, subject, 
however, to further official trials on completion of 
the line. During the period of construction, ample 
opportunity was afforded of crucially testing the 
arresting power of a special brake in connection 
with a special permanent way on provisional grades 
far exceeding those of 60 per cent., while the pro- 
tracted official trials on the completed line showed 
that cars weighing full 6.7 tons, on being suddenly 
detached from the cable, were stopped even on 
greasy rails within a minimum distance of 0.7 and 
maximum distance of 3.5 metres, viz., after a 
mean run of 2 metres, or 6.56 ft., or within less 
than the third of a car length. The accuracy of 
these tests has been fully confirmed in actual prac- 
tice, the line having worked without a hitch from 
the day of being opened for traffic. The elimina- 
tion of the rack insures, besides a considerable 
saving in the first cost of permanent way, more 
space for the cable and the guide rollers, and greater 
simplicity in working the cars, as the pinion wheels 
and brakes are, of course, entirely dispensed with. 
Permanent Way (Figs. 35, 36, and 39).—The 
absence of the rack and the rack brakes necessi- 
tated the adoption of a safety brake acting direct 
on the rails by clutching the rail head on both 
sides, without coming in contact with the fish- 
joints and fastenings. This was effected by a 
flange girder rail of special section 12.5 centimetres 
(4.91 in.) in depth, whose head forms an inverted 
triangle, against the two sides of which press, in 
case of emergency, a pair of iron brake clutches 
attached to the car frame, as shown in the illustra- 
tions. The rails, supplied by the Phoenix Works, 
Westphalia, weigh 20 kilogrammes per metre 
(40.25 lb. per yard), are 10 metres (33 ft. ) in length, 
and are fastened by clamps and screw bolts to basic 
iron cross-bearings, 0.9 metre or 3 ft. apart, with 
angle fish-plates and four bolts at the joints resting 
on the sleepers. The latter are ““"S -shaped and 
1.65 metre (5.4 ft.) in length, with a surface width 
of 12.5 centimetres (4.9 in.) on the first section, 
while on the two upper sections basic angle-irons 
12.5 by 1.1 centimetre (4.9 in. by 3.3 in. by 0.4 in.) 
are used, their length being, like those of the Sal- 
vatore and Burgenstock lines, 1.5 metre (4.92ft.), 
viz., the same as the masonry bed in which they are 
grouted in cement. The particulars and arrange- 
ment of the permanent way, as also the automatic 
turnouts, are shown in the illustrations. The total 
weight is 63 kilogrammes (126 lb.) on the first and 
67 kilogrammes (134 lb.) on the two upper sections 
per metre and yard respectively, or about 30 per 
cent. less than on the two preceding cable lines. 
Cars and Brakes (Fig. 14, page 139 ante).—The 
cars, of which there are six, two for each section, 
were built by Messrs. Bucher and Durrer at their 
own timber works, and are precisely similar to 
those of the Salvatore cars, weighing 4.5 tons empty 
and 6.7 tons with 32 passengers in four compart- 
ments, although by including the two platforms, 
usually used for luggage and light goods, the cars 
can accommodate as many as 50 passengers. Owing 
to the absence of the rack, the manipulation of the 
cars is greatly simplified, there being, besides the 
ordinary screw brake acting on the car wheels, only 
the rail clutch brake, which acts both automatically 
and under the control of the driver. Three of 
these brakes are fitted to one side of each car 
frame. Each brake (see Fig. 37) consists of 
a pair of jaws with upper arms, like a pair of 
pincers, which are opened and closed by a screw 
acted upon by gearing in connection with a small 
pinion fitted on the car axle. Normally the jaws 
travel along the rail head with a clearance of 0.5 
centimetre, or} in. ; but when the car speed unduly 
increases, they close, clutch the rail, and arrest the 
car by friction pressure. Again, in the event of 
the cable snapping, two counterpoises of 50 kilo- 
grammes (110 lb.) each, which are usually held up 
by the tension of the cable, fall and act by levers 
on the gearing which operates upon the jaw-brake, 
F ig. 36,as before described. It will be observed that 
this brake, whose action presupposes great evenness 
of the rail contact surfaces, cannot be used as an 
ordinary brake to gradually lessen the speed, but 
that its action consists in stopping the car dead, 
and this it certainly does very effectually. As in 
the cases of the preceding cable railways, the 
pra ee not to use the car brakes 
xcept In case of emergency, as the speed is regu- 
lated from the water pat : “ 
Electric Signals.—Kach car is provided with the 
electric signalling rod already described. All the 


three stations are connected by telephone; and 
separate automgtic electric signals are given to the 
motor stations of the arrival, departure, and the 
passing of cars over the crossing places. 

Cables (Fig. 12 and 26, pages 138 and 201).—The 
lengths of the cables of the three sections, including 
theterminal drum and pulley winding, equal to about 
4 +, or 12.5 metres, are respectively 1.56, 1.15, and 
1.29 kilometre—total, 4 kilometres or 2.5 miles. All 
the three cables, supplied by Messrs. Felton and 
Guilleaume, of Miihlheim, are of crucible steel with 
hemp core, and of the same (Lang’s patent) make as 
those of the Salvatore and Burgenstock Railways, * 
that of the first section being 2.5 centimetres or 
1 in., and those of the two upper sections 3.5 milli- 
metres or 1.37 in. in diameter, the weight being, 


according to the formula = = 1,75 and 3.6 kilo- 





grammes per metre or 3.5 and 7 lb. per yard re- 
spectively. The tested tensile strengths are 25 and 
60 tons. The maximum strain on the cable deter- 


mined as before is : 
Maximum Breaking 


Strain. Strength. 
1st section (6.7 + 2.7) x 280= 2.63tons = of 
Qnd ,, (6.7 + 4.0) x 600= 6.42 ,, = RA 
Sd zs «(6.7 + 4.5) x COO= 6.72 , = ; 


The up and down cables are 34 centimetres or 
13.5 in. apart between the rails. The guide rollers 
in the straight and in curves are 30 and 60 centi- 
metres (12 in. and 24 in.) in diameter, and placed 
at equal distances of 13and 10 metres, or 42 ft. and 
33 ft. respectively.t The mode of fastening the 
cables to the cars, and the winding over the double 
main driving drums, double counter, and oblique 
intermediate guide pulleys at the three terminal 
stations are the same as in the preceding cases, the 
windings being shown in the illustration, in which 
the successive passages of the cable from one car to 
the other are indicated by letters « to g. 

Electric Motor Stations (Figs. 40 and 41).—As 
before mentioned, each section has its own motor 
station placed at the end or summit of each re- 
spectively. Fig. 40 shows the arrangement of the 
second (Blumatt) station, 4000 ft. above sea level, 
that of the other two being precisely similar. Each 
station is composed of a substantial stone building 
containing the spacious power-room on the ground 
floor, with the dwelling for the man in charge 
above, and an adjoining stone and covered platform 
for changing cars. The motors and transmission to 
the winding drums mark a great advance upon the 
two preceding cases, inasmuch as, instead of two 
small units, one direct-current, six-pole, 60 horse- 
power Thury motor of 600 revolutions, 1800 volts, 
and 25 amperes, is used at each station, and the 
heavy intermediate bevel gearing is replaced by 
electric regulation, viz., the reversal of the cable 
and drum motion is effected by simply reversing 
the motor, whilst on the previous lines the bevel 
gearing but not the motor is reversed. On the 
counter or switch shaft, which is belt-driven from 
the motor, are fitted (a) a friction coupling by 
means of which the motor can be cut out and run 
with no load ; (b) an automatic counterpoise brake 
which by its fall annihilates any momentum in the 
machinery after the motor has been cut out, so that 
the cable, and with it the car, can be instantaneously 
arrested ; and (c) a hand brake for the ordinary 
regulation of the car speed, which is shown by the 
automatic indicator adjoining the switchboard and 
rheostat. To the 600 revolutions per minute of the 





* These hemp core cables with cross-wound strands are 
used on almost all Swiss cable railways. The hemp core, 
however, is liable to rot in winter when the cable is im- 
mersed in snow, while the fine surface wires are liable to 
split and fray in rubbing against or bumping on the guide 
rollers. A much better cable is that now manufactured 
by Messrs. Felton and Guilleaume, being entirely of steel 
with tightly- packed (locked coil) wire of graduated section 
without cross-winding. At equal cost and less diameter, 
these cables have a greater tensile strength and longer 
life, particularly if guide rollers with a metallic instead 
of a wooden surface are used (see Fig. 38, page 269). 

+ These guide rollers, as also those on the other two 
cable railways, are composed of iron discs with wooden 
cylinders or rolling surfaces inside, the bearings being of 
steel. The wooden cylinders wear very rapidly, and have 
to be renewed, sometimes, as often as once a month. 
Metallic cylinders composed of an alloy of 80 parts of 
tin, 10 parts of copper, and 10 parts of antimony answer 
far better. They are in use, together with an improved 
steel cable, as before mentioned, on a short cable line with 





a 60 per cent. grade for goods traffic at Serritres, near 
Neuchatel. 


motor correspond 150 of the counter or switch 
shaft, 41 of the spur gearing shaft, and 5 revolu- 
tions of the main driving drums, 4 metres in dia- 
meter, so that the cable speed at the two upper 


an Suexs = 1.04 metre (3.4 ft.) per 


second. On the lower section, with 19 per cent. 
average grade, the gearing is so arranged that the 
speed is double that of the others. As reserve 

wer, every motor station is provided with a fixed 
Poller and 60 horse-power horizontal steam engine 
coupled by belts to the counter or switch shaft. 
Notwithstanding the greater cost of the fixed en- 
gines,* they were put up in preference to the 
semi-fixed engine as used on the Salvatore Railway, 
because the former work more economically, and 
could, moreover, be taken up the incline in pieces. 
The three electrical installations proved of invalu- 
able service during the construction of the various 
sections. First of all, each motor, with closed cir- 
cuit, was put on a truck with a winding drum, and 
thus wound itself up to its destination ; and when 
the motors had been installed, all the reserve steam 
plant and the material for the line, the stations, 
and the hotel, was hauled up by electric motive 
power. 

Central Power Station.—As before mentioned, 
the Burgenstock and Stanserhorn cable railways, 
together with the electric road railway from Stan- 
stadt to Stans, derive their motive power from a 
power station near Buochs, distant about 7 kilo- 
metres (4.4 miles) from and about 1400 metres or 
1460 ft. lower than the summit motor station of 
Stanserhorn. The station, which is shown in plan 
by Fig. 17, page 139 ante, utilises the ample power 
of the River Aa (descending from Titlis and Engel- 
berg) by a head race canal 800 metres or half a mile 
long, the tail race being half that length. The 
mean available volume is 9 cubic metres (317 cubic 
feet) per second, the fall 5 metres (16.4 ft.), so that 
at 70 per cent. efficiency the effective available 
power is 430 horse-power. Of this 250 horse- 
power are at present absorbed by one turbine 
making 58 revolutions per minute. This actuates 
by bevel gearing a main shaft making 145 revolu- 
tions, and this latter drives by belt the following 
direct current dynamos : 

Two 60 horse-power, four-pole, 800 volts, 800 
revolutions, for Burgenstock cable railway and 
lighting. 

One 40 horse-power, six-pole, 600 volts, 500 revo- 
lutions, for Stans electric road railway. 

One 150 horse-power, six-pole, 1600 volts, 300 
revolutions, for Stanserhorn cable railway. 

The two last-named dynamos are separately 
excited from the same main shaft by two bipole 
6 horse-power dynamos of 1600 revolutions and 600 
volts, provided with a Thury automatic regulator 
for the purpose of compensating the variations of 
load by varying the excitation.t All these dy- 
hamos, as also the motors on the three lines, are of 
the Thury type (Société de l’Industrie Electrique, 
Geneva), while the turbine was supplied by Messrs. 
Th. Bell and Co., of Kriens, near Lucerne. A 
150 horse-power turbine and dynamo, by the same 
makers, will be added shortly to the existing instal- 
lation. The power station is owned and worked 
by Messrs. Bucher and Durrer, who supply power 
to the three lines at a rental of 100 francs (4/.) per 
horse-power per annum. The first cost of the 
hydro-electric installation is about 300 francs (121.) 
per effective horse-power. Power is transmitted 
to the three Stanserhorn motor stations, as well as 
to the road railway, by two 9-millimetre feeders 


sections is 





* The cost of the 60 pay <! spy reserve steam plant 
per station may be taken as follows: 


Fr. 
Boiler... 7,500 
Pipes ... Sem sa io “a ae 500 
Engine ve at aa wis rr 8,000 
Chimney and masonry ‘ia 5,000 
Carriage and erection 9,000 


30,000 
or 1200/., equal to 20/. per horse-power. The cost of fuel 
delivered on the spot is 42 francs or 26s. per ton. 

+ This type of automatic regulator, as also the Thury 
hexagonal amos and motors, were illustrated in Ena1- 
NEERING, vol. lvii., page 437. The oe presupposes, 
for its efficient action, constant speed. But at the power 
station under notice, the fact of one turbine driving 
various dynamos for three different lines with great varia- 
tions of load, renders the turbine speed more or less 
variable, and hence the electric regulation in the exciters 
generally comes too late. 





t For illustrations see ENGINEERING, vol. lvii., pages 
375 and 440. 
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STANSERHORN ELECTRIC CABLE RAILWAY. 








Fia. 


for each, carried on ordinary porcelain insulators 
and poles which also carry four telephone wires. The 
central power station, as well as the motor stations, 
are protected by Thury lightning arresters, com- 
posed of toothed discharges with condenser and im- 
pedance coil, as usual in installations made by the 
Geneva Company. 

Motors.—The mean loss in transmission is 12 per 
cent. The effective maximum power which the 
motors have to develop on the three sections re- 
spectively works out, according to the formula 


given in the preceding cases, as follows : | BESS 


Ist section (6.7 +2.7 — a + 5) x 2_ og HP, 
ond (6.7 + 4.0—4 5) x (510 + 5) x 1 _ go 


75 s 
(6.7 + 4.5— = (570 + 5) x 1 — 5 
‘ 


3rd 


” 


119 ,, 
The total efficiency of the 150 horse-power gene- 
rator in respect of the combined motive power at 
the cable winding drums is, therefore, 73 per cent., 
or, owing to the absence of the bevel gearing at 





the motor stations, 13 and7 per cent. more than on | } 


32. Seconp Section ; 60 PER CENT. GRADIENT. 


Fic. 33. 
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Fig. 30. 


STANSERHORN. 








the Burgenstock and Salvatore lines respectively. | eam 


Cost of Construction. —This was as follows, for 






























3.6 kilometres (2.25 miles) of line, generating 
power not being included : 
Per Per 
aie Totsl. ‘Kilometre| Mile. 
fr. fr. £ 
Land and compensation .. 7,000 13,000 832 
Works es ~ 780,000 216,700 13,870 
Permanent way... 200,000 55,600 3,559 
Stations and sheds . ie 87,000 24,200 1,549 
Telephone, signals, fencing, &c. 17,000 4,700 301 
Wire transmission, electric mo- 
tors, and reserve steam plant 210,000 58,400 3,737 
Cables and accessories .. ‘ 16,000 4,400 | 282 
Six cars, 12,000 francs 72,000 20,000 1,280 
Administration and engineering 6,000 1,400 89 
Interest during construction 66,000 18,300 1,171 
Total 1,500,000 | 416,700 26,670 


The elimination of the rack insures, per se, a 
saving of 30 francs per metre, or of about 4000/. on 
the whole line; but this is balanced by the 
additional cost of the reserve steam plant at three 
separate stations. Having regard to the high cost 
of fuel, and to the time required for starting the 
steam engines in case of emergency, it would have 
been better to instal, as reserve, petroleum motors, 
or, still better, another electric motor at each 
station, the outlay being 20001. instead of 4000). 
The proper place for reserve steam plant, in com- 
bination with an accumulator battery, is the 
central power station, in case of ice in the turbine 
chamber in winter. 

Working.—The line was opened for traffic in the 














Turrp Section ; 60 PER CENT. GRADIENT. 
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summer of 1893. The staff of the railway, besides the 
stationmaster at Stans, is composed of six drivers, 
six guards, three mechanics, and three assistants at 
the motor stations, and three men for the line, the 
pay of each averaging 100 francs per month, or 
18s. per week, including that of 52 holidays per 
annum. The ordinary service comprises 10 trains 
each way per day during six months, equal to 
about 13,000 kilometres or 8,000 miles per season, 
so that each of the three cables makes about 
4800 kilometres or 3000 miles per annum. The 
life of each may be taken at about seven years, 
viz., at a total mileage of 32,000 kilometres or 
20,000 miles. The passengers number about 20,000 
per season, the fares being 5 francs per up trip, and 
8 francs or 6s. per up and down trip. Although 
the line, being on the north side of the mountain, is 
much exposed, it has shown itself to be proof 
against several violent storms, and the service has, 
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Automatic Turnout. 
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ever since the opening, been conducted with the 
greatest safety and regularity.* 

For the first year, viz., from August, 1893, to 
the same month, 1894, the working results are as 
follows : 


go Total. | Per Train | Per Train 














Kilometre. | Mile. 

t. | fr. } @ @ 

Gross earnings “ --| 150000 | 7.00 | 9 0 
Working expenses .. ee 75,000 3.50 46 
Net receipts.. as ne | 75,000 | 8.50 | 46 


equal to a return of 5 per cent. on the capital cost. 
IV.—Concuvsion. 

It has been shown that, apart from electrical and 
mechanical improvements in each successive case, 
the three lines, constructed within the short space 
of six years, constitute a consistent and remarkable 
development in the application of electrical cable 
traction on mountain railways. While the length 
of cable of the Salvatore line with a midway motor 
and intermediate winding station is about double 
that of Burgenstock, the total length of Stanser- 
hofn is 2.5 times that of Salvatore, each of the 
three sections being worked without intermediate 
winding. 

*The results achieved by these electric cable rail- 
ways are the more striking when we compare them, 
and more especially the Stanserhorn line, with two 
rival steep-grade lines hitherto regarded as unique 
in their way ; to wit, the Lauterbrunnen cable rail- 
way already mentioned, which has the same maxi- 
mum grade (60 per cent.), but is laid with the 
ladder rack, and is worked with water ballast ; and 
the Pilatus Railway, which has a maximum gradient 
of 48 per cent., is laid with a double vertical 
(Locher) rack, and is worked with steam locomo- 
tives combined with a passenger car. The com- 
parative cost of construction and working, as well 
as the car loads, are shown in the Table on the 
next page, the number of passengers per car or 
train being 36 in each case. 

It is seen that the electrical lines effect the fol- 
lowing saving as against the two other lines : 


In cost of construction ... 36 per cent., or about 
one-third. 

», cost of working .. 85 to 64 per cent., or 
one-third to two-thirds. 

»» train load me .. 40 to 63 per cent., or 
one-third to two-thirds. 

»» fares As ve ... 60 per cent., or about 
two-thirds, 





*Daring a violent storm in July, 1894, the motor 
station on the summit was struck by lightning, and the 
motor armature burnt out by being short-circuited, in 
spite; of the Thury lightning arrester. The service was 
interrupted for a couple of hours, viz., during the time 
required to start the reserve steam engine. On such lines 
the service should be stopped altogether during heavy 
thunderstorms, 
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CompaRATIVE Data Retatinc To Stker-GRaDE Mountain RaILways. 























7 | 
Cost of Cost of 
| Construction | Working per ‘s Fares 
ee |Summit 7 | Train 
—— siasaans Worked with awa’: Length. Rise. ee = gerd — 
per per | Train Train | 
Kilom.| Mile. | Kilom. Mile. 
namin a Lt metres | kilom metres fr. £ | fr. 8. “¢ - & 
Lauterbrunnen | Cable and rack Water ballast 1490 1.2 675 | 660,000 | 42,240 5.2 6 1 80 
Pilatus .. -. Rack ..| Steamlocomotive:| 2066 | 4.3 1625 | 561,000 | 35,904 9.6 12 2 11 1.80 
Stanserhorn .| Cable, no rack Electric motors... 1850 | 3.6 1400 | 416,700 | 26,700 3.5 45 6.7 1.10 
Salvatore .. Ceble and rack ” ” 883 1.5 601 | 392,200 25,100 | 3.6 4 7 6.7 1.90 
Burgenetock . mn 9 ” o 879 0.8 440 402,000 | 25,728 | 2.5 3 8 6.0 1.00 








These figures speak for themselves, and strikingly 
attest the superiority of electrical traction on all 
heads, while another conspicuous merit consists in 
the smoothness of motion on all the three electric 
cable railways as compared on the one hand with 
the jerking motion peculiar to the locomotive and 
double rack of the Pilatus line, and on the other 
with the hammering of the ladder rack and the 
irregular motion due to the water ballast used 
on the Lauterbrunnen Railway. It is not too 
much to say that the water ballast system of 
this last-named cable railway will in future 
only be applied in isolated cases, while the 
costly and unremunerative experiment of the 
Pilatus Railway has not been, and is not likely 
ever to be, repeated. More especially to the latter, 
the Stanserhorn Railway is proving a most formid- 
able rival, not only on account of its intrinsic 
superiority, of the absence of smoke, and of its far 
cheaper fares, but because it has triumphantly 
proved that an electric cable railway, with consider- 
ably steeper grades, can, if worked in sections, 
carry, at less than half the expenditure, and at the 
same speed, fully the same amount of traffic as a 
line of about equal length worked with steam loco- 
motives. 

The question whether on such long cable lines as 
that of Stanserhorn, a rack should or should not be 
used, depends chiefly on whether on such grades as 
60 per cent. the rack itself really constitutes a 
safety factor. The writer has already on a former 
occasion pointed out that on such grades the ladder 
rack is practically useless ; but the same cannot be 
said of the Abt rack, whose double teeth, acted upon 
by double pinions, do unquestionably supply an 
additional safety factor in the event either of fracture 
of the brakes on the car, of the snapping of the 
cable, or of the failure of the speed regulation at 
the motor station. Hence, the elimination of the 
rack is not to be recommended for reasons of mere 
economy in construction. 

It may, in conclusion, be mentioned that the 
supervision exercised by the Swiss Federal Rail- 
way Department over all the cable railways is of 
the strictest kind. Every cable, before it is 
allowed to be laid down on the line, is officially 
tested for maximum tensile strength at the Federal 
Testing Office at Zurich. It is further subjected, 
together with its connection with the cars, to official 
tests on the line twice a year, and has to be re- 
newed as soon as its tensile strength is less than 
four times the maximum working strain. The best 
proof of the careful and safe working of the 16 
cable railways which have been opened for traftic 
in Switzerland during the last 15 years, consists in 
the fact that during the whole period no accident 
attributable to defective construction or careless 
working has been recorded. 

(To be continued.) 





TEQUIXQUIAO TUNNEL FOR THE 
DRAINAGE OF MEXICO. 

Mexico has a situation almost unrivalled for its 
beauty, in a valley richly fertile, encompassed on 
all sides with great mountain ranges clothed with 
gigantic cedars and lofty pines, while away to the 
east the peaks are covered with eternal snow. Such 
a site naturally charmed the Aztecs, and in the 
midst of the lake in the valley they founded their 
city of Tenochitlan, an old-world sort of Venice, 
with its streets half water, half causeway, some- 
times wholly water, on which the people—priests, 
warriors, or merchants—sailed to and fro amidst 
the gay-coloured houses in canoes garlanded with 
the flowers which grew in such profusion on the 
lake. Then came the Spaniards as conquerors of 


the new world ; the old-time canals were filled up, 
the city extended, and great walls built to keep 





of drainage—an outlet for the waters—obtruded 
itself. 

A scheme was originally gs ge by Viceroy 
Martin Enrique for a tunnel fully 4 miles long, 
114 ft. by 14 ft., through the hill of Nochistongo to 
the valley of Tula, beyond the hills which encom- 
passed the valley on the north-western side. This 
was accomplished by 470,000 Indians in two years 
—a splendid result for those days (1609). The 
tunnel was neglected, got choked up, and the city 
was inundated owing to the walls being inadequate. 
News of the disaster reached the ears of the Spanish 
monarch, who ordered the abandonment of the site 
and the building of a new city on the hillside ; but 
love of the traditions prompted the people to forget 
this royal edict, and they set to work to open up 
the tunnel. Thus was formed that cut, which 
looks like a natural gorge, and through which the 
Mexican Central Railway now runs. The gigantic 
nature of the task is suggested by the fact that the 
cut is 13 miles long, varying in width from 280 ft. 
to 360 ft., with a depth of from 150 ft. to 200 ft. 
The relief thus afforded was but partial, although 
the cut takes the drainage of one of the lakes, 
the one at highest level. There are other five, 
the original lake having got divided into six, some 
of salt, and others of fresh, water; and almost 
the entire area of the valley—1660 square miles— 
was still without natural outflow. Thus during 
the wet season the city was seriously inundated not 
infrequently. 

But now a tunnel has been pierced through an- 
other of the mountains, and will soon obviate all 
difficulties. This is a modification of a scheme 
proposed many years ago by Francisco Garay, an 
eminent Mexican engineer. The drainage of the 
northernmost lake, Zumpango, the one at highest 
level, passes through the cut described ; the lake 
at lowest level is Texcoco, which also receives 
the drainage of the city. The annual rainfall is 
20 in. = 155,000 million cubic feet. The evapo- 
ration is very rapid; but the rain falls within 
a short period, and thus 28,250 million cubic feet 
reaches the lakes in addition to the quantity passing 
through the northern cut. The works now being 
completed consist, first, of a canal constructed by 
Messrs. Pearson and Son, and the Tequixquiac 
Tunnel, constructed by Messrs. Read and Campbell, 
both English firms. 

The canal starts at the city gates, and is 22 miles 
long to the new tunnel, which pierces the northern 
boundary of the valley, discharging the waters 
into the valley of Tequixquiac. The purpose of the 
two works is to control and dominate the water in 
the lakes, not to drain them, and to afford an outlet 
for the storm waters and sewage of the city. The 
canal implied the excavation of some 425 million 
cubic feet of material, which has been effected by 
large floating steam dredgers, and is now nearly 
complete, barely a year’s work being still required. 
The canal varies in depth from 17 ft. to 65 ft., with 
slopes at an angle of 45 deg. Numerous subsidiary 
works in connection with the crossing of railways 
and high-roads and the making of sluice gates enter 
into the project, and add to the already numerous 
— proper to the excavation of this immense 
canal. 

The tunnel involved many interesting problems, 
and the solution of these is suggested by the detail 
drawings reproduced on page 280, for which we 
are indebted to Mr. J. Fletcher Toomer, Assoc. M. 
Inst. C.E., chief agent and engineer for Messrs. 
Read and Campbell. The length of the tunnel is 
6} miles, and it has been constructed according to 
desigus supplied by the Government engineers. 
The gradient is 1 in 1388.88. The section is as 
shown on Fig. 6. The chord of the arc of the 
tunnel and the height are each nearly 14 ft., the 
arch being of four-ring brickwork in mortar com- 
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out the waters of the lake. 





posed of three equal parts of hydraulic lime, sharp 


sand, and texontle, the latter a sort of ferruginous 
lava. The mortar sets in 36 hours. The invert 
and side walls consist of artificial blocks with a back- 
ing of volcanic stone in mortar. These blocks are 
16 in. by 8 in. by 6 in., made of one part of Port- 
land cement to three of sand. 

Twenty-five shafts were sunk on the line of the 
tunnel, 1575 ft. apart. The walls are curved on 
plan, the measurements at corners being 7 ft. by 
10 ft. The lining is of 18-in. brickwork (Figs. 1 
to 4, page 280), and the depths varied from 66 ft. to 
301 ft. The method of sinking the shafts, ulti- 
mately adopted, is shown by Figs. 1 to 4. An 
ordinary single cage, having a car without side 
plates, was used, and run in the usual way on wire 
guides. The wire guides were attached at the 
bottom to a heavy cast-iron plate, weighing about 
half a ton. In this plate were bored two holes 
for the guides. This weight (Fig. 2) served to 
keep the guides from swinging, and the cage ran 
smoothly. The top ends of the guides were passed 
over pulleys at the top of the head-gear, and 
thence down to the drum of a winch anchored in 
the position shown on Fig. 1. Excavation was 
carried on all round the cage and lower than the 
cage as long as the men could shovel the dirt up 
into the cars ; after this the middle was cleared out 
whilst the cage was up, and the spoil shovelled back 
to the sides, to be put afterwards into the car. After 
excavating 2 ft. or 3 ft. below the weight (Fig. 2), 
the guides were slacked away by the winch, and the 
weight again allowed to rest on the bottom. The 
ordinary platform and trap-doors were used above 
the cage when down to keep the workmen from 
being injured by anything falling. The cage was 
naturally up while the material was being blasted. 
Boards were placed against the guides, and neither 
the guides nor the weights suffered from the blast- 
ing. The timbering was in lengths of 16 ft. in 
the usual way, the brickwork being laid on pine 
frames 16 in. by 6 in., which, after the length 
was lined up, were back-propped in the ordinary 
way, and sinking was then resumed. 

The quantity of water encountered in the shafts 
varied from 350 gallons to 1000 gallons per minute. 
The pumping arrangements are shown on Figs. 3 
and 4. One or two 16-in. double-acting Cornish 
pumps were kept working, each capable of raising 
500 gallons per minute to a height of 300 ft. The 
pumps were placed on strong iron girders, the ends 
of which rested on oak blocks and ran back 2 ft. 
into the brickwork. They were supported as usual 
on the shafts; the pumps were also slung by a 
1j-in. steel wire cable, attached to a 25-ton crab 
winch on the surface. This cable was kept just 
taut to avoid any jar cracking the shaft lining. 
Sinking was carried on to about 14 ft. below 
the pumps, which had telescopic suction pipes, 
when the pumps themselves were lowered and 
connected again in 2} hours. Quick work was 
necessary, plunger pumps being in use. In the 
event of accident and repairs, a diver had to be 
employed, and he was supplied with electric 
light and telephone. The water for the most part 
came down like a rain shower, though occasionally 
veins and pot holes of water were cut. 

All engines were compound, and some of the 
pumping engines compound condensing. Two 
cages were used, one up and one down, and at the 
pit’s mouth there were two platforms, the lower for 
lowering material and the higher for hoisting spoil. 
Each platform was provided with turntables, two 
at the back and two in the front of the cages 
(Fig. 5). The pumps were actuated by horizontal 
geared engines, the T-bobs of the pumps being 
coupled where two pumps were used. In order to 
get the pumps into the shafts, the rising mains at 
the top had to have a set-off to allow them to pass 
out under the T-bobs. The shafts were made bell- 
mouthed at the bottom simply to allow room for the 
valve chambers of the pumps, as shown in Fig. 4. 
The bent pipes on the suction shown on this figure 
were to allow the cars to pass out of the cages at 
the back on to the turntables. 

The tunnel was driven largely through sandstone 
carrying lime, varied occasionally with soapstone, 
slickensides, occasionally conglomerate, and, more 
rarely still, shale. Water existed in nearly the 
entire course of the tunnel in large quantities. In 
the softer parts the ground always swelled, whilst 
in the habdat parts, if not supported above, it in- 
variably cracked off, and in the cases of soapstone 
and slickensides, slipped off in large pieces. 

The tunnel heading measured, inside timbers, 








6 ft. 6 in. in height, 5 ft. in breadth at bottom, 
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d 4 ft. at top, and had in the middle a water 
aan 3 ft. to 3 ft. deep (Fig. 7), for draining off 
the water. The discharge at the mouth of the 
tunnel was about 6000 gallons per minute. The 
sections, Figs. 7 and 8, show the work in the 
sandstone. Six holes were drilled 6 ft. 6 in. deep, 
with mandrils 8 ft. long, made of hexagonal drill 
steel { in. in diameter. Five cartridges with 1 Ib. 
of Nobel’s dynamite were used in each hole, equal 
to 6 lb. for the face. The cartridges were tied to 
laths, the middle one having a quintuple force cap 
and fuze to reach 4 ft. out of the hole when the 
charge was driven in. They were dipped in grease 
to make them waterproof before being taken into 
the tunnel. The 8-ft. drills were usually put into 
the holes to keep the charge down. About 210 
cubic feet of material was dislodged by each shot 
on to the timber platform (Figs. 7 and 8). In driv- 
ing three miles of heading in this way not one man 
was injured, and the men usually returned from 
their distance of 50 yards to the face immediately 
after the shot. 

The timbering had to be promptly done, for 
although the ground was hard, it began to break 
away almost in an hour after exposure. It also 
swelled. The settings were put up at first 64 ft 
apart (Fig. 8), close boarded, and kept within 6 ft 
of the face. The side trees of the first settings 
were sawn pine 6 in. by 7 in. by 6 ft. 6 in., placed 
on pine blocks, and the head trees 6 in. by 7 in. by 
5 ft. All timbers were cut to their bevel before 
being sent down, and the brobs driven in the head 
trees. The polling boards were at once put in and 
lightly packed behind with hard lumps of sand- 
stone. Following at about 10 yards distance, men 
were employed putting in intermediate timbers, 
similar to those at the face, but with 8-in. side 
trees, and extending to the bottom of the drainage 
channel (Fig. 8). Cleats were nailed to them, on 
which rested the cross-beams for the railway, which 
also served as stretchers. At the same time all 
side trees were stretched under the head trees with 
4 in. by 6 in. stretchers, and 12-in. boards laid on 
either side of the track as gangways. The water 
channel was sometimes lined, sheet piling being 
driven outside the rails. 

Tipping wagons of 12 cubic feet capacity were 
used, the size being prescribed by several considera- 
tions, which need not be enlarged upon. To pro- 
vide for the passing of the wagons on the single 
line of rails, an intermediate setting at 100 ft. 
intervals was left out, leaving a recess on either side 
into which the empty wagon was tilted until the 
full wagon passed. Fig. 11 shows how the arrange- 
ment worked. Wagons Nos. 1 and 2 are on the 
rails on the way to the shaft, while wagon No. 3 is 
being filled. As soon as the latter passes from the 
face, wagon No. 4 takes its place, each empty 
wagon in a recess moving to the next recess nearer 
the face as the full wagon No. 3 passes down on its 
way to the shaft. When recesses were being made, a 
car was placed on the main track opposite the position 
of the recess, and the spoil shovelled straight into 
it ; the rule being that whether this car was full or 
half or only a quarter full, it must go right out to 
the shaft as soon as the full car from the face was 
heard approaching. Thus no time was lost, and 
spoil never accumulated in the face. The rail- 
way was on the Decauville system, 2-ft. gauge, 
with 12-lb. rails and iron sleepers, and was laid 
in 20-ft. lengths. The water channel was excavated 
with long chisel-pointed bars, and then shovelled 
out on to the pathway boards on either side of the 
track, and from there into wagons, the same 
rules applying to these cars as applied to those 
taking spoil from the recesses when they were 
being made—they had to go straight to the shaft. 
The water channel was never covered in, and the 
ganger carried a pointed stick with which to probe 
it as he went along to see that it was clean. 

For ventilation Root’s blowers No. 1, with 6-in. 
outlet, were used, each blower being worked by 
asmall engine on the surface, and a 6-in. spiral 
tube being carried in to within 10 ft. of the face, 
which always gave sufficient air at 700 yards from 
the shaft. The tubes in the headings were sup- 
rie?) by iron hooks driven into the side trees 

ig. 7). 

This work of driving a heading was undertaken 
by sub-contractors, who were required to drive, in 
24 hours, a minimum of 8 metres, duly timbered 
up, with track laid, water channel, &. The maxi- 
mum reached was 13.25 metres, the maximum in 
one month being 222 metres. The sub-contractors 
were paid a premium for greater speed than the 


minimum, the amount per metre increasing with 
each extra metre. The sub-contractor employed 
two timbermen, who put up the timber and worked 
12 hours on and 12 hours off. All the rest of the 
men below worked only four-hour shifts, and were 
not allowed to work two four-hour shifts in succes- 
sion, but might work two four-hour shifts in each 
24 hours. Nomen were allowed to leave the pit 
until the men of the next shifts were there to take 
up their tools. All changes of shifts were called by 
the timekeeper on the surface, by having the venti- 
lator stopped 10 seconds. There were 60 men on a 
shift, including a ganger. The men were divided 
into shifts of different hours to prevent the foremen 
always working with the same gang. The enginemen 
on the surface worked 12-hour shifts, the winding 
drivers being paid extra to wind in their meal hours. 
The staff of 60 was thus divided : two timbermen, 
four men at the drills, two clearing the débris, 22 
loading wagons and running them in succession 
(two for each wagon), two platelayers, four men 
putting in intermediate settings and stretchers, one 
looking after ventilators, 10 working in the water 
channel, one distributing oil and greasing wagons, 
one boy making up explosive laths, two hookers- 


.|on, two banksmen, and overseers, foremen, and 


timekeepers. The following gives the details of 
cost of driving heading : 
Cost of Driving Heading. 























Number of Heading. No. 12. No. 7. No. 7. 
Length of shift .. ; 8 hours 4 heurs 4 hours 
Driven in one week -| 836 metres | £0 metres | 70 metres 
dols. ols. dols, 
Sub-contractor 590.00 983.92 1296.00 
Day work 124,26 157.00 222.65 
Miners we 42.00 69.75 67.75 
Dynamite, &c. : 39.10 51.20 85.40 
Watchmen’s wages. . 6.30 6.30 6.30 
Ventilating .. 22.60 22.60 22.€0 
Winding 34.58 84.58 34.58 
Coal .. 178.50 178.50 131.00 
Timber Pe 848.00 425.50 595.60 
Digging ditch 118.00 150.00 210.00 
Deepening ditch .. 36.00 _ — 
Total .. 1703.83 2078.85 2771.28 
Cost per metre 41.75 41.57 39.57 











In the first case the miner was paid 1} shifts each 24 hours, and 
pend =~ other two cases the miners were paid two 6-hour shifts 

The process of opening out and lining, where the 
ground was good, was carried out in six 21 ft. lengths, 
one ahead of the other, the heading being opened 
out to the full dimensions at the rate of 26 lineal 
feet per day. The section (Fig. 10) shows the state 
of progress at the several lengths. At the toothing 
end, invert and side walls are completed, and the ribs 
set ready for throwing the arch. The second length 
has all the bars up and is lined above water level ; the 
platform erected overhead is to admit of the bars 
from the lengths further in being removed without 
injury to the bricklayers below. In the third length 
preparations are being made for the bricklayers in 
the bottom and sides, a wooden trench being pro- 
vided for drainage water. In the fourth length the 
excavating is completed, but all the timbers are up ; 
the fifth length has three bars up and the nipper 
sill in, and the sixth length the crown bar up and 
nipper sill in, while in the latter and beyond 
the excavating is proceeding, the material being 
dropped through holes into the wagons below. Two 
sets of bricklayers worked in shifts day and night, 
one at invert and side walls and the other at the 
arch. Thus, a little more than a length was turned 
in a day, or in a month, excluding Sundays, about 
500 ft. excavated and lined. As the distance be- 
tween shafts was 1575 ft., it was not thought 
necessary to have break-ups between the shafts. 

In heavy ground a full set of timbers had to be 
used. Iron, however, was adopted in place of 
wood for the bars, stretchers, and cock-roosts, 
in view of the less room taken up, and yokes 
were also used to keep the bars at an equal dis- 
tance and keep the stretchers from bending them 
out of line. e details of these are shown with 
Figs. 12 and 13, and the method of extemporising 
these various parts is most interesting, and does 
credit to the contractors’ engineer. For bars, 


11 of these were used in place of nine wooden bars, 
and they were allowed about 3 in. more drop in a 
16}-ft. span. The bars were always turned the 
reverse side up after each length. For bar 
stretchers some 3-in. tubular pump-rods were cut 
of different lengths to correspond to the dis- 
tances between the bars, and a screw 9 in. 





long turned into one end and a swivel in 





three 45-Ib. rails were laced and bolted together ; | 


the other; the heads of both were rectangular, so 
as to catch well into the sides of the rail bars. 
The yokes were made of 4 in. by in. iron, and 
were put on as soon as the bars were up. When 
once the yokes were on, the stretchers were screwed 
up tight by means of a strong wrench 2ft. long, which 
was applied to the middle of the stretcher where it 
had been hammered square. The cock-roosts were 
made of 4-in. pump-rods in the same manner as the 
stretchers, but the head of the screw and swivel 
respectively were in the form of a jaw that fitted 
diagonally on the side of the rail bars. These 
were usually about 9 ft. long, to reach from the 
third bar on one side to the ninth on the other at 
the point where two cock-roosts intersected ; a 
cast-iron saddle (Fig. 13) was placed above them, 
fitting over both, on which was placed a 3-in. 
stretcher reaching up to the crown bar. A strong 
chain was then thrown over the crown bar, and 
under the point of intersection of the cock-roosts. 
This was hooked tolerably tight, and then the 
stretcher was screwed up quite tight. The number 
of cock-roosts put in was, of course, regulated by 
the weight of the ground. 

The result of using iron was that it formed a 
very strong well-braced arch. Using nine bars 
averaging in diameter from 12 in. to 14 in., lengths 
could be taken out and squared up to only 134 ft., 
whereas with the ironwork lengths of 164 ft. were 
taken out with ease. Thus a length of 100 ft. was 
worked in one month in one face. Wooden props 
were used, as iron ones proved too slippery, and 
it was, of course, impossible to drive nails in 
them. It follows that since the iron bars, &c., 
occupied less room, the area to be excavated was 
less; fewer men were needed to handle the iron 
bars, as they were lighter and did not increase in 
weight, like timber, when wet. The bars, too, 
were small, and could be passed between the 
props, were easily drawn, much cheaper, as they 
can be used for an indefinite number of times, and 
long lengths could be taken out with greater ease. 

The work, as we have stated, is now practically 
completed. Itis the longest tunnel completelylined 
with brick yet constructed, and its magnitude is in 
some measure indicated by the extent of the plant 
used. 108 engines were employed in pumping, 
winding, ventilating, sawing, mortar-making, and 
brickmaking. Five locomotives were used to haul 
material. The material used in the construction of. 
the tunnel was : 22,000,000 bricks—these were all ° 
made on the works at the rate of 30,000 daily ; 
1,000,000 artificial stone blocks, made at the rate 
of 1000 daily ; 706,000 cubic feet volcanic stone ; 
880,000 cubic feet texontle and lime mortar; 
441,700 cubic feet of lumber ; 20,000 tons of coal 
were burned in the engines and forges ; 1,120,000 
cubic feet of oak wood were consumed in lime- 
burning. 

The magnificent progress was largely due to the 
splendid organisation—one operation seldom, if 
ever, clashed with another—and to the working at 
different jobs contemporaneously in the compara- 
tively small heading. The division of work into 
the very sniall shifts is also regarded by those asso- 
ciated with the job as a distinct success, as the men 
engaged in very wet places could work with the 
greatest activity the whole time of the shift. The 
arrangement of details, to which we have given ro 
much attention, was clearly largely contributory to 
the expeditious way in which the work was com- 
pleted. 





THE NEW NORDENFELT GUNS. 
(Continued from page 240.) 

Fias. 36 to 40 show the construction of the 75- 
millimetre field gun of the heavy type ; the dimen- 
sions are given on the next page in tabular form. It 
will be seen that it is built of one heavy tube rein- 
forced with a jacket extending well forward on the 
turning-pin by which it is connected tothecrosshead, 
and which is made in one piece with the jacket. 
Near the forward end of the latter a slightly pro- 
jecting collar is turned on the tube, and over this 
is shrunk the jacket, which is made with a corre- 
sponding recess, while at the rear it projects far 


| enough beyond the tube to form the seating for the 


breech screw. As will be noticed in Fig. 36, in 
front of the breech-screw seating the jacket is made 
with an abutment for the end of the tube to fit 
against. The light pattern gun (Figs. 41 to 46) 
is constructed in the same manner, except as re- 





gards the proportions. The following are some of 
the weights and dimensions : 
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Calibre; Heavy Type. 
Length of bore, 
Total length of ‘gun we 
Number of grooves 








Particulars of New Nordenfelt Field Gun, 75 Millimetres Distance between sights... 1 metre (39.37 in.) '2 deg. 19 min. 48 sec., and beyond, the angle is 
increased to 6 deg. The weight of the projectile 
fired from this gun is about 13 lb. ; the initial 


Fie. 49. 
Weight of breech mechanism 15 kilos. (33 lb.) 
. 75 mill. (2.95 in.) ” gunwith ,, » _ (660 ,, ) 
Ratio of weight to projectile 51.28 age 
ais 98 calibres Preponderance on elevating velocity is 500 metres (1640 ft.). 
... 2.094 metres (82.44 in.) | Perm tee ass i : ; = 
ms 24 limber, is 268 kilogrammes (590 Ib. ). 


7 mill. (.28 in.) | The rifling is not uniform; from the chamber to. The lighter ty 
ce.» eo) one-fourth the length of the bore it has an angle of projectile (11 ws, 





5 kilog. (11 1b.) each horse, including gun, carriage, and loaded 


of gun fires a 5-kilogrammes 
with an initial velocity of 450 
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metres (1475 ft.). The weight per horse, includ- 

ing gun, carriage, and limber, loaded with 50 cart- 

ridges, is 219 kilogrammes (482 lb.). Some of the 

leading particulars of this pattern are given below : 

Particulars of New Nordenfelt Field Guns, 75 Millimetres 
Calibre ; Light Type. 


Calibre ... “ es . 75 mill, (2.95 in.) 
Length of bore, including 

chamber wae 3 aie 24 calibres 
Total length of gun ... ... 1,944 metres (76.53 in.) 
Number of grooves oe 24 
Width . We .. Tmill, (.28 in.) 
Depth - se eet eee (.02 ,, ) 
Distance between sights _... 800 (31.50 ,, ) 


Weight of breech mechanism 15 kilos. (33 ib.) 
- gun with ,, 250 ,, (000,,) 
Ratio of weight of gun to pro- 
jectile .. oe aes wite 50 
Preponderance on elevating 
GOW) i, Sc is. tee By (11 ,, ) 

The angles of rifling are the same as in the 
heavier type of gun. 

The form of limber accompanying these guns are 
illustrated by Figs. 50 to ¢3. The body consists of 
one horizontal and two vertical frames, made of 
light steel angles, and has sitting accommodation 
for two or three gunners; the frames are so 
arranged as to serve as receptacles for the ammuni- 
tion boxes. In the centre is a U-shaped brace, to 
the front of which is secured the pole and shafts 
and attachments for the traces; at the rear the 
brace carries the hook to which the trail is coupled 
when travelling. The distance between the axle 
of the limber and that of the gun carriage, is 
19 ft. 6in., which is not too great to allow the two, 
when travelling, to turn within a very limited space. 
The carrying capacity of the limber, besides the 
men, is eight ammunition boxes (made of alumi- 
nium), each containing six cartridges. The follow- 
ing are some detailed particulars of the field gun 
carriages, limbers, and ammunition wagons : 

Particulars of New Nordenfelt Field Gun Carriages, 

Timbers, and Ammunition Wagons. 


Gun Carriage. Heavy Type. Light Type. 
Height of axis of 

gun in firing 

position --- 1.078 m. (42.44 in.) 930 mill. (36.61 in.) 











Gun Carriage. 
Horizontal _ dis- 
tance between 
axle and trail ; 
ae ... 1,895 m. (74.61in.) 1.640 m. (64 57 in.) 
Preponderance of 
trail end in fir- 


ing position 
Ang 
Horizontal range 


on each side ... 
Recoil of gun on 


carriage ... 800 mill. (11.81in.) 390 mill. (11.81 in.) 


Diameter of 


wheels... ... 1.480 m. (56.30 in.) 1.200 m. (47.24 in.) 
»» ) 1.300 ,, (61.18 ,, ) 


50 kilos. (110 Ib.) 
70 mill. (2 76 in.) 
Length of axle ... 1.866 m. (73.47 in.) 1.605 m. (63.19 in.) 
Area of shield ... 1.3 sq. m. (14 sq. ft.) 1.38q. m. (14 sq. ft.) 


Width of track ... 1.500 


Weight of each 


wheel ... ... 64 kilos 


Width of tyres ... 


Thickness of 
shield ... ae 
Weight of shield 
Weight of car- 
riage ... ” 
Weight of car- 
riage and gun... 
Weight of car- 
riage and gun, 
with 2 case-shot 
cartridges,spare 
arts, &c, ose 
eight of recoil- 
ing mass ; 
Weight in r 
cent. of total... 


Particulars of 
Limber. 


Weight of limber 


empty ... ... 290 kilos. (638 Ib.) 250 kilos. (550 Ib.) 


Diameter of 
wheels ... 


Width of track... 1.500 ,, (59 


Number of am- 
munition boxes 
(six cartridges 
in each box) ... 

Weight of car- 
tridge 
empty ... 












































. 50 kilos, (110 lb.) 50 kilos. (110 lb.) 


nglesofelevation —Sdeg. to + 20 deg. —8 deg. to+20deg. 


Tiles. (269 ii) 70 rilos. (14 te) 


. 1,430 m, (56.30 in.) 1.200 m. (47.24 in.) 
» ) 1,300 ,, (51.18 ,,) 




















Particulars of Heavy Light 


Limber, Type. Type. 
Weight of car- ial 7™ 

tridge “ box, 

with six car- 

tridges... .-- 43.5 kilos. (95.7 lb.) 37 kilos. (81.4 lb.) 
Weight of am- 

munition per 

limber... ... 312 ,, (686,,) 263 ,, (578,,) 
Weight of limber, 

with car- 

tridges, spare 

parts and tools 667 ,, (1467,,) 573  ,, (1260,, ) 

When the gun carriage and limber are coupled 
up for travelling, the distance between the two 
axles is so designed that the gun can be turned 
through an angle of 80 deg.; the total length 
from the end of the limber pole to the muzzle 
of the gun is 26 ft. 4in., and the weight of gun, 
carriage, and limber, with spare parts and tools, 
but without ammunition, is about 25 ewt. For 
the lighter type of gun these figures are some- 
what lower. 

In the following Table particulars are given of 
the ammunition provided for the Nordenfelt field 
guns : 

Ammunition. Heavy Type. Light Type. 
Length of alumi- 

nium cartridge 

case... ... 195 mill. (7.67 in.) 140 mill. (5 51 in.) 
Weight of alumi- 
nium cartridge 


case... ... «225 kilo. (.495 Ib.) (.20 kilo, (.44 Ib.) 
Weight of smoke- 


less powder 

charge ... ... +425 kilo. (.935 1b.) .280 kilo. (.616 Ib.) 
Length of shrapnel 

and fuze «- 229 mill.(9in.) 203 mill. (7.99 in.) 
Number of 4-02. 

balls... aa 159 121 
Number of cast- 

iron segments... 63 49 
Weight of burst- 

ing charge ... .080 kilo. (3cz.) .080 kilo. (3 oz). 


Weight of shrap- 

nel complete .. 5.850 kilos. (12.87 Ib.) 5.0 kilos. (11 Ib.) 
Length of cart- 

ridge complete 404.6 mill. (16 in.) 323.0 mill. (13 in.) 
Weight of cart- 

ridge complete 6.5 kilos. (14.301b.) 5.480 kilos, (12 1b.) 
Length of case 


shot... ... 250 mill. (9.84 in.) 190.0 mill (7.47 in.) 
Number of 1-oz. 
balls ... at 200 167 


Weight of case 

shot complete 5.850 kilos. (12.87 lb.) 5 kilos. (11 1b.) 
Length of com- 
EB cry cartridge 425 mill. (16.73 in.) 310 mill. (12.20 in.) 

eight of com- 

plete cartridge 6.5 kilos. (14.301b.) 5.48 kilos. (12 Ib.) 
Initial velocity of 

shrapnel ... 500m. (1640 ft.) 450 m. (1475 ft.) 
Striking energy 

at muzzle ...74m.-tn.(240ft.-tn. )51. 6m. -tn. (167 ft. -tn. ) 
Number of pro- 





4.5 kilos. (9.9 1b.) 


jectiles per bat- 
tery... “< 


1398 1182 
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efticiency of a field gun is largely dependent — 
especially on those occasions when rapid firing is a 
necessity—on the amount of ammunition available. 
In the Nordenfelt gun the availablesupply, exclusive 
of that carriedin the ammunition wagons, is5Orounds, 
two case shot on the carriage and 48 rounds on the 
limber ; this applies to the heavy and light types. 
This, together with the supply carried in the am- 
munition wagons, of which there are nine to a six- 
cun battery, gives about 230 rounds for the heavy, 
and 200 for the lighter type, exclusive of the 50 
rounds on the gun and limber. This represents a 
weight per gun of 30 cwt. for the 13-pounder and 
21 ewt. per gun for the 11-pounder. 

The foregoing conditions, to fulfil which the 
Nordenfelt guns are designed, are now generally 
recognised as being desirable in all efficient field 
guns. The data contained in the comparative 
Table on the opposite page are claimed by the 
Société Nordenfelt to represent accurately the 
weights and proportions followed, and the results 
obtained, in the most recent practice. 


(Zo be continued.) 





THE TWIN-SCREW CHANNEL STEAMERS 
‘““COLUMBIA ” AND ‘‘ ALMA.” 
(Concluded from page 210.) 

Tue service for which the Columbia and Alma have 
been constructed is not by any means a new one, 
although a great step in advance has been taken in 
making the speed 19 knots instead of 14 knots, as in 


To secure this end in a vessel of small dimensions 
involved a unique arrangement for a Channel steamer, 
and the deck plans published on our two-page plate 
are therefore of special interest. 

There are three decks, the promenade, upper, and 
main, represented respectively by Figs. 5, 6, and 7, 
on the two-page plate, while on the top of the bridge- 
house on the promenade deck there is a boat deck 
which is carried out to the full width of the ship, and 
thus forms a shelter for the promenaders. This boat 
and stowage deck is shown by Fig. 8, on this page. 
At the fore end of it is the navigating bridge, under 
which on the upper deck are the officers’ quarters, and 
here it may be stated that so far as navigating appli- 
ances are concerned, the vessel is fitted with that 
completeness which is characteristic of steamers con- 
structed by Messrs. Thomson. 

A large quota of the passevgers by the route are 
Transatlantic passengers between France and the 
States, who cross the Atlantic with the American or 
German vessels using Southampton Harbour. Be- 
sides giving every facility to them for changing ships, 
the railway company felt that it would be to the in- 
terests of the port if the new Channel steamers offered 
the same conveniences in private cabins, &c., as 
a liner. Thus when the specification was prepared 
by Professor J. Harvard Biles, the orthodox Channel 
steamer plan of a large cabin which served all pur- 
poses during the dayand was utilised at night as a large 
dormitory was discarded. As shown on the deck plans 
given on the two-page plate, and especially on the profile 
(Fig. 5), the centre compartment in the ship, 33 ft. 
long, was entirely given over to cabins arranged on 
three decks. Thus in the bridge-house on the prome- 





nade deck (Fig. 6) there are five separate rooms on 


The vessels are 270 ft. in length, 34 ft. broad, and 
23 ft. deep to the promenade deck ; the gross tonnage is 
1145 tons, and the nettonnage 410 tons. Mherhews been 
built under the survey of the Board of Trade, and are 
specially strong for their service. The frames are of the 
reverse angle type, and spaced about 21 in. apart. The 
interior is subdivided by 11 water-tight bulkheads 
into 12 compartments. The bulkheads are constructed 
of plates with flanges vertically instead of angles, the 
plates themselves overlapping—a system of construc- 
tion which resists greater lateral pressure than the usual 
method of angle stiffeners. Three of the compartments 
are, as shown on the profile, Fig. 4, occupied by ma- 
chinery, one in the centre of the ship by first-class state- 
rooms, one at the after end by second-class accommoda- 
tion ; while two at each end of the ship are entirely 
devoted to cargo, the others forward and aft being 
for storage, cargo, &c. The vessels would float with 
any two adjoining compartments flooded, and thus 
comply with the highest grade of the Bulkhead Com- 
mittee’s requirements. 

As we have already described in our previous article, 
the vessels are fitted with two sets of four-cylinder triple- 
expansion engines, each engine driving a three-bladed 
manganese bronze ~_—o Steam is supplied by 
two very large single-ended boilers, each boiler being 
in a separate compartment. At the trials of these 
vessels the mean speed on the measured mile was in 
each case slightly over 19 knots, and on the official 
trial of six hours’ duration, the contract speed 
of 184 knots was fully maintained without the least 
difficulty, the engines running with great smoothness 
and regularity at a mean rate of 184 revolutions, while 
there was a marked absence of vibration. The sea 
voyage is thus reduced, as we have already stated, 
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the case of the vessels formerly conducting the service. 
This means that the passage from Southampton to Havre 
will take 6} hours instead of 8? hours, and deducting 
the time the vessel is steaming inside the Isle of 
Wight—in Southampton Water and Spithead — the 
actual sea voyage is but 4? hours. The new vessels 
are, therefore, certain to popularise the service, which, 
it may be stated, hasa history of considerably over half 
a century, for it was inaugurated by the South of 
England Steam Packet Company, who originally ran 
the wooden-built steamer Camilla twice a week. This 
vessel was followed by the paddle steamers Atalanta 
and Grand Turk, likewise of wooden construction, but 
by no means insignificant vessels of their class in their 
day. Subsequently, with the advent of the London 
and South-Western Railway, the service was taken 
over by that enterprising company. They gave 
the promoters a guarantee for a term of years, cul- 
minating in the concern passing entirely into the 
hands of the railway company, who carried on the 
service with such success that the era of iron-built 
vessels found them adding to their fleet the paddle 
steamers South-Western, Wonder, and Express. The 
latter was in 1848 employed to convey the exiled King 
Louis Philippe to our English shores. Later on the 
paddle steamers Alliance and Havre were added to the 
fleet, the first-mentioned vessel being still employed by 
the company in their branch service between Jersey 
and France. 

As business developed, more commodious vessels 
had to be = in the service, and the next 
steamers added were the favourite seagoing ships 
Alice and Fannie, which did good work in the 
stirring times of 1870-1, and in course of time passed 
off, being replaced by the paddle steamers Wolf and 
Southampton. These ships continued a tri-weekly 
service till December, 1893, when a daily service was 
Inaugurated and accelerated by faster vessels, one of 
the steamers built by Messrs. Thomson for the Channel 
Island service being temporarily used on this route, 
Now the service is being conducted by the Columbia 
and Alma, which have accommodation for a total of 
547 passengers. Of first-class passengers 104 can be 





accommodated in state-rooms as in first-class liners. 





either side of a corridor, with a number of other 
rooms forward, principally for officers. On the next 
deck there are rooms at the side of the ship, with 
a number of rooms again in the centre, with smoking- 
room aft and breakfast and supper room forward, 
while on the main deck (Fig. 7) there are 16 rooms 
in the centre of the ship again. 

Thus there are berths for 104 first-class passengers 
in some 43 separate rooms. The state-rooms situated 
on the promenade deck are usually for two pas- 
sengers only, and are specially light and airy, 
having large square ports, while those on the 
upper and main decks are exceptionally lofty, and 
throughout the greatest care has been taken to tho- 
roughly ventilate the cabins. From the different com- 
partments there are led air trunks, by means of which 
vitiated air is exhausted into annular spaces round the 
funnels, while fresh air is supplied by large cowls, and 
is led through trunks of large sectional area to the 
different state-rooms, the supply to each of which is 
regulated by a sliding louvre. The first-class dining 
saloon is situated on the upper deck (Fig. 6), imme- 
diately forward of the machinery, and is beautifully 
fitted up, being panelled in polished sycamore, having 
carved panels alternating with mirrors. On the pro- 
menade deck is a spacious smoking-room panelled in 
dark oak, furnished with marble-top tables and with 
couches upholstered in red morocco. 

Atthe after end of the ship accommodation is provided 
for 50 second-class passengers in three large rooms, one 
for ladies and two for gentlemen (Fig. 6), the character 
of the accommodation being similar to that provided 
for the first-class passengers in the older steamers. 

The vessels throughout are fitted with a complete 
installation for electric lighting, several novel features 
having been introduced by Messrs. Thomson, the 
builders, one of the most important being a system 
of night lights for state-rooms. This arrangement 
allows the passenger to have a full light or a reduced 
light operated by the same switch. The night light 
is about one-half a candle-power, and gives a soft 
subdued light, just enough to show the outlines of the 
room. It should certainly be a great boon to timorous 





Bripcr and Boat Deck or Twin-Screw Streamers ‘‘CoLumBiA” AND ‘ ALMA.” 


to 43 hours. During the construction and acceptance 
of the vessels the owners have been represented by 
Mr. John Dixon, Docks and Marine Superintendent of 
the London and South-Western Railway Company, 
while the vessels have been built under the direct 
supervision of Professor J. H. Biles, who also pre- 
pared the specification. It may be mentioned that 
these vessels are the fourth and fifth constructed 
for the same owners by Messrs. Thomson, the well- 
known steamers Frederica, Lydia, and Stella having 
been turned out of the Clydebank yard in 1890. Since 
then they have worked constantly and regularly with- 
out giving any trouble. 

Our readers may be interested to know that the 
daily service provides a departure from London 
(Waterloo, station) every night (Sunday excepted) by 
the 9.45 p.m. mail train, the steamer leaving South- 
ampton at 12 midnight to arrive for the train leaving 
Havre at 8 a.m., due at Paris at 11.30. The last train 
from Paris (St. Lazare station) leaves at 6.52 p.m., and 
the steamers leave Havre at 11.45 p.m. every night 
(Sunday excepted) to catch the train leaving South- 
ampton at 6.40, and arriving at Waterloo at 9.45 a.m. 
This is the old favourite Normandy route for Paris, 
Havre, Honfleur, Caen, Trouville, Deauville, Rouen, 
Switzerland, South of France, &c., and the London 
and South-Western Railway Company are to be con- 
gratulated in possessing unquestionably the most con- 
veniently appointed boats crossing the Channel on 
night service. 

he progress on the service is indicated by the fol- 
lowing Table of steamers : 


Year. Name. Tons. Knots. 
— Camilla .. “ on es 280 9 
1845 Atalantaand Grand Turk .. 450 10 
1847 South-Western and Wonder { 180 to 12to 
Express (Captain Paul) “a 280 15 
Alliance and Havre .. oe 386 14 
Alice and Fannie ie ee 635 14 
1878 Wolf A oe ee 813 14 
1878 Southampton .. se fe 585 14 
1895 Columbia and Alma .. “ 1145 18} 








Tue Russian Navy.—The Russian Naval Budget for 
1895 amounts to 54,923,509 roubles. In this total new 





or sick passengers. 





constructions figure for 19,085,439 roubles. 
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CONTINUOUS ORE-ROASTING FURNACE. 
CONSTRUCTED BY MESSRS. FRASER AND CHALMERS, ENGINEERS, CHICAGO. 
Bees, Cross Sect thro Main Furnace, 
s Fig.l 




















; rere 
2 pte eae 


st D-.9B" OS 4 ha 
Sanely Loam Fillin 
Wt. 0 ----- 





gr Line, 


























- 8-Peap hole doors 


Buckstay &' 0 long 


ms x< X \ a 
al Al re: ae 
XK Noe, \ | 
PK \  e 
Pocket Y yn % “Lo 
ASX Bp 
SEK RO Found” For Stack 





Y ld 





























| Cea. line of Furnace 
MN} Double, Grovve 
53) Wheel. 


























te | * 

ae SY ct Povne Brick laid Flat 
PS estat ton semesters, <S 
ee ~ -, 010-24. : 

Ar Sandy Loam Filling. 


3 | 


Sa T cone ad 













Sere *” Sec” thre Fire Box. 
i (2637.8) s 


WE publish above illustrations of an ore-roasting fur- 
nace, now being introduced, apparently with much 
success, by Messrs. Fraser and Chalmers, of Chicago, 
Ill. As will be seen, the furnace is circular in plan, 
with a gap on one side of about one-fifth of the cir- 
cumference. Around the circle, which is about 62 ft. 
in diameter, two furnace doors are arranged (see plan 
Fig. 1), while the roasting hearth is continuous for 
four-fifths of the circle, and has the form shown in the 
various sections. In these views it will be seen that 
a low annular wall is built above the floor of the hearth 
on each side, and that from the arch of the furnace 
immediately above are firebrick projections, so 
arranged as to leave a narvow space between them and 
the top of the walls. Between these and the outer 
walls of the furnace a small chamber is left sepa- 
rated from the hearth except for the narrow spaces 
between the top and bottom circular walls. In the 
outer of the two annular chambers, a raised track 
is provided, made of firebrick, and a circular rail 
path is laid in the inner chamber, which also con- 
tains a series of grooved wheeis mounted on vertical 
bearings. An opening in the inner furnace wall is 
left opposite each of these wheels, as shown, to pre- 
vent the heat from becoming »xcessive, The tracks 
are carried across the gap of the furnace, so that 
the circle is continuous. On one side of this gap 
is the feeding, and on the other the delivery, end for 
the roasted ore. Both ends are closed by doors, as 
shown ; the ore is delivered to the feeding floor from 
an overhead track, or in any other manner that may 
be found convenient. The furnace is provided with 
an uptake, as indicated on the drawings. In the gap 
a platform is erected carrying a cable transmission 
that passes around the furnace, being held in place 
by the guide wheels mentioned above; this cable 
is kept running continuously, and is held taut 
by a tightening weight commonly employed in a 
cable transmission. Upon the circular rail and 
firebrick track (completed in the gap by a rail) 
are placed carriages that support the stirrers ; these 
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run on double-flanged wheels over the rail, and 
on broad flat wheels over the firebrick track. They 
are connected by a frame that passes through the gaps 
at the ends of the hearth, left between the projecting 
floor and roof walls; to the frame are attached the 
stirrer or rabble points, made of jin. steel plates, 
9in. long, and reversible. These points last from 
four to six weeks, when they require to be reversed 
and will then last about the same time. On that side 
of the carriage near the rail, a gripping device is 
placed, consisting of a stationary and a movable jaw, 
the latter being operated by an eccentric shaft and 
lever, so that it can be closed on the cable or released 
automatically by coming into contact with stops. 
When a carriage is gripped to the cable the movement 
of the latter carries it slowly around the circular 
hearth until it emerges into the open space, and 
comes into contact with a second carriage standing 
on the open part of the track; this latter is then 
gripped to the cable and is carried on into the furnace, 
while the one that has just emerged remains to cool, 
until its turn comes and the operation is repeated. By 
this arrangement the stirrers are never allowed to get 
overheated. If desired, more than two carriages can 
be employed. The furnace appears to have given 
excellent results at metallurgical works in the United 
States, on copper, zinc, and lead ores. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 20, 1895. 

Propuction of pig iron is at a standstill and in ex- 
cess of consumption, as shown by increase in stocks. 
Southern makers are pushing energetically for spring 
business throughout the north-west territory of which 
Chicago is the centre. Buyers are all hesitating to 
cover far ahead. Bessemer has sold in large blocks. 
Billets have been sold in many instances four months 
ahead. Merchant iron is active at 1c. per lb. in Western 
Pennsylvania. Large orders are being booked for cast- 
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iron pipe, girder rails, and wire rods. Bridge-builders 
have inquiries under consideration requiring 60,000 tons 
of material. Heavy orders for steel rails have been 
placed in all Pennsylvania mills, and it is expected 
that western roads will now soon follow, filling up 
western rail mills. General trade is only 5 per cent. 
better than a year ago, but 344 per cent. less than two 
years ago. Anthracite coal production this year to 
date is 3,063,534 tons ; increase over last year, 375,513 
tons. The bituminous production is heavy. Shop 
activity, especially in machinery lines, increases slowly. 
Congress is still haggling over financial measures. 
With a gold President, a silver Senate, and a House 
that does not know what its opinion is, there is not 
much prospect of financial harmony this session. 





Tue Latr Mr. T. C. Reap, or Lioyp’s.—Mr. T. C. 
, one of the principal assistants to the chief sur- 
veyor at Lloyd's Kegister of Shipping, who was killed 
by the collapse of the hydraulic lift in the office of that 
society, on the 25th ult., began his career in the profession 
of a naval architect as an Admiralty student in the Royal 
Naval College, where he attained to one of the highest 
positions amongst the students. Owing to his success 
there, he was appointed on the constructive staff of the 
Admiralty. In view of his success there he was appointed 
by the Committee of Lloyd’s Register Society as one of 
the surveyors of that institution, and was engaged in 
many of the important questions which recently occupied 
the attention of the “ya community, and in assisting 
the chief surveyor in the adaptation of their rules to the 
varying types of ships which have recently come into 
existence, as also in the framing of the important com- 
pulsory freeboard tables framed by a committee appointed 
by the President of the Board of Trade, At the same 
time, he was well known to the profession on account of 
the valuable scientific papers on naval architecture which 
he read at the Institute of Naval Architects. Much of 
his work was done in association with the late Pro- 
fessor Jenkins, of Glasgow University. He was only 40 
years of age. 
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TRUCK FOR TRANSPORTING LARGE FLYWHEELS. 
CONSTRUCTED BY MESSRS. 


DUJARDIN AND CO., LILLE. 





WE illustrate on this page a truck or wagon con- 
structed at the beginning of this year by a large engine- 
building firm at Lille, North France, for the transporting 
of flywheels of very large diameter. These wheels 
have to be brought from Wauthy’s Foundry, at Douai, 
to Lille, a distance of 20 miles. There are several 
inconveniences in shipping such large castings by 
railway, amongst which the item of much greater cost 
must be included. Hence the national high-road has 
been chosen, and this road, like most of northern 
French roads, is paved with stone and fairly well 
maintained. The best-made heavy wooden wheels 
crush up under the vibration caused by the hard 
irregular road surface, so that cast-iron wheels had to 
be employed, and as all traffic entering the city of 
Lille has to pass through the small gates or arches of 
the fortifications, it became necessary to carry the fly- 
wheels vertically, or else risk knocking off pieces from 
the castings when the wheel was laid flat. For carry- 
ing the low-pressure cylinders for engines of 1200 indi- 
cated horse-power, or their frames, the girderwork is 
unbolted from the axle-trees and replaced by a massive 
wooden platform, so that the wheels are kept well 
employed. The following are the principal dimensions 
of the car : 

Frame, composed of two lattice girders connected in 
the front by a box girder supported by the pivot or 
perch of the front wheels, and braced by two [-beams 
placed at one-third the length of the frame, and lastly, 
by a solid vertical panel near the end. These two 
last connections serve to support the wheel by the 
intermediary of heavy balks of timber placed directly 
over them, Considerable latitude is allowed for dif- 
ferent sizes of wheels by the extent to which the 
wheel is blocked up. The length outside is 28 ft., and 
the width outside is 7 ft. 10 in. The free space 
between sides is 6 ft. 6 in. The wheels are of cast iron, 
the front having a diameter of 3 ft. 8 in., with a width 
at tread of 134 in., whilst the hind wheels are 4 ft. 4 in. 
in diameter. The axles are spaced at 23 ft. centres 
The forward wheels weigh 1.2 tons each, and the rear 
1.5 tonseach, The total weight of the truck is 15 tons. 
The axle bearings taper from 7 in. to6 in. in diameter, 
and are 20 in. long. The axle itself is 7.9 in. 
square, and is bolted to the tree above by clips em- 
bracing it. The maximum designed load is 30 tons, 
and the car will carry wheels 26 ft. indiameter. That 
shown in our illustration is 24 ft. in diameter and 
5 ft. 9 in, broad, and grooved for 30 ropes. It was 
made for a 1200 indicated horse-power engine to drive 
the cotton mills of Mr. George Penn, in the Vosges. 
The truck was built by Messrs. Dujardin and Co., Lille, 
for their own use. Itis drawn by 16 horses, the maxi- 
muin allowed by the French departmental regulations, 
traction engines being unknown. 





Tue Kine’s Cotteck ENGINEERING SocteTy.— At a 
meeting held on February 22, Professor Capper, M.I.C.E , 
in the chair, Mr. Welbourn read a paper on the “‘ Manu- 
facture of Files,” in which he described the machine and 
hand-cut systems. _ The different qualities of steel used 
and their preparations were dealt with; the old and new 
pn furnaces, the steam hammer for forging,,and 
also the smithing, grinding, and cutting by hand and 
machine were described in detail. The paper concluded 
with descriptions of hardening, straightening, and clean- 
ing processes. Various specimens of files in all stages of 
manufacture were shown to illustrate the paper. A dis- 
cussion then followed, and the meeting terminated with 
V tes of thanks to the chairman and author. 





THE ‘“TRISECT” PACKING. 

WE illustrate below a form of piston-rod packing 
now being introduced by Messrs. Newton Brothers, 
of the Humber Works, Hull. The packing, as shown 
in our engraving, consists of three separate rolls 
of asbestos cloth. These rolls are triangular in 
shape, and the three fit together so as to form a rect- 
angle as shown; but are separated from each other 
by thin layers of white metal, The three parts thus 
arranged are then tightly bound together by a roll 
of asbestos cloth. Owing to its peculiar method of 
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construction, the packing is quite pliable, as the white- 
metal layers allow the rolls to slip relatively to each 
other when the packing is bent. In packing a gland 
the ends of each coil are cut so as to be, when in place, 
about 4 in. open for each } in. the packing is in 
thickness. When placed round the rod, the gland is 
set up moderately tight, and then the nuts eased back 
until the steam leaks slightly. After a few hours’ 
running this leakage can be taken up. For very high 
pressure the packing is made with the asbestos inter- 
woven with fine metallic wire. 





VERITY’S LAMPHOLDER. 

THE annexed illustration shows a new form of 
interior for the holders of incandescent lamps, lately 
brought out by Messrs. B. Verity and Sons, of Plume 
Works, Aston, Birmingham. It is perfectly inter- 
changeable with existing interiors, and will fit in the 
same brass socket. Its merit lies in the fact that the 





two poles are entirely separated by porcelain, and it 
is entirely impossible for loose ends of wires to esta- 
blish a short circuit. The porcelain, also, takes the 
place of the cylinders in the ordinary form, A second 
bearing is obtained on the bottom of the plungers when 
the contact is made, and so the plungers can never 
get out of the upright, 





Coat aT Kansas City.—Cherokee coal is being laid 
down at Kansas City at 4s. 9d. to 5s. 7d. per ton. Thecoal 


is bituminous, and is obtained in the Indian Territory, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday the attendance 
on ’Change here was fairly large, but the tone of the 
market was again dull, and only a small amount of busi- 
ness was done, Although there were inquiries for for- 
ward delivery of pig iron both from home and Conti- 
nental customers, buyers and sellers did not easily agree 
as to prices, the former, as a rule, not being dis to 
give more for delivery ahead than for prompt delivery. 
Makers were not very anxious to do business, believing 
that with the opening of the shipping season quotations 
will improve. Some transactions were recorded at 34s. 6d. 
for early delivery of No. 3 g.m.b. Cleveland pig iron, and 
that price was agen 4 quoted, though some sellers 
mentioned a rather higher figure. For No. 3 delivered 
over the next few months 34s. 9d. to 35s. was asked. 
No. 1 Cleveland pig was quiet, but steady at 36s, 6d., 
but sellers opined that a higher price would shortly be 
realised. The lower — of pig iron were quiet, No. 4 
foundry being 33s. 9d., and grey forge 33s., both for earl 
delivery. Middlesbrough warrants were dull at 34s. 34d. 
cash buyers. East coast hematite pig iron was a shade 
better, owing to improved shipments and lessened com- 
petition, several furnaces having been —_— on the 
west coast through strikes or unprofitable trade. Prices, 
however, were hardly quotably changed, mixed numbers 
of local brands being still obtainable from some firms at 
41s, 6d. for early delivery. At the same time there were 
sellers who held out for 42s., and even more was men- 
tioned by some firms. Spanish ore quietish. To-day 
our market was somewhat firmer, and there was more 
disposition to do business, but quotations for makers’ 
iron were not altered. Middlesbrough warrants stiffened, 
and closed 34s. 5d. cash buyers. 


Manufactured Iron and Steel.—Manufactured iron and 
steel producers complain considerably of the unsatisfac- 
tory state of these two important branches of the staple 
industry. The continued low and barely remunerative 
rates fail to bring buyers into the market, and the outlook 
for the future is at present ae but encouraging. 
Several establishments are not fully employed. Common 
iron bars are quoted 4/. 15s. ; best bars 5/. 5s. ; iron ship- 
plates, 41. 15s. ; steel ship-plates, 47, 12s. 6d.; and iron 
and steel ship-angles each 4/. 10s.—all less the customary 
24 per cent. discount for cash and f.o.b. Steel rail makers 
manage to keep fairly well employed, and for heavy 
sections 3/, 12s, 6d. net at works is quoted. 


The Coal and Coke Trades.—In the coal trade there is 
more desire to buy forward, but in view of the possibili- 
ties in Wales some of the colliery representatives will not 
readily quote forward. On Newcastle Exchange best 
Northumbrian steam coal is quoted 8s. 9d. for prompt 
f.o.b. delivery, but forward prices are irregular. Steam 
small is 3s. to 3s. 3d. Bunker coal very dull. There is 
a good demand for gas coal, the consumption being a good 
deal above the usual at this season of the year. Prices 
vary from 6s. 9d. to 7s. 3d. f.o.b. Coke is somewhat 
easier, owing to the strike on the west coast, but stocks 
are only small, and sellers are reluctant to reduce quota- 
tions. Here good qualities of blast-furnace coke are said 
to have been bought at 12s. delivered at Cleveland works, 
but the combination price is still 12s. 3d. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Electric Welding.—Some very interesting demonstra- 
tions of electric welding, hardening, and tempering have 
been given in Sheffield by Mr. T. Scott Anderson, to a 
company of gentlemen interested in the heavy trades. 
Perhaps the most interesting process is the one called the 
‘*Bath ” system. A tank filled with acidulated water is 
connected through certain regulating appliances to one 
pole of the large dynamo; the other pole is joined directly 
to a bar of steel; the latter is then plunged into the water, 
and in a few seconds is brought out at a white glowin 
heat. The heating effects are under complete control, an 
any required temperature can be obtained. Thus, very thin 
steel wire can be drawn —— the bath, coming out har- 
dened, or a large pie of metal can be immersed and the 
current regulated for case-hardening or other work. By 
an arrangement of conducting screens in alternate sec- 
tions, a bar of iron can be heated in sections of any 
specified length, and the result will be that each alternate 
section will be hot and cold. So rapid is the effect that a 
bar of steel can be made white hot at the surface before 
the interior is affected, so that by suddenly heatin 
up and quenching in the same liquid, an exceedingly ha: 
coating is obtained, the depth of which depends upon 
the duration of the process. Samples of iron treated 
in this way exhibit totally different fractures at the 
surface and the interior. Very fine springs can be tem- 
pered with a small expenditure of power. The “ Thom- 
son” system for butt wong was shown, and also the 
‘deflected arc” system. ‘This latter plant has made 
some very fine work on tubes, pipes, seam welds, lap 
welds, and brazing. By it almost every metal can 
welded, copper to steel, iron to brass, minute articles can 
be brazed, and the largest plates welded. 


Brown Bayley’s Steel Works, Limited.—The directors of 
this company announce a dividend of 124 per cent., which, 
with the interim dividend of 74 per cent., makes 20 per 
cent. for the year. 

State of the Iron Trade.—At the annual meeting of the 
Midland Iron Company, held at Rotherham, the chairman, 
Mr. D. Davy, made some interesting remarks with respect 
to the condition of the iron trade. The report of the 
pg 4 4 has been published in these columns. Mr. Davy 





said it had become during the last few years a matter of 
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greater difficulty to maintain their position as iron- 
makers, partly because of the encroachment made upon 
the general iron trade of the country by the steel trade, 
but more particularly owing to the way in which their 
trade was taken from them by the Germans and Belgians. 
Those people had got much of the trade from Norway 
and Sweden, and practically from our own colonies, while 
China had gone altogether. These nations were becoming 
very formidable competitors. Last year the Germans 
exported to Great Britain alone 148,000 tons of iron and 
steel, and to our colonies 99,000 tons, making a total of 
237,000 tons. That quantity alone was sufficient to give 
permanent employment to 6000 hands. He could not 
help but think that if some reciprocal policy could be 
adopted, in respect to our colonial markets especially, 
very much benefit might be reaped for English iron- 
workers, colliers, and every other class of workmen. 


The Coal Market.—The demand for house and gas coal 
is fairly good, but there is stil] great competition in the 
steam coal trade, and it is feared that as the season ad- 
vances there will be a further drop in prices. 





NOTES FROM THE NORTH. 
Giascow. Wednesday. 

Glasgow Pig-Iron Market.—The market was very quiet 
and lifeless last Thursday forenoon, when the turnover 
only reached to about 5000 or 6000 tons—all Scotch, with 
the exception of one lot of Cleveland. The price declined 
4d. per ton at 41s, 34d.. Cleveland being 34s. 4d. cash and 
84s. 54d. one month. Warrants for about 4000 tons of 
Scotch iron changed hands in the afternoon at 41s. 34d. 
per ton cash. One lot of 500 tons of Cleveland also 
changed hands at 34s. 34d. per ton. The closing settle- 
ment prices were—Scotch iron, 41s. 3d. per ton ; Cleve- 
land, 34s. 3d. ; Cumberland and Middlesbrough hematite 
iron, respectively, 42s, 44d. and 4is. 6d. per ton. Business 
was again very quiet on Friday forenoon, the turnover 
barely reaching 5000 tons, and with the exception 
of one lot or so, the whole was Scotch, which was 
firm and advanced in price 1d. per ton. Business 
was elmost at a standstill in the afternoon, and 
prices were without material alteration. Only 1000 
tons of Scotch and 200 tons of hematite iron were 
dealt in. At the close the settlement prices were, re- 
spectively, 41s. 44d., 34s. 44d., 42s. 64d.. and 41s. 6d. 
per ton. The market was extremely idle on Monday 
forenoon, the trarsactions being limited to about 2000 tons 
of Scotch at 41s. 64d. and 41s. 7d. perton one month. No 
business was done, but the tone war just the turn firmer. 
In the afternoon the market was dull and inactive, only 
1000 tons of Scotch and 500 tons of Cleveland iron con- 
stituting the turnover. The closing settlement prices 
were exactly the same as those of the preceding day. A 
little more activity was shown in the ‘‘ ring’ on Tuesday 
forenoon, when the sales amounted to about 10,000 tons, 
wholly Scotch. The cash price gave way 4d. perton. About 
5000 tons of Scotch iron changed hands in the afternoon, 
and the settlement prices left off unaltered at the close. 
The market was better this forenoon. when 7000 tons of 
Scotch warrants changed hands at 41s. 44d. cash. In the 
afternoon, however, a bigger business was done and better 
prices were got. The settlement prices were, respec- 
tively, 41s. 6d., 34s. 6d., 42s. 74d., and 41s. 6d. per ton. 
The following are the quotations for several special 
brands of No. 1 makers’ iron: Clyde, 48s. 6d. per ton; 
Gartsherrie and Summerlee, 50s. ; Calder, 50s. 6d. ; Colt- 
ness, 53s.—the foregoing all shipped at Glasgow ; Glen- 
garnock (shipped at Ardrossan), 49s. ; Shotts (shipped at 
Leith), 52s. 6d. per ton. Carron iron is again offered in 
the market for the first time since the colliers’ strike. 
Shipped at Carron, No. 1 is quoted at 54s. and No. 3 at 
49s. per ton. Langloan iron is still out of the market. 
There are still 73 blast-furnaces in actual operation in 
Scotland, as compared with 60 at this time last year. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 3234 tons, against 8918 tons in the corre- 
sponding week of last year. They included 145 tons for 
the United State, 185 tons for India, 100 tons for Bel- 
gium, smaller quantities for other countries, and 2499 
tons coastwise. It will thus be seen that the shipping 
trade is extremely poor, which is largely owing, however, 
to the great severity of the weather recently. Another 
large increase in stocks may consequently be looked for. 
As the weather has now improved very greatly, a material 
improvement in the shipments may confidently be ex- 

ted in the near future. The stock of pig iron in 

essrs. Connal and Co.’s public warrant stores stood at 
286,265 tons yesterday afternoon, as compared with 286,610 
tons yesterday week, thus showing a reduction for the 
past week amounting to 345 tons. 


Finished Iron and Steel Trades.—The outlook in these 
two branches of industry bas rarely been worse than 
it is just now. Stocks have acct mulated on consumers’ 
hands during the late frost, and they are, in consequence, 
not in a position to send in fresh specifications. Great 
difficulty is experienced in keeping the works going 
three and four days a week, and the depression is very 
much accentuated by the competition at the hands of the 
German and Belgian manufacturers. Prices are now 
believed to have been forced down to the very lowest, and 
a fresh ‘“‘cut” is not unlikely to drive the weaker makers 
to close down, which some persons think is the best thing 
that could happen. Steel plates are again very quiet, and 
not more than 5/. per ton is obtainable for them by the 
makers. 

Giasgow Copper Market.—No business was done in 
copper last Thursday forenoon, nor did any change take 
place in prices. In the afternoon one lot of 25 tons 
changed hands at 39s. 17s. 6d. three months. the close 
being buyers at 397. 8. 9d. per ton cash, and 39s. 16s. 3d. 
three months, with sellers wanting 1s. 3d. per ton more, 





On Friday forenoon 50 tons were dealt in at 391. 10s. cash, 
and 39s, 16s. 3d. for May 1. The market was weak in 
the afternoon, and prices declined 2s. 6d. per ton. No 
businers was reported. There were no transactions on 
Monday forenoon. and prices again declined 2s, 6d. per 
ton on Friday’s close. In the afternoon 100 tons were 
dealt in at 39J. and 397. 1s. 3d. per ton cash. the close 
being buyers at the lowest, 39/. cash, and 39/. 8s. 9d. 
three months. here was renewed weakness yesterday 
forenoon, when 50 tons changed hands at 38s. 18s. 9d. 
per ton cash. the close being 38/. 17s. 6d. cash buyers, 
and 391. 5s. three months, showing declines, respectively, 
of 2s. 6d. and 3s. 9d. per ton. The market rallied a little 
in the afternoon. when the quotations were 391. cash 
buyers, and 29/7. 7s. 6d. three months. At 391. 2s. per 
ton March 21, 100 tons changed hands. This forenoon’s 
market was weak. the business done including 75 uons at 
391. 5s. for May 13, and 391. 6s. 3d. three months. In the 
afternoon 100 tons were done at 38/. 18s. 9d. cash, and 
391. 7e. 6d. three months. 


Institution of Civil Engineers: Association of Students. 
—A well-attended meeting of thie arsociation was held 
on Monday night, the President. Mr. D. Drummond, 
M. Inst. C.E., in the chair. A paper on “ Electric 
Tramways and District Railways” was read by Mr. 
John M. M. Munroe, Assoc. M. Inst. C.E.. which was 
extensively illustrated by limelight views. A discussion 
followed, turning chiefly on the question of electric versus 
cable tramways, and the meeting concluded with a hearty 
vote of thanks to Mr. Munroe for his paper and lime- 
light illustrations. 


Institution of Engineers and Shipbuilders in Scotland.— 
An ordinary meeting of this Institution was held last 
night, the chair being occupied by Mr. Henry A. Mavor, 
M. Inst. C.E. There was a very large attendance. The 
time of the meeting was almost wholly taken up with 
discussions on two papers read at former meetings—one 
on ** Results of Evaporative Tests on Land Boilers,” by 
Mr. George C Thomeon, F.C.S.. who was the engineer 
employed by the late Smoke Abatement Association of 
Glsaegow and West of Scotland ; and the other on ‘‘ Water- 
Tube Boilers.’ by Professor W. H. Watkinson, of the 
Technical College. The following members took part in 
the discussion: Professor Barr, D.Sc., C.E.. Mr. A. S. 
Biggart, Mr. John Barr (Kilmarnock), Mr. Lindsay 
Burnet, Mr. W. Carlile Wallace (Port Glasgow), Mr. 
James Gilchrist, Mr. Angus Murray, and Mr. Scott 
Galloway. The discussions on other two papers 
printed in the Transactions of the Institution were held 
over, a8 were also two new papers that were named in the 
billet. The titles of these two new papers were ‘‘ The 
Strength of Ships’ Beams,” by Mr. W. David Archer; 
and ‘“*A New Development in Steam Engine Economy, 
with Descriptions of Tests of Field’s Engine,” by Pro- 
fessor Jamieson. M. Inst. C E., F.R.S.E., of the Tech- 
nical College. Four new ordinary members and two new 
graduates were elected. 


East of Scotland Engineering Association.—At a meeting 
of this association held in Edinburgh last week, Mr. James 
Pirie, C.E, gave an exhibition of limelight views. 
entitled ‘‘Glimpses of Modern Engineering Works.” 
The views were taken from works completed at Methil 
Docks, Fifeshire; Caledonian Railway Station, Edin- 
burgh; Glasgow Central Railway, North Bridge, Edin- 
burgh; and Tower Bridge, London. 


Locomotive Engine Contracts.—An order for seven loco- 
motive engines and tenders and spare parts, for the West 
Australian Government. has just been placed with Messrs. 
Neilson and Co., Hyde Park Locomotive Works, Glasgow, 
and at the same works two have just been started for the 
Indian State lines, for which also Messrs. Dubs and Co. 
are building 10 engines. 


New Shipbuilding Contracts.—Messrs. Russell and Co., 
Port Glasgow, have just received orders for three sailing 
barques of 2600 tons each for an Aberdeen shipping firm, 
to be built to the highest class of Lloyd’s for the East 
Indian trade. — Messrs. Dunlop and Co, managing 
owners of the Glasgow Queen Line, have placed an order 
with the same firm for a 2000-ton steamer. which is to be 
fitted with triple-expansion engines by a Glasgow firm.— 
An order for a twin-screw hopper barge for use in connec- 
tion with the building of the breakwater at Peterhead 
Harbour of Refuge, has been placed with Messrs. W. B. 
Thompson and Co., Limited, Dundee.—Messrs. Scott 
and Co., Bowling, have closed a contract to build a fast 
screw steamer of 300 tons deadweight capacity, for the 
Lochfyne and West of Scotland herring trade carried on 
by Messrs. William M‘Lacblan and Co., fish salesmen, 
Glasgow. Messrs. Muir and Houston will supply the 
evgines and boilers. —Messrs. Russell and Co. have also 
taken contracts to build a 2600-ton sailing ship for a 
Greenock firm, and a four-masted schooner for a Glasgow 
firm.—Messrs. William Simons and Co, Renfrew, have 
just received from a London firm an order to construct a 
large and powerful hopper dredger for Plymouth. which 
will be employed in connection with the extensive har- 
bour improvements being carried out in that harbour. 
The dredger is specially designed for the removal of rock, 
and will have all the most modern appliances. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Steam coal has shown little change; there 
has, however, been a slightly better demand for the best 
qualities. The best steam coal has made 10s. 6d. to 
10s. 9d., while secondary qualities have brought 9s. to 
10s, per ton. Household coal has been in fair demand ; 
No. 3 Rhondda large has made 10s. 3d. per ton. Coke 
has exhibited little change, and’the same may be ‘said of 





patent fuel. 





Sheffield Plates at Portsmouth.—A trial of a Harveyised 
steel armour plate manufactured by Messrs. J. Brown 
and Co., Limited, of Sheffield, took place last week on 
board the Nettle at Portsmouth. The plate was selected 
by the Admiralty authorities from a batch of plates 
forming one of the barbettes of the Magnificent, now 
building at Chatham, and had been reduced to the fol- 
lowing dimensions: 8 ft. in length, 6 ft. in width, and 
6in. in thickness. Four 6-in. Holtzer projectiles were 
fired against the plates with velocities of 1507, 1815, 1960, 
and 1815 foot-seconds respectively. All the projectiles 
were completely broken up, the fragments of the third 
shot alone succeeding in just perforating the plate. 


Welsh Coal.—Messrs. Sage Brothers, coal exporters, 
Rio de Janeiro, have concluded a contract with the 
Brazilian Government for a supply of 100,000 tons of 
Welsh steam coal. The contract stipulates that the coal 
shall be obtained from the Powell Duffryn collieries, and 
~ price is stated to be 24s. per ton, delivered at Rio de 

aneiro. 


Submarine Mining.—The first of a series of experiments 
with the Watkins position-finder was carried out by the 
Defiance, torpedo-achool ship, at Devonport, on Wednes- 
day. The St. German's River, represented a mine-field 
furnished with several observation wires, each containing 
500 lb. of gun-cotton. The position-finder, in conjunction 
with an electric search light, was worked from an obser- 
vation station on the hill above Wearde Quay. Several 
boats were sent away from the ship with instructions to 
cross the mine-field. Their endeavours to do so, however, 
without allowing their positions to be discovered, were 
fntile. for as each boat got within the danger limit, the 
position-finder recorded its whereabouts by means of an 
automatic arrangement. The completion of an electrical 
circuit caused the explosion of a rocket. charge, the rocket 
for practice purposes representing a 500-lb. mine. 


Combrian Railwov.—The receipts in 1894 amounted tc 
143,244/., against 137,620/. in the previous year, showing 
en increase of 5624/1. The expenditure amounted to 
82,677/., against 82,431/7.. or an increase of 2467. The net 
revenue for the past half-year, after taking into account 
retrospective payments in respect of mails, shows a de- 
crease of 1522/. on the corresponding period of Jast year. 
After providing for all prior charges, the net revenue 
shows sufficient to pay the full interest of 4 per cent. on 
the debenture stock, carrying forward 14907. The per- 
manent way renewal suspense account, which, six years 
since, stood at 34,511/., has now been fully charged against 
revenue, and the maintenance of way expenditure will 
show in future only the amount expended currently 
upon the line. 


Rhondda and Swansea Bay Railway —The traffic for the 
past half-year shows, as compared with the corresponding 
period of 1893, an increase of 54741. ; and the balance of 
the net revenue account will admit of a dividend upon 
the preference shares at the rate of 5 per cent. per annum. 
The expenditure on capital account for the past half-year 
amounted to 107,9387. The whole of the works. stations, 
&c., into Swansea are completed ; and, with the excep- 
tion of a small portion of the permanent way on the 
Swanrea Harbour Trust Railway (which has been delayed 
by snow and frost), are ready for the final inspection of 
the Government, which will take place within the next 
few days. 


Aluminium Experiments.—A series of experiments has 
been commenced at Devonport with an aluminium tor- 
pedo tube, in course of manufacture ab Keyham. The tube 
complete is not likely to be. ready for testing until a little 
Jater ; but the door of the tube being finished, it was fitted 
to one of the sideway broadside tubes on board the 
Defiance, torpedo school ship, and subjected to severe 
testing. Over 100 Whitehead torpedoes were fired, 
and the new metal stood the test well. It was then 
decided to apply a much more severe test, and 20 tor- 
pedoes were fired in rapid succession. It was then found 
that the hinges of the door had been weakened, and that 
the firing mechanism in the centre of the door (termed 
the breech-block) bad been derar ged. Although a torpedo 
tube would never be required to stand such a strain on 
service. it has been decided to replace the aluminium 
breech-block by one of brass, and to fit the door with 
brass hinges. 





LiverPooL OvERHEAD Rattway.—It has been decided 
to extend this line in a southern direction into Toxteth 
and the neighbourhood of Prince’s and Sefton Parks. 
This extension is about five-eighths of a mile in length, 
and will be for a considerable portion of its length in 
tunnel. The line originally, within the dock property. 
was some time ago extended northwards into a residental 
district with 16,000 inhabitants, while now it is to be ex- 
tended southwards beyond the dock property into a dis- 
trict with 50 000 inhabitants, so that there is every pro- 
spect of greater traffic. 





Sewace at Leeps.—In consequence of difficulty which 
the Leeds Town Council bas experienced in dealing with 
the sewage of ths town, it has been decided by the streets 
and sewerage committee to recommend the council to 
expend 10.0007. in putting down two additional settling 
tanks at Knostrop. For some time past it has been ap- 
parent that some effort would have to be made in the 
direction indicated ; and the step which has now been 
taken has been hastened by the action of the West Riding 
Rivers Pollution (Prevention) Board. It is understood 
that the advisability of promoting an irrigation scheme 
was referred to, but itis not Jikely that such a scheme 
will receive much attention at present, 
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MISCELLANEA. 

“PERIMENTS by Drs. G. Sims, Woodhead, and Cart- 
eight Wend a the Berksfield fifter, show that the 
water passed is sterilised. 

The British Aluminium Compsny propose to establish 
reduction works at the Falls of Foyers, Loch Ness, the 
raw material being brought from Ireland. The works will 
employ 100 men. 

Ata meeting of the Owens College Union Engineering 
Society, held on Tuesday, the 19th inst., a paper on the 
“Historv ofthe Bessemer Steelmaking Process” was 
read by Mr. E. F. Lange, M.1.S.1. 

The traffic receipts for the week ending February 17, on 
83 of the principal lines of the United Kingdom, amounted 
to 1 246,8411., which was earned on 18,7287 miles. For 
the corresponding week in 1894 the receipts of the same 
lines amounted to 1,328,706/.. with 18,522? miles open. 
There was thus a decrease of 81,865/. in the receipts, and 
an increase of 206 in the mileage. 

Messrs. R. and H. Green, Limited, are to build two 
paddle steamers for the Chirket-i-Hairie Company, Con- 
stantinople. and these will be fitted by Messrs. John Penn 
and Sons, Limited, Greenwich, with oscillating engines 
to indicate 650 indicated horse-power. The vessels are 
to be the same as those completed by the same firms last 
year. 

Some experiments have recently been made in France 
on the penetration of the Lebel rifle bullet into snow. 
For this purpose snow walls from 3 ft. 3 in. to 6 ft. 6 in. 
thick were erected on the Ombrado ranges near Aurillac, 
and fired at a from a distance of 55 yards. In every case 
the ball was stopped at a penetration of 5 ft.6in. This 
is Jess than was expected, as the striking velocity was 
2035 ft. per second. 

With reference to the proposed railway up the Jung- 
frau, the question of mountain’sickness has been investi- 
gated by Mr. H. Kronecker. The conclusion arrived at 
is that beyond heights of 10.000 ft.. all persons are 
attacked as soon as they indulge in the least muscular 
effort, but that individuals in good health can stand passive 
transport up a height of about 13,000 ft. without incon- 
venience, though they should not remain more than 
two hours. 


The Secretary of State for Foreign Affairs has received 
chrough Her Majesty’s Consul at Cadiz information to 
the effect that the Seville Water Works Company 
(Limited) will receive, up to March 8, tenders for the 
supply of material and construction of a foot bridge over 
the River Guadalquivir. Printed specifications, esti- 
mates, and conditions may be seen at the Commercial 
Department of the Foreign Office, 8.W., between the 
hours of 11 and 6. 


The gross receipts of the 12 leading English railways 
for the half-year ending December 31, 1894, amounted to 
33,206, 0007. (an increase of 1,878,000/. on the corresponding 
half of 1893) ; the expenditure to 18,364,000/. (an increase 
of 1,400,000/.); and the net receipts to 14,842,000/. (an 
increase of 1,478,000/.). The sum distributed by these 
12 lines as dividend on their ordinary stocks (Chatham 
preference for this calculation being reckoned as an ordi- 
nary stock) was 5,970,000/. in the past half-year, as against 
4,832,000. in the corresponding previous period, the 
balances carried forward amounting to 302,000/., as against 
235, 0007. 


By the kind permission of Mr. J. B. Kibble, of the New 
City of London Brewery Company, Limited, the Civil 
and Mechanical Engineers’ Society will visit the above 
brewery on Saturday next, March 2, and will meet at the 
brewery in Upper Thames-street at 1.30. After visiting 
the brewery the members will then proceed to visit the 
New Waterloo and City Railway works, now in course of 
construction ; the works are situated in the river, and 
headings are being driven therefrom. Access to the works 
is obtained from Upper Ground-street. At the ordinary 
meeting Of the society, to be held on Thursday next, a 
lecture will be delivered on ‘‘ The Testing of the Strength 
of Materials,” by Mr. A, S., E. Ackermann, A.M.1I.C.E. 


Gas engines for driving tramcars have been adopted at 
Dresden since last August, the line on which they are used 
being about 3 miles long. The engine is of 9 horse-power, 
has two cylinders, the ignition being effected by elec- 
tricity, This engine is fixed under one of the seats. The 
gas used is stored in three cylinders under a pressure of 
120 1b, per square inch, the capacity of each cylinder 
being 334 cubic feet. Once the engine is started, it is not 
stopped so long as the car is in service. Connection to 
the wheels is made through movable clutches, by manipu- 
lating which the car can be stopped or reversed at need. 
A speed of 9 miles an hour can be attained with a car 
carrying 36 passengers, the cost per car-mile being .8d., 
with gas at 4s. per 1000. 


_In reference to the trial to which we referred a fort- 
night ago of two American lake steamers, to be built from 
the same designs, but having different boilers, the one— 
multitubular and the other Babcock and Wilcox tubulous 
boilers, Commodore Melville, Engineer-in-Chief of the 
United States Navy, writes to the owners stating that 
the engineering department will endeavour to make 
the test as complete and as comprehensive as possible, 
in order thao there may be no question of the result. 
The opportunity, it is added, is an unusual one, the 
identity of the two steamers, except in boilers, being such 
as to eliminate many points of contention which arise 
now in similar ships which have been tiied with different 
types of boilers, but also with modificationsin the engines 


The report of the Manchester Ship Canal Company, 
submitted to the meeting of shareholders yesterday, 
states that the expenditure on capital account for the 
half-year, after deducting proceeds of sales of plant and 
land, was 183,967/.. making a total expenditure out of 
capital of 14.833.377/.. and leaving a balance on the 
account of 573,622. The receipts on ship canal revenue 
account amounted to 53 5937., and the expenditure to 
42,5951.. showing a balance of 10,9987. The profits of 
the Bridgewater undertaking amounted to 25,8721., giving 
a total balance of 36.8701. The receipts from ship canal 
traffic amounted to 49,5787., an increase, compared witb 
the previous half-year, of 94557. There was a decrease in 
passengers of 1780/., but the revenue from goods traffic 
showed an increase of 11,2352. The directors consider 
this increase satisfactory in view of all the difficulties 
that have been encountered, and they add that constant 
vigorous efforts to secure augmented traffic are being put 
forth in every direction. The net revenues from the 
Bridgewater undertaking show an increase of 5848/., com- 
pared with the previous half-year. 


On the 22nd ult. Colonel Durnford, R.E., one of H.M. 
Local Government Board inspectors, held an inquiry into 
an application of the Sutton-in-Ashfield Urban District 
Council for sanction to expend the sum of 9600. for com- 
pleting the sewers of the town, for purchase of land, and 
for works of sewage purification. The present population 
of Sutton-in-Ashfield is 10,563, and is rapidly increasing. 
Mr. McWilliam Bishop, surveyor to the council, produced 
and explained the plans, stating the urgent necessity for 
immediately carrying out the work of sewage purification, 
in order to meet the wishes of the Duke of Portland. 
After lengthened investigation the International Ferro- 
zone and Polarite process of purification has been selected, 
including the adoption of the ‘‘ Candy” patent self-cleans- 
ing continuous upward-flow precipitation tank, with clari- 
fiers and polarite filters. The Duke of Portland’s agent was 
present at the inquiry, and expressed his entire satisfac- 
tion with the scheme, which is designed for the purifica- 
tion of 400,000 gallons of sewage per day. ere was no 
opposition, and the inspector expressed an opinion that a 
well-designed scheme had been prepared. 


At the annual meeting of the Engine Boiler and 
Employers’ Liability Insurance Company, Limited, Mr. 
R. B. Longridge, the chairman, stated that during 
the past year there had been no explosion of any boiler 
insured by the company, though the claims arising from 
engine breakdowns had been heavy. Forty years ago, 
when he first undertook to organise a system of periodical 
boiler inspection, explosions were frequent, and in 1859, 
when he found the first insurance company undertaking 
inspection, there were 51 explosions, causing the loss of 107 
lives. In 1893, the last year for which returns were avail- 
able, the explosions were but 12 in number, and but one 
life was lost, in addition to 16 collapses of flues, causing 
the loss of five lives. This was a great improvement, 
when the great increase in the use of steam power was 
considered. With regard to kitchen boilers, inspection 
was very difficult, owing to the way in which they were 
designed, but the company were prepared to undertake 
the work for an adequate remuneration. A dividend of 
7s. 6d. per share was declared, 2000/. being carried to the 
reserve and 1762/, carried forward, 


Some extensive experiments on the use of crude 
petroleum for fuel were made at San Francisco Mid- 
winter Fair. The burner used consisted of a central 
tube about 4 in. in diameter, through which the oil passed, 
the flow being regulated by a stopcock. The steam jet 
surrounded the oil jet, and being given a rotary motion 
by means of guides, the steam broke up the petroleum 
jet most completely, turning it into spray. It was found 
that a number of small burners were more economical 
than one large one, as the oil is more efficiently atomised, 
the flame better distributed, and when the boiler is 
working at a low output, better results are obtained by 
entirely extinguishing some of the small jets, and letting 
the others work at full capacity, than by throttling down 
a large burner. It is best to heat the air supply, other- 
wise there may be a deposit in the burner. The best 
results were obtained when the flame from the burner was 
just luminous. The highest result obtained was an 
evaporation of 15.13 lb. of water turned into steam from 
and at 212 deg. Fahr. per pound of oil, and the average was 
14.2 ]b. of water per pound of oil. The theoretical value of 
the oil used was 20.7 pound of steam per pound of oil. 


Mr. E. H. G. Brewster, A.M. Inst. C.E., M. Inst. M.E., 
F.C.1I.P.A., read a paper at the last meeting of the Civil 
and Mechanical Engineers’ Society on ‘“‘ Water Waste 
Preventer Cisterns.” He first drew the attention of the 
meeting to the necessity for these, and illustrated this 
by giving particulars of the quantity of water that would 
run to waste through small holes, ¢.., a hole only *', in. in 
diameter, in a pipe having a pressure of not more than 
45 lb. per square inch, would result in a loss of 648 
gallons in a day. Attention was then drawn to the 
waste-preventer cisterns of J. Ashley and T. Binns, 
patented in 1792 and 1793, or more than a hundred years 
ago. Waste-preventer taps were incidentally touched 
upon. The modern types of water-waste preventer cis- 
terns were divided into four classes : 1. Tip-up apparatus ; 
2. Cisterns with inlet and outlet valves only. 3. Cisterns 
divided into compartments, and having more than two 
valves. 4, Cisterns worked in conjunction with syphons. 
The latter class was stated to be the one most commonly 
used at the present time. The ‘‘ Tower” cistern was par- 
ticularly alluded to as being one of the simplest and the 
foremost of the valveless type now very general. The 
‘* Paisley” was also described, as were many others. A 
vote of thanks closed the meeting after a very interesting 


LAUNCHES AND TRIAL TRIPS. 


H.M.SS. BAansHEE and Contest, two of the torpedo- 
boat destroyers building for the British Government by 
Messrs. Laird Brothers, Birkenhead, have just completed 
their official trials on the measured mile on the Clyde, 
and the contractors may be congratulated on the highly 
satisfactory result, as it carries forward the reputation 
gained with former vessels of the same type. The Ban- 
shee and Contest are 210 ft. long, with 19} ft. beam, and 
generally similar in construction to the Ferret and Lynx. 
which we illustrated and described in our issue of July 2C 
last. The armament, however, has been modified, and 
now consists of one 12-pounder and five 6-pounder quick- 
firing guns, two separate torpedo tubes on the deck and 
no bow tube, and they are equipped with the latest type 
of 18-in. torpedoes. The engines are Messrs. Laird’s well- 
known tri-compound type, the cvlinders being 19 in., 
29 in,, and 43 in. in diameter by 16 in. stroke. All parts 
of the engines are accessible when working at full speed, 
and all the starting and reversing gear, &c., is worked 
from a platform at the forward end of the engine-room. 
It has been a very satisfactory feature in the machinery 
of Messrs. Laird’s make that they have designed their 
engines with cylinders large enough to give the required 
power at a reasonable number of revolutions, and on the 
trial of the Banshee the average for the three hours was 
only 345. The boilers are a modified form of the Nor- 
mand type, and no difficulty was experienced throughout 
the three hours’ trial in maintaining the steam at the in- 
tended pressure. There was no indication of priming 
either on the official or preliminary trials. The official 
trial of the Banshee took place on Thursday. February 21, 
in the presence of Mr. Pledge and Mr. Emdin, repre- 
senting the Admiralty ; and Mr. Hobbs, of Devonport 
Dockyard. The builders were represented by Mr. R. R. 
Bevis, Mr. J. M. Laird, and Mr. W. Laird, Jun. ; Mr. 
R. R. Bevis, Jun., being in charge of the machinery. 
On the three hours’ trial, the vessel having on board 
her full normal weight, the average speed for the whole 
time was found to be 27.6 knots with 345 revolu- 
tions. After the run the usual trials as to manceuvring 
were made, 





The trial of the Contest was made under similar condi- 
tions the following day, and the mean speed for the three 
hours was 27.4 knots, with 350 revolutions. There wasa 
remarkable absence of vibration when running ab full 
speed, and no hitch of any kind occurred in the machinery. 
The Banshee left Birkenhead under easy steam at 3 p.m. 
on Friday, February 14, and reached Greenock at 3 o’clock 
next morning, in spite of a heavy south-east gale which 
prevailed from the Mull of Galloway onwards. The Con- 
test left Birkenhead on February 19, at 7.15 a.m., and 
reached Greenock at 4.50 the same afternoon, at over 20 
knots’ average speed, and the vessels were got ready for 
trial and all the weights adjusted as recorded above, 
Messrs. Laird only received the order for these boats in 
February of last year. The third boat of the lot is named 
the Dragon, and is now ready for steam, and will be tried 
very shortly. 


Her Majesty’s ship Bruiser, the last of the new type of 
torpedo-boat destroyers in process of building by Measrs. 
J. I. Thornycroft and Co.. was launched from their ship- 
yard at Chiswick on the 27th ult. The vessel is a sister 
ship to the Boxer, built and engined by the same firm, 
which recently. on her official trial, attained a speed of 
29.17 knots. She is 200 ft. long, and has a beam of 19 ft. 
Her engines and boilers (to be fitted by her builders) will 
be of the same type ag those supplied to the Boxer, and 
are guaranteed to give her a speed of 27 knots. The 
armament of the Bruiser will comprise one 12-pounder 
and five 6-pounder quick-firing guns, and two torpedo 
deck tubes. 

Messrs. White, of Cowes, have also this week launched 
a torpedo-boat destroyer of similar design. 





Messrs. Armstrong, Mitchell, and Co., launched on the 
27th ult., her Majesty’s ship Swordfish, a torpedo-boat 
destroyer. The dimensions are: Length, 200 ft. ; 
breadth, 19 ft.; displacement in /tons, 270; armament, 
one 12-pounder quick-firing gun, five 6-pounder quick- 
firing guns, and two torpedo-tubes. The speed is ex- 
pected to be 27 knots, 








Tue Late Mr. H. L. Stannarp.—We regret to hear 
of the death, from malarial fever, of Mr. Harry Laurie 
Stannard, Assoc. M. Inst. C.E., which took place at 
Fort Massi Kessi, Manicaland, while in charge of mining 
operations. Mr. Stannard, though only 35 years of age, 
had had acareer of unusual variety, He was one of the 
engineers in a of the abortive Berber Railway in 
connection with the campaign of 1885, and was succes- 
sively engaged on important works in Brazil, Australia, 
and Singapore, and on many home railway works, A 
few years ago he introduced and patented a new and 
ingenious system of tunnelling in shallow ground by means 
of steel bars, which was used with success in the recently 
completed tunnel at King’s Cross. Mr. Stannard came 
of a “railway” family, being the son of the late Mr. 
Robert Stannard, a railway engineer of almost unique 
experience; while his grandfather had charge of Stephen- 
son’s historic work of carrying the Liverpool and n- 
chester Railway across Chat Moss, a feat which he 
(having had many years’ experience in reclaiming the 
Moss) was mainly instrumental in causing the great en- 
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THE TEQUIXQUIAC TUNNEL WORKS FOR THE DRAINAGE OF MEXICO. 
(For Description, see Page 270.) 
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LONDON WATER SUPPLY. 


On Friday last the motion for the second reading 
of the Lambeth Water (Transfer) Bill was agreed to 
in the House of Commons on the motion of Mr. 
James Stuart, an Alderman of the London County 
Council. By this measure it is proposed to hand 
over to the latter body the property of the Lambeth 
Water Company in return for considerations to be 
settled by mutual agreement, or, failing that, by 
arbitration. This Bull is the first of a series deal- 
ing with the eight London water companies, and as 


288 | the House of Commons has decided in its favour on 


the main issue, it would seem that the end of the 
long reign of proprietary monopoly in the water 
supply of the metropolis is within sight ; although yet 
After 
the motion for the second reading was carried, the 
Bill was referred to a hybrid Committee of nine 
members, four to be named by the House, and five 
by the Committee of Selection. Many important 
details have, therefore, yet to be argued out. 

The introduction of this pioneer measure, and 
the declaration of the Government in its favour, 
mark one of the most important incidents in the 
economy of metropolitan government. As the 
city of most extended area and largest population, 
London was the first to require an organised water 
supply, and the example of private enterprise set 
by Sir Hugh Myddeiton nearly 300 years ago, 
has been followed whenever an extension of metro- 
politan water supply has been required. Many 





other cities of the kingdom—one may say of the 
world—profiting by the example of London, have 
relieved their water supply of the burden of private 
gain. That is no reason Londoners should forget 
that the subscribers to the various water companies, 
which now make handsome profits, took the risk of 
uncertain ventures ; and these ventures, it may be 
remarked in passing, were at first far from being 
the successful enterprises they have since become. 
However, there now exists an overwhelming pre- 
ponderance of opinion that the supply of water to 
London should be in the hands of a public body. 
Mr. Stuart said, in introducing the Bill, ‘‘ the 
time was past when it was necessary to argue 
whether a community should possess the control 
of its own water supply.” That is doubtless true, 
but it yet remains to be seen whether the ratepayer 
will be better off when the existing water com- 
panies have been wiped out. If the ambitious 
schemes favoured by the existing London County 
Council are all carried out, we may yet regret the 
exchange of King Log for King Stork. 

Although the composition of the present London 
County Council is not, therefore, exactly that which 
responsible persons would select for controlling an 
undertaking with such vast possibilities for squan- 
dering money, yet the County Council is the most 
fitting existing body for the purpose ; indeed, it 
was for such duties as this that it was called into 
existence ; more the pity it should have strayed 
into the tortuous bye-paths of political intrigue. 
It is this backsliding which gives the chief 
argument in favour of the suggestion of a sepa- 
rate Water Trust, a body which would be analo- 
gous to the many trusts which so successfully 
control the ports and harbours of the kingdom. 
As a general principle, it is not wise to multiply 
elective bodies. It is difficult enough at any time 
to get the average citizen to record a vote; and 
thus it is that the smaller elected corporations so 
often fall into the hands of unscrupulous wire- 
pullers, who obtain control by offering bribes to 
small sections of electors. The number of jerry- 
builders, publicans, and jobbing contractors who 
get placed on local boards and vestries are examples 
and warnings in this respect. It is a good thing, 
therefore, that the County Council should have 
control of the water supply, and all other supplies 
of a like nature that are to be brought within the 
province of municipal government. If the tax- 
payer finds the path to his front gate is badly kept, 
he will grumble and bear it rather than walk a 
mile or two, just at dinner-time, to record a vote ; 
if, indeed, he has taken trouble previously to find 
out who are the right men to vote for. But if, 
in addition to muddy footpaths, he finds his water 
rate is twice what it should be, his gas bad 
and dear, drainage defective—if, in short, he meets 
discomfort at every turn, he will bestir himself to 
find a remedy. For reasons such as this it is well 
that county councils should have their power and 
dignity extended, even if, by their present compo- 
sition, they are unworthy of extended confidence. 
Higher responsibilities will produce better men, 
but in the meantime we have to do with county 
councils as they exist, and for the present it is 
necessary to keep a keen eye on their spending 
proclivities. 

The fact that a new election of the London 
County Council is just at hand, presents a difficulty 
in discussing the question ; but perhaps we may take 
it that the policy of the Council in this matter will 
be fairly continuous. The point that is likely to 
be most affected by the coming election is the 
position of the debenture-holders. It is proposed by 
the Bill that ‘‘ their security upon the undertakings 
should remain.” That is the view of Mr. Stuart, but 
the payment of the interest on debentures depends 
on the undertakings being worked at a profit. Mr. 
Stuart thinks it beyond the limits of reasonable 
argument that the County Council, representing a 
great and wealthy community, would play such 
‘*ducks and drakes” with the property that it 
would not be able to meet interest on debentures. 
Such a contingency certainly ought to be ‘‘ beyond 
the limits of reasonable argument’’—but is it ? 
We know what are the plans and proposals—not 
yet publicly expressed—of some of those who are 
likely to have much to say in the future policy of 
water supply, and if these are carried out it seems 
not at all unlikely the debenture-holders may go 
without interest for many years to come. At 
present their income is secure. Mr. Stuart says in 
the future it will be equally secure. In that case 
there can be no objection to giving a guarantee 
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depending on something more certain than the 
policy of a body which may think more of the 
reflected glory that comes from gigantic schemes 
than of anything so prosaic as the payment of 
interest on debentures. 

The instructions to the arbitrator proposed by 
the Bill supply another rearon for questioning the 
fairness of the County Council. If purchase is not 
arranged by agreement, there is, as stated, to be 
arbitration. This, indeed, is an improvement on 
the position taken up by a former London County 
Council which was desirous of buying vp the 
water companies. But thovgh it was willing to 
make some compensation in return for the property 
of the companies, its members were ‘totally 
opposed to purchase by arbitration.” Mr. Stuart 
and his friends have not adopted the principle of 
being purchasers and fixing the price, but there has 
been introduced into the Bill certain limitations 
which do not tend towards fair dealing. Mr. 
Chamberlain, who certainly cannot be accused of 
enmity to the principle of public control, said, in 
speaking upon this point: ‘‘The County Council 
propores that the arbitrator should take into 
account all the circumstances of the case. I think 
that is perfectly fair, and if the County Council had 
stopped there I would most heartily support their 
view ; but they did not stop there. After having 
said it is to be a fair arbitration, they proceed to 
specify half-a-dozen, or a dozen, different items 
and considerations which they think are in their 
favour, and which the arbitrator is specially to 
take into account. Let any man of business who 
has ever been engaged in arbitration consider the 
effect of that. The special attention of the arbi- 
trator is called to a number of circumstances con- 
nected with the undertaking, and, on the other 
hand, no reference is made to any single circum- 
stance which might be in favour of the companies. 
Anything more one-sided, more absolutely or evi- 
dently unfair than a condition of that kind it is 
impossible for me to conceive.”’ 

Perhaps the chief reason for reluctance to hand 
over the water supply to the London County 
Council is that it would give the Council jurisdic- 
tion over large areas not within its proper district. 
A glance at a map showing the way in which the 
London district is parcelled out among the eight 
companies, reveals how far afield their operations 
extend. Although local patriotism is not a pro- 
minent characteristic of the average Londoner 
—heing, indeed, almost non-existent—yet party 
feeling runs high with local authorities, who are 
extremely jealous of encroachment upon their 
prerogative. How this difficulty will be got over 
remains to be seen; but an Act of Parliament can 
do anything, and after all the outlying local autho- 
rities are having nothing taken from them ; simply 
the powers now held by profit-making companies 
beingtransferred toa publicbody. SirJohn Lubbock 
dwelt upon this part of the question, using it as one 
argument againstthe Bill. Hisother arguments were 
that the present County Council, being moribund, 
should not have introduced the Bill; and that the 
public were exchanging a certainty for an uncer- 
tainty. In regard to the first of these two objec- 
tions, it is open to the coming Council to drop the 
Bill if it think fit; but Sir John Lubbock knows, 
whatever its composition, it will not think fit. 
With regard to the second point, it is true that the 
companies are bound not to pay more than 10 per 
cent., all surplus beyond going to reduce rates. 
That is a very good principle, but how small an 
effect it has in practice !| There are many pleasanter 
ways of spending a surplus than reducing rates ; 
ways, it is apposite to remark, which are just as 
pleasant to County Councillors as to water com- 
panies’ directors. The ratepayer will be able to 
vote the former out of his berth ; he has no hold 
on the latter. 

The financial aspect of the proposals is one which 
has yet to be considered, and upon which the policy 
of the promoters of the Bill is still unrevealed. 
What sums will be paid for purchase of the 
properties has, of course, to be settled, but when 
the County Council get the undertakings into their 
own hands they will have to determine what is to 
be done for bringing the supply up to the needs of 
the ever-growing population of the London dis- 
trict. In our issue of September 29, 1893, we 
commented on the report of the Royal Commis- 
sion appointed to inquire into the Metropolitan 
water supply in March, 1892, of which Lord Bal- 
four of Burleigh was chairman. At that time the 


tween 170 to 180 million gallons. The daily average 
flow of the Thames is, according to the report 
of the Royal Commission, 1350 gallons ; for three 
consecutive dry years it was 1120 million gallons, 
and for the driest year 900 millions. The different 
water companies are now empowered to take from 
the Thames 130 million gallons per day. The 
average of three years’ flow of the River Lea was 
found to be 85 million gaJJors daily, of which the 
New River Company took 223 million gallons, and 
the East London Company 37 million gallons. 
Without encumbering the present article by repeat- 
ing the figures quoted in our former one, it may 
be said broadly that we have reached the limit of 
supply that may be taken from the two rivers. In 
regard to the vexed question of tapping the chalk. 
authorities differ 0 widely that only actual experi- 
ence can be taken as giving approximately satisfac- 
tory conclusions; and drawing from the beds of 
gravel or other sources is held to be only arresting 
water on its way to the river. That a good deal of 
water sinks into the earth and finds its way to the 
sea or the lower estuary of the Themes appears 
exceedingly probable, but it is a moot question 
whether this water can be utilised with advantage. 

What then remains to be done to supply the 
ever-increasing demand for water? The scheme 
most popular with these who have not studied the 
question of cost is a supply from a mountain 
source, say in Wales; and. indeed, if we accept 
the conclusions of some authorities, it is the only 
plan. There is something very attactive in the 
idea of this sparkling mountain water —so dif- 
ferent to the muddy Thames—and then the heroic 
works that would be constructed would put us 
more on a level with the glories of ancient Rome. 
That is an elevating thought for public-spirited 
citizens. The sperding of the many millions—and 
they would be very many millionr—would also be 
a pleasant thing for those who controlled the busi- 
ness. There would be patronage for officials to 
distribute ; knighthoods—nay, baronetcies—for pro- 
moters, and, moreover, splendid surfaces for the 
cutting of names on foundation-stones and other 
prominent positions. Personally, we like these 
big engineering works. They give employment to 
so many of our friends and relieve the monotomy 
of commonplace ordinary undertakings. On all 
hands, therefore, the distant-supply scheme is 
likely to be popular, until we sit down to consider 
the cost. 

An alternative to the distant-supply system is 
the storage reservoir principle—a method of in- 
creasing the water supply which is by no means 
popular. and is often looked upon as not practic- 
able. This fact is largelv due to the investiga- 
tions of Professor A. H. Green and Mr. W. 
Whitaker, who made an inquiry a few years ago for 
the London County Council. The former, in his 
evidence before the Royal Commission of 1892, ex- 
pressed an opinion adverse to the construction of 
impounding reservoirs. He had made an ex- 
amination of the Thames Valley, and generally it 
may be said his conclusion was that where the 
contour of the land was favourable, the Jand was 
of such a nature that the bottom could not be made 
water-tight ; and where the nature of the soil was 
suitable the contour was unsuitable. 

The question of purity of the water is also in- 
volved in this suggestion of impounding reservoirs. 
It is, of course, intended that they should be filled 
up in times of excessive rainfall, the water thus 
stored being given off during drier periods. It is 
objected, and considered as a fatal objection, that 
when the river is in flood the water is excessively 
turbid, and contains much harmful matter in sus- 
pension, owing to having been collected from 
highly cultivated and heavily manured Jand. That 
is true, but it must be remembered that under the 
present conditions we have to draw our supplies 
from the Thames at all seasons, and much flood 
water is utilised which has not been subjected to 
the purifying effect which would undoubtedly be 
exercised by the impounding reservoirs. If we are 
sure of one thing, it is that the present London 
water supply is a wholesome one. We have the 
best proof of that in the high position the metro- 
polis holds in the Registrar-General’s returns. 

Other authorities besides Messrs. Green and 
Whitaker gave evidence before the Royal Commis- 
sion. The late Mr. Thomas Hawksley, then our 
highest authority as a water engineer, gave some 
interesting figures. He estimated that in the driest 
years the available quantity of water from the 


square miles, on the basis of 6 in. of rainfall would 
be 877 million gallons passing over Teddington 
Weir. Al] that was required was to take from the 
Thames area 25 gallons a day for 6.000,000 people, 
a further quantity to be supplied from the Lea. 
One way of supplementing the supply of London, 
so far as it required to be supplemented, was by 
means of storage reservoirs on the upper tribu- 
taries of the Thames, while other engineers advo- 
cated the placing of similar reserveirs in the 
lower part of the Thames; of which also he 
approved. The engineers consulted by the Con- 
servators had found eligible storage grounds for 
20,000,000 gallons, and engineers consulted by 
the companies had planned other storage works 
for 18,000,000 gallons, but these did not exhaust 
the capabilities of the river. Above Woodstock 
there was some doubt as to whether the ground 
was quite suitable for such reservoirs, but there 
were plenty of places in the vallev of the Thames 
where the storage reservoirs could be put, and one 
place within a few miles above Oxford would almost 
alone supply the whole quantity needed. If re- 
servoirs were built to contain 17.368,000,000 
gallons, they would supply water for 168 days; the 
longest period for which necessity would arise. 
He would pump into the reservoirs from the river 
enough water to keep the water fresh and in its 
best condition. He estimated the cost of forma- 
tion of such reservoirs would be four to five millions 
sterling. 

We may remind our readers that the terms of 
the reference to the Royal Commission before 
which Mr. Hawksley gave the above evidence. 
did not extend to the consideration of a source of 
supply beyond the districts from which the metro- 
politan companies at present draw, and, therefore, 
points that might have been urged in favour of a dis- 
tant mountain or moorland collecting ground could 
not be brought forward. There is, however. one thing 
certain—that if we are to go far afield the outlay 
will be enormous, and such an outlay would only 
be warranted on the proof that we had reached the 
limit of our present sources. The refererce to the 
Commission was amply sufficient for ascertaining 
this fact. Perhaps we had better quote it once 
more ; it was as follows: 

‘* Whether, taking into consideration the growth of the 
metropolis, snd the districts within the metropolitan 
water companies, and also the needs of the localities not 
supplied by any metropolitan company, but within the 
watersheds of the Thames and Lea, the present sources of 
supply of these companies are adequate in quantity snd 
quality, and, if inadequate, whetber such supply as may 
be required can be obtained within the watersheds 
referred to, having due regard to the claims of the dis- 
tricts outside the metropolis, but within those water- 
sheds, or will have to be obtained outside the watersheds 
of the Thames and Lea.” 

It will be seen that the reference is a very 
wide one, and fully enabled the Commission to take 
evidence which would enable them to form an 
opinion as to the adequacy of the present supply 
grounds. In regard to quality, we have fully dealt 
with that question in the previous article already 
referred to, and we need not, therefore, repeat the 
facts upon which we based our conclusion that the 
present sources of supply are, as the report stated, 
‘* adequate in quality.” 

The report was no less emphatic in speaking of 
the sufficiency of the present sources of supply in 
regard to quantity. It said: 

** With respect to the quantity of water which can be 
obtained within the watersheds of the Thames and Lea, 
we are of opinion that if the proposals we have recom- 
mended are adopted, a sufficient supply to meet the wants 
of the metropolis for a long time to come may be found 
without any prejudice to the claims or material injury to 
the interests of any districts outside the area of Greater 
London.’ 

The Commission was an exceptionally able one in 
itself, comprising, in addition to the chairman, 
three eminent engineers (Sir G. Bruce, Mr. J. 
Mansergh, and Mr. G. H. Hill), an eminent geolo- 
gist (Sir Archibald Geikie), an accomplished 
chemist (Professor Dewar), and a physician (Dr. 
Ogle). It would take far too much space to give 
the names of even the most prominent witnesses ; 
but it may be stated that if any body was ever in a 
position to pronounce an opinion on the subject in 
question, Lord Burleigh’s Commission was that one. 
Of its fairness and freedom from bias there can be 
no question. Nevertheless, the London County 
Council will not accept the decisions of the Commis- 
sion, mainly on the ground of the limitation of the 
reference of which we have already spoken. 
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already referred to, and of which the report spoke 
favourably, in terms we shall presently quote, 
emanated from Mr. Walter Hunter, director of the 
Grand Junction Water Company, and Mr. Alex- 
ander Fraser, engineer to the same company. 
This scheme was made brief reference to in our 
former article. It consists of the construction of 
nine reservoirs upon land in the neighbourhood of 
Staines at only a few miles’ distance above the 
existing works of the companies. The storage 
capacity is to be obtained by excavating below the 
surface in almost flat land, and forming the material 
removed from the banks so as to increase the depth. 
By this combined process of sinking and raising a 
depth of 40 ft. would be obtained, the digging 
being entirely in gravel, which overlies the clay to 
a depth of 20 ft. to 30 ft. The plan provided for 
vertical puddle walls around the reservoirs, carried 
down by trenches into the clay below, the internal 
slopes being protected from wash by a concrete 
lining. The storage would be gradually built up 
by instalments, a sufficient amount being provided 
for each 10 years to meet the demand as evidenced 
by the census. 

We have already quoted Mr. Hawksley’s evi- 
dence on this subject, and we will now give some 
passages from the report of the Royal Commission: 

“From the River Lea we are of opinion that, with 
adequate additions to the present storage, 524 million 
gallons may be taken daily.” 

‘* We are of opinion that by the construction of storage 
reservoirs in the Thames Valley, at no great distance 
above the intakes of the companies, it will be possible to 
obtain an average daily supply of 300 million gallons 
without taking in any objectionable part of the flood 
water.” 

It may be pointed out that storage reservoirs 
such as these would lessen to a slight extent the 
danger of flooding in the Upper Thames, of which 
we have had such disastrous examples lately. At 
the same time the volume of water in the lower 
reaches would not be lessened at times when 
it is most required; in fact, the impounding 
reservoirs would act as a flywheel to the 
river, absorbing water when it required to be 
got rid of, and giving it forth as required. 
The report tells us that the average daily 
flow of the Thames at Teddington Weir, add- 
ing the water taken by the companies, is about 
1350 million gallons per day. It will thus be seen 
that when 300 million gallons are taken there will 
be left to flow down into the tidal portion of the 
river an average daily quantity of not less than 
1000 million gallons. ‘‘ We think,” the report 
continues, ‘‘ that regulations could be framed under 
which the quantity we suggest could be taken, not 
only without reducing the flow of the river, on the 
rare occasions of exceptional drought, to the pre- 
sent minimum. but in such a way as to secure that 
the volume of water left in the river at these times 
would be substantially greater than it is under 
existing conditions.” 

Speaking more generally on the whole source of 
supply, the report adds : 

“From the sources and by the methods we have 
mentioned, a daily supply of 420 million gallons can, in 
our opinion, be obtained. This is a sufficient quantity to 
supply 35 gallons a head to a population of 12 million 
people in excess of what the population of Greater Lon- 
don, together with the outlying parts of Water-London, 
will have become in 1931.” 


The London County Council takes exception to 
the Staines storage scheme on account of its great 
costliness. The Water Committee of the Council 
has had an estimate prepared as to the probable 
cost of constructing and maintaining a storage 
system capable of supplying 240 million gallons a 
day. On the basis of past expenditure upon works 
of the eight existing companies, the total capital 
cost is put down at 21,246,916). Without access 
to the data upon which this estimate is based, it is 
impossible to criticise it, but we think nearly all 
engineers accustomed to work of this nature will 
pronounce it enormous and excessive. A second 
estimate has, however, been prepared on ‘‘ the 
estimated cost per million gallons given in evidence 
lately by the engineers of the various companies in 
relation to construction of similar works.” This 
gives the still enormous total of 15,000,000/., with- 
out taking into account distribution. In both cases 


the annual cost of pumping and maintenance would 
amount to some 430,0001. 

It will be well, however, to compare these 
figures with those estimated for bringing a supply 
from a distant source. Mr. Hawksley and Sir 
Frederick Bramwell made an estimate from data 


supplied by the cases of Liverpool and Birming- 
ham, and concluded that to bring to London from 
Wales 210 million gallons a day would entail an 
expenditure of 30,000,000/., a sum, vast as it is, 
which seems moderate for the work done compared 
to the County Council’s estimate for the Staines 
reservoirs. 

There is one point that must be borne in mind. 
One of the merits of the reservoir scheme is that it 
does not require all the money ultimately neces- 
sary to be spent at once. Monumental works to 
last for all time are very fine things, and it is 
doubtless a noble deed for the present generation 
to supply water works for its grandchildren, but it 
may, perhaps, be advisable to leave one’s grand- 
children a chance to spend something on themselves. 
The report of the Commission said : 


** To our mind one great advantage of such a scheme of 
storage reservoirs is that it can be carried out progres- 
sively to meet the increasing demands for water; and 
should the population not grow so rapidly as we have 
thought it Lm a to contemplate, the extension may be 
from time to time deferred, as successive decennial 
enumerations reveal that the ratio of increase is remaining 
stationary or even falling.” 


In other words, the grandchildren may not even 
be born to the extent we have provided for them. 

Our article has already extended to such a length 
that we must leave this point, although it is not 
nearly exhausted. We shall probably return to it 
on an early occasion. We believe that careful esti- 
mates have been made by competent authorities as 
to the cost of the proposed reservoirs at Staines, 
and aneminent firm of contractors have signified 
their willingness to execute the work on the figures 
arrived at, which are enormously lower than those 
put forward by the London County Council. Be- 
fore we have occasion to write cn this subject again, 
a new County Council will have been elected. 
Whether it will be of the same complexion as the 
old, remains to be seen ; but in any case it will be 
necessary for the ratepayer to keep a very keen eye 
on the proposals of a too progressive body in the 
spending of public money. 





THE NAVAL MANGQUVRES. 

Tue official account of the partia] mobilisation 
and naval manoeuvres of last year has just been 
issued. It is a brief document, dealing in a sum- 
mary method with the operations of the two fleets. 
It appears that 96 vessels of all classes were en- 
gaged, 24 of these being torpedo-boats, and 26 
small special service vessels. There were 33 
cruisers, 12 battleships, and one coast-defence 
vessel. The total was larger than any during the 
past five years. The total tonnage was 305,362, 
the number of officers and men employed being 
20,853 of the Royal Navy ; in addition to which 
there were 535 men of the Royal Naval Reserve 
mobilised. The whole number of ships were 
divided, as usual, into two bodies, designated the 
Red and Blue fleets. 

It is unnecessary to follow the bare description 
given of the details of operations. The operations 
took place mostly off the coast of Ireland. There 
was a forbidden belt. There was the usual 
amount of scouting, cruising, and manceuvring, and 
on August 5 the combined Blue Fleet, composed of 
22 ships, were sighted on the port bow of the B 
Red Fleet, consisting of 15 ships. The Blues ma- 
neeuvred to prevent the Reds from getting into 
Belfast, and an engagement which lasted about 50 
minutes took place. The Red ships got into Bel- 
fast Lough, but in doing so they passed within 
six cables of the Maidens, and thus broke one of the 
rules, the penalty being that they were put out 
of action by the umpire for 24 hours. After this 
the Blue Fleet stood to the southward to look 
for the remainder of the Red Fleet, which was 
discovered. An engagement began, and the part 
of the Red Fleet which had been ruled out of 
action, followed and took part in the fight. As, 
however, the Red ships out of action should not 
have been present, the victory was therefore given 
to the Blues, who were outnumbered to the re- 
quired extent. This must have been an unpleasant 
surprise to the Admiral of the conquered fleet, who 
was not aware that his auxiliaries were officially 
non-existent, although very palpably present in 
actual force. 

No ship was put out of action by a torpedo-boat, 
a fact to be chiefly attributed to the lightness of 
the nights. One of the Red torpedo-boats, how- 





ever, had apparently a chance which she failed to 





take advantage of, supposing her enemy to be one 
of the group exempted from torpedo attack by the 
rules. This incident, as well as that of the Red 
ships being out of action, and yet able to take part 
in the fight, shows the difficulty of bringing make- 
believe warfare to the likeness of the real thing. 

The Red torpedo-boat referred to, which failed 
to attack her opponent through a misconception 
of her character, had been driven off by a 
‘*catcher’”’—we thought the term was tabooed in 
naval circles—and at first missed the Blue Fleet, 
but managed to keep up with it and got within 
range of the rear ship, which, as stated, she did 
not attack. The Lieutenant in Command states 
that, owing to the speed of the hostile fleet, the 
boats were unable to regain their position for 
attack when once it had been lost. ‘‘ From this 
it seems permissible to infer,” says the report, 
‘* that high speed will be of itself no unimportant 
protection to ships traversing at night narrow 
waters infested by torpedo-boats ;” a proposition 
which we should have thought a self-evident fact. 

The torpedo-boat operations are described as 
having been upon a too restricted scale to supply 
much valuable instruction—a remark which applies 
equally as well to the report itself. So far as the 
operations went, however, they tend to coafirm the 
view that the most effective employment of the 
torpedo-boat in war will be limited to sending her 
to attack an enemy’s ship in a known position 
within the boat’s range of action. The necessity 
of combining with torpedo-boats vessels of a larger 
class to discover the enemy, is also insisted upon. A 
mere flotilla of torpedo-boats is therefore considered 
“‘as a belligerent factor of distinctly imperfect 
efficiency.” It is surprising how much attention 
the torpedo-boats always seem to occupy in these 
manceuvres, and yet we are always being told they 
are little or no good. 





THE PROPAGATION OF MAGNETISM 
IN IRON. 

IN spite of the large amount of work that has, 
during the last few years, been devoted to the sub- 
ject of magnetism, there still remains a great deal 
to be learned. Our knowledge of the subject has 
received, however, a very great and notable advance 
from the paper read by Dr. Hopkinson and Mr. 
E. Wilson before the Institution of Electrical Engi- 
neers on Thursday, the 21st ult. This paper was 
an extension of their communication made to the 
Royal Society on May 31, 1894, but was founded on 
experiments made with new and larger appa- 
ratus. It has, of course, been long known that 
in electro-magnets with solid cores currents are 
induced in the solid iron when the magnetising 
current is reversed, and that these currents for a 
certain time retard the development of changes in 
induction. On Thursday night the existence of 
these currents was shown to the audience by 
aid of reflecting galvanometers inserted in the 
circuits of exploring coils within the core, and the 
astonishing fact was revealed that the propagation 
of the magnetism takes place progressively, the outer 
zones of the core attaining their full magnetisation 
before the inner zones become affected to any sen- 
sible degree. Further, it was shown that the time 
required for the action to become complete may be 
very long when only a small magnetising force is 
employed, and even witha large force it may occupy 
the best part of a minute with apparatus of the 
size employed by Messrs. Hopkinson and Wilson. 
When the current in the magnetising coil is 
reversed, the magnetic flux in the core is also 
reversed, of course, and this gives rise to electric 
currents in the iron. These currents circulate 
round and round the core, and in so doing they 
oppose the propagation of the magnetism towards 
the centre. Until the currents die out, expending 
themselves in heat, the magnetism cannot get 
deeper into the iron, and in each layer or zone into 
which it penetrates it induces a fresh set of 
currents, so that its propagation is continually 
delayed, and each advance is met by a fresh 
resistance. 

The apparatus used was made by Messrs. Mather 
and Platt. The magnet was 12 in. in diameter, and 
was surrounded by coils. To complete the mag- 
netic circuit the core and the coils were entirely 
surrounded by iron, by means of two discs and a 
hollow cylinder. The core and the cylinder stood 
co-axially on one disc, and the other disc was 
placed upon their upper ends. In the annular 
space between the core and the cylinder the 
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magnetising coils were placed. By means of a 
current sent through these coils the core could be 
magnetised, the propagation of the magnetism 
being studied by aid of three small exploring 
coils, very ingeniously introduced into different 
parts of the core. At about the middle of the 
height of the core there were drilled through 
it, in a horizontal plane, four holes of { in. 
diameter. These holes, being all in one plane, 
crossed each other at four places, and inclosed 
a small square in the centre of the magnet 
core, a8 shown in the annexed figure, where the 
square is marked 1. Around the square a coil of 
19 convolutions was wound, This was done by 


BD O 


using a strand of 19 very fine wires laid together. 
The strand was threaded up one of the holes, and 
by means of a hooked wire was drawn around 
the square, and finally out by the same hole 
through which it entered. The 19 wires were 
then reeved out, and were united in pairs in such 
a way that they formed one continuous circuit 
passing 19 times around the square. 

A little distance from this central coil another 
was formed in the same way, but this time out 
of centre, as shown in the section marked 2. In 
this view, as in the others, the j-in. holes are 
represented by single thick black lines, the scale of 
the drawing being too small to admit of the use of 
two lines to define the limits of the bored holes. 
A second coil was placed around the square marked 
2, just in the same way as around that marked 1. 
A third exploring coil, 3, was placed near the edge 
of the magnet. There was also a fourth, similar to 
that marked 3, in the outer part of the cylinder 
that surrounded the core. 

The magnetising coil, and each of the three 
exploring coils, 1,2,and 3, was, severally, connected 
up toa D’Arsonval reflecting galvanometer, there 
being thus four galvanometers, each casting its own 
spot of light on to a screen that reached halfway 
across the end of the room. The magnetising current 
was derived froma set of accumulators, having a 
potential difference of 100 volts, and was varied, ac- 
cording to requirements, by sending it through resist- 
ances formed of glow lamps. Before each experi- 
ment was commenced the magnetising current was 
sent through its coil for some minutes, until the 
core had come up to its full condition of magne- 
tism, corresponding to that particular current, and 
the galvanometers connecting to the exploring coils 
were ut rest at the zero position. The current in 
the magnetising coil was then suddenly reversed. 
The spot of light from the galvanometer in the 
magnetising circuit immediately travelled over the 
screen, the period of its motion being slightly 
lengthened by the self-induction of the coil, which 
momentarily opposed the passage of the current. 
Simultaneously the spot operated by coil 3 began to 
make its excursion, travelling tothe end of the screen, 
and then coming back at a very moderate speed to 
its starting point, showing that currents had been 
set up in the outer zone of the core, and had then 
died away again. During this period the two re- 
maining spots had kept quite stationary, but no 
sooner had No. 1 got home again than 2 began 
deliberately to move off. It proceeded about one- 
fourth of its travel, faltered, and retreated for a 
moment, and then swept over its remaining course 
and back with very considerable deliberation. Then 
all attention was fixed on the remaining spot, and 
for some time it seemed as if it would not move, 
Probably the delay was less than half a minute, 
but in the silence and expecta:ion it seemed a 
great deal longer. Slowly it was verceived that it 
was changing its position by almost imperceptible 
degrees, like the hand of a clock, but gradually it 
gathered speed, until at length it moved in a 
leisurely and stately fashion over the screen and 
back to its original position. The experiment was 
then complete. The magnetism had penetrated to 
the centre of the 12-in. bar, and become constant 
there, but the operation had taken the astonishing 
period of four minutes to become complete. 

The experiment we have just described was made 
with a magnetising force 2.4 C.G.S. units per 
centimetre length of the magnetic circuit It was 
followed by three others with magnetising forces 
respectively of 4,95, 15, and 24, The same pheno- 

















mena were apparent in each case, but the period 
over which they extended was gradually reduced, 
until in the last case 50 seconds covered the entire 
cycle. The electromotive force of the magnetising 
current was 100 volts in these experiments, and 
the current was reduced to the required amount by 
passing it through a non-inductive resistance, so 
that the apparent resistance due to the self-induction 
of the magnetising coil, bore a less proportion to 
the whole than if the potential had been smaller. 
A last experiment was made with alternating cur- 
rents of gradually diminishing periods, beginning 
with one of eight minutes’ periodic time, but pro- 
ceeded so slowly that it was not persevered with to 
the end. The purpose was to show that when the 
periodic time of the current fell below a certain 
amount, the central portion of the magnet did not 
respond to the reversals of current. For instance, 
working with a magnetising current that required 
four minutes to propagate its action to the centre of 
the core, it is evident that if it were reversed every 
four minutes, that is, if it had a period of eight 
minutes, the centre coil would cause its spot of light 
to make its excursion and back again in due course 
after each reversal. But if the reversals were 
gradually made at shorter and shorter periods than 
four minutes, No. 1 spot would make a shorter and 
shorter excursion, until at length it ceased to move 
at all, and the central part of the magnet would be- 
come inoperative and useless. 

From the readings of the galvanometers there 
can be deduced the electromotive forces at different 
depths in the iron, and from these results there can 
be obtained the magnetic induction at the same 
depths, and the relation of the induction to the 
magnetising force. 

It is possible to pass from the results obtained 
with this apparatus to those which should occur 
with apparatus of different size, since the time re- 
quired for the propagation of the magnetism is pro- 
portional to the square of the linear dimensions, 
Thus acore 1 in. in diameter would be fully magne- 
tised, under similar conditions, in ;},th of the 
time required for 12-in. core. A transformer core 
made of wires of 1 millimetre in diameter, would be 


magnetised in about sooo tt part of the same time. 


Plates require about twice as much time to go 
through their changes as wires of the same thick- 
ness ; that is, a plate } mm. thick requires the same 
time asa wire 1 mm. thick. An examination of the 
thickness of the laminz used in transformer cores 
shows that practice has settled them at the dimen- 
sions theory would indicate, and that they could 
not be made much thicker without. loss, while to 
make them thinner would be of no advantage. 

The authors are now engaged, in the Siemens 
Laboratory at King’s College, in making photo- 
graphic records of the galvanometer readings 
obtained from this magnet, and these will be added 
to the paper when it takes its final form in the 
Journal of the Institution of Electrical Engineers. 
As delivered it was largely an exposition of the 
experiments as they progressed ; we shall hope to 
return to the subject again when we can lay the 
results of these most instructive and valuable experi- 
ments before our readers in a more exactform. In 
the meantime we may point out that the great 
charm of all Dr. Hopkinson’s conclusions is that 
they do not rest on assumptions which may, or 
may not, be true. He does not lay down the laws 
that govern actions in some ideal material, but he 
investigates the conditions of the very substance 
which is being used daily in the arts, and he applies 
his mathematics to the results obtained by his ex- 
periments. It is this method of work that causes 
all his papers to be read so eagerly, and which 
draws such large audiences when he speaks. In 
responding to the vote of thanks on Thursday he 
acknowledged very warmly the assistance he and 
his colleague had received from some of the 
student-demonstrators at King’s College, mention- 
ing the names of Messrs. Brazil, Atchison, Green- 
ham, Cobb, Evans, and Makovski. 








CURRENT RAILWAY CONSTRUCTION. 

Ir will be interesting to glance at the railway 
works now in hand in various parts of the country. 
The most important current extension is un- 
doubtedly that of the Manchester, Sheffield, and 
Lincolnshire from Quainton-road to London. This 
new line has already been dealt with at considerable 
length in ENGINEERING, and it is scarcely neces 
sary, accordingly, to again refer to it. It may 





be well, however, to note that the outlay of 
capital made upon the extension in the past half- 
year was 842,328]., of which 825,942/. related 
to land and works, the balance being represented 
by interest on capital. In the current half-year 
it is proposed to expend a further sum of 950,000/. 
upon the extension. The Manchester, Sheffield 
and Lincolnshire Company has made satisfactory 
progress with the works of the Wirral lines; a 
considerable amount of rock cutting has been carried 
out at the Burton end of the line, and an em- 
bankment across the Marsh is almost finished. 
The Manchester, Sheffield, and Lincolnshire Com- 
pany has also nearly completed the construction 
of a line from Lowton St. Mary’s to St. Helens. 
The platforms and station buildings are well in 
hand, and it is expected that the line will be 
brought into operation in the course of the next few 
months. 

The London and North-Western Company has a 
line in hand between Daventry and Leamington, 
and the bridges and earthworks upon this line are 
practically finished ; the ballast is now being laid 
for the permanent way, and the intermediate 
stations are progressing. A branch line between 
Seaton and Uppingham, hasrecently been opened for 
traffic. The same company has, for some time past, 
been wideningsomeof its previously existing sections. 
Two additional lines are being laid between New- 
street, Birmingham, and Lawley-street ; about one- 
third of the excavation has been removed, and good 
progress is being made with the bridges, retaining 
walls, and a new tunnel near New-street station. 
Two additional lines between Crewe and Sand- 
bach will be ready for traffic in the course 
of the spring. Additional lines between Ince 
Moss and Wigan are also nearly completed, 
and the whole of the works connected with the 
enlargement of Wigan station are expected to be 
brought into use this month. About 54 miles have 
been laid out of 64 miles of double line comprised 
in the widening of the North Union section of the 
London and North-Western between Standish and 
Euston. New stations are also in hand at Balshaw- 
lane and Coppul. A new double-line tunnel at 
Standedge has been recently opened for traffic. 
Works for a short branch railway and goods station 
at Sheffield are in a forward state. Ona branch 
to the Manchester Ship Canal, near Weaste, about 
two-thirds of the earthworks have been completed, 
and satisfactory progress is being made with the 
bridges and other works. The outlay made by the 
London and North-Western in the second half of 
1894 for widening its lines at various points was 
101, 1191. 

The Great Western Company is proceeding with 
the doubling of its lines in Cornwall, and a further 
length of three miles between Par and the Milltown 
Viaduct, near Lostwithiel, have been brought 
into use. A contract has also been let for widen- 
ing a section between St. Austell and Burn- 
gullow, a length of about 2} miles. This contract 
includes the construction of the Gowen and St. 
Austell viaducts. New station buildings have been 
completed and brought into use at various places, 
including Cheltenham and Teignmouth. Contracts 
have also been let for the erection of a new station 
at Cardiff, and for the improvement of the Bath 
station. The Carmarthen and Cardigan extensions 
of the Great Western have been completed, with 
the exception of the Henllen and Newcastle Emlyn 
stations, which will be shortly finished. Plans are 
being prepared with a view to the construction of 
the Stert and Westbury line, about 14 miles in 
length. An application has also been made to 
Parliament this session for a revival of powers 
for the construction of a line between Langport and 
Castle Cary. The doubling of the portion of the 
Berks and Hants extension, between Hungerford 
and Stert, is about to be commenced. It is also 
proposed to double the line between Langport 
and Durston, and to raise it so as to protect 
it from floods. The Great Western is, further, 
about to proceed with the construction of a line be- 
tween Plymstock, near Plymouth, and Yealmpton ; 
it is also intended to proceed with a line from the 
Severn Tunnel section at Pilning to Avonmouth. 
Steps are about to be taken by the Great Western 
to protect its system from floods in the Oxford and 
Taunton districts, which were seriously affected 
last autumn. 

The South-Eastern Railway Company is widen- 
ing its system for an additional down line be- 
tween Cannon-street Bridge and High-street, 
Borough ; the works have now been practically 
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completed, and it is expected that the new line 
will be brought into operation in the course of the 
spring. The London, Brighton, and South Coast 
is about to commence the works of a duplicate line 
between Croydon and Redhill. The principal 
outlay on capital account in the second half of 1894 
was 26,7161. expended in widening the line between 
Battersea and Streatham. The North-Eastern has 
brought intouse a deep-water entrance at Tyne Dock. 
The company has several large works in hand in its 
northern division, viz., widenings between Manors 
and the central station, Newcastle, and between 
Felling and Pelaw, coal-shipping staithes at North 
Blyth, a new station at Blyth, and the Carr House 
line at Consett; all these works have made 
good progress during the last six months, and it is 
expected that additional lines between Manors and 
the central station, Newcastle, will be ready for use 
early next month. Works which the North- 
Eastern has in hand in its central and southern 
divisions have comprised the Wear Valley exten- 
sion line, widenings between Neville Hill sidings and 
Marsh-lane, Leeds, an enlargement of Leeds new 
station, and an extension of St. Andrew’s Dock, 
Hull. The Lancashire and Yorkshire has widened 
its line between Deal-street, Salford, and the end 
of Victoria Station ; the works have been inspected 
and passed by the Board of Trade. The Lanca- 
shire and Yorkshire is further widening its Hunt’s 
Bank incline. A new passenger station is in hand 
at Wigan, and is about one-third completed. Addi- 
tional marshalling sidings are now nearly completed 
at Wakefield. Four lines are being constructed 
by the Lancashire and Yorkshire at Poulton, and it 
is hoped that they will be partially brought into 
operation during the ensuing summer. The Lon- 
don and South-Western has a new graving dock in 
hand at Southampton; this dock is advancing 
towards completion, and it is expected to be opened 
during the current half-year. The outlay made 
upon this new dock during the past six months was 
195,744. The company also expended in the 
second half of last year 73,7311. in further widening 
works, enlargement of stations, &c. The Midland 
made good progress during the past half-year in 
widening its main line between London and Bed- 
ford. A tunnel at Ampthill has been finished, and 
another at Elstree will be completed shortly. It 
is expected that the widening throughout will be 
completed before the close of the current half-year. 
Works in connection with the Chapeltown exten- 
sion to Barnsley are proceeding satisfactorily, and 
a contract for the Langley Mill curve has been let. 
The Great Northern has nearly completed an 
enlargement of its goods dépét in Farringdon- 
street, as well as a new station at King’s Cross 
for local trains. An additional line for down 
goods traffic has been laid at Tempsford to 
Barford signal-box, and it has now been ex- 
tended to St. Neot’s. New sidings for sorting 
wagons have been completed at the west end of 
Ardsley yard. The Taff Vale has absorbed the 
Cowbridge and Aberthaw, and has carried out 
sundry works for affording additional accommoda- 
tion at various points of its system. The Great 
Eastern has completed the enlargement of its 
Liverpool-street terminus. Two additional lines 
between Bethnal Green and Hackney Downs have 
also been completed and brought into operation. The 
widening of the Great Eastern between Stratford 
and Ilford, and a new station at Forest Gate, are ex- 
pected to be completed in the course of March. In 
the second half of 1894 the Great Eastern expended 
further capital, to the extent of 51,109/., upon its 
metropolitan lines. The North Staffordshire has 
for some time been practically a stationary under- 
taking ; in the course of the second half of last 
year, however, the capital account was charged 
with 22,5001. for the purchase of the Longton, 
Adderley Green, and Bucknall line. The London, 
Chatham, and Dover presents some resemblances 
to the North Staffordshire in being practically a 
stationary system. It may be noted, however, 
that 1234]. was expended by the London, Chatham, 
and Dover in the second half of last year in recon- 
structing and strengthening bridges. The principal 
interest attaching to this company during the past 
year, it not so much the new works that it has 
carried out, and which will probably never be very 
important, but its negociation with the South- 
Eastern tending towards partial amalgamation, or 
or all events harmonious workIng. The London, 
Brighton, and South Coast also debited its capital 
in the second half of 1894 with 50001. for a similar 
object. 


THE SURPLUS OF SHIPPING. 


‘*The survival of the fittest” is a phrase which 
everybody discussed a few years ago ; but few cared 
to recognise the exact meaning of the struggle which 
it signified, and thus it lapsed into that obscurity 
which is the refuge of all unpleasant problems. 
We have no desire to drag it forth in its original 
guise ; but it so aptly indicates what is going on in 
the shipping world that it is impossible to forget it. 
Owners are forced to build new vessels, not so much 
because there is work in sight, but if a shipping 
line is to maintain its position it must need have 
the fittest vessels, since only those can survive. 
It is so with nearly all machine-worked factories 
nowadays ; but more evidentinshipping. Unless 
a steamer has economical engines, large cargo 
capacity, and all the elements which go to make 
economy in working, it must be got rid of. Thus 
shipbuilders have been kept fairly busy construct- 
ing renewal ships, although the owners are anguish- 
stricken at the starving of the old ships. And so 
the surplus of shipping has enormously increased. 
The successive increeses in the tonnage of the 
United Kingdom in eight years aggregate 
3,050,000 tons. That, as an abstract fact, seems 
satisfactory. But has the work to be accomplished 
by shipping increased in like proportion? There 
are abundant evidences to the contrary. Recently 
we reviewed the foreign trade (see page 119 ante), 
and thereshowed that in late yearstherehas been com- 
paratively little development and thus freight rates 
had greatly decreased ; moreover, the foreign tonnage 
in that period has also greatly increased. By pur- 
chases from Britain 1,300,000 tons have beenadded in 
eight years, irrespective of the 180,000 tons added 
from British yards each year and increasing tonnage 
built by foreign firms. Therefore the struggle sug- 
gested by the theory of the survival of the fittest in 
ships bodes no good for owners, especially of old craft. 
The tonnage, too, represents greater carrying power 
than is evident, for the proportion of steam to sail 
is increasingly great. Hach steamship ton added 
is of three times the value of the sailing-ship tonnage 
it replaces, and thus the actual gain for the eight 
years, measured as carrying power, is 3,300,000 
tons. In other words, something like 340,000 tons 
of sailing ships have been withdrawn, while 
3,394,000 tons of steamers have been added, the 
net result being, as we have said, an addition equal 
to 3,280,000 steam tons. This means that all 
additions to the register of the United Kingdom 
exceeded the removals from whatever cause, at an 
average rate per annum of about 400,000 tons. 
This, of course, does not include the surplus in 
foreign countries, whither, as we have said, many 
of the ships removed from British register by sale 
find their way, in addition to newly built vessels 
from British and foreign yards. 

Last year the surplus was 186 steamers of 
395,474 tons, but the number of sailing craft was 
reduced to the extent of 43,735 tons, so that the 
net addition was 351,739 tons. This surplus is 


but in the four years preceding the surplus averaged 
over 500,000 tons. Thus from 1889 the surplus 
per annum has been very large. This is almost 
contemporaneous with the universal adoption of 
the triple compound engines in cargo steamers, as 
well as mail steamers, and with the tendency to 
enormously increase the cubic capacity of each 
steamer. The conclusion, even from the figures, 
apart altogether from our actual knowledge of the 
case, is therefore justified, that the owners sell 
their old vessels and construct new steamers of the 
modern type. In eight years we have sold to 
foreigners 903,000 tons of steam and 550,000 tons 
of sail shipping, together 1,453,000 tons, the average 
tonnage being well under 1000 tons, in each 
separate year. The vessels bought from foreigners 
make but 10 per cent. of this total, and in this 
case the average is considerably larger. The net 
result of foreign business is therefore a decrease 
of 1,300,000 tons in our fleet. These must be 
reckoned as competitors, but we have an advantage 
in the superior equipment of the new vessels, 
although, perhaps, this is largely counterbalanced 
by the cost of the additional regulations enforced 
by our laws, and also in some measure by the 
higher wages. Vessels lost, broken up, &c., in 
the same period make up a large total also. 

To sum up, we have added, from all sources, in 
eight years 5.85 millions of steam tonnage, and 
removed 2.45 million tons, of which about a million 





tons still floats under different flags. The net sur- 





greater than in 1893, when it was 281,928 tons; | Sail 


plus is thus 3.4 million steam tons. The total steam 
tonnage is now 9,673,339 tons gross. As to sailing 
ships the total additions were 1,217,000 tons, but 
the removals have been greater, so that there is a 
net decrease of 350,000 tons. As 600,000 tons 
of the removals of sailing ships still fly foreign 
flags, they still compete with our ships. The 
total sail tonnage is 3,157,882 tons. The total 
on the register, as reported by Lloyd’s return, 
from which we have deduced the results indicated, 
is now 12,831,221 tons. The increment each year 
would appear to be at the rate of between 3 and 4 
per cent. 

As to the figures for last year, one finds a larger 
addition of new steam tonnage than for two or three 
years. The total steam tonnage was 811,859 tons, 
of which 765,251 tons were newly built; the 
total sailing was 109,884 tons, and here also the 
new tonnage was 93 per cent. It is satisfactory 
to note that not any of this tonnage was constructed 
abroad. Of the remainder, 6 per cent. was bought 
from foreigners and from the colonies. The re- 
movals for the year were also very large, greater 
than for any year since 1887, having been 416,385 
steam tons and 153,619 sail tons. Of this 55 per 
cent. were lost, broken up, &c., but the tonnage 
sold to foreigners exceeds even the exceptionally 
high figure for 1893. The ratio in this case is 
44 per cent., and here it may be noted that 
Japan has been the largest purchaser, that country 
having acquired from the United Kingdom 24 
steamers of 61,912 tons. Among other principal 
purchasers, may be mentioned Norway (40,721 
tons), Italy (24,717 tons), France (20,546 tons), 
Spain (20,297 tons), Denmark (14,931 tons), Ger- 
many (12,539 tons), and Holland (10,542 tons). 
In addition to these sales to foreigners, 9046 tons 
have been transferred to the British colonies. It 
will be understood that new vessels built in the 
United Kingdom for colonial and foreign owners 
are not included in these returns, as such vessels 
are not put on the official register. On deducting 
the tonnage bought from foreigners from that sold 
to foreigners we find that the net result is 216,395 
tons added to foreign fleets for the year. Thus 
from all sources 395,474 tons steam were added to 
the British registry, and 43,735 tons deducted. 

It may be added that during the past year 518 
new vessels of 907,101 tons, including about 88 per 
cent. of the total output, excluding war vessels, of 
the United Kingdom, have been classed by Lloyd’s 
Register. Of these vessels, 447 of 816,307 tons are 
steamers, and 71 of 90,794 tons are sailing vessels. 
98.54 per cent. of the tonnage classed has been 
built of steel; 1.15 per cent. of iron; and only 
0.31 per cent. of wood. Sailing tonnage, which 
formed 25 per cent. of the total tonnage classed in 
1891, 30 per cent. in 1892, and 18 per cent. in 
1893, forms only 10 per cent. of the present total. 
The average size of the merchant vessels classed 
during the past year is as follows: 

1894, 1893. 1892, 1891. 1890. 

Steamer tonnage... 2219 2356 2212 2100 i971 tons 
ai 99 .. 1816 1684 1889 1696 1783 ,, 
Of the tonnage classed during the year, 880,357 
tons, or 97 percent., have been built in the United 
Kingdom. Among foreign countries, Germany 
contributes the largest amount of tonnage to 
Lloyd’s registry. 





NOTES. 
THE PREPARATION OF TITANIUM. 

M. Henri Moissan has recently succeeded in 
preparing titanium in a nearly pure state. This 
has hitherto been a matter of great difficulty. 
When the metal is prepared by the reaction of 
sodium or potassium on a haloid salt of titanium, 
the latter is always greatly contaminated, either 
by nitrogen—for which it has a great aflinity, 
forming a definite compound—or with the sodium, 
potassium, or oxygen. The nitride of titanium is 
easily prepared in the electric furnace, in the form 
of a bronze-coloured mass, by strongly heating 
titanic acid in a carbon boat, using a current of 
300 to 350 amperes at 70 volts. With a lower 
voltage an oxide of titanium is formed. The 
temperature at which this nitride decomposes is 
exceedingly high ; but by means of a current of 
1200 amperes at 70 volts, M. Moissan has suc- 
ceeded in obtaining a carbide of titanium free from 
nitrogen, using for the purpose a mixture of 
titanic acid and carbon. By repeating the opera- 
tion in a crucible, the carbon not being in excess, 





an ingot is obtained of which the upper portion 
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is an alloy of titanium and the carbide of the| 
metal. By mixing this with a fresh supply of 
titanic acid and reheating again in the furnace | 
with a current of 2000 amperes at 60 volts, a 
purification of the metal is effected, and a sample | 
of titanium containing only about 2 per cent. of | 
carbon is obtained. In this condition it is found 
to have a brilliant white fracture, and is said to 
scratch rock crystal easily. It is, however, brittle, 
and can easily be reduced to powder, but is the 
most refractory substance yet reduced by means of 
the electric furnace. 
A Frrepamp Inpicator. 

A committee appointed by the Paris Académie 
des Sciences has recently reported favourably upon 
a firedamp indicator due to M. E. Hardy. The 
apparatus depends upon the fact that the pitch of 
a pipe will vary with the density of the gas inclosed 
in it. Thus if the gas inclosed in one pipe is pure 
air, whilst that of another exactly similar pipe is 
slightly contaminated with firedamp, the natural 
notes of the two will differ in pitch, and ‘‘ beats” 
will be established between the two. The number 
of these beats in a given time is a measure of the 
difference in density of the pure and impure air, 
and hence of the firedamp present in the latter. 
The experiments of the commission were made in 
an air-tight case divided into two compartments, 
one of the pipes being placed in each. Both of 
these pipes are adjusted to give exactly the same 
note when supplied with the same air. In using 
the apparatus one compartment was filled with pure 
air, whilst that in the other was diluted by various 
proportions of lighting gas. Sound tubes lead from 
each pipe to the ears of the observer. On both 
pipes being sounded together it was found that 
when the amount of lighting gas present was 2 per 
cent. there were 30 ‘‘ beats”’ in 10 seconds ; when 
the amount was 1 per cent., the number of beats 
in 10 seconds was 15, and when 3 per cent. it was 

to 9. Subsequent improvements by the inventor 
have allowed of as little as } to } per cent. of gas 
to be detected. It is proposed that the apparatus 
should be permanently fixed in mine galleries, and 
connected by telephone to the surface. The com- 
missioners also suggest that the ‘‘ beats,” by means 
of an electric relay, should work an automatic re- 
corder, which would show at any time the degree 
of purity of the air in the workings, but the details 
of this have not yet been worked out. 


CoLouR BLINDNESS. 

For the future colour-blind men will be excluded 
from the rank of ofticer in the merchant marine. 
Nominally this has been the case for some time, 
but the tests were not so stringent that they could 
not be passed by a man of imperfect colour vision. 
Of course, bad cases were sure of detection, but 
those in which the imperfection was not very 
marked, often managed to escape. Indeed, 
there were crammers who made it their busi- 
ness to coach seamen for the examination; by 
aid of identical apparatus to that used by the 
Board of Trade they taught them to name correctly 
the various colours and to distinguish one from 
another. But nothing can educate a man to pass 
the Holmgren test if he be suffering from colour 
blindness. The heap of test skeins of wool from 
which he has to select all those that match with 
one or other of three test skeins, are of the 
same size and texture, and there is nothing but 
colour to guide the candidate. If he cannot read 
the colour aright, he must fail. The new examina- 
tion, which came into operation last September, 
consists of three parts: (a) The form vision 
test ; (>) the colour vision test; and (c) the 
colour ignorance test. In the first the candi- 
date is required to read letters of different sizes 
arranged in rows on a sheet placed at a dis- 
tance of 16 ft. from him. If h2 cannot read, he 
is questioned with regard to the position of dots 
arranged in different lines and groups on a sheet 
placed at a distance of 8 ft. This test is designed to 
discover imperfections in the eye, either in the re- 
fracting apparatus or in the nervous organisation. 
The image on the retina is so small that if it be in 
the least blurred from distortion of the eye, or if 
the nerves are lacking in sensitiveness, the brain 
cannot define it accurately. The second—the 
colour vision test—is carried on by Holmgren’s 
wools, as already stated. The third—the colour 





ignorance test—refers only to the names of| 
colours, and is introduced mainly to meet meg 
case of foreign seamen serving in British ships. 
In the former examination there was occasionally a| 


doubt in which respect a man failed. He was 
given cards and glasses of different hues, and asked 
to name the colours. Now when a sailor described 
pink as red, it might be that he did not know the 
proper name. A man with a limited vocabulary 
might easily make such a mistake. Even the average 
educated man sometimes finds it very difficult to 
follow a lady’s description of the hues of an article of 
dress, such as a bonnet, and to differentiate clearly 
between lavender, violet, heliotrope, French grey, 
and, it may be, several more shades, which, left to 
himself, he would be obliged to lump together under 
some general definition. A return just issued by the 
Board of Trade gives some remarkable instances of 
colour blindness. One candidate described green 
as flesh colour, or pink, and bottle green as red. 
Another defined bottle green, pale green, yellow, 
and neutral tint as all being red. It was quite a 
common mistake to see red in nearly all colours. 
Such an imperfection might be fatal on board ship. 
and it is satisfactory to know that in future the 
tests will be carried out on the lines laid down by 
a Committee of the Royal Society.* 








THE LATE G. WELLS OWEN. 

WE regret to have to announce the death, at Bourne- 
mouth, on the 14th ult., of Mr. G. Wells Owen, C.E., late 
of 65, Avenue-road, and of 13, Westminster Chambers, aged 
55. Mr. Owen had been in a gradually declining state of 
health for the last two or three years, due principally to 
heart troubles ; his death, however, has come rather as a 
surprise to his numerous professional and private friends, 
who have been much grieved to hear that the end had 
come. Mr. G. Wells Owen was born in the year 1839, 
the eldest son of the late William George Owen, for many 
years chief engineer to the Great Western Railway Com- 

any. After passing, with distinction, the examination 
= the Indian Public Works Department, he sailed for 
India in 1860, and was for nearly five years continuously 
employed in that country in superintending the construc- 
tion of numerous and important public works of utility, 
chiefly in the Punjab District. His health, however, 
having been severely tried by exposure to the malaria 
of the climate, he deemed it prudent in 1867 to resign his 
position in the Indian Government service and to com- 
mence practice in this country—firstly as a valued 
assistant of the late Mr. Edward Wilson, M.I.C.E., of 
Dean’s Yard, Westminster, then as one of the Govern- 
ment officials upon the Irish Railways (Proposed Pur- 
chase) Inquiry, and very shortly afterwards in partner- 
ship with his old friend and colleague (in the Indian 
Public Works Department), Mr. R. Gervase Elwes, who 
had by this time also retired from India and had resolved 
to carry on his profession in this country. The principal 
works carried out by this firm, partly in conjunction with 
Mr. William Clarke, M.I.C.E., comprised the network 
of branch railways radiating from Kington, in Radnor- 
shire, besides other railways in Herefordshire, in the 
neighbourhood of Bridgewater, and also one of the exten- 
sion lines now forming a part of the Metropolitan District 
system, in addition to numerous schemes of a less well- 
known character ; but the work by which the late Mr. G. 
Wells Owen’s name will always be remembered amongst 
his old friends and colleagues is the handsome and sub- 
stantial-looking viaduct across the Severn at Sharpness, 
of which, in conjunction with his friend Mr. George 
William Keeling, M.I.C.E., he was joint engineer, thus 
accomplishing the construction of a much-needed line of 
communication between the English and Welsh banks of 
the Severn, which had been recognised as a necessity, 
and for which numerous alternative schemes had been 
suggested for more than half a century. 





TREATMENT OF GOLD ORES. 

At the ordinary meeting of the Institution of Civil 
Engineers on Tuesday, February 19, 1895, Sir Douglas 
Fox, Vice-President, in the chair, a paper was r 
descriptive of “ Plant for the Extraction of Gold by the 
Cyanide Process,” by Messrs. Charles Butters and Edgar 
Smart, Assoc. M. Inst. C.E. 

The “cyanide ” process of extracting gold from ores and 
tailings, in which the gold, after being dissolved by 
cyanide of potassium, was precipitated from the solution 
by zinc shavings or by electricity, was first briefly de- 
scribed. For plant to carry the process into effect, it was 
shown that the best site was one having a fairly steep and 
uniform slope downwards from the material to be treated, 
for this not only allowed the lip of the treatment vats to 
be placed below the level of the tailings, which might, 
therefore, be run into them by gravity, but also gave 
plenty of space below the works for dumping the residues 
after treatment. Typical examples were described and 
illustrated of works built upon convenient and incon- 
venient sites. 

The size and number of vats were stated to depend, not 
only upon the quantity of material to be treated in a 
given time, but also on the time occupied in filling and 
discharging the vats and in leaching. The zinc process 
occupied a period of between 60 and 84 hours, so that with 
the time for the filling and discharging a complete cycle of 
operations was performed in just four days and nights. A 
longer period—of 110 hours—was required for the Siemens- 
Halske electrical process on account of the weak solution 
of the cyanide with which it could be worked. A larger 
size for the vats than 600 tons capacity was not recom- 
mended by the authors, but up to that limit they had 
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found a few large vats to be more convenient than a large 
number of small ones. For a plant with five vats, each of 
600 tons capacity, the sizes of the alkaline wash, strong 
solution, and weak solution tanks were given as 300 tons, 
300 tons, and 450 tons respectively. The capacity of the 
zinc-boxes was to be determined from the rule that each 
ton (26 cubic feet) of solution per hour required 21 cubic 
feet in the zinc box. 

Of the methods which were described of filling and 
discharging the vats, that in which the material was 
discharged through doors in the bottom into trucks 
running in a tunnel beneath, was singled out as that to be 
preferred. The various means of transporting the tailings 
—by mules, hauling engines, and rope haulage systems— 
were referred to, and it was pointed out that when the 
tailings were scattered, the use of hauling engines was 
advantageous, but where distances were great and quan- 
tities large, mechanical haulage systems effected economy. 

Several pumps were mentioned, but for small plants 
those of the donkey type, and for large plants those of 
the centrifugal type, were described as the most suitable. 
The piping arrangements had been much simplified, the 
present practice being to use one large pipe connecting, 
with separate cocks, all the solution tanks to all the 
leaching tanks, through a centrifugal pump, when 
necessary. Iron plug-cocks were stated to be unsuitable 
for the work, on account of the film of oil being dissolved 
by the caustic potash which resulted from the process, 
and the packed case valve was referred to as the only type 
which could be used with safety. Suitable sizes for the 
charging and leaching pipes for different diameters of vats 
were given, 

The usual method of collecting sands and slimes 
by means of “‘tailing dams” was described, and its 
results upon their distribution and character in regard 
to future treatment were considered. It was de- 
monstrated how it was possible, and of common occur- 
ence, for slime lumps to assay higher after treatment 
than before it, on account of their absorbing the solution 
which had dissolved gold from the sand and retaining it 
occluded in their masses. Methods of ploughing, harrow- 
ing, and shovelling were mentioned for reducing the dry 
slimes to fine powder, and various forms of disintegrating 
machines for the same purpose were described ; the advan- 
tage was emphasised of dealing with the tailings directly 
they leave the battery. Particulars were given of the 
system worked out by the authors in conjunction with 
Captain Mein, in which collecting vats, having filters 
and bottom discharge doors, the water running off over 
the whole periphery of the vat into a trough which con- 
ducted it to the slime pits, were used. The best form of 
distributor was described, and the sizes for the vats which 
had been found most effective in practice were tabulated. 
Brief mention was then made of some trial methods for 
slime treatment, 

Descriptions followed of four works which had been 
chosen as typical examples of the application of the plant 
to the varying conditions found in each case. 

The Main Reef Cyanide Works, designed to treat 
7000 tons of tailings per month by the zinc process, and 
built in April, 1893, were first described, and particulars 
were here given of the method of construction and 
materials of the vats and zinc-boxes. The Princess and 
the Simmer and Jack Cyanide Works, of 3000 and 15,000 
tons per month capacity respectively, both using the 
zinc process, were next dealt with; and with reference 
to the latter, in which were the largest wooden leaching 
tanks on the Witwatersrand goldfields, further particulars 
were furnished of the construction of the tanks, discharge 
doors, and furnaces for roasting the slimes. The process 
of cleaning up the gold by the zinc precipitation process 
was also described. 

The paper concluded with an account of the Worcester 
Cyanide Works, at which the Siemens-Halske electrical 
extraction process was in operation, details being given of 
the electrical boxes and of the method of the recovery of 
the gold from them. 





THE PHYSICAL SOCIETY. 

AT the meeting of the Physical Society held on Feb- 
ruary 22, Captain Abney, F.R.S., President, in the 
chair, Messrs. W. R. Cooper, J. H. Gardiner, and J. W. 
Rodger were elected members of the Society. An abstract 
of Mr. G. H. Bryan’s paper on ‘* Zhe Mechanical 
Analogue of Thermal Equilibrium between Bodies in Con- 
tact”? was read by Mr. Elder. 

After commenting on the difficulty in applying the 
kinetic theory of gases to the case of two substances 
in contact which do not mix, the author goes on to de- 
scribe a system by which the phenomena of thermal 
equilibrium unaccompanied by diffusion can be explained. 
Tbe two substances are represented by two sets of 
molecules designated by P and Q. Two parallel planes, 
A and B, at a small distance apart, are imagined to 
divide space in three parts. Plane A (to the left of B) is 
supposed to be permeable to the P molecules, but to repel 
the Q molecules, whilst B is permeable to the Q set of 
molecules, and repels the P set. Thespaces to the left of 
A and to the right of B are thus entirely occupied by the 
P and Q molecules respectively. Between the planes both 
P and Q molecules exist, and therefore have opportunities 
of colliding with one another and transferring energy 
from one gas to the other. 

Using generalised co-ordinates, it is shown by Boltz- 
man’s method that when equilibrium is attained the mean 
kinetic energies of translation of the two kinds of mole- 
cules are equal, just as in the case of molecules which mix. 

Instead of assuming the planes A and B to repel the Q 
and P molecules respectively, the P molecules may 
assumed to be itively electrified, and the Q ones 
negatively electrified, whilst the planes A and B are main- 
tained at a constant difference of potential. The differ- 
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ence of potential thus assumed is analogous to “ contact 
electromotive force,” whose existence is proved by ex- 
iment. 

Pethe communication concludes with a development of 
Professor Boltzman’s paper ‘‘ On the Application of the 
Determinantal Relation to the Kinetic Theory of Poly- 
atomic Gases,” read before the British Association at 

xford. 
“— Stoney thought the arguments were based on 
actions depanding on the distances of the molecules and 
the supposition that they were rigid. In his opinion 
events occur in nature which are not represented by this 
simple theory, and great reservation should be shown in 
accepting dynamical problems which leave out of account 
actions occurring between matter and theether. In nature 
nothing was large and nothing was small except rela- 
tively. Even molecules might possess infinite detail of 
structure. Their interaction with the ether must be con- 
sidered in any complete theory. 

Mr. G. V. Yule’s paper “‘On a New Harmonic 
Analyser,” and one by Mr. H. N. Allea *‘On the Electro- 
magnetic Field,” were postponed. 





PORTLAND CEMENT. 
To THE Epiror or ENGINEERING. 

Srr,-—Messrs. Macevoy and Holt have simplified the 
issue in this discussion considerably by their last letter— 
that is, as far as they are concerned—by their remarks that 
they ‘should care very little about Mr. Spoor’s figures 
even if they supported his contention. - we would 
prefer our own practice and experience as to ragstone 
improving cement to all the theories and tables that Mr. 
Spoor could copy out.” 

That is their reply to my letter in yours of the 15th 
instant, and I particularly invite your readers to take 
another look at that letter of mine in view of Messrs. 
Macevoy and Holt’s above-quoted remarks. 

There remains for me to point out shortly a few errors in 
matters of fact which Messrs. Macevoy and Holt will 
perhaps correct. They say, ‘Mr. Spoor at once throws 
over that table.” (They are referring to Bohme’s experi- 
ments at the Berlin testing station.) A reference to my 
letter will at once prove that this assertion of theirs is an 
error on their part exactly contrary to what I did do. I 
am glad they have now enabled me to deal with Dr. 
Michiielis and adulteration by limestone. Here is their 
exact statement, ‘‘ Dr. Michdelis proved that limestone 
improved Portland cement.” I challenged them to give 
me chapter and verse for that very firm statement, and 
they refer me to his “ Open Letter to the German Cement 
Manufacturers’ Union.” ‘* Re Dogma concerning the im- 
possibility of improving Portland cement by the addition 
of substances containing silicic acid fit for chemical com- 
pounds”! 

So Dr. Michielis is advocating, not limestone, bub 
‘soluble silicates,” or silicates which are in a condition 
to enter into chemical combination with the free lime of 
the cement ( ‘* Verbindungsfahige Kieselsiiure haltende 
Zuschliige”)! Dr, Michaelis explains his position very 
lucidly in his ‘* Zur Verfalschung des Portland Cementes.” 
How do they come to quote this pamphlet as being in 
favour of limestone? Perhaps Messrs. Macevoy and Holt 
will explain. 

The most of the association makers in Germany (large 
and small) do not use chalk at all, and,yet Messrs. Macevoy 
and Holt gravely tell us that ‘‘every manufacturer of any 
sense” knows the German Association is a ‘‘ trade device 
to crush those manufacturers” who do not use chalk 
and clay. 

My reason for standing up for the assailed Germans is 
that, knowing that these allegations of Messrs. Macevoy 
and Holt are, as I have shown, on the face of them, 
absurd, it is only common English fairplay to defend the 
good name of capable and honourable competitors. I 
have done with ‘‘ limestone ”! 

I venture, Mr. Editor, to express a hope that the 
English cement makers will form such an association as 
exists in Germany, and that it be formed on the basis of 
each maker pledging himself to make cement whose 
qualities shall not fall below certain agreed stipulations. 
With a fairly uniform cement there may be a chance of 
dealing with price in competition, so as to keep that also 
a little more uniform and reasonable. But while there 
exist the present great differences in the intrinsic values 
of various brands, it will be impossible to regulate prices 
properly. 

I submit that a uniform minimum quality could lead 
easily enough to a uniform minimum price, and leave the 
individual maker to excel if he could and get what higher 
price he could, 

It would not take long for the civil engineers, the 
cement makers, and representatives from the architects 
and concrete goods firms to appoint a committee to sub- 
Init a standard specification. It is now a few years ago, 
Mr. Editor, that I urged in your columns, in a series of 
articles, the importance of such a standard, and I am 
more than ever convinced of its advantages. With a 
declared and uniform product, the buying and selling 
is simplified, and all manufacturers being to that extent 
equal, it goes without saying that the competition will be 
fairer, the terms of combination easier, and a valuable 
factor in comparative valuation established if required. 

_ With half-a-dozen different and contradictory specifica- 
tions to fill at the same time, the satisfactory execution of 
which often becames a verituble egg-dance, it is wonderful 
how the English maker has come so well through, and it 
will be more wonderful if he does not welcome the time 
when, as in other countries, he will be only required to 
see that his cement does not fall below certain clear, 
simple, well-defined qualities, in short, be working to one 
specification. That will give him a freer and easier hand 
to investigate and excel. 








It has been my fortune to examine and report on 
the most modern Continental works, and notwithstanding 
their control of labour at, say, 123. per week of 65 to 70 
hours, I unhesitatingly affirm that the Thames and 
Medway makers have it in their power to make cement 
equal to anything which can be produced anywhere, and 
at lower cost. In this connection I take the wages at 
present rates in Northfleet and Rochester, and refer to 
genuine cement without admixture. Bub not before there 
is a drastic change in the personnel, comprising the tech- 
nical management of the works. I hope, Sir, you will 
not get the impression that I am pessimistic on this 
matter. Far otherwise. I remember that Eagland still ex- 
portsmore cement thanall the rest of the world put together, 
that her engineers and contractors have never yet been 
rivalled in the application of concrete as a constructive ma- 
terial, and I believe, at any rate, that we have now set our 
hand to the work of manufacturing our product under ex- 
pert technical guidance and scientific precision in organisa- 
tion, and with our eyes on the doings of our competitors to 
see they do not excel us. And the English will win. I 
am afraid, Mr. Editor, that I have rather wandered away 
in these immediately preceding remarks from the “‘lime- 
stone” affair, bub it occurred to me that possibly the 
limestone discussion was about thrashed out for the 
present, and as I do not anticipate trespassing again on 
your space, I have taken the opportunity of offering a 
vel suggestions which might possibly be of use to the 
trade. 

I beg to thank you for so kindly inserting my letters. 
I have done my best to argue calmly, courteously, and 
with the sole object of bringing the exact truth to light, 
and in the belief that adding foreign substances to cement 
is injurious to the cement and to the trade. I have seen 
no evidence yet to convince me to the contrary. 

I cannot say that the discussion has been a pleasant 
one to me. The insinuations, inuendoes, and discour- 
teous expressions so thickly spread over every one of 
the letters of Messrs. Macevoy and Holt were, on the 
face of them, meant to be offensive and annoying. The 
only remark I have to make in regard to such tactics is 
this, that if by any means J have so far forgotten myself 
as to come within measurable distance of using any such 
expression as can be construed into an attempt to wound 
or hurt their feelings in any way, they may take it from 
me now that that is furthest from my intention. If I 
could not express my opinions, nor give reasons for the 
faith that is in me, nor criticise an opposite view, with- 
out going out of my way to annoy and offend and in- 
sinuate, I should for ever hold my peace. 

I am, Sir, yours respectfully, 

February 25, 1895. J. L. Spoor. 


To THE Eprrork OF ENGINEERING. 

Srr, —It was not my intention to address you again on 
the above subject. From the peculiar—I may say inex- 
plicable — attitude, however, which Mr. Neate has assumed 
in the matter, I must crave your indulgerice once more, 
and my remarks will be as short as the nature of the case 
permits. 

With the first subject dealt of in Mr. Neate’s letter, 
namely, the slaking of the free lime by the water in the 
rag, I shall not meddle. I think that there may be a 
certain amount of truthin his theory. Had his letter not 
necessitated a somewhat detailed reply on other points, I 
should have been most happy to go into it. 

Mr. Neate then passes to mechanical subjects. There 
is no cause to doubt the accuracy of all that he claims for 
a certain modern edge-runner grinding mill. Even the 
excellent result obtained by the mill that he mentions, 
however, is surpassed, in the opinion of others, by certain 
mills in the market, among the latter being the one illus- 
trated in your issue of August 17, 1894, page 249. 

Passing from mechanical matters, Mr. Neate goes on 
to the subject of cement and carbonic acid. In the first 
sentence, he uses two terms more associated with the art 
of music than with the contents of a scientific and technical 
journal. I shall at once revert to facts. The temperature 
which I gave in my last letter is not that at which decompo- 
sition begins, but that at which the gas is given off “ihe 
rapidity which sometimes requires to be checked. I could 
hardly have believed that the gas would be evolved so 
easily from the slurry, unless I had had opportunities of 
directly observing it. No doubt the manner of prepara- 
tion applied to the slurry, particularly the very thorough 
amalgamation of the raw materials, together with the 
shape of the bricks, the latter being perforated and corru- 
gated by mechanical means, had much to do with the 
easy evolution of the gas in the case to which I refer. It 
is difficult to account for the very easy evolution of the 
gas on the lines of the main chemical reaction, namely, 
the displacement of the carbonic acid in the chalk by the 
silica, i of the clay. There is reason to believe that 
either a subsidiary chemical reaction takes place, or a 
physical one. The evolution of the gas in close vessels of 
course follows entirely different lines from those which 
obtain in an open kiln. In the well-known experiment of 
preparing oxygen from chlorate of potash a small quan- 
tity of oxide of iron, of spongy platinum, or of certain 
other substances, effects the liberation of the whole of the 
oxygen of the chlorate at a comparatively very low 
temperature. A proper study of the various phenomena, 
but with other materials, has done much to make the pro- 
duction of oxygen on a commercial scale a proved success, 
It may be that some of the constituents of or in the clay, 
or it may be even the clay itself, under conditions of very 
thorough intermixture with the chalk, effect a somewhat 
similar evolution of the carbonic acid from the slurry. I 
hope to be able to go further into this point. Physical 
tests, particularly thermal, may throw some light on the 
constitution of the slurry after retorting. Ib is because 
the subject is not nearly so simple as people, who may 
have a right to claim even more extensive specific 








chemical knowledge than Mr. Neate, may think, that I 
have gone into this point at some little length. , 

In the next paragraph Mr. Neate accuses me of ignoring 
his strongest argument. In your issue of the 15th inst. 
I stated that I thought Mr. Neate would find, on inquiry, 
that the method of production followed in the special 
carbonic acid works was not the beautifully simple one 
which he mentioned at the end of his letter dated 
February 5. Mr. Neate is silent on this point. I think, 
therefore, it is he who is ignoring at least one of the 
strongest points in the discussion. — ; ; 

In regard to the experience obtained from Dietsch kilns 
at Ditton, as described or referred to by Mr. Neate, all 
that need be said is that slurry has been prepared which 
is amply tough to stand any necessary handling after 
retorting. he Ditton experiences are not necessarily 
either final or conclusive. 

I am happy to come to the last paragraph of Mr. 
Neate’s letter. How the operation of giving any one an 
eye-opener, without being personal, is to be performed I 
cannot quite profess to understand. I shall accept his 
explanation that it is all meant in kindness, although such 
kindness from a total stranger, and tendered through the 
medium of your highly respected journal, is certainly a 
great surprise. 

I am, Sir, yours respectfully, 
JAMES Morris. 

Rochester, February 26, 1895. 





To THE Eprrorn or ENGINEERING. 

Sir,—Thinking the following may be interesting to the 
readers of ENGINEERING, I send it to you for publication : 

Having occasion to test one of ‘* Duffield and Taylor’s ” 
small patent edge-runner grinding mills against millstones, 
my representive brought me the cement ground by both. 
I forwarded the same to a noted expert cement tester, he 
not knowing where the cement was ground, and the fol- 
lowing was the result of his tests : 


From millstones, 4 percent. From ‘ Duffield and Tay- 
on a50 by 50mesh, Three _lor’s” smallest size patent 
of sand and one cement edge runner mill, trace on 
compound, 28 days. a 50 by 50 mesh, or 32 per 

cent, on a 32,000, Three 
of sand and one cement 
compound, 28 days, 


No. 1. No. 2 
Pounds per Pounds per 
Square Inch, Square Inch, 
240 250 
250 280 
230 200 
260 190 
980 920 


Average... 245 Average... 230 


You will note that there is only an average difference of 
151b. between the millstones and edge-runner mill. The 
cement from stones was not sifted, but that from the 
edge-runner mill was, The edge-runner mill was turning 
out over 2 tons per hour, and the stones from 15 cwb, to 
20 cwt. 

Yours faithfully, 
W. R. Tay.or. 
Medway Works, Rochester, February 26, 1895, 





To THe Eprror or ENGINEERING. 

Sir,—We again say that Mr. Bamber made an utterly 
inaccurate statement. If he quarrels with our way of 
describing his idea as to the inertness of residue, why 
does he not attempt to deal with the very definite argu- 
ments given in our letter of January 25? Because he has 
nothing of any weight to advance against those argu- 
ments. He has taken for pel a commonly accepted 
dogma that cement residue is inert. He has said that he 
has proved it by experiment; but when we show that our 
experiments prove to the contrary, he does not produce 
the results of his own experiments. He feels that he is 
beaten, and veils his retreat in an inky cloud bE ng and 
spiteful remarks on usand our manufacture. e believe 
that he made his inaccurate statement fully believing in 
its truth ; but that makes it no less inaccurate. He says 
he is not going to waste time ‘“‘in bringing facts here 
before people who are so cocksure that no one knows 
anything but themselves;” but that before the members 
of the Institution of Civil Engineers he will be able to 
prove that our views are utterly inaccurate. Nobody 
asked Mr. Bamber to join in this controversy in ENGI- 
NEERING, but, having joined in it, why does he not crush 
us here and now ? 

On Mr. Bamber’s own showing, our shot as to whose 
cement he would use in his experiments, appears to have 
been a very good one. His very undignified and rather 
— attitude in regard to us and our manufacture is 
shown more clearly than ever in his lastletter. Hedrops 
(we use the word “drops” advisedly) into doggerel 
verse. His verse, for ruggedness, fatuousness, and bad 
taste, would qualify him to compete on favourable terms 
with the laureates of the ragshop. 

Mr. Bamber’s remark as to our rendering ourselves 
liable to the law by sending out ragstone cement is too 
ridiculous for serious consideration. The very attempt to 
form an Association of English Portland Cement Manu- 
facturers who shall only use chalk and clay, shows that 
the use of other materials is not illegal. More than that, 
even if the association were formed, the selling of such 
cement would not be illegal. 

In answering Mr. Heath as to the best present compo- 
sition of Portland cement, Mr. Bamber shows exactly 
where he stands on the question of improving Portland 
cement. He says, “‘I imagine if we take accurate ata 
of cement usually produced by five or six of the b 
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makers of genuine cement from chalk and clay, which, 
I believe, will not vary greatly, we may safely take the 
average of these as the best present composition of 
Portland cement, leaving any alterations to be made 
when any great improvement has been proved.” That 
is to say, No matter how much an improved cement ma 
be better and stronger than the old-fashioned cement, if 
it does not give the same chemical analysis, it is no good. 
This is conservatism with a vengeance. Besides, why 
should not an alteration in the analysis be made, even if 
a slight improvement is effected in cement? Is all ad- 
vance to be tabooed unless it is of such a startling and 
gigantic nature as to be apparent even to Mr. Bamber? 

hen Mr. Heath can produce anything beyond what 
he has imperfectly learned from some cement text-book, 
we shall be very happy to deal with what he has to say. 
His letter has, at any rate, had the effect of inducing Mr. 
Bamber to give himself away upon the matter of how 
the decision of which is the best Portland cement is to 
be arrived at by engineers. 

We are, Sir, yours truly, 
Macervoy AnD Hott. 
Britannia Cement Works, Northfleet, 
February 27, 1895. 








THE MAGNETIC PERMEABILITY OF CAST 
IRON AND STEEL. 
To THE Eprror or ENGINEERING. 

S1z,—There appears to be some mistake in the permea- 
bility curve for ‘‘ Ordinary Cast Iron,” lettered F,, on page 
235 of this week’s ENGINEERING. 

Ordinary cast iron gives a curve falling only about 25 
per cent. below curve E. For H = 80 the ordinary value 
of B is about 7500, instead of about 200 as shown by 
curve F, 

The statement that “‘ the efficiency of a dynamo may be 
increased 15 to 20 per cent. by using a more suitable 
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class of steel,” is also quite erroneous, The magnets may 
possibly be lightened to that extent, but the correspond- 
ing increase in the efficiency is very much less. 

T inclose the permeability curves for wrought iron, cast 
ron, and Crewe cast steel (taken from my paper published 
in the Proc. Inst. C.E., 1889-90), from which it appears that 
the Crewe cast steel is very similar to Hadfield’s ordinary 
mild cast steel (curve C). 

I an, Sir, yours truly, 
C. G. JENKIN. 
Llanarthney House, Clytha Park, Newport, Mon., 
February 23, 1895. 

[We have communicated with Messrs. Hadfield re- 
specting the matter mentioned by Mr. Jenkin, and we 
find that the curve F on Messrs. Hadfield’s diagram was 
obtained from a sample of cast iron containing 7 per cent. 
of manganese. It should have been so described in the 
reference, instead of being termed ‘‘ ordinary” cast iron. 


—KEp. E. 





PRISON LABOUR. 
To THE EpitoR oF ENGINEERING. 

Sir,—Your able leader on the competition of foreign 
prison-made goods with certain British industries and 
the recent House of Commons debate thereon, presents 
the subject in so fair a light, on the whole, that perhaps 
you will permit me a few words of comment which may 
make the reasonableness of this agitation yet clearer. 
You are quite right in attributing the origin of the agita- 
tion entirely to the initiative of the Hardwareman in 
sending a special commissioner to visit German prisons 
and to report on what he saw and what he could learn of 
the conditions under which this labour is carried on and 
the products of this labour distributed. Mr. Toleith, to 
whose interposition you refer, will not deny that his 
information was drawn from the same source, viz., the 
facts ascertained by our special commissioner in this 
investigation. We took this question up because we 
had become convinced that the phenomenally low 
quotations for some classes of German hardware im- 
portations could not be accounted for by the market 
price of wages or material prevailing in that country, 
and the rm way of accounting for it was to assume 
that the industry was subsidised, or that the labour 
was forced. The conclusion was that the goods were 
convict-made, and, if so, we felt that the fact should be 
known. The quotations you make from our commissioner’s 
report are alone sufficient to prove our — to have 
been well founded. Nor does the recently issued Blue- 
book on the subject controvert any of the disclosures 
made in that report. The facts being admitted, then, how 
do those who argue for non-interference meet them? In 
two ways. They say the competition is too small to be 





effective, and that, even if it were not small, there is no 
effectual way of stopping it. The whole of Mr. Bryce’s 
argument was devoted to labouring these two points. 
As to the first, it seems to me the answer is plain. 
Mr. Chamberlain just missed it in the illustration 
he put in the following way: ‘‘If you are making 
100 brushes and increase the output to 101, you re- 
duce the price, not by 1 per cent. but by 50 per cent., 
for every one is trying to sell that extra brush.” 
With all deference I should put it thus: If you are 
making 100 brushes at a certain price, and A quotes 
the market for a lot of five brushes at one-half that price. 
A fixes the market price, even though he cannot supply 
the whole demand. Nobody is going to pay 8s. the dozen 
when he bas been quoted 4s. for thesame thing, and that 
is exactly the effect of putting goods on our market made 
by farmed-out convict labour at an average wage rate of 
74d. per day. That is what constitutes the iniquity of 
the traffic, and how the Board of Trade can fail to see it 
passes my comprehension. alee 

Now, as to the second point, that an Act prohibiting 
the importation of prison-made goods would be in- 
operative because no —, means exists of ear- 
marking such goods. It is not necessary to ear-mark 
them. The prohibition itself would go far to stop the 
importation, but beyond that I suggest that it would be 
perfectly simple and feasible to require consignees to make 
a declaration as to every consignment that it did not in- 
clude goods made by the inmates of a gaol, &c., false de- 
clarations entailing penalties. Consignees know well 
enough where their merchandise is manufactured, and 
the regulation would entail no hardship. 

Though I have already trespassed too far on your space, 
I should like to say that I sympathise fully with your 
plea for the wisdom of teaching criminals a trade while 
under confinement, but I do not think that the State 
should farm out their labour at a nominal wage, or sell 
their product at less than market prices. It is surely 
perfectly feasible to put criminals to work at productive 
labour, and to sell their produce at prices that will not 
break the market. The competition then would be but 
lightly felt. It would be, in the long run, cheaper even 
for the community to destroy the products of prison 
labour rather than not teach its convicts an honest trade. 
In conclusion, let me thank you for your very courteous 
references to the journal I represent. 

Believe me, Sir, faithfully yours, 
THE EpIvToR OF THE ‘“*‘ HARDWAREMAN.” 
Birmingham, February 23, 1895. 








RAILWAY CROSSINGS. 
To THE EprTor oF ENGINEERING. 
Sir,—I should be much obliged if any of your sub- 
scribers would give me an easy formula for determining 
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the length from switch to nose of crossing as per sketch 
herewith. 
Yours truly, 
RAILWAY CRoOssING. 





AUSTRALIAN HARDWOOD FOR 
STRUCTURAL PURPOSES. 
To THE EDITOR oF ENGINEERING. 

S1r,—We have read with much pleasure in your issue 
of the 15th inst. the letter dated Sydney, New South 
Wales, and signed ‘‘ M.I.C.E.,” pleasure because for the 
last 18 months we have been endeavouring to convince the 
public of the excellence of New South Wales timbers for 
the purposes mentioned by your correspondent. Al- 
though we have met with a fair amount of success, we 
realise repeatedly the difficulty of introducing a new 
article in the face of popular prejudice, and it is wr pan 4 
to us, apart from commercial considerations, to find suc’ 
strong corroboration of our own views from a practical man, 
oo knowledge, we, as merchants, can scarcely 
claim. 

We notice that your correspondent does not mention 
the West Australian jarrah, which has been largely used 
in London with uniformly very good results. We believe 
he is quite right in preferring the timbers which he men- 
tions, inasmuch as we have the opinion of various experts 
that for wood pavements, and so on, these specified woods 
are likely to give much better results than even jarrah and 
karri, good and durable as the latter undoubtedly are. 

May we through the valuable medium of your columns 
inform your readers that we are now showing samples 
here of a variety of the woods mentioned, along with some 
not included in your correspondent’s list ; further, that a 
very excellent and interesting variety of New South 
Wales timbers is on view at the Imperial Institute, and 
Mr. Lett, the courteous curator of the New South Wales 
section there, is at all times pleased to expatiate on the 
resources of his own colony in this direction. Amongst 
other specimens which may be seen at the Institute are a 
number of blocks taken up from various Sydney streets, 
some of them after 13 years’ wear, and we strongly recom- 
mend all interested in paving of streets to investigate the 
claims of New South Wales as a producer of suitable 
timber, and to compare such product with those of any 
other colony or of any other country in the world. 

We think we need not apologise for troubling you with 
this communication, the fact of your having devoted 
about a column to the subject in your last issue showing 





us that you consider it of interest to your readers. We 
beg to thank you in anticipation for the insertion of this 


letter, and remain, Sir, 
Yours faithfully, 


R. H. Gate anv Co. 
28, Gracechurch-street, London, February 20, 1895, 





BEDDOW’S ORNAMENTAL LATHE 
ATTACHMENT. 
To THE EpiToR OF ENGINEERING. 

Sir,—With reference to your notice of Mr. Beddow’s 
invention for ornamental lathe work, published on page 
255 of your last issue, I am sorry to find that I am repre- 
sented as claiming to have worked out the details of the 
invention, and I take the earliest opportunity of cor- 
recting this error. I had nothing whatever to do with 
the invention, the full credit of which is entirely due to 
Mr. Beddow. 

As superintendent of the London branch of the 
Britannia Company, 100, Houndsditch, I am simply 
manufacturing the instruments, and am giving the neces- 
sary information and instruction for their manipulation 
to our clients. 

Hoping you will allow this to appear in your next issue, 

T am, Sir, faithfully yours, 

February 26, 1895. J. H. Evans. 








CaTALoGuES. — We have received from Mr. R. W. 
Blackwell, 39, Victoria-street, S.W., the London agent 
to the Peckham Motor Truck and Wheel Company, a 
finely got-up catalogue showing the type of car truck 
built by the company in question, and an excellently 
illustrated handbook describing the Metropolitan Street 
Railways of New York, on which the Peckham truck is 
largely used. The trucks in question are built of steel, 
and give a very long bearing to the car body, which is in 
the standard form, supported on six springs on each side, 
two being of the elliptic laminated type, and the others 
ordinary spiral springs. The weight of the car comes 
first on the elliptic springs, but as the load increases 
the spiral springs come into play. The wheel base is 
6 ft. 6 in. long, whilst the spring base is 12 ft. 8 in. 
in the standard pattern, and still longer in the special 
trucks. For motor cars a cushioned wheel is sup- 
plied, a rubber boss being interposed between the 
wheel and its axle. In the case of direct-driven cars, 
where the armature is firm on the wheel axles, this 
disposition protects it from shocks.—Messrs. Henry 
Greene and Co., of 72, King William-street, London, E.C., 
have sent us a copy of their new ‘‘ general ” catalogue, 
containing illustrated and fully-priced descriptions of a 
large variety of engineers’ tools and appliances, ranging 
from hammer heads to steam dredgers and excavators. 
The catalogue is of very convenient size, and is supplied 
with a good index.—Messrs. Musgrave Brothers, of the 
Crown Point Foundry, Leeds, have sent us a copy of 
their new illustrated catalogue of hydraulic machine tools, 
of which they make a very large variety. The catalogue 
is fully illustrated, and is of a very convenient size.— 
Messrs. David J. Dunlop and Co. have just published 
an illustrated description of the marine engine governors of 
which they have fitted many to the principal steamships 
of the world, including the Campania and Lucania. The 
governors in question regulate the supply of steam ac- 
cording to the immersion of the propeller, so that racing 
is anticipated, the steam being shut off before the screw 
leaves the water. 





THE Raitway Coat Birt.—The cost of the coal and 
coke consumed in the locomotive department of the Great 
Eastern Railway in the eecond half of 1894 was 109,595/., 
as compared with 143,525/. in the corresponding period 
of 1893; in the locomotive department of the Great 
Northern, 137,627/., as compared with 110,605/.; in the 
locomotive department of the Great Western, 172,942/. 
as compared with 163,132/.; in the locomotive depart- 
ment of the Lancashire and Yorkshire, 98,805/., as com- 
pared with 150,840/.; in the locomotive department of 
the London, Brighton, and South Coast, 70,968/., as 
compared with 66,871/.; in the locomotive department 
of the London, Chatham, and Dover, 35,472l., as compared 
with 33,405/.; in the locomotive department of the 
London and North-Western, 201,139/., as compared with 
246,614/. ; in the locemotive department of the London 
and South-Western, 89,493/., as compared with 82,191. ; 
in the locomotive department of the Manchester, Shef- 
field, and Lincolnshire, 80,218/., as compared with 
101,055. ; in the locomotive department of the Midland, 
194,582/., as compared with 256,866/. ; in the locomotive 
department of the North-Eastern, 158,917/., as compared 
with 152,197/.; in the locomotive department of the North 
Staffordshire, 10,9327., as compared with 13,168/.; in 
the locomotive department of the South-Eastern, 54, 189/., 
as compared with 48,391/.; and in the locomotive de- 
partment of the Taff Vale, 18,454/., as compared with 
15,3441. It will be seen that six of the 14 companies 
enumerated paid less for their coal in the second half of 
last year, while eight paid more. This was, no doubt, 
attributable to local circumstances, obtaining favour- 
able terms from coalowners, &c. The great cause, 
of course, which involved the companies in larger 
charges for locomotive coal in the second half of 
1893, was the memorable coal lock-out of the sum- 
mer and autumn of that year. The aggregate ex- 
penditure of the fourteen companies for locomotive 
coal in the second half of 1894, will be seen to 
have been 1,433,333/., as compared with 1,583,204/. in 
1893, showing a decrease of 149,871/. last year. The 
ordinary stock dividends of the Great Eastern, the London 
and North-Western, the Midland, and the Lancashire and 
Yorkshire for the second half of 1894 were considerably 
assisted by their coal economies. 
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ELECTRIC TRACTION. 
To THE EprToR OF ENGINEERING. 

Srr,—Neither Mr. Dawson nor Mr. Hammond have 
dealt with the points raised in my letter (ENGINEER- 
1nG, February 1), and I would ask again, Of what nse 
are the details of working expenses given in Table NI. 
in the absence of any particulars as to speed. weight 
of cars, carrying capacity, gradients, &c., of roads? 
As regards the weight of the cars, Mr. Hammond 
says, ‘these are easily ascertained,” with the curious 
addendum that “the weight of the car depends largely 
on the number of passengers to be carried, and not on the 
method of propulsion.” I do not think any tramway 
engineer will tales that opinion. If it is correct, how 
comes it, for example, that the Roundhay electric car 
for only 22 passengers weighs as much as six tons— 
accepting Mr. Hammond’s figure, though I got mine 
from one of the officials on the occasion of the visit of the 
Tramway Institute to Leeds, but do not consider the 
point worth following up—equal to 44 tons of dead load 
to the ton of living load; while a cable grip car for 28 
passengers would only weigh two tons, or 1.14 tons of 
dead load to the ton of living load ? 

As regards the speed, Mr. Hammond talks of the energy 
per car-mile being independent of the speed. I shall not 
follow bim on that line, which has nothing to do with my 
point. Mv point was that this question of speed affects 
the largest items of cost in traction, viz . the drivers’ and 
conductores’ wages and general establishment charges, 
which will come out just double where the average speed 
is reduced one-half; and this point Mr. Hammond has 
not attempted to deal with. Mr. Dawson proposes to 
deal with it by legislation, removing the present Board of 
Trade restrictions. If the tramway companies adopt 
electric traction in this country in the hope of getting the 
most important clauses in the Tramways Acts repealed, 
they will have to wait a long time before they can earn 
dividends. In the meantime, what we have to do is to 
reduce the American and Continental results to English 
standards, and see how they ‘‘pan out.” Mr. Dawson’s 
American tables do not give us the data to enable us to do 
this, though his Continental tables are better in that 
respect. When reduced to English standards of speed 
and wages, the results are dead against electric traction, 
as shown in Mr. Laws’ report to the Newcastle Corpora- 
tion on tramway traction. 

Table IV. distinctly states that the horse-power at the 
central driving engine required per car on the cable 
system is four, and the coal consumption 5 Ib., while the 
horse-power per car on the electric system is given as six, 
and the coal consumption also 5 lb, The obvious deduc- 
tion from this is that 5 lb. of coal produce 50 per cent. 
more steam in the one case than in the other. This is put 
forward as one of the advantages the electric system has 
over the cable, and I want to know why it should be so. 
I can understand the case if he said, candidly, that it was 
because they had a better engine for driving the electric 
plant than the one used for the cable plant. But Mr. 
Dawson did not put itso. He gave it as an instance of 
the superiority of the electric over the cable system. 
and not merely of one steam engine over another, which 
might happen to be the other way about in a different 
case, 

Neither have they answered my point as to the capita] 
cost of the two systems, which, after eliminating the road 
work, according to Mr. Dawson, would amount to 5000/. 
per mile for the main engines and cars on the electric 
system, as against 20,0007. per mile for enginesand cars on 9 
corresponding cable system. The only attempt at answer- 
ing this, is by the suggestion that a high-speed dynamo 
engine would cost less than a slow-speed cable engine, 
and that there would not be any material difference be- 
tween the cost of a cable gripper car and an electric car 
of equal size, with its trolley and motors complete. Now 
an electric car for 22 passengers weighs (accepting Mr. 
Hammond’s figure) 6 tons, and a cable car for 28 pas- 
sengers (14 in and 14 ont) weighs complete only 2 tons. I 
can get the latter for 200/., while the electric car, accord- 
ing to Mr. Laws, would cost 7007. The difference in cost, 
if any, between an engine with dynamos for the electric 
system, and an engine with drum and sheaves for a cable 
system, would soon be made up, with this difference of 
500/. each in cost of the cars. But even leaving the cars 
ont of the question, I again ask Mr. Dawson and Mr. 
Hammond how they account for the enormous difference 
shown in the table. Mr. Hammond does not go so far as 
to assert. that the electric car costs less than the cable car, 
80 the difference. according to him, must be in the driving 
engines only. Wil] he ‘‘ show cause” why the cost of an 
engine and dynamo (of 50 per cent. more power) should 
be only one-fourth that of an engine and drum for driving 
acable? Only I hope he will give something more defi- 
nite than the lady’s answer ‘‘ Because it is,” however much 
disguised in diplomatic language. 

As regards capital cost, Mr. Hammond says, ‘‘To 
meet the same conditions, the capital expenditure for 
cable traction is double that necersary for electric trac- 
tion.” This is indeed a drop down, with a vengeance, 
from Mr. Dawson’s estimate, which puts the complete 
capital cost of an electric system at 7000/., as against 
50,0007. for cable, making the capital cost more than 
seven times as much for a cable system as for an electric 
system! Any way, Mr. Hammond ought to know that 
there is no fixed proportion in the capital cost, which he 
puts at double, and Mr. Dawson at seven times, that of 
electric. I admit that the first cost of road construction 
is greater for cable than electric; but as the service is 
increased, and you add car to car, the cost of the electric 


system gradually overtakes the cost of the cable system, 
by reason of the higher cost of the electric cars. Addi- 
tional dynamos and engines must also be provided to 
meet the extra demand of power. On the other hand, 


on the cable system, increasing the number of cars hardly 
affects the power at the central station, as the increased 
number of cars, on a hilly route, tends to produce a more 
equal balancing of the load, as a set-off against the small 
increase of car friction (only about 25 Ib. to the ton). 
Then, again, on an electric system, the conductors that 
would suffice for a small number of cars would have to be 
enlarged when a quicker service is put on, so as to keep 
the voltage down within the Board of Trade limit of 500 
volts, which is, by some local authorities, further limited 
to 300 volts, 

As to the fares, I am well aware that a passenger may 
travel the whole distance for 24d.; but what of that, if 
he only wants to go the distance of one block ? The short 
distances, in fact, swamp the long distances, and so keep 
up the average earnings per passenger. Any way, I took 
Mr. Dawson’s own figures, and he, in Table XTII.. gives 
the average earnings per passenger at 24d., while in this 
country the average earnings per passenger are only a 
little over one penny. Mr. Dawson would have to bring 
in legislation of a very drastic kind, to his aid, to force 
American ways into ure in this country, before he can 
obtain the similar conditions requisite to make electric 
traction pay here as it does in America. 

Mr. Hammond says the wear and tear on a cable road 
is greater than on an electric road. Now I have always 
found the cost of road repairs vary in rough proportion 
to the weight of the moving mass for equal mileage. This 
would also seem natural and reasonable. Mr. Hammond 
says it is not so in the case of electric traction, although 
the moving weights are so much heavier than in the case 
of cable cars. This is only another of the mysteries con- 
nected with electric traction. 

Yours truly, 
JOHN STURGEON. 

24, Victoria Chambers, Leeds, February 12, 1895. 





To THE EprTor oF ENGINERRING. 

Srr,—In your issue of February 22, Mr. W. N. Colam 
says: ‘‘Experience teaches me that dealing with gene- 
ralities and entering into a discussion on close com- 
parison between electric and cable haulage, without the 
fullest conditions clearly defined, is not only unsatisfac- 
tory, but may be most misleading.” 

It would be impossible to state more concisely and 
clearly the result that has been unanimously reached by 
all students of the traction question, and it gives me 
great pleasure to bear testimony to the extreme fairness 
of Mr. Colam’s letter. 

The cable and the electric systems have each points of 
advantage which are peculiarly applicable where certain 
conditions obtain, and to “boom ” either at the expense 
of the reputation of the other would be simply folly. As 
we gain greater knowledge of mechanical traction. and 
as further and more complete statistics become available. 
the distinct field of each will become more clearly marked 
out than it is to-day. but nothing is to be gained by the 
** generalities ” which Mr. Colam very justly condemns. 

T am, Sir, yours faithfully, 
Puitip Dawson. 

39, Victoria-street, Westminster, London, S. W. 

February 26, 1895. 
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THE MACHINERY OF WARSHIPS. 
To THE EpiTor oF ENGINEERING. 

Srr,—The present idea for securing the efficiency of a 
fleet is, that the ships forming it should be as nearly as 
possible uniform in their salient features. But any ship, 
at any moment, might have to fall out and proceed to 
port for repairs, and, of course, this applies to both 
combatants; the advantage will lie, then. with the one 
which has the most efficient reserves. In sending a 
second-class ship to join a first-class fleet, the main con- 
sideration is that she shall not prove a hindrance owing to 
lack of speed; if she can keep her station. the admiral 
in command can try to arrange such work for her as can 
reasonably be expected from her probably limited (as 
compared with the newer ships) offensive powers, and see 
that she is not exposed to undue risk of her defence being 
overcome. We have a large number of ships, both battle- 
ships and cruisers, which could be brought into such a 
category of efficient reserves. but no attempt is made to 
do so, even when opportunity offers. There are the 
vessels of various tvpes, whose engines are on the com- 
pound principle with two, three, or four cylinders, and 
working at pressures of steam ranging from 60 lb. to 
100 lb. Besides. there are three ships, the Ajax, Aga. 
memnon, and Northampton, fitted with non-compound 
engines working nominally at 60 lb. pressure. These last 
three, and, with the exception, to a certain extent, of the 
Admirals, all the ships with compound engines are far too 
slow for any practical good nowadays, although sound 
in hull, and with years of life still before them. 

That the value of all these ships would be enormously 
enhanced if their speeds could be brought up to those of 
the newer ones, that is sustained sea speed, waiving any 
attempt at their trial trip performances, is quite obvious ; 
that. in the majority of the cases, this is perfectly 
feasible, is just as obvious; that it is not attempted 
is owing to difficulties which have arisen. These diffi- 
culties appear to be due partly to Sir William White’s 
singular hallucination that the vessels designed by him 
have had to be built on such large dimensions to carry the 
engines and boilers necessary for their relatively high 
powers, and, therefore, are not large enough to go faster ; 
and partly to the curious, not to say abnormal, results 
which bave followed the attempted rehabilitation of a 
few of the earlier ironclads by fitting them with modern 
machinery. The former difficulty is purely illusory, 
except in the case of the perambulating advertisements 
of the Belleville boiler called Powerful and Terrible, so 
considerately provided by the Admiralty for its pro- 








prietors, at a most preposterous outlay, especially in the 
matter that can be least afforded, namely, men’; but the 
latter difficulty is only too real. 

Not long ago there appeared in ENGINEERING an account 
of the trials of the Monarch following on her being fitted 
with new engines and boilers by Messrs. Maudslay, Sons, 
and Field, which were described. is account speaks in 
most eulogistic terms of the results of these trials; in 
fact, we were led to believe it was quite an engineering 
triumph. explained by the statemeut that ‘‘the condi- 
tions with the old ship did not require any severe limita- 
tion of weights as obtains, frequently and prononncedly, in 
ships of modern design.” So as 1100 tons of machinery had 
been fitted before, 1100 tons were fitted again, and worked 
beautifully ; ‘‘the whole performance was really more like 
steaming on an ocean voyage than a forced draught trial.” 
That is the aspect of the question to which the public are 
treated, but there isanother. A few weeks ago an article 
appeared in ENGINEERING on “‘ Triple Screws,” the writer 
of which strongly recommended us to peruse Sir William 
White’s paper on the relative merits of twin and single 
screws read before the Institution of Naval Architects in 
1878. The results of the original trial of the Monarch are 
given ina Table attached to this paper, in which such 
trial performances of several single and twin screw ships 
are arranged for comparison; the author alleging that 
such comparison proves the superior efficiency of the twin 
screws beyond a shadow of doubt. Well, we find that the 
Morarcb, on ber original trial, loaded to a mean draught 
of 23 ft. 8in. and a displacement of 8070 tons, steamed 
14.94 knots per hour, with 7842 horse-power, the engines 
making 63.6 revolutions per minute. For purposes of 
comparison the author had calculated the powers of all 
the ships in this Table for a uniform speed of 14.6 knots 
per hour, that for the Monarch at that speed being 7151. 
Your report of the trial with the new engines shows that 
her draught of water was about the same ason the original 
trial] ; and that under natural draught she steamed 13.3 
knots with 6820 horse-power, and under forced draught 14 
knots with 8216 horse-power, the engines making 86.5 
revolutions per minute. That is to say, with the new 
engines the maximum speed of the ship fell off nearly a 
knot an hour, that this falling off of .94 of a knot was 
accompanied by an increase of horse-power of 370, that as 
compared with the calculated power for 14.6 knots, 
there is an increase of 1000 horse-power for a decrease in 
speed of .6 of a knot; or on the basis of calculation used 
by Sir William White in this Table, the Monarch with ber 
new engines would require 9960 horse-power for 14.94 
knots instead of 7842 horse-power with the old ones; and 
9290 for 14.6 knots instead of 7151. 

_ This piece of work is the joint production of Sir Wil- 
liam White, Mr. A. J. Durston, and Mr. John Sampson, 
the triumvirate of unapproachable authorities on steam- 
ship propulsion, who, taking compassion on our slender 
grasp’of the fundamentals of marine engineering, chari- 
tably propose to set us all right, especially in the matter 
of boilers, on which they are exceptionally strong. 
However, there it stands; and as the hundred thousand 
pounds spent in the alterations are for the present wasted, 
and what ought to have been a very useful ship is nothing 
but a nuisance, the question arises, How did it come 
about ? 

Sir William White states in his 1878 paper, that the 
propeller of the Monarch on her original trials was a two- 
bladed Griffiths, 23 ft. 4 in. in diameter and’26 ft. 4 in. 
pitch ; your account of the new trials says nothing shout 
the propeller, but as there was an increase in revolutions 
of from 634 to 864 per minute, with a falling off in speed 
of nearly a knot, the presumption is that the new screw 
bad a much finer pitch than the old one. The case appears 
to be somewhat analogous to that of the Hercules, which, 
on her original trials, steamed 14.69 knots with 8529 
horse-power ; the propeller, a two-bladed Griffiths. being 
23 ft. 6 in. in diameter and 24 ft. pitch, the revolutions at 
full speed being 714. For the trial, after fitting new 
engines, a four-bladed screw was fixed, adapted, according 
to Admiralty lights, to a modern fast-running triple- 
expansion engine, with the result that the vibration set 
up rendered the ship uninbabitable, and in spite of the 
enormous mass of scientific literature and experimental 
information on screw propellers which the Admiralty has 
at command, and which is popularly but erroneously sup- 
posed to enable it always to select the proper one without 
the slightest hesitation ; there was no alternative but a 
repetition, in the case of the Hercules, of the trial and 
error method of getting at a satisfactory screw ured in 
the case of the Iris 15 years before. A paragraph in En- 
GINEFRING gave the partievlars of the screw finallv 
adopted, diameter 21 ft. O4'in., pitch 17 ft. 74 in., and said 
it proved satisfactory. The observations as to speed on 
these Jast trials may not have been absolutely accurate, 
but such as they were they showed the same maximum 
speed as on her original trial, with 900 less horse- 
power; a very remarkable contrast to what took 
place with the Monarch. At 82 revolutions a minute 
both Monarch and Hercules steamed the same speed, the 
latter shorter, broader, and fuller-lined ship requiring 
1300 horse-power less for that speed than the fine-lined 
ship which was not taken in band until after the ex- 
perience obtained with the other could be utilised ; pre- 
sumably then in the Monarch’s case propulsive efficiency, 
a really useful speed of ship, large radius of action from 
economy of coa], and everything else was sacrificed to 
prevent a repetition of the Hercules fiasco in the matter 
of vibration, a result which, as your account says there 
was vibration, was not successful. 

And yet it should not have been so. Applying Froude’s 
law of comparison, about which we hesr so much in con- 
nection with warship design, to the Royal Sovereign, 
which on trial draught had the same block coefficient as the 
Monarch on her trial, on the basis of 1300 horse-power 
for 174 knots, we find that a reduced Royal Sovereign of 
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the Monarch’s length would measure 330 ft. long by 66 ft. 
beam, and 23 ft. 10 in. draught of water, the displacement 
would be 9300 tons, the corresponding speed 16.35 knots, 
and the horse-power 8000. Much more then should a 
ship of the same length, draft of water, and block co- 
efficient, but 7 ft. 6 in. narrower and 1200 tons less dis- 
placement, steam at that speed for that power, even after 
allowing for the alleged inferior efficiency of the single 
screw. It is very certain that either Froude’s law of com- 
parison is another delusion, or the Whitehall authorities 
know much less about the propulsion of steamships than 
is generally supposed, both by themselves and their 
friends. In any case here is a display of incapacity which 
subsequent trial and error experiments on the Monarch 
~ na altogether remove, and somebody is very much to 
ame. 

When it was proposed to re-engine the Monarch, Sir Wil- 
liam White an r. Durston knew perfectly well that if a 
modern fast-running engine were to be we the propeller 
would have to be modified for the same speed of ship, and 
unless the elaborate and highly mathematical papers on 
screw propeller efficiency, to which we are treated nowa- 
days at short intervals by persons in touch with Admiralty 
practice, are merely academy exercises of no practical 
value, they ought to have been able to decide if such modi- 
fications were feasible consistent with efficiency, and if so, 
to fix, within reasonable limits, the dimensions of a pro- 
peller suited for the greater number of revolutions 
desired. Having done this, the question would arise as 
to the proportions, absolute and relative, of the engines, 
so that running at the estimated increased number of re- 
volutions for 15 knots, the mechanical efficiency should 
be at least as high as on the original trial, a task which 
the easy confidence with which Sir William White dis- 
cusses propulsive coefficients and estimates for horse- 
power, in his ‘Manual of Naval Architecture,” would 
appear an exceptionally simple one to him. What 
appears to have been done was to put in the largest 
triple-expansion engines which, with suitable boilers 
(Admiralty view), could be built for the stipulated weight 
of 1100 tons, and settle the screw question afterwards. 
In his 1886 paper, Institution of Naval Architects, 
on the “Speed Trials of Recent Warships,” Sir William 
White said: ‘‘It has not always proved an easy task to 
discover the best form and size of propellers which would 
permit the engines to run faster, and use the steam, and 
at the same time be efficient for the propulsion of the 
vessel.” Just so, and it appears to have been no easier in 
1894 than in 1886. Now, as the contention of the author 
of this remark is, that the problem of single-screw pro- 
pulsion is a more difficult one than that of twin screw, it 
would have appeared the safest and easiest course for him 
to pursue to make sure of his propeller as the most dis- 
turbing factor, and arrange for suitable engines after- 
wards, seeing that ‘‘ the conditions with the old ship did 
not require any severe limitation of weights,” &c. Either 
this, the simple and obvious course, was not followed, the 
opportunity for an exhibition of Admiralty transcendental 
engineering being too good to be lost, or the assumed 
accurate and scientific knowledge of the Whitehall 
authorities of the influences of the various factors which 
affect the propulsive coefficient of a steamship is non- 
existent, My own view favours the latter alternative, 
but what I fail to understand is, why, in the name of 
common sense, did they not, or do they nov, try the 
Monarch with her original screw. The same ship is 
loaded to the same draught of water and trim, and has the 
same screw as on her original trial, then any variation in 
the performance must be due to the engine alone, and 
may be investigated ; as it is, phenomena due to two dis- 
tinct causes are all mixed up, and instead of the producers 
of these phenomena getting on firmer ground, they are 
only struggling into a worse mess. 

The position in which the Board of Admiralty, 
absolutely ignorant, as the result of its archaic composition, 
of the whole matter of steamship propulsion, finds itself, 
as a consequence of such cases as the Monarch’s, would 
be highly diverting, if we had not to ey. the piper. In 
the “ Manual of Naval Architecture” Sir William White 
says: ‘‘ In the Royal Navy during the period 1888-1893 
several of the older armoured ships have been fitted with 
new engines and boilers. The outlay has been consider- 
able, but the resulting gee pg are great.”” Then he 
gives a judicious selection of the facts about the altera- 
tions to the Thunderer. Well, in the last autumn 
manceuvres three out of the four admirals engaged were 
seriously embarrassed by the inclusion, in each of their 
commands, of aship of doubtful qualities, euphemisti- 
cally described as a ‘“‘lame duck.” One of these lame 
ducks was the Devastation, asister ship to the Thunderer, 
and which had been treated in suednale the same fashion, 
and she proved an unmitigated nuisance, because her 
boiler installation was so ridiculously inadequate as to 
render it impossible for her te keep her station if the 
fleet were to steam at the speed which the circumstances 
of the case rendered desirable. However great the re- 
sulting advantages in her case may have been, there was 
no attempt to secure similar ones by similar means in the 
Monarch, but all the same troubles have arisen, although 
from another cause. It appears, then, that in replacing 
old engines and boilers by new ones of modern design in 
old ships, if the space and weight allotted to the engineer- 
ing department are limited by Sir William White, to add 
to the combative features, that department makes a mess 
of the boiler installation, and renders the ship useless as 
an adjunct to a fleet of recently built ships. If the space 
and weight allotted ‘are the same as before, a mess is 
made of the propulsive coefficient, but by whom is not 
clear. So what are My Lords todo? They are between 
the devil and the deep sea. 

As was recently explained in ENGINRERING, Mr. Dur- 
ston is siinply an official on the staff of the Controller 
of the Navy; his duties appear to be: to keep the 








existing machinery of the fleet in good working order, 
and to draw up specifications for new machinery to de- 
velop a required power on the limits of weight and inthe 
8 allotted. As the boilers of any vessel become defec- 
tive, as they will do in course of time, if for no other 
reason, he may suggest that new ones are necessary—a 
suggestion which the Board may adopt, or they may decide 
that the ship is not worth the expense. If new boilers 
are decided upon, they are practically, if not absolutely, 
reproductions of the previous ones; and any disappoint- 
ments in the ship's performances under steam as she was, 

o on from generation to generation. It is no concern of 
Mtr. Durston’s what becomes of the power developed by 
his engines, how much of it is absorbed by engine resist- 
ances or how much by ship’s resistances ; or whether new 
engines on a different principle, or, az in the case of many 
of the ships, new cylinders alone, would increase the share 
of power available for the latter purpose by a saving in the 
share absorbed by the former one. From his point of 
view, more speed means more power, which, again, means 
larger engines or boilers, or both, which, of course, is 
quite out of the question. This is the aspect of the 
matter put before the Board, and they have no alterna- 
tive but to accept it, with the result that valuable battle- 
ships are being wasted in the service, and valuable 
cruisers offered for sale out of it. A comparison of the 
trial performances of the Monarch before and after alter- 
ation, affords tolerably conclusive proof, even to the lay 
mind, that engine and propeller design and proportions 
have a strongly ait influence on the ship’s speed in 
relation to power. In this case the influence has been 
adverse; the progress in the attainment of high speeds 
made during late years shows that the influence has on 
the whole been favourable. But it exists, and the Navy 
is entitled to benefit by it; and if the Admiralty Board 
allow the Monarch case to pass over without the fullest 
investigation, both with respect to that ship and the 
effects of her case upon the improvement of the sea 
speeds of other ships, they will fail in their duty to the 
country. 

For some reason, Sir William White has always been re- 
luctant tuadmit the possibilities of a marked result accruing 
from variation in mechanical efficiency ; in which respect 
he reminds me of the two characters in one of Beacons- 
field’s novels, who made an elaborate computation of the 
cost of war between Prussia and Austria, and forgot the 
commissariat ; in their case it was inadvertence; with 
Sir William White it is because he thinks it is of no im- 

ortance, all variations in performance being attributed 

y him to variations in ships’ design. For example, in 
1886 he undertook to prove that a ship of 325ft. long 
would be as easily driven as one 380 ft. long, up to 144 
knots, and be well adapted for much higher speeds ; and 
in 1894 he claimed that a ship 380 ft. long was a far easier 
form to drive, especially at the higher speeds, than one 
325 ft. long ; both claims being based on ships’ form and 
dimensions alone, the influences of most material differ- 
ences in the engines being raven. Last spring he com- 
pared the performance of the Royal Sovereign on a 
voyage to Gibraltar at 15 knots, with the performance of 
the Alexandra on trial also at 15 knots; the former being 
55 per cent. greater displacement, and a much fuller 
form than the latter, and yet requiring about 340 less 
horse-power. To assert that such a result is due entirely 
to the reduced resistance per ton of displacement of the 
larger ship, and in no way due to differences in the 
a WA efficiency of the engines, is preposterous ; that 
this assertion is no doubt fully believed by the Admiralty 
Board is an example of the phenomenal credulity of that 
august body. The third-class cruiser Pallas has steamed 
for three days continuously at 16.68 knots, with 3620 horse- 
power ; and the Sirius, a second-class cruiser, has steamed 
at 16.4 knots for 24 hours with 4460 horse-power. If Sir 
William White were asked to account for the difference, 
he would say the Sirius was a larger ship altogether, 40 per 
cent, greater displacement, longer, broader, deeper, and 
fuller block coefficient ; just so, and with similar machinery 
in the same ratio, the Alexandra would steam just as fast 
as the Royal Sovereign can do in service conditions, with 
less horse-power. If the difference between the quoted per- 
formances of the Royal Sovereign and the Alexandra are 
due to ship alone, why does not the Sirius steam as fast 
as the Pallas on less power? If size and typeof machinery 
and pressure of steam have a share in the difference, as 
they undoubtedly have, why is ship after ship opened 
out for new boilers and no attempt made to give them 
the benefit of influences which produce such remarkable 
results? millions of public money going to waste. 

An answer to this question is provided by Sir William 
White, on page 639 of his ‘Manual of Naval Architec- 
ture.” Comparing the relations of powers to the higher 
speeds of the Royal Sovereign and the Howe on trial, he 
says: ‘* Although the Royal Sovereign has triple expan- 
sion engines, while the Admiral has compound engines, 
the losses in friction are probably nearly the same in both 
cases.” This is pure and unadulterated nonsense, an 
expression of the crudest possible ideas as to the influence 
of machinery design and development, irrespective of 
power, on the propulsive efficiency ; but it explains why 
the Engineer-in-Chief is instructed, when a ship like 
the Alexandra requires to be re-boilered, to supply 
new boilers only at the original working pressure, when 
common sense would dictate a conversion of the en- 
gines to triple-expansion, and the use of a higher pres- 
sure of steam. It is because the Director of Naval 
Construction does not believe there would be any advan- 
tage to be gained from such a course; and this appeal 
to Cvesar is final. 

If the process of reasoning by which Sir William White 
arrived at the conclusion that the power expended in over- 
coming the resistances of the machinery of the Royal 
Sovereign and of the Howe was the same when both ships 
were steaming at 17 knots, was applied to the proposed 








new machinery of the Monarch, for the purpose of ascer- 
taining if it were likely to absorb more power than the 
old set when running at about 40 per cent. higher piston 
speed ; and, as a result, the dimensions adopted were held 
to be suitable in that respect, then the sequel shows how 
utterly fallacious Sir William’s argument is. As there 
is no more reason to a that there would be any dif- 
ference between the mechanical efficiency of her old and 
of her new engines, than between those of the Howe and 
Royal Sovereign, presumably such gp investiga- 
tion into a matter involving more than half of the indi- 
cated power, was not considered necessary. Even if the 
idea was, temporarily, to fit a fine ape SCreW 80 as to 
allow the engines to run round freely and indicate the 
legend power, without any reference to s » and fur- 
nish trial results adapted for publication, the real work- 
ing propeller to be fitted afterwards, the means adopted 
were grotesque rule-of-thumb engineering of the coarsest 
posing as accurately applied science. 

Sir William White says he bas a reason for everything 
he does ; things are not done by him out of mere “‘ cussed- 
ness.” I quite believe it; but when a man does 
a thing that turns out palpably wrong, and he pleads 
that it is an accident, the logical conclusion is that, when 
he performs a similar action, under somewhat different 
circumstances, and that turns out all right, it is an acci- 
dent also; and the fact is he does not understand the 
effects of the circumstances. And that is just what is the 
matter with the Whitehall authorities in the case of the 
mechanical efficiency of a marine engine. 

In the event of war, whatever Power or combination 
of Powers we might have to face, both sides must rely 
upon a mixed lot of ships, of various ages and degrees of 
efficiency ; and those of our ships that cannot fight the 
best of the enemy’s ships on equal terms, will have plenty 
of craft that they can fight, and beat. Whether as rein- 
forcements, temporarily or permanently, to the more 
powerful veesels, battleships or cruisers as the case may 
be ; or as less powerful but uniform fleets among them- 
selves, the greater the approach to a in sea speed 
the more formidable the whole Navy, the more certain the 
success. Modern progress in marine engineering renders 
this a comparatively easy task, where reasonable intel- 
ligence is brought to bear on each case as it arises, and surely 
such a strengthening of our naval power is desirable. If the 
Monarch is a fair example of what the Admiralty can do 
in the way of bringing an old ship up to date, then it is 
utterly hopeless. But then the Board considers it advis- 
able in somebody’s interests, certainly not the country’s, 
to remain in a state of Cimmerian darkness in the matter 
of marine engineering. 

I am, Sir, yours obediently, 
ARGUS. 





DOMESTIC BOILER EXPLOSIONS. 
To THE Eprror oF ENGINEERING. 

Srr,—I am surprised that the editor of such an influen- 
tial journal should think proper to repeat that a mere 
automatic device, of any kind whatever, ‘‘ costing only a 
few shillings, and as easily — as @ box of pills,” 
will prevent the possibility of a kitchen boiler explosion ; 
and you add that you have “ proved it beyond all doubt, 
by reference to Mr. Fletcher’s experiments.” 

That gentleman never experimented in a time of severe 
frost like the present, when 20 or 30 hours are quite 
sufficient to solidify both the circulating pipes and boiler 
itself after the kitchen fire has been allowed to go out. 
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That is what wants proving by actual experiment, and I 
hereby beg leave to suggest to the chief engineer of the 
Steam Users’ Association the desirability of making such 
an experiment as a valuable addition to the series. 

It could be easily done by the aid of Mr. Fletcher’s 
rich association providing an iron house furnished com- 
lete with a hot-water apparatus frozen up at a time 
ike the present. All being ready, the boiler could be 
heated—at a respectful distance before I should consent 
to be there—by means of gas and piping, and then it 
would not take long to ong whether a so-called safety 
valve attached to a kitchen bath boiler full of solid ice 
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f any use, much less an infallible specific, as you 
om. I will stake my humble reputation as a rectical 
engineer and inspector of boilers of over 30 years’ experi- 
ence on my own account in this city of Birmingham, that 
long before the safety valve knows or even smells any- 
thing like steam or over-pressure of any kind, the boiler 
will come to grief by simply opening out before half the 
solid block of ice becomes even melted. 

Moreover, Sir, I challenge and defy any man on earth 
to prevent—by any mechanical device whatever that can 
be applied to a kitchen boiler—injury and possible ex- 
plosion under such circumstances. ; 

Now, Sir, with reference to my own device, I should 
be sorry indeed to claim infallibility, and as easily pro- 
curable as a box of pills—such language is rank quackery 
—but I am sure it would be much more to depend upon 
than a safety valve, because it is so much more simple. 
I will back it against any kind of safety valve or fusible 
plug. I hereby make you, your readers, | and my un- 
grateful country a present of it if you think proper to 
publish and illustrate it along with my letter. . 

It has already been submitted to several of my friends, 
who say it is better than anything else they have seen. 
I should like it tried under the same circumstances as I 
have suggested, in order to prove whether the column of 
ice in the dip pipe would melt soon enough to prevent de- 
struction to the boiler. That it would act long before a 
safety valve on the top or back I am quite sanguine. : 

I have sketched the apparatus just as I have fitted it 
myself to my own house. I have no water works supply, 
yet the supply cistern has never yet been empty—11 years 
—and using nice soft water, bathing and washing is a 
luxury to us, and when I open the boiler—have never had 
any occasion yet !—I expect to find it clear of incrusta- 
tion. 

You will perceive I have drawn the boiler and safety 
pipe half full size, and you must therefore imagine a 
break in the height. Itis a great fault placing supply 
cisterns so high as in most cases, and in such cold and 
un-get-at-able places. All the money I spent in a cistern 
room, and other extras, I have saved in 11 years’ water 
rent, freedom from accidents and costly repairs, to say 
nothing of the additional comforts. 

Yours faithfully, 
JouN Swirt. 

55, Stanmore-road, Birmingham. February 19, 1895. 

P.S.—My safety pipe is intended to rest against the 
back of chimney, so as to be no impediment to the sweep. 

Ss 


—J.S. 

[We publish Mr. Swift’s letter and a sketch of his de 
vice, but we still differ from his conclusions. We note 
that in his device he apparently relies upon an air spact 
surrounding his ‘‘dip-pipe” to prevent freezing in thr 
latter ; personally we should much prefer to rely upon ¢ 
safety valve. Mr. Swift has not replied to our query 
contained in the note appended to his letter on page 220 
ante, so that we presume he is unable to name a case it 
which a domestic boiler fitted with a proper safety valv: 
has exploded. As regards his suggested experiment, we 
may ask what grounds he has for believing that steam 
of a dangerous pressure can be raised in a domestic boiler 
which at the same time contains ice.—ED. E.] 





To THE EpiTor oF ENGINEERING. 

Srr,—I agree with your remarks on the above in your 
last issue, that a small safety valve arranged to blow off 
at a very low pressure is a distinct safeguard against 
kitchen boiler explosions. Of course, it is a sine gud non 
that it is fixed in a proper position, and is occasionally 
tested as to its condition, like any other fitting. I have 
recently inspected a fitting that is simpler than an ordinary 
safety valve, and should answer the purpose well. This 
consists briefly of a piece of iron pipe to be screwed into the 
top of boiler and carried into the chimney. The end of 
this pipe is covered with a cap made of mica, and should 
steam be raised in the boiler, it readily gives way and 
releases it. 

In my opinion many domestic boiler explosions can be 
traced to the grossly ignorant way in which boilers are 
often fixed by the builders of the houses. For instance, I 
live in one of a series of good-class houses, in which the 
boilers are buried entirely out of sight at the back of the 
kitchen range, and to inspect or clean it out a lot of 
brickwork has to be pulled down to get at it. This boiler 
communicates with a hot-water tank for supplying the 
house, thus practically = this a boiler also. To 
avoid an excess of steam being formed here, I have fitted 
it with an escape pipe communicating with the open air, 
and this cannot get frozen up. In small jerry-built 
houses cast-iron boilers are often fitted; these, it need 
hardly be said, are extremely dangerous under the best 
conditions, and the practice ought undoubtedly to be put 
a stopto. By banking the kitchen fires and keeping gas 
burning near the upper tank in the roof of the house, I 
have been able to keep a full supply of water up to date, 
although many of my neighbours have been frozen out. 

Iam, Sir yours faithfully, 
. Powis BALE, 
Author of ‘‘ A Handbook for Steam Users.” 

Appold-street, E.€., February 18. 





To THE Eprror oF ENGINEERING. 

Str,—I have given your article and also the letter of 
Mr. Swift considerable thought, and I am of opinion you 
deserve the thanks of the public for advocating inspec- 
tion by the Board of Trade, and in trying to place the 
domestic apparatus on the same footing as steam boilers. 
Ido not, however, agree with your recommendation of 
safety valves ; an experience of 25 years teaches me that 
they are a delusion and a snare. Not one plumber in a 
hundred can calculate the exact weight required to 
balance the column of water from the store cistern at which 
the valve should be tight, and few indeed have any idea 


as to the additional weight required for working pur- 
poses. Spring valves are worse, for they are screwed up 
until they remain tight—regardless of the pressure exerted 
by the spring—and an additional screw is given for 
working purposes. The last weight and the additional 
screw have been the cause of numerous boiler ex- 
plosions in the past, and if these valves are once more 
adopted under the impression that they will prevent 
explosions, serious harm is certain to result. On paper 
the safety valve appears to be what its name implies, but 
reason and experience teach me the contrary. Did a 

lumber ever come across a valve which was not either 
Rates or stuck fast? Scores of times have I removed 
valves to clear them, and in other cases I have been com- 
pelled to remove them altogether. In addition to safety 
valves being furred up by incrustation, they are also very 
liable to have their opening into the boiler completely 
grown up; this occurs frequently with soft waters 
where the valve remains tight some little time. The 
valve known as the ‘‘ dead weight ” is peculiarly unfitted 
for its work, the seat being in the form of a perforated rose ; 
the perforations and stem of this valve are soon blocked 
and rendered valueless as a preventive of explosion. 
Does not the necessity of fixing a safety valve or other 
contrivance condemn the system for domestic use? Now 
my contention is that there is not the slightest reason for 
fixing a safety valve, fusible plug, mercury regulator, 
steam whistle, or combination safety valve tap on the 
domestic hot water supply if the system is based and fitted 
up on common-sense principles. In no case is the water 
for domestic purposes required above 212 deg. Fahr., and, 
in fact, it must be considerably reduced by the addition 
of cold water before it can be used ; therefore, a system 
which will supply a greater volume at a temperature a 
little below 212 deg. is far safer and more economical than 
the systems now in use. 

In all the existing arrangements the temperature of the 
water when at its highest is considerably above 212 deg., 
owing to the head of water from the store cistern, and 
the boiler works under exactly the same conditions as a 
steam boiler ; it is under high pressure, and totally unfitted 
for domestic requirements. The remedy for all the exist- 
ing evils of the present system is to fix a low-pressure 
system so as to remove the pressure due to the column of 
water from the store cistern from the boiler, by fixing a 
separate small supply cistern for this purpose only. By 
removing this column of water the boiling point at the 
boiler is reduced to a definite and known number of 
degrees, above which it cannot be raised, owing to outlets 
being provided. The heated water from the boiler is con- 
veyed by circulating pipes to the inner cylinder, and 
gives off its heat to the water contained in the outer 
closed cylinder, which supplies all the hot water at a 
higher level than itself. here are two separate and 
distinct bodies of water, one from the store cistern to the 
cylinder, having no connection with the boiler, and a 
separate supply ata low level for the boiler, having no con- 
nection with the column of water from the store cistern. 
This gives us two low-pressure systems, for the boiler is 
heated under the same conditions and is as safe as an 
orvinary kettle is from explosion due to frost or incrusta- 
tion, and as the water contained in the outer cylinder is 
heated by water under atmospheric pressure only, it 
follows that it is also a low-pressure system, which can- 
not be raised above 212 deg. Fahr., although its boiling 
point may range from 220 deg. to 260 deg., according to 
the head of water above it, I have applied this system 
in various ways, to suit the requirements of the smallest 
house or the largest hotel, and the apparatus fixed have 
given entire satisfaction, No additional pressure can be 
generated under any circumstances, and no precautions 
are necessary for its safety. Where incrustation occurs 
it will be found to be invaluable, as all deposit is collected 
in the cylinder or other vessel, from which it can be easily 
removed, 

Yours faithfully, 

7. Grant-street, Liverpool. Henry Cray. 

[We do not understand what Mr. Clay means by saying 
that a deadweight safety valve is made with the seat ‘‘in 
the form of a perforated rose.” Certainly no proper safety 
valve isso made. Mr. Clay appears to have been unfortu- 
nate in his experience of safety valves ; we can assure him 
that if properly made and fixed they give no trouble. Of 
course a safety valve should be examined and the passage 
to it cleared (if necessary) whenever the boiler to which it 
belongs is ‘‘scaled.” As for the alleged ignorance of 
the majority of plumbers, that is no reason whatever for 
not using a proper safety device, any more than. the in- 
competence of some boilermakers would be an excuse for 
working a dangerous boiler. Asa matter of fact, more- 
over, there is no necessity for a plumber to calculate the 
load on the valve; all he need do is to let the valve- 
maker know the height of the supply tank above the 
boiler, when a properly loaded valve would be supplied to 
him. With regard to Mr. Clay’s own device, we do nob 
see why the connections to his low-level tank should not 
be liable to be blocked by frost. The arrangement would, 
however, prevent trouble from incrustation in the boiler, 
. hn of importance with some classes of water.— 

UD, Tu. 





To THE EpiToR oF ENGINEERING. 

S1r,—In your editorial note attached to the letter upon 
this subject from Mr. Swift, which appeared on page 220 
of your issue of February 18, you ask the question, 
Can Mr. Swift mention a single case in which a boiler 
fitted with proper safety valve has exploded? In view of 
— question, a recent experience of mine may perhaps 
of interest. 

On Sunday morning, February 10, my attention was 
called to a case in which I found that the copper cylinder 


(deadweight) fixed upon the flow pipe from the boiler to 
the cylinder, but it had given no intimation of anything 
being wrong with the apparatus. The exhaust pipe from 
the top of the cylinder I found frozen completely up. The 
fire had been lit, steam formed, and finding no vent by the 
steam pipe had forced its way up into the cold water cistern. 
A tap at the sink on the upper floor had then been opened, 
and allowed the cold water in the pipe to run back into 
the cylinder, condensing the steam there, and hence the 
collapse. The safety valve during this time gave no 
warning of any danger existing. From close examina- 
tion of the circumstances, I came to the conclusion that 
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the short piece of pipe connecting the safety valve to the 
flow pipe was frozen during the night, and thus prevented 
any warning been given. If the cold-water pipe from 
the cistern to the cylinder had also frozen, an explosion, 
and not a collapse, would have resulted. : 

This case shows the importance not only of having a 
safety valve fixed to the hot water system, but also of the 
proper fixing and connections of same. 

always make it a practice to connect the safety 

valve direct to the boiler, and also form a connecting link 
with the return pipe, if circumstances will allow of this, 
thus preventing any dead water in the Pipe, and keepip 
the water constantly moving. Another fault I find wit 
the present safety valve fixed to domestic boilers is the in- 
variably small area of opening, which would be quite in- 
adequate for safety should steam be generated suddenly 
and in any large volume. 

The copper cylinder in the case mentioned was only of 
a thickness equal to No. 19 B.W.G.! The connecting 
pipes are all of lead, and very badly fixed. Why is it 
that makers so seldom fix manhole lids to copper cylin- 
ders? Surely they are a necessity and a great con- 
venience. 

Yours faithfully, 

February 22, 1892. ALEXIS, 

e case of collapse described by ‘‘ Alexis” is an in- 
teresting one. With regard to the safety valve, however, 
it appears to have acted just as it ought to have done, and 
there are no grounds for considering that it failed. The 
valve would of course be loaded to a somewhat higher pres- 
sure than that due to the head of water on the boiler, and 
therefore, so long as the steam could escape through a 
pipe communicating with the top tank, the loading pres- 
sure would not be reached, and there would be no reason 
why the valve should lift.—Ep. E.] 





LIME v. CEMENT. 
To THE EpIToR OF ENGINEERING. 

Srr,—Your correspondent Mr. G. A. Haig, writes a 
letter under the above heading to your journal. 

This is a question which, I am sure, many engaged in 
engineering and other works would like to see thoroughly 
thrashed out, myself being one. 

A great many engineers of to-day will have cement, and 
nothing else, and some will only have the cement of one 
manufacturer, for all kinds and classes of work, and it 
would be useless to even suggest the use of limes of any 


kind. 

In a discussion upon a paper read by Mr. G. Graham 
Smith at the Institution of Civil Engineers on May 23, 
1873, upon ‘‘ Mortar,” Portland cement was stated to be 
used exclusively by some engineers. Mr. Smith, in his 
reply, stated that the exclusive use of Portland cement 
mortar could only indicate ignorance of the qualities of 
many natural hydraulic limes. 

This, I am inclined te think, is the case yet, although 
lime is more extensively used now than 1t was at the 
time when this paper was read. The want of this know- 
ledge of limes is dearly paid for. Portland cement mortar 
costs about two to three times the price of blue lias or 
other hydraulic mortars, and the advantage gained is 
very little ; in fact, in numerous instances no compensat- 
ing advantage is gained, especially if the same care is 
exercised in selecting the lime as is requisite when it is 
required to obtain a good cement, 

r. Haig says cement costs him six times as much as 
lime. Here is an instance where a really good lime might 
be used for the majority, if not all, of the purposes that 
cement is used for, with a great saving of expense ; 
although I must admit that the cement Mr. Haig gets 
must be very expensive, or the lime very cheap indeed. 
Cement of the best quality can be got in this part of the 
country for less than 2/. per ton, and a good ground lime, 
which would be expected to compare favourably with 
cement, would cost 15s. to 16s. per ton. This, however, 
is a great consideration on a large work where, perhaps, 
hundreds of tons are used. 

The lime I mention above would be Aberthaw ground 
lime. The lime stones or pebbles are gathered from the 
beach at Aberthaw, and burnt in the usual — in a kiln, 
The pebble lime, that is, the lime as it leaves the kiln, is 
eold at from 10s. 6d. to 11s. 6d. per ton; but the ground 
lime costs about 4s. 6d. per ton extra. 





in connection with the hot water supply to a house had com- 
pletely collapsed. On examination I found a safety valve 








Ground Aberthaw lime is equal in many respects to 
Portland cement. 
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As manufactured by the Silurian Lime Company, 
Swansea, the stones are put into an egg-shaped kiln and 
burnt through thoroughly, being in the kiln altogether 
about seven days. They are then drawn out and ground 
in an improved mill made and designed specially for the 
purpose. From the mill the ground lime passes into a re- 
volving screen of very small mesh, which sieves the lime 
and throws back upon the mill all particles which are not 
ground sufficiently. ee Je 

This ground lime is a floury substance, very similar in 
appearance to cement, with the exception of being a trifle 
lighter in colour. ; 

The Corporation of Swansea recently carried out some 
extensive pitching works, and ground pebble Aberthaw 
lime was substituted for Portland cement in the whole of 
the foundation of the work. . 

Something like 288/. 153. = 300 tons of this lime was 
used. Cement was at that time 2/. per ton, and the lime 
18s, per ton + 1s, 3d. haulage on to the ground = 19s. 3d. 
per ton. . 

It will therefore be seen that a saving of 3111. 5s. 
was effected, even taking 1 ton of cement to go as far 
as 1 ton of lime, which will be seen later is not the case. 

The proportions of the concrete for the foundation of 
the pitching were six to one, viz., 5 of screened lime- 
stone not more than 24 in. gauge, and 1 of Appledore 
gravel (a gravel consisting of very small particles) to 1 
of Aberthaw ground lime. It was found by careful ob- 
servations that 1 ton of lime mixed as above, covered 
50 superficial yards of the foundation 6 in. thick, where 
by using cement in the same proportions, only 42 super- 
ficial yards of the foundation would be covered. 

One ton of Aberthaw limestone will produce, when 
burned, 0.64 ton of lime, being a loss through burning 
of 36 per cent.; 1 ton of burnt lime gives 1.28 ton of 
slaked lime. 

Sample blocks of concrete made as above proved to be 
very satisfactory indeed, setting quite firm in 12 hours, 
and in a few days the blocks were so solid that it was 
found difficult to separate the particles even by using a 
large hammer. A portion of the foundation of the work 
was examined after the traffic had been passing over the 
roadway for about one month, and it was found to be as 
firm as a rock; in fact, no difference could be seen be- 
tween the lime concrete and some cement concrete which 
was laid down on the same day. 

It will thus be seen that not only was the cost of the 
work reduced by nearly 7d. per yard by the use of lime 
instead of cement, but the work is equally as substantial, 
and if examined in, say, 12 months’ time the lime concrete 
will be found to have set so hard as to satisfy even the 
most conservative engineer of the day. 

My own opinion is that lime has only to be once used, 
and to be given a fair trial, and it aa te always used, 
except, of course, in a very special situation where an 
exceedingly quick-setting mortar or concrete is required. 

Amongst other large undertakings, the lime concrete 
used in the foundations of the Avonmouth Dock wall 
was made from lime obtained from Aberthaw pebbles, as 
also was the mortar used on the works. The proportions 
of the concrete were 6 to 1, viz., 1 lime, 2 sand, 2 ashes, 
and 2 broken stone. This concrete was made from 
pebble or lump lime, not ground, and cost 10s. per cubic 
— (this is rather a high cost, but is explained in the 

act that the kilns for burning the lime were specially 
built near the work, therefore a percentage per ton is 
added for cost of kilns, &c.), against 16s. per cubic yard, 
the cost of the cement concrete used on the works. 

I have tried pure lime as spoken of by Mr. Haig, but 
always tind that when set is rather similar to chalk, and can 
be cut easily with a knife. The tensile and compressive 
strength is not equal to that of a mortar with a slight ad- 
mixture of sand and ashes. 

I take it that the lime Mr. Haig mentions is a white 
and not a hydraulic lime. Aberthaw lime has rather a 
yellowish colour when slaked. However, sand (fresh- 
water and clean if possible) and ashes certainly increase 
the tensile and compressive resistance of mortar ; it also 
reduces the cost as well as the amount of shrinkage. 

In places where clean fresh-water sand is not obtainable, 
smithy ashes are used ; but the mortar is then not up to 
the standard of that with the mixture of sand also. 
Mortar made of 1 of slaked lime, 1 of ashes, and 1 of sand, 
will stand twice the tensile strain of mortar made from 1 
of slaked lime and 2 of sand. 

The advantage of the ground lime over the lump is that 
the particles are so small that there is not the slightest 
fear of the lime being used before it is thoroughly slaked. 

In the case of the concrete used for the foundation of 
the pitching works mentioned before, the whole of the 
mixture was turned over three times upon a platform 
which was situate not nearer than 50 lineal yards from 
the position the concrete was being laid; it was then 
wheeled to the place required in barrows. 

If a newly-built wall is examined it will be invariably 
found that there are hundreds of small white specks of 
unslaked lime all over the joints. This is the only evil 
in the use of lime (except, of course, ground lime), but is 
easily overcome if precaution is used in seeing that the 
lime has a sufficient time to slake before being used ; but 
in these days of competition it does not ‘‘ pay ” the builder 
to do the work thoroughly, and it is only found out, per- 
haps months after the completion of the work, by the ap- 

arance of cracks all over the brickwork or plastering. 
The use of ground lime obviates this danger, and is very 
little more expensive. 

Mr. —_ mentions that several of the briquettes of 
cement with a proportion of sand made by him have 
mouldered away into dust. I should say the only reason 
to account for this would be some destructive propert 
contained in the sand with which the cement was mixed. 
This certainly does not occur when mixed with clean 
fresh-water sand, 
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* In addition to this, 5,942,995 Ib. of mass copper were produced. 
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mine are for year ending June 20, 1894. 


T have heard of a similar case to this, and, if I am not 
mistaken, it was in connection with the erection of a 
bridge in Cornwall for the Great Western Railway. The 
cement acted the very same, and on the sand, with which 
the cement was mixed, being analysed, it was found to 
contain an ingredient which absolutely ruined the 
cement. : 

I should advise the use of ground Aberthaw lime, pro- 
perly manufactured, as a substitute for cement, and I do 
not think any one trying it will regret. 

Cuaries T, Ruruen, C.E. 

Swansea, February 16, 1895. 





UNDERGROUND RAILWAYS IN LONDON. 
To THE EpIToR or ENGINEERING. ; 

Sir,—About 25 years ago I put forward a suggestion 
which was then and is now quite practicable (but I could 
get no one to listen to me), by which the whole of London 
could be supplied with a network of underground railways, 
and by means of which the vehicular traffic in the streets 
would be oy relieved. There is an immense 
amount of idle capital in London at present seeking in- 
vestment ; let me then renew my suggestion, which is 
this : 

1. If there is coal under London, it is really valueless 
to the owners of the minerals, because the surface damage 
by the working of it would be much greater than any pos- 
sible royalty. Therefore Parliament might reasonably 
be an 4 to passan Act er EEE that (reserving the = 
of sinking wells) the whole of the subsoil of London 
lying 100 ts. or 150 ft. beneath the surface is public pro- 
perty, and that any one desirous of making railways in it 
shall be free to do so if he deposits with some public 
authority, say the London County Council, a full descrip- 
tion of what he proposes, and provided he abides by a set 
of rules (drawn up by that authority) for sequlages the 
construction of railways in the London subsoil. Now the 
rules must obviously ‘‘ include ” the following : 

1. Each line of rails must have its own separate tunnel, 
and that tunnel must be a “‘ complete circuit,” so that the 
trains in it run round and round. 

2. The trains must be propelled by power generated on 
the surface, and the tunnel must be "— ee, free 
from “the products of combustion.” Consequently the 
trains must be lighted by electricity. 

8. The top side of each tunnel must be kept 150 ft. 
below the surface, and therefore the first line authorised 
would have the right of obliging any other line togo below 
it in crossing it if there was not room to cross above it, for 
no rails would be allowed to cross on a level. 

If this were done, private speculators would buy up as 
occasion offered, houses on the surface in suitable positions 
for making descending and ascending lifts for taking 
down and bringing up passengers, and the booking-office 
would, of course, be on the ground level. Where a great 
traffic was expected, the adventurers would undoubtedly 
make two complete tunnels side by side, each being an 
endless circuit, and trains running opposite ways in each 
tunnel, and the “lifts” would be between the two. But 
others would make two straight tunnels side by side with 
a circular end, so that trains would always run in one 
direction, the “‘ lifts” at each station of course being be- 
tween the two lines of rails. 

By the plan I have thus roughly sketched out, railways 
under London would be relieved of the enormous expense 
of paying for the land they occupy (stations alone ex- 
cepted), and from the enormous Parliamentary expenses 
to which at present they are liable. There is room for a 
score of railways, or even more, under London, and I be- 
lieve every one of them, if economically constructed and 
managed, would pay. 

Now as to the inconvenience of carting away the ma- 
terial excavated and of bringing brick or other materials 
for ee the tunnel, I would get over that difficulty by 
obliging the work to be done at night, and would allow 
no carting for the tunnel except between 7 p.m. and 8a.m., 
so that no obstruction to traffic would take place. I 
think the suggestion I have made is worth the considera- 
tion ot railway engineers and of company promoters. 

am, &c., 


Penithon, Radnorshire, G. A. Hata. 





MINERAL RESOURCES OF THE UNITED 
STATES. 
To THe Eprror or ENcingerrna. 

Srr,—I notice in your issue of November 23 last an 
abstract from ‘* Mineral Resources of the United States,” 
by Mr. David T. Day, of the United States Geological 
Survey. I would like to point out that the largest pro- 
ducer of copper in the Lake Superior district (and, in 





fact, the largest producer in the world until a few years 
ago, when it was su by the Anaconda Mine, 
Montana), is the famous Calumet and Hecla Mine. I 
annex a Table giving names of the mines now produc- 
ing, arranged in order of their output. The Calumet and 
Hecla does not make public any data regarding the cost 
of production, &c., and the figures here given are not from 
official sources, though I believe them to be substantially 
correct. All the other data are from official reports of 
the various mine agents, and may be relied upon as 
accurate. 

In addition to the mines named in the Table, the 
Copper Falls, Huron, and Central Mines were in opera- 
tion — the year 1893. They have since closed down, 
owing to the decrease in price of copper, so I give no 
further information concerning them. 

Very respectfully, 
Epear KIpwE Lt. 

Michigan Mining School, Houghton, Mich., U.S.A., 








THE BALANCING OF LOCOMOTIVES. 
To THE EpiTor or ENGINEERING. 

Srr,—The acquiescence of your eo ea in the 
principle of distributing the reciprocating balance equally 
among the coupled wheels is a gratifying result of the 
present discussion. I trust I may not be too sanguine in 
anticipating its early adoption on the part of designers in 
this country. 

I regret that I cannot unreservedly subscribe to the 
general admiration for the handsome locomotives em- 
ig ee by the leading British companies ; the fact that 
at least three of them have experienced the expense 
attendant upon practical reconstruction to modified 
design of recent classes of express engines, that certain 
new designs of passenger tank engines are not all ‘ sweet- 
ness and light ” to road and riders, with other incidents 
which to icularise would be invidious, compels one to 
reflect) whether these things may not, after all, be 
menaged better elsewhere. On the other hand, I beg to 
assure your correspondent that my predilection for 
American practice is not unlimited; economy in one 
direction does not expiate for excess of material, in 
moving parts especially; sharp changes in the elastic 
resistance of adjacent sections offend against the first 
canons of draughtsmanship; cross-bending on guide- 
blocks (or on intermediate valve spindles) may appeal to 
the “traveller in oils,” but not favourably to the engi- 
neer ; increase of alternately heated port surface inducing 
initial condensation is diametrically opposed to modern 
practice, and must go far to ames Ae the advantages of 
compounding. But American engines are not the sole 
offenders in these respects. 

Practical and not unpainful experience of needless in- 
tricacies, veiled by apparent external simplicity, has 
prom me to work on broader lines than obtain, in my 
experience, in railway shops, and this without sacrifice of 
the elegance characteristic of a design founded upon theo- 
retical truth, and divested of warping convention. 

February 20, 1895. J.D. T. 





CLEANING PAINT OFF GIRDER WORK. 
To THE Eprror oF ENGINEERING. 

Str,—I have read with interest your note at page 589, 
November 2, on the sand blast as applied to the cleaning 
of large surfaces, Will any of your readers kindly in- 
form me whether it can be usefully applied to the 
cleansing of paint off girder work? Girder steelwork gets 
its paint so knocked about by the time it is ready for 
erection in India, especially if it has been painted in the 
maker’s yard in wet or frosty weather, that we Indian 
engineers are obliged, at considerable expense, to scrape 
most of it off before giving the two or three coats of paint 
that are needed for the preservation of the girder. If the 
sand blast is — of taking off paint, I shall be glad to 
know of a fairly easily portable apparatus fitted either 
for compressed air or steam, wala is known to be 
best. Yours faithfully, 

: Francis J. E. Sprine, 

Shillong, Assam, January 8, 1895, 





South Arrican Gotp.—The production of gold in the 
Witwatersrandt district in 1887 was 23,1550z. In 1888 it 
increased to 208,122 oz.; in 1889 it attained a total of 
369,557 oz. In 1890 the production rose to 494,869 oz. ; 
in 1891 to 729,238 oz. ; in 1892 to 1,210,868 oz. ; in 1893 to 
1,478,473 oz. ; and in 1894 to 2,024,159 oz. Altogether, 
the ageregate production of the Witwatererandt district to 
the close of last year was 6,538,388 oz., representing, at 





an average price of 70s, per or., a value of 22,844,358/, 
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INDUSTRIAL NOTES. 

Tux members of the —— Committee have 
been taking evidence as regards poor-law relief, and 
the powers of boards of guardians under the existin 
law, largely from Sir ugh Owen, of the Loca 
Government Board ; but the member for West Ham 
became impatient at the prolonged examination of Sir 
Hugh Owen, and asked that he might be examined, 
with the view of producing his own plan as a basis of 
the proposed interim report. He had to undergo a 
close examination as to his facts and figures. His 
latest estimate of the number unemployed is 
1,750,000, an estimate, perhaps, not far over the 
mark for the time when nearly all the outdoor 
workers of the country were idle temporarily by 
reason of the closed works and of the impossibility of 
carrying on operations except in warm ae 
Even then they were sometimes scarcely possible 
because of the difficulties in obtaining a supply of fuel. 
Mr. Keir Hardie thought that 100,000/., that is, about 
ls. 2d. per head in round figures, would carry the 
unemployed on to the end of March, with the help 
already given by the boards of guardians and by 
voluntary charities. This is truly a wonderful con- 
clusion to arrive at as a mode of dealing with acute 
distress. But the hon. member explained, in reply to 
questions, that the 100,000. was only to be a first 
instalment, to be supplemented by further subventions 
as required. 

The question is whether a subvention of 100,000/., or 
even ten times that sum, would touch the fringe of the 
unemployed problem, much less afford relief. If each 
unemployed man were given 1l., it would require more 
than 17 times the amount named by the member for 
West Ham, and even this would only be 5s, per week 
till the end of March; indeed, it would be rather 
less. The very foolish strike of the Scotch miners cost 
per man a much larger sum during the whole time 
of its continuance. It is questionable if 100,000 men 
would apply for the amount suggested, 1s. 2d. per man, 
if they were told that they could get it by applying 
at the guardians’ offices of each union in the country. 
The offer made to West Ham, by private persons, for 
relief works was far greater than the total subvention 
asked for from the State by their member. 

There is one method by which a good deal of the 
distress could be relieved, if carried out judiciously, 
without any very great strain on the rates, namely, 
by an extension among all trades of the system so 
long established by our best trade unions, of pro- 
viding an out-of-work fund. The system is quite 
as adaptable to the general run of trades as to those 
which now adopt it. The amounts need not be so high; 
these can be modified to suit the industry ; instead of 
9s. or 10s. per week, 5s., 6s., or 7s. If some of 
the money wasted in the big strikes of the last five 
years had been so employed, it would have preserved 
wages, and have relieved distress when the latter came. 
Now wages have fallen in many of those industries, 
and distress goes unrelieved. The lesson has to be 
learnt somehow. Again, temporary relief should not 
deprive the recipient of his rights as a citizen, 





The debate on the Indian cotton duties really 
ended in a fizzle. It was expected that the indictment 
of the Government would be so strong that it would 
end ina defeat. The Lancashire members were ex- 
pected to vote solid against the duties, but, as a matter 
of fact, only four of the supporters of the Government 
deserted them in the lobby. It had been urged that 
the reimposition of the duties would destroy the cotton 
industries of Lancashire, and there was a good deal of 
whipping up for a full-dress debate. Why the failure ? 
Primarily because it was not made a party ques- 
tion. The Secretary of State for India, in his state- 
ment, made the broad distinction between duties 
for revenue purposes, and for protective purposes. 
It is quite certain that the Government have no inten- 
tion of protecting Indian industries, for such a course 
would not bring them votes. At last the debate 
dwindled down to the question as to whether the 
excise duty in India was equal to the 5 per cent. 
Customs duty, which point is to be reconsidered. But 
the fact remains that Lancashire will suffer in her 
export trade, whether the duties are called protective 
or for revenue. Meanwhile there are signs of a move- 
ment for the reduction of the wages of Lancashire 
operatives in the textile trades to the extent of 5 
per cent., with what result remains to be seen, 





The threatened builders’ dispute bids fair to end 
amicably, without a strike or lock-out. The master 
builders of London and representatives of the building 
trades have held their initial meeting, and it is hoped 
and expected that a modus vivendi will be found, 
so as to avert what threatened to be a huge strike, in- 
volving the whole of the building industries of the 
metropolis. The conference of representatives was a 
large one, befitting the large group of trades whose 
interests are at stake, the pa ae representatives 
being 25 in number, with a similar number of master 
builders. The proposed revision of working rules 


| 





was discussed for some hours in a conciliatory spirit, 
and considerable progress was made, so much so that 
the probability is that when May 1 comes round there 
will be no cessation of work, but that the revised rules 
will be agreed to and adopted. This mode of arrange- 
ment will be most creditable to all concerned. 





The Durham Conciliation Board have appointed Mr. 
David Dale, of Darlington, as chairman, and Mr. John 
Wilson, M.P., as vice-chairman, but they were not 
able to agree upon an umpire. That appointment is 
now left to the rd of Trade, as provided for by the 
rules of the conciliation board. The board consists of 
20 members on each side, and all questions of wages 
and conditions of labour have to be submitted to it, 
when, failing agreement, the matter is to be left to the 
umpire. There is no reason to suppose that any fric- 
tion will result from the non-agreement as to the choice 
of an umpire. 


The engineering industries of Lancashire are ex- 
tremely slow in manifesting any appreciable improve- 
ment in the condition of trade. ~ point of fact, it 
may be said that there is no material change in the 
situation, as regards, at least, the present position, but 
a hopeful feeling is prevalent as regards the future. 
Some of the leading machine-tool makers, stationary 
engine builders, and machinists are tolerably well off 
for work, but locomotive builders experience no im- 
provement. The general establishments have orders 
just sufficient to keep going, with no large weight of 
work coming forward. But it must be admitted that 
the state of the weather has been adverse to any new 
developments in the way of work or of orders. The 
iron trade continues slow, but there is evidently a 
firmer tone in prices. There have been more inquiries, 
and makers hold firm to their rates. In the finished 
branches of the iron trade business is still very quiet, 
the works generally being on short time. In the 
steel trade no great weight of work has been put 
through, but there is a more hopeful tone, and 
prices are steadier. The general metal trades con- 
tine quiet. 





In the Cumberland district about 1000 men are idle 
in consequence of a dispute as to wages at the Millom 
and Askham Iron Works, where a reduction is beiog 
enforced. The men say that it is equal to a reduc- 
tion of 7 per cent., which, with the natural reduc- 
tion in the sliding scale of 24 per cent., would mean a 
total of 94 per cent. on the wages hitherto paid. 
There is a dispute, however, as to the exact amount, 
the employers contending thatit is not so much. The 
blastfurnacemen, it appears, have resolved to support 
the ironworkers and others engaged in the dispute. 
Things have been rather bad in the Cumberland dis- 
trict for some time, and it is feared that the present 
strike will not mend matters in the least degree, but 
rather the contrary. If, however, a change in the 
iron and steel trades takes place soon, the whole aspect 
of the question will undergo a change. 

The Wolverhampton district has suffered severely 
from the state of the weather; the canals being ice- 
bound, the —. of fuel could not be got, except 
where some could be transported by rail ; but this was 
quite insufficient to keep the works going. A large 
proportion of the works were either wholly or par- 
tialy suspended, as only about one-fourth the required 
supply could be obtained. 

It is impossible to overlook the serious condition of 
the iron trades in the Midland district. At the meet- 
ing held in Birmingham towards the close of last week, 
the chairman, Sir B. Hingley, M.P., said that em- 
ployers were struggling for life. Prices were low, and 
if wages went down in other districts, wages must go 
down in Staffordshire also. Mr. Ancott said that if 
the men could not get more than 6s. 9d. per ton for 
puddling, let the iron trade go. The last reduction of 
24 per cent. was a strain on the men ; a further reduc- 
tion would scarcely enable them to hold together. On 
one point he was explicit: the employers and the 
workmen must go hand in hand, “‘ with wisdom and 
caution, and faith in one another.” The chairman 
reciprocated this. 





The change in the weather has perceptibly improved 
the condition of trade in the Birmingham district, 
though the difficulties of transit were slow to disap- 
pear. With the thaw has come a welcome impulse to 
the home demand for some kinds of iron used in 
building construction and agricultural work. The 
foreign demand is dull, except for galvanising sheets 
and goods. There are some good contracts for struc- 
tural work for India and other Eastern markets on 
hand, but new business is still scarce, and competi- 
tion is so keen that prices are at a low level. In one 
or two instances, perhaps, prices are firmer, perhaps 
better. But they are generally so low as to leave very 
little margin for profits. 


The first indication of the effect of even a partial 
revival of work is seen in the strike of riveters in 


the employ of Messrs. Ramage and Ferguson, at 
Leith, for an advance in wages for certain kinds 
of work. With more open weather there is a pro- 
bability of greater activity in the shipbuilding trade 
and boilermaking branches all over Scotland. At 
resent, however, a large number of vessels are 
aid up, owing to the depression in the freight market. 
Even some large liners are unemployed, and conse- 
quently a large number of sailors and firemen are out 
of work. Repairs will make work busy for a time, 
but unless there is more activity in the transport 
trade, there will be a check upon the building of new 
ships, or, at least, there is a danger of it. 





There is great dissatisfaction among the railway 
employés by reason of the fact that the assistant 
inspectors’ reports are not available. The two men 
appointed were regarded as representing to a greater 
or less degree the railway workers, and yet the latter 
cannot avail themselves of the reports furnished. 
They are treated as confidential, and only used as the 
chief inspector may sanction or direct. Doubtless, 
there is some wisdom in this, as an adverse report 
might be the basis of a prosecution. Neverthe- 
less, if the reports are regarded as confidential, 
some of their value is lost. What is wanted is that 
they shall be carefully revised, so that there shall be 
no grounds for using such reports for personal prose- 
cutions ; but otherwise they cannot fail to be valuable 
as throwing some light upon the causes of accidents 
and loss of life. 





The engine-room artificers of the Roval Navy have 
won another small victory. At Chatham and Sheer- 
ness the men have been compelled to purchase their 
outfit at a Government contractor’s, although they 
have to pay for such outfit themselves. At Ports- 
mouth and other places no such compulsion existed. 
Now it is practically abolished. They have also had 
better accommodation found for them on all new 
vessels, and on such as could be altered without any 
great expense. They are on the eve of a still further 
concession, namely, to have the chance of promotion 
to ‘‘ engineer rank ” upon passing the required exami- 
nation. They will also probably be offered ‘‘ warrant 
officer’s rank” upon retirement, These concessions 
do not go far, but they indicate some progress of the 
Admiralty. 





The shipwrights are now to have an opportunity of 
placing before the First Lord of the Admiralty their 
view of the case as against the fitters, iron ship 
builders, &c. In the Navy, shipwrights have for years 
been workers in iron as well as wood, and they feel 
that they ought not to be ousted from such a position. 
But they have also had the chief avenues to promo- 
tion, to the exclusion of fitters and boilermakers, 
which both of the latter bodies resent, 

The Carpenters and Joiners have had an interview 
with the Secretary of State for War with respect to 
joiners’ wages at Woolwich and elsewhere. The con- 
tention is that the men are not paid the current rates 
prevalent in joiners’ shops, and they urge that the 
Government shall, in accordance with the House of 
Commons resolution, pay the full rates. The Secre- 
tary of State for War promised to consider the matter, 
and remove any grievances. 





The miners are urgently working to secure a place 
for the discussion of the Mines Kight-Hours Bill, which 
came so badly off in the ballot. The representatives 
of the Miners’ Federation are seeking the help of the 
Government for an opportunity of again debating the 
Bill, and of taking a decision of the House upon it. 
If no such opportunity occurs, an effort is to be made 
to engraft — the promised Government Bill to 
amend the Mines Regulations Act, a clause fixing the 
eight-hours limit for all persons under 21 years of age 
working in the mines. But this would be opposed by 
the Durham and Northumberland men. any will 
support such a clause if the age is fixed at 18, the 
same as the Factory Acts, but they hesitate to fix 
the age at 21, which they think will practically in- 
volve adult labour, But the chances of an Act pass- 
ing are rather remote. 

t appears that the eight-hours system is making 
rapid progress in various parts of Russia where manu- 
facturing industries are carried on. Russia, as yet, 
is rather behind in manufactures, but considerable 
progress has been made of late years in some branches. 





It appears that the cotton operatives of Lancashire 
are less keen than they were, or were supposed to be, 
on the legal enactment of the eight hours. The ques- 
tion has, toa great extent, settled down, the leaders 
being more impressed with the question of retaining 
the trade of the country than in throwing further 
obstacles in the way of its retention. The currency 
question has led them to vote a considerable sum to 
that movement. 





Things are not working quite so smoothly in the 





mining districts as they were, and if it were not for 
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the conciliation board the chances are that there 
would be considerable agitation and some rather 
serious disputes. Disputes ending in strikes have 
taken place in Yorkshire—at Castleford, where about 
1000 persons were employed, and at Tingley, where the 
men had been out for some considerable time. These 
were fortunately amicably arranged last week, though 
not until there had been great losses in wages and in 
the working of the pits. “ another case the pits are 
being closed, and the men suspended from operations. 
It appears that these disputes arise in,consequence of 
changes in the mode of working, which the owners 
introduce for the sake of economy, but which the men 
regard as an attack upon their wages. In some cases 
the associations agree with the men, and support them 
from the funds, In other cases efforts are being made 
to get over the difficulty by mutual arrangement. 
But the disputes are becoming more and more numer- 
ous, and the agents of the federation have their hands 
full of troubles. Apart altogether from disputes, the 
men are not, as a rule, fully employed, and this gives 
rise to a feeling of discontent, some even going so far 
as to say that the rates of pay are quite secondary to 
full employment. The earnings of late have not 
equalled expectations. 

In the South Wales districts several disputes have 
also arisen ; in fact, scarcely is one dispute settled than 
another takes place. The dispute at or near Ponty- 
pridd, which has lasted for some time, was practically 
terminated last week by several of the old hands going 
in upon terms agreed upon ; but the other men awaited 
them as they returned home from the colliery, and 
assaulted them, several being injured, and one of the 
proprietors also was injured. The police were called 
in, and had to escort the men to the railway station, 
when the police also were attacked. Later on a force 
of police proceeded to the village and arrested several 
of the assailants. In other districts also of the South 
Wales coalfields there has been a succession of dis- 
putes, more or less serious, some ending in a strike. 
The general condition of the coal trade is such that 
vigorous efforts are needed to prevent serious complica- 
tions. Notwithstanding the severe weather, the coal 
trade, as a whole, is dull, and prices have already re- 
ceded in London and elsewhere; nor can it become 
much more active until there is greater activity in the 
iron and steel trades, and in other general industries, 








THE DETERMINATION OF THE DRYNESS 
OF STEAM.* 
By Professor W. CawrHorne Unwin, F.R.S. 
(Concluded from page 261.) 
PRAcTICAL CONCLUSIONS AS TO THE MOST CONVENIENT 
AND AccuRATE METHODS. 


through both chambers, if radiation is neglected, and if 
the frictional eddies are destroyed, 

1082 + 0.305 t, + 0.48 (¢'1 — t,) = 1082 + 0.305 t, + 0.48 

(t's —_ te) t; bid t's = 0.3646 t, oe te). 

The quantity t, —t2 can be found from the observed 
gauge pressures ; and the observed ¢’; — ¢’, can then be 
compared with the value here calculated. Several tests 
were made made in the laboratory of the Central Tech- 
nical College, in all of which the observed and calculated 
values of ¢’; — t', agreed very closely. This shows that 
the effect of radiation in reducing the temperature in the 
second chamber B is very small. Probably this is due to 
the fact that the heat lost by radiation is small, compared 
with the amount of heat passing through the apparatus. 
In Fig. 7 are shown curves drawn for one of these tests. 
The steam was taken from a steam pipe supplying an 
engine from a Babcock and Wilcox boiler. e engine 
was running, and the steam pressure was taken by a 
Schaeffer and Budenberg gauge, and can, therefore, be 
approximately accurate only. The mean superheat in 
the first chamber A was 24 deg.; that in the second 
chamber B was 80.1 deg. The mean observed difference 
of temperature in the first and second chambers was 
30.78 deg., and the value calculated from the above for- 
mula was 31.45 deg., showing a loss, if the pressure obser- 
vations are assumed accurate, of only 0.67 deg., possibly 
due to radiation, But1per cent, of the moisture in the 
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steam would have caused a lowering of temperature in 
the second chamber amounting to about 20 deg. Even, 
therefore, when used without any correction for radiation, 
it would appear that the wire-drawing calorimeter gives 
results accurate within about 0,1 per cent, of moisture, 
provided that a fair sample of steam is obtained. Hence 
it appears that practically radiation may be neglected, and 
that for steam initially wet the equation in section 6 may 


Tue chemical method, the author thinks, may be put | be used. 


aside as both inconvenient and untrustworthy, except, 
perhaps, in the single case of a boiler subject to marked 
priming action. In that case the use of the salt test 
according to method (a) might be useful, because, virtu- 
ally, it integrates the loss of boiler water by mechanical 
priming over any desired length of trial, and because, 
where the wetness of the steam is large, the defects of the 
method, especially the difficulty of securing average 
samples of the boiler water, are proportionately less 
serious. 

Of the other methods, the condensing or total-heat 
method, accurate as itis principle, must be rejected on 
the ground of the difficulty of making the observations 
with the necessary accuracy. 

Putting aside some other methods which are almost 
untried, and which hardly promise to be convenient, there 
remain two methods only of determining the dryness of 
steam, which seem to fulfil the necessary conditions. 
These two methods are the wire-drawing method and the 
separating method. For either of them very convenient 
apparatus has been arranged, and the observations to be 
taken are simple. 

Tests of the Wire-Drawing Calorimeter.—This appa- 
ratus is so easily used, and gives indications of such 
great delicacy, that it seemed desirable to get a direct 
test of its trustworthiness by using a sample of steam, 
about the quality of which there could be no doubt. 
Especially was it desirable to ascertain whether the small 
loss of heat by radiation caused any appreciable loss of 
temperature in the steam in the second or superheating 
chamber. It occurred to the author to superheat a sample 
of steam on its way to the wire-drawing calorimeter, and 
to observe whether the change of temperature in the in- 
strument corresponded with that which should occur 
according to calculation from the quantities of heat con- 
cerned. A small superheater was constructed, heated 
with gas jets. The steam being passed through this, 
there was superheated steam in both chambers of the 
instrument. 

Let p, be the pressure in the first chamber A, Fig. 5, 
before wire-drawing ; ¢, the corresponding temperature of 
saturated steam ; ¢’; the actual temperature of the steam. 
Then the steam entered the instrument with ¢’; — ¢, 
degrees of superheat. Let po, ts, t's be the corresponding 

uantibies for the second chamber B. Then, after wire- 
» men the steam has t's — t, degrees of superheat. Since 
the total heat per pound is the same for the steam passing 


* Paper read before the Institution of Mechanical 
Engineers. 





used, 

Test of the Efficiency of a Separator.—The Barrus 
calorimeter, which the author obtained from America, 
has a separator C, Fig. 5, which can be used in conjunc- 
tion with the wire-drawing part of the apparatus. This 
separator does not seem to * quite so well arranged as 
that of the Carpenter calorimeter ; but it occurred to the 
author that it might be useful to observe how far the 
separator trapped the moisture of the steam, and what 
fraction passed on to the wire-drawing aperture. In 
three tests made at the Central Technical College the 
separator trapped from 4.4 to 9 per cent. of moisture, and 
the steam ing through the wire-drawing aperture 
showed only from 0.4 to 0.2 per cent. of moisture. It 
would appear, therefore, that even with very moist steam 
the separator alone will give results not erring by 0.5 
per cent. of moisture. In the Carpenter calorimeter, 
Fig. 1, the current of steam is slower, and the separator 
is steam-jacketed, and the author thinks its action is 
more perfect. According to Professor Carpenter's results 
already mentioned, the action of the separator is practi- 
cally so perfect that it traps all the moisture, 

Tests of a Wire-Drawing and Separating Calorimeter 
Side by Side.—The author has tried the two calorimeters 
side by side, the steam current dividing at a T-piece to 
flow to them both alike, In these tests the results by the 
two methods agreed fairly well, but the wire-drawing 
calorimeter showed rather more moisture than the sepa- 
rating calorimeter. The former used much more steam 
than the latter ; and the author thinks it possible that a 
rather larger percentage of moisture was carried. away by 
the stronger current at the T-piece, An incidental result 
in making these tests was interesting. The steam was 
taken from the engine steam pipe to the calorimeters 
through a branch pipe about 30 ft, long, which was 
covered with Keenan’s composition. When the separat- 
ing calorimeter was used alone, the steam showed 13,82 
per cent, of moisture, When both calorimeters were in 
use together, the steam showed only 3.93 per cent. of mois- 
ture, The difference appears to be due to radiation from 
the 30 ft. length of steam pipe ; with the very small current 
required for the separating calorimeter, the condensation 
due to radiation produced a considerable effect ; with the 
much faster current required for the two calorimeters 
used together, the effect of radiation was much less. So 
must it be in the working of steam stations: when the 
engines are working at full power, the effect of radiation 
in producing moisture in the steam is not serious; but 
when the engines are working with a small load, the 
amount of moisture produced by radiation is much more 
considerable in proportion to the weight of steam used. 
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This is no doubt one cause of inefficiency when engines 
are worked with small loads. 

Conclusion.—Generally the author thinks that the wire- 
drawing calorimeter without separator is the most con- 
venient and accurate for steam with less than about 2 
per cent. of moisture. For steam containing more 
moisture, the separating calorimeter without wire-draw- 
ing eae is accurate enough and convenient. The 
use of the separator and wire-drawing calorimeter com- 
bined is more troublesome, especially if, as is desirable, 
a condenser is also used to determine the amount o 
steam — through the separator. In cases where 
there is much priming, it would seem best to take the 
whole of the steam through an ordinary steam-separator, 
measuring the amount of water trapped; and then to 
test by a wire-drawing or separating calorimeter the dry- 
ness of the steam after passing the separator. In priming, 
much of the water probably flows along the bottom of the 
pipe, and it appears impossible that a sample can be 
obtained containing an average proportion of steam and 
water. It is recommended by Professor Carpenter that 
the sample of steam to be tested should always be taken 
from a vertical, not from a horizontal steam pipe. No 
doubt there is rather more tendency for water to flow 
along the bottom of a horizontal pipe than down the 
sides of a vertical pipe; but merely taking steam from a 
vertical pipe does not insure freedom from error, 
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especially if the amount of moisture in the steam is con- 
siderable. Variations in tests for wetness are doubtless 
often due to the difficulty of getting a true average 
sample of steam ; and it would seem that errors are 
generally in the direction of underestimating the 
amount of moisture. 





Suicut CoLiiston aT CANNON-StREET.—On the even- 
ing of January 5, while a train from Charing Cross was 
standing on the south end of Cannon-street Bridge, 
South-Eastern ae waiting for the advance signal 
allowing it to enter the station to be lowered, its tail, 
which just fouled the incoming line from London Bridge, 
was run into by another passenger train which had been 
taken on in a perfectly proper and legitimate manner as 
far as the interlocking was concerned, the signalman at 
No. 2 cabin frankly owning that he had forgotten that 
the tail of the first train was fouling the crossing. No 
vehicle was thrown off the rails, but the rear vehicle of 
the Charing Cross train and the engine and four vehicles 
of the other train were slightly damaged. Two pas- 
sengers afterwards complained of injury. To obviate 
another such collision, Major Marindin recommends 
that locking-bars, acting as clearance-bars, be fitted to 
two of the trailing points at this place. In commenting 
on an accident which occur near the same spot 11 
months ago, we expressed surprise at block working being 
suspended over the voi om and we are now glad to note 
that such is no longer the case, lock and block working 
(Sykes’ system) being now in force. 





Tue Pactric CABLE.—A memorandum by Mr. Sand- 
ford Fleming respecting the establishment of the Pacific 
cable has been issued in Canada. He states that among 
the tenders received is an offer from an old established 
and reliable firm to lay the cable on the old British route 
by Fanning Island, as described in an article at page 
770, vol. lviii., for the sum of 1,517,000/., to include main- 
tenance and repairs for three years after completion ; the 
cable to be owned and controlled by Government and 
worked under Government authority. Mr. Fleming ex- 
presses himself strongly in favour of the principle of State 
ownership of the cable, and thinks that the capital to be 
raised need not exceed 1,600,000/., and that the total 
fixed charges for the first three years should not be more 
than 75,000/. per annum. He calculates that the sur- 
plus of revenue over expenditure for the first three years 
should be 154,000/., and for the whole of the first ten 
years 742,000. Mr. Fleming is satisfied that his estimates 
are ‘‘ reasonable and reliable,” and that a mutual effort 
on the part of Great Britain and the two great divisions 
of the Colonial Empire ‘‘can establish the Pacific cable 
with ease, and practically without cost to the taxpayer 
in either country.” The memorandum has been com- 
municated to the Imperial and Australasian Governments, 
with a view to the discussion of the details by a joint 
Commission in London. 
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woven wire passes the air from between the glass tubes or bars 
which serve to keep the discharge surfaces or electrodes at equal 
distances from and parallel to each other, and so as to leave 
between them spaces V. The air consequently passes through 
the space traversed by the silent discharge. In this construction 
the resistances W! are arranged separately for each of the dis- 
charge surfaces p, and this arrangement possesses the advantage 
that the ozonising apparatus is capable of sustaining a consider- 
ably greater density of current than formerly, without fear of 
formation of electric arcs. More ozone or concentrated ozon 

air can, therefore, be produced in a given time than would other- 
wise be the case, especially when the air is also, either before or 
during its passage through the apparatus, dried, purified, and 
cooled. Instead of the glass tubes shown, the construction may 
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ELECTRICAL APPARATUS. 


2806. C. Kellner, Vienna. Electrolytical Decom- 
posing Apparatus. [9 Figs.) February 8, 1894.—In Fig. 1, 
which is @ cross-section through the bottom of an electrolytic 
vessel constructed according to this invention, A and B are the 
electrodes embedded in non-conducting material C and separated 
by a partition D. E isa firm foundation constituting the bottom | 
of the vessel on which the non-conducting material C is poured, | 
and F is powdered carbon stamped down on one of the electrodes, 
for example the positive one. If, now, the electrolyte be passed 
from the negative side through the electrolytic vessel, the bottom 
of which is provided with electrodes as described, this apparatus 
can, even as it is, be employed for certain purposes, in particular 
for the t f bleaching liquor, and especially if, taking 
for an example the decomposition of sodic chloride, the chlorine 
liberated at the anode A be compelled by means of an inclined 
plate of glass G to become dissolved in the sodic hydrate formed 
at the cathode. If, however, it be desired to collect the gas liberated 
at one of the electrodes, there is arranged over the electrode in 
question a gas bell G!, which, when immersed in the liquid, forms 
a hydraulic seal, as shown in Fig. 2. In cases where the final 
products of the electrolysis exhibit a strong tendency to recombine 
with each other, the edge of the gas bell G! may be arranged to 
extend down behind one or between two partitions D, as shown in 
Fig. 3. The spaces between the partitions and the wall of the gas 
bell are preferably filled with packing material H, which will prevent, 
or at least render difficult, the diffusion of the liquids contained in 
the electrode spaces. The partitions D, when porous, may be 
carried up to a height above the level of the electrolyte, as shown 
in Fig. 4. The large number of metallic electrical contacts or 
connections usually required, and their maintenance in a clean 
condition, constitute two of the chief disadvantages of the use of 
electrolysis on a commercial scale. To obviate these disadvan- 
tages, electrolytical apparatus are, according to this invention, 





| be modified by the use, in lieu of such tubes, of — 
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rate strips of 
glass or other non-conducting material arranged between the 
resistances either vertically or horizontally or in an inclined posi- 
tion. Fig. 2 shows a modified construction of ozonising appa- 
n which the separate resistances W! connected with the 
tor U' are arranged outside the ozonising chamber a, and 





arranged in such a manner that metallic tacts or 
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are required for connecting the first and last electrodes only with 
the source of the electric current, whilst each of the intermediate 
lectrodes is pelled, by means of a non-porous and non-con- 
ducting partition, to act as a negative and a positive electrode at 
opposite sides of the said partition. This arrangemsnt, besides | 
dispensing with a large number of contacts, has the further | 
advantage of not necessitating the use, as heretofore, of large 
electrode plates, because the bottom of the box or electrolytic | 
vessel can simply be paved with small electrode plates. Fig. 5 
shows an arrangement of this kind. A’, A, B. and Al are the 
electrodes, which are formed in this case of carbon plates, and 
into which are cemented the non-porous and non-conducting par- 
titions G2 that extend up beyond the level of the electrolyte. 
The current, entering at A°, is compelled by the partition D be- 
tween the electrodes A® and A to flow through the electrolyte in 
the direction indicated by the arrow a. Now since the partition 
G2, extending up above the level of the electrolyte, separates the 
portion of the electrolyte containing the arrow a from the re- 
mainder of the electrolyte, the current is compelled to pass onward 
through the substance of the electrode itself, and is again com- 
pelled by the fresh hindrance to its course presented by the par- 
tition D (between the electrodes A and B), to flow through the 
electrolyte in the direction of the arrow in order to reach the 
electrode B. As this proceeding is repeated at every partition G2, 
it is obvious that each electrode carrying a partition G2 is rendered 
bi-polar by the employmentof such partition, 7.¢,, it acts negatively | 
at the part where the current enters it, and positively at the part 
where the current passes out of it. The electrodes need not be | 
embedded in the non-conducting material C up to their upper 
surface, thereby agit age! the employment of their lateral sur- 
faces; they may be only partially embedded in such material so 
as to allow the said lateral surfaces to come into operation. (Ac- 
cepted January 16, 1895). 


5656. A. Schneller, Leyden, and W. J. Wisse, 
Haarlem, Holland. Production of Ozone. [5 Figs.) 
March 17, 1894.—The improved method of ozonising oxygen, or | 
gas containing oxygen, consists in passing the gas or mixture of 
gases directly between discharge surfaces separated only by the 
gas or gases to be treated, and connected with the poles or ter- 
minals of an electric generator, sucb as a transformer, capable of 
producing a current of high tension, and in placing a resistance 
or resistances in the electric circuit between the transformer and 
one or both of the discharge surfaces, to prevent the production 
of voltaic arcs and to insure direct silent discharges between the 
said discharge surfaces.. An improved form of apparatus in 
which separate resistances are provided for the several conductors 
and discharge surfaces, is shown in Fig. 1. From the transformer 
¢ the conductor J3 leads, by means of the wires /‘, to the separate 
resistances W!, which may be arranged in tubes of insulating 





material, such, for example, as glass. At the lower end of each 
resistance W1! is secured a conducting body or plug p which is 
brought into intimate connection with the resistance W!, so that 
plugs p serve as discharge surfaces, whilst the per- 
the opposite dis- 
Through the holes 71 of this sheet of metal or 


the several 
forated sheet n of metal or woven wire forms 
charge surface, 


| the wires 25, 16 connecting them and the conductor /2 with the 
| discharge surfaces e, el, e2, &c., and 7, 71, i2 respectively located 


inside the said chamber, are led through holes in the top and 
bottom of the chamber, as shown. If the said discharge surfaces 
are formed of metallic webs, the air to be treated is caused to 
enter at b and flow through a perforated plate c, and after travers- 
ing the chamber, is allowed to escape through an opening d. The 
air may, if desired, be led through several ozonising apparatus in 
succession. (Accepted January 16, 1895). é 


8808. R. M. and A. McDonald, Dalmuir, Dum- 
barton, N.B. Electric Batteries. [1 Fig.) May 3, 
1894.—a is the outer cell or containing vessel of glass, &c.; b is an 
inner porous cell. The battery comprises a zinc plate c placed in 
the porous cell b. A vertical copper spiral d surrounds the porous 
cell b, and between this spiral and the cell a, coal cinders e, 
pieces of coke or like porous carbonaceous and absorbent material 
are packed. Within the porous cell isa solution of sodium chloride, 
and within the outer cell a solution of copper sulphate. The 
cinders being very porous and absorbent, condense or absorb the 
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gases evolved, and, as a consequence, no fumes are emitted, 
whilst polarisation is prevented. Asthe copper spiral retains the 
cinders in place, the porous cell with the zinc element can be re- 
moved at any time without injuring the battery. In the case of 
single fluid cells a plug can be inserted in the top of the copper 
spiral, and the zinc element suspended from it. As aresult of the 
action set up in the battery, the cinders or the like become plated 
or coated with a thin film of copper, and the internal resistance 


| is decreased, thereby increasing the current. The copper spiral, 


on account of its conductivity, is found to lessen t 
resistance. (Accepted January 9, 1895). 


GUNS. 


4825. J. Vavasseur, London. Gun Mountings. 
(6 Figs.) March 7, 1894.—A is the turntable, BB two guns 
mounted thereon. Each gun is pivoted at its rear end by trunnions 
B' to aslide or carriage C which can recoil along slideways D. 
E E are hydraulic rams, to which the guns near their centre of 
gravity are jointed. F F are the cylinders in which the rams 


e internal 


| work—they are free to rock on pivots F'! at their lower end. The 


re th 


ivots of the two cylinders, which are opp one , are 
th received into one bearing, as shown in Fig. 2, and a water 
Pp e is formed through both so that there is free communica- 
tion between the two cylinders. The pins E1, which joint thehy- 
draulic rams to the guns, have slides G connected to them at one 
of their ends by swivel joints—these slides are free to move up and 
down along guide bars H. These guide bars can themselves move 
to and fro along curved guides H!, which are concentric with the 
pivots F' of the cylinders F. To the other end of each pin E! is 
attached a bar I on one edge of which is a toothed rack—into this 
rack gears a pinion J, the .rack being held into gear with the 
pinion by the small guide rollerI'. The ) geen has fast with it a 
wormwheel K, and a worm on a spindle L gears with the worm- 





| 


wheel—the spindle can be driven through bevel-toothed gear from 
the handwheel M. In order to allow of the elevating gear being 
worked from either side of the guns the spindle L of the Miting 
gear of one gun is geared with the spindle L of the lifting gear o' 

the other n through bevel gear and a cross spindle N in 
such a way that when one spindle Lis turned in one direction the 
other is turned in the opposite direction. The wormwheel K may 
be frictionally connected to the pinion J; provision may also be 
made for putting one worm out of gear when the other is in gear 
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the balancing of the guns being effected through the rams, Should 
both guns require to be used independently, elevation could be 
given by pumps or other means. O O are ordinary recoil cylinders, 
and P P are springs for assisting in the running out of the guns, 
Ris a fixed ar d wall sur ding the turntable and the 
mounting upon it. S is a small armoured turret inclosing the 
breech ends of the gunsclose to the gun trunnions, so that the 
port holes through which the guns pass have to be but little larger 
than the guns. (Accepted January 16, 1895). 


LIFTING AND HAULING APPLIANCES. 


4617. J. H. Craven, Wakefield, York. Rope Sripe 
for Haulage Purposes. (3 Figs.) March 5, 1894.—The 
improved rope grip comprises two jaws A, A recessed or concaved 
on their inner faces to embrace the hauling rope B. These jaws 
are provided with extensions A2, through the upper ends of which 
passes a bolt a by which the jaws are connected together so as to 
admit of the jaws opening and closing. This bolt also connects 
to the extensions A? a loop or shackle b, by means of which the 
gripping device may be connected to a truck or other article to be 

auled. On the outer side of each jaw or extension A? is an in- 
clined surface c, and centred at d to the jaws is a forked lever 
C. The fork e of this lever embraces the jaws A, so that by de- 















“S 


~ 





WOW 











EN 


pressing this lever, the inner faces of the fork are caused to act on 
the inclined surfaces c so as to close the —_ on to the hauling 
rope and thereby securely attach the gripping device and the 
article connected thereto, to the hauling ro By moving the 
lever C inthe reverse direction, the fork e¢ will leave the inclined 
surfaces¢ on the jaws and thereby remove the pressure of the jaws 
from the hauling rope and allow the rope to pass freely between 
the jaws. fis a spring interposed between the jaws A to assist in 
opening the jaws when the pressure of the lever is removed from 
the inclined surfaces c, and also to retain the lever elevated and 
prevent it by its weight from acting automatically to close the 
jaws. (Accepted January 9, 1895). 


MINING, METALLURGY, AND MET. 
; WORKING. - 


2720. J. Gjers, Middlesbrough-on-Tees, York. 
Construction and Working of Melting and Heat- 
! 8.) February 7, 1894.—Referring to 

Figs. 1 and 2, 1 is the furnace body with melting or heating cham- 
ber 2, at each end of which is a combustion chamber 8, Each 
combustion chamber has a solid bottom 4 for holding solid fuel, 
also firedoors 5 for stoking, poking holes 6, and a slag hole 7 lead- 
ing from the lowest point of the bottom. Communication is 
established between the melting chamber 2 and each combustion 
chamber 3 by one large port 8 of the full width of the furnace, so 
hat products of ti ng from either combustion 
chamber into the melting chamber 2, and also the waste gases 
ng from the chamber 2 to the regenerators 9, will not be 
interrupted by any division walls. The large port 8 is inclined 
dowardly towards the bed of the chamber 2 so as to direct the 
flame down on the charge. Each of the regenerators 9 comprises 
@ vertical cylindrical casing 10 with bottom, and a domed top 11 
terminating in a chimney 12. Each regenerator 9 is placed 
directly over the corresponding combustion chamber 3, and over 
the crown above the combustion chamber is a firebrick flue 13 to 
take the whole of the products of combustion from the furnace 
to the central flue 14 of the regenerator. Each regenerator is 
carried on girders and columns 16, so that none of its weight shall 
be on the roof of the busti hamber 3. On the top of each 
regenerator there is provided an air valve 17. The mode of 
working is as follows : After a goed fire has been prepared in each 
combustion chamber 3, the chimney damper 19 of both regenera- 
tors and the firedoors 5 of both combustion chambers being open, 
the firedoors are closed ; and the fires supplied with air from the 
body of the furnace until the regenerators have become suffi- 
ciently heated, whereupon the air inlet valve 17 of one regene- 
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rator 9 is closed; and the chimney damper 19 of the other re- 
generator is closed and its air inlet valve 17 opened. Air then 
asses in at this valve through the one regenerator, and having 
y this time become heated, the air impinges upon the solid fuel 
3a in the combustion chamber 3 below, whereby surface combus- 
tion takes place. The intensely hot flame resulting from the 
surface combustion passes through the large port 8 into the 
hamber 2 taining the charge to be melted or heated, and the 
products of combustion pass off by the port 8 at the opposite end 
of the furnace, thence up through the opposite combustion 
chamber 3, and up and through the regenerator 9 at that end, 































where the greater portion of the heat is given up to and stored 
in the regenerator filling 14a, the remainder passing off by the 
chimney 12. After this action has gone on for a sufficient length 
of time to considerably reduce the temperature of one regenerator 
and increase that of the other, the direction of flow of the flame 
and products of combustion is reversed. Figs. 3 and 4 show thi+ 
invention applied in the construction of underground furnaces 
for heating ingots, &c., preparatory to rolling. The ingots 21 to 
be heated are preferably placed vertically in the body 1 of the 
underground furnace, being introduced through openings 22 
provided with removable covers 23. (Accepted January 16, 1895). 


4744. H.H. Lake, London. (£. Jolicard, Lyons, France.) 
Furnaces, (5 Figs.) March 6, 1894.—The improved furnace 
for pulverised fuel is substantially composed of a lighting cham- 
ber M for wood charcoal, wherein a current of air and pulverised 
coal arrives through the inlet pipe C; a vertical furnace portion 
A wherein are arranged in cross rows, separated by a small space, 
horizontal round columns E leaving a small space between them ; 
a horizontal furnace portion B, the longitudinal section of which 
is represented in Fig. 1, and the horizontal section in Fig. 2 
Other round columns F are placed at short distances from each 
other in all directions and arranged in this part of the furnace. 
Combustion chambers L for the gases are provided behind the 
furnace proper and limited by walls K, K pierced with vertical 
slits or openings. This furnace may consist of refractory earth and 
be built upon a vault G bearing upon the boiler. In the case of 
asingle furnace the current of cold air and pulverised coal arriv- 
ing through the inlet pipe C is obliged to pass downwards through 
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the incandescent wood charcoal. The latter then passes still down- 
wards through the rows of bricks or cclumns, utilising the passages 
open to itand the free space provided between two horizontal 
rows of these bricks or columns, thus creating an enlargement of 
section and causing whirling movements very favourable to the 
ignition of the gases. The wood charcoal burns, while the whole 
of the columns and of the furnace gradually reaches a higher tem- 
rature, and when the wood charcoal has disappeared, the 
urnace, by its refractory material raised to a high temperature 
and presenting a large surface of contact to the gases, retains a 
considerable amount of heat which serves to ignite the current of 
air and coal-dust which are continually renewed therein. This 
furnace may comprise either a vertical part only, such as A, ora 
horizontal part only, such as B, or a vertical and a horizontal part 


' straight slits or a simple opening serve to diffuse the burning ' section, and is provided with two horizontal cylindrical chambers 


gases, and are always heated to incandescence during the opera- 
tion. When the inlet pipe has to feed several furnaces, a special 
arrangement is provided for enabling the distribution of the 
current of air and coal to be effected into as many branch pipes as 
may be necessary for feeding the furnaces, Each of the branch 
pipes should have a sectional area proportional to the quantity of 
coal which is to be burnt by the furnace. (Accepted January 16, 
1895). 
RAILWAYS AND TRAMWAYS. 


112. W. P. Thompson, Liverpool. (J. Korbully, Buda- 
Pesth.) gy? tor the Axles of Railway Car- 
&c. [10 Figs.) January 2, 1s94.—This improved axle 
bearing comprises a casing or axle-box a b, sleeve c, brasses A 
and a tightening mechanism e fg oph. The axle-box consists of 
a front piece a and back piece b, which are fitted vertically upon 
the axles by means of flanges bolted together. A piece r is fitted 
in the casing in which an annular projection of the sleeve c fits. 
This piece r is held firmly by the two flanges when the latter are 
screwed up, 80 that it cannot rotate. In the grooves i, i are two 
tightening rings h, h (Fig. 4), which by means of the tightening 
arrangement e f g 0 p prevent the escape of oil and the ingress of 
dust. The hole & allows of periodical lubrication. On the lower 
edge of the back part } is a hole .m for letting out dirty oil. The 
tightening appliance aforementioned, by means of which an air- 


tight fit is obtained, consists of the casing ¢ in which a screw f is 
fitted. Upon this screw there fits a nut g which has two hooks to 
receive the two perforated ends of a spring band 0. The casing e 
rests upon the small curved spring plate p. By screwing up the 
screw f, the band loop o will be contracted by means of the nut g. 
The band loop will thereby be pressed towards the small plate p, 
and a similar pressure upon the washer ring h will be obtained, 
which, owing to its flexibility, will be pressed against the sides 
as well as upon the axle journal. In fitting up, the tightening 
rings, with their connections, are first placed in the grooves i, i, 
the back part } is then placed upon the axle, and the braeses d, 
the sleeve c, and the front part @ are then arranged, the tightening 
screws f, f are then adjusted sufficiently to permit the complete 
box to revolve easily upon theaxle. (Accepted January 9, 1895). 


212. A. E. Muirhead, Glasgow. Manufacture of 
Railway Chairs. (2 Figs.) January 4, 1894.—According to 
this invention a bloom or ingot of iron or steel is rolled into a bar 
having a section somewhat similar to a channel section with its 
base extended on both sides beyond the upright flanges. The 
latter are utilised for the jaws of the chair, and the base serves as 
the sole-plate. The bar is then cut into the required lengths. A 








mandril is now inserted between the jaws of each chair length, 
and a suitably-shaped die is brought down by steam or hydraulic 
power upon the chair to give the jaws the proper curvature. 
Fig. 1 is a section showing a chair length after having been rolled 
and cut. Fig. 2 isa section showing the finished chair with the proper 
curvature and fixed to the rail. A is the sole-plate, B the jaws, 
and C the rail. (Accepted January 9, 1895). 


4319. W. D. Hodgkinson, Newthorpe, Notts. Per- 
manent Way for Railways and Tramways. [10 Figs.) 
March 1, 1894.—In the arrangement illustrated in Fig. 1, the chairs 
Aare each formed with jaws B to grip the lower flange of the rail 
C, and a taper or wedge-shaped part D which fits into a corre- 
spondingly shaped opening in the rl-eper E. The chair is formed 
in two parts or preferably divided centrally in a vertical plane 
parallel to the rail C as shown, so that when pressure acts upon 
the rail, the chair is pressed further into the sleeper and the two 
jaws B of the chair are caused to close and grip the rail more 
firmly. The two parts of the chair may be connected so as to 
maintain their relative positions to each other, by a stud on the 





ianer face of one part engaging with a recessin the other. The 
sleeper E, if of wood, may be strengthened where the openings 
are formed to receive the chairs, by metal plates F on the upper 
side, or the plates may be placed on the underside. In the 
arrangement shown in Fig. 2, the chair is formed of two inde- 
pendent parts A!, A’, shaped as shown, each of which fits into an 
independent opening in the sleeper E. The part E’ of the sleeper 
between the two parts A', A’ is strengthened and shaped so as to 
force the lower ends of the two parts A‘, A' outward and close 
their upper ends B on the flange of the rail C. The specification 
also describes and illustrates four further arrangements of rail 
chairs, and one form of metal sleeper. (Accepted January 16, 1895). 


STEAM ENGINES, ee, EVAPORATORS, 





combined as shown. At the outlet of the furnace one or more} 186. A. Horne and J. B. Furneaux, Gateshead, 
chambers L are provided for the combustion of the gases. Inj] Durham. Apparatus for Distributing Actuating 
these chambers the gases already ignited react one upon the | Fluidin Motors,suchas t-acting Steam Pumps. 


eir combustion. Walls K having either 


other and complete 


2, 2a, in which work steam-tight pistons 3, 3a respectively, that 
are fixed at their outer ends to a frame 4 which is connected 
directly to the main valve 1 or spindle 5, but is quite clear 
of the main valve. The operation of the arrangement is ag 

' follows: Assuming the main valve 1 to be at the right-hand end 
of its stroke, and the engine piston 40 to be at the left-hand end 
of its stroke as shown, then the right-hand main steam port 34 wil] 
be open to the main exhaust port 39 through the cavity 11 in the 
underside of the main valve 1, and the left-hand main steam port 
34a will be getting full steam, the ports 8, 8a on the back or 
top of the main valve being at this time each closed. The engine 
piston 40 will now be travelling from left to right, and at a certain 
point of its stroke, the main valve spindle 5 will, by the action on 
the tappet 23 of the crossbar 22 of the pair of levers 20, begin to 
move the main valve to the left—the main-valve spindle 5 moving 
in an opposite direction to the piston—auntil it cuts off steam from 
the left-hand main steam port 34a. Butas the auxiliary port 33a in 
connection with this main steam port will not yet be closed, the 
engine piston will now be getting a regulated quantity of steam 
through the said auxiliary port, the quantity depending upon the 
iti ding regulating valve 37. While the 
from right to left into the above. 
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named position, the supplementary valve-rod 13 will be moved by 
the action of the crossbar 16 of the pair of levers 17 on the tappet 
1Ea, in an opposite direction to that of the main valve rod 5. 
When the main valve attains a position in which the cavity 11 
therein places the main steam port 34a in communication with 
the main exhaust port 39, the supplementary valve 12 will have 
been moved into such a position as to open the port 8 of the 
right-hand piston chamber 2 to steam through the left-hand port 
41 in the said supplementary valve, and admit live steam to such 
chamber, and open the left-hand piston chamber 2a to the central 
exhaust passage 10 through the exhaust cavity 42 in the under- 
side of the supplementary valve. The steam in this chamber is 
thus allowed to exhaust down the passage 10 into the main 
exhaust 39. When this takes place, the main valve 1 will be 
thrown by the action of the steam admitted to the right-hand 
piston chamber 2 from right to lefc until the exhaust passage 10 is 
cut off from the left-hand chamber and live steam is cut off from 
the right-hand chamber. In this way the main valve will be 
rapidly moved to the end of its stroke, thereby quickly placing 
the port 34a in full communication with the exhaust port 39, and 
the main steam port 34 in full communication with the steam 
chest 38. The main and supplementary valves being now in the 
opposite positions to those shown in which they were at starting, 
will be in proper positions for enabling the engine piston 40 to 
make its return stroke, viz., from right to left, during one part 
of which the main valve will be thrown to the right. These 
— are repeated for each succeeding stroke. (Accepted 
anuary 9, 1895.) 


VEHICLES, 


512. A. E. Morgans and C. H. Fox, London. 
Wheels for Road Vehicles, [3 Figs.) January 9, 1894.— 
A wheel for a road vehicle according to this invention comprises 
a hub, rim, and light connecting plates of steel (they may be 
plain flat plates, or plates with ribs or dishes extending radially from 
centre of wheel), attached to the hub and to the rim so as to form a 
wheel body, the plates forming the respective sides of this wheel 
body being wider apart at the base than at the rim. Referring to 
Figs. 1 and 2, a is the hub formed with a couple of annular projec- 
tions a'; bis the rim of approximately T-section ; and c are the 
plates forming the respective sides of the wheel. These plates are 
in the form of discs slightly coned as shown, so that when in posi- 





tion, they will, as seen in cross-section, form approximately two 
sides of a triangle. But the inner and outer portions c! and c? 
that overlap respectively the internal web b of the rim and the 
annular projections a! on the hub, will be parallel so as to fit the 
corresponding side faces of the web of the rim and the hub to 
which the plates are connected by rivets d, d! respectively. 
There are or may be rings or washers e between the rivet heads 
and the body plates. Instead of the hub being formed with a 
couple of annular projections al, one projection of suitable 
width may be employed; also the rim may be of other than 
T-section. A tyre f may in some cases be secured around the 
rim b of the wheel by means of rivets g as indicated in Fig. 3. 
(Accepted January 16, 1895). 


UNITED STATES PATENTS AND PATENT PRAOTIOE. 
Descriptions with illustrations of inventions patented in the 


United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 





[4 Figs.) January 3, 1894.—The main valve 1 1s of ordinary D- 





consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand. 
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IRRIGATION IN PERU. 
(From A CoRRESPONDENT. ) 


Tue fortunes of war having deprived Peru of her 
rich nitrate fields, and the great fall in the price of 
silver having done much to retard the development of 
her mines, it is but natural that the more progres- 
sive of her citizens should direct their attention 
toward the extension of her agriculture, as a 

means of rehabilitating the fallen Queen of South 
American Republics. That the Chilians will enjoy 
the possession of the territory wrested from their 
conquered neighbour for all time it would be difficult 
to say, in view of the uncertainty of international 
boundaries in this part of the world; but it is cer- 
tain that before any change can be wrought, they 
will have extracted all the honey from the comb, 
leaving nothing but the memory of the fabulous 
wealth that was drawn from the apparently sterile 
deserts of Tarapaca and Autofagasta. But Peru 
has much territory that can be made productive, 
and at the present time there is a general feeling 
that her future will largely depend upon her 
agricultural resources, her soil being peculiarly 
favourable to the production of such valuable 
commodities as cotton, coffee, &. 

Owing, however, to the prevailing meteoro- 
logical conditions, the territory that lies between 
the western range of the Cordilleras and the 
Pacific coast, measuring in length about 1500 
miles, and varying between 30 and 60 miles in 
width, is totally devoid of moisture due to direct 
rainfall, and is, therefore, nothing more than 
an arid waste, divided into sections more or less 
extensive by the valleys, through which flow 
small rivers from the mountains, and which 
cannot be considered more than narrow strips 
of green in the vast area of unproductive sand 
desert. 

The accompanying map will give an idea of 
the relative extents of the productive and non- 
productive areas, the shaded portions indicating 
the limits of vegetation in the river basins. 
Within the length of 1500 miles there are about 
65 watercourses, all of which bear the high- 
sounding name of river, when they are scarcely 
worthy of the name of stream, with but few 
exceptions, and these irrigate naturally only a 
limited margin on either bank, because, up to 
the present, the artificial means of irrigation 
are but few, and mostly confined to very small 
areas, which,however, give ample proof of the 
fertility of the soil. But even in these small 
streams the amount of water lost each year by 
being permitted to pass to the sea, is more than 
sufficient to reclaim all the territory from its 
present condition of desert, and make it pro- 
ductive of the most valuable articles of com- 
merce. Of the entire area there are no less 
than 30 million acres of flat land suitable for 
cultivation, and of this enormous amount no 
more than 6 million acres are made use of. Of 
these 6 millions, but two can be said to have an 
assured supply throughout the year, the rest being 
dependent upon the periodical freshets for their 
moisture. The territory is divided as follows : 

Tumbez.—This district has a cultivable area of 
over 450,000 acres, the land being well situated 
with regard to the river, and admirably suited to 
the cultivation of cotton, rice, cacao, and, in fact, 
all the tropical produce. When Pizarro landed at 
this point in 1527 he found the whole of this area 
under cultivation, the inhabitants in the vicinity 
of the town of Tumbez numbering more than 
100,000. To-day there is nothing but the outline of 
the wonderful irrigation system of the Incas ; the 
land has fallen back to a state of non-productive- 
ness which is a sad commentary on the civilisation 
introduced by the Spaniards, and the once populous 
district counts no more than 5000 souls within its 
entire area. The two main canals of the ancients 
extended a distance of more than 120 miles, and 
from them the small irrigating ditches were run in 
in all directions. Now the cultivation is confined 
to the haciendas of La Noria, Bellevue, and a few 
others, they being situated immediately on the 
banks of the river, from which the water is lifted 
by means of steam power. 

The estimates for re-establishing irrigation vary 
considerably, some engineers claiming that the work 
can be carried out for about 275,000 sols (27,500/.), 
while others place the figures much higher. A large 
portion of the existing canals could be utilised to 
advantage by clearing out the drift and rebuilding 
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of cost, at the same time taking advantage of what 
proved to bea successful system in the time of the 
Incas. 

Between the Tumbez and Chira Rivers lies a 
great extent of territory known as the old Hacienda 
of Mdncora, and having an area of about 900 
square leagues. But little of this area can be 
irrigated by the water from either river, as it is 
cut off from them by high table-lands. It has a 
large watershed, however, on the western slopes 
of the Cerros de Amotape, and, by a proper system 
of draining the quebradas, many thousands of 
acres can be made available for the cultivation of 
cotton and the pasturage of cattle, the latter in- 
dustry being a very profitable one. The greatest 
benefit to be derived from a good supply of water 
is that for the development of the petroleum, as 
Mancora can claim one of the finest deposits of 
mineral oil in the world, and it is very probable 
that she will soon enter the lists in competition 
with Pennsylvania and Russia for the Chinese, 
Australian, and South American trade, her geo- 





from the Paccha to be brought to the same channel 
by a canal 2 kilometres long, then the united 
waters to be led 6 kilometres to the Sacuchingana, 
where it would be caused to flow in all directions 
over the land to be irrigated. The amount of land 
at present cultivated is less than one-twelfth that 
which can be brought into use by irrigation, yet 
with this small margin the department exports a 
handsome quantity of rice. Unfortunately, how- 
ever, this crop is not usually good from year to 
year, as much depends upon the amount of water in 
the rivers, At the Port of Eten there is a fine 
pier of iron, 800 ft. long, and a railway which runs 
through the principal towns of Monsefti, Chiclayo, 
Lambayeque, and Ferrenafe, being 67 kilometres 
long. Another line leads from the port of Pimentol 
to Lambayeque, a distance of 24 kilometres. These 
two railways are kept very busy during the harvest 
time transferring the produce from the 87 large 
haciendas that are along their lines. The principal 
products arerice, sugar-cane, wheat, Indian corn, 
tobacco, cotton, coffee, cacao, cochinilla, and 

tamarinds, the climate being very warm and 








dry. Large numbers of cattle, mules, and 

horses are also raised for the southern market, 

and this is said to prove a paying business. 
Trujillo has at least 400,000 acres that can 



























be brought under cultivation at: but compara- 
tively little expense. There are in the district 
three valleys, the fertility of the soil of which 
is considered phenomenal, even when compared 
with other parts of Peru. This is due, no 
doubt, to the dry, warm climate, and the light, 
sandy nature of the land. Trujillo, the capital 
of the province, is one of the oldest towns 
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graphical position giving her an enormous advan- 
tage over the others for those markets. 

Of the Chira and Piura valleys detailed mention 
will be made further on, as the project for their 
reclamation has assumed definite shape. 

Lambayeque.—This district, which is bounded 
on the north by the desert of Sechura, is one of 
the most populous of the republic, and, judging 
from the results of the irrigation practised ona 
small scale, it presents a very good field for the 
investment of capital. The area of the territory 
suitable for cultivation under an irrigation scheme 
is not definitely known, but it is not far short of 
500,000 acres. Several schemes have been pro- 
posed for the improvement of the district, the 
estimates varying ees 80,000 sols (8000/.) and 
240,000 sols (24,000/.), according to the amount of 
territory to be benefited. The former scheme con- 
templates the construction of dams in two lagoons 
and two tributaries of the Rio de Chota, so that 
the water can be backed up and caused to flow 
toward the River Lambayeque. The amount of 
water that could be stored in the lagoons is calcu- 
lated at 1,500,000 cubic metres, and this would be 
distributed by short canals in the required direc- 
tion at small cost, because the country is compara- 
tively flat. The larger scheme would accomplish 
the storage of more than 4,000,000 cubic metres in 
the lagoon of Misjiriguanga, in the hills of Cachen, 
and the damming of the rivers Pachachaca, Olmos, 
Paccha, and Sacuchingana. The water would then 
be led thus: From the Pachachaca to the Olmos 


established by the Spaniards, having been 
founded by Pizarro in 1534, and is connected 
with the coast at Salaverry by a well-regulated 
railway. At the port there is a fine iron pier, 
270 metres long, which cost 50,0001. to build, 
but all cargo must be transferred to and from 
the steamers by means of launches, the ground 
swell being too great to allow of vessels going 
alongside the pier. The principal product of 
the district is sugar, which it is claimed has no 
rivals in point of excellence, but the decreased 
price of that article in foreign markets has done 
much to check the extension of the cultivation 
of cane. In 1763 the lands of the Valleys 
Chimti and Chicama were valued at 1,347,500 
sols, while to-day they are appraised at about 
30,000,000 sols. In the Valley of Chicama 
there are 47,392 hectares under irrigation, 
and in the Valley of Chimt 6500 hectares, 
the former being about one-third the amount 
available under a proper system of irrigation, 
and the latter about one-tenth. By draining 
the lagoons of San Lorenzo and Cayaijan, as 
they were at one time by the Incas, all the 
lands of the valley could not only be supplied 
with water, but also the extensive pampas of 
Huanchaco, which are near the coast, could be 
made productive once more. 

It would seem that the policy of the Spaniards 
was to destroy all the important works of the in- 
habitants in order to subdue them by means of the 
cruel but effective system of starvation. That such 
a process has had a lasting effect is apparent even 
to-day, for the descendents of the race that lived in 
the time of Pizarro are just as suspicious and un- 
willing to enter into close relations with the mixed 
race which rules, as were their forefathers, when 
the conquistadores sought to teach them the prin- 
ciples of European civilisation at the point of the 
sword. 

Nepena.—In this district more than 150,000 acres 
can be reclaimed by re-establishing the works of the 
Incas, which consisted in a dam to hold back the 
waters of the river, and an elaborate system of 
canals that led the water from the Cordilleras to 
the cultivable lands. 

Santa.—Here the Incas had also a complete irri- 
gation system, but, like all the others, it has dis- 
appeared. The River Santa is one of the most im- 
portant on the coast as regards the volume of water 
that annually passes to the sea, and it is estimated 
that with an expenditure of about 25,0001. fully 
450,000 acres can be made available for the cultiva- 
tion of all semi-tropical produce. 

In the valleys of the Casma, Huarmey, Barranca, 
Huaruro, and Chancay, there are areas varying in 
extent between 50,000 and 300,000 acres, all of 
which can be reclaimed and made productive at 
comparatively small cost. 











the side walls, which can be done at a minimum 





by means of a canal 17 kilometres long, the water 





In the neighbourhood of Lima there are also 
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large tracts that only require the proper canalisa- 
tion of the Rivers Rimac and Lurin to make them of 
great value. 

The district lying between the rivers Mata and 
Pisco was at one time under complete cultivation 
by the ancients, and to redeem the lands from their 
present barren state only requires the reopening of 
the existing canals and the construction of dams in 
place of those that have disappeared. The Govern- 
ment has at times given concessions for the prore- 
cution of the work, but, like most enterprises 
started by native companies or associations, the 
work ceased before the preliminaries could be said 
to have been fairly started. 

Ica.—In this district several systems will be 
necessary, as the territory is divided up by ridges 
that will prevent the adoption of any main channel. 
A large area, known as the pampas of Acari, has 
been conceded to an American association, under 
the condition that they are irrigated within a 
certain term of years. The other sections require 
the damming of several rivers, and the distribution 
of the water either throvgh the medium of existing 
quebradas, or canals. The district of Ica is well 
known for the quality of the wine manufactured 
there, the soil and climate being suited to the 
cultivation of grapes, particularly those that pro- 
duce sweet wines, such as the Italian. 

The other districts to the south of Ica contain 
extensive areas of land that can be made profitable 
when once they are brought under the influence of 
irrigation ; but in many cases the cost of the work 
will be very great. For instance, the irrigation of 
the region known as Cachendo, lying between 
Arequipa and the coast, will necessitate the con- 
struction of a canal 130 miles long, costing about 
400,000/. As the district is an important one, 
however, Mollendo being the Pacific gateway for 
al] traffic from Bolivia vid Puno and Arequipa, the 
development of the great extent of unproductive 
territory in the vicinity of the coast cannot prove 
a risky investment, even in the face of the great 
outlay that the exploiters will have to face. It is 
strange that the port of Mollendo is adhered to as 
the point of embarkation, while at Islay, a distance 
of about eight miles to the north, there is a much 
better location, the two points being connected by 
railway. At Mollendo, during the period of tem- 
porales, which is from the end of June to October, 
it is often impossible to land or ship cargo or pas- 
sengers, so heavy is the sea. During the latter 
part of July this year several of the regular line of 
steamers had to pass Mollendo without calling for 
mails, and the non-delivery of goods from that 
port has been seriously felt. At Islay the harbour 
is somewhat landlocked, or is, at least, defended 
against south-west winds and seas, and can be made 
a port where vessels could lay up alongside the 
wharves. The railway from the port forms the 
connecting link between Bolivia and the sea, so 
that it is strange that the two republics do not 
come to some understanding with regard to the 
betterment of the shipping facilities. The absence 
of such an amicable arrangement, however, may 
be due to the fact that since the war of 1879 Chili 
has had much to say in the direction of Bolivian 
matters, and she has used her influence in opposing 
any arrangement that would benefit her northern 
neighbour. 

Tt has been estimated that at an expenditure of 
20,000,000 sols, which at present rate of exchange 
represents about 2,000,000I., an area of 12,000,000 
acres can be rendered fit for the cultivation of 
fruit, grain, and other products, and have an 
assured supply of water for irrigation throughout 
the year ; but those figures do not indicate much 
more than the high-pressure enthusiasm of the cal- 
culator, and leave the question open to be examined 
according to the necessities of each district taken 
separately. 

(To be continued.) 
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A Handy Book of the Labour Laws. By Grorck Howe tt, 

.8.8., M.P. London: MacMillan and Co. [Price 

3s, 6d. net. ] 

Tus ‘popular guide” to the several Acts of Par- 
liament affecting labour is in its third edition ; and 
as it is nine years since the first and second issues 
were published, and as much has been done by the 
Legislature since then, this revised edition is most 
welcome. Mr. Howell, who is well known for the 
attention he has long paid to labour questions, 





is well qualified to write on the subject. He dis- 
avows any intention to produce a text-book for the 
legal profession, but has admirably fulfilled his pur- 
pose of helping both employer and employed to an 
easy reading of the law affecting their relations, 
and while wisely counseJling both to shun the law 
courts, suggests points for consideration in deter- 
mining the value of a prospective case, while giving 
hints as to procedure. Each Act, while published 
in full, is described without resort to legal phrase- 
ology, and instances of prominent cases given. 
By the way, Mr. Howell in describing English 
court practice might also have dealt with the Scotch 
court procedure, for we have yet to learn that the 
Scotch trade unionist is not affected with the 
reputed national prejudice for a ‘‘ gangin’ plea.” 

What may not be inappropriately termed the 
Magna Charter of Labour is dealt with in the first 
three chapters. Under the law prior to 1875 the 
relation between the employer and the employed 
had some remnant of the old feudal system, and im- 
prisonment for breach of contract was no uncommon 
incident ; but by the passing of the Employers 
and Workmen Act in that year contracts of hiring 
and service, to use the words of Lord Cross, then 
Home Secretary, were made as free and indepen- 
dent, both for master and servants, as any other con- 
tracts between other persons. Since then the Act 
has worked admirably, so much so that it is almost 
now in abeyance. In one or two respects modifi- 
cations have beenmade. A married woman, under 
the Married Women’s Property Act of 1882, can 
now be made responsible at law for the fulfilment of 
her contract. Formerly contracts between em- 
ployers and married women in mills could not be 
enforced at law. Another point, which the author 
regards as an unjustifiable survival of the principle 
of the old Debtors Act, is the enactment that the 
court, in a dispute between employer and appren- 
tice, may rescind the contract or order the per- 
formance of duty, failing which the apprentice may 
be sent to prison fora period not exceeding 14 days, 
but if a surety is found he may give security for the 
performance of the duties in lieu of, or in mitiga- 
tion of, the punishment of the apprentice. There 
is, however, great reluctance to send apprentices 
to prison, so that the Act in this respect is seldom 
enforced. 

The Conspiracy and Protection of Property Act 
of the same year was a natural concomitant. Its 
main object was to so define conspiracy that it would 
not include the action of trade unions merely in 
the restraint of trade, where the object was lawful. 
‘*An agreement or combination by two or more 
persons to do, or procure to be done, any act in 
contemplation or furtherance of a private dispute 
between employers and workmen, shall not be 
indictable as a conspiracy if such act committed by 
one person would not be punishable as a crime.”’ 
A breach of contract which deprived a town of water 
or gas supply, or involved injury to persons or 
property, is punishable as a crime ; while, as was 
shown in the Plymouth case of 1890-1—a report of 
which is given with other test cases in appendices— 
intimidation or annoyance by violence is also 
punishable. Following a person, hiding his tools, 
picketing, &c., are all instances; but if the 
picketing is confined to obtaining or communicating 
information, it is admissible. These were parts of 
the Criminal Law Amendment Act of 1871, but in 
1875 they were made less stringent in respect that 
punishment by fine was substituted for imprison- 
ment only, right of trial by jury admitted, and 
peaceful picketing allowed. Of this latter a case 
in point is given. 

Coming now to the Trades Union Acts proper, 
one recognises the advance of freedom from action, 
the clauses of the Acts of 1871 and 1876 being com- 
pared. Here we have the definition of a trade 
union, with power to act in matters of trade in the 
spirit of the Conspiracy Act already cited, pro- 
vided that they did not affect certain agreements— 
contracts of partnership, of service, and of appren- 
ticeship. There is a compromising spirit dictated 
by the definition clause which is alien tothat mastery 
which at times characterises these organisations, and 
which heeds not the provisos we have indicated. 
The Act clearly defines the organisation, trusteeship, 
registration, and other features of trades unions, 
but obviously one has to look at the general statutes 
to find the limitations which are defined briefly 
by the provisos quoted. By Mr. Howell’s own 
Bill—the Trades Union (Provident Funds) Act of 
1893—income tax is not exigible in respect of the 
benefit funds which are such a laudable feature 








of the most prosperous unions, and the feature 
which gives them the greatest stability. Russell- 
Gurney’s Act of 1868 for the protection of property 
against larceny and embezzlement is given. and 
several criminal prosecutions under it noted, so 
also with the Falsification of Accounts Bill of 1875, 

The Employers’ Liability Act is fully dealt with, 
and in a most satisfactory way. Mr. Howell first 
narrates the history, then the principal points in 
the Act, and the procedure, enabling men to ascer- 
tain for themselves whether they ought to sue. 
We are pleased to note that one whose opinion is 
so highly appreciated in trade unions takes a firm 
stand on the non-advisability of appealing to the 
law. ‘Our advice is never to go to law if you 
can obtain fair and reasonable compensation by 
any other means. The costs, even to a successful 
litigant, often absorb nearly the whole of the 
damages given, for the taxed costs allowed never 
cover the charges as between lawyers and their 
clients. Often the costs do not amount to more 
than one-half, the other moiety having to be paid 
by the party winning the case. Nor is 
litigation more desirable for the employer. If he 
is successful he has the satisfaction of paying the 
Jawyer instead of the workman’s claims ; but this 
must be a poor satisfaction in any case.” Mr. 
Howell deprecates insurance corporations just as 
he deprecates the action of trade unions should 
they determine to bring all kinds of frivolous 
actions for the purpose of harassing employers. 
We do not know that the two cases are entirely 
on all-fours. We could have wished, by the way, 
for some vigorous expression of opinion on the part 
of Mr. Howell concerning the practice of ‘legal 
sharks” inducing men to raise actions against em- 
ployers willing to compromise, on the understand- 
ing that the lawyer was to share largely in the net 
gain after his expenses were paid. Where there is 
success, the money all goes to the lawyer, as a rule, 
so that the poor worker profits less than if he had 
accepted compromise. It is only a pity that the law 
cannot prevent such practices. 

The author groups all the Acts dealing with the 
matter of wages, contracts, and other conditions of 
labour, admitting that sometimes Parliamentary 
interference is beneficial to the workmen, and at 
other times disadvantageous. The details, too, of 
the Truck Act, the various Acts for the payment of 
wages without stoppage, the Coal Mines Regulation 
Acts, seamen’s hire and payment under the Mer- 
chant Shipping Act, &c., are now well known, and 
may be passed over here. The mention of them 
shows, in some measure, the comprehensive nature 
of Mr. Howell’s work. 

One of the most hopeful indications of the 
times is the desire for conciliation and arbitration. 
The sentiment has been growing, although very 
slowly, for 50 years, but Mr. Howell points out 
that, so far as legal machinery is concerned, at least 
in its application, we are really no better off than we 
were in 1824. We do not know that this is to be 
regretted. Legal machinery too often suggests 
antagonism, and in such a case arbitration is not 
likely to be of a conciliatory spirit. Recently much 
has been done by the combined action of trade 
unions and employers’ associations, and if in the 
future some scheme could be mutually determined 
upon in the several trades there would be more 
hope of disputes being arbitrated upon before 
reaching the stage of strikes. The less legislative 
interference there is between employers and their 
men, the more likely will such arbitration schemes 
succeed. What is wanted isa clearer view of the 
interdependence of labour and capital, and a recog- 
nition of mutual responsibilities. 


Field Book for Civil Engineers. By D. Caruart. 
Boston, U.S.A.: Gunn and Company. 1893. 
Tus is a very useful and well-bound little book, 
of convenient size for the pocket, and containing a 
large number of problems and geometrical construc- 
tions required in surveying and in the setting out 
of railways. It contains a selection of the usual 
tables, and gives some hints as to the management 
of surveying parties. The notes are judicious, and 
special stress is laid upon the use of rapid methods of 
approximations for detail. The use of logarithms in 
the solution of problems in the field is not recom- 
mended by the author, who might have suggested 
the employment of one of the many forms of slide 
rule instead of the by no means convenient four- 
figure arithmetic. Only one of the tables of the 





book is printed with the tailed form of types ; the 
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remainder is in ordinary type, which, although 
admitting of a slightly larger figure, is by no means 
so legible. The book will doubtless have many 
patrons, though they will probably be found in 
‘America rather than in this country. 
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THE DRAINAGE OF THE HAARLEM 
MEER. 

THE drainage of the Haarlem Meer, as a feat of 
hydraulic engineering, has not yet, we believe, 
been surpassed, though some very important work 
of the same nature has been accomplished in Egypt. 
Should, however, the proposed drainage of the 
Zuider Zee be carried out, the Haarlem works must 
be content to lose their present pre-eminence, 
though they will still rank high as an example of 
the enterprise and pluck which characterised the 
engineers of the first half of this century. It will 
be long before the civil engineering part of these 
works is out of date, but progress is easier, and 
consequently more rapid, on the mechanical side of 
the profession, and hence it has come about that the 
picturesque old Lynden pumping engines erected 
in 1849 have now been replaced by a modern centri- 
fugal pumping plant supplied by Messrs. J. and H. 
Gwynne, of the Hammersmith Iron Works, Hammer- 
smith, London. 

The Haarlem Mere was ‘formed during the 16th 
and 17th centuries by the union of four small lakes, 
in the course of which three villages were sub- 
merged, the last two in 1647. The total area 
covered was about 60 square miles. Whilst this 
extension of the waters was still in progress, several 
schemes were suggested for clearing the inundated 
lands. The most carefully considered of these was pro- 
posed in 1643 by a millwright named Leeghwater, 
whose plans involved the building of an embank- 
ment all round the lake, and pumping the water 
out by 160 windmills. The cost was estimated at 
307,3331., which is less than half the works actually 
cost when finally undertaken in 1837. A large pro- 
portion of the final cost was, however, made up of 
items not contemplated in Leeghwater’s scheme, 
Some very heavy rainstorms in 1836 led to a 
further extension of the lake, much of the land 
submerged remaining under water for a year, and 
owing to this it was at length resolved to take 
action. A special commission was appointed, and 
on their report it was resolved to completely drain 
the whole meer, which had then an area of 44,724 
acres and an average depth of 13 ft. To this end 
the lake was surrounded by an embankment 373 
miles long, of which about 1? miles had its founda- 
tions under water. This bank was to be perma- 
nently maintained, as even when dry it would be 
necessary to prevent the drainage from the 
surrounding country flowing into the depression. 
A canal, used also for traffic purposes, was formed 
partly by deepening and straightening an exist- 
ing stream and canal, and for the rest by entirely 
new work. For the pumping it was finally decided 
to adopt steam engines as cheaper than windmills, 
since the latter were found in Holland to work full 
power for only about 1500 hours per year, and 
when doing their best, the largest mill then in 
use was capable of giving only about 13 pump 
horse-power. As the heaviest monthly output 
was expected to reach over 36,000,000 tons 
of water, it was computed that 114 such mills 
would be required to do the work. After a 
careful examination and discussion, it was finally 
decided to adopt a peculiar form of single- 
acting pumping engine devised by Messrs. Dean 
and Gibb, two English engineers. The engines in 
question were compound single-acting pumping en- 
gines, the high-pressure cylinder being placed 
inside the low-pressure cylinder, the piston of which 
was, therefore, annular in form. The common 
crosshead was coupled to 11 beams, to the other 
end of which single-acting pumps were con- 





nected, being arranged in a circle round the steam 
cylinders, the beams projecting through the walls 
of the engine-house, as shown in Fig. 1, page 300, 
which represents the Lynden engine-house as it 
was before the alterations recently effected. Of 
these pumps three were built, the contractors 
being Messrs. Fox and Co. and Harvey and Co., 
both Cornish firms, for the engines, whilst the 
beams and boilers were supplied by two Dutch 
firms. As usual in Holland, the foundations caused 
considerable trouble, many hundreds of 40-ft. piles 
being required to give the needed stability. The 
first of the four engines erected had a high-pressure 
cylinder 84} in. in diameter, whilst the low-pressure 
cylinder was 144} in. in diameter, the stroke 
being 10 ft. The pumps were each 63 in. in dia- 
meter, and the stroke the same as that of the steam 
pistons. The valves were of the butterfly type, and 
were of iron plate lin. thick, resting on a wooden seat 
covered with leather. The beams were 32 ft. 10 in. 
long, and weighed about 10 tons each. The engines 
worked on the Cornish cycle, the initial pressure 
being three atmospheres, which may be considered 
high for the time. The boilers were of the cylin- 
drical type, internally fired. They were 6 ft. in 
diameter and 30 ft. long, with a single flue 4 ft. in 
diameter. Five were required to supply the steam. 
With the engines they cost 17,2541. 

Shortly after this engine was set to work, two 
others of similar design and dimensions, save that 
the pump barrels were 73 in. in diameter, were 
erected, one called the Lynden and the other the 
Croquius engine. As already mentioned, it is the 
former of these which Messrs. Gwynne have just 
replaced. By means of the first engine erected 
working alone, the level of the water in the meer had 
been reduced about 6 in. in about 10 months, after 
which the other two engines were started, and 39 
months later the lake was dry, some 810 million 
tons of water having been discharged. The work 
was somewhat delayed by wet seasons, which pre- 
vented the pumps being worked to their full capa- 
city, for fear of flooding the country through which 
the drainage channels carrying off the discharge of 
water passed, and also by some accidents to the 
engines. Economy trials of these engines, made by 
Mr. Sterk, gave the following results : 


Water 
Number of : Coal 
Strokes of btn pr —— per Water 
Engineper © _ Lift Horse- 
Minute, { 15.4 ft. Power. 
cub. ft. Ib, 

3 4,301.5 128.5 7.83 

4 5,933 177.3 7.58 

5 7,664 229 7.34 

6 9,493 283.7 7.10 

7 11,421 341.3 6.85 


The Lynden engines during the past six years have 
been run at an average speed of 54 strokes per 
minute, the discharge being 238 tons of water per 
minute, the corresponding coal consumption being 
7.22 lb. per water horse-power per hour. The 
steam consumption was 54.9 lb. per water horse- 

ower per hour. The new engines supplied by 

essrs. J. and H. Gwynne, of the Hammersmith 
Iron Works, are of the centrifugal type, and are, 
we believe, the largest yet built. The old engine- 
house has been utilised, being enlarged, as shown in 
Fig. 2, page 301, and to a certain extent the existing 
pipe connections were employed, though this has 
somewhat lowered the efficiency of the centrifugal 
pumping plant. The pump inlet is 58 in. in diameter, 
and a good idea of the size of the pumps will be 
gained from a glance at Fig. 3, which represents 
one in course of erection. The pumps are driven 
by inverted direct-acting compound engines de- 
signed to run at about 100 revolutions per minute, 
and to give about 550 indicated horse-power. 

As will be seen in Figs. 4 and 5, and in Fig. 2, 
annexes have been built on to the old engine- 
house to receive the new plant. Unfortunately, 
as at present arranged, it has not been possible to 
run the engines at their designed speed, as the depth 
of water below the inlet is too small, and there was 
a likelihood of air being drawn in if this were 
attempted. Nevertheless excellent results have 
been attained on the trials. The best hour’s work 
on — made on July 3 last gave the following 
results : 





Revolu- | mean Water | Water | Indicated| W HP. 























tions per ° Horse- | Horse- | ———— 
Minute. | of Lift. Delivered. | ‘Power. | Power. | 1-H P. 
| ft. | tons p. min, per cent, 
90.9 14.97 | 298 298.3 | 464 65.7 
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The highest discharge reached on any hour's trial | was of an inferior quality, and but 6.74 1b. of water set for which pre-eminence was recently claimed by 
was 342 tons per minute on a lift of 15.34 ft., but | was, therefore, evaporated per pound of coal, so that |an American firm. It is interesting to note, by the 
owing to the pumps beginning to suck air, the effi-|the coal used per water horse-power was 4.16 lb. | way, that the pumps built by Messrs. John and 
ciency fell off. Typical diagrams from the engine are shown in Figs. Henry Gwynne, during the last twenty-five years, 

Economy trials of the engines lasting over eight |6 and7. As we have already said, these pumps are, have an aggregate capacity of about 42,550 millions 
hours have shown them to use 28 1b. of ‘steam | we believe, the largest centrifugals at present in of gallons per day, a quantity equal to about 141 
per water horse-power per hour, The coal used | existence, having nearly double the capacity of a | times the flow of the River Thames. 
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ELECTRIO TRACTION.—No. IX 
By Putte Dawson. 
ELEVATED ConpucToR CONSTRUCTION. 

At the present writing, but one system of elec- 
trical traction has received practical acceptance in 
America. That system employs elevated con- 
ductors suspended above each track for the whole 
length of the line. Electrical communication 
between the aerial wires and the car motor is 
maintained by means of an under-running grooved 
trolley wheel mounted on a steel pole, and held at 
a constant pressure against the wire by springs in 
the base upon which the pole is supported, the 
base itself being placed centrally on the car-roof. 

Accumulators have made no perceptible progress 
so far as traction is concerned. ‘Their cost has 
heretofore been prohibitive, and their efficiency ex- 
tremely low. 

One or two small experimental installations are 
in operation by means of conductors contained in 
a sub-surface conduit, but they are still in a 
wholly tentative position. 

Between 1884 and 1889 the conduit system was 
most elaborately worked out and carefully tested 
in Cleveland, Allegheny City, and Boston, under 
conditions of actual electric railway service in city 
streets. One of the original pioneer organisations, 
the Bentley-Knight Electric Railway Company, of 
New York City (among whose engineers were a 
number of those whose names have always been 
prominent inelectrical traction), devoted its energies 
for some four years to the promotion of the conduit 
system, and it is doubtful whether any substantial 
improvement has been made therein since that 
company gave up the attempt and joined hands 
with the Thomson-Houston and Van Depoele com- 
panies in the development of the elevated conductor 
system. 

The outlay required to instal a sub-surface system 
of electrical conductors appears to be quite as great 
as would be needed for a cable plant. Where the 
traffic is sufficiently heavy to induce so large a 
capital investment, it is the general impression that 
in most cases the cable system would be regarded 
as preferable by practical railway operators. 

With but one notable exception, that of the 
Cincinnati electric railways (hereafter described), 
the use of asingle, bare copper, continuous, acrial 
conductor is universal in the United States, the 
circuit being completed by the use of the rails as 
conductors, in the manner described in the previous 
article. 

Fig. 56 is a diagrammatic representation of the 
single conductor system. The current, coming 
usually from the positive brush of the generator G, 
passes out to the trolley wire C strung over the 
middle of the track, and along it until it reaches 
the trolley wheel T, carried on the top of one of 
the motor cars; here it divides, a portion going 
down through the trolley wheel and pole to the 
motor M. After passing through the motors, the 
current reaches the rails J through the wheels, and 
passing along them, is led by the return wire W 
back to the negative brush of the generator. 

The main portion of the current which divided at 
T, passes on to feed other cars upon the line in the 
same manner, each car taking from the overhead 
conductor the current it requires to actuate its 
motor and no more. 

Upon lines where roof seats are not employed, 
and they are seldom used in America, this bare 
overhead wire is suspended over the centre of the 
track at a height of 18} ft. above the top of the 
rails, and it must necessarily be insulated from the 
earth. 

The trolley wire which is practically universally 
used in America is of No. 0 (Brown and Sharpe 
gauge) hard drawn bare copper, a conductivity of 
98 per cent. of pure copper being guaranteed by 
the best makers. The diameter of this wire is 
0.3249 in., and its breaking strain 4973 lb. 

Many Continental lines have employed lighter 
trolley wire—in some instances as small as 6 milli- 
metres—and some use larger. It may be taken, how- 
ever, that No. 0 is the size that gives the best all- 
round results. Phosphor and silicon bronze are of 


doubtful utility as substitutes for hard-drawn copper, 
the advantage of increased strength being more 
than balanced by the reduction in conductivity. The 
manufacturers of trolley wire should guarantee per- 
fect joints, and should deliver it wound on special 
reels in mile or half-mile lengths. Good running and 
a low rate of depreciation depend largely upon the 


exactitude with which the trolley wire follows the 
line of the metals, and pains taken to insure a 
smooth and even path for the trolley wheel are 
always well repaid. 

Curves are, naturally, the most difficult part of 
a line to construct, so as to keep the trolley wire as 
near the centre of the track as possible without un- 
necessary multiplication of overhead span, strain, 
and guard wires. 

In Figs. 57 and 58, if T represents the projection 
of the trolley pole on a plane parallel to the track, 
and a the greatest angle which the trolley wire 
can make with the direction of the projected trolley 
pole, we see that d, the greatest distance of the 








ing which the lineman has had at hand a compact 
and appropriate device for every insulating or 
supporting point, differs widely from the unsightly 
webs which were the rule in earlier years. 

In the early days of electric traction, no greater 
annoyances fell to the lot of the much-tried con- 
structor, than those which seemed inseparably con- 
nected with the suspension and effective insulation 
of the conducting wire. No material was obtain- 
able possessing the happy combination of strength, 
durability, and high insulation with inconspicuous- 
ness; interchangeability of parts was unknown ; 
and unsightly rough-and-ready expedients were 
used wherever difficulties in erection were encoun- 
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centre of the track from the trolley wire, cannot 
exceed 
d= JT? — (I cosa)? 

as given by the above formula. As T is generally 
about 10 ft. (the trolley measuring usually about 
12 ft.), and a is approximately 20 deg., we find 
that this gives for d the approximate length of 
3 ft. 6 in., that is to say, the distance of the trolley 
wire to the centre of the track (if the trolley pole is, 
as in America, on the centre of the car) must not 
exceed 3 ft. 6 in., or else the trolley wheel will leave 
the wire. This distance is in practice never attained, 
from 2 ft. to 24 ft. being the maximum ever allowed. 

The principal European exception to this method of 
construction is that introduced by Mr. Alfred Dickin- 
son in the electrical equipment of the South Stafford- 
shire tramways. Local conditions rendering it im- 
possible for the trolley wire to be sustained in the 
usual manner, an ingenious special arrangement of 
contact arm has been employed, which allows the 
trolley wire to deviate from the normal position to 
an extent equal to the horizontal projection of the 
trolley pole. 
Messrs. Mather and Platt, Limited, and Messrs. 
Siemens and Halske have also made somewhat 
extensive use of a frictional collector in the shape of 
a bar or roller of metal, supported above the car | 
and equal to it in width. This method of making 
contact does not require the trolley wire to so closely 
follow a given line. 
It is, however, undoubted that the general con- 
sensus of opinion is very strongly in favour of the 
system in vogue in the United States, and that it 
should be followed in all cases where adverse local 
conditions are not met with. 
To maintain the overhead wire in position, ex- 
ceedingly neat and ingenious insulating and sup- 
porting devices are used in America. In fact, the 
wide extension of electric traction is largely due to 
the enterprise of independent manufacturers, who, 
seeing a great and growing need, undertook the 
elaboration of a system of electric tramway sup- 
plies to meet the demand, and relieved the electrical 


necessary for safe and economical transmission of 
current from power-house to car motor. The taut 








companies of constant consideration of the details | 
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tered. From 1884 to 1889 no insulator better than 
paraflined wood or porcelain could be obtained. 
The earliest elevated conductor lines were de- 
pendent for their insulation upon the wooden poles 
by which they were supported, and in wet weather 
the resultant leakage was a very serious factor. 

With the introduction of iron poles and the 
development of motors and power plant, something 
better and more permanent became a necessity. 

The illustrations in this and following articles 
fairly represent the best known and most widely 
used apparatus. 

We do not propose to consider the question as to 
whether any one insulating material has greater 
merit than another, but it cannot be too emphati- 
cally pointed out that in the selection of the class 
of appliances to be used, the nature and needs of 
the individual road must be borne carefully in mind. 

For a suburban line and light trafic, where eco- 
nomy in installation is a first requirement, the type 
of insulator shown in Figs. 59, 60, 61, and 62 serves 
the purpose well. The series in this type includes 
a straight line insulator, single and double pull-off 
for curves, and a bracket arm hanger. The con- 
struction is shown in section. 

In this type, the homogeneous mass of insulat- 
ing material, while still in a plastic state, is forced 


under heavy pressure into a casting provided with 


internal flanges to hold it securely in place, and ex- 
ternal points to which the span or strain wires may 
be attached. The threaded thimble is moulded 
into the insulating material at the same time. The 
threads are made to take ,4,-in. or 2-in. screw studs, 
according to the strain they are to sustain. The 
metallic parts, which partially protect the insulating 
substance, are of either bronze or malleable iron. 
In this type the strain and weight of the trolley 
wire is taken by the insulating material itself. 

This is the type of insulated suspension which 
has been employed by the South Staffordshire, 


| Douglas and Laxey, and Guernsey lines. 





THE NEW NORDENFELT GUNS. 
(Continued from page 275.) 
Two types of breech mechanism characterise the 
Nordenfelt system ; one of these has been illus- 


and workmanlike overhead line of to-day, in erect-| trated on page 238 ante; the second is shown on 
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page 304. It will be convenient to give a detailed 
description of the arrangement, as patented, after 
which the modifications introduced in the form 
adopted will be more readily understood. A good 
idea of the first arrangement is given in the dia- 
grams, Figs. 53 to 56, page 304. From these it 
will be seen that an eccentric breech-block is used, 
which is turned around, by means of a lever, in its 
seat in the gun; this rotary movement covers and 
uncovers the chamber, sets and releases the firing 
device, and extracts the empty cartridge. As will be 
seen, the breech-block seating is made much larger 
than the diameter of the chamber, to which it is 
eccentric. The axis of the seating and that of the 
chamber are parallel, but the former corresponds 
approximately with the lowersurface of the chamber. 
The seating may be made in the end of the jacket of 
the gun, which is so shaped as to allow a sufficient 
thickness of metal in the lowest part of the walls 
around the seating ; owing to its eccentric position, 
the thickness of the walls increases from the 
bottom, where it is a minimum, to the top (see 
Fig. 54). The depth of the seating is about equal to 
its diameter; at the rear face it is slightly enlarged, 
and the inner surface is cut with a screw thread 
for the greater part of its depth (Fig. 53). The 
form of the breech-block is shown in the several 
figures. Apart from the various openings made 
in it, it may be regarded as a solid block, 
threaded on the outside to correspond with the 
screw threads cut in the seating; with a vertical 
rear face, and a front face also vertical so far as 
regards that portion of it which is required for 
closing the chamber, and forming the abutment for 
the cartridge. As will be seen from the section, 
Fig. 54, this surface, which, of course, is circular, 
following the shape of the mouth of the chamber, 
is eccentric to the face of the breech-block, and 
that beyond it, the front face of the block is 
cut back with a taper, so that the depth of one 
side of the block is less than that immediately 
opposite. An opening of the form shown in Figs. 
55 and 56, is made in the block, or, perhaps, to speak 
more correctly, a part of the block is cut away from 
front to back, the portion removed being almost 
a quadrant, the inner face coinciding nearly with 
the axis of the block. By this arrangement it 
will be seen that when the block is turned into the 
loading position, the cut-away portion leaves the 
chamber clear for the introduction of a cartridge, 
and when turned into the firing position the solid 
part of the block closes the chamber, the cut-away 
portion of the block occupying the lower part of the 
seating. It will be understood from the foregoing 
that opening and closing the breech is a simple 
operation performed by turning the lever attached 
to the breech-block, in one direction or the other, 
according to whether the gun is to be loaded or 
fired. The lever g is operated by a handle f (in 
practice the form of the lever is curved, as shown 
in Fig. 60), and it slides in guides made in the 
back of the breech-block (Figs. 53, 55, and 56) ; 
this sliding movement of the lever is utilised for 
cocking the hammer of the firing mechanism. In 
the rear face of the gun a curved slot i is cut 
somewhat eccentric to the breech-block, and a 
stud h held up by a spring passes through the body 
of the lever g and enters the slot, traversing it as 
the lever is thrown over from right to left, and 
causing, on account of its eccentricity, the lever 
to travel to and fro in the guides ; at the same time 
the length of the slot limits the turning movement 
of the breech-block. As will be seen from the hori- 
zontal and vertical sections, Figs. 53 and 54, that 
part of the breech-block which is axial with the 
chamber when the gun is ready for firing, is pierced 
with an opening to receive the firing pin j, which is 
thrown forward in the usual way by a spiral spring. 
The pin j is formed with an enlarged head / which 
enters the lever g. This lever is rectangular in 
section (Fig. 54), and is made hollow to receive the 
head 1 of the pin j and the cocking mechanism. 
Inclined projections are placed on the top and 
bottom inner surfaces of the guide bar g; these come 
In contact with the head / of the pin j in such a way 
that as the lever g is turned round to close the 
breech, the pin is drawn back, and the same move- 
ment throws the end of the sear spring m behind the 
head J and holds the pin in firing position. The 
sear is made with a projection that, when the breech 
is closed, comes in contact with the firing lever n, 
and when this is operated by pulling on the 
lanyard x! the sear is released and the spiral 
8pring throws the pin j forward and fires the car- 
tridge. There is sufficient recoil in the pin after 








it has been thrown forward, to cause the point to 
re-enter the passage made for it in the face of the 
block. The pin is made with a collar o! in front of 
the head /, and when the pin is thrown forward the 
collar o' comes into contact with the spring, and 
compresses it sufficiently for the reaction to with- 
draw the firing point within the front surface 
of the block. The safety device is shown on 
the figures at s and s'. It consists of a curved lever 
s that passes through an opening in the bottom of 
the gun and engages in a recess cut in the breech- 
block, when the latter is in firing position. When 
thus locked, the breech cannot be opened with- 
out releasing the catch s by turning back the weight 
s', but when the cartridge has been fired, the inertia 
of the weight, as the gun recoils, lowers the catch 
s, and frees the breech. The extractor is shown at 
p. It consists of a forked lever lodged in recesses 
cut in the gun and the breech-block ; it is hinged 
at p', Fig. 54, and has a lower curved arm p*, that 
is in contact with a cam-path cut on the face of the 
block ; the form of this path is such that as the 
block is rotated the lever is only slightly moved 
so as to start the cartridge-case, while the latter 
part of the travel is rapid to secure a prompt ejéc- 
tion. 

From the foregoing description it will be seen 
that the breech can be closed by a single action of 
the main lever, which at the same time cocks the 
firing pin, and locks the breech-block to the body 
of the gun. A corresponding movement in the 
reverse direction opens the breech and extracts the 
cartridge-case. 

As in the case of the interrupted screw breech 
arrangement used by the Nordenfelt Company, 
and described by us, the manner in which the 
eccentric breech closure is carried into practice 
differs in several details from that shown on the 
patent drawings. This will be seen by refer- 
ence to Figs. 54 to 57. It should be mentioned 
that this arrangement has, after exhaustive trials, 
been largely adopted in both branches of the 
French service, as well as in Sweden. It certainly 
possesses the advantages of great simplicity, both 
in construction and in operation; the complete 
mechanism is made up of only eight parts, most of 
which can be finished in the lathe. The special 
advantages claimed may be briefly summarised as 
follows: There is no hinged carrier and only two 
springs ; with the exception of the main lever, all 
the parts are placed inside the breech and thus are 
well protected ; in dismounting, unless the screw 
is removed, only three pieces need be taken out, 
and this can be done by hand without the use of 
tools ; the breech-block does not protrude beyond 
the gun, and about four-tenths of a turn are 
sufticient to open and close the breech, while the 
block is always engaged in the threads of the 
seating for eight-tenths of its circumference, 
which is more than is possible with the interrupted 
screw block. The strength of the closing me- 
chanism has been severely tested by repeated trials 
up to pressures of 28 tons per square inch with 
complete success, and, as a further result of these 
trials, it was found that the facilities for loading, 
as well as for extracting, were beyond question, so 
that as regards rapidity and ease in working, the 
system compares well with others used in quick- 
firing guns. 

As actually constructed, the eccentric breech 
mechanism consists of the eight following parts : 
the block, the main lever, with striker and striker- 
spring, the trigger, with trigger-bolt and spring, 
and the extractor. These various pieces, eight in 
all, are shown by Nos. 1 to 9 in Fig. 65, No. 2 
showing the three parts forming the trigger as- 
sembled. The breech screw is of the general form 
already described ; it has a thread cut on it over 
its whole length, and fits in a seating in such a way 
that, while parallel with the bore, its axis is some 
distance below that of the chamber ; the portion of 
the block that is cut away to admit the cartridge 
into the chamber is clearly shown in No. 1, Fig. 65; 
the front face of the block is inclined in such a way 
as to force the cartridge into place as the block is 
turned by the lever No. 3. On the rear face of the 
block there is a projection that engages with a stud 
on the main lever, and a cam-path is formed around 
the block at the back, terminating, as shown, by a 
rapid incline ; this cam operates the extractor bar. 
The action cylinder forms a part of the main lever ; 
the striker with its spring fits into this cylinder, 
and is seated in the centre of the block as shown ; 
the trigger and trigger-bolt slide in a recess cut 
in the back of the block. The form of the striker 


is seen in No. 9, Fig. 65. The spring is placed 
within it, and on the outside near the back there is 
a stud that slides in a groove in the block by means 
of a spiral cam-path cut in the action cylinder, 
which is made in one piece with the main lever ; 
this stud, with the striker, is drawn back when 
the lever is turned, the spring being compressed 
thereby. The shape of the trigger is shown by 
No. 5, Fig. 65; it isa flat plate with a rectangular 
opening cut in it, terminating at the end with a 
circular opening, as shown ; the trigger bolt slides 
upon it, as seen in No. 2. The action cylinder 
passes through the circular opening at the end of 
the trigger, which acts as adetent when it comes in 
contact with the stud on the striker. The extractor, 
No. 8, is a bar bent at each end, on the one side to 
engage in the rim of the cartridge, and on the other 
with the cam-path of the rear of the breech-block. 
When the latter is turned to open the breech, the 
slight backward motion of the bar starts the cartridge- 
case, and by the time the block has been turned so far 
as to open the chamber, the incline at the end of the 
cam-path gives a final and sudden impulse to the 
extractor and forcibly ejects the case. The safety 
apparatus closely resembles that already described, 
so that it does not call for further explanation. 
When a round has been fired, and it is desired to 
reload the gun, the main lever is turned round 
for a short distance ; the movement is not suffi- 
cient to start the block, but it causes the heli- 
coidal path on the action cylinder to draw back 
the striker by pressing against the stud until it 
comes in contact with a straight surface on the 
cylinder that forms a stop. As soon as this 
has been done, the continued movement of the 
lever brings it against a stop on the block and 
causes this latter to turn ; at the same time a stud 
on the trigger begins to slide on the inclined surface 
of a circular slot on the breech, and the head of 
the trigger is brought in front of the striker stud. 
In turning the block round to open the gun, the ex- 
tractor is at first slightly withdrawn, on account of 
the small backward movement imparted to the 
block, and as the breech is opened the extractor 
bar being forced to move rapidly by the incline on 
the back of the breech-block, a sudden impetus is 
given to the cartridge-case, which is thrown out. 
The recoil, as already described, has released the 
safety catch from the threads of the block. The 
range of travel of the main lever is limited by two 
stops on the breech of the gun. When a new car- 
tridge has been inserted in the chamber, the traverse 
of the lever is reversed ; during the first part of this 
movement the action cylinder turns on its axis, and 
its helicoidal surface releases the striker stud, which 
then remains held by the trigger. As soon as this 
has been done, the stop on the lever comes in con- 
tact with that on the back of the block, and the 
latter is started on the closing movement ; at the 
same time the extractor bar is forced forward, and 
the safety catch falls automatically into the recess 
cut in the block to receive it. There can be no pre- 
mature firing, because until the block is home and 
locked, a stud on the trigger and engaging in a 
recess on the rear of the block, holds it fast. As 
soon as this is done the trigger plate can be 
pushed down; this releases the stud on the 
striker and sets it free, the spring throwing it for- 
ward. If there isa misfire, the lock can be reset 
by turning the main lever sufficiently to repeat the 
operation we have already described, but not 
enough to start the block; the lever can then be 
returned to the firing position. For the larger 
calibres of quick-firing guns, it may be found de- 
sirable to add some simple multiplying gear to the 
starting lever ; this has been done without increas- 
ing the complication of the mechanism. 

Figs. 66, 67, and 68 are sections of two of the 
smaller calibre quick-firing new Nordenfelt guns. 
It will be seen that in their construction they 
approximate very closely to that of the field guns 
already described and illustrated. The Table on 
page 306 contains some of their leading dimensions, 
&e. 
Figs. 69 and 70 illustrate a caponniére mounting 
for a 57-millimetre quick-firing gun. A plate is 
built into the embrasure with a large circular open- 
ing ; this is filled with a number of thin steel plates, 
also with a central opening. The plates are held to 
the embrasure frame by an outer ring and bolts as 
shown. A spherical bearing is placed in the central 
opening, and this carries the gun, which can be 
turned in any direction or set to any angle and 
locked by the fastening device shown. The ad- 





vantages of this arrangement are that the elasticity 
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ECCENTRIC BREECH-CLOSING MECHANISM FOR NORDENFELT GUNS. 
THE SOCIETE NORDENFELT, PARIS. 
(For Description, see Page 302.) 
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Particutars or New Norpenrett Quick-Frrine Guns or 65, 57, 47, AND 37 MILLIMETRES CALIBRE. 











Calibre. 65 Milli- 2.56 

metres. Inches. 

Length of bore, including chamber i - 50 cal. 50 cal. 
Total length of gun oe 3.425m. 134.84 in. 


Weight of gun 


» carriage, without cone or shield ..| 307 676.8 ,, 
» cone be = os oe .-| 350 771.6 ,, 
» Shield 9 4, 209.4 ,, 
Thickness of shield. . 7 mil. -28 in. 


Weight of gun and carriage ..|L290 kilog. 2844 Ib. 
Angles of elevation we 
Length of recoil .. ¥ 
Weight of cartridge case .. 
* charge (smokeless 
om projectile in 
Initial velocity ee 


180 mil. | 7.08 in. 
-| -580 
.. |4.0 
.-/700 


1.278 ,, 


” 





wer) - : 
a ae metres 2296 ft. 


of the plates absorbs the recoil, the embrasure is 
closed, and those serving the gun are protected from 
splinters and small projectiles, and smoke is ex- 
cluded. The gun is sighted through an opening in 
the spherical bearing. Figs. 71 and 72 show two 
forms of coned mountings for 47-millimetre (Fig. 
71) and 65-millimetre (Fig. 72) quick-firing Nor- 
denfelts, which will be more particularly referred to 
in describing the larger calibres ot this nature. 








THAMES BRIDGES.—No. VI. 
10.—WESTMINSTER BRIDGE. 

Tue predecessor of the late Mr. Thomas Page’s 
handsome bridge at Westminster was completed in 
1750, and replaced a landing stage and ferry that 
served as a means of communication between the 
Middlesex and Surrey shores. The history of old 
Westminster Bridge, no less than its engineering 
features, are very full of interest. The Act of 
Parliament sanctioning its construction was passed 
in 1736, and was supplemented by a second Act in 
1738, determining the site. The original proposal 
was for a wooden structure with stone piers, and a 
design for this was submitted and approved ; it 
was, however, set aside in favour of a stone bridge 
by Charles Labelye, a naturalised Swiss, and an 
engineer of considerable repute in his generation. 
His design was finally approved in 1738, the same 
year that the site was fixed upon. The illustration 
annexed gives a good idea of the general appear- 
ance of the bridge ; it consisted of 15 semicircular 
arches, the central one being 76 ft. span, while the 
others on each side decreased by successiveamounts of 
4 ft. to the end or Jand arches, which were only 25 ft. 
span. The total length of the bridge was 1220 ft., 
and the waterway 870 ft. The piers were all 70 ft. 
inlength from point topoint of the cutwaters, and the 
width of the two at the middle of the bridge was 
17 ft., the others decreased successively in width by 
1 ft., so that the Jast pair on each side were 12 ft. 
wide ; the springing of the arches was 2 ft. above 
low-water level, and the width of the piers at the 
foundations was 4 ft. greater than at the top. The 
method of making the foundations showed great 
boldness and originality on the part of the engi- 
neer, but their permanence left much to be de- 
sired, as the bridge in less than a century had 
fallen into a very dilapidated condition. The 
depths to which the foundations were sunk varied 
from 5 ft. to 14 ft. below the river bed, and the 
means available for levelling the surface, even at 
these inadequate depths, were apparently very 
crude and inefficient. Each pier was built to a 
height above low water within a timber caisson, 
that was built on shore and floated into place. The 
construction of these caissons was a formidable 
undertaking. The bottom was formed of 12-in. 
square timbers, protected beneath by close 3-in. 
planking, and strengthened on the top by trans- 
verse timbers bolted to the lower tier, and 9 in. 
square, so that the floor, which was destined to 
form a permanent part of the foundation, was 2 ft. 
in thickness. The sides, high enough to project 
above the river at low tides, were also very 
strongly constructed. They were made in halves 
so arranged that when no longer required they 
could be detached and floated away. The thick- 
ness of the sides, including the framing and close 
planking, was 18 in. at the bottom and 15 in. at the 
top. It is stated that there were used in each 
caisson 150 loads of timber, and that the capacity 
was equal to that of a 40-gun man-of-war. The 
outer dimensions were: Length, 80 ft.; breadth, 
30 ft., and height, 18 ft. The first of these curious 
arks, after having been caulked at the joints and 
tarred all over, was towed into place on January 15, 


..| 538 kilog. 1186.1 1b. 


.| — 10 deg. + 23 deg. 
"11.590 kilog! 3.506 Ib. |. 


























57 Milli- 2.24 47 Milli- 1.85 37 Milli- 1.46 
metres. Inches. | metres. Inches. metres. aches. 
46 cal. 46cal. | 46 cal. 46 cal. 46 cal. 46 cal. 
2.760m. 108.66in. | 2.300m. 90.55in. | 1.790m. 70.47 in. 
333 kilog. | 734.1 lb. | 220kilog. 485 Ib. | 73 kilog. | 160.9 lb. 
208 ,, | 4586,, |148 ,, O0685, 195 .,° | 105 + 
205 ,, 451.9,, | 150 ,, 590-75, 170. ,, | 9k s, 
82 ,, 180.8 ,, | 79 sv 174.2,, | 60 ,, | 182 ,, 
7 mil -28in. | 7 mil. .28 in, 7mil. | .23 in. 
828 kilog. 1825 lb, |597kilog. 13161b. | 278 kilog.| 613 1b. 
- 15 deg. + 20 deg. | — 10 deg. + 20 deg. | — 1€ deg. + 20 deg. 
150 mil 6.90 in. | 100 mil. , 3.94 in. 80 mil. 3.16 in. 
780 kilog.| 1.719 Ib. |.540 kilog, 1.100 lb. |.250 kilog. .55 Ib. 
345, 760 ,, |.190 ,, .418 ,, |.080 ,, 176 ,, 
2.720 ,, | 5.996,, | 1.5 ,, ean Ce 1.65 ,, 
644 metres 2112ft. 600 metres 1968 ft. |600 metres 1968 ft. 








1739. It was held in position by cables attached 
to each end and led to a lighter anchored in the 
river. Guide piles were presumably made con- 
siderable use of, as we read in Cressy’s ‘‘ Encyclo- 
pedia of Civil Engineering,” that a piling engine 
invented by Vanloiie, a watchmaker, was com- 
pleted and set to work in September, 1738. ‘‘ The 
engine employed to drive the piles had a ram of 
1700 lb., and the height of the striker at a mean 
was 20 ft. perpendicular ; with two horses it gave 
45 strokes an hour, and with three horses 70 strokes 
per hour. When it had worked sufficiently long 


for the gudgeons or pivots to be rubbed smooth, 
and the stiffness of the ropes destroyed, three 
horses going at a common pace gave five strokes 
in two minutes, the ram being raised from 8 ft. 
to 10 ft.” The sinking of the caissons and the estab- 
lishment of the foundation was a process of trial 





When the first was moved in place, a 


and error. 
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Westminster Bridge was 44 ft. wide up to the road- 
way level, and the parapet walls were built on a 
projecting cornice; the roadway was 30 ft. in 
width, and over each pier shelter recesses were pro- 
vided. The time occupied in erection was 11 years 
and 9 months, and the cost, including approaches, 
was about 400,000/. ; among these approaches was 
included Great George-street. It was opened on 
November 10, 1750.* 

The bridge, which was under the control of a 
Government Committee, and forthe use of whichatoll 
was charged, remained in good condition until 1810, 
when extensive repairs were found necessary ; 
between that year and 1838 no less than 83,097]. 
were spent on maintenance, and during the next 
five years nearly as much more. The chief cause 
of decay was the failure of the foundations, and as 
a natural result the destruction of the superstruc- 
ture ; the income during the latter period had been 
about 65,0001., so that the financial situation was not 
a promising one. Nearly all the well-known engi- 
neers of the time had taken a hand in the repairs of 
the failing structure, and when in 1844 a Parlia- 
mentary Select Committee was appointed to inquire 
and report on the subject, the best available evi- 
dence was obtained, tending for the most part to 
the advisability of removing the existing, and 
building a new, bridge. Want of space prevents 
us dwelling on the extremely interesting report of 
the Committee ; suffice it to say that they recom- 
mended a continued patching up of the old struc- 
ture. But within two years another Committee was 
formed to reconsider the question, and this one 
submitted a report reversing the opinion of the 
previous Committee ; they recommended the con- 
struction of a new bridge, and the transfer of the 






O_p WESTMINSTER BRIDGE. 


course of masonry was laid on the floor, and by 
means of sluices made in the sides of the caisson it 
was sunk, but as it did not stand level the sluices 
were closed, the water pumped out, and the caisson 
was floated, while the surface was levelled. When 
sunk a second time the bearing was satisfactory, but 
it was again raised and a second course of masonry 
added, the weight of which was sufficient to hold 
it down in place. After that, by pumping out at 
at every tide, the masonry was continued as rapidly 
as possible, and the first of the central piers was 
finished in March, 1739. A few days later the 
sides of the caisson were detached and floated away, 
to be again used for each pier in succession. The 
abutments and the shore piers were built without this 
protection. In April, 1840, the contracts were let 
for the three middle arches, and it is worthy of 
note that the centring was designed and furnished 
by the engineer whose project for a timber bridge 
had been first accepted and then set on one 
side in favour of the stone structure. As might 
naturally have been anticipated, the mode of con- 
struction adopted resulted in the unequal settle- 
ment of the piers, and in one instance at least this 
caused much delay and unforeseen expenditure. 
In consequence of gravel being dredged from the 
river near the bridge, the third pier on the western 
side from the central arch, settled badly to the 
extent of 18 in. It was surrounded with sheet 
piling and then removed and rebuilt from low 
water level ; to lessen the load on this pier, the 





spandrils were built with counter arches. Old 


whole estates and property to the Commissioners 
of Woods and Forests. No action, however, was 
taken, and four years later another Committee was 
appointed, which recommended a new bridge on 
or near the actual site, as well as a temporary 
bridge during the progress of the works. In 1851 
a Commission was appointed by the Treasury, 
which recommended that the actual bridge should 
be used for temporary purposes, that the new 
bridge should be built alongside the old one, that 
it should not have more than five arches, with a 
headway over the central arch of 25 ft. 6 in., with 
a roadway not less than 60 ft. wide, and that it 
should be at once started. From the first it ap- 
peared to be recognised that the work would be 
intrusted to the late Mr. Thomas Page, who sub- 
mitted designs for three and for five arches ; it 
was ultimately decided that a bridge of seven arches 
would possess the superior advantage of securing a 
flatter roadway. The general scheme for the 
Thames Embankment having been at that time 
pretty well decided upon—the first surveys for this 
great work were made in 1841—the length of new 
Westminster Bridge was determined with a view to 
suit that improvement ; it was fixed at 827 ft., and 
the waterway at 755 ft. The final designs were 
prepared in collaboration with Sir Charles Barry, 
so far as the architectural features were concerned, 
and it was determined that the width should be 





*See Walmisley’s ‘‘Thames Bridges,” and Cressy’s 
‘* Encyclopedia of Civil Engineering.” 
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85 ft., thus making it one of the widest, if not the 
widest, road bridges in the world. The estimate 
was 235,0001., and the funds in the hands of the 
bridge committee were only 216,000I. The de- 
ficiency was made good by a Parliamentary grant. 

In describing the new Westminster Bridge, which 
is illustrated on page 312, we avail ourselves of the 
information in Humber’s ‘‘ Book on Bridges” 
(1861), and will briefly summarise some of the lead- 
ing facts. The bridge is composed of seven main 
arches, and two small arches on the Surrey shore ; 
the spans decrease from 120 ft. in the centre to 
04 ft. 9 in. The headway above Trinity high 
water is 25 ft. 34 in., and the maximum rise of the 
roadway is 5 ft. 3$in. The piers are of granite, 
and are remarkable for the huge blocks employed 
—in some cases weighing 20 or 30 tons—for the 
superlative excellence of the workmanship, and for 
much beauty in design. The abutments, as well 
as the small arches on the Surrey side, are of brick 
faced with stone taken from the old bridge and re- 
worked. The piers and abutments rest on elm 
piles driven in alternate rows of three and five; 
there are 145 in all for each pier ; they are 14 in. 
in diameter and 82 ft.long, being driven 19 ft. into 
the gravel and 24 ft. below the bed of the river. The 
groups of piles for each pier are surrounded by a 
close sheeting of cast-iron cylinders and plates sunk 
deep into the gravel and stiffened by tie bolts. 
This casing is composed of 44 cylinders, 15 ft. in 
diameter and 25 ft. long; these were sunk to a 
depth of 23 ft. 9 in below low water; there was a 
space of 5 ft. 2 in. left between these cylinders, 
which was filled with cast-iron plates sunk into 
the gravel; the ground between the rows of piles was 
cleared out to the gravel and filled up with con- 
crete. The cast-iron plates just referred to are 
stiffened with flanges at the back and finished with 
a broad flange at the top, the level of which is 6 ft. 
below low water. On these flanges the granite 
masonry is commenced, and extended over the 
whole area of the pier, the first granite course being 
laid on one of Bramley Fall stone set on the heads 
of the piles and the concrete filling. The pressure 
on the foundations is 2 tons per square foot ; the 
quantity of timber in the piers is 45,000 cubic feet, 
and of cast iron 1600 tons. 

The superstructure consists of a combination of 
cast and wrought iron ribs, the latter serving prac- 
tically as brackets extending from the piers to 
support the wrought-iron girders that complete the 
arches of each span. The roadway is carried on 
these ribs, which are placed 5 ft. apart under the 
road, and 7 ft. apart beneath the side walks ; the 
central or wrought-iron portion of the ribs is 52 ft. 
long, and 28 in. minimum depth in the larger 
spans, and 42 ft. 3 in. long and 22 in. deep in the 
land spans. There are 15 ribs carrying the plat- 
form across each span. In erecting the bridge 
bedplates were secured to the granite bearing stones, 
each bedplate being wide enough to receive two 
adjacent ribs, or rather, the cast-iron springers for 
them ; they are vertical at the back, where they 
measure 9 ft. in height, and carry the arch 6 ft. 9 in. 
above springing. To these are bolted the two 
next sections of the arch; in the widest spans 
they are about 17 ft. 6 in. long, and vary in 
depth from 45 in. to 30 in. Between the ends of 
these last sections come the wrought-iron ribs that 
complete the arch. The ribs are securely braced 
together, and the roadway is carried on a series of 
cross-girders resting on the ribs ; these girders are 
of cast iron in those parts of the spans that are 
formed of the cast-iron ribs, and of wrought iron 
in the central portion. The spandrils are filled in 
with three cast-iron flanged plates bolted to each 
other and to the rib; openings are left in these 
fillings for the purpose of lightness; the outside 
spandril fillings are of the beautiful design with 
which every one is familiar. The cast-iron parapet 
is low, and harmonises with the Gothic detail of the 
spandril filling. The roadway is carried on wrought- 
iron buckled plates 7 ft. by 4 ft. and about 4 in. 
thick. As originally completed, the platform above 
the plates was levelled with wood blocks and 1 ft. 
of concrete, the surface being made of granite 
pitching ; in order to lighten the load on the crown 
of the arches, a mixture of cork and bitumen was 
substituted for the concrete over the wrought-iron 
portion of each span ; the roadway is about 52 ft. 
wide, and the side walks are each 15 ft. in width. 
Several changes have been made in the arrange- 
ment of the roadbed since it was first laid 
down, and at present the carriage-way consists 
of wooden blocks, The amount of cast iron 





in the superstructure is 2600 tons, and of wrought 
iron 1300 tons ; in the foundations there are 70 tons 
of tie-rods. Of other material, there were rs 
in the piers and abutments 165,000 cubic feet of 
granite, 21,000 cubic yards of brickwork and Port- 
land cement, and 30,000 cubic yards of concrete. 
The engineer of the bridge was the late Thomas 
Page, and the contractors were Messrs. Cochrane 
and Co., of Dudley, the resident engineer being 
Mr. Phillips. A few words may be added on the 
cost of this bridge; the actual general account of 
expenditure, as given in a Government report, was 
as follows : 





£ a: 5 

To contractors ... 145,057 18 5 
», Other parties 248,132 0 9 
Total wee or 393,189 19 2 


The cost per foot run was 338I. 15s., or about 4. 
per square foot, considerably in excess of the esti- 
mates. Besides the above amount, a sum of 
109,054. was expend in approaches. The money 
was derived from property belonging to the West- 
minster Bridge Commissioners and from Parliamen- 
tary grants. 

Westminster Bridge has recently had the misfor- 
tune to incur the severe displeasure of a London 
architect, Mr. H. M. Statham, whose ideal of 
‘compound stone and iron” bridge design and 
construction appears to be the melancholy structure 
at Vauxhall. What good taste, what classic curves, 
what absence of sham are there combined; and 
the handrail, what a really admirable bit of design ! 
Thus, substantially, Mr. Statham, but Westminster 
Bridge will probably survive the odious comparison 
and continue to bear the traflic of many generations 
yet to come. 


11.—Lamsetsy SvuspENsION BRIDGE. 


Lambeth Suspension Bridge, which crosses the 
Thames about midway between Westminster and 
Vauxhall, connects two populous districts on each 
side of the river, that on the south side having 
been much improved by the construction of the 
embankment since the bridge was completed. The 
southern approach is almost immediately opposite 
Lambeth Palace. The bridge was designed by the 
late Mr. Peter Barlow, and was completed about 
1862. The total cost, exclusive of approaches, was 
35,0001., and the Parliamentary expenses in obtain- 
ing the Act to sanction construction were about 
10,0001. The distance between the abutments of 
the bridge is 828 ft., a distance divided into three 
spans of 268 ft. each, and two piers 12 ft. wide. 

he clear headway at the piers is 19 ft. above 
Trinity high water, and at the abutments 7 ft. The 
width of roadway is 18 ft. 6 in., and there is a foot- 
path on each side about 5 ft. lin. wide. The 
structure is of sufficient interest to describe in some 
detail, though it is never likely to be reproduced, 
either on account of its engineering merit, or the 
elegance of its appearance ; it can, however, claim 
the advantage of cheapness. 

Each of the piers consists of a pair of cast-iron 
cylinders 12 ft. in diameter, and sunk with a clear 
space of 10 ft. between them transversely. The 
metal in the cylinders varies from 1} in. to 14 in. 
thick, and they are made with internal flanges 
both vertically and circumferentially. The total 
length is nearly 70 ft., and they are sunk to a 
depth of 16 ft. below the bed of the river. Fora 
height of about 8 ft. from the bottom of the cylin- 
ders the latter are filled with concrete, and above 
that to the top with a shell of brickwork 3 ft. thick. 
Beneath the roadway level the cylinders are con- 
nected with a deep cast-iron girder. The abut- 
ments are somewhat dissimilar, on account of the 
difference in the ground. On the Westminster 
side the rectangular mass of masonry, 48 ft. by 
16 ft., consists of four walls 8 ft. thick, inclosing a 
central void; this masonry was founded in and 
built above a series of iron boxes, bolted together, 
and following the form of the abutment. On the 
Lambeth shore this precaution was unnecessary, 
sufficiently good foundation occurring to build up 
the brickwork from the footings. This abutment 
also measures 48 ft. by 32 ft., and is divided by a 
number of longitudinal and transverse walls, the 
inclosed spaces being filled with concrete. Near 
the back of each abutment the heavy cast-iron 
anchoring girders are built in. 

The towers are innocent of all attempt at decora- 
tion. Each consists of a pair of rectangular taper- 
ing structures, measuring about 10 ft. by 5 ft. at 





the base and 7 ft. by 3 ft. at the top; the height 





is 32 ft. 10 in. for the pier towers, and some- 
what less for the abutment towers. They are all 
constructed of angle-iron braced framing clothed 
and stiffened by }-in. plating. As said, each pier 
consists of two of these members placed 20 ft. apart 
from centre to centre, and connected near the top 
with a semicircular arched plate. At the bottom 
each member of the pier is finished by angle-irons 
running round the sheathing plates on each side, 
and they stand on cast-iron Nelehaes let into the 
brick lining of the cylinders. The top of each 
member of the tower is surmounted by a cast-iron 
saddle formed with two curved grooves, the shape 
of which corresponds with that of the cables which 
lie within them. The curve given to the tops of 
these saddles is 5 ft. radius. Those over the piers 
only sustain the cables, and are i2in. deep ; over the 
abutments, however, the saddles have to be made 
deeper to allow for the attachment of diagonal sus- 
pension links, and are made 3 ft. deep. 

The platform is suspended upon four groups of 
cables, two on each side of the bridge, the distance 
from the centre of one group to the centre of the 
other, being 20 ft. Each group consists of seven 
twisted cables; each cable is made up of seven 
wires ;} in. in diameter. The weight is 36 lb. to 
the yard, and the testing strain was 40 tons to the 
inch. The total section of cable is 100 square 
inches, and their safe collective load is assumed, by 
test, to be 4000 tons, five times as much as can be 
put on the platform. The cables are laid over the 
saddles on the towers as described, and from the 
abutments are led into the anchorage already re- 
ferred to over a curved cast-iron saddle near the 
back of the abutment, and strutted against the foot 
of the tower by cast-iron struts. Beneath this saddle, 
and built in the heavy masonry, is the anchorage, 
composed of three girders 16 ft. long, 30 in. deep, 
and placed 3 ft. apart ; they are connected at each 
end by somewhat similar girders bolted to them, 
and forming a frame. Beneath is a series of four 
girders, placed at right angles to the others: These 
are about 2 ft. deep and 12 in. wide in the bottom 
flange, the upper flange is 9 in. wide, and the top 
surface is curved, fitting a curved seating formed 
in the underside of the bottom flange of 
the main anchorage girders. To the lower 
series of girders, bolts pass upwards to shackles 
that take each on the end of a cable passed around 
it, and held secure by clips and bolts. There are 
three of such under-girders for each abutment, and 
a fourth similar one is employed for anchoring the 
diagonal brought from the tower saddle to the 
landward side of the bridge. Each span between 
the cable and the longitudinal road girders is divided 
into 27 panels by vertical struts, and single inter- 
section diagonals. Connection with the cables is 
made at each point by a cast-iron box made in two 
parts and bolted together around two groups of 
cables. The struts in this bracing are of angle 
irons connected with light lattice bars 2} in. by 
Zin. They are attached to a continuous plate box 
girder 2 ft. 3 in. deep, and to this, at intervals of 
4 ft., are riveted the ends of the single web plate 
transverse girders 14 in. deep. On these girders 
plates stiffened with angle iron are laid to carry 
the roadway. The sidewalks are supported by 
brackets bolted to the outside of the longitudinal 
box girders and around the piers, and this part of 
the structure is strengthened by a lattice fence 
4 ft. 2 in. high and made of 2 in. by 4 in. bars with 
very close intersections. For detailed illustrations 
of this bridge, the reader is referred to ‘‘ A Record 
of the progress of Modern Engineering,” 1863, by 
W. Humber.* 





Coast Prorection In HoLuanp: ErratumM.—In the 
letter from Messrs. Hemans and Co., which appeared 
on page 254 of our issue of February 22, the words ** Court 
party,” were, by a printer’s error, made to appear as 
**Canot party.” 





COAL-MINING IN THE MipLanps.—The Bolsover Coal 
Company is making good progress with its new colliery at 
Creswell. The weather has been unfavourable, as every 
one knows, but notwithstanding this one of the shafts 
has been sunk to about a depth of 120 yards, with 80 yards 
of tubbing. Another shaft is down about 60 yards. It 
is expected that coal will be reached ata depth of between 
500 and 600 yards. The plant which is to be used will be 
of the best description, and when the colliery is fully 
developed it is expected that the output will be about 
3000 tons of coal per day. 





* In our notice of the widening of Charing Croes 
Bridge (see e 236 ante) we sta that the work was 
executed by Messrs. James Cochrane and Co. ; we should 





have written, Messrs. John Cochrane and Sons, 


[Marcu 8, 1895. 


, 


Seah Oe) Yemen manta 
Zou 


es eee tte 2a 


7c mh 





vaulwig 4° 
Ow 
mF 





APM Bp om 8) 41 -- —e x ‘ \Z Nees ee ae A - Sy: seg seu, 0 my - ae wan == 3gF- Brae | Puy s 
= ll iv nomen ane rnente ne ; / | \: —*- — . be Y me 

fi. f ° y ——} 
- ie "sb 19g 3079 39 4} -—— TK 2 


s6usedg Oost 










































































re tee SE Bhespert—- - 
OE ess 


















































SSeS DES Oe ere o 


SUOIIfef !4P5 : a ea C 





























7 























U 
a 
a7 
fx) 
(x) 
Za 
) 
Z 
(x) 








a4 9 grooue ae woods any 
SPI 00SE 4401 30 Ky120d09 




















yoy 70 I 

























































































(‘abog apsoddo vas ‘worjdrisaq 10,7) 


‘MOODSV19 ‘SUHHUNIONA “OO GNV NOSTIGN ‘SUSSHN AG CAALONULSNOD 





AVAMTIVH NVOIXGN ‘SHAILONWOOOT SGOOD GNV UYAPDNASSVd YOM UAANAL 





O 
Zz 
a4 
fx) 
a) 
Zz 
O 
Z 
ea) 


Marcu 8, 1895.] 








st ystym ‘oSpiaq weds-e0143 ve Aq soary odnyepeny 
043 seB8010 pus Spusosep ey} SUIT e4T, ‘99 UI T 
jo umulIxeuw @ YIM ‘sopeid dn Zutfzea jo soprur Fg 
are 9104} YOIYM wWoIZ ‘uoTye4s CoezIdy 04 Zuo] eftu 
euo 99 UI [ Jo yuoIpeads vw dn uoy} Zuts ‘ospig 
oovzidy 043 04 99 Ut | Zuleq wnuTxeul oy} ‘seperd Jur 
-A8A WAOP SOTIU 1 JO} Spusdsep UsyZ SUT] Sy, ‘zNID 
BIOA OAOge “33 GIES 8} pus ‘pouresze yutod ysoyqFry 
eU} SI Ory “ez[o000V7 03 dn squcrpeid Asvo jo sotu 
g Aq pemorjoy st sty y, oh, UI [ Sateq yavd 4sed004s 
04} ‘seprur ZO, 10y sepesd Suthaea dn yueose Apeoqs 
@ St o1049 ‘e[jUeUEN_, ‘uOIye4s yxou Oey} puY sity 
WsIMJog ‘SOOM URG 0% So[IUI [[ JO YO}0I48 Joao] @ Aq 
POMOT[OF SI YOrUM “epuooUlY 0} So[TUI g 10} 99 UIT JO 
epeid e dn sosia Usyy pus ‘so[IU G4NOGe 10} [AAO] ATTeO 
-Iqoevid st oul] 94} seipuy Uvg WOIg ‘ezaeIedsqy WOIy 
SOTIUI GT yNoge st YOIyA ‘seipuy weg 04 u9y3 SuIpusosep 
‘serum Fe 10} 99 UI [ JO sopeid dn ulese spucose u0yy 
pure ‘so]tur g 10; spusosep out] 043 ezueIedsY yy *A[esOTO 
AoA 10440 Youo BZurmoyjoy ‘sniper °43 OSE Jo seaano 
JO Sq8IsSU0O ocouRysIP sIyZ JO 904M 94} 4SsOWTY 
“‘4IMIUINS 94} 48 peyover BZujoq Joao] ves saoqe 
“43 9Z6L JO QUSIOy @ ‘ez ut [ Ajpeomovid 4e snonuy 
-000 SI yU008e OY} ‘SeTIUL Q[ JO soULISIP & ‘oqUO 
[op voVg 4B oUT[OUL seAquing jo doz 044 03 4ur 
SIU} WOT] [8 Ul [ OF CZ UT] wWOIy ZurArea squorpess 
dn oJoul soul G JO} penuIyUOO SI OSTA 04, OTOYM 
‘soTeBON 03 9G UL [ pus GE UI [ Jo syySu] yAIOYS Omg 
SZuleq o1044 ‘syuetpers ZurArea dn sojtur ¢ 10} spuocse 
oul] 944 “eqezlIQ SulaveyT + “30d9p eatgou000] yediourad 
94} SI [OAC] BOs SAOGE “43 OZOF SI YOryM “eqez1Ig 
*Zuo] ojiu @ Jo sioqzzenb-se143 Yyowe Op Ul [ JO sopeis 
OM} ere O1044 4nq ‘Zulye[Npun st out, 044 ‘soTIU 
§, Jo souegsip @ “eqezlIQ 0} OJepruIng 7 
“Ares 
-39000 USYM POpIAlp ore sues, ‘oste ‘aJoyA ‘oropiuung 
PeT[eo uoTZV}s BSuissoro vB BI 9104} SUI[OUL 94} jo 
do} 049 4 ‘eulTy oUIvS O43 4% SeAInO oyeIedes 0M} 
uo oq Aww yySue, Areutpio jo ures v yey3 ATyomnb os 
JoyjO YOVo MOT[OF SeAIND OYJ, *YIZUI] SIyg UI sjouUNy 
TeloAes O18 OJOUT, ‘opOITOIUIES & 4SOUITe SI YOIYA Jo ou 
‘snIpel ‘4} OOF JO Opes3 oy4 WO seAINO OB][e Zuleq 91044 
‘go[IUL OMY JOy EE UI [ JO opead e dn yusose snonurzu00 e 
u0y} pus ‘fouUuN F ‘ON souloo oBplig OF]JOT O43 SurMoy 


AVMTIVYU NVOIXGUN 





oq ‘suvds 1epm3 ozejd oulu jo sjstsu004y = ‘snIpel 
"3 GSE JO GAIN e UO 4]ING st puY ‘Buoy “43 SFE St Yor 
‘aBplig oepPey_ 943 04 g ‘ON [oMUUN, YSnoI143 pus ‘Su0T 
"93 00S PESpliq JopsiIS v 19A0 ‘oTIU e YNOGe 10} OF UT T JO 
epeis @ Spusosep oUTT O43 ‘UOI}eIs UIZIOg ButavoT 
*[OAQ] 
898 OAOG* “33 GZEE ST YOIYA ‘U0IZe4s UTFIOT 0} EE UIT JO 
querpels Zartpns & YILA ‘sezru g Jo YySuET] @ SOUIOD 9104} 
qnq ‘jeaey Aqpeorjzoe1d st out] 043 gg osveTtu puofoq oprur 
-J[VY 944 JOT “ooVg ONT 04} I9A0 Buoy “93 89z OBpisq & 
Ose St 91043 YASUI] SIy} UT “Og UT [ OF LE UT { WoIy 
Suthzea sopeis dn soptur $g 4xeu oy} Oy ponutzu0 
BZutoq yuoose 043 ‘Op UI [ JO Zuo] opim & Jey JoyjJoue 
Aq pomoyjoy St YOry ‘99 UT | Jo opus & puL ‘93 OOF 
JO OAIND B SI O10Y} 4I WlOIZ ynO FBurzwwyg 43 FZP JO 
49Zu9] [e403 & sey pue ‘sueds Jops13 001998] 90173 Jo s48I8 
-uoo edpiiq sy, “oSplig ovhozy oy} SI Yory” Jo pue 
oy} 9e ‘OF UI T jo sag ® UMOp opeu Zuteq oefozy 
OJUI 4usD8ep O43 ‘Bu0] “43 OZE 10q}0 ey pue ‘Zuo 
"43 OOT SO ‘sjouuNy oMm4 ore o104} ovAOZY 09 QUT 
SIq} WeeMyJoq SoURASIP OY} UT ‘a]IU B JO s10z7eNb 
-00144 Ajrveu JO} ponuTyU0o st YOIyA ‘OG UI [ Jo oped 
@ JO U10340q 04} 4% pozeoo] st Yor ‘10rd puooes 043 48 
peousuIuI0s Zut1eq sniper ‘43 OOP JO eAano v ‘sueds 90143 
JO systsuoo eSplig oymmymbiyH ey], ‘Zh Ul [ Jo pels e 
Uo Suteq eouejstp oy} Jo qued ‘passoro oq 03 Sey IOATY 
oynynbiyy oy} uo sJoYyZANJ oplul-e-jyeHY “Yous “43 EC 
jo suvds oayg Aq possoro st Yoru ‘IOATY OOOTeUTeT, OY 
0} ‘SnIpel “43 O09 PUe ‘33 OCP JO SeAINO YITM peuIquI0D 
‘19 Ul [ Jo 3ueIpeld Zayyey @ st o19y} ‘Buoy “43 ggz jo 
espliq uvds-9014} & I0A0 OYOVTT [Op OSeg Butavory 


‘soTIUL §g 4XOU 94} UI poJOoo SI Q1OUI “43 OPE JO OSI vB] 


4s[IyM ‘Of Ul [ pue OQ UIT Jo souo BuO] oOsje ore O10q4 
qnq ‘9G UI [ St yuoIperd ysodooq3s oyy, ‘mor0UIeD 
0} So[IUI E[ 4XOU 944 Ul pouTeye Buleq [AAI] vos GAOge 
‘IS OVIT JO 9yS10y e ‘ATpidea quiryo 04 su1Seq out] O44 
soe styy WIOI “pvor-YSIY ev soyepouIUIODOR OSTe YOIyM 
‘yjZu9] Ul “43 9Eg eSplaq e Aq possoso st JOATY edewe 
242 PYprOS V “35 49% A]UO st couRysIp SIy} UI pout 
qyFtey [e402 043 YSnoygye ‘cg UI [ pure OF UI [ Jo sepeld 
81S 919} PCPIOG 0} So[IUI QZ 4SIY 044 Ul MEA “e[qong 
0} oovzidy woiy pue ‘oolxeyy jo AzID 049 03 znI9 
219A WOJJ Spucj}xe OUT] UTeUl OY, ‘sJozOeVIeYyO Aavoy 
Aion @ JO SI UNI 04 SI OUTSUe OY} YOIYA UO OUT] OUT, 


*“MODSV1I)D ‘SUHANIONA “OO ANV 


HHL wu 


JOpUS} PU OULIUS JO gy Fem [eIOY, 

*"pepeoy AT[ny repueg Jo 4ysIOAM 
~~ wpuoej pus eurgue jo “* 

és x = ggwq Jooyas TEIO, 

e1Z0q Yows JO ose TOOT 

es sTeeq yo JezOUIVICT 


“** JOploO FULyIOM UI [BIO], 
sus eee see “ gTeotyaa 
pejdnoo Zuryrey uo gysI0yy 
ase ee see “* greeqas 
peydnoo Sump uo 4ysziey 
vee as aa “* greeqa 


Zuipeey uo “ 
iv atSoq uo 94310 


“** eqeidoiy jo vory 
eee sé se 
zoqesg’ 6 “ 

seqng UI eovjins Juve], 
fs seqng JO 1990UIVICT 
os *** goqng Jo sequin NT 
Zuseo xoqelg 4 
eee eee yea18q jo q3Zuery 
IOTIOg Jo 19j0UNVIP UBETT 
ie *** @BBq TOOqs [BIO T, 
*** egeq Tooym o1dosg 
a “OBE [SOYA POXLT 
sTeey 9130q is 
s[ee4A poetdnoo jo JojeuVIGT 
one aoe ayoI4s8 JO yg3uery 
siepurtAo Jo 1090UTRICT 
** Kemper Jo o8nesy) 


peydnoo 


“ut $8T 
‘al $g “93% 


: Jepuey pur ourgue 
ey} JO suoisuoutp yedioutd oy} ore Sutmorjoy oy, 
‘HOT W'Y ‘teh39007 ‘f ueuION ‘IP, SBM SHIOM 043 
ye eAljyequosoider sty pue ‘Aueduioy AvMey Ueorxeyy 
94} 04 J90uIZue ZuI4[NsUOO ‘jopuey “J “W JIG Jo uo} 
-eogioeds 043 07 4]INq O10 90130U JopuN souIsue oY, 

*SOUISUS SPOOS IO} OSTV PsN sI Jopuc, Jo u19}4ed 
eules OU, ‘Tony Toy poptaoid ore oowds Jo yoo o1qno 
OSS ISTTY A ‘suo]Te3 QOGE st Azowdeo YUE] oY], ‘selS0q 
peTseqA-ino0y OM4 UO pozuNOoU Zuteq ur odAq YsI[suy 








PpeSoyA-xIs [ensn 943 wWoIy sIogip ‘esed oq1soddo 
04} U0 ‘/ 04 F “SHIT WoIF MOSS Oq [ILA S¥ ‘IOpud} oY], 
‘od Aq Yst[suq 043 Jo st ‘uses oq MBO 41 ‘quo 
oyL ‘stoxeorIqn], poaj-3y31s pue ‘snqeredde Surpues 
mvo3s pue sioqcofur ureqseix) ‘odid-gee,q SurqepnFoz 
SJOFTE AA YIM poygy ore Aoyy, “Auvdwioy esnoysuryse 
uvolieury 043 Aq porjddns ‘1ve3 oyeiq osnoysurys0 Ay 
YUM poy om souldus oy, “Ul Fg jo joawy & 
Sutras so1zjyuesce 049 ‘ed£y uos-uoyde4g Areurpio 044 
JO SI 1v03 Sars10a01 ou, ‘ur $ Jo dey ve oaeyq Aoyy 
‘reise Ajqeiopisu0o oulsue 043 Jo Jur;pueyg oy siopuel 
yoIyM ouo pue ‘eloy Uy 804899 94} UI UOMO 
e1ow eorjovid @ ‘poouvteq ore SoATBA oy, ‘eHO14s 
"ar Z 33 Aq sojowerp ut ‘ur FgT ore ssoputAo oy, 
‘odo]s o]q¥lepIsuoo & sey 4nq ‘ued uO OpIA 
“at fo “33 ¢ Aq Buoy “ar FIT it 9 St oq¥ld ayy, “yo149 
“ar # Buteq oy¥jdoqny ey} ‘1eddoo jo st xoq [eus04U1 ae 
‘sXvqs uotsuedsns Aq peyioddns Suteq uMoro oy} ‘edAy 
erred]og 044 JO 81.1094] OY, *xoqory oy} eA0ge pez4y ore 
‘JOJOUIVIP UI ‘UI g Yoo ‘soaTeA Aqoyes OMT, “‘WMOYS se 
‘gop @ UI poesojoul pue odA4 poouvleq o43 JO ST OATeA 
JozepnZe1 oyy, “3903 orenbs CQZl jo sovjins Zuyvoy 
v Bayard ‘youd ur $z ye poovd ‘1ejoureyp uy “ar ET 
‘soqn} ZEz surequoo 47 ‘Buoy “93 [{ Aq JojoUreIp ut 
“uy §¢ “33 F ST [oureq oy} pue [e048 Jo st ‘your orenbs sed 
€L GLI JO canssoid SuryI0OM ¥ 10} pousisop ‘19]10q oy, 

‘od 44 weollouly on34 049 
ur se ‘siopurtAo oy} eAaoqe pooed usyA UeYy} o[qQISse00" 
S89] SOATVA OY pu JoZa0] ore 8310d t¥o48 OY} ‘es1N0d Jo 
‘qZnoyy “4yeys Zuryool & JO UOMUSAIEZUT O44 NOTA 
SpOl O11JUI009 pu BATVA 94} JO} Spvo, 4YSTVIAS SOAIT 
YIM ‘opIsul ore SOATBA 94} ‘SOUIeIY OY} OpIsyno oie 
siopuryAo ey} ySnoy puv ‘poydope useq ou ‘10AeMOY 
‘oaey survoq Suisiyenby ‘ojqepreae ony jo Aqttenb 
ey} Aq poqezissooou st yorya ‘Z pue | ‘sd1q 908 ‘oq"13 
osug,, 943 pojou oq Avur ory qsduoure ‘pomorfoy 
useq sey eonjovid UvOLIOUTY oUTZU OY JO STIeJop JOUTUT 
ey} jo owlos uy = ‘sloputyAo oprisyno Zutaey oulsue o130q 
po[dnoo-xis @ st uorysonb ut satjoul0s0] 049 ‘poxouue “yno 
-PpOOM oY} WOIy Uses Og [[IMSY “MODsELX) ‘SYIO Ay 0ATY 
-owlo007T_ yreg epAH ‘00 pur uospien ‘sissepy Aq Aued 
-wog ABMTIeY UBoIxePT 244 J0¥ 4]Inq ATQU00eI soaTy 
-OWOD0] JoSuossed jo Joquinu v Jo ouO oR¥I48NIII Yoo 
SIy} OM o8ed 4uosoid ey} uo pu o4e]d oded-0m9 INO NT 











NOSTIAN ‘SUSSAM Ad CALONULSNOO 


OH AAILOWOOOT 


THONASSVd 








310 


ENGINEERING. 


[Marcu 8, 1895. 








followed by a gradient of 1 in 70 into Guadalupe 
station. This grade is continued for 3 miles more, 
which brings the line on tothe Apam Plains, on which 
there are 15 miles of practically level line, terminating, 
however, by a mile of 1 in 66 down into Apam. 

On leaving Apam, the line descends on to the level 
at Irolo, which is the junction with the Patchuca 
narrow-gauge railway, and also the point where the 
narrow-gauge line forming part of the interoceanic 
scheme nearly touches the Mexican Railway. The 
line is for about two miles level, and then ascends 
up 1 in 67 for three miles, again descending on 
a similar gradient into Ometusco station, which is 
8076 ft. above the level of the sea, For the next 
eight miles the line rapidly descends upon gradients 
of 1 in 67 through La Palma station to Otumba, and 
then continues to descend to Tepexpam, whence, skirt- 
ing the Lake of Texecoco, it is practically level into 
the city of Mexico, which is 7509 ft. above sea level. 

The different sections of the line are operated as 
follows : The six-wheeled coupled engines are used on 
passenger service between VeraCruzand Pasodel Macho, 
and between Mexico and Esperanza. These engines are 
also used for light passenger service between Paso del 
Macho and Orizaba. When the loads are heavy a 
Fairlie engine is used. The goods engines are used on 
the same lines as these passenger engines. The Fair- 
lies work between Orizaba and Esperanza, 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The market was firm at the 
opening last Thursday forenoon, when there was a fair 
turnover. For a brief space of time there was a “‘ bear” 
scare, which sent the price of Scotch warrants sharply up 
in the later part of the day, with the result that closing 
buyers stood at 42s. 1d., being an advance of 7d. per ton 
on the previous day’s prices, and a figure considerably 
above what has been reached for some time past. There 
was firmness all round ; Cleveland rose 2d. per ton, and 
hematite irons were also up-—Cumberland 34d. and 
Middlesbrough 1d. per ton. At the close of the market the 
settlement prices were—Scotch iron, 42s. 14d. per ton; 
Cleveland, 34s. 74d.; Cumberland and Middlesbrough 
hematite iron, respectively, 43s. and 41s. 74d. per ton. On 
the following forenoon the market was active, and at 
least 20,000 tons of Scotch and a few thousand tons of 
hematite iron changed hands. Scotch rose to 42s. 3d. 
per ton, and the price fluctuated between that and 
42s., where the market closed with sellers. The market 
was likewise active in the afternoon, and further 
fluctuations took place in the cash price of Scotch iron. 
At one time the price was down to 41s, 104d., but there 
was a@ smart rally, and iron was bid for at the finish at 
42s. O4d., or 4d. up from the forenoon. Cleveland hema- 
tite iron gained 14d. per ton. The settlement prices at 
the close were, respectively, 42s., 34s. 6d., 42s. 104d., 
and 41s. 74d. per ton. The market was very quiet 
on Monday forenoon, the demand for Scotch iron for 
‘covering ” purposes not being up to the expectations. 
Prices were consequently easier, the cash quotation for 
Scotch giving way 2d. per ton, and Cleveland 14d. 
Cumberland hematite iron was quoted 1d. dearer. About 
8000 tons of Scotch iron were dealt in. In the afternoon 
the market was a shade firmer, but not much business 
was done. About declaration hour, however, there was 
rather a demand for iron, and the cash price of Scotch 
rose to 42s, 14d. per ton, but after the options were 
declared the quotation slipped back to 42s. 04d., or 1d. up 
from the morning. About 10,000 tons were dealt in. 
Cumberland hematite iron lost 14d. The closing settle- 
ment prices were 42s., 34s, 44d., 42s. 9d., and 41s. 74d per 
ton respectively. Business was very quietin the forenoon 
market on Tuesday. Only a few lots of Scotch iron changed 
hands, and the cash price fell from 42s. 04d. to 41s. 104d. 
per ton. Cleveland fell 14d. and Cumberland hematite 
iron 24d. per ton. The market was quiet and easy in the 
afternoon, the unfavourable character of the Middles- 
brough returns perhaps being the cause of that to some 
extent. About 5000 tons of Spotch iron were sold, and 
the cash price dropped 1d. per ton. Cleveland also 
dropped $d. per ton, and Cumberland hematite iron was 
quoted 4d. better. At the close of the market the settle- 
ment prices were, respectively, 41s. 9d., 34s. 3d., 42s. 74d., 
and 41s. 74d. per ton. The market was flat this fore- 
noon, when about 5000 tons of Scotch iron were sold, 
the cash price relapsing 1d. per ton. Other irons 
also declined in price, About the same quantity 
was sold in the afternoon, and prices remained practically 
unchanged. The settlement prices were, respectively, 
41s. 74d., 34s. 3d. 42s, 6d., and 41s. 74d. per ton. The fol- 
lowing are the quotations for several No. 1 special brands 
of makers’ iron: Clyde, 48s. 6d. per ton; Gartsherrie, 
Summerlee, and Calder, 50s. ; Coltness, 52s. 6d.; Lang- 
loan 61s.—the foregoing all shipped at Glasgow; Glen- 
garnock (shipped at Ardrossan), 49s. ; Shotts (shipped 
at Leith), 52s. 6d.; Carron (shipped at Grangemouth), 
54s. per ton. There are now 74 blast-furnaces in actual 
operation in Scotland, as compared with 65 at this 
time last year. Four of them are making basic 
iron (all at Glengarnock), 27 are working on hema- 
tite ironstone, and 43 are making ordinary iron. Last 
week’s shipments of pig iron from all Scotch ports 
amounted to 5062 tons, against 7077 tons in the corre- 
sponding week of last year. They included 735 tons for 
Australia, 270 tons for France, 1020 tons for Italy, 135 
tons for Holland, smaller quantities for other countries, 
and 2665 tons coastwise. The stock of pig iron in 


Messrs. Connal and Co.’s public warrant stores stood at 


285,865 tons yesterday afternoon, as compared with 286,265 
tons yesterday week, thus showing a reduction for the 
week amounting to 400 tons. 


Finished Iron and Steel Trades.—The market finished 
quiet, with a slightly firmer tone. Steel-makers are 
anxiously awaiting the publication of the new naval pro- 
gramme, as specifications are coming in very slowly from 
the shipbuilders, who are so well supplied with material 
that they decline to send in fresh specifications, 


Iron and Steei Tube Trade.—Tube-makers are finding 
very irregular employment. Some firms are very busy, 
while others have difficulty in keeping their works going 
five days a week, A large order is in the market for tubes, 
which will very probably be placed with one of the 
Lanarkshire firms. A report has been in circulation to 
the effect that tubes have been delivered in this market 
byan American firm, and atalower price than thatat which 
they can be turned out here. 


Glasgow Copper Market.—Business was done in copper 
last Thursday forenoon at 39/. 3s. 9d. per ton one month, 
and 391. 7s. 6d. three months, the close being buyers at 
391. cash and 391. 7s. 6d. three months, and sellers 1s. 3d. 
per ton more. Copper also changed hands in the after- 
noon at 392. 1s. 3d. cash, and 39/. 8s. 9d. three months, 
the market closing with buyers at 39/. 1s. 3d. cash and 
391. 7s. 6d. one month, and sellers wanting 1s. 3d. more 
per ton. One lot was sold on Friday forenoon, and the 
three months’ selling price rose 1s. 3d. per ton. Copper 
was neglected at the afternoon market, but was steady 
ab previous prices. The market was firm and active 
on Monday forenoon, where some 125 tons changed 
hands. The three months’ price rose 2s. 6d. per ton. 
The afternoon market was active but flat, the prices 
being 5s. per ton lower in sympathy with London open- 
ing; the sales amounted to 150 tons. The market was 
depressed yesterday forenoon, and the price declined 53. 
per ton. A still weaker condition of things ruled in the 
afternoon. One transaction took place at 39/. 1s. 3d. 
three months. At the forenoon market to-day 75 tons of 
copper were sold, and sellers’ price rose 2s. 6d. per ton. 
In the afternoon the cash price was 3s. 9d. better, and 
2s. 6d. upfor threemonths. The sales reached 150 tons. 


Clyde Shipbuilding Trade: Launches during February. 
—General dulness of trade elsewhere, and the severe 
weather notwithstanding, February was a fairly busy 
month in the Clyde shipbuilding yards. No fewer than 
18 vessels were put into the water, of a total of 20,469 
tons, as compared with 16,025 tons in January. The out- 
put for the two months together was rather under the 
average for the two-month period over the past six or 
seven years. Of the 18 vesselslaunched during February, 
one was a torpedo-boat destroyer, built for the British 
Admiralty by Messrs. J. and Thomson, Clyde- 
bank, one was a yacht, and the other 16 were merchant 
steamers, 13 of which were built for British owners, 
The largest of the merchant steamers was the Goodwin, 
which has a capacity for 6500 tons of deadweight. She 
was built by the London and Glasgow Shipbuilding and 
Engineering Company for the Eastern trade of the Clyde 
Shipping Company. Next in order was the Kaisow, 
4000 tons gross, built by Messrs. D. and W. Henderson 
and Co., for the China trade, 


New Shipbuilding Contracts. —It is estimated that Clyde 
shipbuilding firms booked orders last month for at least 


contracts were taken by Messrs. William Simons and 
Co., Renfrew, and by Messrs. A. M‘Millan and Son, 
Dumbarton. The former was for a large and powerful 
hopper dredger for Plymouth Harbour; and the other 
es was for a steam transport for the Spanish Govern- 
ment. 


More Locomotive Contracts.—Messrs. Neilson and Co., 
Hyde Park Locomotive Works, have closed an order for 
13 locomotive engines and tenders and four tank engines, 
for the Assam-Bengal Railway Company. An order has 
also been secured by Messrs. Sharp, Stewart, and Co., 
Glasgow, for five locomotive engines for the Dutch 
Government Railways. ' 


Vacant Greenock Water Trust Falls: Inquiry from the 
British Aluminium Company.—An application has been 
made to the Greenock Water Trust by the British 
Aluminium Company for particulars of their falls, and 
stating that the company could utilise between 4000 and 
5000 horse-power for the purposes of their manufactures. 
This power, however, is of such an extent that the whole 
of the water power combined could not afford the requisite 
amount. Particulars have been sent to the secretary of 
the company with the view of ascertaining if some subsi- 
diary portion of the water power could not be adapted 
to their purpose. This is the first direct inquiry follow- 
ing upon the action taken by the Water Trust, but it is 
sta that other inquiries are being made, and it is 
hoped that the result will be the restarting of other 
important industries in the town. 


Sugar Machinery Contract.—Messrs. J. and R. Hous- 
ton, Greenock, have lately booked an order for the con- 
struction of sugar-making machinery for the colonies, 
which will be carried out under the superintendence of 
Messrs. M‘Arthur and Orkney, consulting engineers and 
factory architects. 

Waverley Bridge, Edinburgh.—The directors of the 
North British Railway Company are proposing to take 
down the Waverley Bridge, Edinburgh, and to build a 
new bridge on the same site. It is intended to erect a 
temporary bridge immediately to the west for the use of 
passengers during the progress of the operations. 


Appointment of Engineer for the Glasgow Corporation 





Tramways,—Mr. David Rankine, C.E., is to be appointed 


35,000 tons of new shipping. Two of the most recent aa 





consulting engineer to the Glasgow Corporatien Tram- 
a Department, the amount of his annual retaining fee 
to be 50 guineas, and in addition he will receive the usual 
professional fees for all court and Parliamentary work, and 
the extensions authorised by the Acts of 1893 and 1894, 


University Engineering Society.—The closing lecture of 
the session in connection with this society was delivered 
on Tuesday night by Mr. James Moir Dickson (late 
secretary) on ‘‘Our Visit to the West Highland Rail- 
way.” r. Charles Forman, C.E , of Messrs. Formans 
and M‘Call, engineers for the promoters of the line, pre- 
sided. Professors Barr and Biles and a large number of 
members were present. The lecture, which dealt largely 
with the engineering difficulties gem with, was illus- 
trated by over a hundred limelight views, depicting the 
various viaducts, tunnels, and cuttings, as well as the 
magnificent scenery from the Clyde to Fort William. A 
discussion followed. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield and South Yorkshire Navigation Company.— 
An extraordinary meeting of preference shareholders in 
this company was held in Sheffield on Monday, to elect 
five directors to the board. This was necessitated by the 
company having taken possession of the navigations under 
the Act of last year. Five large shareholders were ap- 

inted, namely, Messrs. M. J. Ellison, A. M. Chambers, 

. D. Ellis, 8. Roberts, and C. Tylden Wright. 

Yorkshire Miners’ Association and the Unemployed.— 
This association decided, on Monday last, to make a grant 
of 500/. to be divided amongst the men out of work through 
no fault of their own. The first payment was made for 
the week ending Saturday last, at the rate of 7s. per 
member, and 6d. for each child under 13 years of age, to 
those men who had been out of work fully three weeks. 
It was also decided to grant 2001. to the distress relief 
funds in various parts of the country. 

The Spy System in Collieries.x—At a meeting of the 
executive of the Yorkshire Miners’ Association, on Mon- 
day, a resolution was passed with regard to certain pits, 
The executive regretted to hear of the condition of things 
now existing, according to the statement of the men, viz., 
that men are turned off or stopped for very frivolous 
matters, and spies are set to watch whether the men 
riddle the coal or not. Mr. Pickard was instructed to 
write to one of the managers, asking him to meet a deputa- 
tion, at the earliest possible moment, for the consideration 
of the subject. The executive expressed regret to find 
that the collieries were initiating a system of espionage 
such as had never been known in Yorkshire. In one 
instance it was stated that 30 persons were going 
about the pit doing nothing else than watching the 
men fill coal. Mr. Pickard remarked that when 
it came to that, it showed at once there was some- 
thing very rotten in the State of Denmark. Either they 
had a bad lot of men in Yorkshire, who could not be 
trusted, or they had men in the mines who did not under- 
stand mining work, which placed the ordinary skilled 
workman in a very unfavourable ition, or managers 
had so managed that they could only produce small coal. 


The Heavy Trades.—Though the third month of the 
quarter has been reached, there is nob much improvement 
to note in connection with the heavy trades, and manu- 
factured iron, in particular, seems to meet with a slow 
e. Common bar is on offer on all sides at 5/. 5s. per 
ton, and what trade there is in the district is competed 
for by representatives of Staffordshire houses. Export 
orders are short, and only firms making special brands 
appear to be in any degree prosperous. Stocks of pi 
iron are increasing in the locality. In connection wit 
the heavy steel trades there is considerably more doing. 
Orders for railway material, though not pressing, are 
coming in from some of the leading home buyers, and 
for guaranteed material quotations are sustained. In. 
dents from the shipping yards are rather light, excepting 
for large-sized castings and forgings for Navy work. Some 
of the Sheffield houses have orders on their books for these 
important lines, but there are complaints as to the 
niggardly manner in which orders to private concerns are 
issued by the Ordnance Department. Crucible cast steel 
is selling steadily on United States and Continental de- 
mand, with a fair call from home customers for special 
qualities for engineering purposes. Qualities ranging 
from 40/. to 60/. per ton move off the most freely. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
rather large attendance on ’Change here, and the tone 
of the market was somewhat more cheerful than it has 
recently been, there being more disposition to do busi- 
ness. Inquiries for both early and forward delivery of 
pig iron were numerous, but there were slight differences 
in buyers’ and sellers’ prices, and consequently there was 
nota great amount of business transacted. At the same 
time, however, sellers were decidedly firmer in their 
prices, and most of them took a more hopeful view of 
prospects for the future. The downward move in war- 
rants, which has followed the spurt toward the close 
of last week has had little influence on the general 
market, and makers’ iron has not declined much. 
Yesterday some of the sellers held out for 34s. 9d. for 
early delivery of No. 3 g.m.b. Cleveland pig, and in one 
or two cases that price was realised, but business was also 
done at 34s. 74d., and there were buyers who reported 
that they could obtain the ruling quality at 34s. 6d. For 
delivery to the end of June, 35s. to 35s. 3d. was quoted 
for No. 3. Grey forge was put at 33s. 3d,, and No. 4 
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ry at 34s., both for early delivery. Middlesbrough 
a opened at 34s. 34d., and closed very weak at 
34s. 2hd. cash buyers. East coast hematite pig iron 
was in rather better request, and the lessened com- 
tition, together with improved shipments, has had a 
neficial effect upon it. ‘or early delivery of mixed 
numbers several firms held out for 42s., but 41s. 9d. was 
also accepted. Spanish ore was quiet. To-day the 
market was, if anything, a shade easier, but prices were 
not quotably changed. 
The Make and Disposal of Pig Iron.—The statistics 
issued by the Cleveland Ironmasters’ Association showing 
the make and disposal of pig iron in the north of Eng- 
land during February are very unsatisfactory. They show 
that at the end of the month, of 141 blast-furnaces built 
92 were in operation, of which 49 were running on Cleve- 
land pig and 43 other kinds, including hematite, spiegel, 
and basic. During the month one hematite furnace was 
blownout. The make of Cleveland pig iron was 109,869 
tons, or 10,078 tons less than during January. The out- 
put of hematite, &c., was 115,942 tons, being a decrease 
of 17,392 tons as compared with the previous month’s 
make. The total production of all kinds was 225,811 tons, 
or 27,465 tons less than in January. Although the make 
was reduced so greatly, there was a heavy increase in 
stocks. At the end of Peleensy the total stocks stood at 
305,155 tons—an increase as compared with the end of 
January of 35,762 tons. Pig iron shipments for the 
month just ended totalled 46,853 tons, being 733 tons 
more than in January, but a decrease as compared with 
February last year of 22,210 tons. 


Manufactured Iron and Steel.—The manufactured iron 
and steel industries continue very dull, and it is difficult 
to find anything to indicate an early improvement. 
Quotations are low, and it is a mystery how makers can 
make any profit at all with such rates as now rule. 
Common iron bars may be put at 4/. 13s. 9d.; iron ship- 
plates, 47, 15s. ; steel ship-plates, 4/. 12s. 6d. ; and iron 
and steel ship-angles each 4/. 10s.—all less the customary 
2} per cent. discount for cash. A fair amount of work is 
going on in the steel rail trade, and heavy sections are 
3/. 12s 6d. net at works. 


The Coal and Coke Trades.—The coal trade is steady, 
more especially for future orders. At Newcastle best 
Northumbrian steam coal is 8s. 9d. to 9s. for prompt 
f.o.b. delivery, and for delivery ahead 9s. 3d. to 10s. is 
asked. Coke isin good request for local use, and prices 
are maintained. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Small coal is being banked at some of the 
principal collieries. The demand for steam coal, how- 
ever, has been good, and prices have experienced an 
appreciable advance; the best descriptions have made 
11s, 3d. per ton, while secondary qualities have brought 
10s. 6d. to 103. 9d, per ton. The demand for house coal 
has also increased ; No, 3 Rhondda large has been quoted 
at 10s. 3d. to 10s. 6d. per ton. Patent fuel has maintained 
a good tone. Coke has shown little change; foundry 
qualities have made 15s. to 16s., and furnace ditto 12s. 6d. 
to 13s. 6d. per ton. The manufactured iron and steel 
trades have remained dull. 


Pembroke and Tenby Ratilway.—The ratio of the work- 
ing expenses to the traffic receipts in the second half of 
last year was 50.90 per cent., as compared with 48.30 per 
cent. in the corresponding period of 1893. New works 
for complying with an order under the Regulation of 
Railways Act, 1889, have been completed. It is proposed 
to carry out some further improvements at the Tenby 
station, the outlay for which has been sanctioned by the 
Board of Trade. 

The ‘ Phaeton.”—During the next financial year the 
Lords of the Admiralty propose to expend 32,832/. upon 
the Phaeton. Of this amount, 22,5810. will be for repairs, 
and 10,251/. for alterations of, and additions to, existing 
fittings. Considerable alterations are to be made in the 
superstructure of the ship. One important change will 
be the removal of her midship sponsons or Chatham towers, 
in which are mounted her broadside guns. Her arma- 
ment of 6-in, guns is now at Woolwich, being converted 
from breechloaders to quick-firers. 


Milford Docks.—The half-yearly meeting of the Milford 
Docks Company was held on Thursday. The directors’ 
report for the half-year ending December 31, 1894, 
stated that a marked improvement in the company’s 
local trade, which was noticed in the early part of the 
past year, was interrupted by the continuance of storms 
of unusual severity throughout the latter portion of that 
period, and resulted in a corresponding diminution of 
receipts from the fishing traffic. No further progress 
had been made with regard to a Canadian mail service, 
and the question of the acquisition of the railway and 
pier remained in abeyance. 


Rhondda and Swansea Bay Railway.—The 25th half- 
yocty meeting of this company was held at Swansea on 

hursday. The chairman stated that the accounts of the 
past year showed a net revenue of 6963/., which would 
enable the directors to pay the full dividends due on the 
debenture and preference stocks, The new line would open 
up a virgin coalfield, and the directors anticipated that 
& quantity of this coal would find its way into Swansea. 








THE PROPAGATION OF MAGNETISM IN IRON: ERRATUM. 
—In our article under this heading last week, page 284, 
in the sentence ‘no sooner had No. 1 got home again than 
L began deliberately to move off” should have read 

‘no sooner had No. 8 got home,” &c, The outside coil 
was, of course, affected first, the intermediate coil next, 


MISCELLANEA. 


<\T a meeting of the Manchester Association of Students 
of the Institution of Civil Engineers, held on Wednesday, 
February 27, a paper on “ The Superstructure of Railway 
Bridges” was read by Mr. J. T. Conradi, A.I.E.E. 


Mr. Jeremiah Head has recently read a paper before 
the North-East Coast Institution of Engineers and Ship- 
builders, giving the results of his obgervations of American 
railways, and instituting a comparison between them and 
our own, 


Messrs. Victor Coates and Co., Limited, Belfast, have 
received an order from Messrs. A. and A. Crompton and 
Co., Limited, of Shaw, near Oldham, for a large triple- 
expansion engine of their special design, cylinders 20 in., 
31 in., and 50 in. in diameter by 4 ft. stroke, for a working 
pressure of 160 Ib. 


An important new railway line has now been com- 
menced in Siam. Commencing at the Siamese seaport 
town of Alor Star, the line will proceed some 80 miles in 
a north-east direction to its terminus at Singorah on the 
Gulf of Siam. When this section is finished, a southerly 
extension is to be commenced, which will finally be 
extended to Perak. 


An hydraulic slipway, 735 ft. long, has just been com- 
pleted at Nystad, Finland. Of the total length of wa 
435 ft. are under water and 300 ft. on land. The widt 
is 50 ft., and the incline is 1 in 15. The cradle is 
218 ft. long. -.: drawing 21 ft. of water can be 
accommodated. he hydraulic hauling gear was made 
by Messrs. R. Waygood and Co,, London. 


The traffic receipts for the week ending February 24, on 
33 of the principal one of the United Kingdom, amounte: 
to 1,282,514/., which was earned on 18,728? miles. For 
the corresponding week in 1894 the receipts of the same 
lines amounted to 1,343,536/., with 18,522? miles open. 
There was thus a decrease of 61,022/. in the receipts, and 
an increase of 206 in the mileage. 


A syndicate of American contractors now engaged on 
the Chicago drainage canal has forwarded, through the 
Department of State in Washington, a ar to carry 
out Mr. Cope Whitehouse’s Raiyan Canal, They 
estimate that the cost of the canal would not exceed 
600,000/., and that it would be available for the relief of 
ond Nile in 18 months from the commencement of the 
work, 


Herr K. Mack, of the Hohenheim Physical Institute, 
has succeeded in polarising Hertzian waves. The doubly 
refracting crystals used in optics were replaced by blocks 
of woods which are quite transparent to the Hertzian 
waves. The presence of the fibre confers doubly refract- 
ing properties on the wood, and all the phenomena ob- 
served with Nicol prisms in the cone of light can be re- 
produced with the polarised electric waves. 


On Saturday, February 23, a party of members of the 
Institution of Junior Engineers paid a visit to the works 
of Messrs. Siemens Brothers and Co., at Woolwich. At 
the meeting of the Society, on March 1, a paper on ‘‘ Lo- 
comotive Repairing Work,” was read by Mr. A. H. New- 
sam Smith. On Saturday, March 16, a visit is to be 

aid to the Midland Railway goods station at Somers 

own, which has the reputation of being the best in the 
world. The St. Pancras goods dépét and the Kentish 
Town engine sheds will also be visited. 


In a paper by Mr. T. Wrightson, M.P., read before the 
Royal somge | last month, evidence is brought forward to 
show that the welding of iron and steel is similar in 
character to the regelation of ice.. Iron has been 
found to expand in passing from the liquid to the plastic 
state, and then contracts to the solid form. Experiments 
at the Mint have also shown that at the welding point 
iron cools under pressure. Welding differs from melting 
pieces together, in that in the former case the union takes 
place below the temperature of fusion. 


Owing to the bad condition in which the gas com- 
panies keep their mains, there have been several dis- 
astrous subway explosions lately. These have in many 
instances been attributed to electric sparking setting the 
gas alight, but considering the care taken by the electric 
companies it has been difficult to believe this in many cases. 
A discovery of Major Cardew’s on the St. Pancras mains 
throws a new light on the subject, as amongst the incrusta- 
tion removed from the insulators, metallic sodium was 
discovered, which gives rise to a flame when water is 
thrown on it. An investigation is to be undertaken by the 
Board of Trade, with the help of the Royal Society and 
Institution of Electrical Engineers, with a view to pre- 
venting the formation of this deposit, and in the mean- 
time it is suggested that the conduits should be thoroughly 
ventilated, and the free space in the street boxes reduced. 


A standard metre “line” measure was delivered last 
December to the Board of Trade by the International 
Committee of Weights and Measures. A standard end 
measure and standard —— had been received pre- 
viously. The new standards were inspected ———— 
of the Council of the Royal Society last month. The length 
standards in question are bars of an alloy of 90 per cent, 
platinum combined with 10 per cent. iridium, and have a 
cross-shaped section. The true length of the line measure is 


known to within in., and that of the end measure 


1 — 
250,000 
to within about x0 in. The standard kilogrammme is 


of the same alloy as the length standards, and is cy- 
lindrical in form, being rather more than 1} in. in dia- 
meter. Its true weight is known within ;}, milligramme. 


In the Dockyard Regulations the Admiralty define the 


d | Maintaining the same pressure 


hour of work within two hours after bell-ringing, or (in 
the case of men who have worked during the dinner hour) 
each half-hour within two hours after the time when they 
would have been permitted to leave the yard under ordinar 
circumstances, one-sixteenth of a day’s pay is to be prom f 
For each half-hour of work after two hours from bell-ring- 
ing have elapsed, or = the case stated above) each half-hour 
beyond two hours from the time when they would have 
been permitted to leave the yard, one-twelfth of a day’s 
pay is to be allowed. In the case of men commencing 
extra time immediately after the ordinary working hours 
of the yard, the first two hours (including half-hour 
stopping time) is to be reckoned as three-sixteenths. 
Each subsequent half-hour will be counted as one-twelfth, 
provided that no period of work exceeds five hours with- 
out a half-hour’s cessation for meals and rest, as laid 
down by the Factory Act Regulations. 


Some experiments on static friction are described by 
Mr. C. M. Broomall in a paper read before the American 
Society of Civil Engineers. By static friction is meant 
the friction at the moment when the body begins to move, 
which is usually greater than when the body has once 
started. Mr. Broomall finds this coefficient to be almost 
independent of the area in contact, and gives the follow- 
ing average values for it: 


Dry. Wet. 
Cast iron on cast iron 8114 .3401 
Pine on pine .4738 .6550 
Cast iron on pine ... .4702 
Steel on steel re .4408 
Steel on tin . .38648 
Steel on cast iron... 2303 
Cast iron on tin *4541 


La square inch, the static 
coefficient of friction decreased az the area in contact 
increased. For cast iron on cast iron the coefficient de- 
creased with the pressure per square inch, but with dry 
pine on pine the reverse was the case. All the other 
materials tried acted similarly to cast iron. The changes 
in question are not, however, large. 


Messrs. Crompton and Co., of 148, Brompton-road, 
have recently carried out the electrical heating of the 
Vaudeville Theatre. Ab first it was contemplated to 
use a system of hot-water heating, but, after carefully 
considering the matter, the management decided that 
electrical heaters afforded a more advantageous system. 
Twenty-two ‘‘ box ” or wall radiators and four large port- 
able radiators, all of the ‘‘ Compton-Dowsing” type, are 
employed, and they answer the purpose admirably. The 
temperature of the theatre is maintained at 60 deg., while 
the corridors may be as low as 40 deg. The heating 
arrangements are under absolute control, and any portion 
may be turned off or on at will. The electricity used 
is taken from the Charing Cross and Strand Electricit: 
Supply circuits, and charged at 4d. per unit, and when all 
the apparatus is at work nine units are consumed per hour. 
With electric radiators there is no danger of fire, as there is 
no combustion, and the temperature is about the same as 
that of hot-water pipes. Some difficulty was at first ex- 

rienced with regard to the Fire Office and the London 

ounty Council, as no rules were in existence which 
covered the case, but all authorities appear now to be 
convinced that electric heating, when properly installed, 
is very safe, and perfectly suitable for public buildings. 
It is stated that electric radiators are also useful for chilly 
evenings, and at times when it is not cold enough to ane 
the whole system of heating, but a little warmth is re- 
quired in any particular room or portion of a room. 


The accident which caused the delay of the French 
liner Gascogne was the fracture of one of her pistons. 
The engines of the boat in question were originally three 
independent tandem compound engines, which were con- 
verted into the quadruple expansion type by substituting 
a new cylinder for one of the old high-pressure cylinders, 
the other two then becoming first intermediate cylinders. 
One of the original low-pressure cylinders then became 
the second intermediate, and the remaining two were 
used as low-pressure cylinders. The piston that broke is 
that of the second intermediate cylinder, which was 
79} in. in diameter. The fracture extends right across 
the piston through the hole for the piston-rod. An 
examination of the surfaces has shown no flaw in the 
metal, nor was any hammering heard at the time of the 
accident. The piston-rod was turned taper and secured 
in place by a nut. There was a shoulder on the rod, but 
it is just possible that the piston was not bearing properly 
against this, and that there was a powerful wedge action 
at work tending to burst the piston. The rod itself was 
undamaged, which would tend to negative the idea of the 
accident arising from hammer. The engines were put in 
working order again by cutting out the middle tandem, 
of which this cylinder formed part, and the steam connec- 
tions were made so that the steam passed from the high- 
pressure cylinder to the remaining intermediate, and 
thence to the two low-pressure cylinders direct. Great 
trouble was then experienced from the heating of the 


bearings. 





AUSTRALASIAN GOLD.—The yield of gold in the Austra- 
lasian colonies last year is estimated at 2,883,240 oz., as 
compared with 1,711,890 oz. in 1893, 1.658,238 oz. in 
1892, 1,518,690 oz. in 1891, and 1,453,152 oz. in 1890, 
Surprise is occasionally expressed at the revival which 
has taken place in the production of gold at the Anti- 
podes; an explanation is found in the fact that the 
general depression of Australasian industries has induced 
many persons to apply themselves once more to gold 
mining. It may be remarked that although great atten- 
tion has been devoted during the last few months to 
Western Australia, the actual yield of gold in that 








and the central coil last, as the context clearly showed, 





pay which is to be allowed for overtime. For each half- 





colony last year was only 202,400 oz. 
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LIGHT RAILWAYS. 

Tue question of light railways is still occupying 
public attention, and, until the appearance of Mr. 
Bryce’s promised Bill, the interest is being usefully 
kept alive by the reading of papers before various 
societies, technical or otherwise. Mr. Bryce has 
stated that he can only follow, not lead, public 
opinion ; such papers as the two we are about to 
comment upon are therefore additionally useful as 
instructing the public on the true position of affairs 
in regard to light railways. 

The first of these is a contribution by Mr. W. M. 
Acworth, read at a recent meeting of the Society 
of Arts. Noone is better equipped than the author 
for putting the problem of light railways intelli- 
gibly before the public. In the first place, he is 
thoroughly conversant with his subject, and he 
has, to an unusual degree, the gift of stating 
a case clearly and in a manner that carries the 
reader’s interest throughout. The second paper 
was read by Mr. A. C. Pain before the Surveyors’ 
Institution. Mr. Pain is aiso especially well fur- 
nished for the task he has undertaken, and the 
Council of the Surveyors’ Institution have done 
well in taking advantage of the opportunity offered 
for discussing a matter which is, in its present 
stage, in many respects a question for surveyors 
rather than engineers. 

Mr. Acworth commenced his paper by reference 


®!to the abnormal provision for personal safety 


which the English law enforces on railway under- 
takings. This aspect of the question we have 
already dealt with at some length ina former article 


0} on this subject,* but the paper gives some forcible 


illustrations of the excess to which these provi- 
sions are carried. We will quote one of these as 
utting the case very plainly. ‘‘ The newspapers,” 
i said, ‘‘filled columns with descriptions of 
the accident at Chelford in the great storm of 
last Christmas Eve, in which some 12 per- 
sons lost their lives; whereas the deaths of 
ten times that number who were killed by 
falling chimneys and other equally preventible 
accidents due to the same storm passed practi- 
cally unnoticed.” Mr. Acworth also refers to the 
distressing accident near Canterbury, where a man 


27 | was so incredibly foolish as to drive a wagon full of 
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* See page 769 of our last volume, 


hop-pickers through a farm gate on to a railway, in 
a fog, without waiting till the gate on the further 
side could be unlocked. In speaking of this acci- 
dent it was said ‘‘that hecatombs of victims were 
sacrificed to railway level crossings.” This state- 
ment set Mr. Acworth to look up statistics. He 
found that whereas, during that year 1893, there 
were 140 persons killed and 5330 persons injured 
by being run over in the streets of London, in the 
same year there were only 55 persons killed and 30 
injured at all the level crossings in the United 
Kingdom. ‘‘ Within the last few days,” continues 
the author of the paper, ‘‘I have read in the 
report of the London Fire Brigade that in the 
year 1894 there were 82 deaths from fire in Lon- 
don ; 32 of these were caused by paraffin lamps 
upsetting or exploding.” Now a paraffin lamp 
that, if upset, causes no danger whatever, either of 
fire or explosion, can, as is pointed out, be bought 
for a few shillings, but to make a bridge to take the 
place of a level crossing requires about 2000I., 
yet many persons who will not lay out a few 
shillings to insure themselves and their families 
against the danger of upset paraffin lamps will cry 
loudly for the building of a bridge wherever there 
is a gate or stile opening from a field on to a rail- 
way. Ofcourse there is the great difference that 
the few shillings would come out of the agitator’s 
own pocket, whilst the 2000/. would be found by 
the railway company. 

We will quote one more instance on this point 
given inthe paper. On the Continent the engine 
puffs into the market-place with eight vehicles 
behind it; the English rule restricts it to a 
single car. Or, again, the English rule provides 
for 9 ft. 6 in. space between the tram lines and the 
kerbstone, and lays down that the tramcar shall not 
overhang the wheels more thanilin. The Italian 
and the Belgium rules are very similar ; they say 
nothing about overhang, but provide that the rails 
shall not come within 2 ft. 7 in. of the buildings. 

Reference was made to the same point in the 
discussion on Mr. Pain’s paper, the objection of 
tramways destroying the frontage of fields on to 
the public road being insisted upon. It is easy to 
make too much of this, and it is natural that 
members of the Surveyors’ Institution should lay 
stress upon it. If, however, the rational system 
of haulage on lines is to become general, the front- 
age on a road with rails will be far more valuable 
than that abutting on a road without rails. Pro- 
bably few people realise how much is saved by the 
use of rails, putting aside any advantage that arises 
from mechanical traction. According to experi- 
ments recently made by Mr. Rudolph Hering, 
and quoted in the Transactions of the Institution 
of Civil Engineers, it appears that a load that can 
just be drawn by one horse ona level road laid with 
iron rails would require five horses to draw it on 
ordinary Belgian pavement, 20 horses on an ordi- 
nary earth road, and no less than 40 horses on a 
sandy road. Now in winter many country roads in 
England might be fairly considered as unfavourable 
as the “‘ ordinary earth road,” whilst rails have the 
advantage of being unaffected by weather, so far as 
additional resistance to traction of the load is con- 
cerned. 

In discussing the question of safety, many persons 
argue as if the light railways and tramways were on 
the same platform as the standard lines. In the 
first place, with the former the speed will be much 
less, and the trains will be more easily stopped. 
Further, a driver on an ordinary line devoted only 
to railway purposes, and adequately fenced through- 
out, never expects to meet an obstacle, and years 
of immunity tend to render him careless as to what 
may be on the track, so long as the signals are right. 
In other countries where this same perfection of 
—_ does not exist, the driver has to keep a very 
sharp look-out. In Florida, for instance, where the 
pasturage consists chiefly of palmetto scrub— 
about as succulent a diet as old clothes-baskets— 
the favourite grazing ground of cattle is the 
railway track. One of the common incidents of 
travel is for the train to pull up while the fireman 
drives a cow off the line. It is evident that if a 
sharp look-out were not kept the mortality amongst 
cows would be very high. The whole continent of 
America, however, teems with examples of how 
railways can be worked in the absence of those ex- 
cessive precautions we take in this country, without 
undue danger to people of ordinary intelligence. 
Another point referred at the meeting of the Sur- 
veyors’ Institution is the danger from frightening 





horses. This is a real difficulty, but it is one that 
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must be met and got over. It will, in the future, 
have to be as much a part of the horse’s education 
to meet a light train on the road as it is now to meet 
an ordinary cart. It is only the strangeness that 
frightens the horse; a very little use sets their 
nerves at rest. The difficulty has been got over 
in the case of the once dreaded bicycle, tramcars, 
steam rollers, traction engines, and many other 
things that at different times have been denounced 
as instruments of manslaughter because horses 
would shy at them. 

It is well to warn the public not to expect too 
much from light railways, at any rate at first. That 
almost any district now out of touch with railways 
would be immensely benefited by the construction 
of a light line we hardly see there can be room to 
doubt ; but the advantages will not come all at 
once. Mr. Watney, the Vice-President of the 
Surveyors’ Institution, speaking from the chair 
the other evening, said that though much had 
been said in favour of the construction of light rail- 
ways, yet it must by no means be understood that 
the theory that they were a universal panacea for 
all agricultural ills received the imprimatur of 
the Institution. Agricultural distress has arisen 
through the advance in railway and steamship com- 
munication, and it will be some time before im- 
proved railway communication can even mitigate, 
much more cure, the evil. Moreover, at best, a 
small cheap railway with small tratlic can never 
give as good a result as a standard line, even 
though the expenses on the latter may be enor- 
mous compared to those of the light line. Ata 
meeting of the Central and Associated Chambers 
of Agriculture it was unanimously resolved a 
short time back that light railways were desirable, 
provided protection were given against unreason- 
able and unfair charges. As Mr. Acworth remarks, 
‘* unreasonable and unfair charges ” is only another 
way of saying ‘“‘ charges made by existing railways.” 
The uselessness of expecting rates on light lines to 
be as low as those on trunk lines is well illustrated 
by instances given by Mr. Acworth. Many persons 
consider that because a line is cheap to make, it 
necessarily will be able to carry goods and pas- 
sengers at a lowrate. ‘There are none of the 
enormous expenses that the big companies have to 
meet,” it is said ; and this is very true. But ifthe 
enormous expenses be considered side by side with 
the enormous volume of business done, it will be 
found that the proportion allotted to each unit of 
tratlic is extremely small. We will borrow one of 
Mr. Acworth’s illustrations. 

The Barry Railway in South Wales is 29 miles 
long, and has a capital of 2,658,7341. The Pembroke 
and Tenby line, on the other side of Swansea Bay, 
has identically the same mileage, but the capital 
is only 447,263/. The Barry line carries 5,650,000 
units of traffic, the Pembroke and Tenby only 
400,000. Therefore, although the Barry Railway 
has to pay interest on six times the capital of the 
Pembroke and Tenby, it has 14 times the traffic 
from which to draw income for the purpose. In 
regard to working expenses, we are told that on 
maintenance of roads Barry spends 13,5001., the 
Pembroke and Tenby only 2705/. ; but per unit of 
trafic the figures are .57d. and 1.62d. respectively. 
For locomotive expenses, repairs, and renewals of 
rolling stock Barry spends 25,700/., the Pembroke 
and Tenby 57001. ; per unit of traflic this is 1.1d. 
to the former and 3.4d. to the latter. Traffic 
expenses cost the Barry 15,694I., and the Pembroke 
and Tenby 2876l., which is .6d. for the Barry and 
1.23d. for the Pembroke and Tenby. The general 
charges of the Barry are 8515/., or .3d. per unit of 
traffic, and for the Pembroke and Tenby 1856I., or 
1.1d. per unit of traffic. Mr, Acworth gives other 
instances illustrating the relatively cheaper con- 
ditions under which traflic can be carried on on 
more important lines, but the abcve will serve our 
present purpose. 

It is idle for agriculturists to make a com- 
parison between what light railways are likely to do 
for them and the conditions that exist on the big 
lines. The point to consider is whether such rail- 
ways or tramways will be an improvement of exist- 
ing conditions. If the cost of transit can be 
relieved at all it will be an advantage, although it 
may not reach an impossible ideal. 

In discussing matters of this nature we are all 
apt to miss points important, it may be vital, in 
themselves, although they do not lie on the surface ; 
and it is here that an acute and well-informed 
observer like Mr. Acworth does such good service. 


the trunk lines are, from many points of view, the 
proper bodies to construct the light lines that will 
be feeders to their main systems. A sufficient 
reason that they have not taken up the duty until 
now is obviously the excessive Board of Trade re- 
strictions, which entail such heavy costs to no pro- 
fitable end. It is, perhaps, hardly an exaggeration 
to say that if American railway enterprise had been 
under the rule of a Board of Trade like our own, 
half the settled area of the country would now be 
undeveloped. In spite of the many reasons why 
the great company occupying a district should be 
the organisation which should construct the feeder 
lines, there are other reasons on the opposite side, 
and there are also reasons why the business is likely 
to remain undeveloped if left to the initiative of 
the great railway companies. A gentleman, during 
the discussion at the Surveyors’ Institution on 
Mr. Pain’s paper, seriously proposed that an Act 
should be passed compelling the big railway com- 
panies to construct light lines, whether they wished 
to or not, if called on by the local authorities. 
It is hardly to be supposed that the Legislature 
would sanction such a high-handed proceeding 
as this, and yet, as Mr. Acworth says, we could not 
expect an adequate development of light railways 
to take place if the matter were left solely in the 
hands of the great companies, and that for more 
than one reason. The first, and, perhaps, the 
most weighty, would be ‘‘ sheer lack of attention.” 
Railway managers, as we all know, and as Mr. 
Acworth points out, are a very hard-worked race. 
‘*The wholesale traffic of the main line is of vital 
importance, and the butter-and-egg traffic of Little 
Pedlington can only be of infinitesimal importance 
by comparison. We cannot in reason expect that 
the general manager of a great company will spare 


negotiating with its inhabitants and smoothing 
away the obstacles caused by their possibly some- 
what exaggerated apprehensions.”’ There are also 
the complications that would be introduced by over- 
lapping interests where two or even three big lines 
serve one district, and Mr. Acworth givesillustrations 
on this point from the apparently inexhaustible mass 
of precedents out of which he never fails to draw 
something apposite to the matter in hand. 

The cost of junctions is likely to be a fruitful 
source of controversy when these new light railways 
come to be constructed. The big companies have 
the strength of being in possession. A company’s 
property is its own, and it seems on the face no 
more than justice that the existing company should 
say, ‘‘ We are content as things stand, but if you 
want a junction you must pay for it.” One cannot, 
however, apply the same rules to the property of a 
corporation like a big railway company as to that 
of an individual. In the first place, the railway 
company became possessed of its property in virtue 
of special legislation, on the plea that the taking of 
land, with or without the original proprietor’s con- 
sent, was for the public good. The law which 
railway promoters so strenuously supported half a 
century or more ago must hold good in the present 
day, and their successors cannot, therefore, com- 
plain if they have it applied to them now. Mr. 
Acworth also found for us an example on this point. 
It was a junction between a large company and a 
small one, which was only used for one hour 
in the day, and solely for goods traffic. The 
small company was called on to pay the sum of 3301. 
per annum, an amount which exceeded by more 
than 60/. a year the whole of its receipts for the 
goods exchanged between the twocompanies. In 
the case of the Southwold line, practically though 
not technically a light railway, Mr. Pain, who is 
the managing director, stated that through the 
junction with the Great Eastern a traffic passed 
which was worth 12,0001. a year to the big com- 
pany and only 36001. a year to the small one. 

In a former issue* we dealt with the report of 
the Committee appointed by the Board of Trade 
Conference of December 6 last to consider the 
bearing of the Board of Trade regulations, and the 
legal procedure in regard to light railways and 
their promotion. It was suggested in the main re- 
port that ‘‘the recent creation of popular local 
authorities opens the door of escape from the great 
cost attending applications to Parliament.” In our 
article we expressed an opinion that the large 
powers thus proposed to be vested in the local 
authorities would not be conferred without a large 








Undoubtedly the great railway companies owning 
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measure of opposition. This forecast has already been 
amply fulfilled, and, indeed, more arguments have 
been brought against the extension of the authority 
and responsibility of county councils than we had 
in mind when we wrote the words above quoted. 
Mr. Pain, whose experience enables him to 
speak with high authority, considers the transfer- 
ence of power would be of doubtful advantage, par- 
ticularly in cases where the line is situated in more 
than one county, and he advocates, in preference, 
extensive modifications of the existing machinery 
for acquiring powers for the construction of these 
lines. He would cut down the scale of prelimi- 
nary advertisement ; now so heavy and unneces- 
sary a burden on small undertakings. He is of 
opinion that one notice in a local paper and one in 
a London paper would be sufficient. The Parlia- 
mentary deposit should be at the rate of 2} per 
cent. instead of 5 percent. The scale of fees pay- 
able during the passing of the Bill should be 50 per 
cent. less than that now in force. The 2s. percent. 
Inland Revenue tax should be repealed. Interest 
should be paid out of capital during construction, 
or shares should be issued at a discount. Debentures 
should be issued to the extent of half the amount 
of ordinary share capital. On the opening of the rail- 
way a rate should be levied on all property benefited 
equal to one moiety of the improved annual value 
arising from the orening of the railway ; such rate 
to cease after 3 per cent. had been paid for three 
consecutive years. A Board of Trade umpire to 
settle all cases of disputed compensation in the 
acquisition of land. The company to be at liberty 
to give a rent charge in lieu of cash for compensa- 
tion. The Board of Trade to have power to relax 
the present requirements in regard to permanent 
way, signalling, platforms, station accommodation, 


much time and trouble for considering the possi- | level crossings, speed of trains, rolling stock, the 
bilities of the Little Pedlington branch, and for | application of materials that have before been 


used, mixed trains, and continuous brakes. No 
passenger duty to be paid. Mr. Pain would also 
propose that opposed Bills should be referred to a 
Joint Committee of Lords and Commons ; at any 
rate in case where the capital to be authorised is 
under 50,0001. 

We have given Mr. Pain’s proposals in very 
brief abstract, but have doubtless said enough for 
our readers to gather their general drift. It 
will be seen that they contemplate some very 
radical changes in the procedure now exist- 
ing; but as that procedure is cumbersome, 
obstructive, and immensely costly, drastic 
measures are necessary. The point that will 
probably be most debated will be the ‘‘better- 
ment clause,” by which property _ benefited 
is to be taxed. Mr. Pain recognises that this sug- 
gestion ‘‘may perhaps be considered ill-timed in 
the present depressed state of agriculture.” He 
argues, however, that ‘‘ few will dispute the advan- 
tages gained by levying rates for roads, sewers, 
water works, arterial drainage, &c. ;”’ in fact, Mr. 
Pain brings forward the unanswerable argument 
that if one enjoys conditions necessary to civilisa- 
tion one should pay something for their mainten- 
ance. The question whether light railways are, 
like roads, sewers, water works, and drainage, con- 
ditions necessary to civilisation, may be open to 
discussion, but it is one which, like other questions 
of the kind, must be settled by the majority. 
Another argument in defence of taxing property 
for light railway purposes is that such railways 
will relieve the traffic on ordinary roads, and 
therefore existing rates will be lightened to that 
extent. It has, for instance, been found in Ireland 
that roads which cost 6s. per rod for maintenance 
before a light railway was constructed have since 
cost but 1s. 5d. perrod. From this point of view 
Mr. Pain’s proposal is eminently reasonable, espe- 
cially as he would only rate such betterment at one- 
half its value, and would distribute the burden in 
accordance with the actual advantages gained by 
the districts rated. The practical difficulty would 
be assessing these advantages. The task of deter- 
mining an equitable ratio is one not to be envied. 

_ Mr. Pain’s proposal to rate property in aid of 
light railways by no means received unanimous 
support at the meeting of the Surveyors’ Institu- 
tion ; a body above all others competent to speak 
on this subject. Mr. Martin, a Fellow of the 
Institution, who has the authority of long ex- 
perience to support his opinions, doubted whether 
the construction of light railways could ever be 
materially assisted in this manner. He held that 
the only justification for spending public money 
on light railways was that they would help to 
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restore the prosperity of agriculture. That, as we 
pointed out in our former article, is a national con- 
sideration, The local rates Mr. Pain proposes 
would be placed upon districts least able to bear 
them; because these railways should naturally be 
constructed where agricultural distress is most 
pronounced. Not only would that be the case, but 
the chief burden, Mr. Martin holds, would fall on 
those now most heavily pressed. The farmers 
‘‘ are assessed on the rental of their farms —_ 
5001. or 6001. a year), and they, therefore, usually 
pay the larger share of the rates in rural parishes, 
though not probably making as much _ profit 
as the village timber merchant or shopkeeper, 
who, perhaps, pays on an assessment of 40/. or 501. 
a year, while the latter would actually reap more 
benefit than the farmers from the light railway.” 
This point opens up a far wider wrong done to 
the agriculturist than is included in the economy 
of light railways, and the point is one that should 
be borne in mind. Nevertheless, if we understand 
Mr. Pain’s proposals rightly, they would not be 
subject to the objections urged by Mr. Martin. As 
we have said, the difficulty would be in carrying 
these proposals out. ; 

Mr. Pain’s suggestion that it should be optional 
with the railway company to give a rent charge on 
earnings in lieu of money for compensation, did not 
pass without criticism at the meeting, and, indeed, 
this seems the least defensible of the author’s 
suggestions. Weare told on all hands that these 
light railways will possibly not pay ; they may not 
even pay working expenses. The case of a land- 
owner, possibly having property near the terminus 
and close to an existing line, having to accept 
doubtful security for his property, is altogether 
a new suggestion. Such a course might mean 
the ruin of an individual, for all owners of land are 
not the wealthy magnates of popular imagination ; 
indeed, the purchase of land was, until recently, 
a favourite form of investment for widows and 
children. In any case we agree with Mr. Martin 
that no one should be exposed to such risk merely 
because he happen to have his money in land 
instead of personal property. We do not suppose 
Mr. Pain would suggest that timber merchants, 
engineering contractors, or steelmakers should 
be compelled to supply permanent way or rolling 
stock, and take payment in the shape of a rent 
charge on the gross earnings at 3 per cent. on the 
purchase money of the goods. 





SHORT AIR-SPACE DYNAMOS. 


In England it is the custom to wind the coils of 
a dynamo armature on the outside of the core, and 
it is the exception to place them in slots or tunnels 
in the body of the core. In America, on the con- 
trary, the practice is the reverse of this, slotted 
armatures being almost universal. It is apparent 
to every one that much greater mechanical security 
is obtained when the conductors are laid in re- 
cesses, which support them for their entire 
length against the severe tangential strains to 
which they are subjected, than when they are 
laid on the outside of a plain cylinder, and that, 
further, the wires run less risk of abrasion and other 
damage when they are inclosed. These advantages 
have, however, been more than counterbalanced, 
in the opinion of English electrical engineers, by 
the greater tendency to sparking at the commu- 
tators exhibited by slotted armature machines. The 
enormously high standard of excellence in dynamo 
machines enforced in this country, by consulting 
engineers, has obliged makers to keep to those 
methods that give the most perfect results on trial, 
and hence they have been prevented adopting 
economies in material and workmanship that are 
often possible in America, and also on the Con- 
tinent of Europe. 

When the armature conductors are buried, the 
core can run almost in contact with the field 
magnets, and the resistance to the passage of the 
lines of force is greatly decreased. This reduction 
of the air space permits the size and power of the 
field magnets to be reduced also, and enables a 
machine of a given power to be built more cheaply. 
Natually there have been many attempts to realise 
these conditions in this country, but, so far as we 
know, with very little success, until Mr. W. B. 
Sayers, of Glenwood, Bearsden, Glasgow, took up 
the subject. Some two years ago he read a paper 


on “ Controlling the Sparking in Short Air-Space 
Dynamos” before the Institution of Electrical En- 








gineers,* and attracted a great amount of attention 
to his methods, which received much commenda- 
tion. Since that time about 100 machines have been 
built on his plan by Messrs. Mavor and Coulson, of 
Glasgow, with uniform success, and, in addition, 
several leading firms of dynamo makers have taken 
out licenses under his patent, although so recently 
that they have, as yet, done little in the matter. 
During the present session Mr. Sayers has read a 
supplementary paper before the Institution, the 
reading and discussion occupying the evenings of 
the 14th and 28th ult: In this paper, which we 
print in full on page 325 of this issue, he has 
explained that his previous machines were not 
capable of being run in either direction, but that 
this imperfection has now been met by the use of 
double commutator coils. 

As it is a considerable time since Mr. Sayers’ 
first paper appeared, it will, perhaps, be well if 
we give a short account of its objects. 

When a dynamo is at work the current circulat- 
ing in the armature coils magnetises the core at 
right angles to the line of magnetisation caused 
by the field magnets, and tends to demag- 
netise the horn of the pole-piece toward which 
the coils move, and to intensify the horn from 
which they recede, with the effect that the 
axis of commutation is displaced forward. The 
current in the armature coils further causes a 
weakening or reduction of the magnetic field 
generated by the field magnets, and this reduction 
may be expressed as the equivalent of so many 
negative ampere-turns applied to the magnets, 
that is, a part of the winding of the field is 
rendered useless by the action of the armature. 

The greater the lead given to the brushes in a 
generator, the greater the demagnetising effect of 
the armature current. But if the displacement be 
in the opposite direction, that is, be a backward or 
negative lead, the magnetising effect of the arma- 
ture currents will tend to assist the magnetisation 
of the core. Drs. J. and E. Hopkinson have 
shown that with a backward lead a dynamo can 
excite itself by means of the armature currents 
only, but that in such cases of negative lead 
there is a destructive amount of sparking. 

As each coil of the armature passes the brushes, the 
current in it is reversed, and it is important, in order 
to secure absence of sparking, that the break should 
occur when there is no current circulating in the coil. 
The coil must, therefore, be so situated in relation to 
the field that it is not cutting any lines of force at 
that moment, or else there will be an electromotive 
force in it. Even if the electromotive force be 
small, the current will be large, because when the 
two collecting bars to which the ends of a coil are 
connected are both in contact with the brush, the 
coil is short-circuited for an instant. In relation to 
this subject Dr. Thompson has written :t 


‘* Even if the induction at the moment of short-circuit- 
ing is zero, still short-circuiting produces a reaction. The 
ideal arrangement is stained if the brushes be shifted 
just far enough beyond the point of maximum electromotive 
force that, while the sections pass under the brush and are 
short-circuited, they should actually be beginning to cut 
the lines of force and have a small negative electromotive 
force induced in them ; and this action should last just so 
long in each successive section as to stop the current that 
was circulating and start a current in an opposite 
direction, and let it grow exactly equal in strength to 
that which is circulating in the other half of the armature, 
which it is then ready to join. If this set of conditions 
could be attained, there should be no sparks.” 

Mr. Sayers explains the matter by the analogy 
of inertia in a steam engine. Just as the piston 
and moving parts need to be brought to rest by 
compression, and started on the return stroke 
ahead of the crankpin to prevent knock, so the 
current in each coil of an armature needs to be 
stopped by a reverse pressure, and sufficient pres- 
sure applied to overcome the self-induction of the 
circuit before the coil is detached from one circuit 
and connected to the other in which the current 
flows in the opposite direction. 

Mr. Sayers works with a backward lead on his 
brushes, and, as already pointed out, machines so 
arranged will, under certain circumstances, run with- 
out any winding at all onthe field magnets. This is 
an extreme case. As a rule, he winds his field 
magnets, but to a less extent than is usual, for he 
not only saves the equivalent of the negative 
ampere-turns, but he also gets a positive benefit 
from the armature winding, while the resistance of 
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the magnetic circuit is greatly reduced by putting 
the coils into slots in the armature coil, and thus 
reducing the width of the air gap between the 
magnets and the armature core. In order to render 
all this possible, he provides special coils, called 
commutator coils, wound on the armature among 
the other coils, for the purpose of providing the re- 
quisite electromotive force for reversing the current 
in each section as itcomes under the brush. These 
commutator coils are not connected up together, 
and are idle except at the exact moment when 
their services are required. As each section of the 
coramutator comes under the brush, the correspond- 
ing commutator coil which is connected to it, is the 
seat of an electromotive force which acts first to 
draw the current from the main winding through 
this coil, and then to stop it again, the commutator 
segment breaking contact with the brush just at the 
moment when the current through the commutator 
coil in question is zero, whereupon the break takes 
place, absolutely without sparking. This somewhat 
elementary explanation will, we believe, render 
Mr. Sayers’ paper more intelligible to those of our 
readers who do not carry his former paper in their 
minds, and we can now proceed to the discussion. 

Mr. Sayers’ paper was printed and distributed 
before the meeting, and was then taken as read. 
It did not appear from the discussion, however, 
that the members generally had made themselves 
acquainted with its contents, and as the illustra- 
tions were not circulated, it is difficult to see how 
they could do so. Probably the time wasted by 
irrelevant remarks exceeded that which would have 
been necessary for the reading of the paper. The 
author’s vivd voce descriptions of the diagrams were 
certainly quite as long as his paper. 

The President, Mr. R. E. B. Crompton, moved 
a vote of thanks to Mr. Sayers, complimenting 
him highly on his success in getting over the 
acknowledged difficulties in connection with short 
air-space dynamos. 

Mr. Andersen said that Mr. Sayers’ machines 
were 25 per cent. lighter than the ordinary type, 
but that the cost for labour was greater. He put 
down the net saving in expense of construction at 
10 per cent. Mr. W. M. Mordey criticised several 
of the terms employed by Mr. Sayers. He did not 
think that ‘‘keeper’’ was a correct expression for 
the field magnets without winding; ‘‘regenera- 
tive” was not a suitable description for the arma- 
tures, nor was ‘‘blades” an improvement for 
‘‘sectors” in a commutator. It was a clever adap- 
tation of the machine to make it run both ways, 
but it required twice as many commutator coils. It 
was not advisable to carry the reduction of the 
number of sectors in the armature too far, because 
that gave rise to a pulsating current, and the 
induction in the outside circuit set up sparking. 
Mr. H. A. Mavor said it wes a great credit to Mr. 
Sayers that all the 100 machines made on this 
principle had worked well without alteration, in- 
cluding the first. Two sections of grooves were 
shown on the diagrams, but other forms had been 
tried, and found satisfactory. These machines ran 
well in parallel. He had seen a pair of 80-kilowatt 
machines so running without difficulty ; indeed, the 
station engineer said they ‘‘ were greedy for the 
load.” Each machine had its own engine, and if 
one took too much lcad the engine tended to pull 
up. There was a difficulty, however, in running 
two machines off one shaft. They could, however, 
have put back turns on to the magnet to bring down 
the characteristic. The position of the brushes 
was not absolutely fixed ; one position sufficed, 
however, from half to full load. He thought 
‘* direct flux” a better term than ‘* regenerative.” 

Mr. H. Ravenshaw agreed that this was the best 
invention in dynamos of the last few years, but he 
thought that the author put his extra copper in the 
wrong place, that was in the armature, where the 
effect was complicated and unmechanical. He had 
himself made some experiments with crossfield 
dynamos, and he had affixed a diagram of one on 
the wall. He had wound his crossfields so that he 
could excite them separately, and had then varied 
the current in them. Eventually he got the 
machine to work absolutely without sparking. 

Mr. Horace Parshall, who was very imperfectly 
heard, referred to some sparkless dynamos at the 
Chicago Exhibition. He thought Mr. Sayers 
effected some saving in weight, but not much over 
modern machines ; the copper in the armature was 
excessive. Mr. W. B. Esson said that he used to 
make slotted armatures 10 years ago, the clearance 
being one-third the width of the slot, and there 
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was no sparking. The air gap should be enough to 
prevent heating of the pole-piece, and no more. As 
a manufacturer, he wanted to know more about the 
cost of these machines. It seemed to him that 
alterations in size would involve great expense in 
the alteration of patterns. The extra coils were 
also expensive to fit. The great thing was to save 
labour. 

Mr. G. L. Addenbrooke had seen these machines 
under test at Belliss’s, and in Glasgow. A large 
number had been made and run, and he believed 
they would provea great advantage to users. Some- 
thing of this kind must be adopted on account of its 
mechanical advantages. The size of the machines 
was greatly reduced ; the 80-kilowatt machine was 
almost a toy in size. The fixing of the brushes 
in one place had not yet been attained, but the 
arc of movement was small. 

Mr. C. C. Hawkins had also seen the 80-kilo- 
watt machine on full load, and could bear witness 
to the efficiency of the extra pole. The chief ob- 
jection to it arose from the magnetic leakage it 
entailed. Another point of importance was the re- 
duction in the number of commutator sectors. 
He thought this would be an improvement in large 
dynamos, but the number should not be less than 
30. Generally the requirements pointed to from 
60 to 72. The efficiency claimed seemed high, but 
from 91 to 95 per cent. for the dynamo seemed 
reasonable. A calculation of the loss of watts 
showed a remaining efficiency of 95 per cent. The 
power required to revolve the armature in the 
excited field had been measured, and the eddy 
current loss was found not to be large. He doubted 
how far this result could apply to full load working, 
owing to the massing of the‘ lines of force. In 
ordinary dynamos it was necessary to add 25 per 
cent. to the results of an idle test to make them 
applicable to full loads. 

"he discussion was then adjourned until Feb- 
ruary 28, when Dr. Silvanus Thompson was the 
first speaker. 

He congratulated Mr. Sayers on the progress he 
had made, and the Institution on having such a 
valuable paper laid before it. There wasa main 
line of ideas in the author’s work, diverging in two 
directions, viz., (1) to prevent the spark on the 
breaking of the circuit, and (2) to rearrange the 
dynamo to get more out of the iron and copper it 
contained. By reducing the spark he was able to 
use the armature to magnetise its fields. The old 
method was to give lead to the brushes. There 
were also other devices employed without putting 
the brushes forward, because this plan tended to 
cross-magnetisation and to demagnetisation, and 
thus spoiled the machine. It had been proposed to 
use an air blast to blow out the spark, and also to 
use an auxiliary field for the same purpose. 
Messrs. Esson and Swinburne had proposed 
auxiliary poles, and Mr. Sayers had suggested 
notching the pole-piece to produce a change 
in the magnetic field. Then there was the 
method of Ryan, of cross-compounding by winding 
a series coil over the armature to compensate 
for its magnetising effect. This had been em- 
ployed in America, but not in Europe. I[t had two 
serious disadvantages ; it complicated construction 
and interfered with ventilation and access. It had 
formerly been objected to Mr. Sayers’ machine 
that it would not reverse, but this difficulty had 
been removed. He used a drum armature—was it 
possible to use a ring armature? Would it not 
require an auxiliary drum-winding for the armature 
coils?) Dr. Thompson wanted to know if any one 
had experience in running a commutator in oil 
to prevent sparking, or with Hutin and Leblanc’s 
apparatus, which was a stationary squirrel cage of 
copper wire surrounding the armature ; this they 
used in an apparatus for commuting alternating 
into continuous current. When in America in 1893, 
he found that not 5 per cent. of dynamos had 
smooth armatures ; that style was obsolete in the 
United States. In what cases, other than train 
lighting, was it required to run a machine both 
ways? He doubted whether it was worth the com- 
plication to provide for the eventuality. The ma- 
chine constant Mr. Sayers had given in his paper 
had a physical meaning; it was the torque. It 


was natural that the torque should be proportional 
to the magnetic field. He had hoped that the 
author would have said something about continuous- 
current transformers, as he had used them. The 
speaker thought that the weight of the 80-kilowatt 
machine was fairly high. Asa motor it weighed 
67 lb. per horse-power ; modern polyphase motors 





were only 25 lb. per horse-power, and we ought todo 
better than 67 lb. with direct current. The func- 
tion of a dynamo was to produce variations of 
mutual induction between two coils. The coeffi- 
cient of mutual induction between two copper 
coils, if a fixed amount of energy were lost in them, 
was a maximum if they were divided into equal 
parts, and had equal weights in the two windings. 
Something the same was true in dynamos. Could 
it be advantageous to put all the copper on the 
armature ? 

Dr. du Riche Preller observed that one of the 
advantages claimed for the author’s machine was 
its lightness. But a reduction in weight was 
not necessarily a reduction in cost. As a basis 
of comparison he would give some figures of 
dynamos constructed by Mr. C. E. L. Brown. 
Mr. Sayers’ 80-kilowatt machine weighed 3} tons, 
or 100 lb. per kilowatt. Mr. Brown’s 60-kilowatt 
machine weighed 2.7 tons, or 90 lb. per kilowatt, 
while his 90-kilowatt machine (four-pole) weighed 
3.3 tons, or 901b. per kilowatt. The Thury dynamo, 
which was a clumsy construction, weighed 110 lb. 
per kilowatt, and the ordinary type of Brown 80- 
kilowatt machine (four-pole), 4.5 tons, or 127 Ib. 
per kilowatt. This could be greatly reduced for 
special work. It had a tunnel armature, with an 
air space of 8 millimetres, and ran absolutely with- 
out spark. The efficiency of the author’s dynamo 
was put down at 96 per cent.; it might be that on 
test, but would it be so daily? The efficiency of the 
Brown machine was 93 per cent., and the loss in the 
armature copper 2 per cent. 

Mr. Evershed said the question to be solved was 
how to get commutation sparklessly. It was not a 
question of getting rid of the spark. The real 
problem was how to move a coil from one circuit 
to another with a current in it in the opposite 
direction. It was necessary to get rid of the 
energy in the coil. First the coil was short- 
circuited ; then there was induction threading it, 
which must be got out by putting in induction in 
the opposite direction. The current was first zero, 
and then began to rise to the exact strength of the 
current flowing in the other circuit. If this condition 
of affairs obtained, there was sparkless commutation, 
How was the opposite induction to be obtained ? 
A place must be found where the induction was of 
the right kind. The only difference between the 
various methods proposed was the means of obtain- 
ing the induction. Mr. Sayers preferred to take 
his coil to the induction, and as he did not want 
back turns, he used an extra coil and placed it under 
the pole. This seemed more complicated than the 
use of a reversing pole-piece. There might bea 
decrease of weight, but it certainly involved more 
labour and more risk of breakdown. The invention 
was admirable, but he feared too complicated. The 
full benefit of sparklessness could only be obtained 
when there was not more than a mechanical clear- 
ance between the armature and the field. But 
there must be a large clearance to avoid eddy cur- 
rents. Mr. Evershed then explained that it only 
required an instant for a coil to pass the spot at 
which reversal took place, and that if all the coils 
were not exactly of the same size, some of them 
must spark. What was wanted was to make the 
pole-pieces of such a shape that the current re- 
mained constant for a sensible time, and this gave 
greater latitude for commutation. 

In summing up the discussion, the President said 
he thought there had been a tendency among some 
speakers to undervalue Mr. Sayers’ invention. 
Slotted armatures gave many advantages, both 
from a mechanical point of view, and also in 
economy of copper. He joined issue with Dr. 
Preller in his comparison between the dynamos of 
Sayers and Brown. Mr. Brown supplied a dif- 
ferent market from our own, and had not to comply 
to such a high standard of efficiency. A figure of 
merit of 97 per cent. was not known or called for 
on the Continent. If it were, Mr. Brown would 
have to make his machines heavier. The object of 
Mr. Sayers’ invention was to reduce the cost of 
dynamos without setting up sparking. 

It was growing late when Mr. Sayers commenced 
to reply to his critics, and as his style of speaking is 
neither rapid nor condensed, he had not half con- 
cluded his speech 10 minutes or more after the 
usual time of closing. Seeing that another half- 
hour would be required, the President then 
asked him to write out his further remarks and 
send them to the Secretary for insertion in the 
Journal. Mr. Sayers commenced by denying that 


as suggested by Mr. Anderson, peneet the propor. 
tions he had laid down were followed. He used the 
phrase ‘‘slotted or tunnel armatures,” because 
he began with the tunnel variety, and then cut a 
slot along the crown of the arch to reduce the self- 
induction of the conductors. As to his device for 
coupling machines in parallel, such running did not 
depend on forward coils, but upon the characteristics 
of the machines. If they had rising characteristics, 
the dynamo that chanced to get the greater part of 
the load took a greater and greater share until the 
other had nothing to do, whereas if the characteris- 
tic fell, the more heavily loaded machine, imme- 
diately shifted the excess burden to its fellow. As 
to the weight of the machine, Mr. Andersen gave 
85 cwt., against the speaker’s 62 cwt. Mr. 
Parshall said the machines of his firm were 
of about equal weight to his, while Dr. Preller 
quoted rather lower figures than the speaker had 
attained to. Possibly some of his critics referred 
to four-pole machines, which could be built much 
lighter than two-pole ones. The speaker’s own 
observation was that his machines were only five- 
eighths the weight of other people’s, and hitherto 
he had given them an abundant margin, as in 
introducing a new pattern he had been most 
anxious not to imperil its efficiency by undue 
economy. In the future he looked forward to re- 
ducing the weight to one-half the ordinary amount. 
The doubling of the commutator coils allowed of the 
use of the auxiliary poles shown on the diagrams ; 
their use was to increase the efficiency of the com- 
mutator coils by 75 percent. In the 80-kilowatt 
machine he had taken full advantage of this. It 
was a means of increasing the output of a given 
weight, because the amount of current that could 
be commuted was increased by 75 percent. By 
putting more copper on the armature he could in- 
crease the output to 120 kilowatts, because the 
increased load did not destroy the reversing field. 
This was one of his chief advantages. It was not 
possible to put on so much current as to destroy 
the reversing field, whereas the contrary was true 
in the ordinary machine. The output of his ma- 
chine did not depend on the total induction, or 
upon the mass of the iron. The self-induction of 
the slotted armature was proportional to its length, 
and as the armature was shortened, the self-induc- 
tion was reduced, while an increase of diameter 
did not reduce the reversing effect of the pole- 
pieces. As to the plan shown in Mr. Ravenshaw’s 
diagram, it would require as much copper on 
the auxiliary pole-pieces as on the whole of the 
speaker’s machine. Mr. Parshall’s method of 
avoiding sparking was by the use of a very stiff 
field, but he doubted if the sparklessness were 
absolute. In reply to Mr. Evershed, the speaker 
pointed out that it required a minimum electro- 
motive force to produce a spark, perhaps a quarter 
of a volt, and there was a corresponding latitude in 
the place where the break could take place. A 
variation of j,in. in the position of the brush in 
his machine did not matter. In reply to Dr. 
Thompson, he had seen at the Telegraph Construc- 
tion Works a commutator designed to run in oil, 
but it was not successful. He had also done some- 
thing similar to Hutin and Leblanc’s device, that 
is, he had placed a thick bar of copper over the 
place where the current was being reversed. 

At this point the President declared that the 
available time was expended, and the meeting was 
accordingly closed. 





THE LATE MR. ALFRED GILES. 

At the advanced age of 79 years, Alfred Giles 
quietly passed away at his residence, 21, Grosvenor- 
place, S.W., late on Sunday evening, to the great 
regret of his many friends. This regret is, 
however, tempered by the memory of a life well 
spent in doing work for the good of the coun- 
try and particularly of the town with which 
Mr. Giles was associated. His father was an 
engineer, and in early years assisted Rennie in 
his river surveys, which still are accepted as ser- 
viceable; and later he was engaged in various 
railway and harbour works, the most important of 
the former being the Newcastle and Carlisle Rail- 
way, and of the latter the construction of the 
North Wall at Dublin, and the Southampton Har- 
bour and Docks, with which father and son were con- 
nected for some 70 years. What more natural, 





therefore, than that the subject of our memoir 
when he left the Charterhouse School should enter 


slotted armatures led to heating of the pole-pieces, ' the profession followed by his father, and which at 
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that time was about the most seductive in Eng- 
ov was the first department taken up 
by young Giles, and he was engaged on the London 
and Brighton line when but 17 years of age. 
Thereafter for two or three years he worked on 
several of the lines which were so enthusiastically 
and vigorously pursued in the fourth decade. In 
after years he was wont to tell how simply, yet 
how accurately, the surveying and levelling was 
done with the old staffs. Then they managed 12 
miles a day ; but whereas now we aim at accuracy 
to the extent of a thousandth of an inch to the 
mile, they were satisfied if they got within an inch 
in 10, 20, or even 30 miles. In after life, too, he 
contended that, although extreme precision in 
levels was necessary for geodetical surveys, it was 
not so very necessary for engineering work. When 
in the surveying field—and in his time he did, as 
we shall presently show, a great amount of work— 
they did not write their figures, but trusted to the 
staff-holders to move a vane up or down, and they 
depended upon that man’s movement for reading 
off the staff. Stones were put down for pickets, 
and they did not trust to the picket being carried 
down } in. by the simple weight of the staff. The 
back stations, in going up an incline, would be 
farther off than the fore stations, and if the level 
was not perfectly in adjustment, there would be a 
slight local error at the top of the incline, but by 
the same rule in going down again the error would 
be corrected. 

We have mentioned that he was engaged in 
much survey work, principally on railways, and 
without suggesting that the method we have 
described was always carried out, these surveys 
might be indicated. In many cases the work was 
ultimately carried out also by Mr. Giles. He was 
largely employed on the London and Southampton 
Railway ; later—in 1846—the Reading and Reigate 
line was for the greater part built under his direction 
and from his surveys. In later years, too, he sur- 
veyed a line from Copenhagen to Elsinore ; in 1857 
he conducted the survey of the coast from Mar- 
seilles to Spezia for railway purposes, as well as the 
inland route from Genoa, and subsequently of a pro- 
posed route for a railway from Loire to Dipentés, 
thence through Lukmanier Pass to Locarnay, a 
project which culminated in the Mont Cenis 
Tunnel route. In 1860, too, he went to Canada to 
examine into the affairs of the Great Western line 
there, and one of the results was a material decrease 
in the cost of the upkeep of the bridges. On the 
line there were four miles of wooden bridges, 
which were involving heavy cost for repairs, and at 
the same time interfering with traffic. Moreover, 
they cost 20001. a year for watching, and even that 
was not effectual in preventing loss. He recom- 
mended, amongst other changes, the reduction of 
large spans wherever it was practical, so that in 
case of accident or decay the renewal could be 
easily done. In 1863, again, he planned the rail- 
way line from Czernowitz to Lemberg in Galicia, 
which he saw completed by 1866. 

It was, however, in harbour and dock works that 
Mr. Giles was more fully engaged, especially in 
recent years. Southampton claimed his greatest 
care from the year 1838, when he became assistant 
to his father, who was engineer to the Dock Com- 
pany, and in 1847 he succeeded his father. Of 
course the work here did not entirely take up all 
his time, except when new works were in progress. 
The several schemes which have made the port so 
convenientof accessto-day, however, were carried out 
under his personal direction, with the assistance, in 
later years, of his son Alfred B. Giles, and another 
son, George F. L. Giles, who is now chief engineer 
of Belfast Harbour. The early works were described 
by Mr. Giles in papers before the Institution of 
Civil Engineers in 1846 and 1858, one of which was 
awarded a Telford medal, and the later schemes were 
illustrated and described in ENGINEERING when 
completed,* so that it is not necessary to refer to 
them in detail. 

A reference may be made to other harbour works. 
For the Danish Government he carried out new 
works, including an opening bridge and a graving 
dock at Copenhagen, and received the decoration 
of knighthood of the Order of Danebrog. The 
opening bridge presents some interesting features, 
and, in a modified form, was adopted at South- 
ampton, where the bridge is formed of two leaves 
running on wheels. The overhanging part is 
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balanced by the length of the wheels. It is opened 
by being run backwards under a vertebrated and 
self-supporting platform, which is also character- 
istic of the Copenhagen bridge. The platform is 
raised by the bridge itself as it travelled backwards. 
The ends of the bridge are fitted so as to lead 
the rollers of the platform on to the floor of the 
bridge. As the bridge opens, the load increases the 
further the bridge is moved. This is compensated 
for by the incline of the rollers, and in travelling 
back again the bridge is assisted up the incline by 
the flaps acting against the inclined ends of the 
bridge. Two dry docks at Blackwall were laid out 
by him in 1864, and harbour and dock works at 
Cuxhaven in 1870. 

Instead of offering any description of these several 
works, it will, perhaps. be more interesting to deal 
rather with the characteristics of the practice advo- 
cated and followed by Mr. Giles. In designing 
retaining walls experience led him to the conclu- 
sion that walls more frequently failed from being 
pushed bodily forward than from pressure tending 
to turn it on a pivot at its foot ; and he considered 
that this indicated a general want of weight. 
Quantity, as well as quality, was necessary. Engi- 
neers, too, often erred in not making a big enough 
base, and not putting enough toe to the walls, 
while more consideration, he always contended, 
ought to be given to the probable effect when water 
was admitted into the area, saturating the ground. 
This involved, it will be remembered, difficulties at 
Barrow and Belfast. The only way to repair a 
wall slipping forward, he held, was by a buttress 
in front of the wall and not behind. Where the 
wall was just upon a balance, instead of attempt- 
ing to strengthen it by an expensive and doubtful 
method, he thought the cheapest and simplest 
way was to dig out a certain amount of soil 
from the back of the wall and lessen the weight, 
covering up the area with a timber platform. 
Again, difficulties, he believed, often arose from 
unnecessary borings, and where it was necessary 
to make deep bores he made them as far as pos- 
sible from the difficult part of the work. 

Again, as to cofferdams, he never put in struts 
at greater distance than 6 ft., 7 ft., and 8 ft., and 
with a pressure of 25 ft. to 30 ft. head of water the 
struts were never more than 6 ft. apart. In refer- 
ence to the use of concrete, Mr. Giles, as early as 
1844, passed it to the bottom of the water through 
a trunk, and as the foundations rose the trunk was 
gradually moved so as to bring it to the top of the 
works. Concrete thus built into works was taken 
up 10 years later, and found so hard that it could 
scarcely be broken. In reference to breakwaters, 
he inclined to the view that upright walls might 


afford a better structure and necessitate less repair | scill 


than walls with a long sea slope. He maintained 
that such a breakwater could be made, but not 
with stone, and he anticipated the time when iron 
cylinders would be used, perhaps filled with con- 
crete. Sucha breakwater, he believed, could be 
founded on pierre perdu and completed at about half 
the cost of a long slope. 

Of course Mr. Giles had been engaged on other 
works. For instance, in 1852, he designed and 
constructed a new bridge over the Severn at Upton, 
and in 1865, a large bridge in Austria ; but we have 
said sufficient to show that he has done much impor- 
tant work in his threescore years of active labours. 
He was ever willing to contribute of his experience 
for the advancement of his profession. His many 
contributions to the discussions at the Institution 
of Civil Engineers testify to this, and there 
he exemplified that moral courage needed to 
describe failure, a courage which he never 
lost an opportunity of commending. If this 
practice were more widely followed, the gain 
would be incalculable. Again, he urged fre- 
quently more complete details of cost than are 
usually given, while he never omitted when oppor- 
tunity presented itself, of advocating a reasonable 
design as distinct from the tendency, as pronounced 
to-day as ever, of allowing economy in public works 
to be a subsidiary consideration. Some might, 
indeed, say that too frequently it is not considered 
at all. Mr. Giles was a familiar personality at the 
Institution since he became a member exactly 49 
years before his death, for March 3 was also the 
date of his election. In 1879 he was made a member 
of Council, and in 1893-94 was President. Of his 
presidential address, dealing with almost an octo- 
genarian’s experience of maritime progress, we had 
something to say at the time. 

But Mr. Giles’ interest was not entirely absorbed 





by the demands of his profession. He was for long 
a serviceable member of Parliament, representing 
Southampton from 1878 to 1880, and again from 
1883 to 1892 ; he was for many years a director of 
the Union Steamship Company of South Africa, and 
for 11 years chairman, during which an immense 
step was takenialike in the size and speed of the 
mail steamers of the company, also in the size of 
the fleet. But lately Mr. Giles had to relinquish 
several of his positions for the enjoyment of that 
evening of life which, by a seizure of jaundice, 
was ended somewhat suddenly, although not before 
his work was done. 





THE WEATHER OF FEBRUARY, 1895. 
THE British Islands were covered with a mantle 
of snow when February began. The month was a 
continuance of the frost which set in at Christmas, 
intensified by extreme cold and dryness. Winter 
held sway over tho land sternly and severely. Much 
sunshine enlivened the snowclad landscape, but had 
very feeble calorific effect, though aided by the dry 
winds it diminished the snow slowly and almost 
imperceptibly. The totally ineffectual thermal 
power of bright moonshine only manifested cloud- 
less skies without sufficient vapour to prevent the 
chilling of the air at the surface and thus favoured 
freezing, so that even at the end of the month 
ponds and rivers were sealed up by ice. The coun- 
try had experienced an arctic climate, defying the 
rapidly lengthening daylight. Over Europe gene- 
rally the weather has been of extraordinary dura- 
tion and inclemency. The northern temperate 
zone seems to have had unusually low temperature. 
The mean atmospherical pressure and tempera- 
ture at extreme positions of the British Islands, to 
which the Isle of Man is central, were as follows : 

















P Mean 
Mean Difference Difference 
Positions. Pressure. | from Normal. — from Normal. 

in. in. deg. deg. 
North 30.14 above 0.42 34 below 5 
South 29.99 pil 85 wo ee 
West 30.08 above .24 35 » § 
East 30.08 oo AS 31 » § 
Central 30.12 nae 32 » 9 





The distribution of snow (estimated as rain) in 
frequency and quantity, may be roughly inferred 
from the following results : 














Places. | Rainy Days. Amount. Reems me 
| 
: in, in. 
Sumburgh .. a 13 0.75 2.44 less 
LS Sql aes 4 0.45 2.26 ,, 
Valentia me 9 | 2.71 2.24 ,, 
Yarmouth .. a 17 | 1.07 0.75 4, 


The daily general directions of the winds over 
these islands give a resultant from E. by N., directly 
opposite to the normal. The winds were from 
between E.N.E. and §. till the 19th, afterwards 
chiefly from N.W. Sunshine was considerably 
above the average duration, which shows how 
ineffectual the heat of the sun is with polar winds. 
Reckoning by the weather notations, clear days 
varied between eight in the west and four in the 
east ; overcast days between 16 in the east and 7 
in the south district. Atmospherical pressure 
gains little attention except in relation to storms, 
but it must be evident that if the mean distribution 
of pressure had been foreknown, a very close fore- 
cast of the character of the month as regards tem- 

erature, winds, and snowfall could have been made. 

he much higher pressure in the north than in the 
south is indicative of persistent winds from the 
east, which at this time of the year must be very 
cold and dry, and therefore give little precipitation. 
The greatest atmospherical pressure, 30.65 in., 
occurred on the 16th; the least, 29.4 in., on the 
10th. At Greenwich on the 16th the wind attained 
17.2 lb. on the square foot ; a scathing north-east 
wind and, notwithstanding 7.2 hours of sunshine, 
the air was so dry and keenly cold as to be fatal to 
many people. 

The mean temperature at 8 a.m., Greenwich 
time, for the entire area of the United Kingdom, 
at sea level, was 33.6 deg. on the Ist, 35 deg. on 
the 4th, whence it fell to 265 deg. on the 7th, and 
rose with slight fluctuations to 40 deg. on the 28th. 
The highest temperature, 51 deg., was reported at 
Killarney, on the 28th; the lowest, minus 17 deg., 





at Braemar, on the llth. The temperature fell 
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below zero on several days at numerous stations. 
At 8 a.m., 5th, while Stornoway had 36 deg., Cam- 
bridge had only 17 deg. ; 6th, Belmullet, 32 deg., 
contrasted with Cambridge, 8 deg. ; 7th, Roche’s 
Point 37 deg., Cambridge 6 deg.; 8th, Spurn 
Point 21 deg., Loughborough minus 4 deg. ; 9th, 
Spurn Point 27 deg., Loughborough 1 deg. ; 10th, 
Scilly 38 deg., Loughborough 1 deg. ; 11th, Spurn 
Point 32 deg., York 15 deg.; 12th, Roche’s Point 
37 deg., Parsonstown 10 deg. ; 13th, Scilly 40 deg., 
Oxford 13 deg., Wick 32 deg., Nairn 10 deg., 
Spurn Point 29 deg., Loughborough 4 deg. ; 
14th, Valentia 45 deg., Cambridge 15 deg., Spurn 
Point 28 deg., Loughborough 9 deg. ; 15th, Stor- 
noway 35 deg., Nairn 12deg. ; 16th, Scilly 39 deg., 
Oxford 18 deg., Shields 38 deg., Nairn 7 deg. ; 
17th, Sumburgh Head 37 deg., Nairn 5 deg. ; 18th, 
Sumburgh Head 38 deg., Nairn 7 deg.; 20th, 
Sumburgh Head 43 deg., Leith 24 deg. On the 
8th, 1.59 in. of water from snow was measured at 
Donaghadee. Aurora was seen in north Scotland 
on the 9th. On and after the 20th thaw slowly 
took place during daylight, but freezing followed 
at night. The snow had not all disappeared in 
northern parts at the end of the month. The east 
wind had, especially on the 16th, a disastrous 
asperity ; dryness and high velocity combined to 
render the outdoor discomfort intolerable. Dust 
was raised in the streets and eddied leeward, as is 
usual in March. Deaths from exposure were occa- 
sionally reported, and an enormous amount of 
suffering resulted from the severity of the weather ; 
diseases of the respiratory system increasing 
rapidly, as influenza, bronchitis, pneumonia, 
and ordinary colds and coughs. In the week 
ending the 23rd the death-rate in the metro- 


politan district had risen to 34. Many people 
who have become victims of this terrible 
winter, will find their shattered health and 


spirits are only to be restored, if at all, by a migra- 
tion to ‘‘regions mild, of calm and serene air,” 
which they may seek in the Riviera, in Cairo, in 
Algeria, orsuch suitable health resorts. Our own 
coast stations, compared with inland places, and 
notably valleys, are always mild ; the farther from 
the sea the greater the cold in winter. 

The ice on ponds and rivers attained a thickness 
of about 10 in. by the 20th, when slight thawing 
began, but was not much reduced when the month 
ended. The only consoling idea is that the snow- 
sheet may have kept warmth enough in the ground 
to prevent much injury to vegetation. The thaw 
being gradual, there was little water to sodden the 
soil, the dry winds took the snow away. At Whit- 
stable the oyster-beds were injured by frost. In 
the Regent’s Park, the lowest air temperature, 
7.5 deg., occurred on the 7th, the lowest tempera- 
ture at 1 ft. below the surface of the ground, 
28.2 deg., occurred on the 13th, and the soil at 
that depth was frozen nearly all the month, while 
at 2 ft. the soil was never frozen, and its lowest 
temperature, 34 deg., did not take place till the 
19th. This explains why water-pipes less than 
18 in. below the surface were frozen. 

A prolonged frost disorganises the water service, 
the gas service, and the drainage service. The 
exhilarating pastime of skating can only be enjoyed 
by the young and those having leisure, an insignifi- 
cant offset against the general suffering engen- 
dered by frost. Frozen cisterns lead to water 
famine, and expectant bursting of pipes when 
the thaw fairly comes. Water must be bought 
or fetched from the “plug.” Frozen water 
meters cut off the supply of gas. Houses fitted, 
as some are, entirely with gas stoves are re- 
duced to wretched makeshifts for warmth and cook- 
ing. In such large buildings as flats, maisonette, 
and artisans’ dwellings, the stoppage of drain pipes 
by frost entails absolute misery. If it is an ill 
wind which blows nobody any good, frost is not so 
pernicious as not to bring advantage to some. 
Many find odd jobs who are at other times out of 
work. The comparatively small snowfall, to what 
has happened at times, was energetically cleared off 
the streets by the municipal authorities, so that 
vehicular and pedestrian traftic suffered little incon- 
venience from it. 

During the four weeks ending March 2, the dura- 
tion of bright sunshine, estimated in percentage of 
its possible amount, was for the United Kingdom 
34, Channel Isles 41, north-east England 39, east 
and south-west England 36, north and east Scot- 
land and south England 34, central England 33, 
Ireland 32, west Scotland 29, north-west Eng- 
land, 26. 





THE LATE MR. HYDE OLARKE. 


A MARVELLOUS range of experience, contributed 
to by extraordinary facility as a linguist, associated 
with keen appreciation of a situation, were the 
characteristics of that active career of Mr. Hyde 
Clarke which made for him so wide a circle of 
friends who now regret his demise. Upto within a 
few weeks ago, he was able to attend to his business 
in connection with those commercial undertakings 
in the City which he was mainly instrumental 
in organising, but an attack of bronchitis more 
than a month ago, overmastered him, and he 
passed away on Friday last at his residence, 32, St. 
George’s-square, at the age of 80 years. He was 
born at Sandford Manor, Fulham, in 1815, and 
early in life followed the Spanish and Portuguese 
wars, being attached to the staff of the Duke of 
Saldhana, and the work of campaigning enabled 
him, although he had no direct engineering training, 
to survey the line from Glasgow to Kilmarnock and 
Ayr, and which now forms part of the Glasgow and 
South-Western Railway Company’s system. This 
line, surveyed in 1836, was authorised by Parliament 
in 1837, the engineers being Grainger and Miller, 
the firm which by process of time developed into 
the now well-known Cunningham, Blyth, and 
Westland co-partnery. He had a faculty for 
readily appreciating the possible advantages of 
works, and early in his engineering days planned 
the embankment in Morecambe Bay and works 
for the advancement of the port of Barrow. In- 
deed, in such works he took a deep interest, and 
spoke once or twice at the meetings of the In- 
stitution of Civil Engineers, while one of his 
papers to the British Association dealt with the 
subject. This was at the Southport meeting, 
when he had the satisfaction of visiting the work 
in Morecambe Bay which he had anticipated. 

In 1849 he turned his attention to the subject of 
acoustic telegraphy, and was employed to report 
on the telegraph system in India. He did not 
require to visit our great Eastern dependency, and 
his solicitude for its advancement was born rather 
of his knowledge of the languages of the East. 
So also with Turkey and Asia Minor. This 
interest in the advance of Eastern countries was 
evinced by his efforts later to extend the hill settle- 
ments and railways in India ; and he was honorary 
agent for the Darjeeling settlement. He was Com- 
missioner for the Ottoman Empire in England for 
many years, and Commissioner of Works for the 
province of Smyrna. Along with Thomas Russell 
Crampton he constructed the Ottoman Railway from 
Smyrna to Aidin, and took a prominent part before 
the Duke of Sutherland’s Committee on the scheme 
by Sir William Andrew for a railway down the 
Euphrates Valley. His linguistic abilities, com- 
bined with his engineering skill, indeed made him 
most serviceable to Eastern nations, and thus 
amongst his decorations were orders from Turkey, 
Servia, Portugal, and other nations. 

Languages, indeed, was his recreative study, and 
some service has been rendered to literature, for 
several books on philology have come from his pen, 
in addition to the work of 1858. He had know- 
ledge of about 100 languages, and the ability to 
study the historic lore and romance of the Eastern 
and other nations made him a most fascinating 
conversationalist. There were few subjects as to 
which he could not offer profitable remark. Thus, 
also, he produced many interesting books, on 
philosophical subjects, political economy, banking 
and other statistics, railways, and international 
law. Outof some 37 volumes the following may be 
mentioned to indicate the wide range of his research : 
“‘The Military Life of Wellington” in 1849, an 
‘* English Grammar and Dictionary” in 1853, and 
‘*Comparative Philology” in 1858, the latter, 
perhaps, his greatest work. 

For the City of London the subject of our memoir 
had a profound admiration. For 300 years his 
forebears, father and son, have been freemen, as is 
also his son, Captain Hyde Clarke, and to the com- 
mercial greatness of the City he contributed his 
part. When quite a young man he assisted in the 
establishment in 1856 of the London and County 
Bank, and in 1868 conceived, and in company with 
Mr. Gerstenberg carried to a successful formation, 
the Corporation of Foreign Bondholders, and for 
many years acted as its secretary, besides associat- 
ing himself with other schemes. The fact that he 
was treasurer of the Newspaper Press Fund, too, 
is but another proof of his wide range of energy, for 
| he was an occasional contributor tc several journals, 











NOTES. 
Tue Contract Price or 27-Knor Torrrpo-Boat 
DESTROYERS. 

A BLUE-BOOK just issued gives incidentally, 
hidden almost by a mass of other information, the 
contract price of a large number of the torpedo-boat 
destroyers now being constructed by private firms 
for the Navy. These vessels are about 200 ft. long, 
of about 230 or 240 tons displacement, and with 
engines of 4000 to 4500 indicated horse-power, 
attained a speed of 27 knots. Messrs. Yarrow, 
London, have built three of this larger type, 
the price for each being 37,4001. Messrs. 
Thornycroft, London, have also built three at 
36,4301. each; Palmers’ Shipbuilding Company, 
Jarrow, get 37,107/.; Mr. J. S. White, of Cowes, 
39,113/., the engines in this latter case being sup- 
plied by Messrs. Maudslay, Sons, and Field; 
Messrs. Doxford, of Sunderland, get 37,0011. Thus 
these firms average about 37,0001. ; but several of 
the large firms find it possible to do the work 
for much less. Messrs. Thomson, Clydebank, 
who have some experience of high-speed vessels, 
have done their work most satisfactorily for 34,7921., 
the Naval Construction Company at Barrow are 
to get 33,9771., and although their vessels have not 
yet been tried, there is every prospect of successful 
issue. By way of comparison it may be interesting 
to state that the French paid 30,528/. for a 27-knot 
torpedo-boat only 144 ft. long, of 123 tons displace- 
ment and 2700 indicated horse-power. The costs are 
not available for any larger torpedo-boats of the 
French ; but it is pretty evident that our craft are 
built at a very much less rate. The torpedo-boat 
Aventurier, 151 ft. long, of 148 tons displacement, 
and 1500 indicated horse-power, and 23} knots 
speed, cost the French 18,3541. ; our total fleet of 
10 first-class torpedo-boats, 140 ft. long, and of 23 
knots, cost us on an average 14,4911. each. The 
same Parliamentary book states that the contract 
price of the hull and machinery of the 14,000 ton 
cruiser Terrible, with Belleville boilers and engines, 
to give 23 knots speed, is 542,347]. Itis being built 
by Messrs. Thomson, Clydebank. The contract 
price for the sister ship Powerful, building at Bar- 
row, is 535,252I. 


THe Navat Estimates. 


The Naval Estimates for the coming financial year 
have been just issued, but the time at our disposal 
before going to press does not enable us to do 
more than refer to them very briefly, so we 
defer our usual article on the subject until 
next week. Such examination as we have made 
of the figures shows that the Government 
has not followed precedent, as so many persons 
predicted it would, in cutting down the provision 
for the Navy to a dangerous extent. How far the 
predictions referred to may themselves have in- 
fluenced the result, it would be now ungenerous to 
consider. The total net amount of the Navy 
Estimates for the year commencing April 1 next 
is 18,701,000. This is 1,334,900/. more than the 
votes for the present year amounted to, and no 
less than 4,460,900/. more than the total of 1893-94. 
Turning to the section which is of most interest to 
us, we find that in the coming financial year it is 
proposed to commence four first-class cruisers, four 
second-class cruisers, two third-class cruisers, and 
20 torpedo-boat destroyers. There will be no new 
battleship laid down during the coming year. Three 
of the first-class cruisers and all the torpedo-boat de- 
stroyers will be built by contract. The complete de- 
signs for the first-class cruisers, which, it is stated, will 
be improved Blenheims, have not yet been worked 
out. The second-class cruisers are to be 320 ft. by 
57 ft., and have a displacement of about 5750 tons. 
They are to have water-tube boilers, and the engines 
are to develop 10,000 horse-power with natural 
draught, with which it is expected that a speed of 
184 to 19 knots will be attained. The third-class 
cruisers are also to have water-tube boilers, such 
as have been fitted in the torpedo gunboat and tor- 
pedo boat destroyers. They are described as im- 
proved Barhams, being 300 ft. long and 36 ft. 6 in. 
wide. The displacementis2100tons. Themaximum 
indicated horse-power will be 7000, on which a 
speed of 20 knots is expected Adding the vessels 
already in hand, there will be under construction 
during the coming financial year 10 first-class battle- 
ships, 6 first-class cruisers, 13 second-class cruisers, 
2 third-class cruisers, 4 sloops, and 45 to 50 torpedo- 
boat destroyers. Turning to details of construc- 
tion, we learn by the First Lord’s annual report 
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that the results of trials with water-tube boilers 
have been entirely satisfactory both in regard to 
the Thornycroft boilers in the Speedy and the 
Belleville boilers in the Sharpshooter, and also in 
the six destroyers already tried. In regard to 
armour, experiments have shown that the Harvey 
plates still hold supremacy ; 12-in. wire guns have 
been tried with excellent results, the use of cordite 
is being extended, and the electric motors used in 
connection with the Barfleur’s 10-in. guns have 
worked well. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 1, 1895. 

OrpERs have been placed during the week for 7000 
box cars, 40 locomotive engines, 6000 tons of bridge iron, 
and for considerable plate, bar, and skelp. Inquiries 
have been made within a week for supplies for 
foundries, agricultural implement works, and machine 
shops. Billets are dull at 17.25 dols., steel rails 22 
dols. Girders continue in good demand. Forge iron 
is quiet at 10.50 dols., being limited to the execution 
of work in hand. Nails are quite active in all markets, 
and the hardware trade shows more activity than for 
several months. A great many enterprises have been 
put forward, and the steel makers will certainly have 
much more to do when the necessary material will be 
ordered. Railroad returns are unfavourable. The 
loss last year on gross earnings on 134,777 miles of 
road was 11.26 per cent.; loss in net earnings, 12.14 

rcent. Railway managers give it out that in all 
probability they will soon be in the market for supplies 
sufficient to impart a stronger tone to the market. 
Plate and structural mills are quietly increasing their 
volume of orders for spring delivery, but the desperate 
struggle between Pittsburgh interests and outside 
manufactures keeps prices at a barely remunerative 
point. The gold purchases have had a quieting effect 
in financial and commercial circles. 





THE APPLICATION OF ELECTRICITY TO 
WORKING SHIPS’ TURRETS. 
To THE Epiror or ENGINEERING. 

Sir,—I regret that I did not notice Mr. Hiram Maxim’s 
letter to you under the above title in your issue of 
February 22, until it was too late to send you a reply for 
this week’s number. 

I hasten now to make good this delay, and reply 
to Mr. Maxim’s letter, in which he claims as his exclusive 
property the right of employing electricity in operating 
artillery. Let me explain clearly that I have no intention 
of engaging in a controversy on the alleged similarity 
of Mr. Maxim’s —- and mine, as it is obvious 
we cannot agree on this point. Neither shall I seek after 
the motive which hasled Mr. Maxim to intervene in this 
matter. I am the more astonished that he has re- 
verted to it, because in the past it has been made the 
subject of numerous interviews and much correspond- 
ence between us, and I had every reason to suppose that 
it was definitely settled. 

Mr. Maxim a, in the winter of 1884, have applied 
electric gear to the mounting of a 38-ton gun ab oe. 
ness; that is a point that I need not consider, and far 
less discuss, everybody having an absolute right to 
employ—provided their arrangements and appliances are 
novel—electricity as an agent for manceuvring guns, and 
many engineers are to-day making full use of this right. 

It appears to me necessary, however, and once for all, 
to place these assertions of Mr. Maxim in their correct 
aspect, 

Some years ago, Mr. Maxim, accompanied by Mr. 
Symon, called upon me several times with the object of 
inducing me to introduce, and work in France, the in- 
ventions of the Maxim Company, amongst others an 
apparatus having for its object the electric manceuvring 
of guns, probably of guns that were not weak, furnished 
with hydraulic buffers that would not split. These gentle- 
men assured me in the most formal and positive manner 
that the Patent No. 168,195, 1885, secured to them a 
monopoly in France of the use of electricity for operating 
war material. I laid this claim before the best technical, 
legal, and patent authorities in France, and the result 
of their investigations was to prove, in the clearest 
manner possible, what had from the first admitted of no 
doubt in my own mind, that monopoly was wholly outside 
the question, and that everybody was at liberty to apply 
electricity to the working of guns and turrets, and that 
even if the French law had allowed such broad claim, the 
Patent No. 168,195, 1885, was not drawn up to that 
effect. Mr, Maxim’s pretensions were, therefore, wholly 
without foundation, and his rights were limited strictly 
to the ownership of the special apparatus he had described 
in his patents. 

Gonsequently I have, in collaboration with several 
electrical engineering colleagues, followed the investiga- 
tions I had already commenced on this subject, in a 
direction absolutely different from that pursued by Mr. 
Maxim. As a result of this labour, I exhibited in 1889 
a first electric training gear applied to a 15-centimetre gun. 
The arrangement shown no more resembled the devices 
claimed by Mr. Maxim than does the system we are now 
applying to the turrets of war vessels. 

As to Mr. Maxim’s statement that in 1889 he charged 
me to obtain for him an official declaration that his patent 
had been put into execution, conformably with the French 
law, it would have been a very singular engagement for 





me to undertake, considering that the Maxim patent in 
France was obtained in 1885, consequently in 1889 
the legal delay had already expired two years before. 
If, then, Mr. Maxim such great expectations upon 
this legal working, his French patent has undoubtedly by 
this time become public eee 

I wil] add a last word. Mr. Maxim claims as his pro- 
perty all the advantages resulting from the employ- 
ment of electricity as a means for operating guns and 
turrets, but he forgets that it is not the advantageous 
results that can be patented, but the apparatus necessary 
to obtain these advantages, and these only he can claim 
as his property, and nothing else. Now it is impossible 
to imagine a controlling mechanism which would not 
impart to the engine or other object it controlled, move- 
ments in the same direction in which it was itself dis- 
placed, and to a degree proportional to its own displace- 
ment. This seems to me obvious, so much so that in this 
special case with electrical apparatus, the motion is given 
in one way or another by the wire connections, and no 
inventor can prevent others from attaching wire to the left 
or right nut at will. Engineers did not wait until 1884 to 
follow this rule for various purposes, such as hoisting 
machinery, servo-motors, artillery, &c. 

Finally, and in order to close this discussion, may I ask 
you to publish, with Mr. Maxim’s authorisation, his 

tent No. 168,195, 1885, as you have already pub- 
ished mine in recent numbers of your journal, so 
that your readers may be able to judge for themselves 
of the radical differences that exist between the two 


systems? If you do this, I think that nothing more will 
remain to be said. 
Yours faithfully, 


. CANET, 
Directeur de ]’Artillerie des Forges eb Chantiers 
de la Méditerranée, 
Paris, Février 28, 1895. 





ELECTRIC TRACTION. 
To THE EDITOR OF ENGINEERING. 

Sir,—In your issue of March 1, Mr. Sturgeon claims 
that I have not yet fairly answered the points raised in 
his previous letter. 

I will endeavour, to the best of my ability, to more 
completely meet his objections. I am not conscious of 
having expressed a desire to ‘‘force American ways into 
use in this country,” but if the electric car be American, 
so also is the cable. 

Mr. Colam has come | called attention in your 
columns to the inadvisability of sweeping generalities, 
such as are contained in Mr. Sturgeon’s letter, and I 
would only add that I have never considered that the 
data which I have supplied would suffice to definitel 
determine the suitability of the electric system for eac 
individual case. It is not my intention to do more than 
to show the measure of success already attained, and to 
set forth the advantages already demonstrated. 

Mr. Sturgeon is mistaken in stating that Table IV. 
gives 20,000/. as the cost of a cable power-house and cars. 
[t states that the cost of a cable and conduit per mile of 
track is from 10,0007. to 30,000/., and that the total cost 
of a complete cable system is from 18,000/. to 50,0007. per 
mile of track. The cost of the metals and their laying is 
included in the second, not in the first figure. Greater 
space and more extensive foundations and excavations are 
required for a cable than for an electric station. A cable 
power-house must be on the line of track. An electric 
station can be located within certain limits without refer- 
ence thereto, in many cases a substantial economy. 

Mr. Sturgeon gives two tons as the weight of a cable 
car, and quoted a price of 200/. therefor. I would point 
out that in the best American cable practice, the trucks 
alone weigh over two tons, and the car bodies nearly 
three tons additional. Invariably the weight is over 
twice that given by Mr. Sturgeon. A modern cable car 
complete would certainly not cost less than 3501., instead 
of 2002. as stated by Mr. Sturgeon. The difference in 
cost between an electric and a cable car is the difference 
between motor equipment and grip gear. This could not 
amount to 500/, as stated by Mr. Sturgeon, but could 
scarcely be 200/. atthe most. It will, of course, be under- 
stood, that Iam considering in both cases the best and 
most modern rolling stock. With improved means of 
traction, improved cars should be used. Mr. Sturgeon 
states that ‘on the cable system, increasing the number 
of cars hardly affects the power at the central station.” 
This is simply absurd, as in practice the power increases 
from 4 to 10 indicated horse-power per grip car added. 
refer Mr. Sturgeon to the data given in the first column, 
page 52 ante. 

Mr. —— states that the high American fares are 
the cause of the success of American electric tramways. 
If that be so, the American horse and cable lines, which 
share equally in this benefit, owe their success to the 
same source, 

However, I may say that a large number of German 
electric roads have uniform fares of 10 pfennigs (a fraction 
over a penny), and yet earn good dividends, A glance 
at Table XXII. will show that Continental tramway 
managers are awake to the advantages of electricity. 

To again answer Mr. Sturgeon’s objections toTuble VI., 
I would say that if he takes this Table as being based 
upon a service with the lightest of motor and trail cars, 
and the average speed as eight miles an hour (as I have 
already suggested), and considers it to relate to a perfectly 
level country, the results given will still be distinctly 
good. In a future article I shall fully describe the trucks 
and cars used on American electric roads. 

T an, Sir, yours faithfull 


PHILIP a 
Westminster, March 5, 1895. 








PORTLAND CEMENT. 
To THE Eprror oF ENGINEERING. 

S1r,—In Messrs. Macevoy and Holt’s letter in your last 
issue, so characteristic of all their correspondence with 
every one—Mr. Redgrave, Mr. Spoor, Mr. Heath, and 
myself—they have forgotten to answer the only question 
I om put to them, and as doubtless they did not see it, 
I will repeat it. ‘‘ Messrs. Macevoy and Holt are re- 
ported to have said, at the Cannon-street meeting, that 
their customers knew all along what they had been mix- 
ing with their cement. May I ask if this is nob an 
‘utterly inaccurate statement ’?” 

I presume the ragshop they allude to as possessing a 
laureate must be the Kentish rag-shop at Northfieet. 

Now, Mr. Editor, no doubt your readers who desire to 
obtain their cement free from adulteration with Kentish 
rag will like to know how its presence can be detected. 
Ordinary genuine Portland cement of best quality, well 
burned and properly ground, will not contain more than 
1 per cent. of insoluble residue, nor more than .5 per cent. 
of carbonic acid, whereas the same cement to which 10 

r cent. of Kentish ragstone has been added will contain 
rom 25 to 4 per cent. insoluble residue, and from 2.0 to 
4 per cent. carbonic acid, while, at the same time, the 
proportion of lime (Ca o) will be reduced by about 2.5 to 
4 per cent., the variations being caused by the kind of 
ragstone used. Messrs. Macevoy and Holt 3 ag 
shocked at my “conservatism by the vengeance,” but I 
believe they will find engineers conservative enough to 
have a standard of what they require, and not take every 
maker’s word as to what is best. Engineers, as a rule, 
when they decide to use Portland cement in their work, 
understand by that term the ordinary genuine article 
made from clay and chalk, and desire to obtain that 
substance. 

If an addition of 10 per cent. of Kentish rag, or other 
inert substances, is to be allowed, what is to prevent 
another maker using 15 or 20 per cent., especially when 
large contracts are often lost or obtained by a difference 
in price of 6d. per ton? 

Now, with me to the addition of gypsum to Port- 
land cement ; all these cements contain about 1.5 to 1.75 
per cent. of sulphuric acid (So;), and this is combined 
with some of the lime in the form of calcium sulphate 
(gypsum), giving 2.55 to about 3 per cent. of gypsum in 
the cement, so that they already contain more than the 
2 per cent. of gypsum proposed to be added to Portland 
cement. 

Yours truly, 
Henry Ketway Bamoer, F.I.C, 

Westminster Chambers, 9, Victoria-street, S. W. 





To THE EpiTor oF ENGINEERING. 

Sir,—In reference to the everlasting Mr. Spoor’s shifty 
statements, we would ask any one who takes any interest 
in his theories and Tables to again read our letter of 
January 30. Mr. Spoor seems positively unable to believe 
that any living being could possibly prefer his own prac- 
tice and experience to Mr. Spoor’s theories, backed up by 
Tables which do not invariably support those theories. 

Mr. Spoor asks why we stated that Dr. Michiielis’s 
‘Open Letter to the German Cement Manufacturers’ 
Union” appeared to be in favour of the addition of lime- 
stone to Portland cement. This is quite in accordance 
with Mr. Spoor's usual tiresome method of carrying on a 
correspondence. Lither he suffers from a defective 
memory, or he purposely brings up the same point again 
and again, with the design of tiring us out, In En- 
GINEERING of January 11 we gave the reasons for our 
impression that Dr. Michiielis considered limestone an 
improving addition to Portland cement. Mr. Spoor 
answered that letter on J. —- so that he must have 
seen our quotation from Dr. Michielis’s pamphlet. In 
spite of this, he now says, “‘ How do they come to quote 
this pamphlet as being in favour of limestone? Perhaps 
Messrs. Macevoy and Holt will explain.” We will quote 
the part of our letter to which we refer. After remark- 
ing that it seemed probable that the German Association 
of Cement Manufacturers was formed from a certain 
number of their largest manufacturers being struck with 
the idea that if they could get their own method of manu- 
facture declared to be the only proper one, they could 
crush other manufacturers and secure a practical 
monopoly of the trade, we said, “This appears very 
possible indeed, especially as Dr. William Michiilis, 
the highest export analyst and cement authority 
in Germany, wrote a pamphlet entirely confuting the 
dogma that it is impossible to improve Portland cement 


I| by the addition of substances containing silicic acid fit 


for chemical compounds. He says that he ‘proved on 
theoretical and experimental grounds that it is possible 
to improve Portland cement by the addition of suitable 
substances.’ After giving a Table of elaborate and varied 
tests, he asks, what becomes of the assertion ‘that it is 
not possible to produce out of mixed cements a cement- 
mortar of such quality as is demanded by a normal 
test. . . . or how appears now the other dogma, that a 
good Portland cement will not be improved by the addi- 
tion of foreign finely powdered substances, such as 
silicates of lime, trass, and limestone, or other similar 
stones—but, on the contrary, that it will be spoiled? As 
can be plainly seen, these statements do not agree with 
the truth,’” 

Another specimen of Mr. Spoor’s tricky and unworthy 
method of argument is that in which he seizes upon a 
trifling inaccuracy in our last letter. We said: ‘‘ Every 
manufacturer of any sense knows that the German Asso- 
ciation of Portland Cement Makers was a trade device for 
crushing manufacturers who could not say that they used 
only chalk and clay in their manufacture, The idea was, 
of course, to cast a stigma on all other cement, however 
well it answered the purpose for which it was made.” 
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Mr. Spoor makes a great point of our having inadvertent] 

used the word “chalk” instead of “‘lime,” He is wel- 
come to his point; but the important part of our state- 
ment remains untraversed. Mr. Spoor then tragically 
says, ‘‘I have done with ‘limestone’!” We suppose, 
then, that henceforward limestone must be looked upon 
as non-existent. : 

There could be no possible objection to the formation 
of an English association if it were instituted on a fair 
basis ; but the proposed association was extremely unfair 
in its proviso. It was to bar every maker who could not 
declare that he had never used any materials but chalk 
and clay in the manufacture of his cement. It is not 
reasonable to take the chemical analysis of such a cement 
and then declare that no cement is allowable unless it 
gives this analysis. The mechanical tests for Portland 
cement should regulate what is good Portland cement. 
Otherwise there would only too probably occur the 
anomaly of a Portland cement that was better for all 
cement purposes than the old-fashioned Portland cement 
being vetoed, because it did not give exactly the same 
analysis, 

Mr. Spoor, in his last paragraph, says that he cannot 
say that the discussion has been a pleasant one to him. 
Mr. Spoor’s idea of a pleasant discussion would probably 
be one in which he made all the unpleasant statements, 
and the other parties to the controversy thanked him for 
his kindness in so doing. When Mr. Spoor further pro- 
claims, ‘‘If I could not express my opinions, nor give 
reasons for the faith that is in me, nor criticise an opposite 
view without going out of my way to annoy and offend 
and insinuate, I should for ever hold my peace,” we are 
afraid that he has condemned himself to perpetual 
silence. 

We are, Sir, yours truly, 
Macevoy anp Ho tt. 

Britannia Cement Works, Northfleet, March 6, 1895, 





THE NORTHALLERTON RAILWAY 
ACCIDENT. 
To THE Epiror oF ENGINEERING. 

Sir,—In the ‘‘ Notes” in your paper of iggy | 1, re- 
ferring to the above accident, I was sorry to see that all 
the blame of this accident was put on the driver of the 
leading engine, Adamson. As this man was unfortu- 
nately killed, and cannot, therefore, speak for himself, I 
think it is our duty to find out the truth, and I venture 
to assert that the Government inquiry has not gone far 
enough. 

If you look at the facts of the case, here we have a man, 
Adamson, of 40 years’ experience, one of the best and 
most careful drivers on the line, constantly running over 
this section, and knowing the road thoroughly, accused 
of running recklessly past signals, and causing this acci- 
dent. Now, I think that the man was evidently expect- 
ing something ; men like Adamson do not run their trains 
recklessly, and that the man was on the alert there can 
be no doubt, for the Government inspector admits that 
he reduced the speed from 60 to 40 miles an hour in about 
200 yards on hearing the whistling of the goods engine. 

It therefore seems clear that Adamson was expecting, 
if the signals were at ‘‘ Danger,” to be stopped by a fog 
signal. How do we know that Adamson or many other 
drivers have not been placed in similar circumstances 
before, but fortunately have been stop by a fog 
signal? You must also note that the signalman intended 
putting a fog signal down, but was stopped by a passed 
train. It is this a of whether a fog signal will 
be on the line or not when the signal is at ‘‘ Danger” that 
I want to point out. 

Here we have two systems of signalling. On fine days 
and fine nights when the signals can be seen, if there is 
any doubt, or if a signal is not seen, it has to be taken as at 
** Danger ;” but when a fog comes on, perhaps suddenly 
and before fogmen can be got out, a fog signal has to be 
placed on the line if the signals are at ‘*‘ Danger,” so that 
the driver, if he cannot see his signals, expects to hear a 
fog signal go off if they are at ‘‘ Danger,” and in this pro- 
bably lies the cause of this accident. Now to find a 
remedy. Of course we might say express trainsaresoseldom 
stopped by signal at night, that a fog signal should always 
be placed on the line if the signals are at ‘‘ Danger.” 

ut perhaps the simpler plan would be to alter the 
whole system of fog-signalling more in accord with the 
ordinary system of signalling by day. 

The essence of the block system is that a signal not seen 
is a signal at “‘ Danger.” Shader, I say that when it is 
not possible to see the signals, and another system has to 
be adopted—the fog-signalling—the same rule ought to 
ap ly. That is to say, a signal not heard is a signal at 
** Danger,” which means that a fog signal is to be placed 
on the line when the line is clear. In practice I should 
carry this out in this way. The distant or warning signal 
being taken off, a fog signal is puton ; this warns the driver 
that all is right, and he runs on expecting his home signals 
to be off. On running past these he hears a fog signal go 
off if they are. In this way the driver is constantly being 
warned of his exact position on the line. The only objec- 
tion that I can see to this is, that if the fog is very 
the driver may run past his distant signal at ‘‘ Danger,” 
also past his home signal in the same way, not knowing 
where he is on the line. 

Not having been on the footplate of an express in a bad 
fog, I do not know if this is possible, but I assume not ; 
and if this is raised as an objection to my plan, all I can 
say is, that under such circumstances the sooner the 
driver stops the better, which, of course, under my system, 
not having heard a fog signal off, he ought to do in 
plenty of time to keep clear of any danger if the block 
system is properly carried out. 

If this system were adopted, I think the Northallerton 


signalman had his signals at ‘‘ Danger,” and the driver 
could not see them, he would stop; but now, if signals 
are at “‘ Danger” and the driver cannot see them, he ex- 
pects a fog signal, and if by some chance the signalman 
1s prevented putting this on, or he does not get it on in 
time, the driver runs past his signals at ‘* Danger,” think- 
ing all is right. 
am sorry to take so much of your valuable space, but 
I think the safety of the travelling public by night, 
especially in very bad weather, depends much on the 
system of fog-signalling, which I venture to think might 
be improved. 
Middlesbrough. L. F. G. 





RAILWAY CROSSINGS. 
To THE EpiToR oF ENGINEERING. 

Sir,—In response to your correspondent ‘“‘ Railway 
Crossing,” a simple formula for ascertaining the distance 
he requires (vide John Lean, C.E., on “ Railway Curves ”) 
is as follows: 





Gauge of road. 


A = 
R = Radius. 
I = Ratio of intersection. 
D. D = Distance required. 
., Formula is /2R x A=D.D. 
Trusting this information will assist your correspondent, 
ours faithfully, 
March 1, 1895, RAILWAY ENGINEER. 
To THE Eprror oF ENGINEERING. 
Srr,—In reply to ‘‘ Railway Crossing’s” inquiry in 
your current number, the platelayer’s rule for determining 
the curve lead of a crossing, or distance from the spring- 


stock rail) to the nose of the crossing, measured along the 
straight, as shown in your diagram, is ‘* twice the gauge 
we 42 npheng _— of the crossing.” 

ri) = : 


Where L! = the total curve lead of the crossing. 


G = Gauge. 
I = Number of the crossing expressed as the 
cotangent. 


The curve lead, as here given, includes the switch lead 


(or distance from springing of curve to the nose of the 


crossing, measured along the straight) plus the crossing 
pe aeo a 


Dwain 


| Sauge 
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lead, or distance from the nose of the —— to the heel 
of the switch, measured along the straight, and the 
approximate formula for this crossing lead is : 
L=21(G-— /G@d), 
where 
L = crossing lead. 
I = angle of crossing expressed as cotangent. 
G = gauge. 


d =clearance or distance between the heel of 
the switch tongue and stock rail. 
The accompanying diagram will better express these 
definitions. 

On the English 4 ft. 84 in. gauge the crossing lead 
= 1#G. I, or, approximately, L = the number of the 
crossing multiplied by 64. 

For example, suppose the crossing be 1 in 8. 

Then the crossing lead will be 8 x 6¢ = 54? ft. 

To this must be added the distance from the heel of the 
switch to the springing of the curve, say 23 ft., to give 
the theoretical curve lead. 

The switch lead being obtained by the formula: Switch 
lead = 21 ./Gd (approximately). 

Tam, Sir, yours faithfully, 


J. Watwyn Waite. 
Widnes, March 2, 1895. 


To THE EpiTor oF ENGINg£ERING, 

Srr,—A very simple and fairly accurate method for de- 
termining the len from nose of crossing to point of 
switch is to multiply the angle of crossing by seven, and 
add length of switch. 

This rule is much used by platelayers when work of 
this kind is left to them, but I would advise your corre- 
spondent to procure an excellent little book of ‘‘ Tables 
of Switches and Crossings,” by John Paterson, C.E., 
from Messrs. E, and F. N. Spon, publishers, London. 





PLATELAYER. 





accident would have been impossible, because if the 





Yours truly, 
Inverness, March 4, 1895. 


ing of the curve (usually measured from the end of the 


EXPERIMENTS ON KITES. 
To THE EpitoR oF ENGINEERING. 

Stz,—Asg one who has now a special interest and pur- 
pose in watching and recording recent progress in aero- 
nautics proper—aviation—may I make a remark or two 
touching Mr. Hargrave’s admirable ‘‘ Experiments on 
Kites” in November and December last, and reported in 

our issue of February 15? These ‘‘cellular kites,” as 

r. Hargrave intimates, are an enlarged improvement on 
those little ones made and tried by him with such en- 
couraging results a year and a half ago, illustrated in En- 
GINEERING, vol. lvi. e 524, 

On reading Mr. Hargrave’s tabulated results of these 
latest experiments, it will be noticed that the pull of the 
kites—on therestraining line—in relation to the total weight 
lifted, z.¢., the relative “ drift” to “lift,” is exceedingly 
high, seeing that the angle of incidence is small, being 
only 15 deg. with the horizon. 

In a 17-knot breeze, which just lifted the apparatus 

and passenger—a total weight of 208 lb.—the pull (or 
“ drift”) was 180 lb., being 86.5 per cent. of the “lift.” 
This, of course, is not wholly due to the windage of the 
kites, but partly to that of the passenger carried, offering, 
say, 3 square feet of surface, which at 18.6 miles per hour 
would account for 5 lb. (nearly) of the pull. Making 
this allowance, it leaves the ratio of drift to lift as 0.84 to 
1, or 84 per cent., which is still excessive for an angle 
of 15 deg. 
_ Now, the motor on a one-man machine would have to 
impart to it a horizontal thrust at least equal to this 
amount, and would probably require to be abt least 6 
horse-power to hold the machine stationary against a 
16-knot breeze, head to wind. 

Doubtless Mr. Hargrave has duly noted and considered 
these adverse facts, and will perhaps agree with me that 
this excessive drift is very largely due to the rough un- 
varnished and permeable condition of the calico sustain- 
ing planes, which defect can soon and easily be remedied, 
and greatly improved results accrue. 

This is by no means likely to be an insuperable diffi- 
pans d to one who has done such excellent and valuable 
work in this field. It will, I think, be generally conceded 
that Mr. Hargrave may fairly claim ‘‘the particular steps 
gained” he enumerates ; one cannot too much admire his 
unselfish spirit in these matters. 

I am, Sir, yours —, 
Srpnzy H. Hoiianps. 
Old Charlton, Kent, February 20, 1895. 





_ To THE EpiToR or ENGINEERING. 
Sir,—Since writing you last week under the above 
heading, it has occurred to me that the horizontal re- 
sultant of the “drift” or pull of the kites would be less 
than that indicated on Mr. Hargrave’s dynamometer (to 
which it was transmitted obliquely), making the net ratio 
(viz., 0.574 to 1) better than at first ap js 
After making this further allowance, however, it appears 
—by comparison with some experiments that I have re- 
corded with smooth planes at the same angle (15 deg.)— 
that Mr. Hargrave may still reduce the relative drift— 
and consequently the requisite motor-power—by probabl 





25 per cent. (i.¢e., 0.574,reduced to about 0.4315, whic 
still allows a little for resistance of the vertical planes) 
by using, say, tracing cloth for his planes instead of 
rough calico, and in large practicable machines, a stouter 
glazed or highly varnished fabric. 

It would be further interesting to know whether Mr. 
Hargrave has tested the resistance or drift due to the ver- 
tical planes separately, and whether it is a negligible 


quantity. 
T an, Sir, your faithfully, 
SYDNEY 
Old Charlton, Kent, February 27, 1895. 


.» HOLLANDS. 





EXPLOSIONS IN ELECTRIC MAIN 
CASINGS. 


To THE EDITOR OF ENGINEERING. 

Sm,—I notice that Major Cardew’s second recommen- 
dation concerning this matter is... ‘‘reduce as far as 
possible the space in the street boxes within which an 
accumulation of gas may occur”—and I beg to suggest 
the very simple expedient (as a temporary measure) of 
employing bladders or indiarubber bags inflated with 
some neutral gas (say N) to fill the space as far as may be. 


Yours truly, 
March 4, 1895, J. T. Buoknitt. 





CATALOGUES.—We have received from Messrs. Koch 
and Co., of Charterhouse-buildings, London, a copy of 
the Triumph Review, which is a catalogue of watch- 
makers’ tools. The chief feature is the Triumph lathe 
with its various appliances, These latter are all made to 
gauge, and can be purchased as required. All kinds of 
jewellers’ and watchmakers’ tools are described and illus- 
strated.—Mesars. R. and J. Beck, Limited, 68, Cornhill, 
E.C., send us a pamphlet descriptive of the Frena hand 
camera. This camera takes 40 cut films; we have seen 
very excellent work turned out by it.—We have received 
from the Holly Manufacturing Company, Lockport, 
N.Y., a copy of a beautifully illustrated catalogue, show- 
ing the construction of a large number of high- uty pump- 
ing engines erected by the firm in different localities, ti. 
lustrations of many of the valve details, &c., are also 
ven.—Messrs. Walter Jones and Sons, of the Magnet 
orks, Bow Bridge, London, have sent us a copy of 
their new catalogue, which contains illustrations of 
various iron and steel roofs and other structural work 





erected by the firm. Thecatalogue is excellently printed, 
and is of convenient size. 
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THE TORPEDO-BOAT 


CONSTRUCTED BY MESSRS. 


DESTROYER 
JAMES AND GEORGE THOMSON, 


“ROCKET.” 


LIMITED, CLYDEBANK, 


N.B. 














McDOUGALL’'S OIL SEPARATOR. 


CONSTRUCTED BY MESSRS. W. B. HAIGH AND CO., LIMITED, ENGINEERS, OLDHAM. 
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cylinder oil into the boiler with the feed water is objec- 

tionable. In the old days of vegetable and animal oils 

the formation of organic acids and the consequent 
attack on the plates of the boiler were to be feared, 

but though with the mineral oils now universally 
used the consequences are not so serious, still the 
oil assists in the formation of a tenacious scale on the 
heating surfaces, which greatly impedes the transmis- 
sion of heat to the water. In order to separate the oil 
from the feed water on its passage from the hotwell to 
the boiler, the device shown on this page, Figs. 1, 2, 
3, and 4, has been designed by Mr. McDougall. As will 
be seen, the extractor consists of a fan-shaped casting, 
fitted at its lower part with pipe flanges by means of 
which it can be coupled with the feed pipe. The body 





4 


Ir has long been known that the passage of | sequence is that the feed in its passage through the 
extractor has to follow a very devious course, and, at | tumble home amidships. 


giving the oil a chance to separate out. This it does, 
and runs along the partitions up to the apex of the 
extractor to an escape pipe, as shown. This pipe is 
kept constantly a little open, so that from it a thin 
stream of water highly charged with oil is continually 
flowing, and is collected in a vessel placed below it. 
Sediment deposited in the pockets between the lower 
set of diaphragms can be washed out by means of the 
plugs shown in Figs. 1 and 2, whilst, if necessary, the 
whole cover can easily be removed. The separator 
in question is made by Messrs. W. B. Haigh and Co., 
Limited, of the Globe Iron Works, Oldham, who have 
taken over the manufacture of all Mr. McDougall’s 
specialities from the Chadderton Iron Works Com- 


the same time, its velocity of flow is reduced, thus straight. 








THE TORPEDO-BOAT DESTROYERS 
“ROCKET” AND “SHARK.” 

THE engraving above is from a photograph of 

the torpedo-boat destroyer Rocket steaming at 

28} knots in the course of a series of progressive speed 


trials on the measured mile at Skelmorlie. While, 
however, such high speeds were easily attained with 
this and the other vessels constructed by Messrs, James 
and George Thomson, Limited, Clydebank, on experi- 
mental runs, the firm, on the official trials which have 
just been concluded, contented themselves by just 
exceeding their guarantee. Thus, having ascertained 
that 396 revolutions per minute insured 27 knots under 
all conditions of weather and full displacement, they 
decided not to go far beyond this. Thus the highest 
speed was 27.7 knots; but it must not be accepted as 
the ultimate limit of the craft. The mean results of 
the six runs on the measured mile, three in each direc- 
tion, may be thus tabulated : 


Means of Six Runs on Measured Mile. 


** Rocket.” ‘* Shark.” 

Date of trial Feb. 27 March 1 
Air pressure in 

stokehold 3.5 in. 3 in. 
Steam pressure at 

boilers ... aes 188 Ib. 184 Ib, 
Revelutions, port 

engine ... ots 399 400 
Revolutions, star- 

board engine ... 397 397 
Vacuum ... Ae 25 in. 25 in. 
Speed of boat ... 27.7 knots 27.5 knots 


On the three hours’ run in the Firth, with full 
weights on board, indicator diagrams were taken every 
quarter-hour, and the results were as follows, the 
speed being determined by the mean revolutions of the 


engines : 


** Rocket,” ** Shark,” 
Revolutions of 
engines ae 396 401 
Speed of boat ... 27.4 knots 27.6 knots 
Indicated horse- 
power ... 4200 4250 


One feature of special note is the wave line, and our 
engraving indicates clearly in this respect the fineness 
of the model. The Rocket and her consorts have an 
exceptionally fine entry, with a flat floor, and little 
The stem, it will be seen, is 
In this respect she differs from some of the 
earlier craft,* which had a torpedo-ejecting tube firing 
straight ahead ; but it was found in practice that the 
impact of the torpedo on the water retarded it so much 
as to cause the destroyer, when steaming 27 knots, to 
overrun it, The later vessels, therefore, have only a 
double torpedo launching gun on deck, and the change 
has enabled greater accommodation to be provided for 
the crew, under the turtle-decked forecastle-head, 
where there will be mounted a 12-pounder quick-firing 
gun over the conning tower, with two 6-pounder guns 
on either side behind the shelter of the forecastle. The 
deadwood between the outboard propeller shafting is 





* See ENGINEERING, vol. lvii., page 67 ; vol. lviii., pages 








of the casting is divided up by a number of partitions, 
which break joint with each other asshown. The con- 


pany. 


190, 399. 
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cut away, 89 as to afford a freer flow of water to the 
twin propellers, which are of manganese bronze. The 
rudder is of the usual type, supported on the usual 
pintle, the lesser depth being compensated for by 
greater width. 

Of the machinery, which has been designed by Mr. 
J. G. Dunlop, at Clydebank, we hope to give engrav- 
ings later. 1t consists of two sets of triple-expansion 
engines. With fast running engines Messrs. Thom- 
son have had great experience. Indeed, one of the 
first destroyers constructed was built at Clydebank 
from their design—the Destructor for the Spanish 
Navy—and there have followed vessels of all types 
for several navies. They have adopted in this 
trio of destroyers what might be termed the 
orthodox type, with three cylinders, three-cranks, 
piston valves throughout, double eccentrics, and link 
motion valve gear. All the working parts are of forged 
steel, and are balanced. ‘The cylinders are supported 
on steel columns, thoroughly braced, the condenser 
being separated. The engines were run at a high 
speed in the erecting shop to ascertain the efficiency of 
the balancing, and the results on trial were satisfactory. 
The high-pressure cylinders are 184 in. in diameter, 
the intermediate 268 in., and the low-pressure 404 in., 
the stroke being 1 ft. 6in. The piston speed on trial 
was therefore «Sate 1200 ft. per minute. 

There are four water-tube boilers of the Normand 
type, as illustrated in ENGINEERING, vol. lvi., page 
129; but it may be here stated that they have two 
water drums on either side, with the firegrate 
between, and from these two drums there are tubes 
extending in curves of many forms to a central steam 
drum on the top, the tubes entering in the lower part 
of the steam receiver or below the water level. The 
tubes in the rows nearest the fire are of steel, the 
others are of copper. At the back of the grate the 
tubes are so curved as to ‘ig close in the furnace 
end, and in addition the tubes are arranged to prevent 
the hot gases escaping before the greater portion of 
the heat has been absorbed. The outside walls con- 
sist of galvanised steel tubes. The boilers practically 
occupy the full size of the compartments, which are 
covered with a heat-resisting substance placed under 
the deck. The grate area is 163 square feet, and the 
heating surface 8600 square feet, so that the power 
was equal to 26,07 indicated horse-power per square 
foot of grate area, and to 1 horse-power per 2.02 square 
feet of heating surface. The two centre boilers have 
a smokestack in common, while the forward and after 
boilers have separate funnels smaller than the centre 
funnel, The engines are abaft the boiler compartments. 








INDUSTRIAL NOTES. 

Tuk examination by the Select Committee appointed 
to inquire into the question of the unemployed has pro- 
ceeded very slowly, although it is continued from day 
to day. The witnesses so far have offered mainly expert 
evidence, having been Sir Hugh Owen on the part of the 
Local Government Board, the clerk to the West Ham 
guardians, and the clerk to the St. Olave’s Union. 
Then there was a long examination of Mr. Alden, from 
the ‘‘ Mansfield House Settlement” in West Ham, 
and of Mr. Hills, the energetic manager of the Thames 
Iron Works and Shipbuilding Company, and also of 
the Member for West Ham, the last three having 
some schemes for dealing with the question. The 
tendency of the examination has been in the direction 
of eliciting opinions as to methods of relief. The first 
necessity, however, is a full groundwork of facts. The 
inquiry, so far as it has gone, has chiefly dealt with river- 
side labour and distress ; but if the tacts as stated in 
the House of Commons are correct, the inquiry should 
extend to all other industries. The chief anxiety has 
been to get a grant or grants to assist West Ham and 
its locality, but such a grant, as already shown at the 
Committee, will have a tendency to draw to that locality 
a further contingent of helpless humanity. Most of the 
witnesses appear to condemn the inflow of charitable 
contributions, as having a disastrous, or at best a doubt- 
ful, effect upon the recipients of that charity, and 
especially upon the locality asa whole. It is known 
that men from the country have been flocking to 
London for weeks past in the forlorn hope of getting a 
chance of employment. London is a common centre 
towards which flows much of what is best in our 
national life, and much that ix, to say the least of 
it, questionable. Disappointment often awaits both 
of these two great streams of i:mmigration, but the 
more helpless feel the disappointment most bitterly. 
The avenues to employment are not proportionate to 
the size and population of London, and the chances of 
employment decrease rather than increase as the 
population is augmented. 

The inquiry of the Unemployed Committee so far 
has been rather unduly restricted to West Ham and 
the adjoining locality ; and it is remarkable to what 
extent the witnesses differ even as to that district. Of 
the four witnesses three were doubtful as to the effi- 
cacy of State aid, and one of them, Mr. Hills, was 
opposed to it under existing conditions. As Mr. Hills 
believes that he has a real workable scheme for getting 


rid of the unemployed difficulty, it will be useful to see 
what it is. In the first place, he thinks that existing 
agencies are sufficient for the present winter, and up to 
next November. This is the experience of an active 
organiser of unemployed works for the relief of the 
distressed. His experience is that the relief works at 
West Ham and Poplar have cost fully 100 per cent. 
more than they ought—that is, for every one pound 
sterling spent, only 10s. worth of work is really done ; 
therefore a strong line must be taken, or there will be 
danger to the industries of the district. His plan 
provides that the entire country shall be divided into 
districts, and that the local authorities within those 
districts shall be authorised to provide a sum out of 
the rates equal to the amount raised by voluntary 
contributions, and that, then, the State shall contri- 
bute a sum equal to double the amount thus provided. 
The money thus given, he proposes, shall be adminis- 
tered upon relief works and in charity by a joint 
committee of persons representing the contributors, 
Recipients from the fund thus created are to be required 
to work six hours per day for six days in the week at 
two-thirds of the current trade union rates of the 
locality. This is but an outline of the scheme. It 
proposes really to constitute a common fund for the 
whole country, except that the State and parochial 
contributions shall be in proportion to the voluntary 
amounts raised. It would seem to follow that the 
poorer districts, being unable to contribute much, 
would have the least, and the richer districts would 
have the most. 





The expected improvement in the 0 a trades 
of Lancashire is very slow in manifesting itself to any 
material extent, but in some departments more work 
is stirring. Machine-tool makers are busier in some 
cases, especially on special work, in which branch a 
few are fully engaged. Cotton machinists are in some 
cases very busy upon export orders, while the local 
cotton industries are, to some extent, languishing. 
Locomotive builders are very short of work, but 
stationary engine builders are better employed than 
the former. Generally, the engineering branches are 
at best but indifferently off for orders, although the 
tone is still one of hopeful expectancy. Fortunately 
there are no labour troubles ahead, all parties being 
desirous apparently of tiding over the depression, in 
the hope of better prospects in the near future. There 
is a more sanguine feeling in the iron trade, certainly in 
many quarters, although there appears to be no ma- 
terial improvement actually manifest in the position of 
affairs. Slow business is reported generally, but pig- 
iron makers have secured a considerable weight of new 
orders ; prices also remain steady at recent rates. In 
the finished branches business is very quiet, and prices 
are rather weak. There seems to be no prospective 
activity awaiting the finished iron trade in the near 
future, in so far as present indications go. The steel 
trade also is very quiet. No appreciable change for 
the better is noticeable, either as to business or prices. 
In the general metal trades a slight reduction in the 
raw material has led to other concessions, and has 
brought forward more inquiries, with a moderate busi- 
ness in some branches. 





The annual meeting of the North of England Con- 
ciliation and Arbitration Board was able to report 
substantial progress in the work undertaken. Mr. 
Trow, the operatives’ secretary, said he felt proud of 
the 25 years’ work of the board. He had nothing to 
regret. Had he to go over the same ground again, he 
would work on the same lines. It is expected that 
some satisfactory arrangement will be made as to the 
hours of labour in the mills, a question which for some 
time has occupied the attention of the board. Some 
other firms have joined the board, so that it is becoming 
stronger than ever. There was a hopeful feeling that 
trade will revive this year in the district. 





In the Wolverhampton district trade has begun to 
stir somewhat after the severe frost. The ice-bound 
canals are again passable, and communication is open 
with the collieries, &c., for a supply of fuel. There 
is now a more hopeful tone, and orders are distributed 
with a freer hand, though the quantities have not as yet 
been large. There have been more inquiries for the 
better qualities of iron, and some of the leading firms 
have a fair lot of orders for second-class qualities of 
bars, sheets, hoops, and angles, some of which orders 
have probably accumulated during the three weeks of 
frost. The steel works are fairly well off for orders, 
and new orders are coming in from both home and 
foreign markets. Pigiron makers are quiet as regards 
business, but apparently they prefer to make for stock 
rather than accept the low prices tendered. The 
general constructive works have resumed operations, 
with a fair volume of work on hand. 





In the Birmingham district the improvement which 
was manifest a week or two ago in the general outlook 
has been maintained ; but employment in many 
branches is but partial, and there is no recovery in 
general prices. Quotations for finished iron are, 


however, steady. On the whole, the prospects are 
regarded as more favourable, and it is thought that 
there will be steady employment in most branches, 
even if there is no great pressure of activity. Labour 
questions are quiet, with no indications of any serious 
troubles in the near future. 





The proposed combination in the Staffordshire iron 
trades to prevent a further fall in prices, and pro. 
bably to raise prices to a level of more certain profits, 
seems to have had the countenance of some of the 
workers, but to what extent is not quite apparent. 
Publicity is given to the movement in the Jron and 
Steel Workers’ Journal, but no opinion is expressed 
thereon. The report is simply quoted from a weekly 
journal representing the coal and iron trades, but 
without committing the operatives to any side of the 
question. 





A deputation of the shipwrights waited upon Lord 
Spencer and his colleagues at the Admiralty last week 
in order to put before the Board of Admiralty the 
position and claims of the shipwrights, as against the 
claims of the fitters and others, with respect to the 
classes of work to be done respectively by the different 
bodies of workmen. Mr. Alex. Wilkie put before Lord 
Spencer the general outline of facts upon which he and 
his co-members relied in claiming to do the work to 
which they have been used for a considerable time. 
Mr. John Wilson, M.P. for Durham, introduced the 
deputation, and was accompanied by Mr. George 
Howell, Mr. David Thomas, Mr. Sam Woods, and 
others. The members for naval ports and shipbuilding 
centres were not invited, as the points involved were 
questions between different bodies of workmen, and 
there was no desire to provoke any antagonism of a 
political character. Mr. Wilkie put his statement of 
the case very moderately, in effect thus: That the 
shipwrights in H.M. Dockyards have been workers in 
iron as well as wood for 30 years. They only claim to 
be thus employed on the hulls of the vessels, and do not 
claim any portion of the work of engineers or fitters. 
They do not desire in any way to touch the engines, 
but as regards placing and fixing the plates, they assert 
that they have done this kind of work ever since iron 
began to takethe place of wood. They only desired tocon- 
tinue to dosuch work as by their training, and for a long 
period by custom, they have been in the habit of doing. 
Lord Spencer assured the deputation that the Board of 
Admiralty were fully alive to the importance of their 
demand, but other bodies, not only the engineers, but 
the boilermakers and iron ship builders and ship 
joiners, all complained of the work done by the ship- 
wrights. The Admiralty wished to hold an even 
balance ; they could see that any great changes would 
involve difficulties, and even, perhaps, the discharge of 
many men in theservice. His lordship suggested that 
the several bodies should try to come to an agreement 
without referring the matter to the Admiralty for 
decision. It was suggested by the deputation that 
the matter should be left to the chief of the depart- 
ment, assisted by a ors from each trade. 








The greatest anxiety is felt as to the outcome of 
the dispute in the boot and shoe trades, the divergence 
of views as to modes of action being more and more 
apparent as time goes on. A step was taken at the 
close of last week which, in effect, will rather precipi- 
tate matters, and that not on the lines of peace, but of 
disruption. It appears that the National Union of 
Operatives served notices to withdraw their men upon 
six large firms in Leicester, consequent upon the 
failure of the arbitration board to settle the question 
of completing work, begun in Leicester, in the country 
districts and villages outside the town, and also to 
enforce an advance in the wages of the clickers. 
Similar notices were forwarded to three firms in 
Northampton, and probably will extend to other 
manufacturers. The Federation of Employers will 
resist the demands so made, and it is feared that a 
desperate struggle will take place throughout the 
country, in which scores of thousands of workpeople 
will be involved. It seems that the dispute, in its 
initial stage, will not affect London, but it is hardly 
likely that the metropolis will escape from the strife. 
Mr. Channing, M.P., who represents a district largely 
affected by the threatened dispute, has offered to 
mediate, but the men reply that they have offered 
arbitration, and are willing to submit the whole ques- 
tion to Sir Henry James, as they did before. The 
dispute is all the more serious because of the great 
changes that have been recently introduced by mutual 
consent in all departments of the boot and shoe trades. 
But there appears to be more underlying the present 
crisis than meets the eye. The manufacturers com- 
plain that they are harassed by a kind of ‘‘ shop fore- 
men” over whom they have no control, who are the 
agents of the union, and who interfere with modes of 
work and rates of pay in a manner so as to prevent an 
employer having that free management of his business 
which he deems essential to success. 





The Government got so far to work last week that 
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they were able to introduce two Labour Bills on 
Friday at the morning sitting. One was the Factory 
and Workshops Acts Amendment Bill, the other was 
the Truck Acts Amendment Rill. The Factory Bill 
was received in a good spirit by the House of Commons, 
though it is possible, and even probable, that the 
details will be severely criticised on the second 
reading, and in some cases be opposed in Committee. 
Raising the limit of age is not dealt with, but is left 
tothe House. It is probable that the House will insert 
such limit, but the Ex-Home Secretary rather inti- 
mated that he would oppose the Bill unless the limit 
was raised in all cases, and was not confined to children 
under the Acts. Perhaps the most important provi- 
sion is the overcrowding clause, which demands 250 
cubic feet of air, as a minimum during the normal 
working day, and of 400 cubic feet during overtime. 
If the full capacity of the factory or workshop is 
reached in the daytime, the persons employed after 
hours will be largely restricted. In cases where arti- 
ficial light is used, the Home Office may require the 
minimum cubical space to be increased. The provision 
as to cleaning machinery while in motion is to be 
extended to young persons up to 18 years of age. The 
Particulars Clause is to be extended, so that every 
worker shall be able to ascertain his or her earnings. 
‘his was stoutly opposed when before the House some 
years ago, but it has been found to work tolerably well. 
‘he Bull extends the provisions of the Factory and 
Workshops Acts to laundries, docks, and bakehouses, 
and even to building operatives within certain defined 
conditions. Dangerous trades are provided for, both 
as to safety and health. Some enlargement of the 
provisions as to out-workers are also made by the Bill. 
The Bill will more than ever complicate the provisions 
of the Factory Acts, which are now declared by the 
magistrates to be incomprehensible, and will render 
a Consolidation Bill necessary at an early date. 


The Truck Bill is not so comprehensive. The chief 
provisions of this Bill are under two heads: (1) All 
deductions are to be set forth by contract in writing, or 
otherwise they are not enforceable ; (2) All such con- 
tracts must be held to be reasonable within the mean- 
ing of the Truck Acts. The latter provision, the 
Home Secretary stated, would hit nearly all the cases 
of hardship which had come under his notice. Mr. 
Asquith said that some of the deductions were little 
better than extortions, as, for example, where poor 
needlewomen were charged more for needles and 
thread than they would have to pay outside if they 
were able to go to the best shop for the articles. 
But « most important amendment of the law is by the 
provision which hands over to inspectors the power to 
prosecute, instead of leaving it to the poor workers. No 
payment of any kind, reasonable or otherwise, is to be 
valid unless the particulars are stated in writing at the 
time when the payments or deductions are made. The 
Bill as expounded was received with cheers, for in this 
question of truck there is little disposition now to give 
to an employer any undue advantage over the worker 
in any case. 








The miners and their friends in the House of Com- 
mons who are favourable to the Mines Eight-Hours 
Bill had an interview with the Leader of the House to 
endeavour to induce him to give facilities for carrying 
the measure. Sir William Harcourt stated that he 
could not, withthe pressure of Government business on 
hand. The men must agree upon the question of 
option before the House could be expected to pass such 
a measure. He referred to the circumstances under 
which the Bill was discussed last year, and was even- 
tually abandoned. The Bill, therefore, stands no 
chance this session. 

In spite of the conditions of trade in the Port of 
London, and especially at the docks, wharves, and of 
the riverside labour generally, a strike of corn porters 
has been brought about by the Dockers’ Union. The 
chairman of the union has been condemning the use of 
the corn elevators, as supplanting the labourers, and 
reducing their rates of pay, and after some strenuous 
efforts a number of men came out on strike. With 
the thousands of men now out of work, almost fighting 
for a job when a job offers, can the union officials sup- 
pose for a moment that they are in a position to resist 
successfully the introduction of mechanical appliances 
at the docks? All strikes against machinery have 
failed. In scarcely any instance has any such strike 
been even partially successful. 


The Durham Conciliation Board have had an inter- 
view with the President of the Board of Trade asking 
him to appoint an umpire, as the two parties could 
not agree. Mr. Bryce, after hearing a full statement 
of the case, promised to consider the matter and make 
the appointment as requested. This action does not 
indicate any disagreement at the board beyond the 
inability of the members to mutually agree upon the 
person to act as umpire. 


The near approach of the time when the South 





Wales sliding scale will cease to operate, in accord- 
ance with the notices of the miners, has led to several 
of the coal-owning firms and companies giving notices 
to the men to terminate all contracts. 


The textile workers have given in their adhesion to 
the proposed changes in the standing orders of the 
Trades Union Congress, so that the changes are now 
supported by about 300,000 to 47,000 against the pro- 
posal. It looks as if the trade unions were at last 
beginning to see that the congress is not to be used 
for merely political fights, for party or other purposes. 





The proposed reduction of wages in the cotton 
industries will probably bring about a good deal of 
agitation in Lancashire. The men have taken sides in 
the cotton duties discussion and in the currency dis- 
cussions, in the hope that the employers will be able 
to secure terms other than reductions in wages. But 
now other questions will arise, not so easily to be 
settled. 


The dispute in the Forest of Dean is likely to end in 
a compromise. The miners have offered to take a 
reduction of 74 per cent. if the coalowners will agree 
not to ask for a further reduction for 18 months. It 
is expected that the employers will assent to those 
terms. 





LIGHT RAILWAYS IN PARLIAMENT. 

AT a meeting of the Society of Engineers, held at the 
Westminster Palace Hotel, Westminster, on Monday 
evening, March 4, 1895, Mr. William George Peirce, Pre- 
sident, in the chair, a paper was read by Messrs. W. 
Worby Beaumont, M. Inst. C.E., and Stephen Sellon, 
Assoc. M. Inst. C.E., on ‘‘Parliamentary Procedure as 
affecting Light Railways and Tramways.” 

In the first part of this paper the authors referred to 
the stagnation which has for years characterised the 
light railways, tramroads, and tramways construc- 
tion branches of engineering. This they consider is 
chiefly due to the heavy. capital burden with which 
most projects are loaded, capital which is not re- 
quired either for the construction or working of the 
lines, and which, moreover, is never available for 
either of these purposes. The costs of obtaining permis- 
sion to construct a line, even where called for by the 
inhabitants of the districts to be served, are at present 
excessive, as a result of the procedure according to which 
a scheme is not examined as to its merits by any respon- 
sible body or department before all the costly machinery 
necessary for meeting opposition from any source is pub 
in motion. This introduces the speculative element into 
the first stages of the promotion of a scheme, inasmuch as 
considerable sums of money have to be provided to ba 
and keep this legal and other machinery in motion and to 
buy off opposition. This money has to be provided before 
itis known that the scheme will receive or is likely to re- 
ceive assent, and hence the money provided for these pur- 
poses is only advanced on extremely heavy terms. The 
authors referred to these questions and to the heavy ex- 
penses incurred to meet the Board of Trade rules, the rules 
as to Standing Orders, and others framed under statutes, 
They propose various relaxations in these rules, and pro- 
pose that with regard to any bond-fide schemes the pro- 
position and proof of public my, 3 should be heard first 
somewhat after the manner of a Local Government in- 
quiry, and that opposition should be heard afterwards if 
the proposed preliminary inquiry gives encouragement to 
proceed. According to present arrangements, the Stand- 
ing Orders Committees give assent in response to a prayer 
that the scheme be allowed on the grounds of its public 
advantage, and yet the public advantage thus admitted, 
and the admission of the good grounds of the prayer 
may count for —, in the face of opposition 
of one man or one Board of Trade rule, which 
may be founded on obsolete or antiquated statutory 
requirements. The authors propose that agreements 
entered into before date of Standing Orders should come 
before the Committee, so that unreasonable sums should 
not be added to the necessary capital by way of bought 
off opposition or excessive promises to pay for accommo- 
dation by speculative advances, which may ruin the 
prospects of a scheme from the first and make high rates 
and fares necessary. ‘The authors also propose that 
instead of two separate Committees, one of each House, 
there should be a Joint Committee, so that the expense 
should be that of one inquiry instead of two, but they 
propose that the decisions may be either joint or inde- 
pendent as may in each case seem needful. The authors 
also propose that no clauses should be inserted in a Bill 
at the instigation of opposing parties without investiga- 
tion by the Committee, and also that the relation between 
the proposed capital and reasonable cost of construction 
and equipment should be considered by the Committee, 
as restricted debentures provide no protection against 
over-capitalisation. Numerous other modifications are 
referred to as necessary to secure facilities for the con- 
struction and working of tramroads and tramways which 
shall place them on a footing comparable with that which 
obtains in France, Belgium, and elsewhere. 

The authors consider that light railways are required 
in some districts, but that there is a greater field for the 
profitable construction and working of tramroads and 
tramways if the proposed modifications in procedure and 
the proposed relaxations in rules are made. 

The paper conciudes with reference to the recent Board 
of Trade Committee on Light Railways, and reproduces 
some of the proposals made by several members of the 
Committee who disagreed with the general report as 


insufficient, and as offering very little aid towards a 
settlement of the questions raised by the Board of Trade 
reference, or towards definite proposals on the questions 
raised by the President of that Board. 





REAR COLLISION AT WIMBORNE. 

From Major Marindin’s report on this collision we 
gather that early on the morring of November 28, 1894, a 
goods train overran the home signal at Wimborne station, 
on the London and South-Western Railway, and struck 
the rear of a passenger train. There were only two pas- 
sengers in it at the time, and they were both injured, 
although one was able to travel by the following train. 
The brake van was broken up and the next carriage stove 
in, but nothing left the rails. The passenger train starts 
from Wimborne, and was waiting to load when the goods 
was given on from the next cabin, Uddens Crossing. Be- 
tween these two cabins absolute block working is in force, 
but the Board of Trade has allowed this to be suspended 
between Wimborne station cabin and Wimborne junction 
cabin in order to allow of connecting trains being brought 
op In strict accordance with the rules, the signalman at 

imborne should have blocked back to Uddens Crossing 
as soon as the passenger train was brought out of a siding 
up to the platform, but such had never been the practice, 
so Major Marindin does not find any fault with him for 
not doing so. On approaching the distant signal a gauge- 
glass broke on the goods engine, and the driver missed 
seeing that signal, nor did he see the home signal till close 
upon it, when he at once applied his steam brake, but this 
failed to act owing to a broken pipe, and so it was im- 
possible to quite pull up before striking the passenger 
train. The signalman saw the goods train coming too 
fast to stop at the home signal, and shouted to the pas- 
senger guard, who managed to get his driver to draw ahead 
before being actually struck. The vacuum pipe was, how- 
ever, broken by the collision, and the train stopped at once. 

In connection with the breakage of the steam pipe on 
the goods engine, the Government Inspector remarks that, 
as such breakages, though not common, do occur without 
warning, and are not generally noticed until the brake is 
wanted, he would recommend the company to consider 
some means of strengthening the 14-in. copper pipe, 
— at the joints, 

e further points out the necessity for strict adherence 
to the limits within which suspension of absolute block 
working is authorised, and, as this suspension naturally 
entails the taking on of a second train in the section 
where block working is in full force while there is a train,in 
the “suspended” section, it is imperative that this second 
train should be taken on with caution, and not under the 
same conditions as when the line is actually clear through, 
in this case, the station. . 

The ordinary warning arrangement, ‘‘Section clear, 
but station or junction blocked,” has been initiated for 
this very purpose, but as we remarked in connection with 
the Templecombe accident, not very far from Wimborne, 
this arrangement is not in force on the South-Western 
system. Major Marindin thinks that the adoption of this 
signal would lead to some delay, owing to the necessity 
of the drivers being cautioned at the cabin in the rear, 
and therefore adds that, provided the drivers were 
instructed that all ‘‘ suspended” sections should be ap- 
proached at caution, and that a full list of such ‘‘sus- 
pended ” sections be supplied to them, it might be possible 
to dispense with the stopping of the driver to caution him. 
We cannot agree with the inspecting officer here, for even 
assuming that the delay occasioned by the warning 
arrangement should disorganise the South- Western traffic 
to such an extent as to be intolerable (although near] 
every other company is able to get along very nicely wit. 
it), an assumption which we consider more hypothetical 
than true, we consider it utterly againstall the principles 
of signalling and safety, that at one place a signal should 
denote “* All clear ; go ahead,” whereas at another place 
an identical signal should denote ‘‘ Go ahead with cau- 
tion,” the difference to the driver being solely dependent 
on his memory. This would never do, and would be a 
distinctly retrograde step. If the company cannot see 
their way to adopting the warning arrangement, they 
might adopt the inspector’s suggestion on the sole condi- 
tion that the starting signals of the section in the rear of 
sections where block working is suspended, are of a dis- 
tinctive shape and colour by day and night. By all means 
let a list of stations where block working is suspended be 
inserted in the appendix to the working time-tables, as 
this knowledge would lead to greater caution on the part 
of drivers approaching and working in such sections, but 
the safety of the trains should not depend on this know- 
ledge alone. 

In {conclusion Major Marindin recommends that the 
hours of duty at Wimborne cabin be reduced from 12. 








THE LOWMOOR COLLISION. 

Apout 11.20 p.m. on Boxing night (December 26, 1894) 
a special passenger train from Bradford arrived at Low- 
moor station, on the Lancashire and Yorkshire Railway. 
and came to a stand on the up loop line. It was followe 
by a similar train from Leeds, which ran in on the up 
main line (see next page), and was brought to a stand by 
order of the foreman porter, then in charge of the station, 
with the engine about half-way up the platform, and the 
trailing coaches foul of the up loop line crossing. This 
was done in order to enable the Bradford portion to be 
drawn forward and attached to the front portion of the 
train. The Leeds engine was detached, thus or 
applying the brake to the train, and run on to a branc 
line, and then the Bradford portion was drawn forward 
and was beginning to set back on to the Leeds train when 
the tail of the latter was run into by a second train from 





Bradford for Heckmondwike, which had been properly 
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signalled for the up loop line. The facing points for this 
loop are worked from No. 3 cabin, but as it is impossible 
for the signalman there to see if they are clear at night, 
he usually telephones to No. 2 cabin to ascertain if 
they are clear before allowing a train to proceed, and as 
a further safeguard the junction signals are slotted by the 
No. 2 man. No. 2 man cannot see the points himself, 
but being at the end of the platform, he relies on one 
of the station staff informing him when they are fouled. 
In this particular case No. 3 man telephoned to No. 2, 
and the message was taken by the booking lad. While 
the inquiry was meant to refer to the state of the fouling 
point, No. 2 man took it to refer to the state of the 
whole loop line, and never thought about the crossing 
being fouled, especially as none of the station staff came 
and told him that it was not clear, although that such 
was the case was patent to the guard of the Leeds train, 
who got out from his van and even assisted some pas- 
sengers to alight on the ballast at the end of his train, 
while the foreman shunter states that he never thought 





mean speed of nearly 14 knots per hour. The object of 
the high speed is to enable the vessel to bring cargoes of 
bananas from Costa Rica to New York in the shortest 
possible time, as the fruit is very perishable. The trials, 
which lasted all day, were conducted off Wemyss Bay, 
and several runs were made on the measured mile at vary- 
ing revolutions of the engines for the purpose of testing 
the speed attainable with different powers developed. 
The engines worked smoothly and satisfactorily. 





The London and Glasgow Engineering and Iron Ship- 
building Company, Limited, Glasgow, launched on 
February 22 the second of two large steel screw steamers 
built by them for the Clyde Shipping Company, Limited. 
This vessel is 391 ft. 8in, by 46 ft. 6in. by 30 ft. 6 in. 
moulded, and will carry between 6500 and 7000 tons 
deadweight, having a gross tonnage of about 4700 
tons. She has been built to the highest grade of the 
British Corporation, and under their special survey, and 
is intended for the Eastern trade, Besides having a 
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about the crossing at all. It was not till he was close 
to the Leeds train that the driver of the Heckmond- 
wike train realised that it fouled the crossing, and 
he at once applied his brake, but was unable to avoid 
a collision. ‘Lhe trailing van of the Leeds train was 
shattered, and the ends of the next two coaches stove in. 
The van was forced off the rails and turned round so as to 
foul the up loop and down lines, and the next coach was 
totally derailed and the third one partially so. The 
whole train was moved only a coach length forward, as 
the brake was full on at the time. Thirty-four passengers 
were injured, some seriously, and one succumbed to her 
injuries subsequently. The tender of the Heckmondwike 
train, which was running tender first, was slightly 
damaged, but the permanent way did not suffer at all, 
though sundry signal wires and point connections were 
twisted and broken. 

Colonel Yorke in his report-lays the blame primarily on 
the foreman porter, who never ascertained whether the 
crossing was clear or not. On the other hand, this was 
the first time that the foreman had carried out these 
duties (the trains being frequently run thus during 
the winter months), and he was not aware that the 
Heckmondwike relief train was being run. Secondly, 
the Leeds guard, who was an old servant of high 
character, comes in for a share of the blame, as he 
never took any steps to protect his train, although he 
was well aware that it was in a dangerous position. 
Thirdly, the signalman at No. 2 cabin cannot be held free 
from blame, even if he misunderstood the telephone mes- 

6, for assuming that the crossing was clear, and pulling 
off his slots, because no one had told him that it was 
fouled. Lastly, the stationmaster, although he was 
not on duty at the time, is held to a great extent re- 
sponsible for the loose manner in which the station work 
is carried out, as is evinced by the fact that the Bradford 
train was actually in the act of backing on to the Leeds 
portion when the Heckmondwike train was allowed to run 
into the loop. This Colonel Yorke characterises as most 
dangerous, and adds that in all such cases No. 2 ought to 
block back to No. 3, and further, that all passenger trains 
must be brought wholly up to the platforms to allow pas- 
sengers to alight. He further recommends the adoption 
of properly interlocked ‘‘ clearance bars ” at all such foul- 
ing points. It has been the practice of the Lancashire 
and Yorkshire Railway Company for some years past to 
adopt such bars wherever any new or altered signal 
arrangements are brought into use, but they had not yet 
been applied at Lowmoor ; no doubt, however, this acci- 
dent will accelerate the work, which, owing to the many 
junctions on this line, is of no mean magnitude. 





LAUNCHES AND TRIAL TRIPS. 

THE 8.8, Alleghany, built by Messrs. R. Napier and 
Sons, Govan, for the Atlas Steamship Company, went on 
her trials on the 21st ult. This vessel has been built to 
form one of the line of steamers which run between New 
York, Hayti, Jamaica, and the Republics of Colombia 
and Costa Rica. In view of the warm climate in the 
trade in which the Alleghany is to be employed, the pas- 
senger accommodation is placed entirely above the main 
deck and amidships. The 30 large state-rooms provide for 
the complement of 60 saloon passengers being on this 
deck, whilst the dining saloon, social hall, smoking-room, 
and the other modern accessories required for comtortable 
passenger travel are in commodious houses on the prome- 
nade deck above the sleeping accommodation. The 
general dimensions are: Length, 322 ft.; breadth, 38 ft.; 
depth moulded, 26 ft. The machinery consists of a set 
of triple-expansion engines with cylinders of 24 in., 40in., 
and 68 in. diameter, with a stroke of 48in. These are 
supplied by two unusually large single-ended boilers 
carrying 200 lb. pressure of steam, fitted with Howden’s 
forced draught, the intention being to maintain an indi- 
cated horse-power of over 2000, to propel the vessel at a 
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double bottom to hold water ballast, there is a large 
chamber tank abaft the engine-room, so that the ship can 
be navigated to all parts of the world without cargo. The 
hold capacity is over 8000 tons. The builders also supply 
the machinery, the engines being triple-expansion, with 
cylinders 27 in., 42 in., and 69 in. in diameter by 54 in. 
stroke, Howden’s forced draught is fitted to the boilers. 
The vessel is named the Goodwin. 


Messrs. C. Connell and Co., Scotstoun, Glasgow, 
launched on the 22nd ult. the s.s. Azov, of 255 ft. long, 
35 ft. 9 in. beam, and 18 ft. 84 in. depth moulded, to carry 
2500 tons. Messrs. Dunsmuir and Jackson, Govan, 
supply triple-expansion engines, having cylinders 19 in., 
314 in., and 514 in. in diameter, by 36 in. stroke, with a 
single-ended boiler 16 ft. in diameter by 11 ft. long, work- 
ing at 160 Ib. pressure. 

The s.s. Maling is a large steel screw steamer, built by 
Messrs. Wm. Gray and Co., Limited, to the order of the 
West Hartlepool Steam Navigation Company. She takes 
Lloyd’s highest class, and is of the following dimensions, 
viz.: Length over all, 336 ft.; breadth, 47 ft. ; depth, 
24 ft.10in. The engines are of the usual type supplied 
from the Central Engine Works, having cylinders 24 in., 
38 in., and 64 in. in diameter, with a piston stroke of 
42 in. The vessel went out for her trial on the 19th 
ult., and ran for an hour with the engines at 78 revolu- 
tions per minute, everything working well. 





Messrs. William Hamilton and Co., Port Glasgow, 
launched on Saturday, the 23rd ult., a powerful screw 
steam tug named Flying Buzzard, of about 400 tons gross 
tonnage, for the Clyde Shipping Company, Limited, Glas- 
gow. The following are the principal dimensions : 
Length between perpendiculars, 150 ft.; breadth, 24 ft. 
6 ft.; depth of hold, 13 ft. The machinery, which is 
being supplied by Messrs, Rankin and Blackmore, of 
Greenock, is on the triple-expansion system, The cylinders 
are 18 in., 29 in., and 47in. in diameter by 33 in. stroke, 
the boiler working to a pressure of 160 lb. 





On the 28rd ult., the steamer Riverdale went down 
the Clyde on her trial trip. The Riverdale was built 
to the order of Messrs. James Little and Co., Buchanan- 
street, Glasgow, by Messrs. Charles Connell and Co., 
Whiteinch, and engined by Messrs, Dunsmuir and Jack- 
son, engineers and boilermakers, She is an awning-deck 
vessel, 320 ft. long, 42 ft. wide, and 28 ft. in depth from 
the awning-deck. Her cylinders are 23 in., 38 in., and 
62 in. by 42 in. stroke. The Riverdale, which has a dead- 
weight carrying capacity of 4900 tons, is intended princi- 

ly for the Eastern trade. The vessel cruised about the 
irth for several hours, and her performance in the matter 
of steaming power was regarded as satisfactory. 





The steel screw steamer Theme, built to the order of 
Mr. W. A. Grainger, Belfast, by the Ailsa Shipbuilding 
Company, Troon, and engined by Messrs. Victor Coates 
and Co., Limited, Belfast, had her trial trip in Belfast 
Lough on February 23. ‘The vessel is of the following 
dimensions: Length between perpendiculars, 176 ft. ; 
breadth, 26 ft. 6 in. ; depth moulded, 13 ft. 7 in. The 
engines, which are of the triple-expansion type, have 
cylinders 14 in., 23 in,, and 39 in. in diameter by 33 in. 
stroke, working at a pressure of 180 lb. per square inch, 
steam being supplied by one steel boiler with patent fur- 
naces. It may be interesting to note that this is the first 
ship built in Scotland and sent to Belfast to have the 
engines and boilers fitted on board. 


Sir Raylton Dixon and Company, Middlesbrough, 
launched, on the 25th ult., a handsome steel screw 
steamer, named Mogul, of about 5500 tons deadweight 
carrying capacity, built for the Mogul Steamship Com- 
pany, of which Messrs. Gellatly, Hankey, Sewell, and 
Co., of London, are managers. The vessel is intended 





for the China tea trade. Her dimensions are: Length, 
372 ft.; breadth, 45 ft. 6in.; depth, 28 ft. 4 in. e 
accommodation is all arranged on the upper deck, 
with a chart-house and captain’s room on the bridge deck, 
and the crew in the topgallant forecastle. Triple-expan- 
sion engines will be supplied by the Wallsend Slipway and 
Engineering Company, Limited, Newcastle-on-Tyne, with 
cylinders 27 in., 44 in., and 72 in. in diameter by 48 in. 
stroke, provided with steam by two single-ended boilers 
15 ft. by 11 ft. 8 in., working at 170 lb. pressure, and fitted 
with ewints system of forced draught. 


Messrs. John Readhead and Sons, South Shields, 
launched on the 25th ult. a steel screw steamer named 
Poseidon, built for Messrs. Stathatos Brothers, Braila, 
Her dimensions are as follows: Length, 300 ft. ; breadth, 
41 ft. ; and depth moulded, 20 ft. 10 in., with a carrying 
capacity of 3750 tons dead weight. Her engines are of 
the triple-expansion type, having cylinders 23 in., 374 in., 
and 614 in., by 42 in. stroke, working at a pressure of 
160 lb. per square inch, steam being supplied by two 
large steel boilers. 


Messrs. Ropner and Son, of Stockton, launched on the 
25th ult. a steel screw steamer named Hawnby, of the 
following dimensions, viz.: Length over all, 290 ft. ; 
breadth, 40 ft. ; depth, 18 ft. 6 in. ; which they have built 
for a West Hartlepool firm ; the deadweight carrying 
capacity being 3000 tons on 17 ft. 6in. draught. The 
engines will work up to about 800 effective horse-power, 
and are by Messrs. Blair and Co., Limited. They are of 
the triple-expansion type, having cylinders 21 in., 34 in., 
and 56 in. in diameter by 36 in. stroke. Steam is sup- 
plied by two large steel boilers working at 160 lb. pres- 
sure, 











Messrs, Craig, Taylor, and Co., Thornaby, launched on 
the 26th ult. the s.s, Benridge, a sister ship to the 
Benrath, which they recently launched for Mr. Joseph 
Hoult. The dimensions are 342 ft. by 43 ft. by 29 ft. 9 in. 
The vessel has full poop, bridge, and top-gallant forecastle. 
One of her special features is the large quantity of water 
ballast, carried in tanks of about 1250 tons capacity. 
In addition to the ordinary cellular bottom, the vessel is 
fitted with a deep tank abaft the engine-room, which can 
be utilised either for carrying water ballast or any descrip- 
tion of cargo, being fitted with large hatches, and a special 
system of ventilation, so as to obviate the difficulty so 
frequently occurring in those deep tanks. The vessel 
carries « Hes 5600 tons deadweight, with large cubical 
capacity. The engines and boilers, which are being con- 
structed for a working pressure of 200 Ib., are built by 
Messrs. Thomas Richardson and Sons, Limited, Hartle- 


pool, 


On Tuesday, the 26th ult., Messrs, Wigham Richard- 
son and Co., Newcastle-on-Tyne, launched a steel screw 
steamer named the Hathor, built for the Deutsche Dampf- 
schifffahrts Gesellschaft ‘‘ Kosmos,” of Hamburg. The 
steamer is » sister ship of the s.s. Luxor, which left the 
Tyne last week after a successful trial trip, and is 350 ft. 
in length by 444 ft. beam, and will have accommodation 
for a number of passengers and for emigrants. The en- 
gines and boilers are also being constructed by Messrs. 
Wigham Richardson and Co., the former being of the 
builders’ well-known type of four-crank quadruple- 
expansion engines. They are the third set of this type 
supplied to the ‘‘ Kosmos” Company, this and the pre- 
the system of balancin 





ceding set =e also ; 
patented by Mr, Schlick, of Hamburg, and introduce 
into the United Kingdom and developed by Messrs. 


Wigham Richardson and Co. 





The Impérieuse having completed a thorough overhaul 
and refit, made a satisfactory four hours’ trial of her ma- 
chinery on the 27th ult. at Portsmouth. The air pres- 
sure was 0,39 in., mean boiler pressure 83 lb., and, with 
an average of 80 and 82 revolutions of the starboard and 
port engines, a collective indicated horse-power of 7501 
was obtained. The mean speed realised during the run 
was 16 knots. A successful trial was also made of the 
six 6-pounder and four 4-pounder quick-firing guns with 
with which the Tmpérieuse has been furnished since her 
last commission. 





The s.s. Carperby, built by Messrs. Ropner and Son, 
Stockton-on-Tees, was taken to sea for trial trip on Feb- 
ruary 27. She is of the following dimensions, viz. : 
Length between perpendiculars, 275 ft.; breadth, 
39 ft. 6 in. ; depth moulded, 19ft. Her triple-expansion 
engines are by Messrs. Blair and Co., Limited; the 
cylinders are 21 in., 34 in., and 56 in. in diameter by 
36 in, stroke, with two large steel boilers working at a 
pressure of 160 lb., and fitted with an improved evapo- 
rator. Everything worked in a satisfactory manner, 
as of 104 knots per hour being obtained. The 
steamer has been built for Messrs, R. Ropner and Co., 
West Hartlepool, and will carry 3000 tons deadweight on 
18 ft. 





Rapip TRANSIT IN New Yorx.—The New York Rapid 
Transit Commissioners have received a report from a 
committee of experts appointed under a resolution of the 
board in December, 1894. The report recommends that 
electricity should be used as a motive power, and that a 
speed of 25 miles per hour should beaimed at. The report 
further recommends that stations should be half a mile 
apart, and that four tracks should be laid, principally 
elevated, between 92nd-street and 185th-street. The ex- 
rts consulted were Messrs. Octave Chanute, Thomas C. 
lark, William H. Burr, C. L. Smith, and ex-Mayor 





Abram 8S. Hewitt. 














Marcu 8, 1895. ] 


ENGINEERING, 





325 








REVERSIBLE REGENERATIVE ARMA- 


TURES AND 
NAMOS.* 
By Mr. W. B. Sayers. 

TuE subject of the present paper is the development of 
the commutating device for continuous-current dynamos 
which I had the honour of bringing under your notice two 
years ago, and which has since been put into practice to 
a considerable extent by Messrs. Mavor and Coulson, of 
Glasgow, and other firms. 5 

Tt will be remembered that in my former paper I 
described a machine, the armature of which generated its 
own field, the usual field magnets being replaced by 
simple C-shaped iron blocks, which Lord Kelvin, on 
viewing the machine, at once appropriately called 
‘“‘keepers.” This ag oad of a — armature, when 
commutated on the kward lead, of producing or aug- 
menting, as the case may be, the effective magnetic flux, 
may, I think, be correctly described as a regenerative 
property, and I therefore propose to call armatures cap- 
able of being so commutated ‘‘ regenerative armatures.” 

I may here state what are the advantages secured by 
the use of the devices about to be described : 

1. The commutation of slotted or tunnel armatures, 
which, it is generally admitted, are very desirable from a 
mechanical point of view, but the iron embedded coils of 
which necessarily have a high coefficient of self-induction, 
is successfully performed, and that with the shortest per- 
missible air space and minimum exciting power in the 
field. 

2. Not only may such armatures be successfully com- 
mutated, but, speaking of generators, they may be com- 
mutated on the backward lead, and when this is done 
the magnetic circuit may be the shortest possible (and 
consequently the lightest possible), while still allowing 
sufficient space for shunt winding, the forward turns on 
the armature securing an approximately level, or even 
when desired a rising characteristic, the shunt only re- 
quiring to be sufficient to give the initial field required 
for the light load electromotive force. 

3. It is found practicable to commutate very heavy 
currents without having resort to duplex or triplex wind- 
ing and consequent many part commutators, or of going 
to four or more poles for large machines; and this, 
coupled with the fact that the iron embedded conductors 
do not require to be laminated, renders large armatures 
on my plan not more, but rather less, expensive to build 
than the older types, thus doing away with the main 
objection which has been raised to the use of commutator 
coils, 7.¢., that the cost of the armature is increased by 
their use. As an example, a machine will be found 
described later on having only 36 parts in commutator ; 
main conductors of solid bar, almost the lightest possible 
magnetic circuit, the output being 800 amperes and 100 
volts at 420 revolutions per minute, the combined 
efficiency of engine and dynamo being 87 per cent. 

Reversible Regenerative Armatures.—It was found that 
in many cases it was a serious drawback to machines con- 
structed with regenerative armatures on my plan that 
they could only be run in one direction ; in other words, 
the device was not reversible without structural altera- 
tions in the armature. I found a solution to this 
difficulty, however, in the construction shown in Figs. 
land 2. In there figures A, A? represent two sections 





of the main winding of a drum armature; b is a com- 
mutator coil which is connected to the main winding at 
the junction A*® between coils A! and A2; C is a com- 
mutator segment. The direction of winding is the same 
in the two figures, but in Fig. 1 the direction of rotation 
is represented as being clockwise, while in Fig. 2 it is 
counter-clockwise. A little study of these two diagrams 
will show that the commutator coil acts in precisely the 
same way in whichever direction the armature rotates, 
the brushes being always set with a backward lead, so as 
to bring the side of the commutator coil B! or B?, as the 
case may be, which is behind the point of connection (A*) 
to the main winding, under the edge of the flux horn. It 
will be noticed that in both cases only one side of the 
commutator coil 6 is operative, the other side being in 
& position in the interpolar gap where normally there is 
no effective field. 

I do not propose on this occasion to take up time with 
& minute description of the action of this device, the 
action of the reversible form now described being sub- 
stantially the same as the simple form described in my 
earlier paper. In a few words, however, I may say the 
effective part of the commutator coil is still well under 
the flux horn when the commutator bar to which it is 
connected comes into contact with the heel of the brush, 
while the commutator coil immediately preceding it, 
which is under the brush and momentarily carrying the 
full current, is just passing out of the field, and con- 
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sequently is the seat of a weaker and rapidly falling 
electromotive force, the result of which is that the current 
owing from the main winding is rapidly transferred to 
the more backward coil, which is still in the strong part 
of the field, and so is the seat of maximum electro- 
motive force. In this way a third commutator bar 
comes under the heel of the brush, the action already 
focteo repeated, and so the commutation proceeds 
see Fig. 9). 

I do not know whether it has been generally noticed 
that a close analogy exists between the problem of spark- 
less commutation and the problem of preventing knock- 
ing in a high-speed engine. In the latter case the valve 
must have a certain amount of lap and lead in order to 
give a sufficient compression and put on the live pressure 
at the proper time to just bring to a stand the motion 
of the connecting-rod, piston, &c., at the moment the 
crank is on the dead centre, and to restart them in the 
opposite direction. Just as the inertia of the reciprocat- 
ing parts of the engine must be overcome by the steam 
pressure, and not by the crank action, so the reversal of 
the current direction of the armature sections against the 
self-induction (the electrical analogue of inertia) must be 
overcome by internal electromotive forces, and on no 
account by the make and break action of the commu- 
tator plates and brushes. I think the analogy between 
these two things is strikingly complete. 

Auxiliary Devices.—In the simplest form of reversible 
machine only half the length of the commutator coil is 
effective in producing the reversal when the armature is 
running in a given direction. Fig. 3, however, shows a 
means of bringing both sides of each coil into operation. 
P is a pole piece forming an extension of the flux horn, 
leaving a recess having an angular breadth approximatel 
equal to or a little greater than the angular width of eac 
commutator coil. The commutation is effected in this 
recess, the section of main winding being located about 
midway in this recess at the time when the current in it 
is changing. It will be seen that the same action as has 
already been described takes place with regard to the 
part of the commutator coil which is behind the plane of 
commutation, but in addition to this the forward part of 
the coil next in front, in which the current is falling, has 
come under the polar extension P, and as the field under 
this extension is of the same direction as under the main 
portion of the polar surface while the coil is cutting it in 
an opposite sense, this coil is the seat of a back electro- 
motive force which operates against the current in this 
coil, and so assists in producing the reversal of the main 
armature section which is in series between the two com- 
mutator coils under consideration. 

In designing machines with a polar extension such as I 
have described, it must be borne in mind that as the flux 
conveyed by the extension enters the armature at a point 
past the plane of commutation, it is non-effective in 
generating electromotive force, as it enters and leaves the 
armature on the same side of the plane of commutation ; it 
must therefore be treated as leakage, and provision made 
for this non-effective flux in the cross-section of the field 
magnets, 

Number of Segments in Commutator.—The necessity 
hitherto found for using a large number of sections in the 
commutator, and of resorting to duplex or triplex winding 
in the case of large low-tension machines, ceases to exist 
when machines are designed on the lines I am describing, 
and the number of segments is governed practically by 
the difference of potential it is advisable to allow be- 
tween adjacent commutator plates. Of course, it would 
generally be inadvisable to reduce this number sufficiently 
to make the current undulatory to an appreciable extent, 
unless for machines for arc lighting. 

That nothing is gained by using a large number of sec- 
tions in the commutator is easily found from theoretical 
considerations, and is borne out by experience. Consider 
a two-pole drum armature having 24 coils in_ series 
generating the electromotive force; that is, a total of 48 
coils. If we use a 48-part commutator, the time occupied 
in the reversal of an armature section will be jth of 
the time of one revolution. If, however, we use a 24-part 
commutator the time occupied will be ;,th. The re- 
versing electromotive force will therefore be acting for 
twice the time in the latter case as compared with the 
former ; in addition to this, in the latter case the angular 
distance between the successive commutator coils is 
doubled, so that the one which is going out of circuit is 
farther away from the flux horn and so well out of the 
fringe, so that the reversing electromotive force (which is 
always the difference between that generated in the coil 
going out of circuit and the coil coming into circuit under 
the brush) is greater with the lesser number of segments. 
And again, whereas in the first case the opposing self- 
induction is that of one main section plus two commutator 
coils, in the second it is only two main sections plus two 
commutator coils; that is, less than double, and then, 
most important of all, the rate of change is only one-half 
in the latter case of what it would be in the former. The 
reduction of the number of segments in the commutator 
has the further advantage that it allows of the brushes 
bearing on a larger arc of the commutator surface, so 
that a smaller width of brush is necessary. It would not 
do, however, to reduce the number of slots or tunnels in 
the armature and put two coils in each instead of one, as 
this would have the effect of increasing the self-induction 
four times. 

Design of Slotted or Tunnel Armatures.—Just as the 
steam engine designer makes his reciprocating parts as 
light as possible consistent with strength, so it is worth 
while to so design the slots or tunnels in an armature as 
to get the least amount of self-induction, and this is to 
some extent antagonistic to other desirable features in 
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short air-space machines, 
In the first place, in order to keep down the self-induc- 
tion, the opening at the top of the slot should be as wide 


as possible consistently with its not exceeding the limit 
where appreciable loss would occur through eddies in the 
polar surface of the field magnets. The width of this 
opening, as stated in my former paper, should not exceed 
one and a half times the air space. I usually make it 
about one and a quarter times. Next, the number of 
conductors in each slot should be as small as consistent 
with considerations of cost of manufacture, though, as 
already shown, it is advantageous in many cases to make 
the number of commutator Sindee as small as possible— 
the conductors in two or more of slots forming but 
one section of the winding. In Figs. 3, 4, and 5 are 
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represented some designs of slots which have given 
satisfactory results in machines made by Messrs. Mavor 
and Coulson. In Fig. 3 is represented a plain slot with 
reversible commutator coils, the number of segments in 
the commutator being equal to the number of slots in the 
armature core. The commutator coil embraces three 
teeth, or has an angular breadth of 3 8. There 
are thus two commutator coil wires and two main 
armature conductors in each slot; of the two former, 
one only is in operation at a time, the second belong- 
ing to a commutator coil further back under the pole, 
and which has not yet come into circuit under the 
brush. Fig. 4 represents a slot having a groove 
planed near the top on each side, into which the round 
wire forming the commutator coil is slid. In this design 
the number of commutator segments is half that of the 
slots, and the commutator coils half that of the main 
coils; the commutator coil embraces five teeth, and its 
angular width is thus 24 8, there being two convolutions of 
main winding to each section, but each convolution 
wound in separate pairs of slots. The alternate wires 
come into operation in succession, the wires intermediate 
between these apr to commutator coils further 
back, and not in circuit for the time being. This design, 
in addition to advantages already pointed out, permits of 
the armature being a little smaller in diameter, and also 
requires no binding, the commutator coils effectively 
securing the main conductors in their position in the core. 
Fig. 10 is a diagrammatic representation of this winding. 
In Fig. 5 is represented a construction adopted in an 
80-kilowatt machine for direct coupling made by Maver 
and Coulson, the speed ne Shy v revolutions per minute. 
This machine I shall describe later on. The number of 
commutator blades is one half that of the slots, but equal to 
the total number of convolutions of main winding. Instead 
of the conductors at opposite potentials, i.¢., those con- 
nected at the time of commutation to the opposite 
brushes, being in the same slots—as is the case in the 
other two figures—these are wound in separate slots, each 
convolution of the winding passing through slots which 
are one removed from being diametrically opposite. Figs, 
11 and 12 represent diagrammatically this winding. The 
result of this construction is that the self-induction of a 
main armature section is only about one-half of what it 
would be if there were two conductors in one slot both 
undergoing commutation at the same time. 

The quotiens of CU%Put_in watts pi.4. the size of a 

revs. per minute 

machine. We have lately at Messrs. Mavor and Coul 
son’s works taken to calling this the machine constant. 

I find it very convenient in fixing the size of a machine 
to take as a basis the total flux N, and this I make pro- 
portional to the square root of the machine constant. 
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Having N fixed, the areas of all sections of the magnetic 
circuit are found by dividing N plus the leakage allow- 
ance by the value of B which is desired in each portion of 
the magnetic circuit. Thus the output of the machine is 
taken as being proportioned not to the third power of the 
lineal dimensions, but to the third power of the square 
root of the cross-sectional area at any given point in the 
magnetic circuit. Proceeding in this way, the preliminary 
calculations are not hampered by having to take into 
account the space occupied by the shaft, the depth of 
teeth, &e. 

__ machine constant 

1 


The current which may be commutated in machines of 
the type I am describing is given by the empirical 
formula : 

N 


~ixX xn 


N x 1,350,000 


te 
Where 


tx = 


the current per slot in main winding. 


N = total flux per pole. 

l = length of armature core in contimetres. 

m = number of slots, 

X =a variable depending for its value on the average 


coefficient of self-induction of main winding and 
commutator coils, 


In some 30-kilowatt machines having a constant of 39.5, 
the armature cores measuring 34.3 centimetres long by 
34.3 centimetres diameter, the value of X is 17, the form 
of slot being similar to that shown in Fig. 3. 

In the 80-kilowatt machine herein described, having a 
constant of 200, the value of X is 13.5. The fact of this 
machine working sparklessly with the lower value of X is 
due to the method of winding and to the larger openings 
at the tops of slots. The value of X depends upon the form 
of slot, and especially on the width of the opening at the 
top, and in the disposition of the conductors in them. 
The coefficient of self-induction L is greater in the main 
conductors than in the commutator coils, owing to these 
being deeper in the slots and greater also in the lower 
conductors than in those near the surface, for the same 
reason. I take the self-induction of the end connections 
as negligible compared with that of the portions of con- 
ductor embedded in slote. 

This empirical formula is, of course, capable of being 
developed into a scientific one by substituting the true 
value of L for the quantity X, and taking all the particu- 
lars of the winding, length of air-space, and other condi- 
tions into account. The formula, however, is only inde- 
pendent of the speed at which the machine runs so long 
as the resistance of the conductors remains a negligible 
quantity, which it does throughout a considerable range. 

Parallel Running.—It is almost unnecessary to say 
that machines for running in parallel] must not havea rising 
characteristic, at any rate when combined with their 
driving power. I have made no experiment with direct 
driven B retry but it is evident that if a combined plant 
running on the governors gives a falling characteristic, 
two or more such plants would run parallel, although the 
dynamo, when driven at absolutely constant speed, had 
a rising characteristic. Of course, the characteristic is 
under the control of the designer, and, apart from 
questions of permeability of the magnetic system and 
relative magnetising powers of shunt and armature, 
depends upon the position of the plane of commutation 
relatively to the neutral plane. 





Take Fig. 6, which is the characteristic of an 
80-kilowatt machine when driven at a constant speed. 
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This shows a rise up to 300 amperes, after which there isa 
gradual fall down to full load. If driven at a rigidly 


constant apeed or if coupled or run from the same power 
supply, 80 as to both run at the same speed, two such 
machines would not run in parallel with safety. Fig. 7, 


however, is the characteristic of the machine and engine 
combined; the increase of speed with light loads is 
sufficient to transform the characteristic into a falling 
one, from which it results that two such separate plants 
would run in parallel perfectly. As I have already said, 
however, there is no difficulty about designing a machine 
to have a falling characteristic even if driven at constant 
speed. ae: 

So far as my experience goes, there is not much incli- 
nation to run compound (by which I mean machines with 
a rising characteristic) machines parallel in this country, 
but if it were desired to do so the arrangement which 
suggests itself—a modification of the well-known method 
for machines with compound winding—is shown in dia- 
gram Fig. 8. The brushes B, B! are the main ones, set 
with a backward lead, while }, b' are small subsidiary 
brushes set on the forward lead. Suppose one machime 
were started, and it were desired to connect the second 
one in parallel, the second machine would be started and 
its electromotive force adjusted in the usual way; the 
small brushes 6, b' on the first machine would then be put 
down ; next the two small, and after that the two sets 
of main brushes on the second machine. When connec- 
tion is established between the two armatures at the 
four points b', b}, and BI, B! on the same side of the 
commutators, part of the current traversing the coils 
between the two planes of commutation will leave the first 
armature by the small brush and flow through similar coils 
on the second armature just as the current from the series 
coils on compound machine splits up between the two 
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series coils when they are first thrown into parallel in the 
well-known arrangement. The other brushes may then 
be put down and switches closed, when the small 
brushes on the forward position will give stability to the 
system in the same way as the independent connection to 
the brushes keeps compound machines from any tendency 
to play into each other. Although I have not tried this 
arrangement, I think there is no doubt that it would 
work satisfacterily if it were desired to run machines with 
a rising characteristic in parallel. It is usual, however, 
in central station work in this country to use shunt 
machines, and to control the current from each machine 
by means of a variable resistance in the shunt, and no 
doubt it will generally be preferred to use machines with 
a slightly falling characteristic for running in parallel, so 
as to avoid all complications. I may point out that with 
small air-gap machines considerable regenerative power 
isr nied in the armature in order to get even a mode- 


rate fall in the characteristic. 

Rocking Brush-Holders for Reversing Motors.—For re- 
versible motors, the fact of the regenerative armature 
requiring a forward lead instead of a backward one allows 
of a very simple and reliable automatic arrangement for 



























































shifting the brushes on reversal of direction of rotation. 
The rocking arm carrying the brush-holders is mounted 
on the shaft, and suitably bushed and lubricated so as to 
move freely ; the friction of the brushes causes it to be 
carried round with the armature until brought up by stops 
which limit its travel in either direction. These stops 
are, of course, adjusted so as to keep the brushes in the 
proper position for sparkless commutation. Thus the 
position of the brushes is automatically changed without 
any ie, as during the time in which the brushes are 
travelling from one position to the other immediately 





after a reversal they do not move relatively to the com- 








mutator, but travel round with it until brought up by the 
stops, so that there is no relative motion of commutator 
and brushes until the proper position is reached, and con- 
sequently no sparking (see Fig. 13). 
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Description of 80-Kilowatt Dynamo, built by Mavor and 
Coulson. 


420 revolutions per minute. 


Length of core ... - we 21 in. 
Armature: Diameter over all - 
= core . es ps 
hole in discs ... 44,, 


Total flux (effective) N = 20,600,000. 


The main winding consists of 72 bars solid copper 
1.33 in. by .2 in., connected at ends by “‘ butterfly ” con- 
nectors. Each bar is placed in a separate slot, and the 
connectors join the first to the thirty-sixth bar at each 
end. Thus the two bars in each convolution are one 
division less than diametrically opposite. Thus the 
arrangement is that represented in Fig. 5. Referring to 
Fig. 5, the commutator or reverser bar which is just 








under the pole tip is joined at the commutator end to 
the commutator blade. At the distant end it passes over 
to the slot seventh removed, through which it returns, 
and is joined to the main bar which lies in the slot third 
removed from ib. 

Magnets —The magnets are of (so-called) cast steel, 
and each half is made in two parts, with a division 
between them 4 in. wide parallel to the magnetic flow, in 
order to reduce the crowding up of the lines from cross 
induction, thus carrying out Professor Thomson’s sug- 
gestion. 

The polar angle is 120 deg. 
»» air gap - eile - es in. 
The shunt winding consists of 325 lb. of No. 12 wire. 


Number of turns aoe ae 2016 
Resistance at 120 deg. Fahr. 10.7 ohms 
Current ... es Bae sis 9.35 amperes 
Ampere turns ... oss 18,800* 


The weights are as follows : 
. ewt. qr. lb. 
Magnets, steel castings, &c. $3 2 


~" coils ‘ics “ee vis 2 3 i7 
Armature (shaft, core, and com- 
mutator)... am ae * 20 3 15 
Armature (windings, main coils, 
reverser coils) ox Ses See 43 12 
Bearing, rocker, brushholders, &c. 33 1 


Fig. 7 is the characteristic of the machine running at 
constant speed. 

Fig. 8 is the characteristic when the engine to which it 
was coupled was running on its governors. 

The engine was built by Messrs. Belliss, of Birming- 
ham, and their test showed an efficiency of 


E.ELP. 


LEP. 
While this test was being made, however, the shunt 
coils were coupled in series with a resistance in circuit 
which dissipated 1 per cent. of the total energy. So that 
the real efficiency of the combined plant is 87 per cent. 


86 per cent, 





* This means 9400 ampere turns in each limb of 
magnets, 
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untform price of 8d. ¢? are encased in a tube t3. At one end of the firing pin ¢ is fitted 
The date of the advertisement the tance of & complete | a handle t4. The tube ¢3 ies t 1 
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has been sealed, when the date of sealing is given. 


ny person may at any time within two months from the date of 


4 
the advertisement of the acceptance of a complete spectfication, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned tn the Act. 


ELECTRICAL APPARATUS. 


3 M. Peterson, Stockholm. Electric Lighting 
Apparatus for Gas Burners. [4 Figs.) Feb. 15, 1894.— 
This invention relates to apparatus for lighting by means of elec- 
tricity the gaseous mixture issuing from a Bunsen or other 
atmospheric burner with which an incandescent body, for instance 
an * Auer” hood, is used for reaping purposes. The prin- 
cipal object of this invention is to save the incandes*ent body from 
injury both when it is being fitted on the burner and during the 
use of the lighting apparatus, for which purpose the break in the 
electric circuit that causes the spark for igniting the gaseous mix- 
ture, is arranged to take place at a, within the incandescent 
body (not shown in the figures). The apparatus is constructed in 
such a manner that the gas supply pipe leading to the burner has 
a tubular extension 0, and is surrounded by three vertical electro- 
magnets k, x1, k2, The tubular extension o is normally closed at 
the top by a gas valve n carried by a tube m that surrounds, and 
is capable of sliding along the extension 0, and is provided at its 
upper end with the necessary outlets for gas. To the surrounding 
tube m is rigidly fixed an armature J which is common to, and 
situate below, the electro-magnets. The upward movement of 
this armature / is arranged to simultaneously open the gas valve 
nand break the electric current. The downward movement of 
the armature simultaneously closes the gas valve » and circuit. 




















In order to ignite the gaseous mixture issuing from the burner an 
electric current is passed by means of a switch through the bind- 
ing screw u and the windings of the electro-magnets 1 ard k?, 
which are thereby energised and caused to attract the armature / 
upward. By this upward movement of the armature / and tube 
m the valve n is opened and the movable contact ¢ raised from the 
ring b, thereby producing the required lighting spark at a. In 
consequence of the peculiar form of the armature J, it will, when 
attracted by the magnets kl, k?, be partly turned in a direction 
towards the electro-magnet kl in such a manner that the hook r 
will be brought over the upwardly projecting support s. When 
the current ceases, the armature will fall, but the hook 7 will be 
arrested by the support s and thereby prevent the complete descent 
of the armature ; thus the gas valve 7 is caused to remain open. 
In order to put out the flame, an electric current is sent through 
the binding screw u) and the winding of the electro-magnet konly. 
The armature / will then be again lifted and turned towards this 
electro-magnet in such a manner that the hook r will be removed 
from above its support s, and when the circuit is again broken by 
means of the switch, the armature / will fall into its lowest position, 
thereby closing the gas valve n and restoring the contact at a. 
(Accepted January 23, 1895). 


18,217. L. I. Blake, Lawrence, Ka.,U.S.A. Trans- 
mission of Telephonic Messages between the Shore 
and a Lighthouse, &c. [2 Figs.) September 25, 1894.—A 
designates a shore station, and S astation more or less remote 
therefrom, and which may be a lightship, or any other vessel. At 
the station A, are a battery B, a telephonic transmitter C, and a 
receiver D. The batteries and telephones are shown connected 
up in a local circuit, the line being a secondary or induced cir- 
cuit through the secondary F of a stepdown induction coil. 
The line is an insulated cable G, grounded at E at the shore station 
A, and extended out to the desired location of the electric 
region to asubmerged plate or conducting body such as the anchor 
E! of the vessel S. If the electrified area of communication is to 
be at a long distance from the shore, the step-down transformer is 
preferably placed at the point where the cable is grounded for 
the purpose of producing such electrification of the water. In 
such case a step-up transformer may be used at the shore station 














in order to increase the potential necessary to carry the impulses 
through the long line. When electric impulses are transmitted 
over the circuit, an active or electrified region, which may be 
designated the region of communication, is established in the water 
around each terminal plate, and a difference of potential exists 
between any two points therein at unequal distances from either 
terminal plate. e two immersed terminals of the cable may be 
at a very considerable distance apart, even to many miles, and 
wholly independent of each other, so that no current actually 
flows from one to the other ; but if from - vessel S, lying atany 
point in one of these regions of communication, the ends of a 
conductor K be let down into the water so that it connects two 
points at unequal distances from either terminal E and E!, 
electric impulses will pass in the conductor K corresponding to 
those transmitted through the cable from the shore station A. 
A suitable telephonic receiver in the conductor K will reproduce 


SPECIFICATIONS 
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mitter on the ship directly in the conductor K, it is desirable to 
employ a transmitter C1 and a battery B! ina local circuit, includ- 
ing the primary coil of an induction coil, the coil of low reeist- 


23 1895). 
GUNS. 


upon-Tyne. Firing M 
Ona yn g Mechanism for Breechl 


tricity or percussion. For electric firing, the pin ¢, which is suit- 
ably insulated, is held in the usual way by its spring ¢1 hard 
against the primer. 


one pole of a battery. In this firing gear the pin ¢ and insulation 


see by the collar ¢5 and the retaining nut ¢6. The tube ¢3 fits 
nto the retaining nut ¢6 at the rear end, and at the front end into 
the carrier or pivot upon which the breech-block is mounted, The 
tube is free to slide backward and forward, but not to turn, owing 
to the collar ¢5 having a projection ¢?, which fits into a groove in 
the carrier. The retaining nut ¢¢ is provided with interrupted 
rings or threads of ascrew, and also with a boss ¢8 to contain the 
trigger. This boss ‘8 may also form a handle to unlock the retain- 
ing nut ¢®, A head ¢9 is slidden on to the rear end of the tube ¢3, 
and is held and also retained from turning. This head ¢° is 
provided with a projection u5 to fit into one of the two 
slots provided in the retaining nut ¢6, The head t® also has 
a projection ¢!0 on the underside to take the safety lever. On the 





ott 


head ¢° is a boss t!!, which may take a contact piece. The front 
end of the firing pin ¢ may have a flat end, or it may be formed 
with a nipple ¢!2 for striking the primer in percussion firing. The 
front end of the pin t isinsulated from the tube t® by a washer #13, 
which is preferably made of leather prepared by steeping in 
shellac or other suitable varnish and then hammered until hard. 
The rear end of the firing pin ¢ is screwed, so that the spring can 
be compressed into — by screwing on the handle ¢4, The 
handle ¢t4 is insulated from the tube ¢® by washers ¢]4 and ¢", 
which are preferably made of prepared leather. A check nut tl6 
is screwed on the rear end of the firing J aes t to prevent the handle 
t4unscrewing. The specification also describes an improved con- 
struction of trigger mechanism, consisting of a plunger, screwed 
cap, filling piece separate or forming part of the screw cap and 
spring provided with a projecting end to engage with notches in 
the end of the screw cap ; also improved safety gear with coiled 
spring around the locking lever spindle, tending to press the 
spindle endwise to lock it when it has been turned into position 
to hold back the firing pin, and also, as the a is being 
closed and the spindle is moved from its locked position, tending 
to turn the spindle in a direction to assist in completing the last 
part of the turning movement of the hand lever by which the 
breech is closed. (Accepted January 23, 1895). 


5162. Sir Andrew Noble and R. T. Brankston, 
Newcastle-upon-Type. Recoil Presses for Gun 
Carriages. [4 Figs.) March 12, 1894.—The improvement con- 
sists mainly in the use of a valve to insure the speed of running 
out ofa gun after recoil being under control from the commence- 
ment of the running-out movement. A is the rear end portion of 
the gun ; Bis the rear end of the cradle in which the gun can 
slide backwards and forwards; B! is the cylinder for controlling 
the recoil secured to the underside of the cradle; and B?2 B?2 are 
two cylinders also forming part of the cradle, and each contain- 
ing springs for running out the gun in the ordinary way, Cisa 
piston in the cylinder B! ; the piston-rod C! is secured to the rear 
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end of the gun as shown in Fig. 1. Other rods D, D, also secured 
to the rear end of the gun, pass into the cylinders B2, and have 
discs or pistons at their forward ends which bear against the 
forward ends of coiled springs contained in these cylinders in the 
ordinary way. C? is a hole bored in the piston-rod from its 
forward end. E is a ram fixed to the forward end of the cylinder 
Bl, and passing into the hole bored in the piston-rod. O3 isa 
bush screwed into the mouth of the hole and fitting to the piston- 
rod. E! isa hole bored lengthwise through the ram E. E*isa 
hole bored through the side of the forward end of the ram and 
opening into the hole E}, E*is a pin screwed into the forward 





the signals thus transmitted. Instead of including the trans- 





ance of which is in the circuit of conductor K. (Accepted January 


5057. E. W. Lloyd and A. G. Hadcock, tS tray 
( ce. [11 Figs.) March 10, 1894.—The firing mechanism 
is so arranged that the powder charge may be fired either by elec- 


An electric cable connects the firing pin with 


limits the passage from the hole E! to the hole E2 to regulate 
the speed at which the gun is run out. C4 isa slot cut through 
the piston at one point of its circumference. B* is a metal rod 
fixed to the side of the cylinder B', and passing through this slot: 
the rod is shaped as usual to more or less close the passage 
through the slot C4, and so control the speed of recoil. C5 isa 
screw plug screwed into a recess bored radially into the piston 
from the slot C4. Cé6are holes bored through from the bottom 
of this recess into the hole C2 in the piston-rod. C7 is a ball 
valve contained in the interior of the screw plug C5. In one 
position the ball closes the passage C9 formed through the plug. 
In the other position of the ball the passage is open, and liquid 
can pass freely through the passage C9 and holes C6 to the hole 
C? in the piston-rod. When the gun recoils, the speed of recoil 
is checked as usual by the speed at which liquid in the cylinder 
B' can pass through the slot C4 from the rear to the front of the 
piston C. At the same time the valve C7 opens, and liquid can 
pass freely to the hole C2, and fill this hole as the piston-rod goes 
back. When the recoil is ended and the springs in the cylinders 
B? commence to run the gun out again, the valve C7 closes, and 
the liquid with which the hole C? is filled can only escape from 
it through the hole E! and emall hole E? bored in the ram. (Ae- 
cepted January 23, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


3880. A. Lamberton, Coatbridge, Lanark. Machines 
for Shearing Metal Plates. [2 Figs.) February 23, 1894. 
—According to this invention the housings or framings of large 
shearing machines are built up of a number of separate castings 
of moderate size connected fogether by means of massive tension 
rods or long bolts of wrought iron or steel so placed as to take 
up the strains of working in the best manner. The lower part or 
base of the machine consists of two or more castings A!, A, the 
front parts of which extend towards each other, and are bolted 
together with flanges A%, whilst there is some space between the 
after parts. Upon each of the base castings Al, A? there are 
bolted intermediate castings or distance pieces A4, A5, upon which 
rest the upper parts Bl, B2 of the housings. At their back ends 
these upper housing pieces B', B? are bolted to the back inter- 
mediate pieces A5, and are additionally secured by_long bolts C 



































a 
extending down to the bottom of the base castings A', A2. The 
forward parts of the upper housing pieces B', B2 are held down 
by massive tension rods or long bolts D which extend from the 
tops of the upper housing pieces down to the bottom of the base 
castings A', A2. The strain of the shearing action tends to lift 
the upper housing piecss B', B?, and is completely taken up by 
the long bolts D in such manner that little or no tensional strain 
can take effect on the cast-iron parts or bolted flanges. The 
upper housing pieces B!, B2 are not bolted to the distance pieces 
A‘ under their forward parts, and are therefore free to rise in the 
event of the long bolts D stretching, thus avoiding strain on the 
cast-iron flanges. The bearing surfaces of the distance Flecee A‘ 
are formed with a ‘‘check ;” and in addition a ring A® is fitted 
into recesses in each distance piece and each upper housing 
piece. (Accepted January 23, 1895). 


MINING, METALLURGY, AND METAL 
WORKING. 


1004. M. C. Browne, Holyoke, Mass., U.S.A. 
Draught Air Heating Apparatus for Furnaces. 
(2 Figs.] January 16, 1894.—A represents a furnace in which the 
boiler B is set over the firebox and combustion chamber, and has 
flues a through it from end to end. The products of combustion 
pass from the rear end forwardly and up the emoke-pipe b to the 
chimney d. The smoke-pipe b and chimney d are not, as it were, 
the one a part of the other, but there are a series of longitudi- 
nally running separated flues f, f above the boiler, the ends of 
which are open to the smoke-pipe and chimney. These flues are 
inclosed within a casing g through which are a series of cross air 
flues h, h, the ends of which are closed at h2. At one portion of 
the casing, at one side, is an air inlet opening i for the free 
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entrance of atmospheric air to the cross-flues, while at the other 
side of the casing, at a different point along its length, is an air 
outlet opening j, connected with which is a pipe m which leads 
downwardly to communication with the furnace chamber. The 
air entering all the air flues through the opening i becomes 
highly heated by contact with the flues through which the waste 
products of combustion are passing. In the air-heating appa- 
ratus the air flues are formed by long rectangular sheets of thin 
metal bent to form flattened tube sections. These tube sections 
are placed one above ther, with separation between them 
corresponding to the vertical dimensions of the smoke-flues /, and 
are held in such separation by longitudinally arranged angle- 
strips 0, 0, which are interposed between the end portions of the 
contiguous flattened tubesections. (Accepted Jannary 28, 1895). 


22,034. H. Schon, Allegheny City, Pa., U.S.A. 
Manufacture of Coke. [5 Figs.] November 14, 1894.— 
A series of coke ovens A, Al, A? are arranged alongside of each 
other, and each is provided at its front-end with a counter- 
balanced tile door B adapted to slide vertically in guideways to 








end of the hole E; its rear end passes beyond the hole &?, and 





open or close the front end of the oven. In the ovens A, A', A 
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extend the railroad tracks C, C', C2, on which travel wheeled 
trucks D, each adapted to carry a hearth E of firebrick built in 
a tray E! adapted to rest at its sides on the supports A°, arranged 
in the sides of each oven A, A', or A?. Each tray is pro- 
vided at its underside with a fixed plate E2, arranged to rest on 
a vertically movable platform D! forming a part of the truck D. 
Each hearth Eis adapted to be raised and lowered on its truck 
D, so that the hearth can be wheeled into the oven when in a 
raised position, and then lowered in the oven until the tray E' 
is seated on the supports A®*, after which the truck can be run out 
of the oven, and the latter closed by the door B, until the coal 
contained in the hearth E is transformed into coke. When this 
has been done the truck D is returned under the hearth. The 
platform D! is raised to connect it with the plate E*, and to raise 
the hearth off the supports A%. Then the truck with the hearth 


capable of being bolted or braced together for the attachment of 
the junctions. (Accepted January 16, 1895). 


6842. J. Dunlop, Wigan. Steam, &c., E es. 
(6 Figs.] April 6, 1894.—The object of this invention is to pro- 
vide an arrangement of link motion reversing gear of the Gooch 
type, by which independent admission and exhaust valves may be 
worked, and in which the adjustment of a single radius rod will 
alter the various periods of the distribution in such a manner that 
for any period of cut-off the corresponding periods of release and 
compression will be much later than is the case when an ordinary 
link motion reversing gear and a single slide valve are employed. 





| One arrangement of this improved link motion reversing gear is 


shown in Figs. 1 and 2, and represents the improvements applied 
to an engine having Corliss valves. The admission valve levers A, 
A 1 are linked together by the admission valve connecting-rod B, 





containing the coke is run out of the oven on the corresponding 
tracks C, O', or C2. In front of each oven is arranged a suspended 
receptacle F, F', or F2, adapted to receive coal from cars run on & 
track G arranged over the receptacles. The receptacles F, F!, F2 
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are readily filled with coal from the cars travelling on the tracks 
G, and the coal from a receptacle is run out through the hopper 
bottom F% on to the hearth E held below the hopper bottom on its 
truck D. When a suitable quantity of coal has been loaded in 
the hearth E, the door F4 in the hopper bottom F* is closed, 
and the truck with its load is run into the oven A, Al, or A?. 
Then the truck is discharged from the hearth as above described 
and run out of the oven, and the coal is converted into coke 
in the usual manner. The outer end of each track C, Cl, C2 is 
adapted to be connected with a short track H, pivoted at H! on 
a truck I running on a track J built on a lower level than the 
tracks C, C!, C2, so that the track H can be brought in align- 
ment with either track C, Cl, C2, on wheeling the truck I along 
the track J. As the track H is pivoted on the truck I, it permits 
of turning the track to move the truck D and its hearth E into an 
inclined position to dump the load of coke from the hearth E into 
a receptacle K over which is a water-spraying device L for cool- 
ing the coke and removing the sulphur therefrom. (Accepted 
January 16, 1895). 


STEAM ENGINES, , [cree EVAPORATORS, 
Cc. 


4831. Sir E. Green, Wakefield, Yorks. Feed-Water 
Heater and Condensing Apparatus. (2 Figs.) March 7, 
1894.—The improved feed-water heater consists of a nest of tubes 
having different sized ends in plates fixed to a jacket for support 
upon rings or brackets of an outer casing. A chamber is formed 
under, and another chamber is formed above the tubes to allow of 
free access and passage of steam through the tubes, as well as 
through the space between the two jackets, if two be used. The 
water to be heated flows slowly through the apparatus, and its 
speed can be regulated as desired. The apparatus, as above con- 











structed, willalso answer as a water surface condenser. A, B are 
lower and upper boxes respectively for water. C, C are tubes 
connecting these boxes, supported on a stool-like frame D. Eis 
a water inlet pipe, and F a junction connecting the pipe E with 
box A. G is a junction connecting box B with water exit 
pipe H. J isa steam inlet, and K a steam exit. L is a casing in 
which steam has free play around both boxes A, B, tubes OC, C, 
junctions F, G, and the descending branch M of the water inlet 
pipe E. N, N are covers of the upper box B through which the 
= C, C can be inserted in the boxes. The boxes A, B may 


and actuated from the expansion or reversing link C by the radius 
rod D which is adjusted as usual to regulate the various cut-offs 
and the direction of revolution. Centred at its intermediate 
point on the admission valve connecting-rod B, is a double-ended 
supplementary exhaust lever F which is connected at one end 
to the exhaust valve levers E, E 1, by the exhaust valve con- 


























necting-rods G, G1, its other end being connected to the centre 
point of the expansion or reversing link C, by the supplementary 
exhaust rod H. As the motion of the centre point of the expan- 
sion or reversing link C is in time with the crank, while the motion 
of the radius rod D is equivalent to that of an eccentric set with 
a certain angle of advance that is varied by each different adjust- 
ment of the radius rod, so also the motion of the end of the sup- 
plementary exhaust lever F, where it is connected to the exhaust 
valve levers E, E1, will be equivalent to that of an eccentric set 
with a certain angle of advance that is varied by each different 
adjustment of the radius rod D. But this angle of advance will 
be less than that of the equivalent eccentric for all positions of the 
radius rod except the mid-gear position, when the motion will be 
identical. Fig. 3 shows these improvements as applied to an 
engine having Cornish or double beat valves. The admission valve 
levers A, Al are linked together by the rod B, which carries the 
ae a omens” exhaust lever F; the connection to the exhaust 
valve levers E, E 1 being made by the rodsG,G1. The connec- 
tions to the expansion or reversing link are as previously described. 
(Accepted January 23, 1895) 


TEXTILE MACHINERY. 


2386. J. M. Hetherington, Manchester. Feed Ap- 
paratus for Textile Materials. [4 Figs.) February 3, 
1894. —This invention has forits main object to promote regularity in 
the feed or delivery of machinery for scutching, opening, or pre- 
paring raw cotton. The ordinary long top roller A is fluted, as 
usual in automatic feed apparatus. Beneath the roller A is placed 
a series of short similarly fluted rollers B. Each of the rollers B 
is mounted in a cradle C formed upona lever C1 which corresponds 
to the ordinary pedal lever, and is pivoted upon the shaft or Pes enc 
D. The cradle Ccarries a set of bed rollers E, sustaining the short 
rollers B, and preferably fluted to correspond with the rollers B. 
As the bed rollers revolve freely in their bearings, but little 
resistance is offered to the rotation of the rollers B. The rollers 

may be rotated by their frictional contact with the fibrous 
material as it passes between the rollers A and B, but they are 
preferably driven positively from the unyielding shaft F in such a 
manner as to be revolved without losing the capability of yielding 





to inequalities in the passing fibrous material. For this purpose 
the shaft F is formed with projections, and the interior of the 
rollers B is also formed with projections and recesses having 
sufficient clearance to allow of the rollers B to yield, while at the 
same time preserving driving contact of the projections upon 
one side of the shaft at least, so that the oscillations of the rollers 
B do not affect their rotation. The consequence is that when a 
greater thickness of fibre than usual between the rollere A 
and B, the roller B yields downward, the cradle and lever swing- 
ing upon the pivot shaft D, while the driving shaft F remains in 
the same plane. In the same manner, if the supply of textile 
fibre should become thin between the rollers, the roller B will 
yield upward and still remain in driving contact with the shaft F. 

e lever C! is connected with the usual regulating apparatus in the 
— manner, so that the feed or delivery is increased or 
diminished in accordance with the requirements. (Accepted 
January 28, 1895). 

24,715. W.Mather,Manchester. Damping Textile 
Fabrics. [3 8.) December 19, 1894.—This invention relates 
to apparatus for ping webs of textile fabrics constructed and 
arranged in such manner as to secure great uniformity in the dis- 
tribution of the moisture over the web. The apparatus is fixed 








each be in a single casting, or composed of a series of castings 


#0 as to face a wall or screen A down which the textile web W is 





drawn from above to be moistened as it descends, and is wound on 
a beam B which is driven in the usual way bya revolving roller 
B! on which it rests. Steam —— by a pipe C exerts injector 
action on water supplied by a pipe D, and the jet of water mingled 
with the steam more or less condensed issues by a small aperture 
and strikes against a cone E placed with its apex presented to- 
wards the centre of the jet. By its impact on the cone, the jet ig 
distributed in spray in the form of a hollow cone. By means of a 























~ ataie 
deflector F the lower half of this cone of spray is directed into a 
cup G, while the upper half of the spray cone strikes the web W 
as it passes down. The deflector F may, however, be omitted in 
cases where much damping is required, the whole cone of spray 
being then delivered on the fabric. The water caught in the cup 
G, and water from the wall or screen are received in a tray H, 
whence the water can be discharged or drawn to be used again. 
(Accepted January 28, 1895). 


MISCELLANEOUS. 


5119. D. Drummond, Glasgow. Apparatus for 
Expressing Juice from Canes, &c. [3 Figs.) March 12, 
1894.—The improved apparatus comprises a crushing cylinder A 
into which the material to be subjected to pressure is placed, and 
which also serves to carry supporting columns B for two cylinders 
CO and D placed tandemwise vertically over the crushing cylinder 
A. The ram of the upper cylinder D is actuated by steam, and 
that of the lower cylinder by hydraulic pressure. The rod d of 
the upper piston is carried through the ram C! of the lower cy- 
linder and terminates in a piston head E which enters the upper 
open end of the crushing cylinder A, and serves to pack the cane 
in the latter, the piston head E being rapidly raised and lowered 
as required during the feeding of the cane into the crushing cy- 
linder A. When this vessel is fully charged, the ram C! of the 
second cylinder C, which acts more slowly, is put into motion and 
such pressure is applied as will fully express the juice from the 
cane within the crushing vessel A. The expressed juice is per- 
mitted to escape by perforations e at the bottom end of the vessel, 
from which it is conveyed to filling tanks. The piston head E 
serves also as a means for raising the ram C! after the juice has 
been expressed from the cane. In the bottom of the crushing 
































F? 


vessel A is a perforated piston F attached to the upper end of a 

lunger F'in a cylinder F? fitted underneath. The plunger F! 
is operated by steam to raise the perforated piston F forming the 
false bottom to the crushing vessel A, and to eject the compressed 
fibre from the crushing vessel, after performing which operation 
the false bottom F again descends, leaving the crushing cylinder 
ready fora fresh charge. The perforated piston F forms with the 
bottom of the crushing vessel A a collecting chamber H communi- 
cating through the orifices e with a suction pump by means of which 
the juice is drawn off as pressed out of the cane, thus avoiding its 
re-absorption by the megasse on the removal of the pressure. The 
megasse is discharged from the top of the piston F at the mouth of 
the cylinder A by a piston head J operated by a horizontal cy- 
linder K. The cane is reduced to short pieces at an angle to 
insure that the - may flow freely from the cells and the cane be 
easily and speedily packed by the packing piston E before the 
large ram is brought to bear on it in order to crush the material. 
The exhaust steam from the cylinder D may be led by a pipe L 
through orifices e' in the crushing vessel A into the fibre, so as to 
— ~ whole of the juice being extracted. (Accepted January 
23, 1895). 





UNITED STATES PATENTS AND PATENT PRAOTIOB. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
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ae his staff, Messrs. David Hay and Maurice Fitz- | cut and cover method of construction ends and the 


THE BLACKWALL TUNNEL.—No. IV. Maurice, were able to enter into possession, and the | iron-lined tunnel begins. 


In our engravings on the present and following | contractors were free to commence their labours, 


The two lower strakes forming the shoe of 


es we continue our illustration of the work now|Mr. E. W. Moir being contractors’ engineer. | the caisson were delivered in three segments and 


Pa progress on the Blackwall Tunnel. We have} Arrangements were made to begin on the south 
already in former issues* illustrated and described | side, thus driving northwards. The reason for this 
the main features of the work, and we now propose | was_ that the ground was easier to work on the 
aling more particularly with the method of con-' south, and it was naturally concluded that the men 
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struction, although, in the course of our descrip- | would thus gradually get experience in the various 
tion, we shall have to explain and illustrate many | operations, and so be better able to deal with the 
of the details of the permanent work. | exceptional difficulties which, it was known, would 
Sinking the Caissons, —The contract for the whole | be met with later. It was therefore determined to 
work was, as previously stated in these columns, | commence the work by sinking shaft No. 4, which, 
let to Messrs. S. Pearson and Son, of Westminster ; |as will be seen by reference to our two-page plate 
vnd the orders for the caissons were placed with the | of February 8, is the most southern of the four 
Thames Iron Works and Shipbuilding Company, | vertical shafts that have been sunk for purposes of 
whose premises are situated quite close to the site  enileuabens and to afford access to the tunnel. 
of the tunnel. On March 1, 1892, Mr. Binnie and | This shaft is situated about 600 ft. from the 
‘ Kentish bank of the river at the point where the 








~ * See pages 1, 165, and 206 ante. 












were placed together on the ground on May 21, 
1892. Each segment weighed about 9 tons. The 
first two strakes are of steel, the rest being iron. 
The lower part of the caisson is shown in Fig. 
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Fig.55. Section at B. B. 
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Fig. 63, 


47, on the present page. Fig. 48 is an enlarged 
section of the bottom part, Fig. 49 being a part 
sectional plan, and Fig. 50 a section on the line 
A A. Attention should be called to the fact that 
the lower part of the caisson is strengthened by 
radial diaphragms, as shown in Figs. 48 and 50. 
Some of these diaphragms extend upwards to a 
height of 48 ft. 6in. from the cutting edge, and 
serve to strengthen the structure of the caisson 
where its cylindrical form is interfered with by 
the tunnel openings on either side. In Fig. 51, 
on page 344, we give a perspective view taken 
from a photograph of the shoe of No. 4 caisson as 
erected. 

Our two-page plate of February 8 gave the posi- 
tions and complete sectional elevations of the ver- 
tical shafts, and although these are to small scale, 
they are sufficient, with the aid of our present 
illustrations, for purposes of description. Each 
shaft consists of a wrought-iron caisson 48 ft. in 
internal diameter and of 58 ft. external diameter 
at the bottom. The plates vary from z in. at the 
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cutting edge to ;'; in. at the top, and are braced 
together with angle iron, as shown in the various 
illustrations. The plating is so arranged that the 
inner skin of the shaft is plumb, while for the 
outer skin the rings of plating are placed telescopic- 
ally. That is to say, the inner skin plates are set 
at a slight angle from the vertical, so as to counter- 
act the batter that would be given to the whole 
skin by the overlapping edges of the plates, while 
in the outer skin, on the other hand, the plates are 
vertical, and as they overlap there is a batter on 
the outside of about 1 in 100. This materially 
decreases the skin friction in sinking. At a dis- 
tance of 8 ft. 6 in. from the bottom, the inner skin 
is bell-mouthed to meet the outer skin, and thus 
forms a cutting edge for the purposes of sinking. 
This cutting edge is strengthened by an external 
steel band of 2 ft. by 1in., as shown in Fig. 48. 

The space between the outer and inner skins of 
the caisson, varying from 5 ft. at the bottom to 
about 4 ft. at the top, is filled with cement concrete 
of 6 to 1; and in this way a solid cylindrical struc- 
ture of great strength is formed. 

In Fig. 52, on page 344, we give a perspective 
view of the same caisson at a later stage. Here 
we see the openings through which the tunnel 
roadway will pass when the work is complete. 
For the purpose of sinking the caisson these open- 
ings have to be closed, as already stated (see page 
167 ante). Details of the openings are illustrated 
in Figs. 53 to 62, page 329, of which the former is 
a sectional plan at the middle height of the open- 
ing. Fig. 54 gives a general idea of the method of 
closing the openings for sinking. Iron plates, form- 
ing a continuation of the outer skin, are bolted to- 
gether and backed by horizontal and vertical 
girders bolted to the sides of the opening. The 
plates were bolted together in place of being 
riveted, so as to facilitate removal when the caisson 
was sunk to its full depth. Fig. 55 is a part 
sectional plan at the line BB on Fig. 54, this 
being on the plane of the centre of the opening. 
Fig. 56 isa part plan on the line A A, above the 
opening. This shows the radial stiffeners between 
the two skins. These stiffeners are placed above 
and below the opening, as shown in Fig. 54. 
Fig. 57 is a part plan on the line B B, being, in 
fact, an enlargement of the detail shown in Fig. 55. 
Fig. 58 is a vertical section of the lower part of the 
caisson, extending from the cutting edge up to the 
bottom of the opening. This is an enlargement of 
the part shown in the lower right-hand corner of 
Fig. 47, but is taken from the opposite point of 
view. Here is seen the bracket or cantilever which 
supports the hood or collar that forms a prolonga- 
tion of the tunnel opening. The junction between 
the iron lining of the tunnel and the plating of the 
vertical shafts is formed in the manner shown in 
Fig. 46, on page 208 of our issue of February 15. 
The collars or projecting hoods are attached to the 
imner skin of the shaft, special tunnel lining cast- 
ings being used at this part. A joint is effected 
by the whole being substantially bolted together 
and made water-tight. Concrete 4 to 1 is used as 
packing between the cast-iron tunnel lining and 
the projecting hood or collar. Dependence is 
not placed on the concrete to keep out water, but 
on the end plate, the joints between the plate and 
the lining, and those between the plate and the 
collar being caulked. This part of the work is best 
shown by Figs. 42, 43, and 46, on page 208 ante. 

A vertical section of the lower part of the plug 
or shutter, which closes the opening, is shown in 
Fig. 59, on page 329, while Fig. 60 is a sec- 
tional elevation of the same part. Fig. 61 is a sec- 
tional plan through the vertical girders of the plug, 
and Fig. 62 another sectional elevation showing 
the cover plates on the outside of the plug. The 
latter are for the purpose of strengthening the con- 
nections between the girders and the outer skin, 
where strips of wood are used as packing pieces 
between the angles for the purpose of allowing 
some latitude in the fitting in order that the different 
parts may be taken down to be used over again, as 
the plugs are shifted forward from one shaft to 
another. It would be very troublesome to insure 
absolute identity in all sizes of openings, and by re- 
ducing or enlarging the wooden strips the plates 
can be made to fit. 

A perspective view of the inside of the plug or 
closing shutter is given in Fig. 63. It should be 
stated that the photograph from which our engrav- 
ing was made was somewhat damaged, a fact which 
accounts for the irregularities of outline in the 
girders to be seen in the illustration. 


In our former notices we have stated that the | and afterwards proceed to the more special diffi- 


bottoms of the shafts are composed of concrete, 
and have a water-tight skin of iron }in. thick 
placed near the bottom of the concrete. 
arrangement is shown on the longitudinal section 
of the tunnel given in our two-page plate of Febru- 
ary 8, and to a larger scale in Fig. 47, on the pre- 
ceding page. Fig. 64, on the present page, is a plan 
of this water-tight floor; the arrangement of plat- 
ing isas shown, the outer ring of plates being placed 





Fig. 64. 
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| culties met with later on. The method adopted 
| was by excavation from the interior, freeing the 
This | 
/sunk down. 


cutting edge and building up the caisson as it 
As the operation proceeded, the 
concrete was filled in between the skins of the 
caisson, to give the required weight. The sink- 
ing was first through made ground, then through 
loamy clay, peat, ballast, and London clay, 
finishing in sandy clay. No special difficulties 
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radially, and the filling in of the centre by square 
plates being considered the most convenient method 
of construction. Fig. 65, on the present page, is a 
section of the bottom, with the concrete filled in 
below the iron water-tight floor, the top of the 
concrete as completed being shown in dotted lines. 
Fig. 66, on the present page, shows the method of 
attachment of the floor to the inner skin to a larger 
scale than this detail could be given in Fig. 65. 
Fig. 67 is a plan showing the connection of the 
floor to the caisson, and Fig. 68 is a plan of the 
joints in the floor. 

As already stated, the nature of the soil afforded 
fewest difficulties for sinking on the site of No. 4 
shaft. We will follow the plan of the engi- 





neers in describing the simplest operation first, 





were met with, there being a freedom from water 
which would not have existed had it not been for 
the pumping that was being carried on in the 
cut-and-cover part of the work further back. This 
kept the soil fairly well drained. At the last part 
of the sinking especial care was necessary to keep 
the caisson upright, owing to the irregular nature of 
the ground, it being softer on one side. By proper 
attention to the weighting of the caisson, and by 
freeing the cutting edge where the soil was stiffest, 
the required end was attained. The bottom of No. 4 
shaft being 78 ft. below high water, naturally there 
was a good deal of water in the sandy clay. This 
during the last few feet of the work was not re- 
lieved by the pumping in the cut-and-cover, the 
work being ata lower level, and therefore a certain 
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amount of pumping had to be done to keep the 
bottom part clear of water when putting in the con- 
This No. 4 shaft was sunk throughout in the 
open, but arrangements were made for putting in 
an air-tight floor in case trouble should have arisen 
through water, and compressed air, therefore, 
should have become necessary. | In Fig. 47, on 
page 329, the air-tight floor is shown in posi- 
tion, but it was not used in sinking No. 4 shaft, 
though it was required in other shafts, to which 
reference will be made later. It will, however, be 
more convenient to connect the drawings of detail 
of the air-tight floor with those of the other part of 
the caisson, and we therefore give them in Figs. 69 
to 72, on page 330. The floor, as will be seen, con- 
sists of §-in. buckle-plates riveted to the top of 18-in. 
girders which are attached to the sides of the cais- 
son. To give additional strength there are above 
ten girders 4 ft. deep, which are at right angles to 
the lower girders. Finally these are crossed by 
two 12-ft. girders. It will be noticed that the 
air-tight floor is placed higher than is usual in 
caissons used for sinking bridge foundations and 
purposes of that nature. The reason for this will 
be obvious when it is remembered that provision 
had to be made for using air in constructing the 
tunnel itself, and in that case the floor would 
serve as a cover when the shield by which the 
tunnel was constructed was being driven through 
the shaft. 

When the work of sinking the shaft was com- 
pleted, it became necessary to shut off the water 
that came up from the sandy clay through the 
concrete. It will be understood that had not the 
pressure of this water been relieved it would have 
injured the concrete at the bottom of the shaft. 
The water was therefore allowed to escape through 
a pipe leading through the concrete and the water- 
tight floor to a sumph, from whence it was pumped 
to the surface. When the concrete had set and 
the work was completed, the water was finally shut 
off by means of a valve which was placed in the pipe. 

The shaft occupied about nine months in sinking 

Whilst the shaft was in progress, in order to save 
time the erection of the shield was proceeded with. 
This was a very important and interesting piece 
of work, which we shall illustrate and describe in 
a subsequent issue. 
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Elementary Naval Tactics. 
Barnpriper-Horr, United States Navy. 
John Wiley and Sons. 1894. 

ComMANDER Batnspripce-Horr has long been 

known as an authority upon naval tactics and an 

able and clear expounder of his views respecting 
naval warfare and the handling of ships at sea. His 
earlier work, published about 10 years ago by the 

United States Navy Department, on the ‘‘ Ex- 

amples, Conclusions, and Maxims of Modern Naval 

Tactics,’ was republished in England, and is 

familiar to all students of the subject. He is also 

the author of a thoughtful and instructive little 
work upon ‘‘ The Avoidance of Collisions at Sea.” 

The present treatise, like the former, is the out- 
come of the author’s close and careful study of all 
that has been written and said about naval tactics 
and manceuvres in America, Great Britain, and 
elsewhere, and of his own original thought and 
experience. The United States Navy is fortunate 
in possessing officers who are not merely good 
sailors and brave men, but are also acute and able 
thinkers, and have the power of expressing their 
ideas in clear, concise, and forcible language. 
The system of education in the American Navy is 
perhaps better adapted than our own for creating 
a corps of officers who will be men of thought as 
well as men of action; and one natural outcome 
of it is seen in the many erudite and exhaustive 
books and papers upon naval questions which come 
from the pens of American naval officers. Their 
literary work appears to be marked by more 
thoroughness, better balance, and greater power of 
thought, analysis, and expression than we in this 
country are accustomed to expect from naval 
authors, 

Commander Bainbridge-Hoff is one of those 
naval authors whose works are always sure of a 
hearty welcome in this country, where he himself 
is well and favourably known. There are evidently 
naval families on the other side of the Atlantic as 
well as upon this, seeing that the present work is 





dedicated to the son of the author, “an officer in | 


the United States Navy, serving in the fourth 
generation.” The present treatise is called elemen- 
tary, but it is instructive and suggestive throughout. 
It commences by defining naval tactics, and describ- 
ing the general scope of the subject. The author 
starts from the position, logically and rightly, that 
the art of naval tactics comprises all that part of the 
design of a warship which has to do with the choice, 
the placing, and the method of employing the 
weapons with which she is to be armed ; and also 
with the protection of those weapons, and the pro- 
tective arrangements for the defence of the ship. 
It deals, therefore, with the question of designing 
ships so that they may inflict the greatest damage 
upon an enemy, and be protected themselves to the 
fullest extent possible against total or partial dis- 
ablement while thus exposed to danger. After 
insuring that each individual ship is made as effective 
for offence and defence as the naval tactician can 
devise, the questions follow of manceuvring at sea, 
so as to gain for her some advantage in position 
with respect to the enemy, of combining and moving 
ships in relation to each other, or to some outside 
obstruction or defence, so as best to employ each 
and all of the weapons, while maintaining the 
greatest amount of support between the vessels, 
and of moving vessels in force and formation so as 
to be controlled by general signal. 

The author justly says that ‘‘ the study of naval 
tactics embraces the planning and construction of 
the ship, as well as the organisation and fighting 
of fleets.”” Everything that helps to bring the gun, 
ram, and torpedo into play against the enemy, and 
that protects the ship against injury to herself, or 
any of the elements of her fighting power, is of 
vital importance to the naval tactician. Having 
got ships that are as efficient as they can be made 
for offence and for defence, it remains for their 
officers and the admiral in command to use them 
to the best advantage. First of all, the officers 
require to have an intimate knowledge of what 
their ships can do, and what they cannot do, what | 
are their best points, and how the most can be got | 
out of them. Commander Bainbridge-Hoff is very 
strong upon this point. A warship is a weapon 
whose effectiveness and success in action will de- 
pend upon the knowledge, skill, and energy with 
which it is wielded. When officers are appointed 
to a ship it means ‘‘for each one the taking up, 
in his special department, some novel application 
of science or some new mechanical device, study- 
ing it and mastering it.” The captain must come 
to his command with ‘‘a fundamental knowledge 
of naval drill and a complete mastery of the 
methods of signalling.” He must acquire ‘‘the 
most intimate and intricate understanding of the 
individuality of his own ship, and, in a general 
sense, the knowledge of the requirements of his 
consorts ;” and must be constant in the ‘‘ over- 
sight of his subordinates to determine whether the 
results they give him in their special departments 
are adequate and good.” The commander-in-chief 
must know the tactical qualities of each ship of 
his fleet, and be able to classify and arrange them 
according to their speed, armament, manceuvr- 
ing power, &c., so as to make the most effective 
combination for any service he may be called upon 
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ON ELEOTRIC CABLE RAILWAYS. 
By C. S. Du Ricue Pretier, M.A., Ph. D., 
A.M.I.C.E., M.1.E.E. 

(Concluded from page 270.) 
APPENDIX. 

Tue Stans Licut Exvecrric Raitway. 

Alignment (Fig. 2, page 138 ante).—This line con- 
stitutes the connecting link between the Lake of 
Lucerne and the Stanserhorn cable railway, and is 
laid with easy curves and grades, not exceeding 1 
per cent., on one side of the public road leading 
from Stanstad (on the lake) to Stans, whence it is to 
be extended to the well-known summer resort of 
Engelberg at the foot of Titlis. It is a single metre- 
gauge overhead wire line, 3.5 kilometres (2.2 miles) 
in length, and, like the Stanserhorn cable railway, 
was constructed by Messrs. Bucher and Durrer as 
contractors, who also supply the electric motive 
power from the Buochs central station. 

Permanent Way (Fig. 42).—This consists of 
Phoenix girder rails 10 centimetres (4 in.) in depth, 
with the usual tie-bars, the rails being electrically 





to perform. 

We commend this book strongly to all who are 
interested in naval warfare. Commander Bain- | 
bridge-Hoff has much to say that deserves clone | 
attention and careful study, not merely upon the 
points above referred to that relate to the tactical | 
qualities of ships, and the exact and complete | 
knowledge of such qualities by their officers ; but 
also upon the use of the various weapons in action, | 
the conditions under which ships and fleets may be 
expected to engage, how to avoid collision or to 
prevent being rammed by an enemy, and how to 
possibly get one’s own ram into a favourable posi- 
tion for ramming ; the use of torpedoes, the orga- 
nisation and command of a fleet, and the forma- 
tion of a line of battle and a reserve ; the various 
formations and movements for concentration and 
attack, and all the other matters relating to the 
manceuvring and fighting of a fleet, and of indivi- 
dual ships, that are of vital moment not only to 
naval officers, but to all who have to look to the 
Navy as the chief hope of safety and defence. We 
hope that this little work, elementary as it is called 
by the author, will be widely read and well pon- 
dered in the British Navy, and by all who have to 
do with the fighting efficiency of our own ships and 
fleets. 

















connected at the joints. The total weight of per- 
manent way is 52 kilogrammes per metre (105 lb. 
per yard). The use of grooved rails was stipulated 
by the local authorities ; but it is evident that on 
country roads ordinary rails of Vignoles section are 
far preferable and more economical, as the trac- 
tional resistance on the latter is only 8 kilo- 
grammes (18 lb.) per ton of tram-load against at 
least 12 kilogrammes (26 Ib.) on the former. The 
cost of the rails, as also that of the special section 





[Marcu 15, 1895. 


eu) 
Z 
m 
(2) 
(2) 
Z 
O 
Zz 
5) 











[v1ope,g oy} WoOIJ UOIssa0U0D B JopuNn ‘ABATVI 9[QBO 
ey} jo ey} Jo Aftyuepuedepur Auvduroo [eoo, e Aq 
payiom st AeMIeL peor o11400[0 eg T—*hw2y10 4 


‘opiut 10d "79gpp 10 ‘orjyouL0[Iy Jed souvaz C00‘, 09 [enbo 
0686 000°9FZ SO[LUL Z'Z 10 Se1Z9UTO[IY Q’E 
OOP 
006 
006 
09g 
008‘T 


uo1y0ns148a00 Zutanp 4se10y ay 
selaipuns pus ‘eingiuainy ‘s[ooy, 
sously 00GZ ‘849NI4 spoos om J, 
“*  SOUBIY OOOL ‘8190 [1813 OMT, 
a2 ae “7 *" gouEay 
0002 + 0008 ‘sueutdinbe 
]8011909[9 pU¥ 81¥9 1030 eal, 
*** guoydese3 ‘sertm go%9gU00 
pase ‘siepaez ‘uolssiuisaely, 
“+ pegs aredei pu suoieyg 

as® sem yuousulleg 
uo1yesueduloo pus puwy 


009'T 

000‘T 

06L‘s 

098 
g a 
: SMOT[OJ SB SBA SIT —"WOrIN.YsSUOg fo 80D 

*quoo zed Q'F9 
= 080 X 060 X 06°0 ‘Aouerogya [e303 ey} Jo ‘Sar 
-1808 pue 810}0uI ut ‘yue00 Jed QZ pus ‘uoIsstUIsURTy 
ut ‘gue0 Jed QT ‘10z¥10U03 oY} Ut *yUe0 Jed OT ‘erT0J 
-910Y} ‘SI WOISSIUIIUBI} UL SSOT CYT, “pozeys oaoge 
WNUIX8Ul OY} Se oUles 043 SUleqg YI0q Jo zamod oy 
‘eult oy} Uo A[snosuRy[NUIs O18 ‘YORO 80} OT Jnoge 
jo (‘qgueo aad gg jo Ayroedeo pastyn e yytM ‘xonI7 
SpoO0S & 1O JO[TVI} BV YIIM IV 1OJOUT) SUTeIZ FYSIT OM} 
‘sorjovid up ‘1o}yelaue3 1aMod-esioy QF 94} jo 
qoedser ut Aouoroyga “yuoo 10d Og pure ‘s10j;0ur 1aMod 
-esi0y Og 943 Jo qoodser ur Aouatogye “quod zed 9g 
0} [enbo ‘19Mmod-oss0y FZ ‘SuI918}8 10} BI]XO *}U90 Jed 
Og Sutpnyout Jo ‘1amod-os10y QT = GL + FP X (ZT 


& wen ------ = 099% 
ae 


~-~-~-000¢6----------------4 
ee — — 0087- — — — 02 





























‘AVMTIVY OIWLOGIA LHSIT SNVIS GZHL Youd MOOLS 


+ $'g) X 0% SI sdojour 0M9 043 Aq podofeasp r9emod 
UWINUIIXBUL 94} ‘eIjoUIO[Iy Jed sotjouU F'g JUCIPRIS 
Uveul EY} pue ‘puooves Jed se1qoul F*p 10 ‘anoy sed 
SI[IU QT Sureq poeds oyy, ‘suoq 0g ‘Aes ‘GGT = 
G'9+2Z'G+9'2 SI ‘suo, g Sutdized YONI spoos ve pus 
‘s1e8uossed 99 Y}IM IO[Te1} pue Ivo 10}0uI v Jo posod 
-wl0d ‘uIvl} @ JO peo, WNUIIxeul oy — fiouawilT 
*801}U00 [BINA [[VUIS UT MSAD ONjeI} dofeaop 
uvo uo01}0VI} [eo1I30070 A[pider Moy sMoYs YOIyM 
‘amuue sod uorjetndod jo peoy rod sioZuassed $7 
JO 0981 YSIY 04} 48 4NO SxIOM IVI} J9SuoKsed [ed0[ 
oy} ‘sJURYIQeYyUL ONDE peesxe you seop suByg jo 
uorzeindod oyy z1oeqre ‘yeq3 Sutees ‘10qUTM UT UA 
‘oujery [euopisor oSze, A[suistadains ve ‘suryeods 
Ajaatqyereduroo ‘sey OUI, oY} ‘IoulUINs Ul oje1y 
48lIn0} EFIe[ OYy JO OATZOOdSeAIT “SIVO 10J0UL ay} JO 
WI0F}B[d JUOIJ OY} UO paTAIVo Ore STIVpY *(@[TWI-u04 
iod "pg 04 ‘pa'p) erjowopIy red seujues C9 03 OE 
wor AVA SpOOS IOJ soAVI OY} OTIYA ‘oprUL Jed *pa'T 
pue ‘pg’9 10 ‘erjoutopry ied seumtyued QT pue 9g 
JO O81 OY} 4B OTB SOIVT SS¥[D PITY} pue pUOdeS OU, 
*19yj0 oy} 98 ABm[Iey UloYyIosUR}g OY} pues pus euO 
qe s}eoquIva}s OY} YIIM UoT}OoUUOD ut Aep sod und 
‘eSei0ae ue uo ‘ore AVA Yous Suey UIT — 'adlAwag 
*Bull[e} SOIT 
OY} JO O89 UL FINOIIO 410Y8 yUAGAd 03 Soqn} UspooM 
Io ooqureq uly} Ysno1y3 passed Ajduts ore 1099%[ 
ey} ‘SeITM poey 10 ydeardate, Aq peayteao passoio 
SI OUl] 94} USYAA “pasn ore soysy pue ‘seoys 
‘goIIM 88010 [ensN 943 Jo ouOU pu ‘passed sey oUTT 
IOYYJO OY} UO IO OY [IQUN OIIM OY} YO Udy} SI OUT 





euo uo 1ed oY Jo efod eyy, ‘Avid yeroze, Sutpuods 


r ~-- ost 


iirc stor" 
te. Je Aahceaadedbae 








-91109 8 Sutavy sojod 40¥zU00 9Yy ‘s[IwI Jo soul] Omg 
ey} UeeMjeq e13U9D OYy UT pooe{d ‘pasn sI oITM 
euo ATUO ‘eITM 30e}U09 BTqnop jensn ey} Jo peojsUT 
‘sSUIpIS [VULULIe} pue sooe[d Sutssed oyy gy ‘ordutts 
Ajouler}xX0 St QUOUIaSUBIIe e[OYM OY} PUR ‘pomouor 
Ajiseo st ‘gno ‘quing deyye1 Jo ‘uIOM Buleq 10432 
‘9a001s ey} ul jejou oyy, “Avid peroqe, pure [etpes 
‘yoaooioul ‘Suraeq efod oy} ‘ertM 4oRqQU00 9Y3 
YA yor[ered oq 07 sev os jyoszt ysn{pe uevo pus 
‘ejod oy Aq prey st yorym uid ev dq poqaoddns 
St 3] ‘deep (‘ur 9'Q) erjouNTyUe0 g°T pue oprm 
(‘UL T) SerjoUITZUED G*'z SUTeq eA00IS oY} ‘YySUdT UT 
(‘UI @‘g) SazqourTyUad G S8BIq Jo coed pedeys-yud0ser10 
@ Aq ‘41M 03— 3083000 opys @ Aq peoejder st feoyM 
Aojory Areutpio 94} ynq ‘efod yoezU00 [e1qUeO [ensn 
ey} Arvo saved IOjOUL ey, ‘s}oHOVIq pue seafood 
uspoomM [e107] UIOIy popuedsns ‘oul, 94} UO orTM 
qoVJU0D [9038 SIJOUNI[[IUI-g oY} 03 SIopeozy roddoo 
ejowryiu-¢ Aq peyqytusuely st puv ‘sorodue gg pus 
‘s}[0A 009 ‘SUOTZNTOAGI QOG Jo ouvuAp Ainyy, 1eM0d 
-esioy Op & Aq porddns st Aemyrer peor 91140979 
ey} roy Jomod ‘pouomueu Aprore sy ‘so[lul FP 
Jo ‘sarjOULO[Iy 2 St peqysuegg pue syoong 3% UOT} 
-ej8 1omod oy} us0mqoq souRsIp oyT— (Teg ded 
“6h “SLq) 29DIWOD apyg pun Suopnpuog ‘uamog 
*IWD I0JOUL OY} JO JOOI 
ey} UO pezuNoU st 4eqsooyI eyy, ‘arqeaojzord ay 
Suleq 40¥zJUOO OSIP pu o[pURY YoIMS oY} ‘popuoUT 
-WI0d01 9G 03 JOU pus ‘MOTs SI UOT}Y[NSe1 Jo opow 
SIq} yng £ UOTZDes YoRJUOD OUO 03 [eNbe ore YoIyA 
jO suin} oAg ‘JooyM [epUOZIIOY [[eUIS eB JO 8381S 
-u0d wd0sze[d oy} uo JoZenZe1 peods eyy, “uoT} 


0d Sk ce ee ae os 


> «--069- »! 


005-7 


gr 9504 


-—----- 02% ----— 
penne = ———: — ioe aiededl 9 
| wy 








“Ob OBed ‘*11ay ‘JOA ‘ONT 
“ARANION] 908 J0jOUR jo odAy sIQy 40 UOIQVAQEHITI JOT , 





-ONPeI E[GNop e4e[0Sqo sIy} 03 seJoYype [Ws Aued 
“WOH Baouer oy} AYA e[qeatooUooUI S14, ‘10Mod 
enbe jo 10j0ul peives-o[Surs Areutpso ue jo 4yZIom 
ey} e[qnop Jo ‘yqeMop1y 10d ‘q] ZpZ JO sowurers 
-O[Y OTT 0} [enbe ‘suo} @z'T st Zu1sveS yyIM 
1ojOUL ¥ JO ZYsIOM OY, pue ‘podeys-A ore uotuid 
O[X¥-1¥o OY} JO Y}003 YT, “Anoy sod sopim QT 
IO SOIFOMLOTIA Q°OT = 09 X AZT X PI'S _X 0L4'0 JO 
peeds 1¥0 & 0} Surpuodseiioo ‘aynurum sed suotyntoa 
“01 QZ] (4oJoWIVIp 91}9UITZUD (1) STEOYM Ivo OY} pu 
‘OOST Suryeu o[x¥ 10;0uI oy} ‘T 03 G*ZT Jo uoTjONper 
e[qnop yyWa ,‘s1ojou Ainyy, 19mod-esioy eT efod 
-INOJ OA} YATM Poz9Y SI Id JOJOU YOR —'svojopr 
"yowoe suo} g A11v0 puv ‘44dwe suo} g*T ys1em syons3 
spood oy} oftym ‘hyde su0y Z'g pue Jc YysIOM 
‘sresuessed gg Sutdireo yovo ‘sioyie1] pue sivo 
10JOUL EY, ‘quewWesueIIe [vojOvId pue souvsved 
-de Suisvo,d yz1m AyIprjos pues sseujzy SI] soutquice 
4003s Suppor eyy, “Baouer) jo oenbisj00;q o1jenp 
-UJ,[ Op 939100g ey3 Aq porddns sem ‘Lemqrer o[qvo 
UIOYIOSUBG OY} JO VY} OFT] ‘YOrYA ‘srvo 10,0UI oYy 
jo quoudmbe yeorsjoe7e 043 ydeoxe ‘uosneyyeyog 
ivou ‘uesneyneyy jo ‘essing o][e144ysNpuy 949100g oY 
4q porddns [ye ‘syon213 spood poi9aoo pue uedo 04 
pue ‘siojiv1g OM} ‘sivd J0JOUL 90143 jo pasod 
“W0d SI SIU, — (Sh 9 SF “8BIY) yoorg burpjoyy 
“y0ds 
94} UO peroAtjep uoz sod (‘pg ‘s—T *7@) souvay JZT 
ses ‘OUl] ULOYIOSUR}G oY} UO posN sT[rel BURY Jo 


oa 
re -0f9-™ 


2 S5It 


-- 098 rae 7” 


OSe+ 


O9BL ------m  e he - --991 


= UPL me seme wanes ereces seen carn: Hf 
080. 9- — mm nn rrr, 
~ +022» 


~-------te- ------- 9612 ----- 





ms 


























































































































ONITION 














0es + - ay 
a ee ; 


























tal 
















































































































































































50 
x 














+ 
~~ 
ai 














h v0E 





v) 
Z 
o 
ea) 
oa 
Z 
o 
Z 
uh 













































































0161----- 
aes ee 



































H----—+-- O00/ 
fo ---16eF ie 
































: 026 













































































































































































0204 
DE: ROMS. 5 men 
weg i 











Marcu 15, 1895. ] 


(Teg ebog aas ‘uoudiwosagq 10g) 
AVMTIVHY OLALOATH LHSIT SNVIS GZHL YOA MOOLS YNITION 








ERE RIA SAO EH MIELE, SPS NT 























334 


ENGINEERING. 


(Marci 15, 1895. 








and Cantonal Governments for 50 years. The staff 
comprises, besides a stationmaster at Stans jointly 
with the Stanserhorn cable railway, three drivers, 
three guards, one man for the line, and two men at the 
repair shop at Stans, their pay being on an average 
22 francs or 18s. per week. The charge for power 
is 4000 francs (160/.) per annum, equal to 100 francs 
or 41. per horse-power taken at the power station. 
The company maintains the road width occupied 
by the line ; the cost of removal of snow and ice, 

for which salt is used, is about 275 francs or 11l. 

per winter season. The train mileage is, at an 
average of 20 trains per day, about 26, 000 kilometres 
or 16,300 miles per annum. The working expendi- 
ture for the first complete year was as follows : 





Per | Per 

tans Total. Train Train 

Kilometre; Mile. 

fr. cent. d. 

Power. an 4,000 15.1 2.3 
Traction expenses and repairs ss 3,300 12.7 2.0 
Traffic ae a. 3,000 11.5 1.8 
Maintenance of line = a 1,000 4.1 0.7 
Administration and sundries .. 1,700 6.6 1.0 
13,000 50.0 7.6 


The working expenses of Swiss road railways 
worked by steam locomotives are in no case below 
1 franc per train kilometre, or 1s. 3d. per mile, so 
that the electric line shows a saving of 50 per cent. 
as against steam. 

The receipts from 112,000 passengers, goods, and 
mails were 26,000 francs, or 1040/., so that the 
working expenses amount to 50 per cent. of the 
gross earnings, and the net receipts of the first 
working year are equal to a return of 5.3 per 
cent. on the capital cost of the line. 

This result is not only very satisfactory, but 
highly instructive, as showing that with a moderate 
capital outlay and economical management, elec- 
trical road railways can be made remunerative, not 


only in large towns and populous suburbs, but 


even in strictly rural districts. 





STATICALLY INDETERMINATE STRUC- 
TURES AND THE PRINOIPLE OF 
LEAST WORK. 

(Concluded from page 136.) 
As an example of an arch fixed at the abut- 
ments, let us take the recently completed Pont 

Morand, Lyons. This bridge is remarkable not only 





for the low ratio of rise to span, viz., -, but 
15.2 
for the beauty of the completed structure. The span 
is 67.4 metres, and the rise 4.44 metres. The ribs 
are of box girder section, .8 metre deep at the 
crown, and 1 metre deep at the abutments. The 
dead load on a rib is 3.38 tons per metre run, and 
the designed live load 1.04 tons per metre run. 
Dividing as before the medial line of one-half 
the rib into six equal parts, its moment of inertia 
and area in inch units at each of the points of divi- 
sion are about as follows : 





er rey 
aOR. [Inches]'. Sq. In. 

0 31,960 159.5 

1 32,960 159.5 

2 35,140 144 0 

3 37,340 146.0 

4 46,220 150.0 

5 61,200 170.0 

6 84,000 201.0 


The above figures must be taken as approximate 
only, as full details of the ribs are not available. 

Let us first find the central bending moment, 
horizontal thrust, and shear for the case in 
which the arch is loaded from end to end with 
both its dead and its live load. Then if N, P, and 
S denote respectively this moment, pressure, and 
shear, the bending moment M at the other sections 
will be as follows, S being zero from the symmetry 
of conditions. 


Section. M. In.-Tons. 

0 N 

1 N 4.887 P — 2,806 
2 N + 19.463 P — 11,203 
8 N + 43.756 P — 25,130 
4 N + 77.702 P — 55,995 
5 N + 121.236 P — 69,102 
6 N + 174.280 P — 98,816 


From this it is easy to get the values of 


M dM M dM M aT 

I'adN’ I‘dP’ 2°aP 

They are as follows, the values being multiplied by 
20,000 simply to avoid long decimals : : 








Sec- 20,000 MdM { 4 ' 

tion. I aNn I aP 
0 |.6258 N 0 
1 |.6072N + 2.955 P- 1,705 2.955N+ 14.39 P— 8,295 
2 |.5692 N + 11.077 P— 6,376 11.077 N + 215.59 P— 124,104 
3 |.5356 N + 23.487 P—13,460 23.437 N + 1025.50 P— 590,321 
4 |.4827 N + 33.623 P - 24,230 33.623 N + 2612.60 P—1,882,714 
> |.8268 N + 39.620 P—22,582 39.620 N + 4803.49 P— 27 47,844 
6 |.2381 N + 41.495 P—23,528 41.495 N + 7231.79 P—4,100,384 


As in previous cases, if U, is the work done in 
bending, 


dUs_l f M dM i 
2 au lue of —. 
aN E — value o IT’ aN} 
and 
d Us _ l : (mean value of M ; a7) 
dP E I dP 


Applying Weddell’s formula, we get 





20,000%U# = 2 |S 4g75N + 21.985 P — 
a i 


12,816 | =, . « '0 
and 
20,000 <o o z [ 21.985 + 2015.1 P — 1,168,988 ] 


But account has to be taken of the work U,y done 
in the direct compression of the rib, and a term 


20,000 aa 


before ih it to zero. T is most easily deter- 
mined as indicated on Fig. 16, where A B C repre- 


must be added to the last equation 


4 


8 Fig. 16. 








c¥ 


sents the right-hand side of the arch, and © its 

centre of curvature. On OA take OE = 1, andon 

this, as diameter, describe the semicircle EK F O. 

Then the resolved part of P along the arch ring at 

Bis 

OF 

OK 

Hence it is only necessary to scale offO F. Simi 

larly the resolved part of any central shearing 

force S acting along the arch ring at B is 

EF 

OF 

and, finally, the resolved part of the load act- 

ing along the arch ring at B is equal to the 

EF 
OE 

The total thrust T is the algebraical sum of all 

these components, it being noted that with unequal 

loading S acts upwards on the more heavily loaded 

side of the arch, and downwards on theother. We 

should thus get for section B : 


._OF EF 
fer 4 of. Le 
OF OE {wx-s] 


for right-hand half, and 
. f wats 
wine. 


7-OF p, EF 
OF OE 
for left-hand half, where wx = the total load be- 
tween the crown and the section considered on 
the right-hand side, and w! «x the corresponding 
quantity on the left-hand side. 
As before, 


40, 1% io : . @T) 
ae es | mean value of a’aPs’ 
agvT 


¢ 


,. 


Ss. 


total load between A and B multiplied by 5 


The values of T are as below. 


From this, the value of d Ur i, 


20,0007 U = 123.9 P + 1H]. 
uP =i 








| But 
i 











Section. | Tangential Thrust. 20,000 ~ Tat 
2. Q2aP 
0 } ¥ | 125.38 P 
1 ' ,999P + 1.091 126.16 P + 137 
2 .996 P + 4.364 138.40 P +- 607 
3 .991P + 9.790 | 134.52 P + 1330 
4 .985 P + 21.8 129.20 P + 2860 
5 .976 P + 26.9 112.06 P + 3200 
6 .966 P + 38.5 92.88 P + 3702 
aU _dUn , Ue _ 
aP dP aP 
Therefore 


21,985 N + 2139.0 P — 1,167,446 = 0. 
Combining this with (1), and solving, it will be 
found that 

N = +3126 inch-tons, and P = 514 tons. 


If the live load only extended from one abutment 
up to the crown of the arch, N and P would be re- 
duced in the ratio of the new average load on the 
arch to the old one. The average load when the 
live load extends over the whole arch is 4.42 tons 
per metre, and the average load when the live load 
extends to the curve of the arch only is 


8.38 + 4.42 _ 3.90 tons per metre, 
Hence the new value of 
Ta ~~ *4 3126 ) = 2757 inch-tons. 


hee? 

4.42 

As, however, the load is no longer symmetrical, 

there will be a shearing force at the centre, 

the value of which is unknown, but can be 

determined by the relation pa = 0 where S 
denotes this shear at mid span. 

At any section, say, for example, 3, we should 

have for the bending moment on one side of the 

arch, 


514 ) = 464 tons. 


M=N + 43.756 P + 669.1 S — 25,130; 

and at the corresponding section on the other side, 
M=N + 43.756 P — 669.1 S — 19,217. 

This gives, on the one side, 


M dM _ 669.1 . {Nn + 43.756 P+669.1S— 25,130 } 


oe ae 
and, on the other side, 
M dM _ 669. 1 
I’ aS 

Taking aa mean of these, we get 
; M M dM 
a @s 
= { 669.18 - 2957). 


1 {—N - 43.756P + 669.18 + 19,217] 


Average value o ~ab section 3 = 


Similar results will be obtained for the other 
sections, and we thus get the figures in the second 
column of the annexed Table : 


eee M dM a aT 
Section. 7° as .* ue 











0 
-00001 S — .00007 
-00005 S — .00031 
.00012 S — .00103 
-00020 S — .00296 
-00027 S — .00402 
00033 S — .00552 


0 
1517S— 1.22 
5.6789 S— 16.76 
11.9898 — 52.97 
17.144 S — 126.87 
| 20.116 S — 147.38 
20.957 S — 183.63 


aor ootsreoS ! 


aisles the shawn T at ie paid 3 say, of the 
arch will on the one side be 
-991 P — .1302S + 9790, 
and on the other 
.991 P + .1302S + 7484. 


Then the mean value of 
© aT 
2°48 
at the two corresponding points will be 
ee 4 1802S — 1.153 he P cancelling out. 


The values of this quantity for the different sec- 
tions are given above. 
We have then 
dU dUs , dU; 
-=0= + é 
aS ds ds 
But 
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M dM 
= 1 x average value of ras’ 
and 
d Ur _ ] x average value of =..8 T ; 
as 2 @S 
whence, using Weddell’s rule, 


aU _ ¢ = 11,2948 — 68.90. 
as 


ait S = 6.1 tons. 

As will be seen, the — done by S in compres- 
ing h is insignificant. 
wit pg easy rag deduce the theorem of three 
moments from the principle of work, though in 
cases of a small number only of successive spans it 
is as easy to deduce the reactions directly, as was 
done in the case of the swing bridge already 
discussed, and the changes of stress to be expected 
from any settlement can then be ascertained some- 
what more easily. We shall, therefore, content our- 
selves with deducing the theorem in its simplest 
on let J, and J, be the lengths of two consecutive 
spans of a continuous girder bridge. Let My, M,, 
and M, be the bending moments in the girder at 
the first, second, and third piers of the two spans 
respectively. Assume the bar cut in two at the 
central support, then there will be no bending in 
the beam there, and let the two spans be loaded in 
any way. Then let m, denote the bending moment 
which would be caused by this load at any point of 
a simply supported beam. Then the moment 
caused in the first span at any point « will be 


M, 1a <=" Weis 


Similarly the moment in the second span at any 
point « will be 
- — My. 

Suppose now the beam joined again over the cen- 
tral support, and let M, be the moment then obtain- 
ing there ; then M, can be taken as a supernumerary 

dU 

- -= 0, where U = the work 
=" 
done in bending the girder. ; 

The value of the bending moment at any point of 
the first span will now be 


M=™M, ‘ee *) +M,2-—m, 
h h 
and at any point of the second span it will be 


moment, and hence 


M = M, 2 — = + M: = —Me23 
and 
gad Pere, . th a y.. 


2EJ, I c 5 ae 


- aU es 1 4M x dzt i l, M Iy— 2 
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or 
1 ly -« , Mya |; ax _ 
‘ M, 2-7" +-1°—m = 
| Soe sa ae ak 


1 Lg ls —z M ' l,—z dz 
nf, ~- i “ly "] ly I 


If I is constant, as is occasionally the case, the 
above expression reduces to 


M, 4, +2 M, (4, + ly) + Me. le = 


~ fh made+ 1 [ 2m, (i,- az 
Te ind) « 


This is Clapeyron’s theorem of three moments, and 
from it the bending moments over the successive 
piers of a continuous girder bridge can be deduced 
in turn, and finally from them the reactions. As 
already stated, however, it is in many cases more 
convenient to deduce the reactions direct, particu- 
larly where questions of settlement or deflection 
at the piers themselves have to be taken into 
account. A notable example of such a case is the 
determination of the reactions at the different 
points of support of a rail laid on a trough floor. 
This question was discussed at length in Ener- 
NEERING, vol. lvi., page 319. The problem would 
have been very difficult to solve by the method of 
three moments, but is quite simple when treated 
by the methods advocated here. 

In concluding this series of articles, it may be 
pointed out that the same principle of least work 
may be applied to determine the stresses in thin 
plates of various shapes exposed to pressure and 
supported in various ways. Such problems, how- 


~az2=0; 





ever, require something more than the elementary 
knowledge of mathematics which has been assumed 
in these articles, as their statement depends on 
the calculus of variations, and their solution, when 
possible, on a knowledge of differential equations. 





ELECTRIO TRACTION.—No. x. 
By Pui Dawson. 
ELEVATED Conpuctor ConsTRUCTION— 
continued. 

To supply the needs of tramways where constant 
and heavy traffic is to be expected, and where 
security to the service is of far more importance 
than small economies in first cost, the ‘*‘ West End” 
type of insulating material has been evolved. This 
series is more elaborate than the former, comprising 
a straight line insulator, single and double pull-off, 
bracket-arm hanger, and bridge, spring bridge, and 
car-house insulators (Figs. 63 to 69, page 336). 

These are far more substantial than those first 
described. The essential difference in construction 
is that the insulation is wholly protected from 
injury from exposure or chance blows, by a metallic 
skirt, and that no part of the strain comes upon 
the insulating material itself, the load and strain 
being wholly taken under all circumstances by the 
heavy metallic parts of bronze or malleable iron. 
The insulating part is a bronze or steel bolt, heavily 
coated under pressure with non-conducting material, 
the head of which fits closely into a recess at the 
top of the protecting casting, and is firmly held 
there by a screw cap. These bolts are interchange- 
able throughout, and can be slipped in or out at 
any time. When it is desired to bring a feeder 
into the line, the insulating bolt is slipped out and 
a metallic ‘‘ feeder plug” (Fig. 70) of exactly the 
same size takes its place, thus throwing the whole 
hanger into circuit, and allowing an insulated 
feeder wire to be attached to it in exactly the same 
way as an ordinary span wire would be. This is 
the type of apparatus which has been adopted for 
the Dublin and Bristol electric tramways which are 
now under construction. 

A special tool, Fig. 71, is used in putting up 
‘*West End” straight line hangers, and much 
facilitates the labour of erection. The casting is 
held in the fork at the top of the tool. The span 
wire fits into the groove of the wheel, and a single 
movement of the lever snaps the wire into position. 

By the use of this ‘‘ West End”’ type of apparatus 
the span wires can be erected, and the castings 
inserted at the fixed points of suspension, before 
the insulating material is brought on the line. Ears 
can be soldered to the trolley wire, and attached to 
the insulator afterwards, and there is a minimum 
of leakage through moisture. As an illustration of 
the care taken to supply each need, the ‘‘ spring 
bridge ” insulator, used under bridges and elevated 
railway structures and in tunnels, may be instanced 
(Fig. 68). As the fixture is, of necessity, rigidly 
attached to the structure above the line, a yielding 
support is provided in order that the trolley wheel, 
at high speed, may not strike a point without 
flexibility, and have a tendency to jump the wire. 
The spring is protected by a galvanised iron case, 
and the insulating bolt within has a fluted metal 
covering, which preserves the insulation from injury 
by chafing, and prevents the bolt turning. 

The use of high-class line material greatly 
facilitates both construction and operation, and 
in no part of the equipment can a little additional 
expense be incurred with such good reason. 

It will be noted that the makers of both the above 
types of apparatus endeavour to bring span wire 
and trolley wire as closely together as possible. 
Earlier styles (Figs. 72 and 73) did not possess this 
virtue, the span wire being led over the top of the 
insulator. Experience quickly showed that it was 
an error to separate span and trolley wire more than 
absolutely necessary. 

Many other types of insulated suspension devices 
are employed, but in general principle they corre- 
spond with those already described. Fig. 74 shows 
a straight line insulator in section, in which the 
strain is taken by malleable iron or brass castings, 
which spread out sufliciently to protect the insula- 
tion. A cap of insulating material, from which 
projects a screw stud, fits closely over the top of the 
casting, and the recess beneath receives a cone of 
the same insulating substance, through the centre 
of which the stud passes. When the trolley wire 


ear is screwed up on the stud, the whole is bound 
tightly together. 





To connect the trolley wire with its insulated 





supports, ears or clips are used. For eftliciency, 
durability, and smooth running, nothing quite 
equals an ear soldered to the trolley wire, and 
soldered ears are almost indispensable at curves or 
points of heavy strain (Figs. 75 to 78). However, 
it takes skilled labour and quite one-third longer 
in time to erect a line using soldered ears through- 
out. The blowpipe should not be used in erecting 
a trolley wire with soldered ears, but instead, 
heavy grooved soldering irons ought to be em- 
ployed. The use of the blowpipe softens the wire, 
and renders it liable to break. 

A trolley wire must be ‘“‘anchored” at least 
every mile of straight line, and always at either end 
of every curve. Special ears (Fig 76) are provided to 
which the anchor wires can be readily attached. 
Special ears are also used for joining together 
lengths of trolley wire(Fig 77). Joints shouldalways 
be made at fixed points of support. Combination 
anchor and splicing ears are also used. Other ears 
are used for points where it is desired to make con- 
nection with feeders (Fig 78). Trolley wire soldered 
ears are made 7 in., 9in., or 15in. long. The perfect 
mechanical ear has not yet been evolved, although 
improvements are constantly being made. The 
difficulty is that all mechanical ears interfere more 
or less with the smooth under surface of the trolley 
wire ; and any obstruction, however slight, to the 
passage of the wheel is a disadvantage. The 
‘* Badger” mechanical ear is simple and effective. 
(Fig. 79). It is composed of two interlocking 
plates of malleable iron or bronze, which, when 
placed together, leave a groove into which the 
trolley wire is clamped by the wedge-shaped stud 
of the insulator being forced into the jaws formed 
by the upper portion of the two plates. A pin 
through the stud holds the ear and stud together. 
The same clamping principle is also applied in 
various hinged ears, a screw stud set in the 
insulator being substituted for the wedge, and the 
pin being dispensed with. Other similar types have 
their clamps held together by screws. The ‘‘ Ander- 
son” mechanical ear, Fig. 80, is composed of a 
bronze casting, grooved along its lower service to fit 
the trolley wire, and a plate of hard rolled copper 
or iron bent to fit over the trolley wire, and fur- 
nished with eyes which close over slotted projec- 
tions on the casting. The whole is bound togecher 
by forcing the eyes into the slots by the small 
screw bolts at the top of the casting. A special 
clamp is used to force this plate into posi- 
tion and hold it until the screws have been set up. 

The number of mechanical clips is legion, but 
none are quite as efficient as the soldered ear. 
Mechanical ears are good or bad in proportion to 
the extent to which they interfere with the smooth 
running of the trolley wheel and necessitate bend- 
ing of the wire. The latter is always a mistake, 
because, if it happens that the position of an ear 
has to be changed, a kink is left in the wire. It 
is also an error, frequently made in early days, to 
allow any play or joint between the insulator and 
the ear. Double insulation is a feature of first- 
class overhead line work. This is effected by sup- 
plementing the insulated trolley wire supports by 
an additional insulator at the pole-head, where 
cross suspension is used, 

The ‘‘ Brooklyn” strain insulator and turnbuckle 
combined, is the best device for this purpose 
(Fig. 81). Aside from its insulating qualities, a 
pair of the regular size will take up 6 in. of slack 
in the span wire. This is extremely useful in ad- 
justing tension when the span wires have become 
stretched by constant use. A larger size is made 
for use at terminals, and for corner poles, to which 
a number of curve pull-off wires are carried. 

The “ King ” insulated turnbuckle (Fig. 82) is a 
device of similar nature, and strain insulators of 
various types are also frequently used. All globe 
(Fig. 83) and strain insulators are constructed so 
that should their insulation be entirely destroyed, 
their interior metallic parts would interlock and 
prevent the line falling. 

In cases where the trolley wire is supported by 
bracket arms from side poles, double insulation is 
obtained by the use of a tube of insulating material 
within the sleeve of the bracket arm hanger. It is 
a mistake to fix bracket arm insulators to predeter- 
mined points of the bracket. A sleeve which will 
slide along the projecting arm easily should always 
be used, as nothing but observation of the 
trolley wheel as it passes under each bracket can 
determine the exact point at which the hanger can 
be most advisably fixed. 





A trolley wire of any considerable length should 
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Fic. 63. ‘‘ West Enp” 
STRAIGHT Line INSULATOR. 





Fia. 65. 6 West Enp” 
DousLE PuLu-Orr. 


Fic. 68, 
LATOR, WITH ** ANDERSON ” MECHANICAL Ear. 





Fic. 69. 


always be divided up into sections, so that an acci- 
dent could not cause the whole line to be thrown 
out of service. For this purpose special section 
insulators are used. Connection between the two 
sections of trolley wire is made or broken through 
a switch contained in a box on the nearest pole 
(Figs. 84 and 85). The earlier types were made 
of brass sections insulated from each other by mica. 
The insulation of the later forms, shown in Figs. 86 
and 87, is effected by bolts similar to those used in 
the ‘‘ West-End ” hangers, hereinbefore described, 
and the most improved type has the great advantage 
of being ‘‘ straight under-running,” allowing the 
trolley wheel to pass under it without the slightest 
‘‘dip.” This device is strong and durable. The 
wooden piece between the terminals is renewable, 
and can be changed while on the line. A con- 
venient clamping device renders it possible to leave 
enough trolley wire coiled on top of the section 
insulator to allow of its being let out to repair the 
line in case of a break. Another part of this com- 
bination clamp holds the feed wire in such a way 
as to obviate the necessity of stripping the insula- 
tion from the wire except at the part held by the 
clamp. By this arrangement the feed wire is left 
insulated from the poles to the section insulators, 
and between the lines (where there is a double 
track). ' / 
Frogs and crossings are also inserted in the 
trolley wire, closely following the points and cross- 
ings in the track itself. The later types, Figs. 88 
to 92, are much improved over those used a year 
or two ago (Fig. 93). All the newest styles have 
the “‘ straight under-running ” feature, and require 


Fic. 64. ** West Enp” 
SINGLE Pu.u-Orr. 





‘““Werst Exp” Sprinc Briper Insu- — Fie. 
INsuLATOR, DouBLE INSULATION. 


‘““West Enp” Bripce INSULATOR. 


ACTION: 


67. ** West End” Bracket ARM 





‘© Wrst Enp” InsuLatED BoLt 
AND FEEDER PLUG. 


Fic. 70. 


casting. Jn all cases the trolley wire is carried 
over the casting, so that the excessive wear at these 
points is taken by the heavy metallic flanges, and 
not by the conductor. Right and left hand, Y and 
three-way frogs are used, and they are insu- 
lated and supported by frog pull-offs (Fig. 94). 
The operation of right and acute angle crossings 
is easily understood from the illustrations (Figs. 90 
and 91), and an insulated crossing (Fig. 92) is em- 
ployed whenever one trolley wire crosses another 
from which it must be insulated. Fig. 95 is a 
diagram, showing the position of the arms of the 
various styles of frog. The wire-stretching machine 
(Fig. 96) is an extremely useful tool in all cases 
where it is necessary to take the tension off the 
trolley wire, as in splicing, or inserting switches, 
frogs, &. 





THE NEW NORDENFELT GUNS. 
(Continued from page 306.) 

Fics. 76 to 81 (page 341) illustrate some of the 
larger calibres of Nordenfelt quick - firing guns, 
adapted for fortification, siege, and naval work. The 
calibres of this type vary from 5.51 in. to 3.94 in., 
and some of the modes of constructing these guns 
are illustrated by Figs. 76 to 79, which are sections 
of a 12-centimetre (4.72 in.) calibre. It will be seen 
that there is only one jacket around the inner tube, 
extending well forward of the centre. The thick- 
ness of the jacket is somewhat increased at C, D, 
and as shown in the section Fig. 79 on that line, a 
groove is cut in it to receive the guide in the sleeve 
mounting referred to presently. At A Ba ring is 





no solder, the trolley wire being clamped into the 





shrunk on to the jacket witha projection beneath, 


Fics. 72 anv 73. 


OVERHEAD CONNECTIONS. 





Fig. 71. Sprectan Toon For purtinGe up ** West Enp” StrAiGut LINE Hangers, 





Oup-Tyrve StrRaicut LINE InsuLatoks, 


hE 





+, 74, Cap AND Cone INSULATOR (OH10 Tye). 


to which is attached the rod of the hydraulic brake. 
The breech is not formed in one with the gun, but 
is screwed on over the jacket. In the smaller 
calibres, Figs. 80 and 81,57 millimetres (2.24 in. ), and 
Figs. 73 to 75, 37 millimetres (1.46 in. ), as well as in 
the various natures previously described, the breech 
is in one piece with the jacket. One form of mount- 
ing is illustrated by Fig. 82. This resembles the 
field carriage, but is larger and heavier, being 
specially adapted for firing over ramparts, earth- 
works, &c., and for siege purposes. The trail is 
built up of steel plates, and has flat guides at the 
top for the traversing of the recoil cradle. The 
end of the trail is provided with an anchor to in- 
crease the steadiness during fire. The wheels are 
also fitted with powerful eccentric brakes for the 
same purpose. Springs are placed beneath the 
trail to facilitate easy travelling, The gun is 
placed in the cradle, and is trained either horizon- 
tally or vertically in the usual manner. In the 
illustration a spring brake is shown, the recoil 
causing a pitched chain to be wound up and the 
long spring compressed, in the way already de- 
scribed and illustrated for a field carriage (see 
Fig. 32, page 239 ante). Hydraulic brakes can 
also be used if desired. The men serving the 
gun are protected by a shield. The carriage illus- 
trated is adapted for firing over earthworks 1 metre 
in height. The following are some of the leading 
particulars of this carriage, length and weight of 
gun, &c.: 

Particulars of 57-Millimetre Quick-Firing Siege Gun and 

Wheel Carriage. 


Calibre of gun .. oe a -. 57 millimetres 2.24 in. 
Length of bore, including chamber 24.5 calibres 24.5 calibres 
Total length of gun .. cn -- 1,540 metres 60.64 in 
Weight of gun ae = +. 218 kilog 479.6 lb 

~ carriage and shield .. 550 ,, 1210 ,, 
Total weight of gun and carriage.. = 1689 ,, 
Recoil of gun on carriage .. .. 250 millimetres 9.84 in. 
Weight of cartridge case .. --  .680 kilog. 1.496 Ib. 

a charge (smokeless 

wder) se ne » aa 55 ,, 
Weight of projectile. . sie —— - ao 5.984 ,, 
Initial velocity ee os 420 met. sec. 1379 ft. sec. 
Diameter of carriage wheels 1.200 metres 47.24 in 
Width of track See A me 47.24 4, 
Height of centre of gun above 

ground as 4 1.400 ,, 55.12 ,, 


Figs. 83, 84, and 85 illustrate two forms of non- 
recoil naval mounts, one for a 57 - millimetre 
(2.24 in.), and the other for a 12-centimetre 
(4.72 in.) gun. The mounting (Fig. 83) consists of 
the following parts, besides the coned base : the 
jacket, the sighting bar, the crosshead and pivot, 
the brake, the elevating training gear, and the 
shield. The sleeve or jacket is cast in one piece 
with the hydraulic cylinder, the position of this latter 
being immediately below the gun, which, to the rear 








of the shield, is surrounded by the jacket. The 
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ELECTRIC TRACTION: OVERHEAD CONNECTIONS. 
(For Description, see Page 335.) 





Fic. 83. GuLospe Poe INSULATOR. 








Fic. 81. ‘**‘ BRooKLYN” STRAIN 
Fic. 78. FEEDER Ear. INSULATOR. Fie, 82. “Kina” InsuLateD TURNBUCKLE AND Pole Strap. 





Fic. 86. ‘*41rna” Section INSULATOR. 





Fie. 87, Section Insunator. (STRAIGHT UNDER-RUNNING-) 








Fie. 85. 
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Fic. 84. SwitcH OPEN. 





Fic. 89. THrREE-Way Froc. 





(STRAIGHT UNDER-RUNNING. ) 


HH” myn 





Fig. 88. Two-Way AERIAL FRog. 
(STRAIGHT UNDER-RUNNING.) 

















Putu-Orr. 

3 Fic. 93. Onp-StyLe Two-Way Froe. 
: Left hand Se. y Frog bee 
a nee ene Re ee 

Fig. 95. 
273991 a 
Fic. 91. DraconaL Crossinc. (STRAIGHT UNDER pen ng ge ’ eal 
RUNNING. ) ight hand Frog 


3- way me 





Fic. 90. Rigor ANGLE CrossiNc. 


Fig. 94. ‘*Guiope” Fro 











Fic. 92. INsvLaATED TROLLEY WIRE CROSSING, Fic. 96. Wure-StreTcHInG MACHINE, 
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PARTICULARS OF THE New NorDENFELT FORTIFICATION, SIEGE, AND NAVAL QuICK-FIRING GUNS. 





| 
120 Milli- | 














Calibre {| 138.6 Milli- 5.51 4.72 | 100 Milli- | 3.94 
: metres. Inches. metres. Inches. | metres. | Inches. 

= . | | 
Length of bore, including chamber.. a 45 cal. 45 cal. 46 cal. 46 cal. ; 50 cal. 50 cal. 
Totalleng:hofgun .. oe - ., 6.640 metres 21 ft. 9.42 in. | 5.770 metres | 18ft. 11.17in. 5,220 metres | 17 ft. 1.51 in. 
Weight ofguo .. <s i os 4546 kilos. | 10,000 1b. 2920 kilos. 6424 Ib. 1900 kilos. | 4180 lb. 

» carriage without shield .. ST »285 ,, 2475 ~=(s, | 5445 ,, 2100 ~,, ; 4620,, 

» shield Sg ret ae 1465 ,, 3,223 , 855 4, 1881 ,, 800 ,, | 1760,, 
Thickness of shield oi se - 20 mill. -79 in. 20 mill. } -79 io. 20 mill. | -79 io. 
Total weight of gun, carriage, and shield ..| 8868 kilos 19,508 Ib. 6250 kilos, | 13,750 lb. 4800 kilos. 10,560 Ib. 
Angles of elevation .. - se .|— 5 + 20 deg. | — 5 +20 deg. | —5 + 20deg. | — 5+ 20deg. | —8 + 20 deg. | — 8 + 20 deg 
Length of recoil .. ove eo. - ..| 400 mill. 15.75 in. 300 mill. 11.81 in. 250 mill. 9 84 in. 
Weight of cartridge case os a 6.450 kilos, 14.19 lb, 3.170 kilos. | 6.974 lb. 2.400 kilos. 5.28 Ib. 

ae charge (smokeless powder) sa i oe le 3 - 6.6 ~~ 2 es ; “4 
projectile .. a ov - ae 56 o 21 * 46.2 ,, 14 e 30.8 ,, 
Initial velocity .. oe 700 m.-sec. | 2296 foot-sec. 720 metres | 2361 toot-sec 720 metres | 2361 foot-sec. 
_ 2 7 _ 
jacket itself is suspended in the crosshead by means | Bremen, have been in service between Bremen, 


of trunnions screwed into it. On the left-hand side 
of the jacket a circular groove is cut, the centre of 
which corresponds with that of the trunnion ; this 
is graduated into angles for elevation, and yards for 
distances. The rod of the hydraulic buffer passes 
through the end of the cylinder, and is attached by a 
nut to the projection on the lower end of the collar 
placed round the gun, and already referred to (see 
Hig. 80). Within the brake cylinder a powerful 
coiled spring is placed around the rod ; as the gun 
recoils after discharge, sliding through the jacket, 
this spring is compressed, and serves to bring the 
gun forward into firing position. The crosshead 
in which the sleeve is suspended is, for the smaller 
calibres, of the form shown in Fig. 83. For larger 
sizes the lower part of the crosshead is made 
circular, and terminates in a central pivot, sup- 
ported by a set of Belleville springs that, carrying 
the weight of the gun, prevent friction and difficulty 
in lateral training. ‘The saddle in the heavier 
mountings is made with a circular base, in the under 
side of which an annular groove is cut that receives 
a friction roller bearing resting on the top plate of 
the saddle ; gripping claws on the crosshead pass 
around the top plate of the saddle, and keep it in 
place. The form of the sighting bar is shown in 
Figs. 84 and 85. It is free to turn around the 
left-hand trunnion, and has attached to its rear end 
the shoulder-piece by which the gun is shifted. A 
projection on the sighting bar slides in the graduated 
arc above referred to as existing on the side of the 
jacket. Front and rear sights are placed on 
the sighting bar, and an ingenious attachment 
is added which, with the graduated arc, makes 
the necessary corrections in sighting for hori- 
zontal deviation at different ranges. The sight- 
ing bar is laid direct on the object fired at, in 
smaller calibres by the shoulder-piece, and in guns 
above 4 in. by elevating gear. For horizontal train- 
ing a handwheel and endless screw are used ; the 
screw drives a wormwheel, and through it a 
friction wheel working in a friction groove inside 
the outer ring of the saddle. This gear can be 
thrown out by a lever and eccentric when it is 
desired to lay the gun by the shoulder-piece. The 
system of training by means of the sighting bar 
independently of the gun itself, permits of rapid 
and accurate work, and appears to have been 
very favourably received in more than one navy 
department. In training, the elevating screw 
raises or lowers the gun to the necessary amount 
for the distance, in relation to the sighting bar, 
which is laid direct on the target, and no readjust- 
ment of the back sights are necessary. Figs. 84 
and 85 show the arrangement of a naval mounting 
for a 12-centimetre gun. In this it will be seen 
that the saddle rests on a circular cast-iron base, 
rollers being introduced between the two bearing 
surfaces, while the saddle is held to the base by 
clips. The horizontal training gear is shown in 
Fig. 85, and is very similar to that referred to 
above, and the systems for vertical training and 
sighting are also very similar. The shield is com- 
pactly arranged, and offers a maximum of protection 
in a very limited space. We have now completed 
our notice of the various guns of the Société Norden- 
felt, and we will next turn our attention to their 
designs for heavy turrets and gun mountings for 
coast defence. 
(To be continued.) 





THE NORTH GERMAN LLOYD AUSTRA- 
LIAN LINERS ‘PRINZ REGENT LUIT- 


POLD” AND ‘“* PRINZ HEINRICH.” 
THe two German mail steamers, the Prinz Regent 
Luitpold and the Prinz Heinrich, built by Mr. 
Schichau, Elbing, 


for the North German Lloyd, 








Southampton, Genoa, and the Australian ports, the 
former since July, the latter since December last, and 
they have given complete satisfaction. They are twin- 
screw steamers, constructed throughout of the best 
German steel according to the regulations of the 
German Lloyd, and fitted with all the accessories 
to comfort found on board the finest modern mail 
steamers. The twin-screw triple-expansion engines, 
also from Schichau’s works, develop 6000 horse-power 
at 88 revolutions. ‘hey are of a type constructed by 
the firm for Danish warships, and the illustrations of 
them given on our two-page plate will therefore be of 
double interest. They were first introduced into the 
Austrian ironclad Tegethoff two years ago, and are 
so constructed as to be easy of access on all sides, so 
that a small staff of engineers can see to everything 
required. The steam is supplied from four cylindrical 
boilers, and on the trials of both steamers, as well as 
in ocean steaming, there has been sufficient steam 
without much smoke. 

Passengers like a boat on which they are not troubled 
by smoke nor disturbed by vibrations of the engines, 
and on both points Mr. Schichau has attained com- 
mendable success. 

The principal dimensions of the vessel are as follow : 


Length on the water-line 137 metres (450 ft.) 
15 50 ft 


Beam ee es = 5. os a 
Depth amidships... ... 10.06 metres (32 ft. 10 in.) 
Height of the decks in 

cargo spaces... .. 296 4, (7 ft. 9 in.) 
Height ef passenger decks 2.46 ,, (8 ft.) 
Gross register tonnage ... 6100 tons 


11,750 


Bulkheads divide the boat into 10 water-tight compart- 
ments, so distributed that the vessel would keep afloat 
with two compartments flooded. ‘here are three 
decks from end to end of the ship, and an orlop deck, 
so that extensive room is provided for cargo, there 
being five compartments—two large ones forward and 
three aft—for cargo in the hold and orlop deck, while 
the next deck is reserved for cargo or for emigrants. 
There is, too, a large forecastle, with long promenade 
deck amidships, the full width of the ship and poop, 
the three being connected by gangways over the wells, 
providing access to the hatchways forward and aft. 
Lhe double bottom is built on the system having lon- 
gitudinal ribs. There is a strong navigation bridge 
trom side to side of the ship, and a deck-house above 
the fore-part of the promenade deck. The first- 
mentioned deck-house contains the captain’s cabin and 
the chart-room. From its forward part the steam 
steering gear, placed aft, can be controlled by means 
of a handwheel and shafting. 

In the forecastle are the sailors’ quarters, a galley, 
and lavatories, &c., for steerage passengers. The large 
deckhouse amidships has accommodation for 75 saloon 
passengers, and the officers and engineers. The first- 
class saloon, the galley, a second steam galley, and 
bakery, are also situated in this part ; 76 second-class 
passengers are accommodated in the poop, with fine 
saloon, music-room, and smoking saloon. The berths 
for 960 steerage passengers are on the upper deck. 

The walls and ceilings of the first-class dining hall, 
which is forward on the promenade deck, are richly 
ornamented, and the fittings luxurious. The sky- 
lights and the electric lamps are very tastefully 
| grouped. An equal elegance also prevails in the ladies’ 
drawing-room, also on the promenade deck, and even 
|in the smoking-room, which is just forward of the 
|machinery skylight, with approaches from the pro- 
menade and the upper decks; the walls and ceiling 
are formed by china panels in wooden frames. ‘The 
second-class dining-room, situated in the poop, is 
wainscoted all over with hard polished wood, in 
pleasing patterns. The second-class ladies’ room is 
also on the poop. The second-class smoking-room, 
with approach from the poop deck, resembles the first- 
class room in its style ; the walls are of polished hard 
wood, 

The twin engines, as shown on the two-page plate, 
havea central platform for the engineer in charge. The 
two large surface condensers and the auxiliary ma- 
| chinery are in the wings, and are within easy reach. 
| The boiler-room is fitted with four cylindrical boilers, 


Displacement 


9 








two of which are single-ended in the after end, 
and two double-ended in the forward end of the 
boiler compartment. The boiler and engine compart- 
ments are separated by a coal bunker athwartship, 
with a narrow tunnel passage. There is another 
athwartship bunker forward, and both reach up to the 
main deck, coal! also being carried on either side of 
the boiler uptake to the upperdeck. Twelve hundred 
tons of coal can thus be stored in these bunkers, The 
donkey boiler is on the main deck, close to the main 
boiler uptake. Both the engines are of the triple-expan- 
sion type, with surface condensers, and they work 
with steam of 175 lb. The principal dimensions are ; 


Diameter of high-pressure 


cylinder ... oe ne 720 mm, (28.35 in.) 
Diameter of intermediate 

pressure cylinder 1170 ., (46 in.) 
Diameter of low-pressure 

cylinder ... es -: 5500 4 (70.8 ,, ) 
Stroke... ae ao 600 5; (47 ,, ) 


The high-pressure cylinder is provided with a piston 
valve, the two others each witha slide. The valve 
gear is actuated by eccentricand link motion and a steam 
starting and reversing engine. The surface condensers 
are cylindrical, and have an area of 668 square metres 
(7190 square feet), being of galvanised iron. The air 
pumps are fixed to the back of the engines, and are 
worked by beams from the crosshead of the low-pres- 
sure cylinder. The circulation is maintained by cen- 
trifugal pumps, each driven by a special compound 
engine. These centrifugal pumps can also draw from 
the bilge by the interposition of an automatic valve. 
The feed, bilge, and sanitary pumps are close by. The 
crank, thrust, and propeller shaft, as well as the 
tunnel shafts, are made of the best soft German steel, 
the total length of one set of shafting amounting to 
52 metres (170 ft.). The crankshafts have all the same 
dimensions and are interchangeable. The propeller 
shafts of 15,5 metres (50 ft. 10 in.) length rest in cast- 
steel bearings. The propeller itself has a diameter of 
4600 millimetres (15 ft.) and three blades of bronze 
fixed in cast-steel hubs. We add the principal dimen- 
sions of the boilers: 


Double-Ended. Single-Ended. 


Length over 

all ...5400 mm. (17 ft. 9 in.) 2760 mm. (9 ft. 1 in.) 
Diameter... 4550 mm. (16 ft.) 4550 mm. (16 ft.) 
Total heat- 

ing surface 1534 sq. m. (16,512 sq. ft.) 
Total grate 

area 35.1 sq. m. (378 sq. ft.) 


The following are the principal results of the speed 
trial runs of one of the steamers : 


Speed... 15.5 knots 
Displacement, about 9000 tons 
Steam pressure in boilers 175 lb. 
Revolutions per minute es 87, 88 
Vacuum ... oe Sse ... 0.91, 0.92 atm. 
Port. Starboard. 
Indicated horse-power : 
Cylinder I. a 853 833 

. a 932 917 

. 1020 1010.5 
Total horse-power __... ... 2805 2760.5 
Collective indicated horse-power 5606 


Both vessels are now on voyage to the East. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 7, 1895. 

Tue iron trade developed activity in Western Penn- 
sylvania and at some farther western points. Exten- 
sive purchases of Bessemer and steel billets were made 
at prices slightly under 10 dols. and 15 dols. respec- 
tively. Large consumers, having secured orders for 
their products for spring delivery, are now making 
purchases of crude material. Trade conditions have 
not materially improved, and commercial writers are 
taking a gloomy view of the future, because of the 
inevitable re-exportation of gold on a large scale to 
pay gold debts abroad. One encouraging feature of 
the situation is the promise of railroad building this 
season, but as to this there is much uncertainty. 
Some authorities believe our domestic requirements 
are so urgent that they will force production, even 
against the unsatisfactory condition of the national 
finances. The country is virtually at the mercy of its 
gold debtors, and this fact discourages enterprise. On 
the other hand, the banks are carrying a large volume 
of money. Industrial and commercial enterprises are 
multiplying, but the practical start is not made in the 
placing of orders for material. Prices for most staple 
commodities are fractionally lower than 30 days ago. 








A Sovuventr Mope.t.—Oneof the attractive features of 
a Cotton States and International Exposition, to be 
opened at Atlanta in September, will be a reproduction 
in miniature of the Chicago World’s Fair. The exhibit is 
being prepared by Mr. G. W. Ferris, the builder of the 
Ferris wheel, on a scale of 1 to 140. Every detail of the 
great Columbian Exposition will be given; the space 
occupied will be 75 ft. in length. 
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THE PHYSICAL SOCIETY. 

» the meeting of the Physical Society held on the 
Png hg Mr. Walter Baily, Vice-President, in the chair, 
Mr. Naber exhibited, and shortly described, a new form 
of gas voltameter. The chief advantages claimed for this 
instrument are that either the oxygen or the hydrogen 
can be collected separately, and that the level of the 
liquid inside and outside the burette can be made the 
same, thus no correction has to be applied to the volume 
of the gas on this account. Variations in the temperature 
and barometric pressure are allowed for by reading an air 
thermometer, which is fixed alongside the burette. The 
inventor considers that this instrument will compare 
favourably in —— with the copper and silver volta- 
meters now in general use. Professor 8S. P. Thompson 
considered that now so much care had been bestowed on 
the design of a gas voltameter, this instrument might 
come into more general use than heretofore. 

Dr. Johnstone Stoney, F.R.S., exhibited (1) the local 
heliostat; (2) an improvement in siderostats. By a local 
heliostat the author means one which can only be used in 
places the latitudes of which differ slightly from that of 
the place for which the instrument was specially con- 
structed. The limits within which the instrument works 
with sufficient accuracy for ordinary spectroscopic work, 
are such that one instrument can be used in any place in 
the British Isles. The heliostat exhibited was a modi- 
fication of one previously described by the author, 
which is now in very general use, and it is capable of 
sending a reflected ray in any direction in, or nearly in, a 
horizontal plane. In the new instrument the pendulum 
clock previously used to supply the motive power is 
replaced by a balance-wheel clock ; this change decreases 
the cost of the instrument, while it adds to its portability. 
A tangent screw, worked by a long rod, supplies a slow 
motion for adjusting the position of the reflected beam, 
and is of use when examining the spectra of the solar pro- 
minences, &c. The instrument is adjusted in the meridian 
by means of a gnomon and horizontal divided circle, which 
form a sundial. This divided circle is so arranged that 
it is always horizontal when the polar axis is in adjust- 
ment, and can therefore be used whatever the latitude of 
the station at which the observations are being made. In 
connection with the use of a heliostat in conjunction with 
a spectroscope, the author recommends, when using a 
grating, the introduction of alarge glass prism between 
the heliostat and the slit of the spectrometer. An impure 
spectrum is thus formed on the slit, and by moving the 
slit to the part of this spectrum corresponding to 
light of the wave length under observation, the difficulties 
due to the overlapping of the spectra may in a great 
measure be overcome. After mentioning that the 
great difficulty in designing a siderostat which 
should work with ‘“‘ astronomical accuracy” is to 
get a form of sliding motion which should be free from 
back-lash, and should move perfectly regularly, Dr. 
Stoney exhibited a model of a form of mechanism for ob- 
taining such a motion which he had devised. The prin- 
ciple on which the instrument depends is that if you have 
a point fixed to a circle which rolls on the inside of 
another circle of double the diameter, this point will de- 
scribe a straight line, The smaller disc does not, in the 
model exhibited, roll directly on the larger disc, but an 
idle wheel is introduced which rolls on the outside of both 
the discs. Slip is avoided by placing steel bands between 
the idle wheel and the discs, one end of each of the two 
bands being fixed to the circumference of the idle wheel, 
while the other ends are fixed one to the circumference of 
each of the discs. Back-lash is prevented by means of a 
spiral spring attached to a point on the smaller disc, this 
point being so chosen that it moves nearly perpendicular 
to the direction in which the spring acts, hence the spring 
is always stretched to nearly the same amount, and no 
extra strain is brought to bear on the driving clock in 
different positions of the instrument. Professor S. P. 
Thompson considered that the best method to employ 
when using sunlight was to incline the telescope, &c., 
parallel to the polar axis, under which circumstance the 
mirror of the heliostat need only rotate about a vertical 
axis. 

A paper on ‘A Simple Form of Harmonic Analyser” 
was read by Mr. G. U. Yule. At a former meeting of 
the Society, Professor Henrici showed a form of analyser 
in which the paper on which the curve was traced was 
given a to-and-fro movement, a planimeter being used as 
an integrator. The author, being struck with the advan- 
tages of the use of a planimeter, both as regards cheap- 
ness and — has devised another form of analyser 
in which a planimeter is used. The principle on which 
this instrument works is as follows: Suppose we 
have a straight line (X X) which can move parallel to the 
base line of the given curve, so that every point in this 
line describes a perpendicular to the base. Further sup- 
pose that a disc, the circumference of which is some 
aliquot part of the base of the curve, say, 2//n, where 27 is 
the base length, is capable of rolling on the line (X X) 
without slip. Ifthe centre of the disc is brought over 
the initial point of the curve, and any point (D) at a 
distance r from the centre on a horizontal diameter is 
marked, then if the centre of the disc is made to de- 
scribe the curve which is to be analysed, the area of the 
curve described by the point D is given by the equation 


+o, 
Risa toon" fl ysinné.dx, 
—t 


where a is the area of the curve to be analysed. Similarly 
if the point D is taken originally on a vertical diameter, 


multiple of 1/7 units of length, say 10, then the above 
equations become 


R, =a + cos 7.10 n Bn 
and R,=a +cosn7.10n An, 


where B, and An are the coefficients of sin »@ and cos 
n@ in the former series expressing the equation to the 
curve. The areas of the curves traced out by the point 
D (R, and R,) are obtained by allowing the tracing point 
on an Amsler planimeter to rest in a small conical hole 
at D. The line X X is the edge of a rolling parallel 
ruler which has a rack cut along it. A series of toothed 
wheels give the coefficients of the different terms in theseries. 
In the instrument exhibited there were wheels to give 
the first four terms, but the author said it was possible to 
work with wheels which gave the sixth term. The above 
analyser was the outcome of a simple step-by-step in- 
tegrator which the author had devised. In this case the 
base line of the curve having been divided into a number 
of equal parts, then by means of a scale of sines attached 
to the instrument, the tracing point of a planimeter is 
set at a point whose abscissa is sin n 0, while it is 
moved parallel to the axis of y through a distance 
5y corresponding to one of the elements into which 
the base was divided. Professor Henrici said he had 
at one time considered the question of constructing 
an analyser which should employ a planimeter as the 
integrator, and he was particularly pleased with the 
iostruments exhibited. Since the area required was the 
difference between the area of the original curve, which 
is traced out by the centre of the disc K, and the curve 
traced out by the point I); and since this area is really 
the area swept out by the straight line K D, if we attach 
an integrating wheel to the disc with its axle parallel to 
K D, the required area can be directly obtained from the 
reading on this wheel. In addition, if a second integrat- 
ing wheel were fixed to the disc with its axle perpen- 
dicular to K_ D, the coefficients of cos n @ and sin n @ 
could be both obtained by going round the curve once. 
The instrument devised by Mr. Yule was practically the 
inverse of one he (Professor Henrici) had invented. Dr. 
Burton pointed out some incorrect signs in the proof 
given. These, however, do not affect the final expres- 
sions obtained. Mr. Inwards suggested that errors due 
to back-lash might be avoided by using either a double 
wheel or a double rack, so that by means of a spring each 
side of the teeth which were engaged might be in contact 
at the same time. 

Professor Minchin gave a short account of a paper by 
Mr. H. N. Allen, entitled ‘‘ The Energy Movements in the 
Medium Separating Electrified or Gravitating Particles.” 
The object of the paper is to trace out the equipotential 
surfaces and lines of flow for two electrified points or 
gravitating particles, and then to consider the paths along 
which the ‘‘ energy cells ” move when the charged points or 
gravitating particles either move towards or away from 
one another. By energy cell the author understands the 
small volume of the dielectric bounded by the walls of a 
tube of force and by two neighbouring equipotential sur- 
faces, which can be looked upon as containing a certain 
definite amount of energy. The author gives two figures 
showing the paths of the energy cells (1) when the charged 
particles come together and meet, (2) when they separate 
and move off to infinity in opposite directions. sing 
Maxwell’s expression for the pressure along the lines of 
force and the equal tension at right angles required by 
his theory to account for the attraction exerted by the sun 
on the earth, the author has calculated the energy-density 
in the medium at the surface of the sun. The value ob- 
tained is 16 horse-power-hours per c.c. Hence he con- 
cludes that at a distance from all gravitating bodies a c.c. 
of ether contains at least this amount of energy. Pro- 
fessor Minchin showed how by the use of polar co-ordi- 
nates the expressions given by the author could be simpli- 
fied. He also gave a graphical method of obtaining the 
equipotential surfaces for any configuration, having given 
those for any other configuration. He pointed out that 
by a similar line of reasoning to that used by the author, 
the energy per c.c. of the medium at the surface of 
Arcturus must be 8100 times as great as at the surface of 
the sun, so that the minor limit given above by the 
author must be multiplied by 8100 at least. 





THE ELECTRICAL TRANSMISSION OF 
POWER 


At the ordinary meeting of the Institution of Civil 
Engineers on Tuesday, March 5, 1895, Sir Benjamin 
Baker, K.C.M.G., Vice President, in the chair, two 
papers, dealing with the transmission of power by elec- 
tricity, were read. 

The first, on ‘‘ Electrical Haulage at Earnock Colliery,” 
by Mr. Robert Robertson, B.Sc., M. Inst. C.E., opened 
with an aceount of the general features of the colliery and 
of those of its seams into which electrical haulage had 
been introduced. The arrangements of the shafts and 
the capacities of the cage and coal hutches were such that 
the daily output amounted to 1200 tons. Details were 
given of the lengths and gradients of the main haulage 
roads in the Ell and Main coal seams, and of the two 
steam hauling engines operating those roads, on the main 
and tail and endless-rope systems respectively. Eleo- 
trical hauling engines had been introduced to drive end- 
less ropes, and to replace horse traction between the main 
haulage roads and the working faces. 

The electrical generating plant comprised a dynamo 
for supplying power to the electrical hauling engines, 
capable at a speed of 620 revolutions per minute of an out- 





the area of the curve traced out is | 
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Tn any practical case it is convenient to take r some» 


put of 100 amperes at 490 volts. It was driven from a 
shaft coupled direct to two single-acting Westinghouse 
engines, having cylinders ey in, in diameter, with a 
length of stroke of 12 in., and developing together, when 
running at their normal speed of 350 revolutions per 








minute, 122 horse- power with a steam pressure of 50 lb. per 
square inch. The electrical circuits were metallic through- 
out, and the conductors were highly insulated, bein 
sheathed also in iron pipes in the shaft and suppor 
upon insulators in the workings. 

The two electrical hauling engines, of which the main 
features were similar, were next described and illustrated. 
The motor of the engine in the Ell coal seam, when 
running at a speed of 770 revolutions per minute, deve- 
loped 35 horse-power with a current of 76 amperes at a 
pressure of 400 volts. It was geared, through an inter- 
mediate shaft, to two pulleys with Hurd clips, each pro- 
vided with a friction clutch and brake, by which the 
cables were driven at a speed of 3 miles per hour. The 
two cables were of stranded steel wire, } in. in diameter, 
and, after passing over balance wheels placed in recesses 
near the engines, operated circuits of 2160 yards and 1020 
yards in length respectively. The cables were supported 
at intervals of about 30 ft. along the roads by rollers 
4} in, in diameter ; and at the corners they were passed 
over wheels 5 ft. in diameter, mounted upon vertical axles 
below the level of the rails. The gradients were so 
arranged at the corners that the trains of trucks could 
there travel without aid from the ropes. In the Main 
coal seam a cable operated similarly a circuit 1580 yards 
in length. The cables were driven continuously at a uni- 
form speed, and the coal hutches were attached to or de- 
tached from them by a Smallman clip. 

The efficiency of the plant as compared with the horse 
traction, which it had replaced, was then considered. 
The electrical haulage system in the Ell coal seam was 
capable of a daily output of 400 tons. The daily output 
by horse traction had been 180 tons, and to increase this 
to 400 tons, 30 or 40 horses would have been required, a 
number which could not have been employed in the avail- 
able space without confusion. The daily output of the 
electrical haulage system in the Main coal seam, which 
was not yet working at its full capacity, was between 150 
and 200 tons. 

The yearly working expenses of the two systems were 
compared, upon the results of 14 year’s working, and were 
found to be 41307. and 1990/. by horse traction and by 
electrical haulage respectively, showing that an annual 
saving of 2140/. had been effected by the latter. The 
total cost of the electrical installation had been 35001. 

In the second paper, ‘‘ Water Power Applied by Elec- 
tricity to Gold Dredging,” by Mr. Robert Hay, M. Insb. 
C.E., an account was given of plant which had been 
erected in New Zealand to utilise water power for generat- 
ing electricity to be transmitted to motors for operating 
a dredge in different portions of a distant river. The 
author pointed out that the transmission of water power 
by electricity, in well-watered countries like New Zea- 
land, rendered available deposits of gold in districts in 
which the scarcity of fuel would not permit of their being 
worked by other means. The plant described had been 
constructed for gold dredging in the River Shotover, the 
course of which was for the most part in rocky gorges 
through rugged country, accessible only by tracks cut 
down the leading spurs and gullies. 

The source of the water power, and the method of its 
application, were then described, and illustrated by a 
longitudinal section of the pipe line. The water was 
obtained at a creek 14 miles distant from the dredging 
ground, and was brought by a race cut in the side of the 
hill, or, in places where the ground was not suitable, in 
a@ timber flume, to a pressure tank at a level of 524 ft. 
above the pipes at the generator house, From this tank 
to the Pelton wheel the water was carried in rolled-steel 
pipes constructed in lengths of 19 ft. 6 in., bolted together 
by wrought-iron flanges riveted to the pipes. 

The prime mover of the generating plant was a 4-fb. 
Pelton reaction water-wheel, upon the buckets of which 
the water, from a nozzle 14 in, in diameter, impinged at 
a pressure of 228 lb. per square inch. This wheel drove 
two series-wound dynamos working at a normal speed of 
700 revolutions per minute, each developing a current of 
40 amperes at an electromotive force of 650 volts, or 
together nearly 70 horse-power. The dynamos were 
coupled in series, and to guard against damage from 
abnormal increase of current, a regulator was so arranged 
as to throw into the circuit an artificial load, in case of 
the current becoming from any cause 3 amperes greater 
or less than its normal amount. The conductors, of a 
length of 2 miles, were of No. 4 8.W.G. bare copper 
wire, and were supported upon insulators carried by cross- 
arms upon old 40-lb. rails. 

The current was conducted to two motors in the dredge, 
one for driving a centrifugal pump and the other for 
operating the buckets, winches, and revolving cylinder. 
These two machines were duplicates of the dynamos, and 
were coupled in series so that when the bucket motor was 
switched off, the pump motor absorbed the surplus power 
by increasing the speed of the pump and causing it to 
throw more water. 

The dredge was constructed for the most part of steel, 
and was capable, when operating at a depth of 20 ft., of 
an output of 90 cubic yards per hour. The dredgings 
were delivered, through a revolving screen for separating 
the stones and coarser material, upon baize tables set at 
an inclination of 1 in 12. Two 10-ampere arc lamps 
lighted the dredge at night, and were joined in multiple- 
series with the motors, with suitable arrangements for 
their control. A table of particulars of the efficiencies of 
various parts of the plant was given. The cost of the 
installation and the weekly working expenses, 7000/. and 
361. respectively, were also tabulated. 





ALuminiuM.—The Technical Association of London, 
Limited, 13, Golden-square, inform us that they have 
succeeded in producing a satisfactory solder for aluminium. 
They have also made aluminium alloys, which are light 
and at the same time inoxidisable, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Business was dull in the pig- 
iron warrant market Jast Thursday forenoon, and prices 
were flat. About 5000 tons of Scotch and a few lots of 
Cleveland iron changed hands, the former declining 2d. 


Fic. 83. 


was flat on account of the very poor character of the 
Board of Trade returns issued that day for the month 
of February. About 10,000 tons of Scotch iron were 
sold, and the cash price fell to 41s. 44d. The closing 
settlement prices were—Scotch iron, 41s. 44d. per ton; 
Cleveland, 34s, 14d.; Cumberland and Middlesbrough 
hematite iron, respectively, 42s. 3d. and 41s. 3d. per ton. 


and the Jatter 14d. per ton. In the afternoon the market! On the following forenoon business was very much 








restricted, and the tone of the market was dull. 
Some 5000 or 6000 tons of Scotch iron were dealt in, 
and the cash price dropped 1d. per ton. The market 
was steady in the afternoon, but quiet, only about 5000 
tons of iron changing hands. Prices remained practi- 
cally unchanged. The settlement prices at the close were, 
respectively, 41s. 3d., 34s., 42s. 44d., and 41s. 3d. per 
ton. Business was inactive on Monday forenoon, not 








aaa 





Sesh REN oc 


Se eee 


SA ne 











Marcu 15. 1805. | ENGINEERING. 341 


THE NEW NORDENFELT GUNS AND NAVAL MOUNTS. 
THE SOCIETE NORDENFELT, PARIS. 
(For Description, see Page 336.) 
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more than 7000 tons of Scotch and a few lots of Cleveland 
changing hands. Prices were steady at Friday’s close. 
Business was almost at a standstill in the afternoon, only 
3000 tons of Scotch iron being dealt in. Cleveland was 
done at 34s. 04d. one month, with 1s. forfeit in sellers’ 
option. The closing settlement prices were unchanged 
from those of Friday. Tuesday’s forenoon business was 
slack, being limited to 3000 tons of Scotch iron at 
the preceding day’s prices. The afternoon market was 
steady, but idle. About 4000 tons of Scotch iron were 
dealt in. Prices remained unchanged, a statement which 
also applies to the settlement prices. The market was 
rather firmer this morning. when the price of Scotch iron 
rose from 41s. 44d. to 41s. 6d. per ton. In the afternoon 
the turnover was 4000 tons of Scotch at 41s. 54d. cash. 
The closing settlement prices were, respectively, 41s. 61., 
34s. 14d., 42s. 44d., and 41s. 2d. per ton. The follwing 
are the quotations for several of the No. 1 special brands 
of makers’ iron : Clyde, 48s. per ton ; Gartsherrie, Summer- 
lee, and Calder. 50s. ; Coltness, 52s. 6d. ; Langloan, 61s.— 
the foregoing all shipped at Glasgow; Glen zarnock (shipped 
at Ardrossan), 49s. ; Shotts (shioped at Leith), 52s. 6d. ; 
Carron (shipped at Grangemouth), 54s. per ton. There 
are still 74 blast-furnaces in actual vperaticn, as compared 
with 65 at this time last year. The shipments of pig iron 
from all Scotch ports amounted last week to 7259 tons, 
as compared with 6425 tons in the corresponding week of 
last year. They included 175 tons for South America, 
425 tons for Australia, 390 tons for Italy. 526 tons for 
China and Japan, smaller quantities for other countries, 
and 5254 tons coastwise. The stock of pig iron in 
Messrs. Covnal ar? Co. » public warrant stores stood at 
285,090 tons vesterday afternoon, against 285,865 tons 
yesterday week. thus showing for the past week a decrease 
amounting to 775 tons. 


The Proposed Reduction of Wages in the Scotch Steel 
Trade.—A meeting of the Board of Arbitration and Con- 
ciliation in the West of Scotland Steel Trade was held 
in Glasgow on Monday—Mr. Cameron Corbett, M.P., in 
the chair—for the purpose of considering the demand by 
the employers for a reduction of 5 per cent. on the wages 
of all men earning more than 30s. per week. The repre- 
sentatives of the employés stated thatthe men had declined 
to agree to the proposed reduction, but they were willing 
that the proposal should be submitted to arbitration. 
The employers declined to agree to arbitration on the 
demand, and Mr. Clark, the secretary, gave notice on 
their behalf that unless the operatives at once agreed to 
the proposed reduction, the proposal will be withdrawn 
and a claim will be made for a reduction of 10 per cent. 
off the wages of all workmen earning at the rate of 30s. 
per week and upwards, and of 5 per cent. off all workmen 
earning at the rate of 20s. and under 30s. per week, and 
in the event of the matter going to arbitration the reduc- 
tion to take effect from 18th inst. The meeting was 
afterwards adiourned for a week in order to allow the 
employés’ representatives to consult their constituents. 
Tt is urged on behalf of the workmen that during the past 
five years reductions amounting in all to 30 per cent. have 
been accepted by them, while on the part of the masters 
no advances have been given. The difficulty may, it is 
feared, yet assume a more serious form. 


Glasgow Copper Market. — Last Thursday forenoon 
copper was marked down in price 2s. 6d. per ton at 
38/7. 163 3d. cash buyers, and 39s, 3s. 9d. three months. 
No business took place. In the afternoon only one lot 
was done, the price being 38/. 18s. 9d. one month. and the 
closing quotations being unchanged from the forenoon. 
Copper was again idle on Friday forenoon, and prices were 
unchanged. In the afternoon 75 tons were dealt in at 
381. 16s. 3d. cash, and 39s. 3s. 9d. three months, with 
buyers over at those prices. On Monday forenoon 75 
tons were sold at 391. 5s. per ton, being a rise of 1s. 3d. 
In sympathy with the quietness in the London market 
there was a fall of 2s. 6d. per ton in the afternoon, but 
only 25 tons changed hands. One lot was sold yesterday 
forenoon at 39s. 1s. 83d. three months, a drop of 1s. 3d.; 
and the same amount was sold in the afternoon, at 
391. 2s. 6d. three months, but the prices were easier at 
the close. The market was firmer, but rather idle to-day. 
In the forenoon 388/. 17s. 6d. cash and 39s. 2s. 6d. three 
months were accepted. In the afternoon no _ business 
took place, but the close was firm at the forenoon rates. 


Contract for a Large Steamer.—Messrs. Charles Connell 
and Co., Whiteinch, Glasgcw, have contracted to build 
for Messrs. Bell Brothers and Mclelland, Glasgow, a 
large steel steamer of about 6000 tons deadweight carry- 
ing capacity. The hull and machinery are intended to 
take the highest classification of the British Corporation 
Registry. The head of the owners’ firm is Mr. James 
Bell, Limited, Provost of Glasgow. 


New Director for the Fairfield Company.—It has just 
been officially announced that the Right Hon. Sir William 
Marriott has joined the board of the Fairfield Shipbuild- 
ing and Engineering Company, Limited. He was for- 
merly a prominent member of Parliament. 


New Sewerage Works for Oban.-—For the new sewage 
works which are wanted for the burgh of Oban. 25 com- 
petitive designs were sent in, and these have all passed 
through the hands of Mr. T, O. Niven, C.E., Glasgow, 
the assessor. That gentleman has selected two as being 
first and second in order of merit, the authors of the two 
sets of plans being, respectively. Mr. Woulfe Brenan, 
C.E., Oban, and Mr. Radford, C.E., Nottingham. 


The Royal Scottish Society of Arts.—A meeting of the 
Royal Scottish Society of Arts was held on Monday 
night, Mr. John Whitelaw occupying the chair. Mr. 
William Ireland gave a description of a portable copying 
press, weighing 34 lb., which, he stated, could be used by 


people at their own homes or when on a journey, and 
which he considered combined the qualities of lightness, 
compactness, durability, neatness, and strength. In the 
course of discussion it was mentioned that James Watt 
was the inventor of the first letter copying press. The 
chairman next read a paper on an improved pump bucket 
and its economy. Mr. Alexander Frazer thereafter gave 
a paper on a graphic method of recording weather 
observations, in the course of which he stated that he 
thought the very considerable amount of information 
given each day by the daily papers, valuable as it was, 
was not of all the value it might be if, for instance, they 
provided also the mean values. 


East of Scotland Engineerina Association.—A meeting 
of this association was held in Edinburgh last Wednesday 
evening, at which Mr. Francis Braid, Kirkcaldy, read an 
interesting paper on ‘‘ Hospitals,” in the course of which 
he detailed the best arrangements to adopt in designing 
and constructing them. 


Goods Sheds at Cessnock Docks.—At an ordinary meet- 
ing of the Glasgow Associated Students of the Institution 
of Civil Engineers. held on Monday night, Mr. D. Drum- 
mond, M. Inst. C.E., president, in the chair, a paper was 
read by Mr. James L. Proudfoot, Assoc. M.I.C.E., on 
““Two-Storey Goods Sheds at Cessnock Docks.” The 
sheds have been erected by the Clyde Trustees on the 
north and south quays of the new Cessnock Docks, and 
differ from the older sheds in being double-storeyed. 
Commencing with some remarks on the general principles 
in the design of dock sheds, he proceeded to discuss the 
advantages of the two-storey as against the one-storey 
type, mentioning among other advantages the following: 
saving in land required, double floor space being obtained 
for the same area of land occupied, the cost per square foot 
of floor area being only slightly higher for a two-storey 
than for a one-storey shed. Export goods may be brought 
in on the lower floor, while import goods are dischsrged 
on to the upper one, thus enabling discharging and load- 
ing to proceed simultaneously. A detailed explanation 
of the design and materials used in the construction of 
the sheds was then given, the paper concluding with a 
description of the lowering apparatus and shoots, the 
former for lowering bags from the upper storey into 
lorries placed outside the shed, and capable of lowering 
40 bags in 20 minutes; the latter into lorries inside the 
shed, and capable of 40 bags in 10 minutes, with little 
or no handling. A discussion followed. in which the 
speakers were Mr. C. W. Wilson, Mr. J. Robertson, Mr. 
D. A. Mathieson, Mr. J. Cowan, Mr. Gale, and the 
president. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on ’Change; the tone of the 
market was very flat, and little business was transacted. 
The difference in quotations of buyers and sellers was 
wide, and hardly anybody would purchase more pig iron 
than they needed to meet immediate requirements. 
Buyers took a very gloomy view of the outlook, and 
opined that with the poor shipments and over-production 
there was not much likelihood of an early material im- 
provement. For No. 3 g.m.b. Cleveland pig, delivered 
this month, 34s. 6d. was generally named, but some 
firms held out for rather more. On the other 
hand, few buyers would offer more than 34s. for 
No. 3. One or two lots, however, changed hands at 
34s. 3d., and business was also recorded at 34s. 44d. The 
quotations for forward delivery varied very considerably, 
and practically there was no business ahead done. The 
lowerqualities of pig iron were atrifleeasier ; No. 4 foundr 
was 33s. 9d., and grey forge 333. 9d. Middlesbroug 
warrants were weak at 34s. cash buyers. East coast hema- 
tite pig iron was quiet. The demand was fairly good, 
but the supply is very abundant. About 41s. 9d. may be 
regarded as the general quotation for early delivery of 
Nos. 1, 2, and 3, although some firms have this week 
obtained more. Spanish ore quietish. To-day the 
market was dull, and practically unchanged; very few 
transactions occurred. Prices for makers’ iron were just 
the same as yesterday. Middlesbrough warrants went 
to 34s, 1d. cash buyers. 


Manufactured Iron and Steel.—Again we are obliged to 
give unsatisfactory and discouraging accounts of the 
manufactured iron and steel trades. Several establish- 
ments are only very moderately employed. and although 
quotations keep low and barely if at all remunerative, 
new orders are very difficult to secure. The annual report 
of the directors of the Tees-side Iron and Engine Works 
Company issued to-night is most disheartening, showing 
as it does a considerable loss on the year’s working. 
Common iron bars are quoted 41. 15s. ; best bars, 5/. 5s. ; 
iron ship-plates, 4/. 15s. ; steel ship-plates, 4/7. 12s. 6d. to 
41. 15s.; and iron and steel ship-angles each 4/. 10s.—allless 
the customary 24 per cent. discount for cash. Heavy 
sections of steel rails are 3/. 12s, 6d. net at works. 


The Coal and Coke Trades.—Coal is fairly steady. 
Prices vary according to the position of the collieries and 
the extent of the orders on the books. At Newcastle 
best Northumbrian steam coal is 9s. for prompt f.o.b. 
delivery, but more is quoted for forward delivery. Steam 
small is rather scarcer, and is 3s. to 3s. 6d. Bunker coal 
is somewhat steadier. Gas coal is in good request, and 
shipments are improving. Coke is in fuller demand, but 
the supply is quite adequate. A good deal is required 
for local consumption, and quotations are maintained. 
Here 12s. 3d. is the price for good blast furnace qualities 
delivered at Cleveland works, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Yorkshire Coal Trade with Hull.—During the month of 
February the tonnage of coal forwarded to the chief 
Yorkshire ports amounted to 143.520 tons, as compared 
with 145,150 tons in February, 1894. In the expired two 
months of the present year the Hull receipt totalled 
286,096 tons. as compared with 290,128 in the same month 
of 1894. The decline is hardly so great as had been 
expected, considering the extent to which the frost 
interfered with the export trade. The coal trade with 
the North of Europe has been seriously hampered, but it 
is expected that when the ice is cleared business in that 
direction will be very brisk, as stocks are low. 


Iron, Steel, and Heavy Trades.—Very discouraging 
reports are coming to hand from all parts of the district 
with respect to the condition of the iron trade. The 
Parkgate Company have blown out their furnaces, and 
there are rumours in other directions that the output is 
to be restricted. Depression in this branch is very ex- 
treme, the exceedingly low prices prevailing failing to 
induce orders. Hematites are quoted at 493. to 51s., 
delivered in Sheffield or equal, and Lincolnshire brands 
are offered at 35s 6d. Bar iron is offered at manufac- 
turers’ works at 5. to 5l. 5s. per ton, and Bessemer 
billets realise 5/. 5s. to 5/. 7s. 6d. There are evidences of 
improvement in connection with the demand for railway 
material. The call for ordinary going specialities for the 
shipyards is slow, though armour-plate rollers are busy. 
Makers of agricultural machinery, traction engines, &c., 
are looking for sn improvement next month, but at pre- 
sent business is only moderate. 


Cost of Technical Instruction in the West Riding.—The 
West Riding Technical Instruction Committee have pre- 
pared a financial statement showing the actual expenditure 
in the school year 1893-94, the estimated expenditure for 
the current year 1894-95, and the provisional allocation of 
funds for the school year 1895-96. For the year 1893.94 
the actual expenditure was 29,521/., for the following year 
the estimate was 31,937, and for next year they had 
provisionally allocated a sum of 33,757/., which they state 
is somewhat in excess of the expected income for the 
year, the principal increase being in grants for instruction 
and for agriculture. 


Depression in the Coal Trade at Morton.—Owing to de- 
pression in trade, the Clay Cross Company have given a 
fortnight’s notice to about 70 miners employed in the 
black shale seam. For some time this pit has been on 
short time. Many of the men will be able to find em- 
ployment in the hard coal seam. 


Steam Shipping Trade.—This trade is now in a 
very dull and depressed condition. A considerable 
number of vessels are laid up for want of profitable em- 
ployment, and the majority of those at work are running 
at figures that leave but little margin for remunerative 
returns to shareholders. Outward freightsand coastings 
are easier, on the whole, and there is a lack of firmness in 
the homeward freight markets. 





NOTES FROM THE SOUTH-WEST. 
Portsmouth Docks.—The contractors for these docks have 
put their men on double shifts, in order to expedite the 
progress of the works. It is doubtful even now, whether 
one of the docks can be completed in time to receive the 
Powerful or the Terrible. 


Bristol Tramways. —Some important work in connection 
with the tramway system of Bristol has been just com- 
menced, viz., the construction of an electrical line from 
the present terminus at St. George’s to Kingswood. 
Electrical power to be applied by means of the over- 
head trolley ; but in the rr of posts on both sides of 
the street, with a span of wire between, side standards 
with ornamental brackets are to be adopted to sustain the 
trolley wires. A contract for the electrical equipment of 
the whole line between Kingswood and Old Market-street 
has been let to the British Thomson-Houston Company, 
the English representatives of a similar concern in 
America. The existing dépét of the Bristol Tramways 
Company at St. George’s is to be used for a generating 
station, and the alteration and reconstruction of the build- 
ings necessary to receive the plant have been intrusted to 
Mr, A. J. Beaven. Mr. A. Krauss has accepted a con- 
tract to make the line between St. George’s and Kings- 
wood, and to do the necessary relaying and alterations of 
the present track from St George’s to Old Market-street. 
A good portion of this will be relaid with steel rails of a 
heavy and durable type. 


Welsh Railways.—The North Pembrokeshire and Fish- 
guard Railway was opened from Clynderwen to Letter- 
ston yesterday (Thursday). The inspector of the Board 
of Trade has also passed the Rhondda and Swansea Bay 
line with a view to the commencement of traffic. 


Cardiff Tramways.—At the last meeting of the tram- 
way committee of the Cardiff Town Council, the clerk 
read a letter from Mr. J. Glenn, engineer to the Pro- 
vincial Tramways Company, in which it was stated that 
the proposals of the council were provisionally accepted. 
The directors thought they should have 6000/. per mile for 
the old lines and 5000/7. per mile for those to be laid for 
doubling, with a lease of 21 years, but Mr. Glenn stated 
that as the company was not likely to secure better terms 
—5500/. for the old and 5000/. for the new lines, with a 15 
years’ lease—they agreed to the offer, provided that the 
conditions in the lease were satisfactory. 


Pembroke Dockyard.—A return just issued of dockyard 
expenses gives the following figures as to the work done 





during 1894 at Pembroke: New construction, 117,290/. 
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i addition of charges for materials the total ex- 
pi Ma for the year was 208,679/., of which 7002/. was 
returned to stock. The establishment and incidental 
charges amounted to 40,9287. 
ansea.—The trade of Swansea in February amounted 
85.293 tons, as compared with 224,493 tons in 
ry, 1894, showing a decrease of 39,200 tons. The 
nted to 40,299 tons, as compared with 
41,713 tons ; and the exports to 144,994 tons, as compared 
with 182,780 tons. The principal falling off was in coal, 
coke, and patent fuel. 

if.—The demand for large steam coal has been 
Pig prices have advanced 1s. per ton. The pro- 
spect of a possible cessation from work has induced col- 
liery proprietors to bank large quantities of small, in 
order that they may be enabled to keep their a 
The best steam coal has made 11s. 3d. to 11s. 6d. 


Sw 
to 1 
February, 
imports amou 


going. 3 and 
hile secondary qualities have brought 10s. 9d. 
ag ey he ton. The demand for household coal hes im- 


roved ; inquiries both for shipment and for inland de- | yy 


i have increased. No. 3 Rhondda large has made 
10s. 64. pions ton. Patent fuel has been in good demand. 
Coke has been moderately active. The manufactured 
iron and steel trades have shown little or no improvement. 








THe DRAINAGE OF THE HAARLEM MEER: ADDENDUM. 
—Messrs. J. and H. Gwynne ask us to state that the dis- 
charge of 293 tons per minute, mentioned in our account 
of these works last week, relates to one engine. The 
plant erected includes two engines of identical dimen- 
sions. No doubt, from the dimensions of the inlet pipe, 
expert readers would have understood the performance 
named, but it may be as well to state it definitely, for the 
benefit of those less well informed in centrifugal pumping 


machinery. 





Rarip ARTESIAN WELL BorING.—A copious supply 
of pure water has been tapped at Messrs. Chandler's 
Brewery, Hackney-road, in the chalk underlying the 
tertiary beds, at the depth of 400 ft., by means of a 12-in. 
internal diameter artesian bored tube well, drilled in 55 
days. This feat is all the more remarkable, as wells on 
the old principle take months to accomplish instead of 
days. The engineers are Messrs. C. Isler and Co., of 


London. 





REVERSIBLE. REGENERATIVE ARMATURES AND SHORT 
Am- Space Dynamos: Erratum.—In the reprint of 
Mr, Sayers’ paper under this title in our last issue the 
formula (page 326) 

Wa machine constant x 1,350,000 
hires? caret wx 
should have been N = machine constant x 1,350,000, 
The figure 1,350,000 is one that Mr. Sayers has been using, 
but he informs us that recent calculations show that it 
may be greatly reduced for machines constructed on his 
principle. 





Tue NortH Ska-Battic CANAL.—Preparations are 
already going on for the solemn opening of the North 
Sea-Baltic Canal, which will, according to the present 
plan, take place in the month of July. The original 

lan for the construction of this large undertaking has 

een closely followed in most respects, and neither the 
time nor the calculated cost has been much exceeded. 
The canal, completed, will have cost about 8,000,000/., 
and its length will be about 66 miles. The German 
Emperor intends opening the canal on board the Hohen- 
zollern, and a ont sn of German princes will be invited 
to witness the opening ; it is also expected that a number 
of warships from various countries will put in an appear- 
ance. The opening procession will proceed from Holte- 
nau to Brunsbiittel, the Elbe entrance to the canal. 


ExuIsition oF PHoToaRAPHY.—An exhibition of photo- 
graphy in its application to arts, sciences, and industries 
will be held at the Imperial Institute, South Kensington, 
from the middle of May to the middle of August. It 
will be in seven divisions : (1) The history of photography ; 
(2) artistic photography ; (3) photography as an yay 
(4) photograpy in its application to industries ; (5) appli- 
cations of photography to the sciences, orthochromatics, 
actinometry, photometry, sensitometry, optics, stereo- 
scopy, photomicrography, spectroscopy, meteorology and 
magnetism, astronomy, automatic recording apparatus, 
and general; (6) education; (7) miscellaneous applica- 
tions, photo-mechanics, photo-ceramics. Exhibits will be 
accepted from all parts of the empire. The Council of 
the Institute will pay the cost of receiving and returning 
the exhibits in the historical section. 





Movern Oprra Houses AND THEATRES.—Under this 
title there is about to appear a very handsome and im- 
portant work by Mr. Edwin O. Sachs, F.S.S., and Mr. 
Ernest A. E. Woodrow, A.R.I.B.A. It will be in three 
volumes, 23 in. by 16 in., and will contain 220 plates 
18 in. by 12 in., 200 pages of text, and 300 diagrams. The 
first volume will appear this summer, and will con- 
tain plans and illustrations of four theatres in Austria, 
five in Germany, six in England, three in the Nether- 
lands, three in Russia, and two in Scandinavia. Ib is 
proposed to deal with nearly every theatre of particular 
merit in Europe. The authors are receiving the hearty 
assistance of foreign public authorities and Court depart- 
ments, while architects have placed their drawings at 
their disposal most liberally. Engineers will find a most 
interesting supplement on stage machinery, which now 
occupies a very important position in theatres. The work 
will G issued by Mr. B. T Batsford, 94, High Holborn, 
London, at the price of nine guineas to subscribers and 


MISCELLANEA. 
THE use of the metric system is to be obligatory in 
Turkey from March 1, 1896. 


Professor W. C. Unwin, F.R.S., M. Inst. C.E., has 
undertaken to deliver the ‘‘James Forrest” lecture at 
the Institution of Civil Engineers on Thursday, May 2, 
and proposes to deal with the ‘History of the Experi- 
mental Study of Heat Engines.” 


The traffic receipts for the week ending March 2 
on 33 of the principal lines of the United Kingdom 
amounted to 1,330,781/., which was earned on 18,728} 
miles. For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,383,766/., with 18,522? 
miles open. There was thus a decrease of 52,985/. in the 
receipts, and an increase‘of 206 in the mileage. 


neers was held on Friday, March 7, at 58, Romford-road, 
Stratford, E., to elect the officers for the ensuing session. 
r. A. J. Durston, Engineer-in-Chief H.M. Navy, was 
elected president, and Mr. James Adamson honorary 
secretary. The membership of the association is now 876, 
and the finances are in a satisfactory condition. 


We are requested to remind intending exhibitors at 
the show of the Royal Agricultural Society, to be held at 
Darlington from the 22nd to the 28th of June next, that 
applications for space in the Implement Department at 
that meeting must be made by Monday, April 1, 1895. 
Entries for the various departments of live stock, poultry, 
produce, &c., must be made by Wednesday, May 1, 1895. 


The Swedish army will be provided with 100,000 
Mauser rifies and 15,000 repeater carbines, in addition to 
which 2000 repeater carbines will be provided for the 
navy. Contracts have recently been concluded with the 
Mauser Arms Factory at Obendorf, Wurtemberg, for the 
supply of the 7000 repeater carbines. The cost of these 
rifles and carbines will be some 400,000/., which will be 
distributed over several years. 


Messrs. Ernest Scott and Mountain, Limited, of the 
Close Works, Newcastle-on-Tyne, have recently fitted up 
the new workshops of Messrs. J. L. Thompson and Sons, 
Sunderland, with the electric light. The plant consists 
of a compound-wound dynamo, giving an output of 400 
amperes at 65 volts, when running at a speed of 600 revo- 
lutions per minute, and of eighteen 2000 candle-power arc 
lamps, together with some 50 incandescent lamps. 


Some excellent armour tests have recently been made 
at the United States Proving Ground, Indian Head, 
where a 14-in. plate was fired at by two 10-in. Carpenter 
steel projectiles, and one12-in. projectile. Ths two former 
were fired with velocities of 1859 ft. and 1940 ft. per 
second. The first penetrated 6 in. and the second 8 in., 
both being completely broken up. The 12-in. shot, fired 
with a velocity of 1858 ft. per second, passed through the 
plate and entered the backing, but without causing radial 
cracks, 

The trade and navigation returns for February show 
exports amounting to 15,968,395/., being a decrease of 
1,711,054/., or 9.6 per cent., on the corresponding month 
in 1894; the imports amounting to 28,134,489/., a decrease 
of 5,849,596/., or 17.2 per cent. The value of the iron and 
steel exports was 1,294,758/., against 1,346,379/., a de- 
crease of 3.8 per cent. ; and of the coal and coke exports, 
939,104/., against 1,360,791/., a decrease of 30,9 per cent, 
The imports for the two months ending February show 
a decrease of 7,561,191/., or 10.4 per cent., and the exports 
a decrease of 1,638,698/., or 4.6 per cent. 


The following account of the capture of Port Arthur, 
written by a Japanese officer, has been received: ‘* The 
armour-plated Yarrow torpedo-boat Kodaka is now in 
China waters on active service, and proving to be of great 
use. It was she that led the torpedo flotilla in their 
daring entry into the harbour of Port Arthur at the nick 
of time, which called forth the admiration of the British 
officers on board the Porpoise. She is at this moment 
being used for scouting purposes off Wei-Hai-Wei, Mean- 
while I may say that none of the Chinese torpedo-boats 
have given a creditable account of themselves, and a 
flotilla of these craft was conspicuous by its flight very 
soon after it met our fleet. Since writing the above the 
Kodaka took a leading part in the successful attack at 
Wei-Hai- Wei.” 

An International Exhibition is to be held at Atlanta, 
Georgia, U.S.A., from September 18 to December 31, 
1895, The exposition has received the support of Con- 
gress, which has appropriated 40,000/. for a Govern- 
ment building and exhibit. There will be buildings de- 
voted to manufactures and liberal arts, machinery, 
minerals and forestry, agriculture, electricity, trans- 
portation, a women’s a a fine arts building, and 
a negro building. Almost all the pape will have 
water fronts. Special facilities for freight will be granted, 
and the whole of the materials for the women’s building 
will be conveyed free. With these facilities it is to be 
hoped the lady architects will prove more successful than 
at Chicago. All goods for the exhibition will be admitted 
free of , wl if unsold. The European commissioner, 
from whom full particulars can be obtained, is M. A. 
Macchi, of Mansion House Chambers, Queen Victoria- 
street, London, E.C. 

The tenth ordinary meeting of the Liverpool Engineer” 
ing Society was held at the Royal Institution, Liverpool, 
on Wednesday evening, March 6, Professor H. S. Hele- 
Shaw, M. Inst. C.E., presiding over a large attendance 
of members, when a paper was read rf Mr. D. B. Mori- 
son, M.I. ‘Mech. E., on ‘‘Marine Evaporators.” The 
author dealt with the general advantages of marine 
evaporators, and proceeded to describe in detail the 





fifteen guineas to non-subscribers, 





arrangements of the various classes of evaporators now on 


The annual meeting of the Institute of Marine Engi- a 


the market. The methods adopted for the discharge of 
the steam generated in the evaporator either to hotwell, 
to the receiver of the low-pressure engine, or to condenser 
were discussed. A description of some elaborate experi- 
ments made for the purpose of ascertaining the effects of 
scale in the tubes of evaporators concluded the paper, 
which was listened to with great interest. Numerous 
diagrams and models were utilised to illustrate the paper, 
the discussion upon which was adjourned to the next 
meeting, to be held on March 20. 


The monthly meeting of the London Association of 
Foremen Engineers and Draughtsmen was held in the 
K room of the Cannon-street Hotel on Saturday evening, 
the 2nd inst., when the President, Mr. R. J. Cook, and 
the Vice-President, Mr. Wm. Royal, occupied the chairs. 
After the general business and the secretary’s report on 
his visit to the Birmingham Association. the adjourned - 
ebate was resumed on “* An Improved Method of Fixing 
Condenser Tubes.” The discussion was introduced at 
the February meeting by the President, who read a short 
paper describing the method as being the invention of a 
Mr. Campbell, and suitable for fixing tubes in condensers, 
feed-water heaters, boilers, &c. The method consists in 
screwing @ fine thread on the tube ends where they fit in 
the tubeplates, and the holes in one tubeplate are drilled 
to fit the tube, the holes in the other being a trifle larger, 
so that the tubes pass freely through them. When in 
position the tubes are expanded by parallel expanders 
which imbed the threads into the holes, making a sound 
joinu, and with special tools the tubes can be screwed 
out at any time and replaced without injury. 


The programme of naval construction now being carried 
out by the Russian maritime authorities includes the fol- 
lowing vessels which are being laid down at the Imperial 
Dockyard here—namely, the ironclads Grand Admiral 
Apraxine and Sebastopol, the cruiser Russia, the gunboat 
Khrabry, and 15 torpedo-boats. Besides these, five new 
cruisers are already launched and are being completed 
and armed—namely, the Sisoi, Veliky, the Pultova, the 
Admiral Seniavin, the Petropavlovsk, and the Admiral 
Oushakoff. A training ship to be named the Verny, an 
ironclad of 11,300 tons, and a cruiser of 8000 tons will also 
shortly be begun. At the Nicolaieff yard the new iron- 
clad Three Saints and four torpedo-boats are being 
equipped and completed, and another vessel of the same 
class, the Rostislav, has been laid down. Several other 
ships are being built for the Russian Government in 
foreign yards. These include the Imperial yacht Stan- 
dart, which is in course of construction at Copenhagen, 
the transport Samoyed, for use in the Polar seas, and the 
torpedo-boatSokol, now buildingin Evgland. A twin-screw 
torpedo cruiser is under construction at Abo, the chief 
naval dockyard in Finland. The Naval Department also 
proposes to construct a sloop-rigged gunboat of 926 tonsa, 
to be employed in navigating the estuaries of rivers, and 
another transport will, it is understood, be bought. 


At the last monthly meeting of the Leeds Association 
of Engineers, held on February 28, the President (Mr. 
8. Thornton) in the chair, Mr. Alfred Towler, M.I.M.E., 
read a paper on ‘‘Corliss Valve Gears.” By means of 
working models and lantern views he explained the con- 
struction of several Corliss valve gears of the very latest 
type, including the Frikart gear, Messrs. Hick, Har- 
greaves, and Co.’s high-speed gear, and the Wheelock 
gear. Although the number of separate parts in Corliss 
gears was apt to convey the impression that they were 
liable to get out of order, good workmanship was neces- 
sarily bestowed on them, and it was satisfactory to know 
that Corliss engines had been run for over 15 years with 
few repairs. In indicating the direction in which im- 
provements might be expected, Mr. Towler pointed out 
that what was required was a motion which should com- 
bine the advantages of a trip motion in closing the steam 
valves very rapidly at any part of the stroke determined 
by the governor to suit variations in load, with the ad- 
vantages possessed by a positive motion in simplicity and 
immunity from failure in action through wear, which 
might lead to disastrous results, 





BeLcian Raiitway Stoox.—Last year 2658 tons of 
rolling stock were exported from Belgium to Great Britain. 
The corresponding exports in 1893 were 2043 tons ; and in 
1892, 2931 tons. The exports do not appear to be making 
any progress, 


THE ProposeD INDUSTRIAL UNION OF EMPLOYERS AND 
EmpLoyep.—A further meeting of the provisional com- 
mittee of the above union appointed at the preliminary 
London conference was held at Birmingham on Saturday, 
the 9th inst., when Mr. R. A. Hadfield, of Sheffield, took 
the chair. Quite a large number, both of individual 
employers and of the various associations both of masters 
and men, have now joined the union. Amongst these 
may be mentioned the British Iron Trade Association, 
the Associated Iron and Steel Workers, the Amalgamated 
Tron and Steel Workers and Mechanics of South Wales, 
the Amalgamated Society of Engine-drivers, Crane-drivers, 
Hydraulic and Boiler Attendants, and many similor 
societies. The Central Association of Master Builders of 
London are |e 20 age to enter the union provided the co- 
operation of their workmen can be securad. It was 
resolved at the meeting to hold an inaugural conference in 
London towards the end of next June, to extend over two 
days. The first day will be devoted to preliminary busi- 
ness and committee meetings, whilst on the morning of 
the second day meetings of members and properly ac- 
credited delegates or representatives will be held for the 
adoption of rules and the election of a president and 
committees. On the afternoon of that day papers will be 
read and discussed. Further subscriptions towards these 











preliminary expenses are to be invited. 
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THE BLACKWALL TUNNEL UNDER THE THAMES. 


(For Description, see Page 329.) 
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THE NAVY ESTIMATES. 

Tue Navy Estimates for the coming financial 
year, 1895-96, were introduced in the House 
of Commons on Tuesday last, after having 
been delayed a day by a meaningless resolution 
proposed by Mr. Arnold - Forster, and which 
was negatived without a division. In the 
absence of the Parliamentary Secretary to the 
Admiralty, the estimates were brought for- 
ward by Mr. E. Robertson, the Civil Lord, who 








9] succeeded in obtaining the consent of the House 


for 88,8501. for officers, seamen and boys, coast- 
guard, and Royal Marines provided in Vote A. 
This is a large increase on previous years. 

The estimates just presented* reach the large 
sum of 19,613,821/. in the gross, but if we deduct 


2| the ‘‘ appropriations in aid,” we have a net sum of 


18,701,0001. asked for in cash. This is a net in- 
crease of 1,334,900/. over the last estimates ; whilst 
the present year (1894-95) showed an increase of 
no less than 3,126,000/. on 1893-94, If we divide the 
total up into its component votes we find Votes 8 
and 9 accounting for a large part of the increase. 
Vote 8 deals with ‘‘ Shipbuilding, repair, mainten- 
ance,” &c., and Vote 9 with naval armaments. 
Under the former heading in Section [., ‘‘ Per- 
sonnel,” the gross estimate is 1,824,995/. This is 
only a comparatively slight increase on the present 


"7 year—a sum of 38,000). odd ; but in Section IT. of 


the same vote, which refers to ship matériel, the 





* It should be remembered that the naval year ends 
each 3lst of March. The estimates for the present year 





are, therefore, those presented last spring. 





gross total is 2,803,000/., or an increase of 361,000/. ; 
whilst in Section III., ‘‘ Contract work,” the gross 
total is 3,455,640/., or an increase of very nearly 
half a million on the present year. In naval arma- 
ments the increase is 310,000/., bringing the gross 
total for the coming year to 1,742,711. 

These are satisfactory figures so far, as they show 
that the stand made some months ago against 
certain false economic views by those who con- 
sidered the vital interests of the country before 
party politics, was effective. Indeed, it seems 
almost as if the back was broken of the old evil 
practice of subordinating our naval defences to a 
popular Budget. That, however, will only last so 
long as the public interest in the Navy is sustained. 
It is curious that in ‘‘ Works, buildings, and repairs 


pe | at home and abroad ” (Vote 10), under which head- 


ing so ambitious a programme is announced, should 
be 103,000/. less than the present year’s estimates, 
amounting in all to not very much over half a 
million. 

The number of men available to man our ships 
isa question of as great importance as the number 
of ships themselves. In some respects it is more 
important, for it takes considerably longer to train a 
good man than it does to build aship. As, however, 
ships are more in our line than men, we generally 
avoid discussions on questions of personnel unless 
they affect the engineering branch. In this de- 
partment we find, by the First Lord’s statement, 
that 40 assistant engineers for temporary service 
will be entered to supplement the entries on 
the permanent list. In the engine-room officers 
there is an increase from 785 to 828. It is 
proposed by the estimates to add 174 chief and 
engine-room artificers to the present numbers, 
raising the total for the year to 2134, and also to 
increase the number of stokers by 1750, bringing 
the total of this rating to 15,232. It is interesting 
to note that during the last 10 years the 
number of stokers has increased threefold, 
the number being now 15,000, as against 5000 
required formerly. We are glad to notice that 
the separate mess for engineer officers at 
the Royal Naval College, Greenwich, is to be 
done away with ; and both executive and engineer 
officers will mess together. It is most desirable in 
the interests of the Navy that there should be 
thorough accord between the two classes, and that 
the old social barriers—natural enough, perhaps, in 
their day —should be broken down. The question 
of social equality must always be an important one 
in the Navy ; the ship’s company being necessarily 
likea household. Sir J. Baker, in the discussion of 
Tuesday last, expressed inability to see any differ- 
ence in this respect between officers of the Army 
and those of the Navy. A little consideration will 
show a very wide difference, of which limitation of 
space afloat-is not the least important. Mr. Kearley 
thought that ‘‘men of skilled trades employed in 
the Navy, like the naval shipwrights, should not 
be subjected to the indignities of messing with 
stokers and seamen.” We hasten to exclaim 
against the term ‘‘indignity.”” Mr. Kearley 
is a Radical member for a dockyard town—De- 
vonport—but if we may judge by this expression, 
he very imperfectly represents his constituency. 
But though there can be no “ indignity” in living 
and eating with an honest man of any rank, yet 
there may be a good deal of inconvenience, not to 
say unpleasantness. So long, therefore, as dif- 
ferences of education, manner of thought, and 
variation in small matters of social behaviour exist, 
so long will people prefer to associate with those of 
their own class. The engineer officers now passing 
into the Navy are drawn from practically the same 
caste as executive officers. There are still, per- 
haps, a few patrician families who would shudder 
at the idea of one of their number going into the 
engine-room, but their numbers are decreasing 
yearly, and the fact remains that naval engineers 
are able to hold their own in any society. 

Engineer officers, however, have more substantial 
grievances than a separate mess. The time at 
which they reach full status is delayed, and they 
are subject to many disqualifications, relics of the 
days when they were brought into the service with a 
rush, and were, indeed, very glad to accept the terms 
offered them by their acknowledged over-lords. 

Leaving these side issues, which, however, are 
not without importance, we turn to the programme 
of new ships to be laid down. As stated in our 
issue of last week, no new battleship is to be started 
in the approach year. This omission did not 
pass without criticism during the debate in the 
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House of Commons, but the general impression 
appeared to be that the Board had acted wisely in 
concentrating available resources on cruisers. We 
have now under construction 10 first-class battle- 
ships, viz., the Majestic, Prince George, and Czesar, 
at Portsmouth ; the Magnificent, Victorious, and 
Illustrious, at Chatham ; the Renown and Hannibal, 
at Pembroke. These are the dockyard-built line- 
of-battle ships, whilst the Mars and Jupiter are 
being built by contract, the former on the Mersey, 
by Laird Brothers, and the latter by J. and G. 
Thomson, on the Clyde. As these vessels, with the 
exception of the Renown, are to be close on 15,000 
tons displacement, it will be seen we have a good 
deal of armour-clad tonnage under way. In fact, 
the country has never had such a fleet of battleships 
in course of construction and completed as it 
possesses at the present time. 

The principal item of the new programme of 
construction is four first-class cruisers, three of 
which are to be built by contract and one in a dock- 
yard. There are also to be four second-class 
and two third-class cruisers, besides 20 torpedo- 
boat destroyers. The details of the first-class 
cruisers are not yet settled, but we are told they 
are to be ‘‘improved Blenheims.” The other 
cruisers—i.¢., one first-class and all the second and 
third-class—will be built in the dockyards. The 
second-class vessels are to be 320 ft. long and 57 ft. 
wide, the displacement being estimated at 5750 tons. 
The armament is to be nearly the same as in the 
useful Talbot class. The protective arrangements, 
we are also told, are to be very much the same as 
in the Talbots, but the protection is to be somewhat 
increased. The speed is to be 18} to 19 knots. 
The third-class cruisers are described as im- 
proved Barhams. Their principal dimensions 
will be: Length, 300 ft.; breadth, 36 ft. 6 in. ; 
and displacement, 2100 tons. The third-class 
boats will have the same arrangement of pro- 
tection as the Barham, where the armoured deck 
is raised over the machinery space. The freeboard 
and coal capacity are to be increased, as compared 
to the Barham, in the new vessels. The maximum 
horse-power is put down at 7000, the legend speed 
at that power being 20 knots. The 20 torpedo-boat 
destroyers are to have a still higher speed than that 
already reached by these remarkable craft. The 
First Lord says the question is still under conside- 
ration, and up to the present no design has been 
finally approved. Unless Rumour is more than 
usually mendacious, it is practically settled that 
the Admiralty ask 30 knots as a contract speed, 
and that the Thames firms see no difficulty in the 
matter, though timidity as to the result has been 
expressed elsewhere. 

The most startling feature in the programme is 
that all the vessels to be laid down this year of 
which the designs are settled, are to have water- 
tube boilers. Perhaps, after the Powerful and Ter- 
rible, which are 14,000 tons each, one ought not to 
be surprised at water-tube boilers being put in 
2000 to 6000 ton ships. Nevertheless, it is a bold 
step for the engineering department at Whitehall 
to take—thus to burn their ships—especially in 
face of the vigorous criticism, both lay and profes- 
sional, to which the innovation has been subjected. 
In Mr. W. Allan, the engineer member for Gates- 
head, this criticism finds a representative in the 
House of Commons. In language only less vigorous 
than his method of delivery, he denounced the 
Admiralty and all its works. He commenced with 
the proposition that if the boilers of a steamship 
fail, that ship must stop. Then he showed how 
the return-tube boilers of the Blake, Blenheim, and 
other vessels had completely failed as soon as they 
went to sea. Locomotive boilers had failed, and 
the Admiralty ‘‘ had at last been forced to take up 
water-tube boilers.” That is what raises Mr. Allan’s 
virtuous indignation, intensified tenfold when he re- 
members that these boilers are French boilers, and 
were reported upon by a Frenca engineer. We 
have heard a good deal of this ‘‘ French ” engineer 
lately, and perhaps it will be as well to put the 
facts on record. Serving in the engineer branch of 
Her Majesty's Navy is an officer who, to other 
accomplishments, joins a complete knowledge of 
the French language. He is of the sanguine tem- 
perament (we trust we may be forgiven these 
personal details, but they are strictly germane to 
the matter in hand), sprightly, vivacious, and speaks 
with much enthusiasm and a certain amount of 
gesture when on professional subjects, in which he 
takes the liveliest interest. It is for these reasons, 


Frenchman,” but, as a matter of fact, he is a native 
of that part of Her Majesty’s dominions which 
form her most ancient hereditary possession ; 
in other words, he is a native of the Channel 
Islands. Some time ago, when boiler disasters, to 
which Mr. Allen so picturesquely alluded, fell 
thickest on the devoted heads of Admiralty 
officials, rumours were brought to Whitehall of 
certain mercantile vessels of foreign flag that 
were beating other mercantile vessels sailing 
under the red ensign on the same voyage. Witha 
perspicacity for which probably Mr. Allan would 
not give an Admiralty official credit, it was con- 
cluded that the presence of water-tube boilers, 
with which it was said these successful foreign 
vessels were fitted, in some way influenced the 
superior performance of the foreign ships, and it 
was, therefore, decided to send a trusted observer 
to note and report. The Channel Island engineer 
was selected for the purpose of observing and re- 
porting, the foreign owners courteously giving facili- 
ties. The report was so favourable to the water-tube 
boilers used that the advisers of the Admiralty 
Board concluded they would not be running a very 
great risk in placing the Belleville boiler in large 
vessels. That there was some risk is undoubted, and 
the most specious case against the Admiralty is 
made out by those who advocate more caution. 
In warship construction, however, it is not often 
possible to be cautious; indeed, the Admiralty 
designer has, of necessity, to take risks that would 
make the mercantile shipbuilder’s hair grey in a 
week, We cannot intermit the building of cruisers. 
We cannot hang up a naval programme for a year 
or two whilst experiments are being made ; and if 
it is determined that water-tube boilers are the 
best thing, if they promise to permit a speed 
which will make our cruisers more effective war 
instruments than other people’s cruisers, then it is 
the duty of the engineer branch at Whitehall to 
put in water-tube boilers ; and submit with such 
patience as they can command to the denun- 
ciations of parliamentary orators. It is hardly 
necessary to say that the Belleville boiler is no 
new thing, and, indeed, it has been in use in the 
French Navy for the last 15 years. In France, we 
believe, most of the new vessels building for the 
French Navy are to have water-tube boilers. In 
Russia the Belleville boiler has been tried, and in 
the United States, where water-tube boilers were 
in active service during the Civil War, water-tube 
boilers of almost every conceivable design have been 
tried. 

We regret Mr. Allan’s speech of Monday last. 
We have few enough engineers in the House of 
Commons, and those who are there we should like 
to see practising the great engineering virtues of 
impartiality and precise statement. Mr. Allan is 
an engineer of great experience in marine engi- 
neering work, and those conversant with his success- 
ful career well know that he is by no means preju- 
diced against novelty in design or modes of con- 
struction. His criticisms should thus be of much 
value in parliament when naval matters are under 
discussion, but in order that they should have this 
value they must be free from bias and should be 
founded on an accurate knowledge of the facts. 

The estimates leave a good deal to be desired in 
the matter of cost of vessels and machinery. 
Thus, to begin with the small vessels, the 42 
torpedo-boat destroyers contracted for by various 
firms are all lumped together, and represent a total 
of 1,737,326/. The separate costs are given, however, 
in the Appropriation Account for 1893-94 published 
recently. From this it will be seen that there is 
not a wide difference between the prices of 
various contractors, the cost of these boats varying 
between 33,0001. and 39,0001. The two well-known 
Thames firms, although not the lowest, are by no 
means the highest in price. Considering the higher 
wages paid in the London district, and the fact 
that other builders have had the advantage of the 
Thames designs to copy from, and have thus 
avoided a costly designing staff, it is remarkable 
that the Thames builders appear as favourably as 
they do. 

The figures as to the cost of the Magnificent and 
Majestic, the total for the former ship including 
guns, is 982,527/. Of this sum 207,245l. is set 
down for dockyard labour on the hull and 434,485/. 
for materials, whilst the steamboat equipment will 
cost 60001. The propelling machinery, our 
readers will remember, is supplied by John Penn 
and Sons, and will cost 87,4701., not including 





perhaps, that Mr. Allan has concluded he is “‘ a 


certain auxiliary machinery, which will add 3145/. 





more to the total. The gun mountings, torpedo car- 
riages, and gear will be 101,585/. ; in addition to 
which there is the 70,1001. for guns. 

The Majestic will not be quite so expensive a 
ship, being about 7000/. less. The engines are by 
the Naval Construction and Armaments Company, 
and are about 10,000/. cheaper than those of the 
sister ship. The hulls are practically the same price, 
inspite of the want of convenience in many of the 
Chatham arrangements. The Renown, as asmaller 
vessel, is naturally cheaper, the total cost with guns 
for her 12,359 tons (as compared to the 14,900 tons 
of the other battleships) being 729,522/., of which 
86,6951. is for machinery, which is by Maudslays, 
The engines of each of these battleships are to 
indicate 12,000 horse-power. 

Having arrived at this point, we must break off 
with this part of the subject, for the simple reason 
that we have no moreinformation. The next ships 
are the Prince George, Victorious, Hannibal, 
Illustrious, and Cesar, but though some of these 
vessels are pretty forward, and the contracts for 
their machinery have been placed a year or more, 
we have no information as to their total cost, 
although large sums are to be spent on the first 
three during the coming year. These ships were 
in last year’s estimates, but their prices were then 
also not given. No totals are given, either, for the 
ships of the new programme. It would be a good 
thing if the House of Commons would insist on 
knowing what a ship is likely to cost before voting 
money for its construction. All these cruisers, 
and many of the battleships, have ‘‘ Design not yet 
settled” in place of estimates for cost, but at any 
rate when contracts have been made for machinery, 
and are, in fact, a year or so old, the House has a 
right to demand that the amounts should be dis- 
closed. Wecan think of no reputable reason to 
the contrary. 

New works and water-tube boilers are the chief 
characteristics of the present estimate, but unfor- 
tunately we do not get very much information of 
a detailed nature on the latter point. It would 
seem that after just 50 years—the Royal Commis- 
sion on Tidal Harbours reported in 1845—something 
is to be done to make Dover a naval harbour beyond 
the 100-ton gun in its revolving turret at the end of 
the Admiralty Pier. What is to be done, however, 
amounts to very little, chiefly some surveys and 
plans ; but as the Civil Lord very truly said, these 
surveys will take some time, and the work cannot 
be got on without them. At Portland a permanent 
breakwater is to be made on the eastern side of the 
harbour, on the line of the dolphins which now 
exist; it being found necessary to have an 
absolute barrier and protection in these days of 
torpedoes and swift craft. The mole at Gibraltar 
is to have another 3200 ft. added to it; or rather 
there is to be another detached mole in line ; whilst 
to close the northern entrance either dolphins or 
booms would be used ; unless the colony likes to 
make a coaling pier for itself. Hong Kong is also 
to receive attention, whilst naval barracks are to be 
built at Portsmouth; where the new docks are 
being advanced. 

All these works are to be paid for by loan ex- 
tending over 30 years, a statement which caused no 
little amusement on the Opposition side of the 
House, members not having forgotten, appa- 
rently, the holy horror of the then Opposition when 
the Naval Defence Act was brought in. We shall 
hope to put before our readers fuller particulars of 
these extensive new works in the fulness of time ; 
at present the proposals are in a very embryotic 
state. The discussion on the estimates will come 
on again in the House on the other votes, when we 
shall doubtless have occasion to return to the 
subject ; we can therefore leave various points that 
we should otherwise deal with now for a future 
occasion. 





CONOILIATION (TRADE DISPUTES) 
BILL. 

Tae Government Bill for conciliation in trade 
disputes has been issued, bearing the names of Mr. 
Bryce, Mr. Burt, and the Attorney-General. The 
discussion on the first reading was altogether un- 
satisfactory, for the simple reason that none of the 
speakers knew what the provisions of the Bill were, 
except, of course, the members of the Government. 
But all the speakers except, perhaps, one, and that 
onea Labour member, appeared to be totally ignorant 
of the history of the question, of what had been 





done to promote it by legislation, and of what Acts 
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of Parliament were still in force affecting concilia- 
tion and arbitration in labour disputes. The first Act 
applying the principle of arbitration was passed in 
1701 (1 Anne, St. IL, ¢. 22) ; it applied only to 
certain industries, the textile trades, and to iron 
manufactures. The object was to *‘ prevent the 
oppression of the workpeople, and insure payment 
of wages in the current coin of the realm.” That 
Act was revived and made perpetual 10 years later, 
and was extended to Ireland in 1716, bv 3 Geo. IT., 
and to Scotland in 1739 by 13 Geo. IT., c. 8. In 
the year 1749 the Act was extended to a large 
number of other trades, and in 1773 a series of 
special Acts were passed for London applying to 
the silk trades, called the Spitalfields Acts. 
From the year 1777 to 1800 five other Acts 
were passed, some of the provisions of which 
are provided for the application of arbitration 
to labour disputes. Six other Acts were also 
passed from 1800 to 1824, when the whole of 
the previous Acts, and provisions in such Acts as 
only incidentally dealt with arbitration, were re- 
pealed by 5 George EV.; o.. 96: _This was not 
merely a repealing Act, for it substituted a conso- 
lidation of existing enactments, so far as was 
deemed to be necessary, for the several Acts up to 
that time in force. The ground was thus prepared 
for applying arbitration to labour disputes wherever 
deemed to be expedient. 

The 5 George IV., c. 96, is still in force ; it is 
called the principal Act. Itisa very long Act of 
35 sections, with a schedule of eight forms for 
applying and carrying it out. It provides for 
the lodgment of complaints within a limited time ; 
for the appointment of referees, to be named by 
justices of the peace in certain cases ; for meetings ; 
for justices’ orders ; for the attendance of parties ; 
for the mode of investigation ; for the arrest and 
commitment of refractory witnesses; for the ad- 
journment of cases ; for the award, and its enforce- 
ment, without appeal—by distress and imprison- 
ment, costs, &c. That Act was amended in 1833, 
and again in 1837, further, in a special instance, in 
1839 ; in 1845, and in 1854, as to procedure. The 
provisions of the principal Act, and of seven other 
Acts up to 1866, are still in force, though they are 
practically obsolete, because they are never applied. 
Why is this? The chief reasons are (1) because the 
enactments involve legal procedure in all their 
stages. The magistrate has jurisdiction, and can 
enforce attendance of witnesses by distress or im- 
prisonment. (2) Because the machinery of the Acts 
is complicated, and to some extent antiquated. 
(3) Because newer conditions affecting labour have 
arisen. Further there was a restriction in these 
Acts as to fixing future wages. The very essence of 
arbitration or conciliation is the fixing of future 
wages. Without this power the whole value of the 
method is gone. Trade disputes have relation to 
the future in all cases, not to the past, both as 
regards wages and the hours of labour. Lord St. 
Leonards’ Act, establishing courts of conciliation, 
was passed in 1867. This Act gives power to the 
Home Secretary to license councils of conciliation 
to be constituted by the vote of persons in the 
trade of 21 years of age, and it confers upon such 
council all the powers of the principal Act, 
5 George IV., c. 96. That Act has never been put 
in force in any single instance. Why? Probably 
for the same reasons as given above. Cumbrous 
legal machinery has to be put in motion, and persons 
not immediately concerned in the dispute have a 
right, incidentally, to take part in constituting the 
council. 

The Arbitration Act of 1872 was thought to be a 
further step in the direction of dealing with labour 
disputes by arbitration. That Act was promoted 
by and passed at the instance of the Trades Con- 
gress ; but it has never been put in force. Like the 
Act of 1867, it preserves the 5 Geo. IV., c. 96, as 
the principal Act, and then provides for agreements 
by masters and workmen to constitute a board of 
arbitration to deal with disputes. It further pro- 
vides that the parties shall be bound by the agree- 
ment made and entered into. In all cases the 
agreement is to specify the matters and the time 
which in relation to it shall be binding. Provision is 
also made for the production of documents, books, 
accounts, &c., and for the summoning and attend- 
ance of witnesses. The real object of the Act was 
to provide asimple machinery fora binding submis- 
sion to arbitration, and for proceedings therein, 
in respect of all labour disputes, then present, or 


compulsion to enter into such an agreement, but 
when the agreement was made, submission thereto 
followed as in any other contract. These are the 
essential conditions of the Act of 1872 and the 
previous Acts. 

Now, what are the proposals of the Government 
in the Bill just introduced? Briefly they are as 
follows : Section 1 authorises the Board of Trade to 
inquire into the causes and circumstances of the 
dispute, and to report ; and to invite the parties to 
meet together, under a chairman chosen by them- 
selves, with a view to the amicable settlement of 
the difference. Section 2 gives power to the Board 
of Trade, on the application of either party, to 
appoint a conciliator or a board of conciliation ; the 
person or persons so appointed shall inquire, com- 
municate with the parties, and endeavour to bring 
about a settlement, and may make a report. Sec- 
tion 3 gives power to the Board of Trade to aid in 
the establishment of boards of conciliation in dis- 
tricts where they do not exist, in concert with the 
employers or workmen, or with the local authority, 
either for the district or for a particular trade, accord- 
ing to the circumstances of the case, respectively. 
Section 4 gives power to county or borough councils 
to appoint, or assist in appointing, conciliators, or 
board of conciliation, for their counties or boroughs, 
or for any part thereof, or for any trade carried 
on within the same, and authorises them, if they 
think fit, to pay out of the county or borough 
rate, or fund, any expenses of, or incidental to, 
the work of the conciliator or board appointed by 
them, or on which they are represented. Section 5 
authorises the Board of Trade to confer upon the 
conciliator or board of conciliation power (a) to ad- 
minister an oath and require any person examine1 
to make and sign a declaration of the truth of his 
statements ; (b) to require by summons, signed by 
the conciliator or board, the attendance of wit- 
nesses, and answers to the inquiries made ; (c) to 
call for books, papers, and documents which may 
be considered to be material to the issue. It also 
provides for the payment of witnesses. Books of 
account of profit or loss in trade or business, or books 
or accounts of trade unions, are not to be produced 
by compulsion, nor are answers to be required 
upon matters thereto belonging. Refusal to attend, 
or produce books, papers, and documents, or 
answer questions, may be punishable by fine not 
exceeding 51. Section 6 provides that.where there 
is a written agreement to submit labour disputes 
to arbitration, the Arbitration Act, 1889, shall 
apply, subject to modifications as to the pro- 
duction of accounts, and appointment of arbi- 
trator or umpire by Board of Trade. Upon agree- 
ment so todo, the parties may deposit a sum or 
give security for fulfilment of the award. Accord- 
ing to Sections 7 and 8, the Board of Trade is to 
keep a register of conciliation and arbitration 
boards, and to report annually to Parliament. The 
remaining Sections provide that the expenses of 
the Board of Trade shall be defrayed by Parlia- 
ment ; that the Acts of 1824 and 1867 are to be 
repealed, and that the short title is to be the Con- 
ciliation Act, 1895. 

The foregoing complete synopsis of the Bill shows 
that it is a very different measure to that of 1893 or 
1894, in most important particulars. In the firat place, 
it repeals the Acts of 1824 and 1867, after appropriat- 
ing and applying some of their provisions in a modi- 
fied form. As regards the Act of 1824, the powers 
exercised by justices of peace are, or may be, by 
the authority of the Board of Trade, conferred 
upon the conciliator or board of conciliation ; and 
books, papers, and documents are to be open for 
inspection, with the exceptions mentioned. With 
respect to the Act of 1867, county and borough 
councils are to exercise the jurisdiction previously 
conferred upon specially elected boards of concilia- 
tion, elected by popular suffrage, for the specific 
purpose. The fear is that county and borough 
councils are too much swayed by political considera- 
tions to command the confidence of both parties at 
the same time. One party to the dispute might have 
confidence, the other not ; or both may be opposed 
on different grounds. There is at least a danger of 
complications. The voluntary action of Chambers 
of Commerce, or of mutually created boards of con- 
ciliation, seems to be preferable either to local 
authorities or to State-created boards. Perhaps the 
provisions as to the compulsory attendance of wit- 
nesses, and the production of books, papers, and 
documents, go as far as is safe in this direction. The 





by anticipation as to the future. But in all cases 
the agreement was to be voluntary ; there was no 





agreement to pay ‘‘ smart money,” in the event of 
a breach of the terms of the award, will help to get 





over the difficulty of the want of power to enforce 
an award, which is so often complained of. In all 
cases there will be, as now and heretofore, purely 
voluntary action in assenting to conciliation and 
arbitration, or, to use the legal term, voluntary 
‘* submission ;” but having voluntarily ‘‘submitted ” 
to refer the dispute, the award may be made bind- 
ing by a penalty mutually agreed upon by the parties 
to the agreement. 

The most important and, it may be said, most 
serious alteration proposed by this Bill is the appli- 
cation of the Arbitration Act, 1889 (52 and 53 Vict., 
c. 49). Itis true that it only applies where there 
is a written agreement, and with modifications ; 
but the latter only limit the compulsion for the 
production of books and the appointment of arbi- 
trator, and to some extent the ‘‘ smart money,” 
‘in the event of any breach of the award.” But 
the Act of 1889 confers enormous powers on the 
court, and practically a conciliator, or board of con- 
ciliation, becomes a court for legal purposes. The 
powers are not safeguarded by the Bill, as, for 
example, the sub-section of Section 15, in which an 
award is equivalent to a verdict of a jury. It is a 
mistake to mix up arbitrations in the case of labour 
disputes with cases of litigation as regards trading 
and commercial matters. There is, in fact, this 
essential difference between the two—a commercial 
or trade dispute has reference to the past, only 
incidentally to the present, and not at all to the 
future, except as regards what has been done or 
omitted to be done in the past. In labour disputes 
the whole matter affects the future, and only inci- 
dentally the present ; very seldom, indeed, does it 
affect or refer to the past. The issues are all dif- 
ferent except as to cases for fulfilment of con- 
tract, which are dealt with by other Acts. On 
the whole, the Bill goes immensely further in the 
matter of legal interference than was ever contem- 
plated by the Bills which were opposed last year 
by the Government. Now they incorporate a most 
valuable Act for the purposes for which it was 
passed, in a Bill having a totally different object. 
It is a strange swing of the pendulum from the 
side of pure voluntaryism to the most exacting 
legal formula and interference ; and therefore the 
measure has to be carefully watched. 





BRIDGE AND VIADUCT OON- 
STRUCTION. 

An interesting, if not also a difficult, operation 
in railway reconstruction works has lately been 
undertaken at New York. For the convenience of 
river traffic the bridge which carries the New York 
Central four-line railway track from New York 
over the Harlem River, on its way along the shore 
of the Hudson River, is to be reconstructed so as 
to allow a headway above high-water level of 24 ft., 
while, at the same time, a draw-span of 400 ft. in 
length will be constructed to further facilitate the 
passage of vessels of any size. The design of this 
bridge and its approach viaduct has some points 
which differ from British practice, and the method 
of construction is somewhat novel, particularly in 
the raising of the gradients of the approach via- 
duct without interfering with the extensive traffic 
of the railway, so that some short reference may be 
made to the work, while deferring details until 
it is nearer completion. The State Legislature 
created a commission to superintend the operations, 
and it has been agreed that in view of public ad- 
vantages, one half of the cost of the improvement 
south of the river should be defrayed by the City 
of New York, the maximum moiety by the city 
being 800,000 dols. or 160,000/. North of the river 
and beyond the city, the approach to the bridge 
will be on embankments with earth slopes, and at 
street and road crossings, girder bridges or viaducts 
will be constructed. South of the river and within 
the city a steel viaduct will be constructed, and, 
indeed, is actually in process of construction. It is 
at such height that the most of the streets crossed 
will have a clear headway of 14 ft. above the sur- 
face of the pavement, while at Park Avenue, 110 ft. 
wide, the only obstruction will be due to inter- 
mediate spans being carried on columns. 

The length of the new approach viaduct involved 
is 6400 ft., extending from 110th-street to the 
river, crossing also Park Avenue. It will be 56 ft. 
wide, there being three rows of longitudinal plate 
girders, 7 ft. deep and 65 ft. 2} in. long. Where 
the girders form a deck structure, the distance be- 
tween the girders is 26 ft., and where a semi- 
through structure, 28 ft. The outside girders weigh 
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16 tons and the centre girders 25 tons. These 
girders are supported on steel columns 15 ft. to 
26 ft. long, and spaced longitudinally at 65 ft. 
54 in. centres. The outside columns are 20 in. 
square and the weight 54 tons, and the centre 
column 24 in. square and 8 tons for the 26-ft. length. 
Heavy brackets form part of the columns and spread 
the top to 8 ft., the girders having a 4-ft. bearing on 
the columns. The old type of troughing, built up of 
plates and angles, has been adopted, instead of the 
rolled troughing, as now more generally used in 
this country. The depth of the corrugations is 
18 in., and the width 15 in. Over the tops of the 
columns, between the main girders, there isa lattice 
cross-girder which makes the structure secure against 
lateral stresses. The troughing is continuous, 
being riveted to the web of the plate girders, or on 
the top of the girders in the case of the deck struc- 
ture. The rails rest on the top plates of the corru- 
gated floor, with only a thin layer or mat of insu- 
lating material between to make the rails available 
as conductors for electrical train signals. The 
troughs are filled with a sound deadening material. 
The distance between the columns is, as we have 
said, 65 ft. 5} in., and when completed this length 
will weigh 300 tons. Four trains may be the load, 
and this will increase the weight to 830 tons. 

As to the method of construction the first part of 
the rising grade from the New York terminus will be 
formed by the parapets of the existing masonry via- 
duct being increased in height and the level filled 
up with earth. Beyond this for a considerable dis- 
tance a double-track trestle has been built, and on 
this the trains will berun during the removal of the 
present masonry viaduct and while the new steel 
viaduct is being constructed; while for the re- 
mainder of the distance to the river, the new 
viaduct is sufficiently high above the old lines to 
allow trains to pass under, so that the old railway 
will remain in use until after the viaduct is com- 
plete. Owing to the great traffic over the four lines 
it has been deemed impossible to abandon the 
centre line, even for the construction of the foun- 
dations for the centre line of columns, and it has 
been determined to provide temporary supports for 
the centre line of longitudinal girders by the erec- 
tion of a number of trusses made of wood and steel. 
They are built in pairs 14 ft. apart, one on each 
side of the position of the columns so as to carry 
the end of the 65-ft. girder, and these temporary 
trusses are supported on temporary wood and steel 
columns at the side of the four lines of railway. 
When the new viaduct is constructed on those 
trusses and on the columns erected on either side 
of the existing permanent way, the traftic will be 
run on the new structure, while the columns are 
constructed below the centre line of girders. The 
permanent structure is to be put in position by 
travellers spanning the four roads and running on 
narrow-gauge lines. These are built up of iron 
and provided with steam hoisting engines. The 
solid floor will be riveted up in the shops in sec- 
tions 7} ft. long by 56 ft. wide, and weighing 12 
tons. The engineer is Mr. Walter Katte, of the 
New York Central Railroad, and the work is being 
carried out by the Passaic Rolling Mill Company, 
of Paterson, New Jersey, the president being Mr. 
Watts Cooke, and the manager, Mr. John K. Cooke. 





LONDON SOCIETIES—No. XLITI. 
Roya Instrruv10on—continued. 
ConTINUING his experiments on the conditions 
under which flames of various kinds become sensi- 
tive to sound, Dr. Tyndall made some remarkable 

discoveries.* 

He found he could dismiss the resonant tube 
without impairing the sensitiveness of the flame. 
The blowpipe flame of a laboratory is totally un- 
affected by the sound of a whistle as long as no air 
is urged through it. By properly tempering the 
force of the blast, he obtained a flame of the shape 
shown in Fig. 1, the blast not being sufficiently 
powerful to urge the whole of the flame forwards, 
On sounding a whistle, the erect portion of the 
flame drops down, and while it continues to sound, 
the flame is of the shape shown in Fig. 2. 

The fishtail flames of some of the Metropolitan 
Railway carriages are sensitive acoustic reagents. 
He observed single flames here and there, jumping 
in synchronism with certain tremors of the train. 
A flame having a horizontal edge while the train is 





+ Philosophical Magazine, vol. ‘xxxiii, Fourth Series, 
1867, page r¥ ; also Royal Institution Proceedings, 
v., page 6, 
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still, will, during the motion, periodically thrust 
forth a central tongue, and continue to jump as 
long as a special set of vibrations is present. 
Dr. Tyndall determined by experiment that the 
effects were not produced by jarring or striking. 
He subjected his flames to all kinds of vibrating 
movements of the floor and walls of the room 
experimented in, and proved that the pulsations of 
the flame were not owing to indirect vibrations, 
propagated through the medium of the walls, to 
the burning apparatus, but must have been pro- 
duced by the direct influence of aérial sonorous 
pulses on the burning jet.* 

A fishtail flame, which burns brightly and 
steadily, refuses to respond to any sound, musical 
or unmusical, is, when brought under the influ- 
ence of a blowpipe, cut in two by the air; and 
now, when the whistle is sounded, it instantly 








starts. A knock on the table causes the two half 
flames to unite and form for an instant a single 
flame of the ordinary shape. Fig. 3 represents 
the thin sheet of flame issuing from a common fish- 
tail burner. This may be sung to, varying the pitch 
of the voice, but no shiver of the flame is visible. 
Pitch-pipes, tuning-forks, bells, and trumpets may 
be employed, with a like absence of any effect. A 
barely perceptible motion of the interior of the 
flame may be noticed when a shrill whistle is blown 
close to it. By turning on more gas the flame can 
be brought to the verge of flaring ; if, then, the 
whistle is blown, the flame suddenly thrusts out 
seven quivering tongues, Fig. 4. As long as the 
sound continues, the tongues jut forth, being 
violently agitated ; the moment the sound ceases 
the tongues disappear, and the flame becomes 
quiescent. The bat’s-wing burner gives a broad 
steady flame, Fig. 5, quite insensible to the loudest 
sound tolerable in a lecture theatre. Dr. Tyndall 
fed such a flame from a small gasholder or a 
weighted gas-bag. Increasing gradually the pres- 
sure, a slight flutter of the edge of the flame at 
length answers to the sound of the whistle; turning 
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on gas until the flame is on the point of roaring, as 
flames do when gas pressure is too great, on blow- 
ing the whistle the flame assumes the form shown 
in Fig. 6. When a distant anvil is struck, such a 
flame instantly responds by thrusting forth its 
tongues. 

An essential condition to success in these ex- 
periments Dr. Tyndall discovered in the following 
manner: He was operating on two fishtail flames, 
one of which jumped to a whistle, while the other 
did not. The gas of the non-sensitive flame was 
turned off, additional pressure being thereby 
thrown upon the other flame. It flared, and its 
cock was so turned as to lower the flame; but it was 
now non-sensitive, however close it might be 
brought to the point of flaring. The narrow orifice 
of the half-turned cock interfered with the action 
of the sound. When the gas was turned fully on, 
the flame being lowered by opening the cock of 
the other burner, it became again sensitive. Up to 
this time, Dr. Tyndall had tried a great number 
of burners, but with many of them the action was 
nil. Acting, however, upon the hint conveyed by 
this observation, the pipes which fed the flames 
were more widely opened, with the result that the 
most refractory burners were rendered sensitive to 
sound. 

With this precaution, Professor Barrett, at the 
time Dr. Tyndall’s laboratory assistant, obtained 
the shortening of tall flames issuing from a single 
orifice. Such a flame, 18 in. long and smoking 
copiously, when within sound of a whistle falls to a 
height of 9 in., the smoke disappears, and the flame 
increases in brightness. 

A long flame may be shortened, and a short one 
lengthened, according to circumstances, by these 
sonorous vibrations. The flame shown in Fig. 7 is 





long, straight, and smoky ; that in Fig. 8 is short, 
forked, and brilliant. On sounding a whistle, the 
long flame becomes short, forked, and brilliant, as 
in Fig. 9; the forked flame becomes long and 
smoky, as in Fig. 10. In Fig. 11 is represented 
another smoky flame, which, at the sound of a 
whistle, breaks up into the form shown in Fig. 12. 
As regards, therefore, their response to sonorous 
waves, one of these flames is the exact complement 
of the other. 

Rotation of flames was also obtained when Dr. 
Tyndall arranged them suitably. He employed flat 
burners, purposely so formed as to produce dumpy 
and forked flames. When a whistle sounded the 
plane of each flame turned round 90 deg., and con- 
tinued in the new position so long as the sound 
continued. 

A flame issuing from a single circular orifice in 
an iron nipple requires great pressure to make it 
flare. It is at 4 in., 6 in., and 8 in. high quite 
indifferent to ordinary sounds. At 10 in. high 
a barely perceptible quiver responds to a shrill 
whistle, but on increasing the pressure till it is 
14 in. in height, the flame jumps briskly the 
moment an anvil is tapped or a whistle sounded. 
By augmenting the pressure the flame is lengthened 
to 16 in., and a quivering announces that it is near 
waving ; on still more increasing the pressureitroars, 
and shortens at the same time to the height of 8 in. 
Diminish the pressure, the roaring ceases and the 
flame extends itself to 16 in., but it is on the point 
of roaring. Dr. Tyndall likens this action to the 
story of the Swiss muleteers who are said to tie up 
their bells at certain places lest the tinkle should 
bring an avalanche down. “The snow must be very 
delicately poised before this could occur. It pro- 
bably never did occur, but our flame illustrates the 
principle. We bring it to the verge of falling, and 
the sonorous pulses precipitate that which was 
already imminent. This is the simple philosophy 





| of all these sensitive flames. When the flame flares, 
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the gas in the orifice of the burner is in a state of 
vibration ; conversely, when the gas in the orifice 
is thrown into vibration, the flame, if sufficiently 
near the flaring point, will flare. Thus the sonorous 
vibrations, by acting on the gas in the passage of 
the burner, becomes equivalent to an augmentation 
of pressure in the holder. In fact, we have here 
revealed to us the physical cause of flaring through 
excess of pressure, which, common as it is, has never 
been hitherto explained. The gas encounters fric- 
tion in the orifice of the burner, which, when the 
force of transfer is sufficiently great, throws the 
issuing stream into the state of vibration that pro- 
duces flaring. It is because the flaring is thus pro- 
duced that an infinitesimal amount of energy in 
the form of vibrations of the proper period can 
produce an effect equivalent to a considerable 
increase of pressure.” 

All sounds are not equally effective on the flame; 
waves of special periods are required to produce 
the maximum eftect. The effectual periods were 
found by Dr. Tyndall to synchronise with the 
waves produced by the friction of the gas itself 
against the sides of its orifice. With some of the 
flames a low deep whistle is more effective than a 
shrill one. With others the exciting tremors must 
be very rapid, and the sound consequently shrill. 
Thus the pitch of the note chosen to push the 
flame over the brink is not a matter of indifference. 
A flame may be so arranged as to be non-sensitive 
toa tuning-fork vibrating 256, 320, 384, and 512 
times in a second, and giving out full clear notes ; 
and yet, if the overtones of these forks are sounded, 
the vibrations being 1600, 2000, 2400, and 3200 per 
second respectively, the flame will jump in response 
to each of these sounds, the response to the highest 
note of the series being the most prompt and 
energetic of all. This flame will respond to the tap 
of a hammer upon a board, but to the tap of the 
same hammer upon an anvil the response is much 
more brisk and animated, the reason being that 
the clang of the anvil is rich in those higher tones 
to which the flame is most sensitive. An inverted 
bell, sounded by a fiddle bow and producing a 
powerful tone, has no effect on the flame. The same 
bell tinkled with a halfpenny gives sounds which 
contain the high notes to which the flame is sensi- 
tive. It instantly shortens, flutters, and roars 
when the coin touches the bell. 

The flame in its normal state is shown in Fig. 13. 
A bell sounded in the most distant part of the 
gallery of the Royal Institution theatre causes the 
flame at each stroke of the hammer to drop from a 
height of 20 in. toa height of 8 in., roaring as it 
falls. 

When the sound acting on the flame is of very 
short duration, a curious effect is observed. The 
sides of the flame, half-way down and lower, are 
seen suddenly fringed by luminous tongues, the 
central flame remaining apparently undisturbed in 
both height and thickness (Fig. 14). The effect is 
due to the retention of the impression on the retina. 
The flame actually falls as low as the fringes, but its 
recovery is so quick, that to the eye it does not 
appear to shorten at all. 

Numerous modifications of these experiments 
were made. Other gases than coal gas were em- 
ployed. Mixtures of gases were found to yield 
beautiful and striking results. A very small amount 
of mechanical impurity was found to exert a power- 
ful influence. 

The most marvellous flame discovered by Dr. 
Tyndall was of coal gas issuing at very high pres- 
sure from the single orifice of a steatite burner, to 
aheight of 24in. The slightest tap on a distant 
anvil reduced its height to 7 in. At the shaking of 
a bunch of keys the flame was agitated and emitted 
aloud roar. The dropping of a sixpence into a hand 
already containing coin at a distance of 20 yards, 
knocked the flame down. Walking across the floor 
in creaking boots set it in violent commotion. The 
crumpling or tearing of a bit of paper, or the 
rustle of a silk dress, did the same. It was started 
by the patter of a raindrop. Dr. Tyndall held a 
watch near the flame ; no one in the audience could 
hear the ticks, but all could see their effect upon 
the flame. At every tick it fell. The winding up 
of the watch produced a tumult. Dr. Tyndall 
repeated a passage from Spenser. The flame 
picked out certain sounds from his utterance, 
some it only noticed by the slightest nod, to 
others it bowed more distinctly, to some its obei- 
sance was very profound, while to many of the 
sounds it turned a deaf ear. 

This tall, straight, and brilliant flame is repre- 








sented in Fig. 15. On chirruping to it at a dis- 
tance of 30 yards it falls to the size shown in 
Fig. 16, the whole length a b of the flame being 
suddenly abolished. The light at the same time is 
practically destroyed, a pale and almost non- 
luminous residue of it alone remaining. 

While conducting these experiments Dr. Tyndall 
termed this ‘‘ the vowel flame,” because the dif- 
ferent vowel sounds affect it differently. Vowel 
sounds differ from each other through the admix- 
ture of higher tones with the fundamental one. It 
is to the higher tones, and not to the fundamental 
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one, that the flame is sensitive. During the utter- 
ance of a loud and sonorous U, the flame remains 
steady; on changing the sound to O the flame 
quivers ; when E is sounded the flame is strongly 
affected. Dr. Tyndall uttered the words *‘ boot,” 
** boat,” and ‘‘ beat” in succession. To the first 
there was no response; to the second the flame 
started ; by the third it was thrown in greater 
commotion. The sound ‘‘Ah!” was still more 
powerful. 

This flame demonstrates the theory of vowel 
sounds. It is most sensitive to sounds of high pitch, 
hence it shows that ‘‘ Ah!” contains higher notes 
than the sound E; that E contains higher notes 
than O ; and O higher notes than U. This per- 
fectly agrees with the analysis of Helmholtz. 

This flame was peculiarly sensitive to the utter- 
ance of the letter S. A hiss contains the elements 
which most powerfully affect it. The gas issues 
from its burner with a hiss, and an external sound 
of this character is therefore exceeding effective. 
The rushing out of compressed air from a metal 
box 40 ft. distant affected the flame: each time a 
puff of air was allowed to escape, the flame ducked 
down. Finally a musical box was placed on the 
table, and permitted to play; the flame behaved 
like a sentient creature, bowing slightly to some 
tones, but curtseying deeply to others. 

This experiment Dr. Tyndall exhibited to his 
then failing colleague, Professor Faraday. It was 
the last physical demonstration which the great 
philosopher witnessed. He died in the August 
following. 

It was Dr. Tyndall’s original intention to ap- 
proach the subject of sensitive flames through a 
series of experiments which, had the flames not 
been seen, would have appeared very striking and 
enigmatical. He had found that it is not to the 
flame, as such, that the extraordinary phenomena 
above described are owing. Effects substantially 
the same are obtained, when a jet of unignited gas, 
of carbonic acid, hydrogen, or even air itself issues 
from an orifice under proper pressure. None of 
these gases, however, can be seen in their passage 
through air, and therefore it is necessary to asso- 
ciate with them some substance which, while shar- 
ing their motions, will reveal those motions to 
the eye. By associating smoke with the gas jets, 
he was enabled to trace their course, and when 
this was done the unignited gas proved as sensitive 
as the flames. The smoke jets jump, shorten, 
split into forks, or lengthen into columns, when the 
proper notes are sounded. 

Underneath a gas holder, within its tank, he 
placed two small basins, the one containing hydro- 
chloric acid, the other ammonia. Fumes of sal- 
ammoniac are thus copiously formed, and mingle 
with the gas contained in the holder. Thus 
treated, he could operate with cval-gas, carbonic 
acid, air, or hydrogen ; each of them yielded good 
effects. 

The amount of shrinkage exhibited by some of 


these smoke columns, in proportion to their length, 
he found to be far greater than that of the flames. 
A tap on the table causes a smoke jet 18 in. high to 
shorten to a bushy bouquet, with a stem not more 
than 1 in. in height. The smoke column, more- 
over, responds to the voice. A cough knocks it 
down, and it dances to the tune of a musical box. 
Some notes cause the mere top of the smoke column 
to gather itself up into a bouquet ; at other notes 
the bouquet is formed midway down, while notes 
of more suitable pitch cause the column to contract 
itself to a cumulus not much more than 1 in. above 
the end of the burner. As the music continues, the 
action of the smoke column consists of a series of 
rapid leaps from one of these forms to another. 
Various forms of the dancing smoke jet are shown 
in Fig. 17. 
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In a perfectly still atmosphere slender smoke 
columns can be made to rise to the height of 2 ft., 
apparently vanishing into air at the summit. When 
this is the case the most sensitive flames fall far 
behind them in delicacy ; and though less striking 
than the flames, the smoke wreaths are often more 
graceful. Not only special words, but every word, 
and every syllable of a stanza of Spenser, tumbles a 
really sensitive smoke-jet into confusion. 

The experiments on sounding flames were con- 
siderably magnified by devices introduced by Dr. 
Tyndall’s assistant, Mr. Cottrell. By causing flame 
to rub against flame, musical sounds were obtained, 
some resembling those of a trumpet, others those 
of a lark. By the friction of unignited gas jets, 
similar, though less intense, effects were produced. 
When the two flames of a fishtail burner are per- 
mitted to impinge upon a plate of platinum, the 
sounds are trumpet-like, and very loud. 





NOTES. 
Exectric CanaL TowacE. 

THE towage of canal barges by electricity has 
proved most successful on the summit level of the 
Canal de Bourgogne. This portion of the water- 
way is about 3? miles long, and is partly in a deep 
cutting and partly intunnel. To reduce construc- 
tion expenses the canal was made as narrow as 
possible, and a towpath dispensed with, the haulage 
being effected on the submerged chain principle, 
a steam tug hauling on to this chain and dragging 
the barges after it. M. Galliot conceived the idea 
of replacing the steam tug by an electric one, since, 
ample water power being available, the working ex- 
penses could be materially reduced, and, moreover, 
the atmosphere in the tunnels would also benefit 
considerably. A generating house has been fixed 
at each end of the upper reach, where a fall of from 
23 ft. to 26 ft. is available. The amount of water 
available is on the one side about 7 cubic feet a 
second, and on the other about 11. The dynamos 
at the two stations, though 3} miles apart, are 
coupled in series with each other. here are 
thus three mains laid alongside the upper 
reach, viz., the one connecting the two dynamos, 
and the positive and negative mains from 
which the tow-boat takes its supply. These 
mains are suspended on rubber insulators from 
the tunnel roof, and in the cutting from sus- 
pender wires spanning the canal. Trolley arms 
of the usual type are used for picking up the 
current from these mains. The tug motor is of 
19 horse-power, and runs at 900 revolutions per 
minute, driving the hauling pulley by means of a 
belt and spur gearing. During the passage through 
the tunnel the current is also used for lighting the 
boat, as also during night work on the open por- 





tion of the reach. The cost of the plant was 
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54001., the odd 4001. being fora set of accumulators 
which have never been used. The saving is stated 
to be about 160/. per annum, which does not appear 
to be a high return on the outlay, but it is stated 
that the plant is less trouble to work than the steam 
tugs, and the speed attained is somewhat greater. 


THE Beriin Exurpition, 1896. 

The various plans for this exhibition are being 
advanced with considerable energy, and everything 
is being done to insure ultimate success. The 
exhibition will not only be made instructive and 
representative, but due consideration is being 
extended to the attractive side of the programme. 
It is proposed to build a Cairo street, and although 
the idea is neither new nor original, it is likely 
to succeed, as special attention is being devoted 
to its realisation. The Cairo street is intended to 
cover an area of 25,000 square metres, and the 
building materials will be of a more solid nature 
than is generally used for such purposes. It is 
also proposed to have an Egyptian panorama 
and diorama. A panorama, which will be of 
very large dimensions, will represent the famous 
Ziller Valley in the Tyrol. It is also under discus- 
sion to have an aquarium, a huge glass reservoir, 
containing as many of the animals and plants of 
the sea as possible. The aquarium will be so 
arranged that it can also be inspected from the 
bottom. Further, there will be a captive bal- 
loon, which will in all probability possess several 
new features, the German military balloon depart- 
ment being celebrated for its ability, and all its 
inventions and improvements will be embodied in 
the balloon in question. The balloon will for 
every ascent be fitted with a registration apparatus, 
which will register height, temperature, moisture 
of air, &c., also an apparatus for registering the 
temperature of the gas in the balloon, and experi- 
ments will be made in transferring the gas, no 
longer needed in the large balloon, to smaller 
ones. The captive balloon will be in telephonic 
communication with the earth, and it will also 
carry a photographic apparatus. In connection 
with the balloon demonstrations will bea large and 
varied collection of all possible exhibits connected 
with balloons, their handling and filling, &. The 
colonial section has not yet tinally settled its pro- 
gramme, but with Prince Arenberg as honorary 
president, and Dr. Kayser, Director of the 
Colonial Department, for its president, there is 
every likelihood of this section also being a very 
interesting one. 


Tue Corrosion oF Metats By SEA WATER. 

In an article on the corrosion of metals by sea 
and other water, by M. F. Baucher, published in 
La Revue Maritime et Colonielle, the suggestion is 
made that the not infrequent anomalies may be 
due to the action of micro-organisms, which, infest- 
ing some particular harbour, may give rise to cor- 
rosive secretions, which are absent in the general 
waters of the ocean. Thus plates of pure aluminium 
immersed by American engineers in the Norfolk 
Roads for a period of three months, were badly 
corroded at the end of that time. On the other 
hand, experiments made in France showed that 
commercial aluminium was practically unattacked 
by sea water, and in one instance two aluminium 
plates fixed to the bottom of a French sailing ship 
were found practically uninjured after a voyage 
round the world. M. Baucher therefore determined 
to examine sea water obtained from different 
localities. The amount of salts contained in sea 
water varies from 31.14 parts per 1000 in the 
Atlantic Ocean to as much as 40.7 parts per 1000 
near Marseilles. Hence, if introduced into boilers, 
the Mediterranean water is more likely to cause 
damage than ocean water. Near estuaries and the 
shore line generally, a considerable proportion of 
nitrates are found, arising from fermenting 
organic matter. Toulon is specially badly off in 
this respect, as the tidal range is very small. Ex- 
periments made with shore water and deep-sea 
water show the former attacks metal plates much 
more rapidly. If, however, the shore water is steri- 
lised by boiling, its destructive properties are, M. 
Baucher states, much reduced, thus showing the 
increased effect to be largely caused by secretions 
of bacteria. These secretions attack the paint, 
thus exposing the metal underneath. A French 
torpedo-boat anchored for some months near a 
sewer outfall suffered most severely. Experiment 
further showed that when the hulls are galvanised 
they should not be painted with red lead, as in 
the presence of ammonia salts a reaction takes place 





between the red lead and the zinc, which is dis- 
solved, leaving the steel below it bare. With a 
view of doing away with this source of damage, 
zine oxide paint has been tried. 


THe BorpEavx-NARBONNE CANAL. 

The project of a canal between Bordeaux and 
Narbonne, whereby a waterway would be afforded 
between the Atlantic and the Mediterranean, was 
already, in the year 1887, at least to some extent, 
investigated at the instance of the French Govern- 
ment, but there are, no doubt, very serious obstacles 
to beovercome. According to the plan, the canal is 
to be some 250 miles long, close upon 150 ft. 
wide, and 25 ft. deep. There will have to be 
38 locks, and the calculated cost amounts to no 
less than 67,000,000/.! Even if all the vessels 
passing Gibraltar would make use of the canal, 
there would be no prospects of ever making it pay. 
Strategic considerations are the most important, 
but in order to adequately serve strategic pur- 
poses, a greater depth than the one mentioned 
above would be necessary, and heavy fortresses 
would have to be erected for the defence of the 
canal. Ifthe matter is, therefore, soberly regarded 
from its various points of view, there is really 
nothing to recommend such an enormous outlay. 
There have been several proposals with refer- 
ence to an Atlantic-Mediterranean canal; much 
attention has been given to the matter, both 
by engineers and various authorities, but it 
cannot be said that any definite result has as yet 
been arrived at. In the year 1880 a plan was brought 
forward about a canal proceeding from Bordeaux 
and having its terminus in the vicinity of Narbonne. 
The length would be about 254 miles, and the cost 
was calculated at 22,000,000/., exclusive of the 
fortifications, which it was admitted would be neces- 
sary. Four years later there was another project, 
the Société d’Etudes et Travaux Frangais applying 
for a concession of 99 years’ duration for the con- 
struction of a canal, like the one just referred to 
between Bordeaux and Narbonne; its length was 
to be afew miles less, but the cost was consider- 
ably heavier, viz., 29,000,000/. The plan and its 
variouscalculations were carefully gone into, but were 
not quite approved of, so in1886twocommittees were 
appointed, one consisting of engineers, and one 
comprising representatives for the Navy and com- 
mercial interests. The reports of the two com- 
mittees were ready by November the following 
year, and they were both agreed that the financial 
basis was very incorrect, and that the proposed 
canal would be of comparatively small use to the 
country. The reports met with a hostile criticism 
on the part of the public, and an agitation was 
started in favour of the undertaking. This agita- 
tion has since been continued, its outcome being a 
renewed examination of the whole question. 





LAUNCHES AND TRIAL TRIPS. 

Tuk Forest Abbey, a turret-deck steamer, was launched 
from the yard of Messrs. William Doxford and Sons, 
Limited, of Sunderland, on February 28, having been 
built to the order of Mr. H. Sherwood, for the Forest Oak 
Steamship Company, Newcastle. 





The new iron screw steam tug Warrior, built and 
engined by Messrs. J. P. Rennoldson and Sons, of South 
Shields, proceeded to sea from the Tyne on her official 
trial trip on the 1st inst. The dimensions are 105 ft. be- 
tween perpendiculars by 20 ft. beam by 12 ft. depth 
moulded. <A raised deck fitted forward, extending from 
stem to bridge, renders the vessel specially suitable for sea 
towing. The bunkers, placed amidships, are of extra size, 
having capacity for 100 tons. The propelling machinery 
consists of a set of triple-compound surface-condensing 
engines of 500 indicated horse-power, the cylinders being 
134 in., 22 in., and 36 in. in diameter by 24 in. stroke of 
piston. Steam is supplied by one steel tubular boiler of 
extra size, having a working pressure of 160 lb. The 
Warrior has been built to the order of Messrs. Dick and 
Page, of London. The trial throughout gave most satis- 
factory results, fully 12 knots per hour being attained. 





On the 9th inst. Messrs. Earle’s Shipbuilding and 
Engineering Company, Limited, Hull, launched the s.s. 
Corea, a steel screw steamer built by them for the Bennett 
Steamship Company, Limited, of Goole, for their service 
between the latter port and Boulogne. She is 210 ft. long, 
31 ft. beam, and 13 ft. 8in. depth of hold. The engines 
are triple-compounds, with cylinders 19 in., 32 in., and 
52 in. in diameter by 36 in. stroke, the boilers being two 
in number, and made for 160 lb. working pressure. 





The s.s, Vega was launched on Saturday, the 9th inst., 
by Messrs. Joseph L. omc oa and Sons, Sunderland, 
for the Bergen Damski abet, for the Norwegian 
tourist traffic. The steamer is constructed on the spar- 
deck plan, and the principal dimensions are: Length, 
233 ft. ; breadth, 32 ft. ; depth, 22 ft. 4 in. Her engines, 





which are of exceptionally large power, will be fitted b 
Mr. John Dickinson, Sunderland, and are calculated A 
develop a high speed, adapting her for fast oversea pas- 
sages. She is fitted with bilge keels to insure a 
maximum of steadiness at sea. 


On Saturday, the 9th inst., the Naval Construction and 
Armaments Company launched from their yard at Barrow 
the twin-screw steamer Burns, built to the order of the 
London County Council. She is 234 ft. in length, 38 ft, 
beam, and 14 ft. 6 in. in depth of hold. She will form 
one of a fleet of similar ships built by the Barrow Com- 
pany for the London County Council, and employed in 
the removal of London sewage sludge out to sea. She is 
constructed to carry 1000 tons of sludge, and is fitted with 
abe sets of sctie bf comakite th of oy indicated 

orse-power, capable of propelling the vessel at as 
of 104 knots fully laden. toed 


H.M.S. Handy, the first of the three torpedo-boat de- 
stroyers which the Fairfield Company are building for the 
Admiralty, was launched on Saturday, the 9th inst. The 
little vessel should have been floated in February, but on 
the day fixed for the ceremony the river was blocked with 
ice, and the launch had to be postponed. The boat is an 
exceptionally fine specimen of her type, looking, if any- 
thing, smarter than any that have preceded her. One 
design with slight variations has certainly served for the 
whole fleet, but what restrictions there were have not pre- 
vented the Fairfield Company from imparting something 
of its own style to the new boat. On trial she is certain 
to at least maintain the reputation of the builders of the 
earliest and the latest ocean greyhounds. She is 194 fo. 
long, 19 ft. 44 in. broad, and 5 ft. 7in. draught. The 
engines are of the ordinary triple-expansion type. Two 
of the Fairfield boats, including the Handy, have the 
Thornycroft boiler, and one has the Babcock and Wilcox, 
a boiler whose performance is being watched at present 
with more than usual interest. 











The Imperial Russian yacht, the Standard, was suc- 
cessfully launched on Sunday afternoon, March 10, from 
the shipyard of Messrs. Burmeister and Wain’s Engi- 
neering and Shipbuilding Company, Copenhagen, in the 

resence of the Crown Prince and Crown Princess of 

enmark and a most brilliant gathering. ‘The day 
was chosen because it was the birthday of the late 
Czar Alexander III., who with much ceremony 
laid the keel-plate in the summer of 1893. The 
Standard has shared the fate of numerous Russian 
ships, material alterations having subsequently been 
made in the original contract. According to report the 
dimensions were to be as follows: Length, 370 ft.; 
breadth, 50 ft. ; depth, 20 ft.; with a displacement of 
5557 tons. She was to be coated with teak and copper to 
above the water-line. The engines were to be compound, 
with two propellers, capable of indicating 10,600 horse- 
power. The contract speed was 20 knots, and the time 
of delivery May 1, 1895. The contract was subsequently 
altered, the copper coating was abandoned, the breadth 
was increased to 50 ft. 6 in., and the displacement reduced 
to 5200 tons. The engines were to be triple-expansion 
and the boilers after the Belleville system, whilst power 
and speed remained unaltered. The yacht will, on the 
upper deck, have two saloons, a drawing-room, and a 
dining-saloon capable of seating 60 persons. On the main 
deck will be a saloon for the Imperial family furthest aft, 
besides a smaller dining-saloon and rooms for the Emperor 
and Empress, the Dowager-Empress, and the grand dukes. 
There will also be rooms for the Imperial suite, the Naval 
Minister, and for the General-Admiral, Forward willbe 
the quarters of the officers. On the intermediate deck 
will be dining-saloons and saloons for the suite, and some 
rooms for servants and crew. On the lower deck will be 
rooms for the non-commissioned officers, &c. The Stan- 
dard is the largest ship ever launched from a Scandi- 
navian shipyard. 





Messrs. Ramage and Ferguson, Limited, Leith, launched 
on the 11th inst. a steam yacht, Hersilia, of about 
450 tons yacht measurement, built to their own design 
and to the order of the Rev. John Hutchinson, D.D. 
Afton Lodge, Bonnington, Edinburgh. The principal 
dimensions are: Length, 161 ft. between perpendicu- 
lars; breadth, 24 ft.; and depth moulded 15 ft., while the 
engines, of triple-expansion type, have cylinders 15 in., 
24 in., and 39 in, in diameter by 27 in. stroke, supplied 
with steam from a large steel boiler working up to 160 lb. 
pressure. The arrangement of staterooms and cabins 
below provides accomodation for the owner and a large 
number of guests, while the fittings throughout are in 
light oak of a most tasteful description. On deck there 
are a large deck saloon, chart-room, captain’s room, galley, 
and the other usual fittings of a first-class yacht. Through- 
out the yacht, the builders have introduced all the most 
recent appliances and fittings, and when finished there is 
little doubt but that she will prove to be one of the most 
comfortable and perfect vessels afloat. 


The French second-class protected cruiser Chasseloup- 
Laubat, 3740 tons, launched in 1893, has just completed 
her full-power trial. The engines developed 9700 horse- 
power, and with 128 revolutions she made 18.5 knots. 
Her estimated speed for 9000 horse-power was 19.25. The 
boilers are on the Lagrafel-d’Allest system. She is 
ordered to do 24 hours’ continuous steaming at sea speed. 








Tue Unitep Srarzs Navy.—A Bill now pending in 
the United States Congress provides for an increase of 
1,000,000/. in the appropriation made for naval a 
for the current financial year. The Bill contemplates the 
construction of three war-vessels for coast service, and 12 
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BALANCING OF LOCOMOTIVES. 
To THE EDITOR OF ENGINEERING, 

S1n,—It is doubtless due to the fact that it is late in 
the day that ‘‘ Novoye Vremya ” is rather forgetful of the 
details of my method given last August 24. He will 
there find all that he hungers for. I have postponed 
writing, thinking — that some kind friend might 
point this out, and save my troubling you again. Know- 
ing that ib was the universal practice to regard the 
coupling rods, bosses, and pins as being in same plane as 
counterweights, he, perhaps naturally, assumed that I 
had not made any departure therefrom. This is so in the 
case of all outside cylinder engines and the coupled wheels 
of inside engines ; thus much is evident from inspection ; 
whether the practice has been followed in those driving 
wheels whose weights are seb at an angle, I cannot say ; 
this angle depends on so many variables. The above is 
what your correspondent means, although he says the 
boss and pin are taken as being in the same plane as 
coupling-rod ; they most decidedly are not, or you would 
see all the coupled weights set at an angle. The practice 
is to take the rod as being in the same plane as boss and 
part of pin (a distinction with a difference), which latter 
plane is practically that of the counterweight. mi 

As to this angle of deviation, I have balanced driving 
wheels with it as much as 36 deg. and 25 deg. for coupled 
wheels. As to the latter, if the coupled wheel is balanced 
initself, the componentin off wheelissosmall, thattheangle 
is only about 5 deg. ; if, however, a portion of the piston, 
&c., is balanced therein, the angle is much larger; the 
25 deg. was for some six-coupled tanks, with two-ninths 
reciprocating allowed for ; in some four-coupled expresses 


584 : Asoo 





Fug.1. 


with one-fourth reciprocating, in the coupled wheel, the 
angle was 194 deg. Astothe angle of main driver, the 
heavier the side rods, bosses, and pins, and the longer 
their throw, and the lighter the disturbing parts to be 
balanced, the more nearly the component in off wheel 
approaches that in near one, and therefore so much 
nearer does the angle approximate to 45deg. There might 
happen a case where the angle exceeded 45 deg. ; that is, 
the R. and L. weights are overlapped, so to speak ; 
Ihave never seen a case thus. This angle, of course, would 
be increased if ‘‘ Novoye Vremya’s” extraordinary plan 
of regarding the boss as being 7 in., say, further out than 
itis, were followed. Of course this was a slip of his. Here 
I may say before going further that when I talk of ‘‘ boss” 
it includes the contained part of the crankpin. Now, not 
only is it the universal practice (with the exception, I 
believe, of what I have done in this connection) to pub the 
coupled weights diametrically opposite the crankpin, but, 
horribile dictu, there are scores of inside cylinder engines 
with driving wheels in the same condition ; of this ante- 
diluvian practice, more further on. Also there are those 
very fine engines, the Great Northern Railway 7 ft. 7 in. 
singles (which, as far as appearance goes, completely put 
the much-belauded 8-footers into the shade, in my humble 
opinion) ; these engines, as I remarked before, but with- 
out eliciting any information pro or con., have the R. and 
L. weights almost opposite to each other. I am open to 
be shown that they would not run still better if the 
—_ were set correctly. 

Well, in all outside engines I have ever seen (pictorially 
or in the flesh) the weights were opposite the crankpins. 
Passing over the possible argument that it is such a small, 
and therefore negligible angle, as inadmissible, I would 
mention that our American friends do at least put for- 
ward a reason for this practice. I saw this stated in a 
report on balancing put out by some prominent railway 
men in the States ; the chairman of the committee having 
courteously sent me a copy, I do nob feel inclined to 
criticise it openly here. I may, however, without trans- 
gressing greatly, use it to point a moral, if not adorn a— 
letter, (I inclose you particulars.) 

This report alluded to the fact that when balancing an 
outside engine with a view to destroying couples, the 
weight in the near wheel is greater than the disturbing 
parts that are to be balanced. They, therefore, to avoid 
the extra vertical un-balance, agree to put the weights oppo- 
site the crankpin, that is, put all the weight for one side 
in the wheels of that side. Now I would first point out 
that their objection is true only for the reciprocating 
weights. As for the weight due to the revolving parts, 
nowever much the near weight is in excess of them, 
there is still no increase of rail pressure, assuming, that 
is, a rigid axle, which we always do assume. Suppose 
we have an outside single engine (Fig. 1). 

Lev the revolving weight, including boss and pin, 
= 500 lb., and for convenience, regard it all as in plane 
of cylinder ; then we get 5581b. in near wheel, and 58 1b. 
in off ditto. The rail pressure is in no wise increased ; 
theoretically, there is no pressure at all on the rail (the 


that, as far as the revolving parts are concerned, they 
need not hesitate to divide their balance properly between 
the R. and L. wheels, or (to state the case by what follows 
therefrom) to put the weight at an angle. Now take into 
consideration 300 lb. of reciprocating weight, making it 
800 instead of 500. Our weights will be 893 and 93 (Fig 2). 
In this case there is, on vertical centres, a preponderance 
of 393 lb. in near wheel (the acceleration of piston being 
nil at this point); but the excess rail pressure is not a 
function of that quantity. The 500 lb. W and 58 lb. of w, 
will, between them, look after 558 lb. of w (for the sum of 
their moments round near wheel vanishes, and they 
together = 558), thus giving rail pressure = 0. 

We have then 35 lb, left at wand 335 1b. at w,. Thus 


there is a rail pressure of 335 Ib. (the factor 2" always 
g 


understood) ; that is, an excess of 35 lb. above actual 
weight of reciprocating parts; it is true we have 35 
acting upwards at w, at same time, but this can in no 
way, I think, modify the thrust of 35 Ib. at w. An 
this 35 lb. rail pressure is due wholly to the counter- 
weight of reciprocating parts, and not that of the re- 
volving parts. 

And now I come to the suggestion I wish to make to our 
friends across the water ; instead of balancing the whole 
amount (i.e, revolving + part of reciprocating) wholly 
in near wheel, why not balance the revolving weight pro- 
perly in both wheels, and the reciprocating weight wholly 
in near wheel? They would thus have no excess balance 
whatever (not of the kind they complain of), and at the 
same time destroy all couples due to revolving parts. 








Fig 2 
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the horizontal couple due to the 300 lb., and its equili- 
brant being in different vertical planes, amounting at 300 
revolutions per minute to 5811 pound-feet, or else an 


increased rail pressure of 1162 lb. ( 7.¢., 35 aor taking r = 


13 in.). If he prefer the sinuous motion due to the above 
souples (which fortunately is accompanied by an increase 
in the inertia of the engine, both increasing with the 
speed) I beg to submit the following formule. As in 
letter last August 24, I take crank boss (with its contained 
pin) in same plane as counterweight. Taking same symbols 
as in that letter, but putting Wx = revolving weight and 
Wy? = reciprocating weight, instead of lumping them 
together as W, I get the following: 


Coupled Outside Cylinder Engines. — 
Wr (A—L) + Wr (J—L) 


tan @ = 
an = aor (X +L) + Wall + L) + (we + We) 2L 


(L) 
and 


counterweight = z ae 


2L 
x being denominator of above fraction. 
Single Outside Cylinder Engines.—Putting wr = 0 in 
(I.) we get 
W,. (J— L) 


eae rs ee ee) 


and 


counterweight = ” ,_* 
me SE 
x being denominator of fraction II. 
Formula I. applies equally for all engines, whether 
coupling rods are outside the cylinders or not, that is, 
whether or not A > Ll. 


. sec @ as before, 


It will be noticed that the excess rail pressurs is w, <r 
where w, is the component in the off wheel. 
This w, = 27 A - L) + well — L) gor g coupled engine, 


2 
and Well L L) for a single engine, 


We can see, therefore, what to do in order to decrease 
this excess amount of rail pressure. Assuming weights 
are at their minimum, make /, L, and ) as nearly equal 
as possible. The fractions vanish when they are equal, 
being the case of all disturbing weights and their equili- 
brants being in the same plane, and, therefore, each set 
balanced on its own side. This, of course, never occurs 
in practice—neither does 2 x 2 = other than 4—but it is 
what 7s assumed to be the case when people put weights 
directly opposite the crankpin. Before they do decide to 
put them thus, they should consider what the off weight 
requires to be, and imagine the effect of not putting it 
there; this would, perhaps, appeal more forcibly to 
them, than a mere ees 2 of the few degrees in 


the angle involved. (It is almost unnecessary to remark 
that it is no good merely lookivg at the amount of the 


itself.) In Fig. 3, taking the correct figures, 934 and 
8933, the angle = tan —! .1045, nearly 6 deg. For a proper 
balance on dead centres (ignoring, of course, the part of 
reciprocating weight left unbalanced) we require 934 in off 
wheel ; with crank radius of 13 in. and 300 revolutions per 
minute, this has C.F, = 3100 lb. The vee. Se therefore 
transfers this pull of 3100 1b. 5 ft. laterally out of its 
proper plane. Thus we might imagine him given an 
engine correctly balanced ; he would take this 934 Ib. out 
of off wheel, and put it in the near one, just opposite the 
8934 ; that is, he would have 800 acting at w. This is his 
engine as built at present 9 On dead centres the puli 
of the 820 lb. is 26,565, and with arm of 7 in. we geta 
couple with moment of 6.92 ton-feet; this is, of course, 
exactly that of the 934 Ib. with 60-in. arm. 

Now, we have seen that there is some method in their 
madness when designers put the weights thus in outside 
engines ; but what is to be said of inside cylinder engines 
thus treated, for ‘“‘the boot is on the other leg” in thao 
case? By splitting up each side’s counterweight between 


d| the R. and L. wheels, we get much less rail pressure, be- 


sides destroying all couples. When I say all couples, I, of 
course, ignore those due to neglected part of guess &e, 

Thus, take a four-coupled engine with 700 lb. revolving 
and 300 reciprocating to be balanced. (Throughout this 
letter, I have considered all the 300 as being balanced in 
the driving wheel, that being English practice, although 
not mine. In the States, I see, they are advocating this 
distribution of the reciprocating weight amongst the 
driving and coupled wheels.) Say half rod, boss, and pin= 
200 lb. at inside crank radius(=13 in.), then counterweight 
= 800 lb. at same radius, giving an unbalanced vertical 
weight of 300 lb. This gives a rail pressure of nearly 4 
tons at 300 revolutions per minute; and a horizon 
couple whose moment is 74 ton-feet, assuming 20 in. as 
the mean distance between the two sets of forces. Now, 
by the method I employ, and given on e 275 La ae 
24), as before mentioned, we should not only destroy these 
couples altogether, but very much lessen the pressure on 
the rails. 

Taking centres of cylinders, weights and bosses, and 
coupling-rods, as respectively 26 in., 60 in., and 74 in., I 
should get 502 lb. in near wheel and 298 in off. On 
vertical centres we should be conditioned as in Fig. 3. 

The total pressure on the rails is the same, of course, 
but instead of all coming on the near rail, itis borne by 
the two of them together, that is, instead of having 
4} tons on near rail alone, we get 3.225 on near, and 1.275 
on off, rail. The upward unbalanced pulls are similarly 
partially divided between the R. and L. wheels, instead of 
all taking effect on near wheel; I have taken 300 revolu- 
tions per minute. The above — represents what is 
virtually the state of things, though, of course, the 500 and 
298 on each side are compounded, giving a single weight 
of 584 1b. at angle of 30 ~< 41 min. ; instead of this 
they put in 800 lb., although counterweights are not an 
adornment; if the arm were 20 in. the corresponding 
actual weights would be 379 and 520, a deliberate waste 
on their part of 141 lb. of good metal, to say nothing of 
the nosing of the engines, making them shake from side to 
side like a jelly, as can be seen when they are approach- 
ing a station. I know of three lines where these inside 
coupled engines are working. Substitute 0 for the 298, 
and 800 for the 502, and you have the arrangement I 
criticise. If our Government inspectors knew a little 
more about this subject (although it is excusable in their 
case), they would inquire into some of these points, when 
investigating a case of ‘‘ unexplained derailment.” 

Another word before leaving the question of couples. 
On August 24 I gave—for the first time, I believe—for- 
mule taking into account at one operation the fact of 
coupling-rods, counterweights, crank bosses, and cylin- 
ders being in separate planes. I fancy, in the majority of 
cases, the centre of gravity of the crank boss 7s in about 
the same vertical plane as that of the counterweight. In 
case the lateral difference is great, I offer the following for 
my friend (if he will pardon the liberty) ‘‘Novoye 
Vremya’s” acceptance, trusting (as he is filled with such 
a lively sense of the importance of the matter of planes) 
that it will prove both “‘ grateful and comforting.” 

With notation of e 275 (August 24), except that 
centres of weights only, = 2 L and those of crank bosses 


=2L.: 
tan 0 = WwW (L _— 1) + Wr (X - L) = We (Le - I) < 
W (L + 0) — wr (X + L) — we (Le + Lu)’ 


counterweight = z : “a . sec 0, where « = denominator 
of above fraction. ; 
If any one be moved with a desire to ‘‘ paint the lily 
and gild refined gold,” he might like to give the i? 
washer (and contained part of pin) a plane to itself. The 
same gentleman might also be pe ons uneasy in his 
mind at the thoughts of the side play that exists in big- 
ends, side rods, &c. ; thereby upsetting his plan(e)s alto- 
gether. In this Report of the American Railway Club, 
already referred to, I see that they still put forward 
Rankine’s formula for counterweight for a single engine as 


=(w c cag RAS AP 
r 2 o 27 cost 








Now I pointed out last March 2 that there was an ‘‘ = ” 
wanting. It should be between the two terms I have 
bracketed, and which are identical. Of course there is no 
danger of using the above as it stands, for if the true 
weight were 400 it would give 16,000 lb. instead, which is 
not very likely to be put into a wheel, although I am 
firmly convinced that plenty of locomotive men would 
get it in if they could ; seeing it occur under such a name 
as Rankine’s, they would have a good for it. That’s 
where the abuse of books comes in ; _ eare apt to let 
the writer think for them and save the wear and tear 





angle, without noticing the magnitude of the weight 
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of their own brains, whereas the real use of a book is 
to put one into a certain groove of thought (start him on 
his road, as it were), and leave him to do the thinking 
himself. I was going to remark that it behoves persons 
who quote formulas for other ple’s use—that is, if 
they put them forward to be worked to—to at least stamp 
them with the hall-mark of their own approval, which of 
course must involve the condition of their looking into 
them and ascertaining whether they are correct. 

Well, granted that one would not use the formula as it 
atands, it would be very evident that something was 
wrong, but at the same time it would not, perhaps, be 
clear to the common or garden order o :draughtsmen 
what the mistake was; it is not evident on the face of 


it that 
Jf a+b? 1 
26" s/ 2cos 


so the individual concerned would, perhaps, conclude that 
the whole expression was for use, but contained an error, 
so he would discard it altogether, and thereby lose the 
advantage of an exceedingly neat formula. It is for 
single engines only, and Professor Perry gives the same 
thing in another form. Up till now they have always 
left coupled engines to take care of themselves ; at least 
there have been a few half-cooked rules put forward that 
would be of little use to any one. 

As to ‘* Novoye Vremya’s”’ remark about the promised 
letter, it is largely a matter of ‘‘ Time and the Editor 
permitting ;” anyhow, to use the concluding three words 
in ‘* Monte Christo,” I will adjure him to “ wait and 

Yours faithfully, 

February 25, 1895. H. Roire. 

P.S.—As my letter does not appear this week, may I 
ask you to attach these few lines 1 practicable, in allusion 
to “J. D. T.’s” last letter. I merely want to ask him if 
J am one of the correspondents he alludes to in his opening 
paragraph. It’s waste of time to try to knock down 
something that has not been set up (if you will excuse the 
bull); so I ask this question before making any further 
comment. 

March 1, 1895. H. R. 





RAILWAY CROSSINGS. 
To THE Eprror oF ENGINEERING. 

S1r,—In reply to the query of ‘* Railway Crossing,” 
on page 288 of your issue of the lst inst., I send the fol 
lowing notes. The theoretical length of lead (from point 
of tongue to angle, or nose, of crossing) : 

lead = ,/(2 r—g)g; or approximately = ,/ 2rg where 

r = radius of curve and g = gauge of road. 

But the curve really begins at, or near, the blunt end 
of the tongue, which forms an angular divergence till 
there is a clearance of 2 in. between the heel of the tongue 








- lead ¥ 
{tongues} ; 
ee | 
ebae i. 
a, a 


and the stock rail, or, say, 44 in. from flange track to 
flange track (contact of flange of wheel with side of rail 


ead). 

The formula gives the theoretical length of the tongue 
for this distance between flange tracks, using it instead 
of the gauge of the road. This theoretical length of 
tongue varies with the radius of the curve, and for 600 ft. 
radius, as commonly used for the standard 4 ft. 84 in, 
gauge, ie about 21 ft. 

So the actual length of lead is— 


lead = ,/2rg—1, + (length of tongue used) where 
1, represents the theoretical length of the tongue. 


The length of tongue, or rail planed down to wedge 
shape, is, on some railways, 12 ft., or 14 ft. or 15 ft., and 
for special junctions may be 18 ft., or even 21 ft,, but 
these are heavy in use, and are slender. 

For the angle of divergence of the crossing, 


tan @ = nearly. 


Vv2rg 
‘ Ps 
‘ Railway Crossing” will find the approximate formula 
sufficiently accurate, and the lead need not be set out to 
a — nicety than the nearest 4-ft. dimension in most 
ordinary cases ; platelayers generally run in the curve by 
the eye, after fixing the pair of tongues and the crossing, 
which has been fitted up in the shops, just as the switches 
(t.c., two tongues and two stock rails) are also fitted 
according to the standard pattern ued on the railway. 
A. H, Heatu. 
Cooper’s Hill, Englefield Green, Surrey. 








PITCH OF PROPELLERS. 
To THE Eprror oF ENGINEERING. 

Srr,—Will you allow me through your columns to put 
a question? 

Ts has often occurred to me that the usual method of 
making screw propellers with either a true or regular 
varying pitch, is not the best to obtain good results. 

Suppose we lay down a diagram for a loose-bladed pro- 
peller to tind what variation of pitch can be obtained 
with a given mevement of say } in. on the pitch circle 
of bolting of blade to boss. If the pitch is true and the 
blade be adjusted to give a lesser pitch, it is found that 
the intersections of the diagonals with their respective 
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case of hematite, Scotch, and Cleveland iron, and 1l. in all other cases. 
per bottle, the contents of which vary in weight from 70 lb. to 80 lb. 


Heavy steel rails are to Middlesbrough quotations. 


ordinates do not give a true or regular pitch, but form a 
curve; this is likewise the case if adjusted to give a 
greater pitch, the curve, however, being inverted. 

_Now, if a propeller was so designed that the lesser 

pitch represented the pitch due to the speed of the ship, 
and the amount of variation equalled the estimated slip, 
would not this give a far more efficient propeller, always 
bearing in mind that the pitch rinsed the boss must 
be less than that towards the tips? If this be laid 
on a diagram it will be found to give a curve, auch as I 
suppose is recommended by such authorities as Messrs. 
Barnaby and Seaton. 
__ During my experience I have seen modifications of this 
idea, and generally good results were obtained. Perhaps 
some of your readers may have had a similar experience, 
and their views be of ee service to the profession 
generally. I note Mr. Blechynden recommends a similar 
method in his able paper on propellers. This I should 
take to be a propeller with a pitch modified and cast with 
a slip curve, 

Trusting this will be supplemented by some of your 

ers. ours sincerely, 


E. C. 8S. 
Barrow-in-Furness, March 11, 1895. 








THE NAVY. 
To THE Eprtor oF ENGINEERING. 

Srr,—For many years I have read with great interest 
the able articles published by you on the British Navy. 
As a shipbuilder I also have given this subject, and the 
improvements in artillery and armour, some attention. 

here are many of our ironclads not up to date as 








The price of quicksilver is 
The metal prices are per ton. 


regards armour, but which are otherwise of great utility 
to the country. Some of them would be almost as efli- 
cient for coast defence as newly-designed ships, if the 
armour-plates were made according to modern methods. 

It has been suggested to replace the present rolled iron 
or compound plates, with Harveyised steel, but the cost 
of doing so would be serious, more especially as there is 
no market for the old material save the scrap-heap. _ 

I am thereby led to propose the following practical 
idea, viz., to use up this valuable material as armour for 
fortifications. The cost of working it up or adapting it, 
in these days of improved machinery for cutting, ‘gem 
drilling, or bending, would be comparatively small, seeing 
the vast service it could be made to render on shore. 

Many of the flat plates could be used without altera- 
tion. Some of the curved plates, however, could either 
be straightened or further bent to any desired form. 

Our Continental neighbours are embodying steel, rolled 
iron, or chilled cast-iron plates in many of their new 
inland fortifications, notably those on the Meuse, 


—_ &e. 

t is true many of our forts are already partially pro- 
tected by armour-plates, but there are many others where 
there are none. These old plates would be invaluable for 
the protection of our coaling stations and foreign ports. 

I venture to think a friendly meeting between our Ad- 
miralty and War Office officials, having in view — 
out this operation, would not only be of great nationa 
gain, but the transformation would also be found to be 
very cheap to carry out. 

Yours faithfully, 
J. DupDGEON, 


112, Fenchurch-street, E.C., January, 1895. 
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PORTABLE SAND BLAST 
CONSTRUCTED BY THE CAMPBELL GAS ENGINE COMPANY, 


OOO RAGA 
a 





CLEANING PAINT OFF GIRDER WORK. 
To THE Epitor OF ENGINEERING. 

Srr,—I notice in your issue of the 1st inst., page 292, a 
letter from Mr. Spring po pm about cleaning paint off 
girder work by the sand blast process. 

He asks about a portable apparatus for such work, and, 
as we have constructed some sets of apparatus for similar 
work to what he mentions, we reply. 

The inclosed photographs show two kinds of them, both 
the same in principle, viz., an oil — of suitable design 
is fixed on a portable truck and drives by belt an air 
compressor. * 

Carried on an extension of the engine truck, beside the 
compressor, is fixed the air reservoir, loaded to blow off at 
15 lb. pressure. The whole apparatus is covered by a cor- 
rugated iron roof. 7 

his arrangement is used principally for cleaning paint 
and dirt from the fronts of stone buildings, and after 
that is done, the same apparatus, but without the sand, 
is used to blow the paint over the cleaned surface. Some 
people, however, prefer the stone left clean without paint- 
ing. It has been used principally for cleaning large 
public buildings, hotels, &c., fronts, and for a great deal 
of the success of the apparatus for such work the 
credit is due to Mr. J. H, Meikle, of Glasgow. He has 
devoted time and money to the work, and he is sure to be 
amply repaid for both in the demand which is cropping 

up for cleaning our large buildings. 

Yours truly, 

For the Campbell Gas Engine Company, Limited, 
Hueu CAMPBELL. 
Halifax, March 2, 1895. 





CAPITAL AND LABOUR. 
To THe Eprror or ENGINEERING. 

Srr,—In a recent contribution, ‘*T.” endeavours to 
overthrow my proposals on the plea that centralisation 
has been a failure; when I point out that centralisation 
already exists in many forms, and that, imperfect as they 
are, they have been invariably successes, he coolly turns 
round with a table of excuses for excluding these successes, 
quite oblivious of the fact that were all other trades central- 
ised in the same way as I propose, the same tabulation 
would apply to them also. 

I think no one besides ‘'T.” would describe the pay- 
ments to the Post Office as a “‘tax.” My impression is 
that they are voluntary payments for value received, and 
therefore quite distinct from a levied tax. If ‘‘T.” can- 
not see that the Post Office and railways support my oo 
positions, let him consider the gas and water monopolies. 





* We give on the present page an engraving prepared 
from one of these photographs. 











They, at any rate, produce and deliver a commodity fora 
price which is not a tax upon anything. In nearly all 
cases gas and water are now in the hands of the people, 
and it is admitted all round that this is as it should be. 
Now, if water, which is a common necessary to us all, is 
best placed in the ownership of the people, why should 
not food, clothing, &c., equal necessaries, be just as well 
placed in the same hands? This question as to which 
trade should and which should not be dealt with 
in this way is entirely one of degree. Thus for the Post 
Office to remain in private hands would be simply pre- 
posterous; for water works, gas works, railways, very 
ridiculous; for food, clothing, &c., only just endurable. 
On the other hand, were they one and all in the hands of 
the people, they could be managed for the mutual benefit 
of a 


‘*T,” mentions his regard for facts. Personally I have 
a strong preference for whole facts over halves. He 
points out that the State-owned lines on the Continent 
make no profits and pay no more to their employés than 
English private-owned lines. He quite omits to point 
out that their charges are half, and less than half, those 
charged in England for similar service (I will give the 
figures of those I am acquainted with if he wishes). In 
fact, the interests of the railway and its employes are 
made subservient to those of the nation as a whole; and 
as I pointed out in my last with respect to our own Post 
Office, I regard it as most unjust and mean for any nation 
to appropriate the earnings of any of its sections. ‘‘T.” 
also says there is more waste with State railways. Per- 
haps he could tell us, if he chose, that “ efficiency ” being 
the first point with them, and not “‘ dividends,” as with 
us, they are not so ardent for the minimum expenditure 
per mile if they can secure their object. 

I feel compelled to take “‘'T.” back to the origin of this 
discussion, and remind him that our text is that we have 
large numbers of unemployed, and great misery in con- 
sequence ; that there is something radically wrong with our 
social machinery. What is it, and what the remedy ? This 
question has been under the consideration of your readers 
for some time, and is now under the consideration of 
Parliament itself. I have offered what I firmly believe 
to be the true solution. I presume ‘‘T.” has some ideas 
on the subject, cr he would not have entered the discus- 
sion. Up tothe oy he has only followed a policy of 
destruction, and I think I am within my rights in asking 
him for something of construction. He says my proposi- 
tions are wrong, he is positive private capitalism is the 
correct thing, he has had experience over many years, and 
from one end of Europe to the other. Just the man to 
put his finger on the weak spot in our system, just the 
man to name the remedy, just the map to solve the pro- 


blem that is puzzling the nation on all sides. In advanc- | Glasgo 


ing the opinions I have, I am actuated only by a sincere 
desire to see an end to the poverty and misery that exists, 
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therefore, if ‘‘T.’’ can find us the solution I should be the 
first to accord him the praise that would be rightly his. 

‘*T’.” makes a curious blunder, which I should have 
thought an elementary knowledge of political economy or 
his experience, or both, would have saved him from, in 
the paragraph in which he tells us “ there is no one of the 
articles that we require that we cannot get abroad,” thus 
causing “‘ the money spent in this country to be lessened, 
and the money taken out of the country increased, and so 
the whole nation would me poorer and poorer.” Now, 
it is an old axiom that goods buy goods, and that the 
whole of our imports are bought by the whole of our 
exports, and vice versd, and that anything that increases 
or decreases either —— or exports acts in the same 
_ upon the other. If the trade societies are founded 
as I propose, and ‘‘T.” carries out his threat and buys, 
say, his coat abroad, he must see that the foreigner will 
not supply him with a coat for nothing; he will want the 
value in goods or in coin. If in goods, it is clear at once 
that instead of making a coat we have made something 
else and exchanged, so that our wealth and trade lose 
nothing. If ‘‘T.” pays for the coat in coin, the gold very 
soon returns to us in a demand upon us for goods, and so 
equalises again. ven if the gold never returns to us, 
it is clear it must be replaced, as the amount of gold in 
the country is no more than we require, and is trivial 
compared with our trade. Neither Australia nor Cali- 
fornia hand us gold for nothing, they receive the equiva- 
lent in goods, and even if it is not replaced goods must 
have left this country to obtain the gold with which to 
buy the coat, so that to buy of one country it is often 
necessary to export to another, and our trade is equal 
again. By all means, “'T.,” carry out your patriotic 
threat, but rest assured that neither vonnell nor any man 
can reduce the trade or wealth of this country by purchas- 
ing abroad. The most you can do is to change the trades 
employed at home. I have been at this pains to point 
out ‘‘T.’s” own exposé of the basis of his argument, 
because if his other opinions are based in the same way, 
they must be equally fallacious, however plausible. 

“J. M.” repeats a question to me which I did not 
answer, as I did not think he could be serious in asking 
it. Ican assure him I am quite innocent on the point. 
None, I should say, for how it can be possible for a man 
in London to feed, clothe, and lodge himself, in no matter 
how meagre a manner, and have anything left out of 8s. 
a week with which to be “‘ so drunken as to be only em- 
ployed when sober men were not to be had,” is past my 
comprehension. I have never met such a docker, 
although I have lived in their neighbourhood for 
years. If there is such a one he would be a verit- 
able nag | to us EKast-enders, if not to ‘‘J. M.” in 

w. Physically unfit he may be; 8s. a week will 
not build much physique here; but “‘ J. M.” must have a 
crude idea of the labour market if he thinks masters em- 
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ploy men physically unfit, and when he remarks ‘‘ when 
sober men are not to be had,” has he heard of the rush 
of men for the recent relief works, struggling, trampling, 
and injuring one another for work, not drink? These are 
the men we are discussing ; where is the application of 
“J. M.’s” titles lazy, sluggards, drunkards, gluttons? 
Really “J. M.” should take care of his hobby-horse, or 
it ne ilbeors the proverbial fate. In answer to “‘J. M.’s” 
second question, when the time comes that a man can 
have work whenever he requires it, and keep all the 
produce of his work to support himself and family, if he 
will not do this we shall then know exactly whose fault it 
is, and there are certain places which we in the south 
speak of as Holloway and Portland where he could be 
brought toabetter frame of mind. We should find very 
few require the corrective. At present, we cannot fix the 
blame on individuals, hence the origin of the false proverb 
that ‘‘ Poverty is no crime.” Poverty is a crime, and, at 
the same time, a gross insult to our Creator, who has pro- 
vided ample for all. 

February 25, 1895. F. G. W. 





LIFTING BULB KEEL. 
To THE Eprror or ENGINEERING. 

Sir,—We notice the observations in your issue of 
February 22 on our exhibits at the Yachting Exhibition, 
appreciative as a whole, but with a fatal reservation in the 
last line, in respect of the lifting bulb keel which we show. 

Is it fair on the part of the reviewed to ask your repre- 
sentative to give a reason why the keel would be an un- 
desirable thing fitted underneath a boat ? 

If he objects to lifting keels in general, we, of course, 
have no ground to expect an answer, as we do not expect 
any one to take a positive interest in the matter who does 
not either believe in lifting keels, or, at least, regretfully 
acknowledges that they are of value in racing yachts. 
If he does take an interest in them, it would be fair if he 
stated his reasons for disliking the type we exhibit. 
During three months’ hard work it served its purpose ad- 
mirably. The boat to which it was fitted met with all the 
ordinary accidents to which small craft are liable—running 
ashore on a hard beach, lying aground, boisterous weather, 
&c.—and the keel enabled the owner, Mr. W. Baden- 
Powell, to take the boat (a one-rater) round from the 
Solent to the Thames late in the autumn with perfect 
comfort and safety. We hasten to confess that the owner 
was also the inventor, who, no doubt, treated the keel as 
carefully as he could; but this does not alter the main 
fact, that the keel has, in actual service, proved itself 
admirably practical. 

The main qualities of a lifting bulb keel should be 
(1) simple lifting gear, (2) vertical lift, (3) rigidity when 
down or up. The keel in question combines these three 
— when working in a properly fitted trunk, and we 
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| glaciers). This condition permits of reducing to a mini- 


mum the cost of the establishment, and for the production 
of the hydraulic power, also of being able to utilise the 
power gradually with an investment of capital nearly 
proportional to the power obtained, and also of distri- 
buting it at a cost of nearly half of what is now actually 
paid for steam power. . 
As the transmission of power is a question of the 
reatest importance in Italy in connection with the 
ee eel of our industries, I beg you to spare a small 
space in your important peer to these notes. 
ours truly, 


4, Via Monte di Pieta, Milan. Mario AzARI. 








DOMESTIC BOILER EXPLOSIONS. 
To THE EpiTor oF ENGINEERING. 

Sir,—In reference to the article in your number of the 
15th inst. under the above heading, I take the liberty of 
suggesting that it is not practical to lay the onus of these 
unfortunate accidents on the householder. 

In the article in question the following paragraph 


occurs : 

‘“‘ He (the householder) needs to be made to realise that 
if an accident occurs, whether there be damage to life and 
limb or not, he will be brought before a court and asked 
to explain how it was that he, claiming to be a man of at 
least ordinary intelligence and humanity, knowingly sub- 
jected the lives of his family to great risks that might 
have been entirely obviated at an expense of a sovereign 
or 80.” 

This sounds all right as theory, but to expect that even 
a moiety of householders are of ordinary intelligence when 
matters of this description are in question, is altogether 
too sanguine, ‘‘He” may, for instance, be a couple of 
old maids, who do not know the difference between a 
boiler and a gas meter, and in many cases (strongly 
exemplified during the late severe weather) ‘‘he” may be 
in very poor cireumstances, and could not possibly be 
brought to see why he should spend a hard-earned 
sovereign to put in order a faulty apparatus on another 
man’s property which he probably has hired by the 
“* week.” 

No, the party to be made responsible is undoubtedly the 
landlord. 

If he lets a house with a boiler in it, then he ought cer- 
tainly to be responsible in the eyes of the law for such 
accidents as reasonable foresight and care could avoid. It 
may be urged that many landlords live a long way off 
from the property let, but this is no excuse, as most of 
such landlords have an agent, and further it would be so 
very easy for every landlord to contract with any of the 
well-known boiler insurance companies, who, for a trifling 
sum per annum for each house, would be willing to take 
all responsibility off his shoulders, and such contract made 


should like to know of a more practical combination, if with a respectable company ought then to exonerate him 


it exists. 
Yours faithfully, 
For the Phosphor Bronze Company, Limited, 
RicHARD LAGERWALL, Managing Director. 
London, February 25, 1895. 
[The notice to which our correspondents object was 


in the eyes of the law from further responsibility. Of 


| course any law in this direction would have to make it 


| 


distinctly illegal for the landlord to contract with the 
tenant out of the responsibility except in the case of leases 
of several years’ duration. 

Not before a law is passed in this direction may we ex- 


written by a gentleman who has had a very large and | pect a decrease in these disastrous explosions, and it is a 


varied experience in yachting matters. 
above letter, he writes as follows: ‘‘The ‘lifting bulb 
keel’ introduces complication in a position where simpli- 
city is extremely desirable. The multiplication of mov- 
ing parts and the carrying of a mass of lead at a consider- 
able distance from the abutment of the sliding support, 
above all, with a joint intervening, renders the device an 
undesirable attachment.” —Ep. E.] 





ELECTRIC TRANSMISSION OF POWER 
IN ITALY. 
To THE Epitor OF ENGINEERING. 

Sir,—Being aware of the large circulation of your 
esteemed paper, I wish to communicate to you some brief 
notes concerning certain plans for the transmission of 
electrical power in Italy. Their aim is the distribution 
of power to the principal industrial centres of Italy, and 
in order to carry them out steps are being taken to form 
companies to undertake the work in hand. The plans 
having concessions from the Government are three : 

1. From the upper valley cf the Toce (Domodossola) 
to Milan, with a nominal hydraulic horse-power of 47,000 
(capable of being brought to 80,000), and a horse-power 
effectively distributed of 18,000, by the means of three 
successive installations of equal power. In addition to 


In reply to the | disgrace to the country that landlords are allowed to put 


in any kind of ramshackle death-trap of a boiler, without 


| the slightest responsibility for the terrible consequences 


Milan, the power will be distributed to the most important | 


industrial centres of Lombardy, as Gallarate, Busto, 
Castellanza, Legnano, and Monza. In that region 30,000 
horse-power could be utilised. 

2. I’rom the valley of the Cenischia (Susa) to Turin, 
with a nominal hydraulic horse-powerof more than 20,000, 
and a horse-power effectively distributed of 9000, by 
means also of three successive instullations. The elec- 
trical power will be obtainable at Turin and the manu- 
facturing centres situated along the line of transmission. 
The horse-power needed in this region exceeds 12,000. 

3. From the valley of Gressony to Biella, with a 
nominal hydraulic horse-power of 7000, and a horse-power 
effectively distributed of 3000, and more with two suc- 
cessive installations. 

The electrical power, which will be utilised almost 
entirely as motive power, will be distributed in the 
whole province of Biella and in all the different industrial 
centres near the establishments for the production of the 
power, in which region a horse-power of more than 4500 
is needed. 

All these plans are based on the principle of utilising 
small falls of water from great heights (which are peren- 
nial, on account of their originating from the Alpine 





that often arise, 
I remain, Sir, yours faithfully, 
JAMES G. CALVERT, 
24, Exchange-buildings, Manchester, February 26, 1895. 





To THE Epitor OF ENGINEERING. 

S1r,—Will you kindly allow me space to reply to your 
footnote to my letter, and to bring my system more pro- 
minently before your readers, so that the whole subject 
may be thoroughly thrashed out? I claim absolute secu- 
rity against the explosion of the kitchen boiler due to 
frost or incrustation, and collapse cannot occur. If the 
whole system is frozen solid, including the boiler, and a 
fire lighted, the system is as safe as an ordinary kettle, 
without the use of valves or plugs. I forward you a copy 
of my complete specification, from which you may select 
any illustrations you may deem necessary for your 
readers. I am quite prepared to stand by the above 
claims, and, with your permission, I will show that the 
remarks in your footnote are beside the mark. ‘‘ All (the 
plumber) has to do is to let the valve-maker know the 
height of the supply tank,” &c. Now, Sir, I have no 
more faith in the maker than I have in the fitting ; and, 
for instance, take an hotel in this city, where the column 
of water is, say, 70 ft., and requiring a valve, I send this 
information to the manufacturer. Am I to fix without 
question the valve he supplies? What does he know 
about such peculiarities as the following: That when 
working normally 10 lb. per square inch is required to 
drive the circulation, and when a liner is expected the 
pressure is 15 Ib. over and above the pressure due to the 
column of water, I have taken an extreme case to show 
my meaning clearly, and it will be seen that allowances 
must be made for working purposes, and that the manu- 


| facturer is not the man to decide the amount of these 


allowances, Now as to the ‘‘ perforated rose.” It is 
impossible to describe the deadweight valve in a more 
clear and distinct manner; it is clear enough, and what 
is more to the point, it is correct. I am at a 
loss to understand what would be the result, supposin: 
‘*the connections to his low level tank were frozen. 
Simply nothing. Now the question is, Shall we have 
explosive systems with and without safety valves, or shall 
we have non-explosive systems for domestic purposes ? 
My argument is that all the existing systems are bad, and 
to prove this I point to the general recommendation of 


? 


safety valves, and I ask, safety from what? I again ask 








you, does not a safety valve condemn the system? Is it 
necessary that the domestic hot water should be heated 
above the ordinary boiling point, — that all the addi- 
tional heat is at once yielded up when the water is drawn? 
Iam sure that any remarks made by = regarding my 
system are not intended to injure the — in an 

way, but simply because I did not thoroughly explain all 
the details, but now that you have the whole system 
before you, I trust you will not ‘‘haud yerhan’.” It 
only remains for me to say that itis the only effective 
non-explosive system, it covers the whole of the ground, 
and is suitable for both large and small installations for 
domestic supply. It is as effective against explosion of 
the boiler as you admit it is against incrustation of the 


boiler and pipes. 
ania Yours faithfully, 
Henry Cray. 

7, Grant-street, Liverpool. 

(To make Mr. Clay’s plan perfectly clear, we subjoin a 
view of it taken from his specification, together with the 
accompanying description. We regret, however, that 
we cannot indorse Mr. Clay’s views as to the arrangement 
being free from danger due to frost. As for Mr. Clay’s 
remarks concerning the additional pressure required to 
‘drive the circulation,” we must say we do not under- 
stand them. In acirculating boiler, communicating with 
a high-level tank, the head which produces circulation is 
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Fig. 1 shows the whole of the pipes and fittings, A, A’ being the 
circulating pipes between the boiler and inner cylinder ; B is the 
supply pipe to the boiler b and inner cylinder; C is the supply 
pipe from store cistern K (not shown in Fig. 1) to the outer cy- 
linder L; D is the hot supply pipe to the fittings; E is the 
customary expansion pipe, which may be dispensed with; F is 
the supply pipe to regulating cistern J; G the safety pipe from 
inner cylinder, and H the safety pipe from boiler. I shows 
branch to draw-off cocks in the kitchen ; M is the inner cylinder ; 
N the casing pipe or support to inner cylinder. Pipes are shown 
passing through the body of the inner cylinder so as to promote 
circulation in the outer cylinder, but are not lettered for clear- 
ness. The water from cistern J fills the boiler b and inner cylinder 
only. The water from store cistern fills the outer cylinder and 
supplies all the water to the fittings through pipe D. The heated 
water from the boiler to the inner cylinder circulates through the 
pipes A, Al, and the water in the outer cylinder is heated by the 
absorption of heat from the inner cylinder. The boiler may be 
of any shape, size, and pattern, and it will be apparent that no 
extra pressure can be generated beyond that due to the head of 
water in the regulating cistern. 


that due to the difference in weight of the water in the 
flow and return pipes. Thus with temperatures of 
180 deg. and 80 deg. respectively in the flow and return 
ipes, the difference in weight of the two columns would 
about 3 per cent., which, with a tank 70 ft. above the 
boiler, would give a little over 2 ft. working head. This 
head is, of course, due to the reduction in weight of the 
rising column, the pressure on the boiler rsmaining that 
due to the height of the tank above it. Mr. Clay has 
sent us a hand sketch of the type of the valve which he 
describes as the ‘‘perforated rose.” All we need say con- 
cerning it is that we never saw nor heard of a valve so 
made, and no such valve has ever been recommended by 
us or by Mr. Fletcher. An engraving of the simple dead- 
weight safety which Mr. Fletcher recommends appeared 
in our pages nearly 28 years ago (vide ENGINEERIND, 
April 12, 1867, e 341), and it has been so frequently 
illustrated that it should by this time be thoroughly well 
known.—Ep. E.] 





To THE EpiTor oF ENGINEERING. 

Sir,—In reply to your question, I must admit that I 
never did know ofa kitchen boiler explosion with a safety 
valve on it; but that hardly proves your premises, nor 
yet the correctness of Mr. F letcher’s report where it states 
that ‘‘ all that is needed to prevent these explosions is to fix 
a safety valve.” I quite agree with your correspondent 
Mr. Clay, when he says that a safety valve is quite un- 
necessary and out of place in a simple hot-water appa- 
ratus confined to low pressure or boiling point only. And 
his suggestions with reference to a compound system are, 
I think, excellent, and would be more so but for the 
fact of interfering with the simplicity of the domestic 
service or apparatus. Whilst it would prevent anything 
like an explosion from over-pressure, however, Mr. Clay 
will admit there would still the liability of explosion 
“> frost with a boiler actually plugged and bottled up 

y ice. 
Indeed, Sir, I question very much if there ever was an 
explosion from any other cause than frost. They always 
take place at this season of the year, and though it is 
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possible for an explosion to be caused by the pipes 
and boiler outlets becoming entirely furred up by in- 
crustation, I can scarcely imagine such a state of things 
coming to pass under the nose of any sensible person. 
Circulation does not cease suddenly in such a case, but 
very, very slowly, and the most ignorant and simple 
servant girl would soon wonder how it was that she could 
not get the hot water ready in time to bathe the poor 
little kids, which fact would soon lead her more intelli- 
gent mistress to round on her lord and master. 

Sir, in your footnote to my letter you also ask me what 
reason I have to suppose it possible to have steam pres- 
sure in a kitchen boiler frozen up. Simply, Sir, because 
I believe it to be possible to generate steam pressure in 
the boiler before the solid mass of ice was even melted. 
Indeed, I have just experienced a homely illustration on a 
small scale that more and more confirms me, viz.: Find- 
ing the grindstone watering can frozen up solid, on 
exposing it to the kitchen fire only, it burst before one- 
third of the lump of ice had melted. If this happens 
with a small, weak, mange vessel, what would happen 
with the sealed kitchen boiler ; in. thick, with a brisk 
fire under it, and the damper wide open? This is the 
experiment I have suggested should be tried in order to 
prove if a safety valve is of any use in such a case. 

I am more than surprised at the letter of your corre- 
spondent Mr. Powis Bale, author of a “‘ Hand-Book for 
Steam Users,” and to learn that jerry builders in the 
suburbs of London fit up hot-water apparatus minus an 
escape or expansion pipe from the circulating cistern 
to the supply cistern. I do not think we have any jerry 
builder here so devoid of common sense, nor so _— 
wise and pound foolish as to compel any fitter to do suc 
a thing for him. The “simple fitting” Mr. Bale de- 
scribes as more efficient than a safety valve is the same in 
principle as my own, but it is deficient in not having the 
pipe protected at all, and the ‘‘ cap of mica” or any other 
cap or cover of any kind is quite superfluous if the pipe is 
of the proper height, and made to turn over and discharge 
over fire. 

I beg to-remain, yours faithfully, 
JOHN SwIFt, 

55, Stanmore-road, Birmingham, March 6, 1895. 





To THe Eprror oF ENGINEERING. 

Sir,—Being detained in an engineer’s office to-day, I 
had an opportunity of perusing a few letters on the above 
matter in your March 1 issue. 

I think you may like to know, first, there is no reason 
why frost cannot be kept from any apparatus if the will is 
to do so. Secondly, if that will is not stinted by (1) a 
limit as to expense, and (2) a want of knowledge on the 
matter. 

I can tell you, at a house in Knightsbridge I had put 
up some three years ago some hot-water pipes outside, 
and in a casing of galvanised R.W. pipe, with molten lead 
joints, air and water tight; these and others similar have 
never frozen, yet the fire goes out at night, and in some 
cases the houses are shut; and, further, the best safety 
valve is the cold-water service to the boiler. 

Yours truly, 
¥F. Borrina. 
6, Baker-street, Portman-square, London, W., 
March 6, 1895. 





MR. HOWELL’S ‘“‘LABOUR LAWS.” 
To THE EprToR OF ENGINEERING. 

S1r,—I thankfully acknowledge the flattering review of 
my “ Handy-Book of the Labour Laws” in your last 
issue. May I venture to explain one omission referred 
to by your reviewer, namely, procedure in the Scotch 
courts? I had not altogether overlooked it, but I felt 
that to explain the procedure in Scotch courts would have 
necessitated a similar thing for the Irish courts, and may 
have tended to mislead the ordinary reader. 

In Scotland there is one court for all these cases, the 
sheriff court; not, as in England, the county court and 
courts of summary jurisdiction. To Scotchmen, their 
practice is simple, and I have found that workmen in 
Scotland are better acquainted with local procedure 
than the same class of men in England. I have indicated 
where the Acts apply, and stated the court, which I ven- 
ture to hope may be found sufficient. 

Yours faithfully, 
GEORGE HOWELL, 

House of Commons, March 11, 1895. 





THE FREEZING OF WATER PIPES. 
To THE EpiToR OF ENGINEERING. 

Sir,—Just at this time of distress among water com- 
panies, when the frost has stopped the supply to the con- 
sumers, and the long-looked-for thaw has brought to 
light innumerable breakages in the service pipes, 1) may 
be of interest to some of your readers to hear of a simple 
means which I adopted to prevent the same inconvenience 
occurring in a small system of a total length of about 
three-quarters of a mile of water service pipe, which 
varies from 2 in. in diameter at the pump to 4 in. at the 
extreme points of the system. Most of it is placed from 
1 ft. to 15 in. underground, and is carried along riverside 
wharves to supply water to various steam cranes, &c. 
There is also about 500 ft. to 600 ft. laid along 
on wooden jetties projecting into the river, which is 
quite bare and therefore — to the greatest cold. 
The water is pumped into the pipes from a well by a 
Tangyes duplex steam pump at a temperature of about 
50 deg. Fahr., and a pressure of 80 1b. per square inch. 
At the commencement of the winter I tapped the suction 
pipe of the pump and connected up with it a j-in. steam 
pipe from the boiler, with a cock in its length to regulate 
the admission of steam. By this means I found that 


with a comparatively small quantity of steam no diffi- 
culty at all was experienced in keeping the pipes from 
freezing. It was, of course, necessary to draw off the 
water continuously at different points so that the water 
in the pipes should not have time to cool below the freez- 
ing point. When the ground in immediate contact with 
the pipes was kept just above freezing point, it was found 
that a very small quantity of steam indeed sufficed, even 
during the very hardest frost. 

Might not this same principle be applied on a large 
scale to the water companies’ mains? It appears that 
water being a good retainer of heat, and the earth an 
indifferent conductor, it might be worth consideration and 
experiment, in case of similar frosts occurring in the 
future. 

Yours faithfully, 
Frank E. Brave, Assoc. M. Inst. C.E. 

Beadonwell, Belvedere, March 5, 1895. 








ELECTRIC LIGHT ENGINES. 
To THE EpiToR or ENGINEERING. 

Sir,—The cylinder arrangement of the opposite crank 
compound engines, designed by Mr. Collmann, and illus- 
trated in your issue of February 22, is very interesting, and 
especially so to me, for it anticipates to a great extent a de- 
sign recently proposed by my firm to electrical engineers for 
whom we do work. No doubt Mr. Collmann has arranged 
the high-pressure cylinder below so as to bring the 
centres as close as possible, but it seemed to me best, on 
the whole, to put the low-pressure below, for by so doing 
the course of the steam and the drainage are more con- 
venient, while the long and heavy piston-rod belongs to the 
light piston, and thus the reciprocating parts can be much 
lighter than with the Collmann design. This may nearly, 
or quite, compensate for the slightly increased distance of 
the centres, while of course it also reduces the separate 
pressures on the crankpin due to the weight and mass of 
the reciprocating parts, which latter is of importance in 
very high-speed engines, though quite unimportant in the 
case of such comparatively slow-running engines as those 
illustrated. 

It may also be mentioned that in the case of the engines 
for which I proposed superposed cylinders, putting the 
low-pressure cylinder below gave just suitable distance of 
centres to allow desired length of crankpins with a central 
comnion web; the Collmann engine seems to have rather 
short crankpins, 

It is also worth mention that two sets of these super- 
posed engines, with their respective cranks at right angles, 
would make very good high-speed four-cylinder marine 
engines, either triple or quadruple; and, as far as I can 
judge, it is a design superior to that of the engines of the 
Daring in weight, balance, simplicity, and cost, especially 
the two latter, 

I am, Sir, yours faithfully, 
WILiIAM Sisson. 

Quay-street Iron Works, Gloucester, February 26, 1895. 








LocomMorivEs IN RusstA.—It is proposed to establish 
large locomotive works on the banks of the Volga. The 
works will be undertaken by MM. Bouley and Co., of 
Paris, who propose to deliver 800 locomotives to the Rus- 
sian Government during the next 10 years. 





AMERICAN METALLURGICAL INDUSTRY. —The output of 
pig iron in the United States last year was 6,657,388 
tons, as compared with 7,124,502 tons in 1893, and 
9,157,000 tons in 1892. It will be observed that the pro- 
duction has fallen off considerably during the last two 
years, although there have been some symptoms of 
recovery of late. Pennsylvania and Ohio have been the 
two principal metallurgical States in the past ; but in the 
course of the last few years the out-turn of the southern 
States has also become considerable. The quantity of 
pig made in Pennsylvania last year was 3,370,152 tons, 
as compared with 3,643,022 tons in 1893, and 4,193,805 
tons in 1892. Ohio made 900,029 tons of pig last year, 
while the output in 1893 was 875,265 tons, and in 1892 
1,221,913 tons. Some quantity of pig has also been made 
in Illinois, last = production having been 604,795 
tons, as compared with 405,261 tons in 1893, and 949,450 
tons in 1892. Alabama, Virginia, and Tennessee may be 
regarded as the three principal southern metallurgical 
States, and they have been proportionately about as much 
affected by the prevailing depression as Pennsylvania or 
Ohio. For instance, Alabama made only 592,392 tons of 
pig last year, while in 1893 the production was 726,888 
tons, and 915,296 tons in 1892. Similarly she output of 
Tennessee amounted last year to only 212,773 tons, while 
in 1893 it stood at 207,915 tons, and in 1892 at 300,681 
tons. Virginia, again, made 298,086 tons of pig last year, 
as compared with 302,856 tons, and 342,847 tons in 1893 
and 1892 respectively. The only other State which 
attained a production of 100,000 tons and upwards last 
year was New York, which made 175,185 tons, as com- 
pared with 191,115 tons and 310,395 tons in 1893 and 1892 
respectively. What may be termed the miscellaneous 
production of American pig—that is, the output of other 
States which we have not enumerated—amounted last 
year to 503,976 tons. To this total Michigan contributed 
95,171 tons; Wisconsin, 91.595 tons ; est Virginia, 
80,781 tons; Colorado, 73,669 tons ; New J ersey, 63,273 
tons ; Georgia, 40,268 tons ; Kentucky, 33,845 tons ; Con- 
necticut, 7416 tons; Missouri, 6522 tons; Maryland 
5600 tons; Texas, 4671 tons; Oregon, 1000 tons; an 
Massachusetts, 156 tons. As regards these miscellaneous 
States, we may add that the production fell off last year 
in Massachusetts, Connecticut, New Jersey, Maryland, 
Texas, West Virginia, Kentucky, Michigan, Wisconsin, 
Missouri, and Oregon. It incr . however, in 
Colorado. 











INDUSTRIAL NOTES. 


TuE Unemployed Committee display but little agree- 
ment amongst themselves. They have issued an interim 
report, but it is colourless as water. It mainly 
relates to the evidence, or such parts of it as comprise 
the plans laid before the Committee. The plans are 
three in number: (1) That of the member for West 
Ham, self-condemned beforehand, and laughed out of 
court. (2) That of Mr. Hills, the manager of the Thames 
Iron Works Company. (3) That of the member for St. 
George’s-in-the-East. The latter pertains wholly to 
London, the chief feature being that London shall be 
dealt with as a whole, the extra cost of the ‘“‘ unem- 
ployed ” being a charge on the common poor fund. Of 
course the richer parishes will grumble at this, and 
perhaps resist it. There is a divergence of opinion in 
the Committee upon each and all of these plans, and 
also upon the scope and extent of the evidence. Some 
are desirous of extending it and of bringing up wit- 
nesses from the provinces; others desire to circum- 
scribe the inquiry and deal with the question more 
elaborately in a report. Some of the Committee advo- 
cate imperial grants, others an extension of the relief 
from local rates; some would employ no labour test, 
others would impose a labour test. The difficulty of 
dealing with the unemployed manifested itself at 
Glasgow last week, when about 1500 paraded the 
streets as a protest against piece-work, against the 
hardness of the stones they had to break, and the 
unfitness of the hammers with which they had to do 
the work. The experience hitherto obtained shows 
that great difficulties exist in dealing with a pro- 
miscuous number of men out of work. The trade 
unions, however, with their intimate knowledge of 
their members, can avoid most of these difficulties, and 
cope with emergencies. The Yorkshire Miners’ Asso- 
ciation lately distributed 500/. to its members at the 
rate of 7s. each man and 6d. per child. 





It is gratifying to find that trade is gradually im- 
proving in the engineering branches, although the 
improvement hitherto has been extremely slow. The 
Amalgamated Society of Engineers has now increased 
its number to 76,757 members, of whom 5375 are 
unemployed, as against 5660 last month, a decrease of 
285. But the improvement is still more manifest in 
that there are now 1780 fewer members on donation 
than in the month of August last. Hopes are ex- 
pressed that, the tide having turned, there will be a 
still further improvement as the weather becomes 
more settled and genial. The total number on the 
funds is still very large, the aggregate being 10,800, of 
whom 5367 are on donation, 2869 on sick benefit, and 
2564 on superannuation allowance. The total cost is 

712d. 9s., or 1s, 64d. per member per week. There 
are a larger number of disputes pending than for some 
time past, no fewer than 44 places being scheduled 
where members have to inquire before accepting work. 
But mostly these are small local disputes of no serious 
character, for only 93/. 9s. 10d. was spent in contin- 
gent benefit during the past month. The calls upon 
the funds have been so great that a further levy for 
the benevolent fund has to be made, and also a special 
levy of 1s. for the superannuation reserve fund, and 
ls. also special contribution. The equalisation of the 
funds is being arranged previous to the issue of the 
annual report. In connection with this a case has 
come to light which has caused an unpleasant surprise 
to the council of the society. The Tndian branches 
had to transmit from Bombay the sum of 153/, to 
Greenock ; upon its receipt it was found that only 
79/. Os. 6d. was received, the loss by exchange being 
73l. 19s. 54d., or within 2/. 10s. 64d. of one-half the 
total amount. The report of the Engineers contains 
some pungent paragraphs upon the unemployed ques- 
tion and the Committee now considering it. The 
report points out that those who, like the Engineers, 
provide for their own poor, may be called upon to help 
to provide for those who make no provision for them- 
selves. In the words of the report, ‘‘ those who wil. 
provide for a rainy day, may provide, and may also 
assist to provide for those who don’t.” The state of 
trade in America and Canada has not much improved, 
and in Australia things are still bad in the engineer- 
ing industries. The United States branches have 
refused to levy themselves for the Chicago railway 
strike of last year, being now over-taxed, 





Improvement in the engineering trades of Lancashire 
is slow to manifest itself to any appreciable degree. 
Engineering establishments, except in cases where 
they have special work on hand, are as a rule, 
barely kept going from hand to mouth. In some 
instances the machinists are busy on foreign orders, 
home orders being rather scarce. General machine- 
tool makers are only moderately employed, except in 
some special cases. Boilermakers only see a re- 
stricted weight of work coming forward, while the 
locomotive engine builders continue depressed. It 
cannot, however, be said that there is any going back ; 
things look more favourable, but the development is 
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slow. In the report of the Amalgamated Engineers 
the state of trade is marked bad in the chief centres 
and their districts, such as Manchester and Salford, 
Oldham, Bolton, and other places; but in several 
of the less important districts the state of trade iz 
described as moderate. The iron trade is not in a very 

rosperous condition ; if anything, recent expectations 
ee not been fulfilled, and there is a tendency to 
quieten down. This is not a good sign. The finished 
iron trade has not improved, forges, as a rule, bein 
but poorly off for orders. Things are quiet in the stee 
trade generally. In the metal trades there is more 
inquiry, but business remains quiet. (enerally there 
is no spurt as yet. 

In the cotton trades in Lancashire there appears to 
be a rather general agreement among the employers 
to enforce a 5 per cent. reduction, even to the extent 
of stopping all the mills to obtain it. But a general 
stoppage can only take place if four-fifths of the fede- 
rated masters agree, The cotton-spinners and card- 
room hands seem to anticipate a struggle, and are pre- 
paring for the worst. However, two months will have 
to elapse before the final plunge is taken, and it may 
be that before that time arrives some gleam of sun- 
shine may brighten the prospect. The extremely low 
price of cotton has enabled many of the companies to 
pay asmall dividend, and others to write off somethin 
of previous losses, but if ever so small a rise shoul 
take place in the raw material, the situation will be- 
come worse for the manufacturers, and this in its turn 
will adversely affect the operatives. 





In the Wolverhampton district things look like 
brightening up. Orders are coming in at an improved 
rate for marked bars, plates, and best sheets, and 
generally there appears to be a more business-like 
earnestness in the inquiries for various classes of 
finished iron and steel, even though negotiations are 
not brought to a conclusion. The business actually 
done has not been large as yet, mostly being for pre- 
sent and immediate purposes. The pig iron trade is 
languid and quiet ; some lots of foundry iron have been 
disposed of at late prices, and a fair business has been 
done in part-mine forge iron. But there is an absence 
of speculation, and producers do not seem to care to 
accept large contracts at present rates. Some good 
orders appear to have come to hand for export qua- 
lities, second-class bars, rods, hoops, and galvanised 
sheets, &c., for Australia, the West Indies, and Conti- 
nental markets. It is hoped this is an earnest of 
future developments. The home market is steady, but 
limited in demand, and prices are low. The construc- 
tive branches of industry are beginning to be busy in 
several branches again after the recent stoppages by 
reason of the bad weather. 

In the Birmingham district there appears to have 
been a slight increase of business in the iron trades, 
but prices remain very low. An improved demand 
seems springing up for sheets. In the six branches of 
the engineering trades union all report trade as mode- 
rate, but there are many on donation, ranging from 
five in one of the branches to 18 in another. 





Great depression was felt at Barrow-in-Furness, in 
consequence of the stoppage of the works of the 
Barrow Steel Company, owing to a disagreement with 
the men as to the basis of the proposed reduction in 
wages. Themen refused to agree to the basis pro- 
posed by the company, and the company thereupon 
resolved to damp down seven out of the eight furnaces 
in blast, and decided to blow out the other furnace 
altogether. The number of men affected by the 
stoppage was about 3000, while a large number of 
other workers were adversely affected thereby. Sub- 
sequently arrangements were made to resume work at 
the old rates, pending arbitration, much to the joy of 
the Barrow people. 





The report of the Associated Ironmoulders of Scot- 
land has to tell the tale of a large accession to the 
number of unemployed during the recent severe 
weather, and the consequent strain on the funds of the 
union, the loss in capital alone being 680/. 6s. 6d. over 
and above the current income. In eight weeks the 
out-of-work payments amounted to 2861/. 13s. 9d., 
which is the society’s contribution, as it were, to the 
unemployed. The society has a.so contributed 30/. to 
help the women workers, the vote being carried by an 
overwhelming majority, only 597 voting against it. 
The attention of the members is called to the resolu- 
tion passed at the last Trades Union Congress with re- 
ference to the unemployed. The resolution has been 
sent out without any expression of opinion by the 
Parliamentary Committee, so that there is no guidance 

iven on the subject. The committee seem to shrink 
rom the purport of the resolution, namely, that the 
Government should find remunerative work for the 
unemployed at trade union rates and prices of labour, 





The report of the Amalgamated. Carpenters and 
Joiners makes no allusion to the negotiations between 
the Federated Building Trades of London and the 








Master Builders, presumably because the question is 
mainly left to the former body. The membership of 
the union keeps up, the number now being 43,358. 
Disputes exist or are pending at no fewer than 18 
places, but only at six of them are the men really on 
strike. The reports of the special organisers seem to 
indicate that the society is making progress in various 
ways in the several districts under the various 
agents of the union. The society seems to be waking 
up to the seriousness of the attack upon the general 
secretary for having been appointed a justice of the 
peace and for being elected a poor-law guardian for 
Manchester. Resolutions congratulating him, and 
condemning the action of those branches which com- 
plained, are pouring in, so that his position is being 
made all the stronger for the attacks first made in the 
February report. 





The question of the position and treatment of the 
engine-room artificers in the Royal Navy has often 
been mooted in ENGINEERING, and now, perhaps, 
we may mark another stage of development, though 
ever so small, in the controversy. Mr. George 
Howell asked ‘‘ the Civil Lord of the Admiralty, 
whether any steps have been, or are being, taken, to 
advance duly qualified engine-room artificers to the 
position and rank of warrant officers ; and if so, what 
steps have been taken in this direction ; whether he 
can state to the House why candidates from amongst 
the ranks of the engine-room artificers were not 
allowed to compete for the position of temporary 
service engineers, a body now wholly drawn from out- 
side sources; and whether the Board of Admiralty 
will consider the advisability of instituting an inter- 
mediate grade of engineer artificers who shall occupy 
the status of assistant engineers, with avenues to pro- 
motion according to merit upon passing the ordinary 
examination suitable to such rank.” The question 
was a very mild one—-this is Mr. Robertson’s reply : 
‘The inquiries made by the hon. member on the sub- 
ject of the present status and rank of engine-room 
artificers cannot be conveniently dealt with in the 
limited scope of an answer toa question ; I will, there- 
fore, ask him to wait until the Navy Estimates come 
on for discussion inthe House. I may, however, state 
that the hon. member is under a misapprehension as 
to engine-room artificers not being allowed to compete 
for the appointment of temporary service engineers. 
Provided that an engine-room artificer possesses the 
qualification laid down in the regulations for the entry 
of these engineers, the Admiralty have no wish to dis- 
courage them from entering into competition with 
other candidates whenever the convenience of the 
service allows of it.” It will be seen that, mild as the 
question was, the reply is even still more guarded, 
though there is just a gleam of hope to be extracted 
from the reply. 

The reply states that the Admiralty have no 
wish to ‘‘ discourage” the men ‘‘ from entering into 
such competition.” There are, however, two further 
concessions necessary to enable the engine - room 
hands to have full scope to compete. First of all, 
the age limit might be extended, because the prac- 
tical knowledge is only acquired at the age of 21 years, 
and each succeeding year adds to their efficiency. 
Some may even go so far as to advocate the abolition 
of the age limit, but at any rate it might well be ex- 
tended up to 30 years of age. Secondly, in the case 
of practical engineers, the Admiralty might somewhat 
a the literary qualifications, the scholastic, so to 
speak, 





The dispute in the boot and shoe trades has unfor- 
tunately come to a crisis—the fight hasbegun. It was 
hoped that actual hostilities might have been pre- 
vented, but both sides seem to have contemplated a 
struggle, and to have prepared for it. The employers 
say that it was bound to come sooner or later, and 
they further say that it is better that it should come 
sooner rather than later, because of the questions in- 
volved and the issues at stake. The employers regard 
the contest as one concerning the extended use of ma- 
chinery, and constant and minute interference in the 
workshop. The question of wages (the minimum rate 
and the ‘‘ extras”) is far less important to the employers 
than the union’s pretended right of interference with the 
output and the use of machinery. But the question of 
out-workers is another sore point with them, and may 
probably be found to be a sore point also in the villages 
of Leicestershire and Northamptonshire, and to some 
extent in other counties. The men, on the other hand, 
assert that they are quite ready to submit all matters 
to arbitration, and to give to Sir Henry James full 
powers to deal with and settle the whole question. 
Offers of arbitration from other quarters have poured 
in from the members for Leicester and others in the 
two counties, from other persons and bodies, and 
lastly, efforts have been made by the Board of Trade, 
but this, the first effort of the Board, has been politely 
but firmly refused. The employers left it to the work- 
men to take the initial step in hostilities. The notices 
given to the selected firms at Leicester and Northamp- 
ton have been followed by a firm resolve to meet the 





situation by a lock-out, in which probably some 
200,000 persons will be affected. 





Two very important legal cases have now been 
decided affecting the trade unions of the country and 
labour generally. The first case is that which arose 
out of the dispute between Messrs. Trollope and Sons 
and the Federation of the Building Trades, as regards 
the publication of a ‘‘black list.” No such prosecu- 
tion has been hitherto instituted, because the “ black 
list” is usually confined to the monthly or other 
reports of the union, which circulates among the 
members of the union. But on this occasion the 
hoardings were covered with huge posters, giving the 
name of the firm and names of the workmen concerned. 
An injunction had been granted of an interim character 
previously, but now the injunction is made perpetual. 
The law costs of this action will be considerable, and 
the effect of the injunction may be to prevent the pub- 
lication of names in trade reports, circulars, and 
returns, 

The other case was that of the Shipwrights of 
London versus the officers of the Boilermakers and 
Iron Ship Builders’ Society, involving questions of 
law similar to those in the common law action of 
Temperton versus Russell and others. The present 
case is important by reason of the fact that one trade 
union endeavoured, and to some extent successfully, 
to apply the same principles of law to the action 
taken by the offieials of another trade union. The 
court dismissed the case against Mr. Robert Knight, 
J.P., the secretary of the union, and one of the 
trustees, but decided the case in favour of the appel- 
lant union, as against the other defendant, who was 
the London agent. The damages were not great, but 
the law costs will be very considerable. 





The strike of 200 miners at the Hyde Pits, Ashton- 
under-Lyne, has been settled by the employers con- 
ceding the men’s terms. In the South Wales dis- 
tricts efforts are being made to prevent any stop- 
page at the collieries, pending a settlement. Offers 
are made to refer the whole matter to arbi- 
tration — either to Lord Rosebery, Lord Shand, 
Judge Owen of Cardiff, or to an arbitrator to be 
selected by the Speaker of the House of Commons, 
whichever may obtain the greatest favour among the 
parties to the dispute. It is hoped that the sliding 
scale arrangement will be continued, with such modi- 
fications as may be agreed upon. 





Neither the Truck Bill nor the Factories Bill of the 
Government seems to give satisfaction to the women’s 
trade unions, They say that the former will not 
meet the case, and that the latter will make it more 
difficult for women to get work. Efforts will there- 
fore be made to amend the Bills in Committee. The 
Conciliation Bill is elsewhere dealt with in this issue. 





The Paris committee for the May-day celebration 
have pronounced in favour of a total cessation of work 
on that day, and have requested the Belgian workmen 
to unite in claiming a full day’s holiday. Whether the 
play-day will be observed will depend upon circum- 
stances. The London committee will arrange for the 
first Sunday in May as before. 





The condition of affairs in connection with the coal 
industry of Scotland is very bad at present. ‘Trade is 
dull, many are out of work, and reductions in wages are 
taking place, with resistance here and there. In some 
districts the men are only making three or four days 
per week. Negotiations have been opened up with the 
National Federation of Miners to see if anything can 
be done. The strike of last year seems to have de- 
moralised the men, and to have paralysed the industry. 
Even the bitter weather of the last two months did but 
little to help the men out of their difticulty. 





Biast-FuRNACES IN THE UNITED StatEs.—The produc- 
tion of pig iron in the United States appears to be again 
slightly declining. The decline is, however, small, and the 
output may be regarded as practically stationary. The 
number of furnaces in blast at the commencement of 
February, 1895, was 181, their aggregate weekly produc- 
tive capacity being 167,291 tons. At the commencement of 
August, 1894, the corresponding number of furnaces in 
blast was 135, their aggregate weekly productive capacity 
being 115,356 tons. At the commencement of February, 
1894, the corresponding number of furnaces in blast was 
125, their aggregate weekly productive capacity being 
99,242 tons. At the commencement of August, 1893, the 
corresponding number of furnaces in blast was 169, their 
aggregate weekly productive capacity being 107,042 tons. 
At the commencement of February, 1893, the correspond- 
ing number of furnaces in blast was 251, their te 
weekly productive capacity being 171,201 tons. ‘fhe 
weekly productive capacity of the furnaces in blast has 
moved on as follows during the past six months: Sep- 
tember, 1894, 151,113 tons ; October, 1894, 151,135 tons ; 
November, 1894, 162,666 tons; December, 1894, 168,762 
tons ; January, 1895, 168,414 tons; and February, 1895, 
167,291 tons. 
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GOVERNING STEAM ENGINES. 


ening of Steam Engines by Throttling and by 
ae Variable Expansion.* 
By Captain H. Riau Sankey, of Thames Ditton. 
(Concluded from page 258.) 

Electric Light Engines.—In a well-designed central 
station there will be a number of engines principally of 
one size, and a few smaller engines. The fluctuations of 
load, although rapid at times, are approximately known 
beforehand, because they follow with more or less accu- 
racy a previously ascertained load-curve. It is, there- 
fore, possible at all times so to work the engines that the 
load on those running is approximately their economical 
load. Under these conditions expansion governing has 
no advantages, if the engines are working non-condensing, 


28 Ib. to 32 lb. mean pressure and with power to overload 
—it is obviously necessary to be able to alter the cut-off. 
Hand gear would in this instance answer the purpose 
but automatic expansion gear is undoubtedly preferable. 

In order to obtain some idea of the economical gain of 
expansion governing under such circumstances, the fol- 
lowing example has been worked out. The load curve 
chosen is that for 24 hours at the Kensington electric 
light station on December 2, 1890, which was first pub- 
lished by Mr. Crompton in his paper read before the 
Institution of Civil Engineers on April 7, 1891 (Proceed- 
ings, vol. cvi., page 7), and which has done duty many 
times since. It is assumed that each of the principal 
engines in the station is capable of developing 140 electric 
horse-power with 40 lb. mean pressure in the cylinders ; 


and that there are two smaller engines, each capable o 
developing 70 electric horse-power with the same mean 





because in this case, as already pointed out in reference 
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pressure ; these are somewhat larger units than those 
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to Fig. 8, the economical load is obtained with so high a 
mean pressure that, except with unusually high boiler- 
pressures, the highest mean pressure that can be obtained 
gives the best economy. If, however, the engines are 
condensing, the conditions are considerably changed ; 
because, as already seen, the economical load is now ob- 
tained with a much lower mean pressure, namely, from 
28 Ib. to 32 lb. mean pressure, according to the boiler pres- 
sure. Supposing that the engines are mechanically designed 
to be able to run continuously with 40 lb. mean pressure, 
and for short periods with 501b. mean pressure, 1t 18 then 
possible to run them at powers materially greater than 
their economical load ; and this tends to economy, because 
on a rising load fresh engines can be started later and 
with more deliberation, and on a falling load superfluous 
engines can be stopped sooner. In order to work the 
engines in this manner—that is, with best economy at 








* Paper read before the Institution of Mechanical 
Engineers, 
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actually in the station. It is also supposed that the pres- 
sure available at the engines is 150 lb. absolute per square 
inch. 

Fig. 17 shows the times at which the different engines 
would be started and stopped when the governing is done 
by the throttle, the cut-off yee | arranged for a mean 
pressure of 34 1b. per square inch; and from this, with 
the help of the constant-expansion steam-consumption 
straight line given in Fig. 5, the water required to be 
evaporated for the engines only can be calculated, and is 
found to be 110,330 Ib. for the 24 hours. : 

Fig. 18 shows the effect on the times of starting and 
stopping when the engines are governed by the cut-off, 
oon are allowed to be overloaded up to 50 lb. mean pres- 
sure for half an hour, assuming that the dynamos are 
designed to stand this overload. As before, the total 
water required in 24 hours can be calculated with the 
help of the constant-pressure consumption curve given in 


that at the time of maximum load six units are running 
with expansion governing as against six and a half with 
throttling. This points to the fact that expansion govern- 
ing tends to reduce the number of engines required in an 
electric light central station; in other words, it can 
better be afforded to overload engines with expansion 
governing than engines with throttle governing, for in the 
former event the economical ill effects of the overload are 
temporary, while in the latter they are permanent. 
the whole, therefore, it can be stated that for large central 
electric light stations, when working non-condensing, 
throttling is as good as expansion governing ; but when 
condensing, governing by the cut-off has a superiority. 
An eloctric light station containing only one engine will 
evidently be worked most economically by altering the 


f | cut-off, if the engine is condensing. If the engine is non- 


condensing, the case is not so clear. A great deal depends 








Fig. 5, and it works out to 87,240 lb. Samii 
a the particular instance here chosen it will be seen 


on the boiler pressure that can be obtained ; and it will 
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be observed that the power of overloading the engine is 
not of much advantage, because in all probability the 
time of overload would last too long to be permissible, 
unless there were a peak in the load curve, as shown by 
the dotted line in Fig. 19; in which case of course expan- 
sion gear would be of use. Thus one of the factors deter- 
mining the relative merits of the two methods of govern- 
ing, as applied to this particular kind of work, is the 
shape of the load curve; but as it is impossible to know 
beforehand what the shape will be, it is best in practice 
to arrange the engine with expansion gear, because this 
will meet all cases, whereas throttle gear will not. In 
electric light stations of medium magnitude, containing 
say three or four engines, throttle governing will give as 
good results as expansion governing if working non- 
=e if condensing, expansion governing will be 
est. 

Dynamo Engines for Transmission of Power.—Many 
different cases occur, —— on the number of motors 
and on the kind of work to be done; and the differences 
will be expressed by the shape of the load curve. 
When there are many small motors, which are not fre- 
quently started and stopped, changes in load will take 
place gradually ; the load curve will be fairly regular, 
and in shape not unlike that for electric light stations ; 
evidently then the same remarks apply. 

A somewhat unusual case and difficult to deal with is 
that of a single shunt motor driven by a single shunt 
dynamo, the latter in its turn driven by a single engine. 

e first difficulty is met with on starting the motor, 
especially if it has to start with even a small load on it. 
The torque or turning moment required for starting is 
great; and if the engine is governed by the throttle, the 
maximum torque which the engine can give out is reached 
sooner than if the engine is governed by the cut-off; be- 
cause the latter allows of momentary excessive overload. 
The second difficulty occurs whilst the machinery is run- 
ning, should the load fluctuate considerably in the neigh- 
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bourhood of the full load. If the engine is governed by 
the throttle, directly the full load is overstepped the speed 
of the engine must drop; the available horse-power will 
thus be diminished, and if the load remains only for a short 
time above the full load, it most inevitably pull uptheengine; 
or rather it would do so, were it not that the fuzes in the 
circuit would blow, owing to the abnormal increase in the 
current due to the reduction of counter electromotive 
force in the motor. If, on the other hand, the engine is 
governed by the cut-off, the overload on the motor will 
be met by an overload on the engine, and the difficulty 
will disappear. This is evidently a case where expansion 
governing is far preferable to throttling, and in fact may 
be said to be necessary; although throttle governing 
could be made to answer, by fixing the cut-off late 
enough ; but then the economy of working would be 
greatly reduced. : 

Electric Tramways and Railways.—The most important 
case, however, is that of electric tramways and railways 
A glance at the typical load-curves illustrated in Figs. 20, 
21, and 22 will show that the machinery cannot be worked 
like that of an electric light station; that in fact all the 
engines, except the spare ones standing in reserve, must 
be kept running; and that they are alternately fully 
loaded and lightly loaded at short intervals of time. The 
power of being able to overload the engines for a short 
time, as can be done with expansion governing, is here of 
the utmost importance, especially from the economical 
point of view ; and there is the incidental advantage as 
previously explained, that expansion gear responds more 
readily to sudden changes of load. This being so im- 
portant a case, it may be well to illustrate it by a nume- 
rical example. Figs. 20, 21, and 22 are typical load-curves 
for 10 minutes on an electric railway; and it will be 
noticed that in each of the three figures a peak of the 
same height is shown at A, so that the same number of 
engines have to be worked in each instance. It is pro- 
posed to calculate the water required to be evaporated for 
the engines during each 10 minutes under the following 
five different conditions : (1) the engines are governed by 
the throttle valve with the cut-off arranged for 35 lb. 
mean pressure, when the full available pressure is used ; 
(2) the engines are governed by the throttle valve with 
the cut-off arranged for 45 lb. mean pressure, when the full 
available pressure is used ; (3) the engines are governed by 
the throttle valve with the cut-off arranged for 50 lb. mean 
pressure, when the full available pressure is used ; (4) the 
engines are governed by the cut-off ; (5) the engines are 
governed by the cut-off from 20 lb. mean pressure up- 
wards, and by the throttle valve from the same mean 
pressure downwards. 

In Fig. 20 there are three peaks of nearly the same 
height as A, and the engines are comparatively well 
loaded during the whole 10 minutes. In Fig. 21 the other 
peaks are of medium height; and this figure represents a 
medium load on the engines. Lastly, Fig. 22 denotes 
only a light load on the engines. It will be supposed that 
a engine is capable of developing 980 indicated horse- 
power at 35 lb. mean pressure, 1260 indicated horse-power 
at 45 lb., and 1400 indicated horse-power at 50 lb. mean 
pressure ; further that the engines are condensing, and 
that the full available pressure is 150 lb. absolute: it will 
then be possible to use the consumption curve given in 
Vig. 5, which has been reproduced in Fig. 23. 

In the first case—throttle-governing with the cut-off 
arranged for a maximum of 35 Ib. mean pressure—it is 
necessary, as shown in Fig. 20, to keep six engines 
running ; and since they are working with constant cut- 
off, the consumption at all loads will be represented by a 
straight line, and, therefore, the total actual consumption 
will be the same as if the engines were working under 
a constant load equal to the average load.* For the 10 
minutes under consideration the average load is found 
to be 3116 indicated horse-power; hence the average 
mean pressure is 35 x 3116 + (6 x 980) = 18.55 lb. per 
square inch. Referring to Fig. 23, it will be seen that the 
water consumption of the standard consumption engine 
at this mean pressure is 312 Ib. per hour; hence the total 
consumption for the 10 minutes is (312 + 6) x 6x 980 + 
35 = 8740 lb. The water consumption for Figs. 21 and 22 
can be found in exactly the same way ; and the result is 
given in Table I. 

In the second case—throttle governing with the cut-off 
arranged for 45 lb. mean pressure—it is found that this in- 
crease in the available power of each engine allows of 
stopping one engine, keepirg only five running. The 
consumption of each engine .s now represented by the 
Willans line Wo, and is greater than in the first case; 
nevertheless the total consumption is less than in the 
firat cast, as shown in Table I. on this page. 

In the third case—throttle-governing with the cut-off 
arranged fora maximum of 50 lb. mean pressure—only 
four engines are required, because they can now develop 
for short periods a sufficient power; but as the cut-off 
must be later, the consumption at all loads will be greater, 
as shown by the Willans line marked W, in Fig. 23. The 
average indicated horse-power, however, is smaller, be- 
cause the losses in thedynamo and engine of the fifth and 
sixth set are saved. The average thus becomes 2783 indi- 
cated horse-power ; and the total water consumption for 
the 10 minutes comes out to 8250 Ib. for Fig. 20. 

In the fourth case—expansion governing—the consump- 
tion for the short period heavy load will evidently be the 
same as in the third case, as seen from Fig. 5; but owing 
to the cut-off being altered, considerable economy is ob- 
tained at the lighter loads, at which the engines do most 


* This result follows at once from the Willans straight- 
line law ; and, moreover, the author obtained an experi- 
mental proof, as mentioned in his remarks upon Dr. Ed- 
ward Hopkinson’s paper on the City and South London 
Electric Railway (Proceedings Inst. C.E., 1893, vol. exii., 
page 263). 
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* The figures in these columns are the percentage increase 


of their work. The total water cannot in this case be ob- 
tained from the average mean pressure, because the con- 
sumption line is no longer a straight line, but bas to be 
ascertained from the consumption for each element of the 
load. The result is 7220 lb. for the 10 minutes for Fig 20, 
as given in Table I. 

In the fifth case—combined expansion governing and 
throttling—the consumption is given by the constant- 
pressure water-consumption curve down to 20 lb. mean 

ressure ; and for lighter loads by the Willans line marked 
W, in Fig. 23. The calculations are similar to those 
in the previous cases, and the results are given in 
Table I. 

A comparison of all the results obtained, Table I., shows 
that the fifth arrangement is the best for all three typical 
load-curves. On the mere question of economy of water 
evaporated it will be maleel that there is perhaps not so 
much difference between the first three arrangements as 
might be expected. The third arrangement has, how- 
ever, the = advantage that only four engines are re- 
quired. he advantages of expansion governing are 
striking ; a considerable saving in feed water is effected, 
and two engines less are needed than in the first arrarge- 
ment. In fact, this is just the case where expansion 
governing might almost be said to be a necessity. 

Mill Engines.—Generally speaking, a single engine 
only has to be considered in mills; and the load may 
either be almost unchanging, or changing slowly through 
considerable ranges, or changing rapidly, or even sud- 
denly. Although an absolutely unchanging load is never 
met with in millwork, yet in cotton mills the greatest 
ordinary daily change probably does not exceed 10 or 12 
per cent., and in flax mills 25 per cent. 

The case where the load does not change more than about 
12 per cent. will now be considered. If it were possible 
to maintain a constant steam pressure at the engine, then 
the cut-off in the high-pressure cylinder could be so fixed 
that the engine would develop at this pressure the maxi- 
mum indicated horse-power required. Supposing, for 
instance, that the steam pressure at the engine is main- 
tained constant at 150 lb. absolute; and that the maxi- 
mum load requires 34 lb, mean pressure, so that with 
12 per cent. reduction the minimum load would be 
obtained with 30 lb. mean pressure: then the lines of 
water consumption for a compound condensing engine 
will be as shown in Fig. 24; and at 32 lb. mean pressure, 
which, for the sake of argument, may also be supposed 
to be the average load, the gain in economy, due to ex- 
pansion governing, is found by reference to Fig. 24 to be 
1.83 per cent. It is evident, however, that in practice 
the boiler pressure cannot be maintained constant, and 
that allowance ought to be made for a fall, say, of 201b.; 
and in order to meet the contingency of maximum load 
coming on with minimum boiler pressure, the cut-off 
must be made later than above arranged for. Further- 
more, if any doubt exists as to what will be the maximum 
load, an additional allowance must be made by fixing the 
cut-off still later, which will still further reduce the 
economy at all loads, as shown by the upper consumption 
line for constant cut-off in Fig. 24; and it will be noticed 
that this will be the water consumption of the engine, 
whether the boiler pressure be 150 Ib. or 130 lb., or 
any intermediate pressure. With expansion govern- 
ing, however, it is unnecessary to make any allowance for 
"uncertainty in the maximum Joad ; but the reduction of 
20 Ib. in the boiler pressure changes the consumption 
curve to the upper one in Fig. 24, and for a smaller re- 
duction of pressure the consumption will lie somewhere 
between these two extreme curves. In order accurately 
to compare the economy by the two modes of governing, 
it is necessary to know in what manner the boiler pressure 
varies. With careful stoking and regular feed, no ma- 
terial fall in the pressure ought to occur except when 
cleaning fires ; therefore the curve of average water con- 
sumption with expansion governing ought to be much 
nearer the lower curve than the upper, as shown by the 
dotted curve in Fig. 24. Thus the consumption at 321b. 
mean pressure, which is supposed to be the average load, 


is represented by A C; and it follows that in this instance 
the expansion gear improves the economy in the ratio of 
BC to AC, or 6.45 per cent. 

The case of an engine working against a load which 
changes slowly through considerable ranges is evidently 








in water consumption compared with the fifth arrangement. 


similar to that of a single electric light engine. The argu- 
ments already adduced therefore hold good ; and conse- 
quently expansion governing is the best. 

For a suddenly changing load, such as that on an en- 
gine driving a cement mill or a rolling mill, expansion 
governing is best adapted, as in the case of engines for 
electric traction, and for the same reasons: amongst which 
not the least important is that expansion governing 
allows of a smaller engine being used, and there is a 
greater reserve of power to meet emergencies. 

A special case worth considering is where condensing 
engines are liable for any reason to be required to work 
non-condensing. In order to profit by condensing it is 
clear that the cut-off must be earlier than for non-con- 
densing. This could, of course, be met by having hand 
expansion gear witb throttle governing ; but it is best to 
govern by automatic expansion gear. 





Pic In GERMANY.—The production of pig in Germany 
in December amounted to 498,233 tons, viz., refining and 
spiegel pig, 146,217 tons; Bessemer pig, 38,145 tons; 

homas pig, 239,289 tons; and casting pig, 74,632 tons. 
The production of pig in Germany for the whole of last 
ag _ 5,559,322 tons, as compared with 4,953,148 tons 
In LS. 


GREAT NORTHERN RatLtway.—The engineer of the 
Great Northern Railway Company has prepared a de- 
tailed estimate of the expenditure of capital required to 
construct the new works for which Parliamentary sanc- 
tion is being sought this session. The total estimate is 
1,193,683/., of whieh a new railway and works at Man- 
chester are estimated to absorb 594,641/. The next 
heaviest item in the estimates is a new railway in Notting- 
ham, commencing in the parish of Sneinton by a junction 
with the Nottingham and Grantham line, and terminating 
in the parish of St. Mary by a junction with the Man- 
chester, Sheffield, and Lincolnshire Company’s new line 
to London. The total cost of this railway is estimated at 
253,320/., in which the acquisition of the necessary lands 
and buildings figures for 140,670. The remaining items 
in this estimate, so far as regards the railway at Notting- 
ham, are as follows: Stations, 25,000/. ; viaducts, 64,000/.; 
cuttings and embankments (2500 cubic yards of each), 
1877. 10s. ; accommodation bridges, 2500/.; culverts and 
drains, 500/.; metallings of roads, 250/.; permanent way, 
4361/. 10s.; permanent way for sidings, 5610/. ; contin- 
gencies, 10,241/. In addition to this railway the estimates 
provide 46,545. for the construction of two railways in 
the parish of Basford, for the purpose of forming a junc- 
tion between the company’s Derbyshire and Stafford- 
shire Railway and the Sheffield Company’s new line at a 
point near Daybrook. 





ProposeD SEwacE Works at Gutossop.—Colonel 
Ducat, one of the inspectors of the Local Government 
Board, held an inquiry in the Town Hall, Glossop, on 
the 6th inst., on an application from the Corporation of 
Glossop for borrowing 40,000/. for purposes of sewerage 
and sewage disposal. The Town Clerk explained that 
the Council had offered prizes of 100 guineas and 50 
guineas respectively, and out of 15 competitors the first 

rize of 100 guineas was awarded to Messrs. Lomax and 

omax, C.E., of Manchester and Bolton, who had been 
retained to carry out the works. Mr. C. J. Lomax 
explained the proposed arrangement of sewerage, and 
described the outfall sewage purification works as pre- 
pared for the treatment of the sewage by the International 
process. On entering the works the sewage will receive a 
due proportion of the precipitant ferrozone by means of a 
‘**Kierby ” mixer, and will then pass to the precipitaticn 
tanks, which are of the new form of the continuous up- 
ward flow circular tank, four in number, provided with 
the Candy patent sludge removal apparatus; by means 
of this apparatus the sludge will be removed without 
interference with the continuous use of the tank. The 
effluent being delivered within a few inches of the inlet 
of the sewage, will pass direct to the filter beds arranged 
on the method of the International Water and Sewage 
Purification Company, Limited. After hearing the 
evidence, there being no opposition, the inspector visited 
the site and promised duly to report. 
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AGRICULTURAL APPLIANCES. 


5900. J. Thornton, Ordsall Iron Works, Notts, 
and C. W. Bower, South Wingfield, Derby. Appa- 
ratus for Steaming Wheat. [1 Fig.) March 21, 1894.— 
This invention relates to apparatus for steaming wheat and other 
grain, so constructed that the steam effects the heating and also 
damping of the grain immediately before it reaches the breaking 
rolls. For this pu , in the shoot B by which the grain descends 
to the rolls, there is placed a chamber D which tapers down to an 
outlet F for water of condensation at its bottom, and is shaped at 
the top like an overhanging roof. There is also provided a taper- 
ing chamber E into which steam is admitted bya pipe G furnished 
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witha suitable regulating valve. From this space steam issues by 
holes or passages I under the projecting eaves of the roof into the 
descending grain. Steam is also admitted by passages H into 
the roof D over which the grain passes. Such water as the steam 
carries with it or as results from condensation in the chamber is 
separated from it and flows away at the bottom ; only dry steam 
entering the grain, which is heated in descending over the roof of 
the steam chamber. It is advisable to check the descent of the 
grain by suitable valves, so asto maintain it as long as possible in 
contact with the steam-heated surfaces. (Accepted January 30, 
1895). 


ELECTRICAL APPARATUS, 


5647. A. Schneller, Leyden, and W. J. Wisse, 
Haarlem, Holland. Manufacture of Secondary Coils 
for Transformers. [2 Figs.) March 17, 1894.—This invention 
has reference to improvements in the manufacture of secondary 
coils for transformers designed to transform electric currents of 
low tension into electric currents of high tension, for example, 
30,000 volts and upwards, for which purpose it is requisite that 
the insulation at all parts of the coil should be compact or dense, 
that is to say, without interstices, and perfectly dry. The secondary 
ring or coil is constructed as follows: Copper wire @ covered with 
four layers of insulating material b (silk, cotton, or tape applied 
to the wire in the ordinary manner) is wound helically in such a 
manner as to produce a ring or coil preferably of rectangular 
form in cross-section. Between the several adjacent layers 


passed through the primary coil of the transformer, whereby the 
secondary coil effects the conversion of the main current into a 
secondary current of high tension. By this means the coil is 
heated, and the wax remelted, the coil being left in operation until 
the last trace of moisture has beenremoved. When the coil is no 
longer warm, due to the gradual filling up of the interstices in the 
coil with wax, and to the removal of moisture, it is given a coat of 
eos’ and then a coat of shellac varnish. (Accepted January 30, 


5913. J.S. Raworth, London. Alternating Cur- 
rent Generators. (3 Figs.) March 21, 1894.— This invention 
has refcrence to improvements in the construction of the coils or 
bobbins of armatures of the disc or annular type used in alter- 
nating current generators. In such coils or bobbins the core is 
usually made of non-conducting and non-magnetic material, such 
as slate, and the conductor is of copper wire or ribbon, separated 
and insulated with silk or cotton tape. The principal defect of 
all such coils or bobbins, as‘at present constructed, is that they 
are deficient in strength, the copper wire or ribbon being too fine 
to resist ided the circumf tial strains to which it is un- 
avoidably subjected. According to the present invention the con- 
ductor of which each coil or bobbin is composed is supported by 
tightly-bound ligaments or bands of hemp or linen cord or metal 
wire, threaded through holes in the core and embracing the 
several turns of the conductor on each side of the coil or bobbin. 
The cord or wire does not bear directly on the conductor but upon 
an insulating backing piece which isrecessed at intervals to receive 
the bindings. These turns of the conductor are also further pro- 
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tected, stiffened, and insulated by an insulating armour intro- 
duced between the conductor and the aforesaid bindings, and 
which may be constructed of insulating material, such as mica- 
cloth or varnished paper. To render the binding process effective 
for supporting the turns of the conductor, each coil or bobbin 
before and during the process of winding should be’held tight in 
a clamping frame of sufficient strength to exert a pressure upon 
the conductor, in excess of that to which it could be subjected | by 
the mechanical strains which will be generated in the alternator 
for which the coil is intended. A is the slate core, and Aland 
A2 are the bolt holes therein for attaching the bobbins to the 
armature ring ; A3, A6, &c., are slotted holes in the slate for ad- 
mitting the cord or wire bindings B; C! and C2 represent the 
insulating stiffening piece, which is arranged to surround the 
conductor D, and is provided with recesses C3, C6, &c., for retain- 
ing the bindings B in place at the sides of the coil. Theinsulating 
armour is shown at El and EK? ; it projects across the joint line 
between the conductor and the slate which is shown dotted. 
(Accepted January 30, 1895). 


PUMPS. 


2622. A. Horne and J. B. Furneaux, Gateshead- 
on-Tyne, Durham. Heating Feed Water, &c. [3 Figs.) 
February 6, 1894.—This invention has reference to an improved 
method of, and apparatus for, heating feed water, and supplying 
the same to steam boilers, and to means for removing oil and air 
from such water. lis a vessel having a water inlet 2 at the top 
and a water outlet 3 at the bottom, and fitted with a number of 











of wire a, thin layers c of insulating material such as paper, 
cotton, &c., are inserted during the winding, and at greater 
distances apart there are inserted thicker layers cl of paper, 
cotton, &., so that the layers of wire are completely sepa- 
rated one from the other. The several layers of wire and 
insulating material c, cl composing the coil are fastened securely 
together by binding cords d passed several times transversely 
through the coil. The coil thus formed is then boiled in wax, or 
other waxy or resinous insulating substance that is capable of 
being readily converted into a liquid or semi-liquid state by heat, 
but is solid at ordinary temperatures, for 12 hours, after which it 
is dried by pressure. The coil is then put into position for use as 
a secondary coil in a transformer, and an electric current of the 
same strength as that intended to be finally used in practice, is 











vertical tubes 4 carried by a tube-plate 5 held by a bottom 6 which 
is provided with an inlet 7 for steam and an outlet 8 for water of con- 
densation, and which forms with the tube-plate a steam chamber 9. 
The lower ends of the tubes are in communication with this steam 
chamber, and their upper ends are formed with exit openings for 
steam. The water inlet passage 2 is connected with a supply pump, 
and its inner end is placed in communication with the interior of 


of the adhesion wheels B; the other drives a proportional 
wheel on the axle of the rack pinion C. The wheels B and B! are 


the feed-water heater through a passage 10 controlled by a spring 
valve 11, so that the feed water, supplied under pressure, will be 
caused to enter the heater in the form of spray. To aid the 
breaking up of the entering water, baffles, such as the hollow 
truncated cone 16, may be provided against which the entering 
water will impinge. Within the heater is a hollow float 17 con- 
nected by lever arms 18 to spindles 19, one of which has connected 
to it an external lever 20 provided with a weight 21 adapted to 
balance the float when the same is about half filled with water. 
The external lever is connected by a rod 22 with a valve 24 for 
controlling the supply of motive fluid through a pipe 25 to asteam 
pump 25a by which the water can be drawn from the heater 
through the outlet 3 and forced into a boiler. To remove oil 
from the water within the heater, there is fixed to the float 17, 
at its flotation line, a perforated tube 32 which is connected by 
a telescopic joint 33 toa pipe 34. The arrangement is such that 
the perforated tube 32 will rise and fall automatically with the 
float, and will be kept constantly at the water level, so that oil 
rising to the surface of the water can be blown off, together with 
some of the water, into a receptacle 37, wherein the two can be 
allowed to separate, and be subsequently drawn off through the 
separate outlets 39 and 40. (Accepted January 80, 1895). 


4151. P. Dunlop, London. Steam and Vapour 
Condensers, [5 Figs.) February 27, 1894.—The action of the 
improved jet condenser is as follows: The pulsometer D being 
charged with water from the hotwellC, and steam admitted by 
pipe S, the water is forced out of the pulsometer through the dis- 
charge valve O and passage R into chamber B, and out through 
the foot valve M into the chamber C from which the condensed 
water may be taken for use. When the steam in the pulsometer 
D enters the p instantaneous condensation takes place, 
forming a vacuum in the pulsometer D, the non-return valve P 
opens and allows a vacuum to be formed in the chamber B, and 
the foot valve M is keptclosed by the atmospheric pressure in 
chamber C. The valve J between the upper chamber A and under 
chamber B opens and allows the contents of the chamber A to pass 
through into the chamber B. At the same time thesuction valve 
N of the pulsometer has opened and filled the pulsometer D with 
water against which the non-return valve P closes and prevents 
the water entering into chamber B whilst the pulsometer is 





Fig. 1.% 


H)\) Fe 














| 
| 
| 
| 


a 

















making its suction stroke. The pulsometer being filled with water 
and air, the steam is again admitted, and the water and air is now 
forced out of the pulsometer through its discharge valve O and 
opening R into the lower chamber B, closing valve J and valve L', 
opening the foot valve M and discharging the contents of chamber 
B into the hotwell. The chambers A and B are exhausted by the 
pulsometer D on starting and so causing the water of condensation 
to enter by valve F and pipe E, the exhaust steam being condensed 
on entering through branch H, and so on continuously. Fig. 2 
represents the improved condensing apparatus as applied to sur- 
face condensers. The condensing water entering by pipe E passes 
through the perforated plate V, and is spread over the tube surface 
of the condenser. The steam to be condensed enters by branch 
H and passes through the tubes W, in which it is condensed by 
the water outside the tubes. The products of condensation flow 
out of the tubes into chamber X, where they can be drawn off at 
branch Y, the air passing by pipe L and non-return valve L' to 
chamber B. (Accepted January 23, 1895). 


RAILWAYS AND TRAMWAYS. 


3109. J. Imray, London, (Ff. Rinecker, Wurzburg, Ger- 
many.) Electric Locomotive for Combined Adhe- 
sion and Rack Traction. [3 Figs.] February 13, 1894.— 
In the arrangement shown in Fig. 1, a single electromotor A 
drives by chain gear the axle of one of the pairs of adhesion 
wheels B, B1, and also one of the axles of the rack pinions CO, 0}. 
For this purpose a — of sprocket wheels are provided on the 
armature shaft of the motor A with suitable clutches, preferably 
friction clutches, by which either or both of the sprocket wheels 
can be engaged with or disengaged from the shaft. One of these 
sprocket wheels drives by a chain a sprocket wheel on the axle 
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preferably connected by external cranks and side rods; the two 
pivions C, C! may also be connected by cranks and connecting-rods, 
or by an intermediate pinion. In the arrangement shown in Fig. 2, 
one electric motor A is arranged to drive directly the pair of adhe- 
sion wheels B which may be connected with the other pairs B1, B2 
by cranks and side rods ; and their motor or pair of motors on the 
shaft A' is arranged to drive directly a pinion D intermediate to 
the two rack pinions C, C'!. In the arrangement shown in Fig. 8, 





one electric motor A has on its armature shaft cranks coupled 
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by side rods to cranks on the adhesion wheels B, B', B?. Another 
electric motor A! has cranks coupled by connecting-rods to 
cranks on the axles of the two rack pinions C, C1, there being in each 
case for each pinion, as also for each pair of adhesion wheels, a 
crank on the one side of the vehicle, and a crank at right angles 
to it on the other side of the vehicle, with corresponding pairs of 
cranks on the armature shafts of the motors. In this case the 
motors are so arranged that their field magnets bave a yoke Y 
common to both. (Accepted January 23, 1895). 


STEAM ENGINES, “ores EVAPORATORS, 
Cc. 


1230. G. W. S. Lennox, London. Steam Boilers. 
{1 Fig.] January 19, 1894.—A is the boiler, B the firebox, C the 
ashpit. a are water tubes passing transversely across the flames 
from the firebox. The automatic regulation of steam pressure is 
effected as follows: G is a pipe open to the boiJer below the water 
level, and extending outside the boiler to the valve casing gy, which 
embraces the feed-water supply pipe F. This valve casing con- 
tains valves g! communicating with the pipe F, and a valve g? 
communicating with the outside by the aperture 9°. These 
valvesare all on the same spindle, and have an adjustable spring 
to hold them on their seats. Should the steam pressure in the 
boiler become too great, water under pressure will press on the 
underside of the valve g?, and overcoming the spring, raise 
the valve from its seat, thereby permitting an escape of the water 
through the aperture g®. At the same time, the valves g', which 
normally balance one another, are raised by the lifting of the 
valve g?, and let water at boiler pressure into the coil f, driving 














the water contained therein, at a lower temperature, into the 
boiler by the pipe f'. This has the effect of at once lowering the 
steam pressure in the boiler, and the parts consequently resume 
their normal condition. The supply of water to the coil f is 
derived from a feed pump not shown, actuated in the following 
manner: Within the boiler A is a float D, attached to the end of 
a valve-rod d. ¢, e are valves carried by the rod d, which valves 
work in seats in the pipe E, above the water level, leading to the 
water feed pump, not shown. The float D rests on the surface of 
the water, and, when the level is normal, the valves e remain 
closed. Any depression of the water level, however, causes the 
float D to descend, and to open the valves ¢, thereby admitting 
steam to the pipe E to work the feed pump. The pump delivers 
its water supply by the pipe F, provided with a ball valve f? to 
stop back flow through the coil f, which always contains water, 
and the pipe f! to the boiler below the water level, thereby 
supplying the deficiency of water, and closing the valves e, by 
lifting the float D and stopping the feed. I is an ordinary steam 
safety valve, and J is a water safety escape device. (Accepted 
Janwary 23, 1895). 

3171. G. Culpan, Rawtenstall, Lancs. Steam 
Traps. [5 Figs.) February 14, 1894.—The improved steam 
trap comprises a cistern a, containing a hollow float 6 at- 
tached to a hollow lever c, extended at right angles in the 
form of a tube i into a valve chamber d, and supported so 
as to be free to revolve as the float } is raised or lowered. 
A port e is provided in that part of the tube which is inside 
the valve chamber and between the bearings for the passage 
of water from the valve chamber. A valve / is supported in a 
guide, and one side of the port e, coming in contact with the 
valve as the float is raised, forces it against itsseating. The float 
gradually fills through a hole in the bottom and sinks to the 
bottom of the cistern, turning the tube i on its axis and causing 
the side of the port e to leave the valve, which is at once forced 
from its seating by the pressure of the water entering the trap. 














The water then passes into the valve chamber and through the 
port ¢ into the tube ¢ and along the hollow arm c into the float, 
and by means of a dip pipe escapes through the top of the float 
into the cistern and runs away through outlet k. When all the 
water has been discharged, the steam follows along through the 
valve chamber and hollow lever to the float and forces the water 
contained in the float up the dip pipe and through slots in the 
top of the dip pipe an immediately underneath the concave 
shield J and outside the float. Partly by this means and partly 
through the hole in the bottom of the float all the water is ex- 
pelled from the float, which thereupon recovers its buoyancy and 
rising to the surface of the water in the cistern forces the valve to 


lowest position, so that apy air finds a means of escape into the 
cistern and through the outlet k without passing through the 
float, thus allowing the water to be properly discharged. When 
this is done, steam finds access to the float and forces the water 
therefrom ; the float recovers its buoyancy and rising in the water, 
closes the air port g, and prevents any waste of steam. (Accepted 
January 30, 1895). 


5464. A. E. Seaton, Hull. Steam Generators. 
(6 Figs.) March 15, 1894.—This invention relates to water-tube 
boilers. A central chamber a of a cylindrical or other convenient 
form is connected by tubes b, b (by preference straight tubes), to 
two water chambers c, c placed below, and also connected by tubes 
bl, b1 to two steam chambers d, d placed above. The water 
chambers ¢c, ¢ are placed far enough apart to admit of a firegrate 
e of sufficient size being placed between them. The steam cham- 
bers d, d are placed far enough apart to admit of the hot gases 
and products of combustion passing between them to the — 
orchimney f. The tubes connecting the central chamber with the 
water chambers are inclined inwards at their upper ends, at 
each side, and over the firegrate. The bottom of the central 
chamber pies a position i diately above the centre of the 
firegrate. The tubes connecting the central chamber with the 
steam chambers are inclined outwards at their upper ends at each 
side of the flue space or uptake, so that the heated gases from the 


























firegrate pass first between the rows of lower tubes to the right 
and left of the firegrate, then upwards, and circumferentially 
round the central chamber and between the upper rows of tubes, 
meeting in the flue space above the central chamber between the 
steam chambers and thence to the uptake or chi y, a8 indicated 
by the arrows. The steam chambers are connected together by a 





take behind the inner end of the slide and prevent movement 
thereof in an inward radial direction, but which are capable of 
being pressed out of the path of the slide by a wedge-shaped plate 
K5 that derives its motion from the said slide through a spring Ké 
placed between them, but the movement of which is capable of 
being easily arrested by a stop K7 that is brought into the path of 
the said plate at the required times by the movement of the arma- 
ture K8 of an electro-magnet K9. The stop K’ is directly con- 
nected to this armature. Upon closing the circuit of the pair of 
electro-magnets K9 corresponding to any given mandril, each 
armature K8 will be attracted 7 and held against the correspond- 
ing electro-magnet K9, and will hold the stop K7 in the path of 
the wedge device K5, so that when the cam projection D! 
on the corresponding cam wheel D comes in contact with the 
antifriction roller K*, it will force the slide K? partly inward in 
the direction of the electro-magnet K9 against the pressure of the 


Fig.7. 
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springs K? and K6, The wedge device K5 will, however, be then 
held stationary between the stop K7 and spring K6, so that its 
inclined ends, which are adapted, when moved inward, to press 
against and prevent the spring fingers K4 from stopping the slide 
K2, will be rendered inoperative. These fingers will then be free 
to hold the slide and —— further inward movement of the 
antifriction roller K*. is roller will then act as an abutment to 
the cam projection Dl and cause the mandril'C or C! to move 
radially outward from the bowl in order to permit the cam pro- 
jection to clear itself from the antifriction roller, thereby throwing 
the printing roller carried by the said mandril off the fabric being 
printed, and giving the intermittent action desired. The arrange- 
ment is such that when the pair of electro-magnets K9 corr nd- 
ing to a printing roller are not energised, the apparatus is inopera- 
tive on the cam wheels and printing roller, but is rendered opera- 
tive by the closing of the circuit of the magnets. (Accepted 





pipe or pipes g, and the steam chambers are also ted to the 
water chambers at their ends by pipes or tubes h, h to act as 
downcasts for the circulation of the water. In some cases tubes 
i, ¢ are arranged to curve inwardly, or otherwise, from each of the 
steam chambers above to the corresponding water chamber below, 
such tubes being arranged to touch throughout the greater part 
of their length so as to form a water wall to confine the heated 
gases on their passage from the lower to the upper rows of tubes. 
In some cases, in lieu of the water wall of tubes last referred to, a 
light metallic casing lined with refractory and non-conducting 
material is employed. (Accepted January 23, 1895). 


5804. L. I. Seymour, Erith, Kent. Steam Boilers: 
(2 Figs.) March 20, 1894.—In this arrangement the fire is pre- 
vented from acting directly on the shell a by means of two arches 
6 of firebrick which are somewhat longer than the length of the 
boiler. In place of two arches b, a single arch or a partition may 
be employed which will serve to prevent the fire acting directly 
on the bottom of the shell, and the boiler may be carried directly 
by the arch, arches, or partition, or be carried by thelugsc. The 
arch, arches, or partition b do not extend much beyond the end 
of the boiler, so that the hot gases may around the end of the 
partition and enter the tubes. Instead of at once entering the 
chimney after leaving the tubes, the hot gases may be caused to 
return through a flue formed over the top of the boiler shell or 
along its sides, or under the bottom, and enter the chimney at the 
rear end of the boiler. By this arrangement the full heating 
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effects of the hot gases from the fire are obtained, first in the 
small tubes, and next outside the shell itself. Where the shell is 
thus heated there is no danger of sediment forming to any dan- 
gerous extent, and besides this, the gases have become so far 
cooled in passing through the tubes that they cannot heat the 
shell to a dangerous point, as is the case when the shell is directly 
exposed to the hottest part of the fire. By this arrangement, as 
the upper part of the shell is exposed to the heat from the fire, 
tubes d may be used throughout the diameter of the shell as 
shown in Fig. 2, in place of leaving the upper portion of the boiler 
free from tubes asin the ordinary type, so as to form a steam 
space. In order to secure this steam space in cases where tubes 
are so used throughout the diameter of the shell, a drum e is 
attached to the top of the shell a by means of two or more 
nozzles f. (Accepted January 16, 1895). 


MISCELLANEOUS. 


2784. J. W. Hulse and J. N. Wilson, Manchester. 
Machinery for Printing trom Rollers. [12 Figs.] 
February 8, 1894.—This invention relates to intermittent roller 
printing machines, and has for object to enable any desired 
printing roller or rollers to be moved away from the main bowl 
and to be held out of action for any desired period corresponding 
to a predetermined — of length of the fabric to be printed. 
A is the main bowl round which the fabric to be printed is 
. Each of the abutments for use in connection with the 
cam wheels on the two ends of each mandril is in the form of an 
antifriction roller K* carried by a slide K2 mounted to work in a 
bracket K and acted upon by a spring K3 that serves to normally 
keep the said roller in the path of the corresponding cam projec- 
tion Dl, In connection with the slide K2 there is provided a pair 





its seating, closing the inlet and preventing waste of steam. An 
air port g is 20 arranged ag to be open when the float is at its 





of spring fingers K+ adapted, when in their normal position, to 


January 23, 1895). 


3332. R. Holt,London. Making Soldered Joints 
of Lead Pipes. [7 Figs.) February 16, 1894.—Fig. 1 shows 
the pipe joint in its simplest form, A, A’ are the pipes to be 
joined, the ends a, a! of which are tapered to enter one into the 
other, and B is a tinned metal ring which is arranged over and 
concentric with the pipe ends so as to form therewith a space to 
receive the solderC. The ring is held in the position shown by 
the outwardly flanged back end portion a! of the pipe A! over 
which it is pushed after ——_ ends have been — in the 
usual way for soldering. e pipe ends and ring being in the 
relative positions shown, solder is poured over the top of the ring 
so as to heat it, a greased cloth being held underneath in the 
ordinary way ; the solder being caused to enter the ends of the 
ring and fill the space between the ring and pipe ends, after 
which the surplus solder is wiped off so as to leave the parts c, ¢ 
of the joint in the form shown. Fig. 2 shows aslightly modified 
arrangement in which the ring B is provided at one end witha 
series of inwardly extending projections B! adapted to fit around 
the pipe A! and assist in holding the ring B more firmly and 
correctly in position than in the arrangement shown in Fig. 1, 
the spaces between the said projections permitting of the passage 
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of the solder C into the soemependinn: end of the ring. Figs. 3 
and 4 show a further modification in which the ring B is provided 
at one end with an inwardly extending annular flange B? to assist 
in holding it in place. esses or grooves a2 are formed in the 
outer edge of the “‘ tafted back ” portion a’ of the pipe A! to per- 
mit the solder C to readily flow to the annular space between 
such portion a! and the said flange B?. The solder C is applied 
to the jointsin the manner above described. Figs. 5and6 show 
the mode of making a soldered joint between two pipes arranged 
atright angles to each other. In this case the pipe A! is perforated 
at the part where the pipe A is to be connected therewith, the 
hole being flared outward and the end of the pipe A tapered to fit 
the hole as shown. The ring B having been passed over the end 
of the pipe A, the latter is inserted in the hole in the pipe A! and 
the ring is allowed to rest upon the latter and is held concentric, 
or nearly so, with the former - the inwardly turned projections 
B! at its upper end. Solder is then poured into the ring from the 
top, some of it escaping through the openings between its lower 
end and the top of the pipe A!, where it is wiped off as shown at 
c', the upper end of the joint being wiped off as shown at c. 
(Accepted January 24, 1895). 


UNITED STATES PATENTS AND PATENT PRAOTIOE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 





street, Strand, 
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THE MAKING OF A BIOYOLE. 


Tue bicycle, which, upon its introduction less 
than 30 years ago, was a mere toy and mechanical 
curiosity, has grown to be a highly important 
means of locomotion and healthful recreation for 
a large part of the community. When the old 
wooden bicycle first came over from Paris, in the 
year 66, if our memory serve us rightly, its rigid 
wheel and hard iron tyre unfitted it for being used 
with comfort on any but the smoothest roads ; and 
in those days, when steam rollers were hardly known, 
smooth roads were scarce enough. The jolting the 
rider received in traversing an ordinary road was, 
indeed, a terrible experience, and it seemed as if 





Fic. 1. 


the bicycle would have had an even shorter term of 
existence than its prototype, the hobby-horse of our 
grandfathers. Then, by a happy stroke of genius, 
or perhaps by two happy strokes of genius, the 
wire wheel with the suspended hub, and the india- 
rubber tyre were evolved, and it was shortly 
evident the bicycle had come to stay. We are not 
aware who first invented the wire wheel and india- 
rubber tyre, but it is a fact that a well-known 
mechanical engineer, the late Mr. E. A. Cowper, 
suggested both these devices before they were 
practically introduced. He had a thought of 
patenting them, but friends he had consulted were 
of opinion that—though the improvement would 
be great—the demand for bicycles was likely to be 
so small that the return in royalties would not 
repay the Patent Office fees and the expenses of 
introducing the matter commercially, Mr. Cowper 
was ruled by his friends, and having no object for 
secresy, talked freely of the idea as a matter of 
curiosity. Whether he was the first to suggest 
these fundamental improvements in the bicycle, or 
whether other persons introduced them inde- 
pendently, we have no means of knowing. 

The bicycle, however, has not only grown into a 
most important means of recreation, but it has 


mechanics have experimented practically, upon its 
various details; patents have been taken out by 
hundreds, fortunes made. and more perhaps lost, 
health gained, necks broken, and a once important 
town in the Midlands has been rescued from what 
seemed inevitable decay, and raised to a prosperity 
greater than it ever before enjoyed, by the events 
that have sprung from the introduction of the 
uncomfortable and ridiculous ‘‘ bone-shaker ” of the 
sixties. How far wrong Mr. Cowper and his ad- 
visers were may be judged from the statement that 
about 300,000 machines are manufactured in this 
country annually, and that in the month of August 
last bicycles to the value of 73,7251. were exported. 








become a great mechanical fact. Learned profes- 
sors have discoursed oracularly, and working 


One firm alone, the Premier Cycle Company, of 


Coventry, whose important works we now propose 
describing, manufactured and sold over 20,000 
bicycles in the course of the 11 months ending 
August last. 

The remarkable manner in which bicycle riding 
has extended within the last year or two must be 
patent to all. The supersession of the old high 
bicycle by the ‘‘safety” has put this means of 
locomotion within the reach of every one, and it is 
no longer the risky exercise of old, suitable 
only for the young and athletic. All classes of 
people now ride the bicycle. On fine Saturdays 
and Sundays suburban roads are crowded, and so 
continuous is the procession in one outlying town 
in Surrey, that old ladies have complained to the 
police they are unable to cross the road to go 
to church. In the early days the late Lord Sher- 
brooke, then Mr. Robert Lowe, was the only 
individual of importance who rode a bicycle, but 
now we find the most eminent persons amongst the 
patrons of the bicycle makers. The Premier Com- 
pany, for instance, have been appointed by special 
warrant bicycle makers to the Prince of Wales, and 
have recently despatched two helical bicycles to 
Marlborough House. On the list of the firm’s 
‘* patrons” are the Princesses Maud and Victoria 
of Wales, who, we believe, both ride tricycles, the 





Empress of Russia, and more than half-a-dozen 


other Royal and Imperial Highnesses. Such high 
dignitaries as the Viceroy of India and the Gover 
nor-General of Canada, three dukes, four mar- 
quises, six earls, and many other persons of title or 
distinction have purchased machines from this one 
firm alone, whilst among the lady patrons there are 
seven members of the titled class. We mention 
these facts to show how large a factor in everyday 
life the bicycle has become even in a direction it 
would have been least expected a few years ago. 
Viewing the bicycle from another standpoint, 
we see it exercising a wide-reaching influence. Mr. 
Sampson Fox was led to consider a means of reduc- 
ing the weight of railway rolling stock by observing 
how great was the proportion of load to vehicle in 








THe Erectinc DEPARTMENT IN THE PREMIER Works, CovENTRY. 


a bicycle, and the result was the steel pressed under- 
frames and bogies for locomotives and railway car- 
riages with which our readers are familiar. The 
solid rubber tyre is now a regular thing in a han- 
som cab, and is a necessary feature in all high- 
class carriages. In order to get the best results 
with trotting sulkies, the pneumatic tyre is indis- 
pensable, and the inflated tyre seems likely to 
extend to light carriages of all descriptions ; in fact, 
manufacturers are now making extensive prepara- 
tions to meet the coming demands of the market. 
There can be little doubt that if the absurd re- 
strictions which now forbid the use of mecha- 
nical propulsion on common roads were removed, 
the bicycle would still further influence the con- 
struction of passenger vehicles. The ball bearing 
is another feature that is spreading to other 
vehicles ; and, though the idea did not originate 
with the bicycle makers, yet the perfection of con- 
struction and design which they have brought to 
bear on this mechanical detail has alone rendered 
its use possible under the stress of heavy loads. 
Steel tubular framing of excessive lightness, stamp- 
ings, or rather sheet pressings brazed to members, 
in a manner to be presently described, and many 
other features, are ohdne to the skill and enterprise 
of the bicycle maker ; in fact, just as the river 
launch was the prototype of the torpedo-boat, 
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which has, in turn, most powerfully influenced 
marine engineering, so may the bicycle lead to 
radical changes in construction and design of 
carriages, not only for pleasure, but for business 
purposes. 

There is one other influence the bicycle may have 
on the destinies of the human race, to which we 
refer with all modesty, and with much hesita- 
tion, as carrying us into unknown territory. Since 
Eve stitched fig-leaves for the first human vesture, 
the skirt has been the distinctive female garment, 
affording a curtained seclusion typical of the lesser 
activities of the (originally) shyer sex. Within the 
last 12 months women are seen on the highways of 
civilisation astride bicycles, skirtless, and un- 
ashamed: not only skirtless, but without even the 
seemly twin cylinders by which man veils the less 
swelling outline of his lowerlimbs. It is said some 
ladies in Paris have not waited—so great is their 
impatience—to acquire the art of the cyclist before 
adopting the costume, but make an imaginary 
bicycle an excuse for displayed proportions. It is 
difficult at first to realise the far-reaching effects of 
this social upheaval, behind which all former revo- 
lutions, reformations, and rebellions must take a 
secondary place. The subject is too great for 
our prosaic pages, and we turn with relief to those 
more trivial characteristics of the epoch-making 
bicycle that come within our province. 

It will be gathered from the statement already 
made respecting the output of the Premier Cycle 
Company that their works, which are the property 
of the company, and are situated at Coventry, 
form an establishment of considerable industrial 
importance. The Premier Company employ 
altogether from 1000 to 1100 men, and when 
it is added that high mechanical skill and 
ingenuity have been brought to bear upon the 
design of the various special machine tools which 
have been introduced by the firm, it will be seen 
that also, from an engineering point of view, the 
establishment is of great interest. We now pro- 
pose giving a description of what we saw during a 
visit paid to the works, when we were able, through 
the courtesy of the proprietors, to make a fairly 
complete investigation into the process of manu- 
facturing a modern bicycle, In Fig. 1, on the pre- 
ceding page, we give a view of the erecting depart- 
ment in the Premier Works. The type of bicycle 
chiefly manufactured by the firm is that known as 
the rear-driver safety, which seems by common 
consent to be the best type of machine for all- 
round purposes, possessing a combination of speed, 
simplicity, and safety which no other bicycle has 
to an equal extent. In order to assist our descrip- 
tion, we give in Fig. 2, on page 364, an illustration 
of the ‘‘ Premier Helical’’ bicycle, made for ordinary 
road-riding or touring purposes. Naturally, other 
patterns of machine are made at these works— 
such as racers, tandems, ladies’ and youths’ bicycles, 
and also tricycles—but as it is our object to describe 
the way in which bicycles are made, rather than 
the machines themselves, we need not further refer 
to them. 

It would be impossible to refer in detail to all the 
operations gone through in producing a bicycle, and 
we shall only dwell on some of the most important 
and interesting. When it is stated that in making 
one part, the back hub, there are 36 distinct machin- 
ing operations to be gone through, without taking 
into account the making of the balls or the various 
polishing and plating processes: that in a bottom 
bearing bracket there are 13 complete processes on 
the shell alone ; or in producing so simple a part as 
the crank there are 16 machining processes, it will 
be easily seen that a full account would be beyond 
the limits of our space, if not of our readers’ patience. 

The frame of a modern rear-driver safety is a 
much simpler thing to manufacture than that of the 
old high bicycle with its curved and tapering 
backbone. As will be seen by the illustration, it 
consists almost entirely of comparatively short 
straight members, arranged somewhat in a diamond 
shape, and with a strut in the middle supporting 
the saddle and the crank bracket. In the majority 
of bicycles the frame is composed of solid drawn 
tube of mild steel, and a very beautiful and light 
= of metal-work it is. The Premier Company, 


owever, were of opinion that they could improve 
on it, and, a short time ago, introduced atube made 
of a thin strip of steel rolled or twisted helically in 
the same way as a paper spill (see Fig. 3, page 364). 
Naturally, the great aim of the bicycle-maker is to 
achieve lightness, and it is astonishing to what 
lengths some will go in order to save a couple of 





pounds or so. There is reason for this, if what 
many experienced riders say be true, that weight in 
the machine itself is of far more importance than 
weight in the rider or in the load he may carry ; 
that is to say, aman can more easily carry a few 
pounds weight in the shape of luggage than add it 
to the structure of the machine. Why this should 
be it is difficult to say, but such is the verdict of 
experts. 

The department set apart for the manufacwure of 
helical tube is quite an extensive one at the Premier 
Works, and, indeed, might be described as a little 
factory in itself. The steel sheets come in from 
the makers in long rolls, the thickness being from 
.008 in. to.017in. The first operation is to cut the 
strips to length, which is done in guillotine shears. 
In order that the tube may end square when made, 
the strips are cut diagonally. They are then ready 
to be rolled round the mandril. The mandril, with 
the strip, is then taken to a set of three rolls, which 
are arranged horizontally, one being movable, and 
their axes forming a triangle. It will be evident 
that when the rolls are turned the mandril will 
also revolve—the strip and mandril naturally 
being in contact with the rolls—and in this way 
the strip is drawn in and wrapped round the man- 
dril, thus forming a tube. In order to prevent the 
strip untwisting from its own elasticity, a screw 
clamp is put on the end; but this is only a tem- 
porary expedient to enable the tube to be taken 
out of the rolls, and the mandril to be withdrawn. 
Ultimately, a stout collar is driven on the end of 
the tube, and a plug is inserted, thus holding the 
whole firm. We have thus a tube of twisted sheet, 
not of great rigidity, as the overlapping parts are 
free to slide on each other when subject to stress, 
so a brazing operation is the next step. The 
brazing spelter used is a special mixture which has 
been found by experience to be very suitable for 
the work; and here it may be said in passing 
that the bicycle-makers—at least the best of them— 
have brought the art of brazing to a high state of 
perfection. The hard solder or brazing stuff is run 
into the helical tube, a small quantity lying on the 
bottom, and it is rubbed on the outside, where 
rome adheres to the parts where the turns overlap. 
The tubes are then taken to a gas furnace, and the 
brazing is melted in, the attendant turning each 
tube and shaking it, so that the spelter will run 
well into the joints. The tube is then taken out 
of the furnace, and the plug taken from the end. 
After this, the tube is placed in powdered lime 
and allowed to cool, and, the collar being knocked 
off, is complete in its rough state. 

It might be thought that the brazing operation 
would be very incomplete, the strip being twisted 
so tightly on itself; but those accustomed to 
brazing operations know in how remarkable a 
manner the spelter will find its way between 
parts to be joined. This, no doubt, is largely 
owing to expansion whilst heating. At any rate, 
a tube, when cut apart, shows the attachment 
of overlapping parts to be perfect. Each tube is 
tested by striking it when suspended, and if it does 
not ring with a clear note it is rejected ; but we 
understand a waster from this cause is an ex- 
tremely uncommon thing. It should be stated 
that the strip is twisted at such an angle that 
there is a double thickness everywhere, and just at 
the edges there is a treble overlap. The ends of 
the tubes are next trimmed off square to exact 
length by circular shears. Great care is taken to 
keep the collars and plugs clean and of the right 
diameter, so that the tube formed may be of the 
correct size. All parts of the bicycle frame are 
made of this helical tube, excepting the handle 
bars, which are curved, and the fork sides, which 
are oval in section. These are made of plain tube. 
Up to the present 12 in. is the largest diameter 
helical tube made, and 2 in. the smallest; but it 
will be evident that larger sizes could be constructed 
if necessary. 

It will doubtless occur to our readers that a plain 
tube of homegeneous metal and uniform thickness 
of material would be stronger than one of the 
helical form. That would be true, were the material 
used in both cases the same, but, in order to make 
solid drawn tube in the ordinary way, the steel 
has to be of a very mild nature, whereas the flat 
strips used for the helical tubes are of a compara- 
tively high carbon steel, containing, indeed, sufii- 
cient as to be just below the air hardening point. 
It is said, too, that ordinary steel tube—we refer, 
of course, to the weldless variety—although, 
doubtless, a very beautiful material, is not always 











so exactly uniform in the thickness of the walls as 
the bicycle-maker would desire, and a certain 
additional margin of safety has to be allowed on 
this account. On the other hand, the flat stee] 
strips used for the helical tube can be rolled 
exactly to gauge, and, moreover, are open to com- 
plete examination. On our recent visit we saw . 
some helical tube tested against ordinary bicycle. 
frame tube, which, we understood, was the manu- 
facture of a firm of high repute. Both pieces were 
of the same external dimensions, being 18 in. long 
and lin. in diameter. The plain tube was No. 17 
B.W.G., and weighed 11} lb. The helical tube 
was made from strips 7} in. thick. Both speci- 
mens were placed upon blocks 165 in. apart in the 
clear, and a bending force applied to the centre of 
the length. Ata stress of 320 Ib. the plain tube 
deflected j in. The helical tube was tested to 
560 lb. without showing any sign of strain, and the 
stress was raised to 1118 lb. before the tube 
buckled and split. Another piece of helical tube 
of the same dimensions externally, but of lighter 
auge, was next tried, its weight being 6} lb. 
hen the load reached 320 Ib. there was no de- 
flection. When the indicator of the machine 
reached 400 lb. the stress was continued for two 
minutes, and then carried to 460 lb., when the 
needle was steady, not going back if the bending 
screw, by which the force was applied, was stopped ; 
neither at 500 lb. was there indication that any 
permanent deflection had taken place by the 
pointer going back. The test was here stopped, 
as it was not desirable to break the piece, which, 
when taken out of the machine, showed no sign 
of having been subjected to any stress. 

Tests of helical tube against plain tube have 
been made by Mr. David Kirkaldy, and as the 
subject is one of general interest, we will quote some 
of the results. Six pieces were tested, but we will 
give the results obtained with one helical piece, 
comparing it with a solid drawn piece, selecting 
these two instances because the same weight of 
material per foot run was present in both. The 
helical tube was 0.97 in. in outside diameter, and 
0.371 lb. per foot. The solid drawn tube was 
1.0 in. in diameter, and 0.371 lb. per foot. The ulti- 
mate pulling stress was reached with the helical 
tube at a total of 13,005 lb., equal to 121,542 Ib. 
to the square inch; whilst the solid drawn tube 
gave with a pull of 8403 lb., equal to 79,274 lb. per 
square inch. As might be expected, the extension 
was far less with the hard steel of the helical tube 
than with the plain tube, the percentage being 1.5 
and 18.7 respectively in 10 in. The contraction of 
area is also given, being set down at 3.7 and 37.7 
per cent. respectively for the two specimens. It 
is not, however, tensile strength so much as resist- 
ance to bending that is of value in bicycle con- 
struction, for the former is likely to be ample to 
meet any stress that may be set up in use. Bend- 
ing tests were also made by Mr. Kirkaldy, and we 
again select two that are most nearly comparable 
on the basis of weight. A piece of helical tube of 
0.97 in. diameter and 0.346 lb. per foot run was 
tried, the load being applied at the centre, between 
supports 15 in. apart. At 100 lb. the deflection 
was 0.03 in. ; at 200 Ib., 0.058 in. ; at 350 Ib., 
0.100 in. ; at 500 1b., 0.150 in. ; and at 900 Ib., 
0.44in. At 942 lb. the tube buckled and cracked. 
The total elastic stress was 750 lb. The plain tube 
was somewhat lighter than the helical specimen, 
being but 0.339 lb. per foot. When tested under 
the same conditions as to distance of supports and 
position of load, the deflection at 100 lb. was 
0.025 in. ; at 200 1b., 0.040 in. ; and at 350 lb., 
0.33 in. ; whilst the tube buckled at 360 Ib., the total 
elastic stress being reached at 2801b. A second 
specimen of plain tube weighing 0.448 lb. per f. ot 
buckled at 552 lb. This last figure may be com- 
pared with an ultimate stress of 1118 lb., at which 
another piece of helical tube of 0.416 Ib. per foot 
gave way. It will be seen, therefore, that the 
helical tube is more than twice as strong as the 
plain tube to resist bending stress. 

This plan of making strong light tubes may, as 
we have said, have a wider application than that 
of the manufacture of bicycles, and numerous in- 
stances will doubtless suggest themselves to our 
readers. A bicycle is really a marvel of lightness, 
considering the werk it does, and engineers might 
perhaps occasionally take a hint from the bicycle- 
maker and his combination of hollow steel tubes 
with parts brazed on to form junctions. 

The tubes comprising the various members of the 
frame having been made, it becomes necessary to 
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them to each other. In former times it was 
aorta make the attachments by means of malle- 
able cast junction pieces, and in cheap machines 
the practice is still followed. Ordinary forged 
stampings are an advance on this method, but the 
resent most approved practice is to form the 
Finetions by means of tees, elbows, &c., stamped 
Lous sheet steel and moulded to the required shape 
between special tools in a press. In Fig. 4, page 
364, we give a perspective view of the tee-piece as 
stamped, which connects the two arms of the steer- 
ing bar to the vertical part. Fig. 5, on the same page, 
ig an extension of the same principle. It repre- 
sents a stamping to form the bottom end of the 
bicycle head, where it joins the bottom member of 
the frame. Here a stamping is made in the same 
manner as the saddle-tee, and on to the bottom of 
this a moulded collar is shrunk. The collar, not 
being above } in. deep, can of course be stamped 
out solid from the sheet, so that there is no need for 
any brazing. This collar provides an enlargement 
of the tube forming the head, so as to accommodate 
the bottom bearing—which is a ball bearing—of 
the steering mechanism. In building up the frame 
the various members are brazed into junctions con- 
sisting of stampings similar to the two illustrated, 
but naturally shaped to the special conditions of 
each case. In this way a tubular structure is se- 
cured as strong and hardly heavier than would be 
the case supposing it possible to stamp the whole 
out of one piece. 

The crank axle bracket in the Premier bicycle is 
a very prettily designed piece of work, an illustra- 
tion of which we give in Fig. 6. This is a part of 
the machine, being much in the dust, that requires 
to be occasionally examined and cleaned or ad- 
justed, and in order to facilitate this it is carried 
in a shell, which forms a permanent part of the 
frame. A perspective view of this shell is given in 
Fig. 7, whilst Fig. 8 is a perspective view of the 
axle and bearing with chain-wheel attached, when 
withdrawn from the shell. It will be seen, by 
reference to Fig. 7, that there is a couple of clamp- 
ing screws, and, by slacking back these, the grip of 
the shell on the bearing is released, and the whole 
mechanism can.be withdrawn bodily. Fig. 6 shows 
the arrangement of bearing very well. A is the 
bracket shell, and B B are the fast cones, forming 
ball races, and held firmly in the bracket by screws. 
They are fastened to one another by the distance 
piece D. The ball races E are attached firmly to the 
crank axle, whilst the corresponding cone F on the 
other side may be adjusted by means of the nut G, 
so astotake up wear. This cone is prevented from 
rotating on the shaft by a small pin H fixed to the 
washer J, as shown. 

We have in a former issue* dealt with the sub- 
ject of ball bearings in describing the works of 
the Auto Machinery Company—an establishment 
which is affiliated to the Premier Company—and 
we need not, therefore, enter into the question 
here. It will be noticed that the three points of 
contact between the ball and the races con- 
sidered essential to a good ball bearing are present 
here. The cones forming the races are of ‘‘dia- 
mond” cast steel of the highest quality, and are 
hardened to the same degree as the balls which 
run on them. They are accurately ground on the 
outside, after being attached to the distance piece, 
and are then held in a specially designed chuck, 
which insures the internal faces being ground to 
the correct angle, and with a perfectly smooth sur- 
face. In addressing trained mechanical engineers, 
it is, of course, unnecessary to point out the im- 
portance of extreme accuracy in rubbing or rolling 
surfaces, more especially in quick-running mecha- 
nism, and it will also be evident to them that not 
only ease of propulsion, but also safety, will be 
dependent on what many would consider most 
trifling deviations from exactitude. In positions 
where the motive power is supplied by the agency 
of steam, a little extra work thrown on the motor 
may not be of great consequence, but when the 
foot-pounds must be the product of human muscle, 
the case is very different. Fortunately, the 
mechanical engineer, and more especially the 
machine tool makers, have prepared the way for 
the bicycle manufacturer, so that by the use of 
micrometer gauges, standard templates, rigid 
examination, and other methods or devices well 
known to engineers, a remarkably accurate, and 
therefore easy running, machine can be produced. 

The felloes or rims of wheels are of two kinds, 





hollow and solid. At first, all rims were solid, 
that is to say, made of one thickness of metal. 
Some years ago the hollow felloe was introduced, 
and is now fitted to all the highest grade machines. 
For the solid rim, bars of the right section, as 
delivered from the rolling mills, are cut to length, 
and gradually rolled to a circular form in a three- 
roll machine in the usual manner followed for such 
work. The ends are then filed down to form a 
scarph joint, and one rivet is put in to hold the 
ends together for the brazing operation. The 
brazing is done in a special gas and airfurnace. It 
is very necessary with the modern pneumatic tyre 
that the rims should be of exact size, otherwise the 
wire which secures the tyre cover would not fit. In 
themanufacture of hollowrims, the process generally 
followed is to take two strips of steel of suitable 
length, width, and gauge. These are rolled into 
the required sections, which vary according to the 
type of tyre to be used, and are then put through the 
bending rolls to bring them to circular form. The 
inner ring of the felloe is usually of a stouter gauge 
than the outer, as it has to take the direct pull of the 
spokes. It is generally approximately U-shaped in 
cross section, the depth of the U varying with the 
tyre used, and the strength required in the machine, 
according to its use for road or racing purposes. 
The outer section, which takes the tyre, is also 
U-shaped, but it has generally a ledge or projection 
about halfway down on either side, this projec- 
tion being to retain the wire rings which in one 
form or another are now almost universally used in 
fixing the detachable tyre. When the two portions 
of the rim have been rolled to the shape required, 
they are placed one within the other, but only touch 
at their edges, thus leaving a space between, so as to 
form the hollow tyre. The edges are next lapped 
over, and then brazed together. The joints of the 
two rims are placed at opposite points on the cir- 
cumference, and are strengthened by cover-plates 
of thin steel. 

Rims formed in this way are extremely rigid, 
strong, and light. It is said they never give way 
at the brazing, although they have been tested in 
various ways, by carts going over them, &c. The 
spelter used is always tested by brazing together 
two blocks of cast iron and knocking them apart. 
If the fracture takes place through the brazing, 
and not in the iron itself, that parcel of -spelter is 
rejected. For feeding the various brazing fur- 
naces, for enamelling and other work requiring 
gas, there is in the Premier Works an extensive 
Dowson gas plant. 

The machine tools used in these works for drilling 
spoke-holes in hubs and felloes respectively are in- 
genious pieces of mechanism which have Ho de- 
vised especially for the work. In Figs. 9 to 12, page 
364, we give illustrations of the hub-drilling ma- 
chine arranged for direct or radial spoke bicycles. 
As will be seen, there is a back driving shaft, on one 
end of which is fixed achain wheel, which through 
another chain wheel gives motion to the toothed 
wheels fixed on the camshaft. The back driving 
shaft also drives the drill spindles by means of belts 
running on the pulleys shown. The hub to be 
drilled is mounted between centres as shown in 
Fig. 11, one spindle of the two being provided 
with a carrier to hold the hub securely. The 
carrier spindle has attached to it a driving and 
holding disc (see Fig. 12), which is formed with a 
number of recesses in its rim, thus enabling it to 
be turned through a part of a revolution, when it 
is required to bring a fresh part of the hub to the 
drill, and also giving a means of holding the 
work firmly while the drilling operation proceeds. 
The step-by-step motion is given by means of a cam 
operating through a horizontal lever, shown in 
dotted lines in the lower part of the machine in 
Fig. 11. This lever is connected to another lever 
above (see Fig. 12), by means of a link, and as the 
second lever carries a pawl the dividing plate is thus 
turned. In the arrangement illustrated the forward 
motion is given by the spiral spring. The holding 
lever forsteadying the work during drilling is shown 
most plainly in Fig. 11. It is actuated by the cam, 
which disengages it from the notch in the dividing 
plate, in order that the pawl may act and the plate 
be turned. This holding lever is kept in the notch 
by aspring. The boring spindles are mounted in 
sliding headstocks (see Figs. 9 and 10), which are 
capable of movement to and fro on short beds. They 
can also be adjusted transversely so as to act on 
hubs of different widths. The necessary forward 
and backward motions of the drills for feeding and 





* See ENGINEERING, vol. lvi., page 527. 


withdrawing, and also for clearing, are given by 


means of the two cams mounted on a camehaft, and 
acting on trucks or rollers, as shown. Spiral 
springs are employed to keep the cams and trucks 
in contact. 

The machine here illustrated and described is, 
as stated, for radial spokes ; for tangent spokes, 
which are now generally used, the drill spindles 
have to be set at right angles to the position shown, 
as the holes are required in the sides of the flanges. 

(Zo be continued.) 





ELECTRIO TRACTION.—No. XI. 
By Purr Dawson. 
ELEVATED Conpuctor ConstRUCTION— 
continued. 

THE insulator (Fig. 97) is generally employed at 
the terminals of a trolley wire line, or wherever 
heavy strains are to be withstood. The terminal 
clamp (Fig. 98) is used wherever a simple loop in 
the wire is not sufficient to take the strain. The 
‘*Come Along” clamp (Fig. 99) is used when the 
trolley wire is strained up taut by means of a block 
and fall. In case of the trolley wire being broken 
by any accident, splicing tubes are used to join 
it again. Fig. 100 shows such an appliance. It 
consists of two sleeves with recesses in each screw- 
ing on to a central piece. The two sleeves are first 
passed over the broken endsof the wire, and a special 
threaded plug, fitting the recess in the sleeve, is 
screwed on to each end. The centre piece being 
then screwed upon the sleeves, the whole is held 
firmly together. Other tubes are made in one 
piece, with a slightly expanded central chamber, 
in which the broken ends of the trolley wire are 
clamped by the aid of dogs, wedges, and solder 
(Fig. 101). The essential feature of a good splicing 
tube, beyond its affording a sure fastening readily 
and quickly applied, is that it shall as little as 
possible increase the diameter of the wire, or inter- 
fere with the even under-surface upon which the 
trolley wheel runs. 

If a line exceeds three or four miles in length, 
feeders become necessary. Ina short line with few 
cars running, the trolley wire usually suftices to 
carry the current (Fig. 102), and it would only be 
required to connect the overhead conductor to the 
“pent terminal of the generator, the negative 

eing connected to the rails. If the line be not too 
long, one or two feeder connections suffice, especially 
on a suburban road. Fig. 103 isa diagram of such 
an arrangement. In this case the line is shown 
divided up into only two insulated sections, and in 
case of anything happening to one section, it could 
be entirely isolated by cutting out the feeder at the 
power-house. Where the overhead line must be 
much more frequently subdivided, as in city streets, 
Fig. 104, sectional insulators are generally inserted 
every quarter of a mileorless. It then becomes too 
costly to have a separate feeder for each section, 
and pole switches are inserted wherever the feeder 
is connected to the trolley wire, so that each 
section can be cut out by opening the pole switches 
(Fig. 105). 

Lightning arresters and fuses are alse generally 
contained in the box containing the switch. Fig. 
104 also shows return feeders, which have to be 
put in when the current-carrying capacity of the 
rails is overtaxed. Nothing explicit need be said 
of laying underground feeders, as there is practi- 
cally no difference between these and underground 
electriclight mains. The only essential is that they 
be well insulated and protected, as one of the cir- 
cuits is already to earth. From bad feeder insula- 
tion, very appreciable losses may result. As it is 
known where feeders are going to be tapped, the 
practice of using armoured cables laid directly in 
the ground is good. The General Electric Com- 
pany employs a good type of feeder system for 
underground work. 

In America, until quite recently, with few excep- 
tions, all feeders have been overhead, and consist 
of solid or rope-stranded copper wires, insulated 
with two or three layers of braiding, saturated with 
waterproof compound, and hung from specially 
shaped insulators, of which several styles are 
employed. The best has a metallic yoke into which 
the feeder cable is iaid and firmly held by a screw 
cap (Fig. 106). This greatly economises labour in 
the erection of an aerial feed wire. 

A few words may be said as to how the feeder 
sections may be determined so as to prevent the 
loss in potential exceeding, say, 10 per cent. under 
ordinary conditions. A plan is laid out showing 





the position of the various lines, the power-house, 
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THE MAKING OF A 


(For Description, see Page 361.) 
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and the section insulators. The service, number 
of cars, headway, speed, gradients, weight, and 
position of power-house being known, the cars are 
distributed over the various lines and in places 
which would require most power. From experience, 
the efficiency of motors and gearing is known, so 
that the calculated horse-power at the axle of each 
car can be transformed into amperes. If there are 
no stiff grades, an allowance of from 15 to 25 
amperes per motor car according to size, average 
speed, and whether trailers are used or not, isa 
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ELECTRIC TRACTION: OVERHEAD CONNECTIONS. 
(For Description, see Page 363.) 
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safe figure in calculating feeders at a pressure of 500 
volts. 

A large street railway system would be divided 
up into separate districts, each one fed by one or 
more special main feeders from the power-house. 
Each main feeder should be brought to the elec- 
trical centre of gravity of the district it supplies, 
and then branch off in either direction. This 
secures the best division. The power station itself 
should, from the electrical efficiency standpoint, be 
as near as possible at the electrical centre of gravity 
of the otal system. Of course this cannot be done 
in most cases, the location of the generating station 
being determined by other considerations, such as 
cost of land, transportation of fuel, presence of feed 
and condensing water, &c. Where aerial feeders 
have to be joined together, splicers, such as the 
one shown in Fig. 107, are employed. This can 
be used as a permanent or temporary connector. 
The halves of the splicer are placed over the abut- 
ting ends of the bare wire. The nut is then 
rcrewed on the tapered end of the splicer, which 
is slightly corrugated on the inside, thus securely 
clamping the wire. If a permanent splice is desired, 
solder can be poured through a slot provided for 
this purpose. A joint made in this way is but a 
trifle larger than the wire, and is of low resistance 
and great strength. Where guard wires are used 
to protect the trolley wire from being short-cir- 
cuited by broken and fallen telegraph or telephone 
wires, they are insulated by small porcelain insu- 
lators (Figs. 108 to 110). The utility of guard 
wires is extremely doubtful, and although formerly 
used universally, many lines have discarded them. 
On the Continent a strip of wood is often attached 
to the upper side of the trolley wire whenever any 
danger from falling telegraph or telephone wires is 
apprehended. 

So far as appearances are concerned, guard wires 
are very detrimental, as they more than double 
the amount of aerial line material. They are, of 
course, entirely useless wherever the telephone 
and telegraph service employs underground con- 
ductors. 

As already said, a trolley line in a city or town 
should be divided into quarter-mile, half-mile, or 
mile lengths, insulated from each other, and fed 
by separate sets of feeders. Every such «section 
should be supplied with a lightning arrester, 
choking coil and switch, all this apparatus being 
contained in a locked iron box fixed to one of the 
poles, and opened by a key carried by the em- 
ployés of the company. Fig. 111 shows such an 
arrangement, with overhead and underground 
feeders. 

The ‘‘ Ajax ” arrester is much in use in America, 
and is of very ingenious construction. It consists 
of a series of fuses, such as are shown in Fig. 113. 

The fuse consists of two pieces of No. 26 brass 
wire, each 3 in. long, having a single silk insula- 
tion, and laid side by side for about 1 in., as do con- 
secutive coils inan armature. This 1-in. lap of the 
wires offers abundant surface for the discharge gap, 
which is formed by the two thicknesses of silk, and 
amounts to little more than 0.002 in. Small pellets 
of a highly insulating wax secure these wires in 
the above position, and a small glass tube is her- 
metically sealed over this part of the fuse, to keep 
the dischargers clean and dry until used. The 
extreme sensitiveness of this part of the apparatus 
is made possible by its being called upon to act but 
once. The soft rubber plugs serve to hold the 
fuse in the corrugated cover of the arrester, and the 
bare ends of the wires project through the cover, 
ready to be brought into contact with the line and 
ground terminals. Into the back of the case con- 
taining the fuses, two strips of metal are fixed, one 
a plain flat strip to which one end of each fuse is 
connected, the other a U-shaped strip into which 
the remaining end of the fuse projects, contacts 
being made between it and the (J-shaped strip by 
means of a carbon ball resting on the projecting 
end of the fuse. When the arrester is assem- 
bled and in position, only the top fuse is in 
parallel on the circuit ready for action. The static 
discharge will short-circuit the line through the 
fuse, which is at once utterly destroyed, allowing 
the carbon ball to drop, and putting the second 
fuse in circuit. This type of arrester has proved 
successful on lines up to 1000 volts. 

Pole boxes are cast iron, asbestos-lined, and so 
constructed as to exclude rain. Figs. 112 and 114 
show the more general form of pole arrester. In 
this the choke coil is contained in the arrester box ; 
but it may be made by turning the insulated span 





wire on itself a sufficient number of times to make 
the choke coil, thus making a cheaper construction 
and a smaller pole box, as shown in Fig. 111. 





THAMES BRIDGES.—No. VII. 
12.—VavuxHALL BRIDGE. 


Ir is stated that four architects were employed 
in the design of Vauxhall Bridge, and this has 
been advanced as a reason to account for the very 
unsatisfactory result, although enthusiasts are to 
be found who claim a pre-eminent place among the 
bridges across the Thames for the architectural 
beauties of the structure at Vauxhall. The bridge 
was five years under construction; it was com- 
menced on May 9, 1811, when Prince Charles, the 
eldest son of the Duke of Brunswick, laid the 
foundation stone. This statement is made on the 
authority of Haydn’s ‘‘ Dictionary of Dates ;” it 
does not, however, agree with other authorities, 
which ascribe the function to Lord Dundas—acting 
as a deputy for the Prince of Wales. Probably 
this latter statement is correct, and the ceremovy 
at which Prince Charles of Brunswick presided 
was the laying of the foundation stone of the 
abutment on the Surrey side of the river in 
September, 1813. Two Acts of Parliament were 
passed sanctioning the construction, the first in 
1809, the second three years later, and after the 
bridge had been commenced. The Acts were 
obtained at the instance of a public company called 
the ‘* Vauxhall Bridge Company,” and comprised 
not only the construction of the bridge, but of 
extensive approaches, the most important of which 
was the Vauxhall Bridge-road, that constituted a 
broad thoroughfare to Hyde Park Corner, and thus 
established an unbroken line of communication 
from that place to Greenwich, vid the Kennington 
Park and Old Kent roads. The traftic on this 
route seems to have been very considerable, and 
was locally increased by the existence of that then 
favourite place of resort, Vauxhall Gardens, which 
were not finally closed until 1859. But few build- 
ings then existed on either side of the bridge ; the 
most important was Millbank Prison, which was 
opened for the reception of inmates in June, 
1816, 12 days after the bridge was opened 
to the public. The company, after having 
obtained their Acts, encountered great financial 
difficulties. It was at first intended that the 
bridge should be erected by Mr. Rennie, who 
submitted designs which were approved, but were 
afterwards rejected on the ground of expense. Mr. 
Rennie’s final estimate was 100,000/., and, as a 
matter of fact, the bridge actually constructed cost 
half as much again as this ; no real economy, there- 
fore, was effected, and a very beautiful bridge 
instead of an ugly one might have been given to 
London. In his autobiography, Sir John Rennie 
makes the following reference to the original pro- 
jects for Vauxhall Bridge: ‘‘At this period 
(about 1813) Vauxhall Bridge was also in course of 
construction, and I was directed by my father to 
attend to this also, under Mr. Jones, the resident 
engineer; but they had scarcely finished the 
Middlesex abutment up to the springing of the 
first arch, and were preparing the caisson for found- 
ing the first pier, when the company found that 
they had not sufficient funds to carry into effect 
Mr. Rennie’s design, which was very beautiful. 
The bridge was to be made entirely of the fine 
blue sandstone from Dundee, and to consist of 
seven arches, segments of circles, the centre arch 
being 110 ft. span, with a rise or versed sine of 
19 ft., and depth of keystone 4 ft. 6in.; piers, 
18 ft. 6 in. thick at the springing of the arch, the 
two arches next the centre being 105 ft. each, with 
a rise or versed sine of 17 ft., keystone 4 ft. 5 in., 
and springing stones 9 ft. long, and the two piers 
17 ft. 6 in. each. The two next arches were 100 ft. 
span, with a rise or versed sine of 15 ft., keystones 
4 ft. 4in., and springers 9 ft., and piers 17 ft. thick 
each ; the two sub or shore arches 90 ft. span each, 
with a rise or versed sine of 13 ft., keystones 4 ft., 
and springers 8 ft., abutments 21 ft. thick at the 
springing, having a total width of waterway of 
700 ft. The arches were surmounted by a Roman 
Doric cornice, and block and plinth parapet, 
and the projecting points of the piers were sur- 
mounted by solid square pilasters, with a niche 
in the centre. The roadway was 34 ft. wide 
between the parapets, and was formed by a very 
flat segment of a circle rising 1 in 53. The piers 
were intended to be founded by caissons resting 
upon a platform supported by bearings and sur- 








rounded by sheeting piles. This was upon the 
whole a very elegant, light, and chaste design. 
Finding that the company had not sufficient funds 
to carry into effect the stone design, Mr. Rennie 
proposed another wholly of iron, consisting of 11 
arches, with a total waterway of 732 ft., supported 
upon cast-iron columns filled with masonry, and 
resting upon a platform supported upon piles 
and surrounded by sheeting piles. The centre 
arch was to be 86 ft. span and 8 ft. rise, and 
the others diminishing regularly to each end 
so as to enable the roadway to be formed into 
a graceful curve rising 1 in 60. This also was an 
extremely light, elegant, and economical design. 
The total cost of this elegant design was estimated 
at 100,000/., and would have been executed first, 
but at that time even this amount was not forth- 
coming. The works then stopped, and some time 
elapsed before the company was resumed, and 
ultimately constructed the present bridge.” 

It would appear from the foregoing that Rennie’s 
design had been accepted and actually commenced 
before the company realised that they were unable 
to complete it. Fearing, also, that the cheaper 
iron structure proposed by Rennie would be beyond 
their means, it would seem that Rennie withdrew 
from the enterprise, and that the company then 
consulted Ralph Dodd, and Sir James Bentham, 
and that they finally entrusted the work to James 
Walker, by whom it was completed. It is more 
than probable that Walker had been a clvse com- 
petitor with Rennie from the commencement, 
ond that something besides the question of cost 
determined the separation of Rennie from the 
work. At a meeting of the bridge promoters held 
a few months after the opening, the vice-chairman 
stated that he ‘* had been the means of defeating 
Rennie’s plans, which were incompatible with the 
company’s funds. Rennie’s original estimate was 
216,000/. and Walker’s was 215,0001. This estimate 
had been very close.” It is evident that as the 
actual cost of the bridge was 150,0001., Walker's 
original design had been reduced ; at the same time 
since Rennie had submitted plans for an iron 
bridge, which was not to have cost more than 
100,000/., differences other than those arising from 
financial questions were probably involved. As 
there was no great lapse of time between the com- 
mencement of the works and the opening of the 
bridge, the difficulty in raising funds must have 
been of short duration. The total expenditure seems 
to have been about 300,000/., including the construc- 
tion of the approaches and the road leading to what 
is now Victoria-street. To recoup themselves for 
the outlay, the company were privileged to levy toll. 
On the other hand, the ferrymen at Horseferry and 
Vauxhall, who did a large business in those times, 
had to be compensated for the damage they sus- 
tained. The tolls sanctioned under the Act were 1d. 
for foot passengers, for beasts 2d., and for wheeled 
vehicles, amounts varying to a limit of 1s. 6d. All 
mails and military transports were exempt. 

Some interesting facts referring especially to the 
financial history of Vauxhall Bridge were brought 
out in the course of an arbitration between the 
Bridge Company and the Metropolitan Board of 
Works before the latter body acquired the bridge. 
The original capital was 300,0001., of which 200,C00/. 
were to be raised as ordinary stock, and 100,000l. 
on mortgage. Later, in George IV.’s reign, further 
powers were obtained to raise 84,000/. more. The 
net result was that the company obtained from all 
sources 299,492/. The par value of the shares was 
100/., and as these were not all taken up, there was a 
considerable deficit, which rendered it necessary to 
apply for power to raise money under the second 
Act by a different combination. It appears that 
1459 shares were sold at par, and that afterwards 
the balance, 1541 shares, were disposed of at various 
discounted rates (451. and even 401. being occa- 
sionally the selling rate). In this way 209,000/. 
were raised. A further asset of 3742I. existed for 
forfeited shares, and promissory notes were issued 
to the value of 7000/., payable in 1916, and taken 
for the most part by James Walker, the engineer 
and contractor. A third Act enabled the company 
to try and raise 84,000/., and of this 79,7501. was 
obtained. The financial position, therefore, ap- 
pears in the end to have been as follows : 


£ 
First and second issue of shares 209,000 
Shares forfeited ... ae ae. 3,742 
Last issue ... a re 79,750 
Promissory notes... _... 7, 
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It is stated that the average cost of maintenance 
was 2419]. per annum. ’ ‘ : 

Vauxhall was the first cast-iron bridge spanning 
the Thames ; it was opened for traffic three years 
before the completion of Southwark Bridge. It 
consists of nine arches all of the same span, spring- 
ing from stone and brick piers that were built in 
caissons and protected by piling, so that the plan 
proposed by Rennie for this part of the work 
appears to have been closely followed. The caisson 
floors are 16 in. thick, built up in three tiers of 
close planking 9 in., 4 in., and 3 in. ; the method 
was evidently suggested by Labelye’s work at West- 
minster Bridge, but the river bed was cleared down 
to the clay. The work was carried out extremely 
well, for whatever reproaches may be cast at the 
bridge, that of instability is not among them. The 
width of each of the eight piers is 13 ft. ; their 
length is sufficient to accommodate the narrow plat- 
form of 36 ft. (the footpaths on each side are 6 ft. in 
width) The design of the piers is shown clearly in 
the view that we publish on page 376, where it will 
be seen that they are severely simple. The same 
remark applies to the spandril fillings of the seg- 
mental arches, and the parapet, the line of which is 
broken over the piers by shelters. The span of 
each arch is 78 ft., and the clear headway above 
Trinity high water is 26 ft. The construction of 
the superstructure is of a very simple character ; 
it consists for each span of 10 cast-iron ribs of 
J-section, 18 in. deep, 5 in. wide on the top and 
bottom flanges, and 1 in. thick. Each rib is cast in 
three segments ; the spandril fillings, which are 
made with a series of vertical bars connected at the 
top by semicircular arches, the whole being sur- 
rounded by a frame, are cast in one piece. The bars 
composing these spandrils are of cruciform section. 
The ribs are placed 4 ft. apart from centre to centre, 
and are stiffened and held in position by a number of 
cast-iron transversestrutsconsisting of topand bottom 
members connected by cross-pieces with a single 
intersection. The ribs of each span are braced by 
three of these struts. In addition to this, bolts are 
passed across the bridge from side to side through 
the spandrils, 1 in. in diameter and 22 in number 
for each span. At the abutments the back of the 
ribs are widened out to 7 in., and rest in a cast-iron 
bearing plate that runs along the whole length of 
the abutments ; a similar arrangement is used for 
the piers. The size of this bearing-plate is 22 in. 
wide and 16 in. high ; the metal is 2 in. thick. The 
hand-railing, which is of the most elementary de- 
sign, is 4 ft. 3 in. high ; it consists of straight bars, 
rectangular in section, placed 6 in. apart, connected 
with a flat top rail ; slightly ornamental panels at 
intervals of 8 ft., and the shelters over each pier, 
and already referred to, complete this part of the 
work. The piers are of solid stone up to the 
springing, and above, of brick with a stone facing. 
The width of the river at the point of crossing is 
about 800 ft., so that nearly one-sixth of the whole 
waterway is occupied by the piers. During the 
time of construction only three of the spans were per- 
mitted to be closed at the same time. The gradient 
of the roadway is excessive, the maximum being 
1 in 30. Vauxhall Bridge, at first called the Regent 
Bridge, was opened to the public on June 4, 1816, 
and it was freed from toll May 24,1879. The days 
of the bridge are now nearly numbered, as the 
London County Council contemplate its early re- 
moval, and the erection of a more convenient struc- 
ture on the site. 


13.—Tue Pimuico Rattway Brince. 
Under the title of the ‘‘ Victoria Station and 
Pimlico Railway,” the first line found its way into 
the metropolis from the south and across the 
Thames, to accommodate a great and ever-growing 
quarter of London. The Act for this very important 
construction was obtained about 1857, and what is 
now the terminal of the London, Chatham, and 
Dover, and the London, Brighton, and South Coast 
Railways, was commenced very shortly after. The 
connecting link across the Thames—the Pimlico 
Bridge—was begun in 1859, and the first train 
passed over it in 1860. The bridge really is made 
up of two distinct structures, for the increasing 
traffic quickly rendered the original superstructure 
too narrow, and within a few years the platform 
was widened. The widening differs considerably in 
its construction from the earlier bridge, and 
although they are so combined as to appear as one, 
they must be described separately. 
_The original bridge crosses the Thames about 
150 yards east of the Chelsea suspension bridge, at 


a point where the river is 740 ft. in width. It 
consists of four segmental arches, each 175 ft. 
span and 17 ft. 6in. rise, which gives a clear 
headway of 22 ft. above Trinity high water level. 
On the north side there is a land span of 70 ft. 
over Grosvenor-road, and on the south side 
there is an opening of 65 ft. to accommodate 
the various sidings of the London and Brighton 
Railway that occur at this place. The nature of 
the ground for the foundations was favourable, 
being London clay, overlaid by gravel, vary- 
ing in depth from 7 ft. in the middle to 26 ft. 
at the sides. The piers were built within coffer- 
dams, but before they were commenced, the bed of 
the river from shore to shore, and for a width of 
about 100 ft., was dredged down to the surface of 
the clay ; upon this cleared area the cofferdams 
were constructed. They were made of double rows 
of 12-in. piles, the space between the rows being 
filled with puddled clay; a similar method was 
followed with the abutments. When the dams 
were cleared of water, the area they enclosed was 
excavated to about 10 ft. below the surface of the 
clay, and in the space thus cleared, an enclosure 
was made with sheet piling driven to a depth of 
8 ft., and projecting about the same amount above 
the lowest foundation level. Within this enclosure 
a bed of cement concrete 4 ft. thick was laid, and 
this served as the foundation of Yorkshire rag 
landings that formed the footings of the piers. On 
them brickwork in cement was built to within 4 ft. 
below low water ; above this to the springings, the 
piers were faced with Portland stone backed with 
brickwork. The width of the piers at the spring- 
ing line is 12 ft. 6 in., and from the extrados 
of the arch to the level of the cornice, the width is 
10 ft. The abutments were built in the same 
manner as the piers. Each of the four principal 
openings is spanned by six wrought-iron arched 
ribs, which spring from cast-iron bedplates 
built in the masonry. The platform is carried by 
longitudinal girders that rest on the piers and abut- 
ments and on the centres of the arched ribs; on 
these are placed, at intervals of 3 ft., transverse 
bearers for carrying the roadway. The spandril 
fillings between the ribs and the longitudinale, 
consist of a wrought-iron radiating framework. 
The ribs are single web girders 3 ft..6 in. deep, 
with top and bottom flanges; the two central 
ribs, which are exposed to heavier loads than 
the others, have a total sectional area of 80 square 
inches. Each rib is divided into five segments 
bolted together, an arrangement that greatly 
facilitated the work of erection. The longitudinal 
girders are similar in construction to the arched 
ribs ; the four inner ones that carry the roadway 
are 54.35 square inches in section. The two ex- 
ternal girders are of similar construction, but they 
have only 38.8 square inches section. These 
girders are of such a form that over the centre of 
each rib they die into it, making the top of 
girder and arch flush with each other; over the 
abutments these girders are continuous, being con- 
nected with expansion bolts. The ends of the 
arched ribs are fitted with curved cast-iron heel- 
plates that rest in sockets on the bedplates. The 
width of the bridge was about 31 ft., and the six 
arches are not divided equally over this width, but 
are arranged in three pairs, each outer pair of 
girders being placed 2 ft. 3 in. apart, and the 
central pair 2 ft. apart; this leaves two spaces 
12 ft. 3 in. wide between the pairs. These spaces 
are spanned by the floor-beams, which are wrought- 
iron rolled joists 10 in. deep, with 5-in. flanges and 
about 4 in. thick, and placed about 3 ft. apart. The 
ends uf these joists are fitted with angle-iron 
brackets, by which they are bolted to the longitu- 
dinal girders at such a level as to rest on the 
bottom flanges of the latter. A 6-in. timber floor 
is laid between the cross-bearers, and over this 
the ballast and permanent way. The structure is 
strengthened throughout by a complete system of 
horizontal and transverse bracing. 

The 70-ft. opening on the north side, over the 
Grosvenor-road, has a clear headway of 16 ft. It 
is carried on four parallel plate girders 4 ft. 7 in. 
deep, and with top and bottom flanges 18 in. wide, 
the cross-sectional area being 57.5 square inches. 
There are also two external facia girders 4 ft. 9 in. 
deep, with 9-in. flanges. The floor is made of 
transverse bearers similar to those in the main 
bridge, resting on the bottom flanges of the longi- 
tudinal girders, supporting continuous plates } in. 
thick, covered with 1 in. of asphalte. The land 





span on the south side is very similar in design. 


The total cost of this bridge was 84,000/., repre - 
senting asum of 2/. 13s. per square foot, or 451. 3s. 
per lineal foot of single line. 

The following is a list of the chief materials used 
in the work : 


Timber for cofferdam ani 
temporary purposes... ——_ cubic feet 


Timber in floors... <<. SO sw 
Concrete «. 6,750 ,, yards 
Brickwork ... ee 
Portland stone ~ 23,587 ,, feet 
Bramley Fall stone ... sl 
York landings 10,700 a 
Wrought iron : 1,349 tons 
Wrovght iron in dams Hn 
Cast iron ae ie ay 
Steel keys and cotters ii 

The engineer was Sir John Fowler. The bridge 


is remarkable for the rapidity with which it was 
erected. The first stone was laid on June 1, 1859, 
and the first train passed over the bridge on June 9, 
1860. 


Tue Pimtico Brivce WIDENING. 


The great activity which characterised the early 
years of the London, Chatham, and Dover Rail- 
way Company, resulted, as we have seen (vide 
page 184 ante), in their obtaining sanction, in 1862, 
to construct various metropolitan lines, which, on 
the one hand, led to a City terminal and the con- 
struction of a bridge over the Thames at Black- 
friars ; while, on the other hand, they were enabled 
to terminate their obligations to the London, 
Brighton, and South Coast Railway, and run into 
their own station at Victoria, crossing the river upon 
their own bridge platform. The late Sir Charles 
Fox was the author of this large system of lines 
and junctions, and he also designed the widening 
of the bridge upon which the somewhat compli- 
cated system of railways converged. Originally it 
was intended that the bridge should be indepen- 
dent of that belonging to the London, Brighton, 
and South Coast Railway, but as it was found by 
this company that they required a third line of 
rails, there were evident advantages in treating it 
simply as a widening. This decision settled some 
of the leading points in its design, such as the 
number of spans, headway, form of piers, contour 
of arches, &c. It has four river spans, each of 
175 ft., with arches of 17 ft. 6 in. rise, giving 22 ft. 
headway above Trinity high water ; there are also 
two land spans, one 70 ft., the other 65 ft. wide. 
The width of platform is 100 ft., so that the total 
width between parapets (including the original 
bridge) is 132 {t. 6 in. As originally arranged, 
the complete structure accommodated three lines 
for the London, Brighton, and South Coast Rail- 
way, two mixed lines for the Great Western Rail- 
way and London, Chatham, and Dover Railway, 
two separate lines for the last-named company, and 
two platforms, one 24 ft. and the other 12 ft. wide. 
The disappearance of the broad gauge, and some 
other modifications, have since then increased the 
accommodation. The extension of the abutments 
and piers was made to correspond with those 
already existing. The abutments were built be- 
hind cofferdams, double on the river front and 
with single sides, made with whole timbers and a 
5-ft. puddle space. The exeavations were taken 
down to the gravel, on the north side 30 ft. deep, 
and on the south side 26 ft. The levelled bed was 
then covered with a thickness of 3 ft. of cement 
concrete, upon which the brickwork was built. The 
concrete foundation was increased in thickness to 
form a toe for the new abutment, and the inner 
row of dam piles was ultimately cut off just above 
it. To the ground level, the depth of the abut- 
ment is 40 ft., and above it 18 ft. to the top, which 
is 16 ft. above the ground where the land span at 
each end occurs. The thickness of the brickwork, 
which is set in cement, is generally 3 ft. On the 
river front, to a height of about 6 ft. above Trinity 
high water, and on the road side, it is stone-faced. 
Cross walls, about 12 ft. apart, divide the abut- 
ment into pockets, which are filled with lime 
concrete. The positions and general appearance of 
the piers are similar to those of the older bridge ; 
their construction, however, is entirely different. 
Whereas the former were built up from the gravel 
in solid masonry and brick, the latter are founded 
on cast-iron cylinders, four to each pier. There 
was much difficulty in making a satisfactory con- 
nection between the end of the old pier and the 
adjacent cylinder, but the method adopted is pro- 
bably as good as could have been found. The cylin- 





ders are sunk 23 ft. 6 in. apart from centre to 
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centre, the one nearest the eld pier being 
30 ft. 6 in. from its centre to the springing of 
the cutwater. The cylinders are 21 ft. in in- 
ternal diameter, and 24 ft. long. They were sunk 
some 13 ft. into the clay, or to a depth of about 
45 ft. below Trinity high water. Above these were 
secured wrought-iron cylinders 28 ft. 6 in. long 
and 19 ft. in diameter. The combined length of 
these cylinders when sunk to their full depth was 
such that they projected above high water, andformed 
commodious working chambers. After excavation 
was completed, and the water pumped out, the 
cylinders were filled to a height of 12 ft. with 
cement concrete, and, up to low-water level, with 
brickwork in cement. The foundations at this 
stage were then very heavily loaded to avoid the 
danger of settlement after the new and old work 
was joined up. The masonry was then carried up, 
cylindrically and independently, about 30 ft. from 
the bottom of the cylinders. Cast-iron frames 
were then laid across the narrow spaces between 
each unit of the pier. The space thus bridged 
between the cylinder nearest the old pier and the 
pier itself, is considerably longer than the others 
on account of its form. Above these frames brick 
arches were turned, and over them the pier was 
carried up in solid brickwork, stone-faced to the 
level of the bedplates. Thus completed, the 
length of the old and new piers below the spring- 
ing, is 158 ft. The temporary wrought-iron lengths 
and the upper ring of the cast-iron cylinders were 
removed as soon as the work was carried to a con- 
venient height. 

The superstructure of each of the four river 
spans is similar, so that the description of one will 
suffice. It consists of eight main ribs of wrought 
iron, 3 ft. 4 in. deep, with flanges18in. wide. The 
depth at the centre is, however, 4 ft. 6 in., because 
for a distance of 38 ft. in the centre, the ribs 
merge into the horizontal carrying girders. The 
sectional area in each rib at the centre is 142.5 
square inches, and at the springing 86.50 square 
inches. The horizontal girders are 4 ft. 6 in. deep, 
with 18-in. flanges. They are riveted together at 


the ends and to the cast-iron standards on each 
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pier and on the abutments, so as to be continuous 
over the whole length. These standards serve 
as distance-pieces between the ribs of adjacent 
spans ; the bases serve as skewbacks from which 
the arches spring. They are about 9 ft. 6 in. wide, 
and do not rise above the level of the bottom 
flange of the horizontal girders which are bolted 
to them. The minimum area of this girder is 50.8 
square inches. The space between the rib and the 
horizontal girder is filled in with wrought-iron 
spandrils of inclined parallel bars with one curved 
intersecting member, dividing the spaces into 
symmetrical panels above and below. The main 
ribs are braced transversely at eight points in the 
span by girders 3 ft. 4 in. deep, and a complete 
system of vertical diagonal bracing is introduced. 
Horizontal cross-bar braces are also placed between 
the ribs. The cross-girders and rail-bearers are 
rolled beams ; the former are 12 in. deep, with 
flanges 6} in. wide, and spaced 6 ft. apart; the 
latter are 9 in. by 54 in., riveted to the cross- 
girders, and forming a continuous bearing under 
each rail. 

The following is a list of the chief materials used 
in the bridges : 


Timber in cofferdams and 


stages eS sen ... 286,000 cubic feet 
Bolts and spikes in coffer- 
dams and stages ... re 220 tons 


Excavation ... nay ba 20,350 cubic yards 
Concrete in cement aa 4,950 


Concrete in lime 3, ia ai 
Brickwork in cement 11,100 ,, a 
Brickwork in lime ... i ae 
Portland stone __... 39,900 ,, 8 
Bramley Fall stone 52,800 5, 29 
Cast iron in permanent 

cylinders ... ced ais 461 tons 
Cast iron in skewbacks and 

piers Ses ae oa 386 ,, 
Cast iron in parapet ; ee 
Wrought iron in ribs, cross- 

irders, bracing, &c. ... 3,623 ,, 
rought iron in bolts and 
rivets Ve ae gaa 


The total cost of the bridge was 245,000/., equal 








to about 2/, 13s. per square foot of surface, or 38/, 





ae lineal foot of single line. The first stone was 
aid in February, 1865, and the first locomotive 
passed over the bridge on August 1, 1866.* 





THE NEW NORDENFELT GUNS. 
(Continued from page 338.) 

To complete our somewhat extended investigation 
of the Nordenfelt system of artillery we propose to 
illustrate and describethe armoured turrets designed 
for coast defence, and which, compared with those 
of Gruson and some other systems, possess features 
of novelty and interest. The leading points kept 
in view in these designs are briefly as follows: 1. To 
attain the greatest rapidity of fire practicable ~ a 
suitable distribution of labour among the men within 
the turrets ; all the service is done on the same level 
in the working chamber. 2. The interior of the 
service chamber is sheltered from the smoke oi the 
guns within the turret, as well as from the gases 
from shells bursting close by. 3. A reduction in 
the weights of the moving parts, combined with 
simplicity of mechanism, and consequently a dimi- 
nution in the number of men required to work the 
turrets and the guns. The Nordenfelt Company 
have several types of turrets for different classes of 
guns; the smallest is that for the 57-millimetre 
six-pounders, adapted for one or two guns. It is 
this turret that we illustrate by Figs. 86, 87, and 
88, on the present and opposite pages. The ex- 
= shown is adapted for one gun only. 

t will be noticed that the turret is not of the 
disappearing class, but only rotates like those for 
naval service ; without considering for the moment 
whether this arrangement has, or has not, a balance 
of advantages, it is evident that it permits of 
greater simplicity and less complication, so 
that an increased resistance can be secured. 
The cupola—that portion which revolves on a 
ring of rollers—is made of cast steel, and 
has a minimum thickness of 150 millimetres 
(5.9 in.); its form has been carefully designed 
to present the smallest and most resisting 
surface to hostile fire. The lower part of the 
turret—that which is covered by earthwork—is 
made of chilled cast iron varying in thickness from 
100 to 450 millimetres (3.94 in. to 17.72 in.); it is 
made in segments bolted together, as shown on the 
section (Fig. 86). The circular opening left in the 
top of this armoured inclosure is finished with a 
bevel surface in which the bottom edge of the steel 
turret fits closely ; to the underside of the opening 
is bolted a ring that forms, on the top, the travel- 
ling path for the rollers that are interposed between 
it and the cupola, and on which the latter is sup- 
ported and is free to rotate. A toothed circle 
inside the ring furnishes the means for turning the 
cupola and the gun mounting. The ring is attached 
to the cast-iron armour by eight large bolts, round 
which are placed, like washers, sets of Belleville 
springs that are compressed by turning the nuts 
until the tension is equal to the weight of the 
cupola; no provision is made to neutralise the 
shock due to firing, as this is absorbed without 
damage by the mass of material in the structure. 
The section of the cupola through the embrasure is 
given in Fig. 86, and that at right angles in Fig. 87 ; 
it will be seen that the thickness is considerably 
increased in the plane of the gun, and that the 
slopes given to the opening are sufficient to allow 
enough angular movement for training. The inner 
face of the embrasure is closed by a steel cylinder 
through which the gun passes when in firing posi- 
tion. This is shown in full lines in Fig. 86; after 
firing the gun is withdrawn, as seen by the dotted 
lines, entirely within the turret. The steel cylinder, 
through which the forward end of the gun passes, 
is made with a trunnion at each end fitting in 
bearings bored in the cupola on each side of the 
embrasure ; it thus forms a support for the gun, and 
a shutter to the opening. The gun is mounted on 
a pivoting carriage, the arrangement of which is 
shown in the illustrations. It consists of a 
triangular steel bracket bolted to the inner side 
of the cupola, and terminating at the lower end in a 
large bearing to carry the trunnions of the pivocing 
portion of the mounting. This consists of two 





* See the Minutes of Proceedings of the Institution of 
Civil Engineers, vol. xxvii., Session 1867-68 : ‘* Descrip- 
tion of the Victoria Bridge on the Line of the Victoria 
Station and Pimlico Railway,” by William Wilson, 
M., Inst. C.E.; and ‘‘On the Widening of the Victoria 
Bridge and Approaches to the Victoria Station, and 
on New Railways at Battersea,” by Charles Douglas 
Fox, M. Inst. C.E, 
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levers, the lower one of which terminates in a 
counterbalance heavy enough to overcome the 
weight of the gun and other moving parts. The 
upper arm constitutes a socket in which the eleva- 
ting screw is placed, and can be raised and lowered 
by a handwheel ; the top of the screw is connected 
by a pin joint to a collar that passes around the 
breech end of the gun. In advance of this collar, 
which is screwed upon the gun, is a locking device, 
shown in Fig. 86, for fixing the gun in its firing 
position ; it consists of a bayonet joint secured bya 
turning collar,anda safety attachment which makes it 
impossible to fire the gun until it has been locked in 
its proper position. On the gun being fired, it is 
free to fall back into a convenient position for load- 
ing ; this position is indicated by the dotted lines 
in Fig. 86. The counterbalance enables the gun to 
be easily manipulated in all positions. The vertical 
training is effected by means of the screw and hand- 
wheel connected with the upper arm of the pivot 
and the collar round the gun ; by raising or lower- 
ing this screw, the extreme ranges of elevation can 
be given ; in the arrangement illustrated it amounts 
to 10 deg. above and below the horizontal. Hori- 
zontally the gun may have an amplitude of 360 deg. ; 
because the cupola, and with it the gun and mount- 
ing, can be turned through the complete circle. 
This is done with the large handwheel shown in 
Fig. 87 ; on the shaft of this wheel there is a pinion 
that gears into the toothed circular rack that 
is bolted to the inside of the cupola. It should 
be mentioned that in order to prevent damage 
to the turning mechanism of the cupola, from 
plunging projectiles or other causes, the roller 
path is suspended on a series of Belleville 
springs, which are temporarily compressed if the 
cupola is exposed to any external shock, and 
the lower edge takes a bearing on the top of the 
cast-iron armour beneath. Belleville springs are 
also introduced to prevent the turret from being 
displaced when its own guns are fired, and it can 
be held locked in any desired position. The sight- 
ing device comprises a tube that passes through the 
cylinder at the side of the gun (see Fig. 87), 
containing a lens and prism for throwing the rays 
on a surface of ground glass, when the image of the 
object fired at is clearly projected ; the man train- 


ing the gun is further assisted by cross lines en- | yfa 


graved on the glass. By this arrangement the gun 
can be very quickly and accurately laid from any 
part of the turret that may be found most con- 
venient, and without a direct view of the target ; the 
gun can be laid without making allowance for 
variations in the visual values of different persons. 
As will be noticed, the angular movement of the 
cupola is measured by a graduated circle placed 
around the upper part of the roller path. 

It is evident that in defences of this class 
rapidity of fire is one of the chief conditions of 
efficiency. The arrangement we have described is 
well adapted for fulfilling this requirement ; two 
men are the most convenient force to be employed. 
Of these No. 1 trains and fires the gun, while 
No. 2 is occupied in loading. It is, however, 
quite possible for one man to work the turret and 
gun alone, though, of course, much more slowly ; 
this advantage is not possible in the disappearing 
type of turret, where one of the numbers must 
remain on the firing platform. The method of 
storing the ammunition is shown in the sections, 
where it will be seen that racks are placed around 
the floor of the fort within easy reach of the 
loading number. No smoke can enter the 
turret, except the small quantity brought back 
with the extracted cartridge. The embrasure 
is quite closed when the gun is in firing position. 
It will be noticed that the end of the muzzle is 
enlarged, so that when in its loading position the 
muzzle is withdrawn into the opening in the cy- 
linder where the enlargement fills it. The follow- 
ing advantages are claimed by the Nordenfelt Com- 
pany for this type of turrec: 1. That it affords 
more protection than any other form of turret with 
the same weight of metal. The total weight of 
this turret complete, but without guns, is about 
130 tons. With this great reduction in weight 
there is a large diminution in cost; it is said one- 
third of any other type. The size of the turret 
being smaller than is usual, the cost of the sur- 
rounding earthwork, concrete, and masonry is also 
less. 2. The weight of moving parts, except the 
guns, is 63 tons, and the turret can be easily re- 
volved by a very small staff. As already stated, 
one man attends to all the operations connected 
with training, whether there are one or two gunsin 








the turret ; after firing, the guns always fall back 
towards the floor of the turret, which forms the 
loading platform, so that the ammunition need not 
be raised from various levels ; the loading apparatus 
is attached to the mounting, and turns with the 
gun. 3. The size of the embrasure is larger than 
usual, so that the training angles are considerable ; 
the opening, moreover, is closed by the steel cylinder 
through which the gun passes, and in addition 
armoured doors may be added if desired, and 
can be made to close after each time that the gun 
has been fired. (4) The gun, when brought back 
into loading position, can be easily dismounted, 
and tackle is provided within the turret for this 
purpose ; by removing the pin between the head 
of the elevating screw and the collar around the 
breech, the gun can be lifted out. The arrange- 
ments for repairing and renewing various parts have 
been carefully considered and practically carried 
out. Thus, if any of the rollers on which the 
cupola revolves becomes defective, it can be removed 
and a new one substituted by compressing the Belle- 
ville springs that help to sustain the cupola, and thus 
taking the weight off the rollers. The following 
are some of the principal dimensions, &., of this 
turret and mounting : 


Particulars of Nordenfelt Turret for 57-Millimetre 
(2.24-In.) Gun, 


Outside diameter of cupola - 1,600m. (62.99 in.) 
Inside diameter of service 
chamber ... as aie ooo. (Os, (113.01 ,,.) 
Least thickness of cupola .. 120 mill. (4.72 ,, ) 
Greatest height of cupola above 
ground ... - 1s > Ips: (18.70 ,, ) 
Horizontal area of cupola 2sq.m. (21.5 sq. ft.) 
Thickness of armour : 
Upper part in front ... 240 mill. (9.45 in.) 
Lower ,, ‘ ~“ oss. MED Gas {6.20 ., } 
Upper ,, rear ~ ‘so, PAD ios (6 29 ,, ) 
Lower ,. a ae ko. Se ee (3.94 ,, ) 
Height of outer armour ... .. 1000m. (3937 ,, ) 
Inner diameter of outer armour, 
upper part a eae ass. OD, ‘TOTS, 
Inner diameter of outer armour, 
lower part ise cen .. 98.250,, (10 ft. Sin.) 
Number of turns of handwheel 
for rotating turret through 
360 deg. ... ne ok see 12.5 
Resistance on handwheel , 8 kilos. (17.6 lb.) 
Time occupied in one rotation 20 secs, 
ximum vertical angular range 
of gun... -_ a a — 10 to + 10 deg. 
Number of turns of elevating 
screw to traverse gun through 
20 deg. ... 55 on “ 12 
Resistance on elevating hand- 
wheel... a a .. 6kilos, (13.2 lb.) 
Number of men for rotating 
turredb... a” i es | 
Number of men for training gun 1 
Weight of cupola... <i 2,700 kilos. ( 5,940 lb.) 
ms gun carriage ... oss, MIO. ‘gs ,485 ,, ) 
- outer armour... -» 14,640 ,, (31,988 ,, ) 
ss other parts... Sas TOD sp TEL } 
Total weight of turret ... ... 18,620 ,, (40,964 ,, ) 
Ratio of weight of armour to 
total aM a ~ a 92.5 per cent. 
Weight of 6-pounder gun ... 198 kilos. (435 6 lb.) 
Total weight rotated... << COD ~ Wea.) 
Number of men required to 
work turret... ie 2 


In our next article we shall describe some of the 
heavier types of the Nordenfelt system of armoured 
turrets for coast defence. 

(To be continued.) 





LANCASHIRE, DERBYSHIRE, AND EAST 
COAST RAILWAY. 

Tue central portion of this line, between Lincoln and 
Chesterfield, is making good progress, and it is ex- 
pected that the section will be opened for traffic in 
about 14 months. The completion of the section will 
carry the Great Eastern line into the heart of Derby- 
shire ; it is also expected to be attended with important 
results in increasing the output of coal in Derbyshire. 
The section will afford the Great Eastern Company an 
advantage which it has never previously possessed, viz., 
direct and independent access to one of the coalfields 
of the country. This will be attended with a two- 
fold gain to the Great Eastern : first, it will carry it 
into a relatively important district ; and, secondly, it 
will afford it cheap supplies of coal for its own consump- 
tion. We regard the Lancashire, Derbyshire, and East 
Coast line as, to a large extent, «n acknowledged exten- 
sion of the Great Eastern into the Midlands. The Great 
Eastern subscribed 250,000/. to the cost of the section 
from Lincoln to Chesterfield; and but for this sub- 
scription, it probably would never have been completed. 
The value of the aid extended to the Lancashire, Derby- 
shire, and East Coast project by the Great Eastern 
Company may be inferred from the fact that the section 
to the Lincolnshire coast, in which the Great Eastern 








took little interest, has been constituted a separate 
undertaking, while the western section from Chester. 
field to Warrington is proposed to be definitely 
abandoned, in consequence of the prevailing diffj- 
culty of raising capital for new railway undertakin 
and the disappointments which have attended the 
Manchester Ship Canal. In securing access to Chester. 
field, the Great Kastern Company has undoubtedly made 
a decided step in advance, but it seems a pity for the 
Lancashire, Derbyshire, and East Coast Company to 
abandon the Parliamentary powers which it had obtained 
for carrying its line from Chesterfield to Warrington, 
The advantages originally aimed at were of a permanent 
character, while the difficulties which have to be en. 
countered may be regarded as only temporary. The 
real obstacle is, probably, the formidable character, 
and the consequent costliness of the works, which it 
would have been necessary to carry out. It may 
be possible, no doubt, at some future time to 
revive the project; but this will be attended with 
difficulty and expense, and another Parliamentary 
Committee may not take exactly the same view of 
matters as that which sanctioned the original Lanca- 
shire, Derbyshire, and East Coast undertaking. 

We must not, however, overlook the special diffi- 
culties of the times, The Great Eastern Company, in 
common with its neighbours, has never fully recovered 
from the effects of the great coal lock-out of 1893, 
while it is also hampered a good deal by the agricul- 
tural depression prevailing in the stagnant districts 
accommodated by its original lines. It has further 
had to face a heavy expenditure of capital in 
connection with the enlargement of its Liverpool- 
street station, and the widening of portions of its 
line between Liverpool-street and Ilford. What the 
Great Eastern requires is a good footing in Lancashire 
and Yorkshire. It now runs direct trains between 
Liverpool-sireet and York, but York is scarcely York- 
shire ; and with Lancashire the Great Eastern has no 
direct independent connection whatever. If the Great 
Eastern line is ever to become a really first-class 
system, it must endeavour to obtain a slice of the 
business of the districts which have built up the 
prosperity of the Midland and the London and North- 
Western Companies, 

The partial collapse of the Lancashire, Derbyshire, 
and East Coast project—for the slicing off of the Lin- 
colnshire coast section and the abandonment of the 
Warrington section practically render it a concern of 
secondary importance—must prove of considerable 
advantage to the Manchester, Sheffield, and Lin- 
colnshire Company. This latter has been hitherto 
the cross-country line par excellence, affording as it 
does a pretty direct means of communication between 
Manchester and Lincolnshire. The Lancashire, Der- 
byshire, and Kast Coast line, if carried out in its 
entirety, would obviously have competed considerably 
with tke main line of the Manchester, Sheffield, and 
Lincolnshire. Now, however, that its construction to 
Warrington has been postponed to the Greek Kalends, 
the Manchester, Sheffield, and Lincolnshire line will be 
left practically undisturbed, so far as its original under- 
taking is concerned. The Midland Company will, no 
doubt, have a bone to pick with the Great Eastern for 
invading Derbyshire, but the Midland has long been a 
fighting company, and it cannot complain if the Great 
Eastern gives it a Roland for its Oliver. The Mid- 
land has invaded the original Great Eastern district 
at Tottenham, Cromer, Norwich, Great Yarmouth, 
Cambridge, King’s Lynn, and Wisbech, so that it 
cannot complain very much if the Great Eastern attacks 
it at Chesterfield. Perhaps one of the possibilities 
of the railway future is an amalgamation of the Great 
Northern and the Great Eastern. The Great Northern 
was at one time a far more prosperous undertaking than 
the Great Eastern; but it has been slipping back 
of late years, so that there is not quite so much 
divergence between the two undertakings as there 
formerly was. The amalgamation of the two com- 
panies could scarcely fail to be attended with con- 
siderable benefit to each of them, as it would mini- 
mise competition at various points, and also secure 
economies in working; but the serious question, of 
course, arises whether Parliament could be induced, 
in the public interest, to sanction such a powerful 
combination. 





CATALOGUE.—We have received from Messrs. Johnson 
and Phillips, engineers, electricians, and contractors, of 
Old Charlton, Kent, a copy of their new price-list of 
cables and wires. Full particulars of the different standard 
sizes are given, the price being appended in every case. 





Cuicaco Erevatep Rartroaps.—The electric power 
house of the Metropolitan Elevated Railroad of Chicago is 
situated in an alley at the back of Throop-street, between 
Van Buren and Congress streets. It is a plain brick 
structure, about 250 ft. long by 100 ft. wide. It is situated 
directly in the rear of the city lighting plant on Throop- 
street. The ground on which the city plant stands is 
owned by the Metropolitan Company, and it is expected 
that ultimately the city plant will be moved to some 
other site, so that the entire space may be used by the 
Metropolitan Company. 
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THE NEW SPANISH CRUISER 
‘‘ EMPERADOR CARLOS V.” 

THERE was launched on the 12th inst. from the ship- 
building yard of Messrs. Vea Murgia and Co., at 
Cadiz, a first-class protected cruiser for the Spanish 
Navy. The Queen Regent had been invited to perform 
the ceremony of launching the vessel, but being unable 
to be present on account of illness, Her Majesty dele- 

ated the Countess de Niebla to represent her. The 
Minister of Marine, Senor Pasquin, and the Minister 
for Home Affairs, Senor Pingcerver, were present, 
representing the Government. Over 20,000 people 
assembled to witness the launch, which was attended 
with great rejoicing. . ; 4 

The displacement of the vessel will be, in sea trim, 
9089 tons, the length between perpendiculars being 
380 ft., and over all 404 ft. 9 in., the beam 67 ft., and 
the draught 24 ft. forward, 26 ft. aft, and 25 ft. mean. 
The hull has been built by Messrs. Vea Murgia and 
Co., Siemens: Martin steel being used, and there is side 
armour 2 in. thick, 1 in. of Siemens-Martim steel, and 
the other inch of chrome steel. The protective deck 
is of steel, the maximum thickness being 64 in., made 
up of three plates. The armament consists of two 
28-centimetre Hontoria guns, eight 14-centimetre 
Hontoria quick-firing guns, four 10-centimetre and 
two 7-centimetre quick-firing guns, four 57-millimetre 
and four 37-millimetre Nordenfelt guns, two machine 
guns (mitrailleuse), and six Schwartzkopff torpedo 
tubes. 

The twin engines are of the four-cylinder triple- 
expansion type, there being two 52 in. high-pressure 
cylinders, two 77;’s in. intermediate, and four 82;%; in. 
low-pressure cylinders, the piston stroke being 45,7, in. 
Steam at 147 lb. pressure is supplied by 12 single- 
ended boilers, 16 ft. 38 in. in diameter by 9 ft. 104 in. 
long. Under natural draught the power to be deve- 
loped is 15,000 indicated horse-power, and under 
forced draught 18,500 indicated horse-power, the speed 
being, under the former conditions, 19 knots, and 
under the latter 20 knots. The screw propellers, 
which are of bronze, have each four blades. The 
vessel has bunker capacity for 1771 tons, which gives 
her a radius of action of 13,000 sea miles at 10 knots. 
The machinery was constructed by the Maguinista 
Terrestre y Maritima, Barcelona. 

The cost of the vessel is 18,350,000 pesetas, which, 
at the present rate of exchange, is equal to about 
680,000/. 


ROYAL METEOROLOGICAL SOCIETY. 

Av the meeting of this Society on Wednesday even- 
ing, the 20th instant, Mr. W. N. Shaw, F.R.S., delivered 
a lecture on “The Motion of Clouds considered with 
reference to their Mode of Formation,” which was illus- 
trated by experiments. 

The question proposed for consideration was how far 
the apparent motion of cloud was a satisfactory indica- 
tion of the motion of the air in which the cloud is formed. 
The mountain cloud cap was cited as an instance of a 
stationary cloud Soieet in air moving sometimes with 
great rapidity; ground fog, thunder-clouds, and cumulous 
clouds were also referred to in this connection. 

The two causes of formation of cloud were next con- 
sidered, viz.:.(1) The mixing of masses of air at dif- 
ferent temperatures, and (2) the dynamical cooling of air 
by the reduction of its pressure without heat being sup- 
plied from the outside. The two methods of formation 
were illustrated by experiments. 

A sketch of the supposed motion of air near the centre 
of a cyclone, showed the probability of the clouds formed 
by the mixing of air being carried along with the air 
after they were formed, while when cloud is being formed 
by expansion, circumstances connected with the forma- 
tion of drops of water on the nuclei to be found in the 
air, and the maintenance of the particles in a state of 
suspension, make it probable that the apparent motion of 
such acloud is a bad indication of the motion of the air. 

After describing some special cases, Mr. Shaw referred 
to the meteorological effects of the thermal disturbance 
which must be introduced by the condensation of water 
vapour, and he attributed the violent atmospheric dis- 
turbances accompanying tropical rains to this cause. 

The difference in the character of nuclei for the deposit 
of water drops was also pointed out, and illustrated by 
the exhibition of coloured halos formed under special 
conditions when the drops were sufficiently uniform in 
size. 











STEAM ENGINE ECONOMY. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, March 19, 1895, Sir Benja- 
min Baker, K.C.M.G., Vice-President, in the chair, the 
paper read was on ‘‘ Steam Engine Economy ; Condens- 
ae oe cnce 8 by Mr. Henry Davey, M. Inst. C E. 

he principles upon which the development of the 
steam engine, as regards economy of steam, were founded 
had been understood in the time of James Watt, who had 
shown that gain might be expected to result from in- 
creased expansion, and had also explained that in order 
to obtain the full benefit of expansion, the steam cylinder 
must be maintained ata high temperature. Trevithick, 
Sims, Grose, and others had perceived that increased 
expansion, and consequently increased economy, might 
result from the employment of higher pressures, 


As early as 1844 the Cornish engine had been, for 
the steam pressure then practicable, a more efficient engine 
than any other subsequently produced. Some Cornish 
engines at that time produced 1 indicated horse-power _ 
hour for a consumption of 19 Ib. of steam at a boiler 
pressure of 30 lb. per square inch. Their efficiency was 
thus greater than that of modern triple-expansion engines 
giving 1 indicated horse-power per hour with 13 lb. of 
steam at a pressure of 1201b. per square inch in the boiler. 
The triple-expansion engine was more economical, because 
it was worked at a higher pressure and at a higher rate of 
expansion ; but it did not utilise the pressure and expansion 
so efficiently as the Cornish engine had done. A period 
of 67 years had been required for the development of the 
principles enumerated by Watt, Trevithick and Grose ; 
and upwards of 40 years for the reduction of the consump- 
tion of steam from 19 lb. to 13 lb. per indicated horse- 
power per hour, or, in other words, for the diminution of 
the coal bill by one-third. In these advances no new 
principle had been applied, and no higher efficiency 
obtained. 

The author had collected many examples of steam 
engine trials in which the mean indicator diagrams were 
available, and the total feed water per indicated horse- 
power per hour was known. These he had submitted to 
analysis to localise the losses. The mean indicator card 
of a given trial having been selected, a saturation curve 
was delineated to represent an assumed standard for a 
jacketed engine, working with the steam engine cycle, 
and with no losses. This figure having been completed, 
the losses which make up the difference between the 
actual and the standard diagram could be readily sepa- 
rated, and their relative importance ascertained. The 
“engine efficiency” was expressed as the ratio be- 
tween the mean pressure of the indicator figure 
and that of the standard engine diagram. The dia- 
grams being drawn to a scale convenient for the use 
of the planimeter, the area of the waste spaces could 
be measured and expressed as a percentage of the 
full area of the diagram. These waste spaces repre- 
sented cylinder condensation, &c., including condensa- 
tion in the jacket, clearances, compression influences being 
taken into account when they were considerable, and 
back pressure. Having submitted a considerable number 
of examples of different types of engines to this method of 
analysis, the author showed that the economy of steam 
obtained by modern engines was simply due to increased 
pressure and increased expansion, and that the engine 
efficiency or the percentage of work obtained from steam 
of a given pressure and given rate of expansion, referred 
to the standard selected, was lower in modern engines than 
in the Cornish engine 30 or 40 years It was also seen 
that the loss in power arising simply from the cooling 
influence of the cylinder-walls was not, in jacketed engines 
at all events, so serious as was sometimes supposed. It 
was stated that the method gave practical results, and 
enabled defects in the steam distribution to be readily 
ascertained ; also, that the engine efficiency obtainable 
from a given steam-distribution afforded a proper gauge of 
the value of that mode of distribution in point of possible 
economy. The average engine efficiencies, ratios of ex- 
pansion, and initial pressures for the examples given, 
were : 


pounds of! | 
|\Steam per | 

Engine |Indicated Rates of | Initial 
|Efficiency. Horse- Expansion) Pressure. 
| : | Power 








per Hour. 
Comnish.. .. ..| 7830 | 210 3.65 33 
Single cylinder --| 66.0 | 23.5 3.95 76 
Compound ae | 640 | 185 7.73 84 
Triple-expansion -| 644 | 148 14.5 138 


The best results in individual cases, fully detailed in 
appendices to the paper, were much higher. . 

The Cornish cycle had been devised for pumping 
engines in the early days of the steam engine in Corn- 
a Its effect was to maintain the working part of 
the cylinder at a higher temperature than would be the 
case if the steam were discharged directly into the con- 
denser. It reduced initial condensation, and by this 
means increased the engine efficiency. The Cornish engine 
showed the highest engine efficiency, but it had become 
obsolete with the adoption of high-pressure steam, and of 
other less cumbersome machines giving superior economy. 


It embodied, however, the principles of the most advanced 


modern steam-engine practice. The greater economy of 
more recent engines resulted from the use of higher 
pressure and of greater range of expansion, The com- 
pound engine utilised the principle of the diminution of 
the range of temperature in the cylinder which was em- 
bodied in the Conia cycle, but the triple-expansion 
engine did so more completely. Inthe compound engine 
the loss was larger with the Woolf distribution of steam 
than with the receiver engine, because in the Woolf 
engine the cylinders were subjected to a greater range of 
temperature, and there was greater loss of pressure 
between the cylinders. In an example of the triple- 
expansion series, given in an appendix, the loss from 
splines condensation was about one-half of the total 
loss, or, say, 14 per cent. of the power represented by the 
standard diagram. The losses from clearances and back 
pressure each amounted to about 7 per cent., so that the 
total average efficiency was about 70 percent. The latter 
losses were nearly constant in well-made engines, and, 
therefore, the remaining loss of 14 per cent. was the only 
one which admitted of considerable reduction, unless it 
could be shown that the assumed di gave too low 


a standard. Pumping engines, notwithstanding the low 
speed at which they worked, had always been among the 





As previously stated, 


most economical of steam engines. 


the Cornish engine, which was a non-rotative engine, gave 
a higher engine efficiency than any other. The limit of eco- 
nomy bad, however, been reached, because it could not be 
worked at a higher steam pressure, nor with a greater 
ratio of expansion. The Cornish cycle might be made to 
= increased economy by a method which appeared to 

ave hitherto escaped notice. The steam, which had done 
its work and had passed the equilibrium valve, possessed 
considerable pressure and temperature, say a pressure of 
10 lb. per square inch and a temperature of 194 deg. Fahr. 
If a connection, having a non-return valve, were made 
to a feed-water heater from the equilibrium pipe, the 
feed water could be heated to, say, 180 deg. Fahr. on its 
way to the boiler. This possible element of economy 
invested the Cornish cycle with additional importance 
—— Dae question of steam engine economy was con- 
sidered. 





THE FinsponGc ENGINEERING ComPANy.—The Finspong 
Engineering Company in Sweden is at present busily 
occupied with the manufacture of various artillery mate- 
rial. Among contracts in hand are three armour: plated 
turrets, of the firm’s special construction, with guns, and 
two turrets, capable of being rotated, also with guns; 
these five turrets are intended for the Vasberg fortifica- 
tion at Karlsborg. For the Swedish artillery there are in 
hand twelve 8-centimetre howitzers, with carriagers, for 
the Uscar Frederiksborg fortifications. The pry oad has 
also secured an order for 23 rapid-firing guns of their own 
construction, this order being the outcome of exhaustive 
trails by the Swedish artillery of guns from the Société 
Nordenfelt, Paris, Bofors, Gullspong, Sweden, Stockholm, 
Vopenfabrik, and Finspong. They have also orders for 
about 1000 cast-iron projectiles, 





Roya Instirut1ion.—The following are the lecture 
arrangements after Easter: Professor George Forbes, 
three lectures on Alternating and Interrupted Electric 
Currents ; Professor E. Ray Lankester, four lectures on 
Thirty Years’ Progress in Biological Science ; Professor 
Dewar, four lectures on the Liquefaction of Gases ; Dr. 
William Huggins, three lectures on the Instruments and 
Methods of Spectroscopic Astronomy (the Tyndall lec- 
tures) ; Mr. Arnold Dolmetsch, three lectures on Music 
and Musical Instruments of the 16th, 17th, and 18th 
Centuries: 1. English; 2. French; 3. Italian (with 
illustrations upon original instruments); Mr. Seymour 
Lucas, two lectures on Picture-making; Professor Edward 
Dowden, two lectures on Elizabethan Literature: 1. The 
Pastoral ; 2. The Masque. The Friday evening meetings 
will be resumed on April 26, when a discourse will 
given by Dr. John Hopkinson, on the Effects of Eleotric 
Currents in Iron on its Magnetisation ; succeeding dis- 
courses will ——s be given by the Earl of 8, 
Veterinary Captain Frederick Smith, the Hon. G. N. 
Curzon, M.P., Professor Walter Raleigh, Mr. J. Viriamu 
Jones, Professor Alfred Cornu, and other gentlemen. 





THe RicumMonpD Main Sewerace. — Mr. William 
Fairley, A.M.I.C.E., has just issued a report on three 
years’ working of the new sewerage works at Kichmond, 
which were fully described in ENGINEERING, vol. lii., page 
345. The main sewers vary in size from 12 in. to 40 in. 
in diameter. They are ventilated by open gratings, ven- 
tilating shafts, and gas destructors. The latter have at 
length been made to work satisfactorily, the cost for gas 
being about 15/. each per annum. Arrangements were 
made for flushing the sewers occasionally with river 
water, and it is stated that additional scouring valves 
would bea great advantage. The sewage on its arrival at 
the works has to be raised some 40fb. by pumps, the average 
cost being 30s. per million gallons. The sewage before 
entering the pumps is screened, and receives a small dose 
of carbolic acid and iron salts. Ib is then raised to the 
surface, and receives a stream of milk of lime, the dose 
varying frorn 4 to 5 grains per gallon. A precipitant of 
block alum and carbferatum, a compound of alumina, 
carbon, and iron, is finally added, to an average amount of 
7 grains per gallon. The precipitated matter is then col- 
lected in settling tanks, and the effluent discharged into 
= river through filter beds. The sludged is pressed into 
cakes, 





STATISTICS OF MINES AND MINERALS.— During the year 
1894 the total number of persons employed in and about 
all the mines of the United Kingdom was 739,097, of 
whom 705,240 worked at the 3419 mines under the Coal 
Mines Act, and 33,857 at the 740 mines under the Metal- 
liferous Mines Act. Compared with 1893 there is an 
increase of 22,232 persons at mines under the Coal Mines 
Act, and a decrease of 1882 persons at mines under the 
Metalliferous Mines Act. Of the 705,240 persons work- 
ing at mines under the Coal Mines Act, 569,678, or 
about 80 per cent., were employed below ground. Of the 
135,562 surface workers, 4583, or about 3 per cent., were 
females. At the mines under the Metalliferous Mines 
Act, 20,011 persons, or about 60 per cent., worked below 
ground, and of the 13,843 surface workers, 1092, or about 
8 per cent., were females. The total output of minerals 
at mines under the Coal Mines Act was 199,451,018 tons, 
of which 188,277,525 were coal, 2,164,863 fireclay, 6,814,546 
ironstone, 1,986,385 oil shale, and 207,699 sundry minerals. 
The amount of coal raised exceeds by 2,798,399 tons the 
highest output hitherto recorded, viz., that of 1891. Abt 
the mines under the Coal Mines Act there were 813 sepa- 
rate fatal accidents, causing 1127 deaths. Compared with 
1893 there is an increase of four in the number of acci- 
dents, and 67 in the number of deaths. At the mines under 
the Metulliferous Mines Act there were 39 fatal accidents, 
which caused 46 deaths. The number of separate fatal 
accidents is the same as it was in 1893, but there isa de- 





crease of 19 in the number of deathe, 
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CIRCULATING ECONOMISER. 


CONSTRUCTED BY CALVERT’S PATENT CIRCULATION FUEL ECONOMISER COMPANY, 
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A rorm of fuel economiser has recently been 
brought out by Calvert’s Patent Circulation Fuel 
Economiser Company, of 24, Exchange- buildings, 
Manchester, in which the water to be heated 
passes in succession through the pipes of the 
economiser, instead of, as is usual, each pipe having a 
separate stream of water. To use an electrical 
analogue, the pipes are connected in series instead 
of in parallel. It is claimed that by this arrange- 
ment the heat is more fully extracted from the furnace 
gases, as the cold water enters at those tubes furthest 
from the fire, and hence heat can be abstracted from 
the gases at this point, even wken the temperature of 
the latter is considerably below that at which the water 
is finally delivered from the economiser. The general 
arrangement of the apparatus is shown in Figs. 1 and 
2. As will be seen, it consists of a number of vertical 
pipes built into a chamber of firebrick, through which 
the furnace gases can be passed on their way to the 
chimney, The pipes are arranged in sets of 10, or 
8, or 6, as the case may be, and the pipes of each 
set are connected to cast-iron boxes common to 
all at top and bottom. The top box of one set is 
coupled by a down pipe to the bottom box of the next 
set, as shown in Fig. 1, and at the top of each of 
these down pipes is a small relief valve. The con- 
nection of this down pipe to the bottom boxes is 
made by cast-iron T-pieces, the third branch of the T 
making the connection to the blow-off pipe, which is 
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fitted at one end with a deadweight safety valve, and 
at the other with an ordinary blow-off cock, as shown 
Unless suitable precautions were taken, the 
feed would tend to take the easiest path through the 
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economiser, viz., along the blow-off pipe and up through 
the final sections at once, without passing through 
the rest of the apparatus. To prevent this, the down- 
pipe branch of the T-piece (Fig. 3) is throttled at N, 
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amongst workmen connected with mill work in the iron 
and steel trades of the North of England, in relation to 
hours of working, more especially on Saturdays. The 
matter has been more than once before the conciliation 
board, the men urging that work should be brought 
to an end at one o'clock on Saturdays, instead of at 
times ranging from 1.30 to 4 o’clock. The men also 
work from six to six during the day and night shifts, 
and they asked that each shift should terminate at 
5.30. The employers urged that there were practical 
difficulties in the way, and as the matter could not be 
settled by the board of conciliation, it was referred to 
Mr. David Dale, the referee of the board. That gentle- 
man has issued his award, which contains the following : 
1. That no sufficient cause has been shown for compulsorily 
shortening the hours of the ordinary day and night 
shifts. If at any works managers and men can contrive 
to shorten time, they will be free to do so. 2. That the 
Saturday shift be brought to a close from 1.30 to 2.30 p.m. 
This means that, except in cases of accident, and to pre- 
vent heats being left in the furnace, work shall cease at 
2.30, but that every effort shall be made to bring it toa 
close in light mills at, or shortly after, 130. Whilst not 
excluding cogging mills, the 2.30 limit must, in their case, 
not be too strictly enforced, but efforts must be made not 
to exceed that hour unnecesgarily. 


The Coal and Coke Trades.—There is a fair demand for 
steam coal for prompt delivery, and on Newcastle Ex- 
change best Northumbrian is quoted 8s. 9d. to 9s. f.o.b. 
In the gas coal trade there is interest in the contracts for 
Rotterdam, which it is feared may be divided with Ger- 
many. Cvke prices are maintained. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Charles Cammell and Co., Limued.—The thirty-first 
annual general meeting of the shareholders of this com- 
pany will be held on Wednesday next, when the directors 
will recommend the payment of a further dividend for 
the year ended December 31 last. This payment, when 
added to the instalment paid in October last, will make 
the dividend for the year 74 per cent. on the ordinary 
shares, 74 per cent. on the ‘*B” shares, and the full 
dividend of 5 per cent. on the ‘‘A” shares of the 
company. 

Chesterfield and Midland Institute of Mining Engineers. 
—A special general meeting of the members of this insti- 
tution was held on Saturday, when there was a large 
attendance. Mr. Emerson Bainbridge, of Shettield, was 
unanimously nominated as president for the ensuing year. 
It was resolved that the termination of the financial year 
of the Institute—hitherto March 25—should in the future 
coincide with that of the Federated Mining Engineers, 
namely, July 31. Subscriptions were made payable 
accordingly. 

The Heavy Trades —In the iron market business con- 
tinues very dull indeed, but there is a reaction for the 
better in connection with the Bessemer steel department, 
this being caused by an increased demand for railway 
material. A large quantity of the steel rails required by 
the Manchester, Sheffield, and Lincolnshire Railway 
Company for their extension to London, have been placed 
with three local firms, Messrs. C Cammell and Co., 
Limited, Messrs, S. Fox and Co, Limited, and Messrs. 
Steel, Peach, and Tozer, Limited. A very large number 
of express passenger engines are being built at the 
railway company’s works at Gorton. The tyres for these 
are being manufactured by Mesars. Vickers and Co., 
Limited, and the axles by three other district firms. 
Engineering brenches are busier on all sides, and, it is 
thought, will be better off for work in a few weeks. 
Government is giving out some fair orders for heavy gun 
forgings in steel, and the armour- plate mills are working 
day and night. There is an improvement in the call for 
best classes of crucible cast steel], and this will become 
heavier as the Canadian and Continental spring demand 
sets in. 


Steel and Garland.—The first annual report of the 
directors of this company states that the net profit on 
the past year’s working amounts to 2886/. <A dividend 
on ordinary shares of 6 per cent, is recommended, and a 
balance carried forward of 6210. 


The Union Difiiculty Again.—LThe miners employed at 
the Park Hills Colliery, belonging to the Victoria Coal 
and Coke Company, Limited, are proposing a rather 
high-handed course. They have made arrangements for 
obtaining a list of the non-union men employed at the 
colliery, and it is stated that when the list has been 
compiled the managers will be requested to discharge 
these hands. If this is not done, the whole of the union 
men will then give 14 days’ notice. 











NOTES FROM THE SOUTH-WEST. 

Operations at Devonport.—Mr. G. Crocker, the chief 
constructor at Devonport, is intrusted with the comple- 
tion of the second-class cruiser Talbot, and the sloops 
Algerine and Phcenix ; the commencement of two second- 
class cruisers of a new type, and the refit of the Con- 
quest, the Pheton, and the Blanche, cruisers ; the Racer, 
sloop, and the Spider, gunboat. To carry out this work 
the sum of 265,000/. is allowed ; of this amount 150,006/. 
will be for labour alone. In addition, there will be a 
large amount of refitting and repairing to be done on the 
dépét and harbour ships of the western district. 


Rhondda and Swansea Bay Railway.—This line is now 
open for traffic throughout. Near Abergwynfi the rail- 
way enters the Rhondda tunnel, which is the seventh 
longest in the kingdom. The tunnel is almost straight 
throughout its entire length of 3468 yards, and it was cut 





from both ends, the men meeting in the centre. The 
tunnel is bell-mouthed, and has been thoroughly lined 
throughout. At the Rhondda end the railway passes 
through the Blaenycwm cutting and over the Rhondda 
and Blaenrhondda road, shortly afterwards reaching the 
Blaenrhondda station. From here it becomes a double 
line, and it eventually effects a junction with the Taff 
Vale at Treherbert. The total cost of the line has been 
about 90,0002. 


Weiring the Taff.—The question of weiring the Taff has 
been again postponed by the Cardiff Town Council on the 
ground that the rates are increasing to an alarming 
extent, and that the scheme will involve the town in a 
heavy expenditure. Mr. T. H. Riches has, however, a 
project for weiring the river which he thinks can be 
adopted without seriously burdening the ratepayers. 
Mr. Riches proposes a weir or dam only about 4 ft. in 
height, and would obtain a sufficient depth up the river 
by dredging, which, he contends, would be far cheaper 
than erecting a large weir, to say nothing of the value of 
— which would be obtained from the bed of the 
Taff. 


Portsmouth Dockyard. — According to the new ship- 
building programme, only one vessel—a _ second-class 
cruiser or improved Talbot—is to be laid down at Ports- 
mouth during the year. An allocation of 324,671/. has 
been made for the Cesar, a line-of-battle ship of the 
Majestic and Prince George class, which is to be com- 
pleted in 1897-98. Upon the Prince George, which was 
laid down in September, 1894, it is proposed to expend 
this year upwards of 500,000/. 


Cardiff.—The high prices recently current for steam 
coal have been maintained ; the best descriptions have 
made lls. 6d. to 11s. $d. per ton, while secondary quali- 
ties have brought 11s. per ton. The house coal trade has 
shown increased activity, and prices have hardened; No. 3 
Rhondda large has made 10s. 6d. to 10a. 9d. per ton. 
Coke has shown little change; foundry qualities have 
made 15s. to 16s. per ton; and furnace ditto, 12s. 6d. to 
13s. 6d. per ton. The demand for iron ore has not been 
particularly active; the best rubio has made lls. to 
11s. 3d. per ton. The manufactured iron and steel trades 
have shown little change, there being no improvement in 
the demand for rails. 


Pembroke Dockyard.—Captain C. J. Balfour, R.N., of 
tube Steam Reserve, Portsmouth, has been appointed 
captain superintendent of Pembroke Dockyard, in succes- 
sion to Captain W. H. Hall, deceased. Captain Balfour 
joined Her Majesty’s service as a naval cadet in October, 
1854. Hecommanded Her Majesty ship Sultan at the 
bombardment of Alexandria, July 11, 1882, and he has the 
Egyptian medal, the Alexandria clasp, and the Khedive’s 
bronze star. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Business was again quiet in 
the warrant market last Thursday forenoon, when about 
7000 tons of Scotch iron were dealt in, and the cash price 
made an advance of 14d. per ton at 41s. 74d. Cleveland 
was also firmer. In the atternoon some 6000 or 7000 tons 
of Scotch iron changed hands, and the tone was easier, the 
cash price giving way 4d. perton. At the close the settle- 
ment prices were—Scotch iron, 41s. 6d. per ton ; Cleve- 
land, 34s. 14d. ; Cumberland and Middlesbrough hematite 
irop, respectively, 42s. 6d. and 41s. 3d. per ton. On 
Friday forenoon business was very quiet. Between 5000 
and 6000 tons of Scotch were sold at, practically, the 
previous day’s closing prices. Business was even quieter 
in the afternoon, only some 3000 or 4000 tons of Scotch iron 
being operated in. Prices, however, were firmer, Scotch 
making 4d., and Cleveland 14d. per ton. The closing 
settlement prices were 41s. 6a., 34s. 3d., 42s. 6d., and 
41s. 3d. per ton, respectively. Only a couple of lots of 
Scotch, 1000 tons, changed hands on Monday forenoon, 
and the price was 41s. 9d, per ton one month. In the 
afternoon the market was very firm, there being but few 
sellers about. Little business was done—only a few 
thousand tons—but for cash ; Scotch iron rose in price 1d, 
r ton, Cleveland 14d., and Cumberland hematite iron 
d. per ton. The settlement prices at the close were, 
respectively, 41s. 74d., 34s. 44d., 423. 6d., and 41s, 3d. per 
ton. Tuesday’s forenoon market was active and strong, 
Scotch iron selling to the extent of 7000 tons, and the 
price advancing 1d. per ton at 41s. 94d. A few lots of 
Cleveland were also sold. In the afternoon the market 
was a shade easier, but not much iron was offered for sale, 
about 5000 tons of Scotch and a few lots of the other sorts 
making up the whole business. For cash Scotch dropped 
d., Cleveland 3d., and Cumberland and Middlesbrough 
ematite iron, respectively, 14d. and 1d. per ton, The 
settlement prices at the close were 41s. 9d., 34s. 44d., 
42s, 6d., and 41s. 3d. per ton, respectively. The market was 
steady this afternoon, only some 5000 tons, all Scotch, 
changing hands at slightly advanced prices. Prices were 
all advanced a little in theafternoon, and thesales included 
6000 tons of Scotch and a few lots of Cleveland. The fol- 
lowing are the current quotations for several No. 1 special 
brands of makers’ iron: Clyde, 48s. per ton ; Gartsherrie, 
Summerlee, and Calder, 50s. ; Coltness, 528. 6d. ; Lang- 
loan, 61s.—the foregoing all shipped at Glasgow; Glengar- 
nock (shipped at Ardrossan), 49s. ; Shotts ro ge at 
Leith), 52s. 6d. ; Carron (shipped at Grangemouth), 54s, 
per ton. An additional furnace has been put in blast 
on hematite at Lugar Iron Works, so that over all 
Scotland there are now 75 furnaces blowing, as compared 
with 66 at this time last year. Four are making basic 
iron, 29 are working on hematite ironstone, and 42 are 
making ordinary iron. Last week’s shipments of pig iron 





from all Scotch ports amounted to 5219 tons, against 


5204 tons in the corresponding week of last year. They 
included 295 tons for Australia, 105 tons for France, 
100 tons for Italy, 170 tons for Germany, 142 tons 
for Russia, 230 tons for Holland, 857 tons for 
China and Japan, smaller quantities for other coun- 
tries, and 3116 tons coastwise. To date the ship. 
ments are up to those for the corresponding period of 
last year, but as the number of furnaces in blast exceeds 
the number blowing at this time last year, it is obvious 
that stocks must be steadily accumulating in makers’ 
hands. It is said that the Glasgow market is entirely in the 
hands of the professionals, and that prices are practically 
controlled by one or two of them. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores stood 
at 284,925 tons yesterday afternoon, as compared with 
285,090 tons yesterday week, thus showing a decrease for 
the past week amounting to 65 tons. 


Finished Iron and Steel Trades.—Nothing has tran- 
spired to influence the condition of the finished iron and 
steel trades. There is reason to anticipate an amicable 
settlement of the dispute between the steel manufacturers 
and their workmen. The masters on Monday came down 
from the position which they took up fully a week ago as 
regards their intention to make a reduction of 10 per cent. 
in the rate of wages the matter which should be put 
before the arbiters in the dispute. But even assuming 
that the workmen were agreeing to submit to a reduction 
of 5 per cent., that would not go far to assist producers 
when prices are being cut so keenly at other centres. It 
was lately stated that American steel was being imported 
into the Glasgow market at lower prices than those ruling 
for the home-made steel ; and the rumour has again been 
circulated within the past few days. As regards finished 
iron, it is reported that common bars are now obtainable 
at 4/. 7s. 6d. per ton, thus showing a reduction of 23. 6d. 
within very short period. 


Glasgow Copper Market.—The quotation for copper ad- 
vanced 6s. 3d. per ton last Thursday forenoon, when 50 
tons of the metal were sold forcash. In the afternoon the 
market was moderately active, and 100 tons were sold at 
39/. 6s. 3d. and 39/. 7s. 6d. three months. There were no 
dealings in copper on the following day. On Monday 
forenoon, when there was an active market, 125 tons 
changed hands at 38s. 18s. 9d. cash and 39s. 63. 3d. three 
months. In the afternoon the metal was neglected, but 
was quoted at 2s. 6d. per ton dearer. The dealings yester- 
day forenoon included 125 tons, and the price advanced 
ls. 3d. per ton. The market was strong and active in the 
afternoon, when some 150 tons were sold at 39/. 12s. 6d. 
three months. One lot of 25 tons changed hands this fore- 
noon at 39/, 12s. 6d. three months. A similar quantity 
was sold in the afternoon, when the price remained un- 
changed. 

New Shipbuilding Contracts.—Messrs. Bell Brothers 
and M‘Lelland, of this city, have placed an order with 
Messrs. D. and W. Henderson and Co., Meadowside, 
Partick, for two steel cargo steamers of about 6000 tons 
each. The steamers are to be registered under the British 
Corporation of Shipping.—Messrs. Gourlay Brothers and 
Co., Dundee, have secured, through Mr. John P. Bruce, 
shipbroker, an order to build a powerful screw tug for a 
firm abroad. The vessel will be supplied with triple- 
expansion engines, and otherwise fitted for the special 
work for which she is intended. The same firm has also 
received an order to build a very fast twin-screw steamer 
of about 1000 tons register for foreign owners. This 
vessel, it is understood, will be of greater speed than that 
of any steamer yet constructed on the Tay, and will be 
adapted for passenger traftic.—Messrs. Hall, Russell, and 
Co., Aberdeen, have booked an order from a Liverpool 
firm for the construction of two steel barges of upwards of 
—— each. They are intended for the Brazilian coast 
rade, 


_ Sulphate of Ammonia.—As this commodity is produced 
in large quantity at most of the blast-furnace establish- 
ments in Scotland, it is of some interest to learn that 
within the past few days it has been selling in the Glas- 
gow market at 10/. 16s. 3d. per ton, whereas at this time 
last year the price was 14/. 5s. prompt, with a good 
demand, showing a drop of 3/. 8s. 9d. per ton. 


The Late Mr. Lindsay Burnet.—At the early age of 39 
years, Mr. Lindsay Burnet, of Moore Park Boiler Works, 
Govan, passed away last Thursday morning, the ailment 
to which he succum being influenza, following a com- 
plaint of the lungs. The deceased, who had been about 
a dozen years in business on his own account, was bred a 
mechanical engineer in Glasgow ; subsequently he spent 
some time in the office of Messrs. Bruce and Batho, Civil 
Engineers, Westminster. While in London Mr. Burnet 
was a student at University College under Professor 
A. 3 W. _Kennedy, with whom he maintained a 
personal intimacy and friendship till his death. He 
gave a great amount of attention to everything in con- 
nection with the design and construction of boilers of all 
kinds, all aiming at the economical use of the boilers and at 
sped the maximum of steaming power out of them. 

© was an associate or full member of a number of the 
leading scientific and technical institutions. For about 
eight years he had as a partner in his business Mr. Sin- 
clair Couper, whose experience in mechanical engineering, 
steelmaking, &c., is very great. For the present Mr, 
Couper will continue to carry on the Moore Park Works. 


Proposed Standard Time in Glasgow.—A meeting of the 
Glasgow Bazaar Committee was held in the Municipal 
Buildings yesterday, Bailie Pettigrew in thechair, The 
meeting was convened to consider the best means of pro- 
viding standard time in thecity. The committee propose 
to erect in various districts what might be termed con- 
trolling clocks, and each of these clocks will in turn regu- 
late a number of dials in the district of which it is the 





centre. The controlling clocks will be regulated by means 
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icity from the Observatory, from which standard 

of elect be provided . To-day the committee visited the 

Observatory, and received Professor Becker’s report, and 

examined models of clocks. 

ociety of Edinburgh.—A meeting of the Royal 

rete td toregh was held on Monday evening, when 

the following, amongst other subjects, were under con- 

sideration : “* Phosphoretic Sandatonee,” @ communication 
by Dr. Traquair, and ‘‘ Electro-Magnetic Wave Surface, 

a communication by Professor P. G. Tait. 


Edinburgh and District Water Bill: Withdrawal of 
Opposition. —It was stated in Edinburgh yesterday that 
all the opposition, from whatever source, raised against 
the Bill now being promoted in Parliament by the Edin- 
burgh and District Water Trust had been withdrawn, 
and that the measure will now pass safely through both 
Houses of Parliament. 


Shipbuilding.—Messrs. Blackwood and Gordon, engi- 
neers and shipbuilders, Port Glasgow, whose patent 
hauling-up slip, since it was put in operation some twelve 
months ago, has been largely requisitioned for ship 
repairs, overhaul, and cleaning, have just_contracted 
with the Ness Steam Shipping Company, Limited, of 
Inverness, through Messrs. Pollock and Co., naval archi- 
tectsand surveyors, 128, Hope-street, Glasgow, tolengthen 
the company’s paddle steamer New Undaunted, and to 
fit her with new boiler, new mast, and rigging, and give 
her a general overhaul. Messrs. Blackwood and Gordon 
have at present on the slip the twin-screw tug Flying 
Eagle, making good the damage this steamer sustained 
when on the rocks at Arran; also Messrs. Buchanan’s 
paddle steamer Elaine, for her yearly overhaul. They 
have also arranged to slip several of the Caledonian 
and Glasgow and South-Western Railway Company’s 
steamers. 





MISCELLANEA 
Ata board meeting of the Patent Nut and Bolt Com- 
pany, Limited, held at the London Works, Smethwick, 
on Wednesday last, the 20th inst., Mr. Arthur Keen was 
unanimously elected chairman of the company, in place 
of the late Sir Joseph D, Weston, M.P. 


A committee of La Société Industrielle du Nord de 
la France have, during the last year, made a series of 
careful experiments upon the comparative efficiency of 
rope and belt driving. The conclusion reached is that 
there is no practical difference between the two. 


In a paper read before the Boston Nociety of Civil 
Engineers, Mr. J. W. Rollins pointed out that the diffi- 
culty of abolishing grade crossings in American cities 
was much enhanced by the excessive headway insisted on 
by the city authorities. He claimed that 14 ft. was 
ample, which is less than the Board of Trade insist on in 
this country. 

On Thursday, the 14th inst., there was a meeting of the 
University College Engineering Society, when Mr. 
Marriner read a paper on ‘‘ Electric Welding,” and de- 
scribed in detail the Thomson-Houston, Bernardo, 
and Hoho Larange processes, and gave some statistics 
showing relative strengths of hand and electrically welded 
joints. 


The sixth general meeting of the present session of the 
Newcastle-upon-Tyne Association of Students of the 
Institution of Civil Engineers was held on the 13th inst. 
in the Durham College of Science, Newcastle-upon-Tyne, 
Mr. J. R. Baterden, A.M. Inst. C.E., in the chair, when 
Mr. S. C. Bailey, A.M. Inst. C.E., read a paper on 
** Railway Level Crossings, Gates, and Fencing.” 


At the request of the authorities of the School of 
Military Engineering at Chatham, Mr. Charles H. Beloe, 
M. Inst. C.E., of Liverpool and Westminster, recently 
delivered a lecture on the important subject of “Sewage 
Purification.” The lecture was illustrated by numerous 
carefully executed diagrams, and by several excellent 
models of tanks, filters, and machines for adding 
chemicals to sewage. 


The approximate traffic return of the Manchester Ship 
Canal for February shows that the seagoing receipts were 
71161. against 5150/., the barge receipts 399/. against 
2831., and the passengers 14/. against 223/.; total, 7529/. 
against 5656/. For the first two months of 1895 there is 
an increase of 41327. Although the canal itself was kept 
open throughout the month, a g deal of traffic was 
lost to it through other ports being frozen. 


Ata recent meeting of the Association of Birmingham 
Students of the Institution of Civil Engineers, Mr, 
Robert Godfrey, A M.I.C.E., President, in the chair, 
a paper on “Timber Used in Engineering Work,” was 
read by Mr. Hugh Pierce, Stud. Inst. C.E., of Crewe. 
Over 70 samples of various woods were shown, the paper 
dealing with both British and foreign. The next meeting 
will be on April 4, when Mr. H. H. Marsh will read a 
a paper on ‘ Relative Efficiency of Various Forms of 
Tie-rods in Roofs.” 


In a communication to the Paris Académie des Sciences, 
M. Lecoq de Boisboudian states that from a long study 
of the atomic weights of the elements, he has come to the 
conclusion that there should be in nature another family 
of bodies in addition to those tabulated in Mendeleef’s 
Table. These bodies would be metalloid in character, 
and would comprise elements having atomic weights 
of 20.09, 36.40, 84.01, and 132.71. They would also, 
he considers, be unable to combine with other elements. 
The two first-mentioned should be comparatively abun- 
dant, but the two latter rare, the last especially so. The 
first should be more volatile than oxygen, and the second 


A somewhat peculiar bridge has recently been erected in 
Paris for carrying La Rue de Tolbiac over the lines of the 
Orleans Railway Company. The bridge consists of a 
central span of 196.5 ft. and two side cantilever spans of 
167 ft. each, the arrangement being somewhat similar to 
Sir Bradford Leslie’s Dufferin bridge, though the pro- 
salon of the side and central span are widely different. 

everal experiments have been tried in the structure in 
question, particularly in the cross-girders. Not only are 
these of a very bizarre shape, but they are connected to 
the main girders by pin joints, an arrangement which has 
already been tried and found wanting in America. Pos- 
sibly under road traffic it may prove less objectionable 
than under the heavy live loads of a railway, but the ex- 
periment is a doubtful one at the best. The elevation of 
the bridge, moreover, has not the graceful outline one is 
accustomed to expect in French city bridgework. 


Messrs. Cook and Son, of excursion fame, have just 
erected at Leicester spacious new offices, upon the outside 
of which are placed four very large terra-cotta tablets 
illustrating four eventful periods in the history of the 
firm. The fizst is dated 1841, and shows the excursion 
train which ran from Leicester to Loughborough, and was 
drawn by two of Edward Bury’s well-known four-wheeled 
engines, which at that time were working upon the Mid- 
land Counties Railway. The tablet illustrating the year 
1851, shows one of E. B. Wilson’s ‘‘ Jenny Lind ” type of 
locomotive conveying one of Messrs. Cook’s excursions to 
the Great Exhibition of that year. The third illustration 
shows the boats which Messrs. Cook employed for use on 
the Nile in the Khartoum Expedition of 1884. The fourth 
of these interesting representations shows the latest design 
of Mr. Johnson’s bogie express engines for the Midland 
Railway, and Messrs. Cook’s passengers as conveyed to- 
day in the latest pattern of carriage. 


The President of the Board of Trade has appointed the 
following gentlemen, viz., the Right Hon. Sir Francis 
H. Jeune, Sir Edward Harland, M.P., Sir Francis H. 
Evans, K C.M.G., M.P., Rear-Admiral H. G. Andoe, 
C.B., Captain H. F. Hughes Hallett, R.N., Mr. Thomas 
Henry Ismay, Mr. Thomas Scrutton, Mr. Wilson Barker, 
Mr. James Bolam, Mr. John S. Castle, Mr. Anthony 
S. Thomson, to be a committee to consider and reporb 
(1) whether the rule laid down in the Order in Council of 
January 30, 1893, is in accord with, and calculated to 
secure compliance with, the requirements of Articles 3 and 
15 of the International Regulations for Preventing Col- 
lissions at Sea as to the fixing and screening of the side- 
lights of vessels ; (2) whether it is desirable, in the interests 
of safety, and in order to secure due compliance with the 
above-named articles, that any, and what, alterations 
should be made in the instructions issued by the Board of 
Trade to their surveyors in the matter. 


On Thursday, March 14, at the ordinary meeting of the 
Civil and Mechanical Engineers’ Society, a paper on the 
subject of ‘* Passenger Lifts ” was read by Mr. 8S. & Court, 
A.M.I.C.E., vice-president. Having referred to the 
earlier forms of passenger lifts in use in England, the 
author gave tonite et various improvements lately intro- 
duced, such as the variable power hydraulic and the 
electrical systems, and gave figures to support his view 
that the latter has already shown, by practical working, 
that at even present prices the electric lift is a serious 
competitor with the hydraulic lift. Safety appliances, 
and possible causes of accidents, were then detailed, and 
mention was made of the recent fatal accident in the 
City. The author estimated that on an average fully 
90 millions of passengers are carried annually in London 
alone, and pointed out that the percentage of accidents is 
extremely small. In the author’s opinion, with the present 
prices for power, the electric system has been proved for 
individual lifts to be fully as cheap as the best form of 
variable power hydraulic lift. 


The number of companies promoted in West Aus- 
tralia during February was 17, with aggregate capital of 
1,736,0007., as high as in apy preceding month, while 
the aggregate capital ranks second only to that of 
November last—1,906,000/.. The last-mentioned month, 
however, included the Londonderry, with its large 
capital of 700,000/., so that altogether the promotions 
of February are as important as those of any month 
since West Australian gold mines became known on the 
London market (see page 245 ante). Of the 17 companies, 
10 advertised their prospectuses in the ordinary way, 
four obtained their capita: sew one issued a private 
prospectus, and one is merely the result of a reconstruction 
scheme. In the case of the remaining company the 
majority of the shares were issued with 18s. credited as 
aid to the vendor, and are now being put on the market, 
he West Australian mining and finance companies 
promoted so far number 98, with an aggregate capital 
of 9,354,4007.; and of these as many as 69, represent- 
ing 7,514,100/., have been formed during the past five 
months. 

Some experiments upon the comparative effects of frost 
and a hot saturated solution of Glauber salts on stone 
are given in a paper presented to the American Society 
of Civil Engineers by Dr. L. McI. Luquer. The speci- 
mens to be tested were carefully cleared from all loose 
particles, sharp edges or rounded off, and the specimens 
then carefully weighed. Those treated with Glauber salts 
were boiled in the solution for half an hour, after which 
they were washed and immersed in fresh solution and 
then suspended by threads in a dark room for 12 hours. 
They were soaked again next day and hung during the 
following night, the treatment being continued for several 
days. ll the specimens were finally sprayed, dried, and 
weighed. In the freezing tests the stones were thawed 
and soaked during the day and frozen at night. The 
greater effects were found to caused by the sodium 


of pure limestones, whilst frost had its greatest effect on 
coarse dolomite. With sandstones, fine-grained samples 
suffered less in each case than coarse-grained ones ; bub 
the damage done in every case was greater than with lime: 
stone and granite. 


At a meeting of the Hull and District Institution 
of Engineers and Naval Architects, held on Monday 
— the 11th inst., Mr. R. Pawley read a paper 
on “The Signalling Appliances on the Hull and 
Barnsley Railway.” Commencing by describing how 
a railway is divided into sections or telegraphic dis- 
tricts by signal cabins, and that no train is allowed 
to enter a section until the previous train has cleared 
that section or been shunted,’ the lecturer went on 
to describe the various signals passed between each 
cabin as a train proceeds, and the working and signific- 
ance of the various outside signals or semaphores, and the 
means by which these s‘gnals are operated from the cabins, 
and so interlocked that conflicting signals cannot be given. 
A description of the ‘‘ Sykes ” electrical apparatus, which 
works in accord with and also controls the mechanical 
and Bell apparatus, and thus forms a double check on the 
signalman, was next given, one of the instruments named 
being exhibited and explained in detail, and a short 
summary of its leading advantages given. Details of 
Saxby and Farmer’s spring catch-rod locking gear and 
levers, used in all the company’s cabins, were also given. 
Several diagrams of the various instruments and gear 
used in the cabins, &c., were exhibited, and further con- 
duced to a clear understanding of the subject. 


An extensive series of experiments on nickel steel have 
recently been made on behalf of La Société Cockerill. 
The metal in question had the following composition : C., 
.06 ; S., .02; Mn., .35; Si, 01; P.,.016; Ni., 7.5; leaving 
Fe., 92.04. The test bars were 4 in, long between gauge 
points, and had a section of 3.1square inches, At the same 
time check tests were taken of a bar of ingot iron, and on 
one of steel containing .55 per cent. of carbon. The 
following results were obtained : 
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ConTRACTS FoR CoALs TO THE SwEDISH Stare Ratz- 
ways.—The following tenders have been accepted by the 
Swedish State Railways: Bessler, Waichter, and Co., 
7000 tons Lambton, c.i.f. Stockholm, at 12s. 49d.; John 
Hudson and Co., 23,000 tons Lambton, o.i.f. Stockholm, 
at 12s. 54d. ; Wilson and Co., 15,000 tons Lambton, c.i.f, 
Gothenburg, 12s. 5d. ; W. M. Milburn and Co., 2000 tons 
Nixon’s Navigation, c.if. Stockholm, at 14s. 8d., and 
7000 tons Bothal Davison, c.i.f. Malmo, at 12s, 5d. : 
Emil Flensburg, 4000 tons Wombwell, c.i.f. Malmé, at 
13s. 10d. ; La Cour and Watson, 16,000 tons Lochgelly 
Cowdenbeath, c.i.f. Stugsund, at 11s. 74d., and 22.000 
tons c.i.f. Lulea, 11s. 10d. ; Pymon, Bell, and Co., 7000 
tons Kiveton Park, c.i.f. Sundevall, and 3500 tons c.i.f, 
Oruskildsvik, at 11s. 7d, ; M. Stevenson and Co, 
3500 tons Cowdenbeath, f.o.r. Hommilvik, at 12s. 9d, 





Tue Torrepo-Boat Dkgstroyrer ‘“Sturcron.”—The 
torpedo-boat destroyer a built and engined by 
the Naval Construction and Armaments Company of 
Barrow, whilst waiting her official trial in the Clyde, 
has made a series of progressive trials. On Monday last 
she was taken for a three hours’ run under trial condi- 
tions, with a result that a speed of 28.1 knots was 
reached on the mile and a speed of 27? knots on the 
three hours. The engines of the Sturgeon are of the 
three-stage compound type usual with these vessels ; the 
chief _ of interest ar yrs boilers, which are of the 
new Blechynden water-tube type, of which four are 
fitted. The working pressure of 2001b. to the square 
inch was, we understand, maintained with the greatest 
ease with 24 in. air pressure, and the working throughout 
was most satisfactory. This is the first vessel fitted with 
the new type of boiler, the latter differing from other small 
tube boilers in the fact that each tube can be drawn and 
replaced without disturbing its neighbour or undoing 








than sulphur. Argon would thus be a member of this 
family of elements. 





sulphate solution, which was especially marked in the case 





large flanged and bolted joints. 
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THE NAVY IN PARLIAMENT. 
Tue further debate on the Navy Estimates, 
which took place in the House of Commons on 
Monday last, upon the money vote for the wages of 
officers and men for manning the Navy, and coast- 
guard services, was even less profitable than the two 
former discussions referred to in our last issue. 
Mr. T. G. Bowles opened the discussion on the 
vote being brought forward, and probably many 
people on land will sympathise with him in his 
attack on the Board for bringing sailors ashore 
to live in barracks rather than in hulks afloat 
after the good old fashion. Most persons have, 
like David Copperfield, a romantic appreciation of 
the delight of living in something that has really 
been a real ship; but then most persons, like 
Dickens’ immortal hero at the time, have never 
tried the experiment. Mr. Bowles, who probably 
may be numbered with that majority, contends 
that a hulk is very much better for sanitary 
reasons than ‘‘the most modern contrivance in 
the way of drainage ashore.” ‘‘ When a man 
is put in a hulk,” adds Mr. Bowles, ‘‘he gets 
ingrained into him the habits of a_ sailor. 
But in a barrack on land he becomes more 
of a soldier than a sailor.” We fear that much 
more of the old picturesque environment of the 
British tar must disappear besides the living aboard 
The bluejacket now is a fighting marine- 
engineer. There is not a square inch of canvas 
on board a battleship, except in the way of awnings, 


3 | such rope as is used is mostly of steel wire, and the 


only spars required are the boat booms and those 
for torpedo nets. The thing so long dreaded b 
captains of the old school has taken place: pe 
Tar is dead. We still retain the serge blouse and 
jumper, which, after all, are comparatively modern ; 
but to mark the passing away of the sailor, we make 
leggings a part of the uniform. We wonder what 
the tough old blowhards, who almost mutinied at 
having to cut their pigtails off, would have 
thought of wearing leggings! One time the 
greatest indignity, and one of the severest punish- 
ments that could be inflicted on a sailor, was to 
make him march up and down the deck with a hand- 
spike over his shoulder as a musket. Now sailors 
are quite proud of their drill, and doubtless practise 
goose step—on the steadier ships—like the soldiers 
on shore. 


The main part of the discussion, however, was 
occupied by speakers far more hostile to the Ad- 
setnalie than Mr. Bowles ; indeed, there was a full- 
dress parade of the old peace-at-any-price brigade, 
which is now known as the Little England party. 
It is really surprising that the doctrines of those 
sanguine optimists, who think this rich country can 
get on without national defences, should get a hear- 
ing; but, strange as it is, there is a very large body 
of the voting public who think expenditure on the 
Navy is money extracted from the pockets of the 
poor man simply to find comfortable berths for the 
well-to-do classes. Sir Wilfrid Lawson, who led 
the attack on Monday last, put this sentiment very 
concisely. ‘‘There is,” he said, ‘‘ a public-house 
sign called the ‘Five Alls,’ which is explained as 
follows: The King, who governs all ; the Lord 
Chancellor, who pleads for all; the bishop, who 
prays for all ; the general, who fights for all ; and 
the workman, who pays for all.” Mr. Bowles 
pointed out that it was the ploughman and not 
the workman in the original legend ; but we think 
both are wrong, and that the last of the ‘‘ Five 
Alls” is the farmer, who feeds all. 


‘© But fall to each whate’er befall, 
The farmer he must feed them all.” 


But whether workman, ploughman, or farmer, 
the mischievous tendency of Sir Wilfrid Lawson’s 
words must be apparent. We can imagine hardly 
anything more worthy of condemnation than stir- 
ring class against class for the purpose of reducing 
the vote for the Navy. Sir Wilfrid Lawson 
is horrified at the enormous expenditure for war- 
like purposes. Truly the sum is enormous, amount- 
ing to something not far short of 60 millions 
for this year, including India and the colonies. 
Of this about, roughly, one-third is required for 
the service we now have in view. Sir Wilfrid 
Lawson and his friends say this money comes out 
of the pockets of ‘‘the workman, who pays for 
all.” Doubtless this also is true if we use the 
term ‘‘ workman” in its literal sense-—and as it 
should be here used—meaning all those who work. 
But the word is, by them, intended to indicate the 
body of men who labour with their hands, the con- 
ventional ‘* working man,” excluding brain-workers. 
Sir Wilfrid Lawson says, ‘‘ every working man in 
the kingdom works half-an-hour a day more than 
he need, because of this enormous expenditure on 
armaments, and this in a country full of wretched- 
ness and misery.” Mr. Labouchere, in seconding 
Sir Wilfrid, attributes the ever-increasing expen- 
diture to scares. ‘‘ Ministers,” he says, ‘‘ are very 
much given to these scares, while naval gentlemen, 
naturally desirous that their service should be mag- 
nified, do their best to convince the country that 
our whole empire is in danger of falling to pieces 
unless each year we spend additional millions on 
the Navy. There was no satisfying these gentle- 
men. Whatever Ministers do, and whatever 
amounts they are ready to spend on the Navy, the 
naval experts, the admirals, and such-like people 
are always complaining and crying, ‘ More, 
more |” 

Mr. Hopwood, following on the same side, ap- 
pealed likewise to political partisanship to oppose 
the — of money on the Navy. It was, 
he said, ‘‘a surrender of Radical principles,” and the 
party was ‘‘ invited to follow up former extravagance 
by fresh extravagance.” Mr. Lough, question- 
ing whether this great expenditure on the Navy, was 
necessary, said that ‘‘ during the last 20 years the 
country had evidence to show that it had got on 
exceedingly well without increased naval expendi- 
ture.” Dr. Macgregor characterised the statement 
that “the best way of insuring peace was to be 
prepared for war” as ‘‘ bunkum ;” and he objected 
that we were overtaxed, though he intimated that 
the matter would appeal to him, as a Scotchman, in 
a different manner were the arsenals and dockyards 
in Scotland. What was wrong with Dundee, for 
instance, or with Queensferry, or Greenock, or 
Glasgow ? Why should they not receive some of 
the money? As, however, there is no prospect of 
moving the Portsmouth, Woolwich, Chatham, and 
Devonport establishments to Dr. Macregor’s native 
country, he considers the proposed expenditure 
nothing more nor less than ‘‘the most rampant Jin- 
goism,” a ‘‘ parody on our boasted civilisation, upon 
our vaunted Christianity.” We have always thought 
that Christianity, like Charity, vaunteth not itself. 
Sir Wilfrid Lawson also despairsof Christianity, be- 
cause we are going tospend nearly 20 millions on the 





Navy ; but then he is also in despair about ‘‘ educa- 
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tion, civilisation, and a Liberal Government” on 
the same score ; so Christianity suffers in good com- 
pany. Mr. Cremer appears to be of opinion that 
the increased expenditure is not approved by the 
masses of the people, because not a single public 
meeting has been held anywhere in support of it ; 
a statement which throws a curious side-light on 
the view taken by some of government by Parlia- 
ments. Mr. Cremer has lately been in France, 
and does not believe there is danger to our com- 
merce to be apprehended from that country, be- 
cause the working classes of Paris were so very 
polite to him, although he acknowledges ‘‘a strong 
feeling of bitterness and animosity against England 
prevails among French politicians and journalists.’ 
Nevertheless, there is no need for us to strengthen 
our Navy, because the ‘‘ French people” do not 
share these feelings. 

All this is very mad and very sad. It would be 
amusing were its influence to extend no further 
than the House of Commons, where it may be 
trusted to be weighed and valued at its proper 
worth. Unfortunately, many of the gentlemen who 
spoke, though they have little weight in the House, 
are much thought of in their constituencies, where 
their words are read as words of wisdom and not of 
foolishness. It is only by the greatest care and 
forbearance on the part of responsible politicians on 
both sides of the House of Commons that the Navy 
has of late been rescued from the slough of party 
politics, and here we have a certain bedy trying to 
pull it back again into the mire. We are at a loss 
to understand what useful and honourable end can 
be served by thus appealing to the more uneducated 

art of the community in this matter. If Sir 
Wilfred Lawson and his following say it is better to 
be smitten than fight, then we could acknowledge 
the logic of their position, however much we might 
disagree with them on fundamental principles. 
But that, we take it, is not their contention. On 
the other hand, do they mean to say that the other 
nations of the earth have grown so peace-loving, 
so just, and so forbearing, that we can trust 
our vast and tempting commerce within their 
jaws without fearing they will bite? Has America 
taken this view? Yet her coast line is so far 
from a possibly hostile State that she is practi- 
cally free from fear of attack. Will France or 
Russia, Italy or Germany, disband their navies ? 
Even if they would, could we afford to be defence- 
less whilst South American republics have armour- 
clads and cruisers? The whole thing is too palp- 
able to require argument: the question is too pri- 
mitive to demand investigation, and yet practically 
a whole evening of the House of Commons was 
given up to its discussion. 

But why not, in place of these vast armaments, 
settle our differences by ‘‘diplomatic efforts” ? 
‘“‘An alternative to this increasing expenditure 
would be diplomatic efforts to bring about mutual 
and, perhaps, proportional disarmament,” said Mr. 
Byles. That is a most amiable wish, and every 
one must admire the simplicity of those who think 
it can be accomplished. But when we come to 
practical details the matter is not so simple. 
‘Diplomatic efforts ’’ mean, presumably, either 
the creation of international tribunals—law courts 
for the nations of the world—or else efforts 
to effect ‘‘a proportional disarmament,” as Mr. 
Byles says. It is impossible to have interna- 
tional tribunals so long as national feeling lives, 
and national feeling will last so long as dif- 
ferent races, or dwellers in different countries 

irrespective of race, as in the United States 
—think and act differently. No tribunal is 
effective unless it is backed by overwhelm- 
ing force, and if—after a passionless tribunal 
has been created—Sir Wilfrid Lawson can prevail 
upon the nations of the earth te pool their armies 
and navies so as to supply this overwhelming force, 
and can suggest the machinery by which it would 
be governed, he will have done the greatest good 
man ever did to his kind. Until he has done this, 
it is premature to ask the House of Commons to 
reduce the force necessary to protect the com- 
merce by which alone we live. 

As to ‘‘ proportional disarmament,” the case is 
almost as hopeless. What is to be the proportion ? 


Is, for instance, the Navy of a country to bear 
a proportion to its maritime commerce? Then 
England must at once set about spending very 
many more millions to bring her force up to the 
required ratio. Shall we all reduce a like amount ? 
That would suit this country very well, as we 
should be left with a fair fleet after all other 


countries had cut off their last ship. Probably 
Mr. Byles would say that the reduction should be 
pro raté; then how shal] we determine the 
standard ? Shall England spend, say, six millions 
a year and France five? But France would say we 
can build our ships more cheaply than she can, so 
our money would go further. Then supposing by 
happy invention or the superior skill of our de- 
signers, we get better ships at an equal expenditure, 
how is that to be set off? It is evident that ascheme 
of this sort must be smothered by the multitude 
of its details, even if the operations of foreign com- 
mittees of inspection, appointed to see details pro- 
perly carried out, did not lead to a grand inter- 
national war among all nations before the first 
batch of inspected ships were put in the water. 

In regard to the home political side of the 
Navy question, the ‘‘ working man ” of Sir Wilfred 
Lawson and his friends has far more to lose by 
national disaster than the more well-to-do classes. 
We do not wish to follow the example of some who 
have discussed this question and commit economical 
heresies, but it may be pointed out that by far the 
greater part that is spent on the Navy goes directly 
into the pocket of the ‘‘ working man,” and comes 
directly from the pocket of the classes. We know 
that any unproductive labour is bad for all, and it 
is only the menace of disaster that warrants ex- 
penditure on the Navy. But that menace exists, 
and, until it disappears, it would be criminal folly 
on the part of our Legislature to give the country 
less than a suflicient Navy to meet possible and 
not improbable contingencies. 





THE PARIS INTERNATIONAL 
EXHIBITION OF 1900. 

ALTHOUGH no actual work has yet been done 
upon the forthcoming International Exhibition, and 
many months will yet pass before a commencement 
is made, the preparations for the great undertaking 
are proceeding rapidly, for the amount of prelimi- 
nary labour required for the effective elaboration 
of so vast a scheme, is almost incredible. The 
details of the general organisation, the final plans 
of the buildings, the negotiations with foreign 
countries, and the representatives of home in- 
dustries, above all, the financial details ; these and 
many other things have to be carefully considered 
and decided on before the first spadeful of earth 
is turned. If these preliminaries are advancing 
without the flourish of trumpet and beat of drum 
that preceded the World’s Fair of 1893, we may be 
sure that the progress is none the less satisfactory, 
or the result less certainly assured. 

The general plan of the coming Exhibition may 
now be considered as settled ; quite recently the 
French Chambers have been asked to vote a credit 
for preliminary expenses, and this request was at 
once granted. At the present time M. Bouvard, 
the director-in-chief of the Architectural Depart- 
ment of the Exhibition, assisted by a large staff, 
which includes some of the successful competitors, 
whose designs received premiums some time 
since, are engaged in completing the drawings of 
the main buildings; to a large extent these 
designs are inspired by the plans which we have 
already described in general terms. As soon as 
these schemes are worked out they will be sub- 
mitted to the Superior Commission of the Exhibi- 
tion, and afterwards to the Chambers ; when this 
latter body has approved the scheme, a general 
vote of credit for the works will be asked for, and, 
of course, granted. But the main outlines and 
broad features of the Exhibition are now sufti- 
ciently settled to allow us to give a fairly com- 
plete idea to our readers, and we wish here to 
acknowledge our obligation to M. Chardon, the 
distinguished Secretary-Genera] of the Exhibition. 
It has been decided to borrow from the plans of 
MM. Heénard, Girault, and Paulin the most valu- 
able parts of their designs, and to combine them 
into one harmonious composition. The main en- 
trance to the grounds and buildings will be on the 
Place de la Concorde ; monumental proportions and 
lavish decoration will distinguish this great en- 
trance, so that, as was the case on entering the 
Exhibition grounds in 1889 from the Trocadéro, 
the visitor will be profoundly impressed by the 
magnificence of the approach. This entrance will 
form a central point of view for the Exhibition and 
grounds ; the locations of the main buildings will 
be decided on with this object; in 1900 the Exhi- 
bition will occupy, as it were, the centre of Paris, 





the Champs Elysées and the Esplanade des In- 


valides, not the Champ de Mars as heretofure. Of 
course, that site will also be included, but in the 
more central parts of the space reserved, those 
buildings will be placed that will best illustrate the 
arts and industries of France, and especially the 
decorative arts. The demolition of the Palais de 
’Industrie has been definitely decided on, in order 
that a great promenade may be opened from the 
Avenue des Champs Elysées to the Hotel des 
Invalides ; this avenue will be connected to the 
Champs Elysées by a vast rond-pvint, from which 
a commanding view will be obtamed—on the one 
hand towards the Arc de Triomphe, and, on the 
other, to the Place de la Concorde and the Louvre, 
as well as to the gilded dome constructed by the 
celebrated Mansard. A new bridge on the line of 
this promenade will be constructed across the 
Seine; it will be as light and simple as pos- 
sible, without any heavy archictectural masses, 
so that the eye may not be led to rest upon it, to 
the detriment of the more important features in 
the surroundings. In place of the old Palais de 
l’Industrie, one or two new palaces will be erected 
bordering the great promenade. The designs of 
these are not yet settled, and there is some talk 
of obtaining competitive plans for them. In any 
case, they will be highly decorative; it is 
desired that they should be magnificent in 
every sense—in design, construction, and suit- 
ability of purpose. There is an additional reason 
for expending much money and special care 
on these two buildings, if the present intention of 
making them permanent structures be carried out. 
Electricity will evidently be the great presiding 
genius at this Exhibition, to a higher degree than 
was the case even at Chicago; the building set 
apart for exhibits in this group will be one of the 
most important on the grounds, and it is expected 
that the electrical attractions of all kinds will far 
surpass anything of the sort at previous Exhibitions. 
The Esplanade des Invalides has been selected as 
the site for the Electrical Building, at the entrance 
to which will be placed a light of exceptional power. 
As regards the Seine, the arrangements we briefly 
described the other day will be substantially carried 
out ; on each side the banks will be crowded with 
buildings and attractions of the more popular sort ; 
the long perspectives of pavilions of every class of 
design and ingenuity of arrangement, will show to 
the greater advantage from the proximity of the 
river. Access to this part of the Exhibition will 
be probably given by terraces along the banks, 
between the new bridge and the Pont de Jena ; the 
wide slopes forming the river banks greatly facilitate 
laying out this part of the Exhibition. Following 
the river we arrive at the Champ de Mars, at the 
foot of the Eiffel Tower ; it will be remembered that 
many of the proposed plans included either the re- 
movalorthe substantial alteration of this monument; 
the present intention is that it shall remain un- 
altered, a resolution that will no doubt call forth 
more or less hostile criticism. For our own part, 
we do not see what the Commission could have 
done, unless they had removed it entirely. To 
change the Eiffel Tower would have been to spoil 
it; to remove it would have been a costly and 
difficult work, and we think that the new Exhibi- 
tion of 1900 will gain in all respects by the pre- 
servation of this great engineering monument of 
its predecessor in 1889. Onestrong reason amongst 
others that has led to the decision to preserve the 
tower, is that the concession to the owners does not 
expire until 1910, and a very large compensation 
would have to be paid in view of the harvest that 
may reasonably be expected during the Exhibition. 

We have already said that onthe approaching occa- 
sionthe Champde Marswillnotprove thesame centre 

of attraction that it has done at previous Exhibi- 

tions ; so far from this being the case, it is the in- 

tention to arrange upon it, at all events in the 

vicinity of the tower, exhibits of minor interest, 

and those which will be sought after by the 

specialist ; for example, agricultural machinery will 

in all probability find accommodation here instead 

of, as usual, beside the Seine. The great Machi- 

nery Hall of 1889 is to be preserved, but with many 
modifications as regards its external appearance. 

A large dome will be constructed in the centre, and 

the vertical gables will be replaced by rounded ends. 

It is intended to maintain a portion of the Fine 

Arts and Liberal Arts Buildings; the exteriors, 

however, will be much changed, and the domes will 

be removed. The large area between these palaces 

is to be laid out in gardens, with fountains and 





basins ; it is here that many of the special fétes 
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are to be centralised, and the chief displays of the 
illuminated fountains will take place. On the other 
side of the river the gardens and the Palace of the 
Trocadéro will be maintained, and the view from 
the steps of the latter building across to the Machi- 
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responsible. But it is possible to be a fair critic, 
and yet to be absolutely devoid of the constructive 
faculty. Many of them obtain positions in the 
Public Works Department of India, which is a 
better field for acquiring experience than can be 


nery Hall will be almost unbroken, except for the found at home. But here, again, they chiefly seek 


Eiffel Tower and monumental fountains, the 
changes to be made in the Beaux Arts and Liberal 
Arts Buildings being such as to subordinate them 
to the improvement of the general effect. It is 
intended that the Trocadéro Gardens shall be de- 
voted to the Colonial section ; here many pavilions 
and villages will be installed, but they will be of 
such a character and size as not to interfere with 
the broad panoramic view from the top of the 
Trocadéro hill. This part of the Exhibition will 
also be admirably adapted for evening fétes, 
and it is intended that the illuminations shall 
surpass anything before attempted. Especial 
care will be taken to provide efficient means 
of transport for the vast crowds that will 
assuredly flock to the Exhibition ; amongst other 
arrangements it is proposed that a high-level rail- 
way shall be built to make the entire circuit of the 
grounds, commencing at the Place de la Concorde 
and back by way of the Trocadéro. The Chambers 
will soon be called upon to vote the necessary 
credits for pushing forward the works, and the new 
bridge over the Seine joining the Champs Elysées 
and the Esplanade des Invalides will probably be the 
first work commenced. The Commissaire-Général 
of the Exhibition, M. A. Picard, whose experience 
with this class of work has been very great, is at 
the present time occupied in elaborating a scheme 
for improving the means of communication in Paris 
to facilitate access to the Exhibition. This is a 
matter of the first importance; it will be remem- 
bered that during the last Paris Exhibition much 
inconvenience was caused by deficiencies in this 
respect. We trust, through the courtesy of the 
secretary and other officials of this great under- 
taking, shortly to publish the complete details of the 
scheme. 








THE REORGANISATION OF THE 
ROYAL ENGINEERS. 

Our readers will remember that from March to 
August of last year there was a lively discussion in 
our columns under the heading of ‘‘ Military En- 
gineers and Civil Appointments.” This had its 
origin in an article on ‘‘ The Employment of Royal 
Engineer Officers in Time of Peace,” by a ‘‘ Quon- 
dam Officer of R.E,” which was published in 
the United Service Magazine, March, 1894. There 
has now appeared a pamphlet entitled ‘‘ The 
Reorganisation of the Royal Engineers.” This 
latter begins with a short preface ; it then reprints 
an article by Colonel the Hon. Arthur Parnell, 
late R.E., which appeared in August-September, 
1884, in Colbourn’s United Service Magazine, on 
‘“‘The Reorganisation of the Royal Engineers,” 
and then follows the later article to which we 
have already referred. From page 45 to page 
156 is occupied with the letters which appeared in 
our columns, while the remaining five pages are 
extracts from other sources. The issue of this pub- 
lication is evidence that the subject is not to be 
allowed to drop. If the dissatisfaction existing 
with regard to the present position of the Royal 
Engineers were confined entirely to the civil branch 
of the profession, which suffers severely from the 
undue preference shown to military men in the 
distribution of public appointments, it would be 
serious enough. But it hasa far more extended 
range than this. Those officers who have made 
a comprehensive study of the condition of our 
Army, declare that the Royal Engineers, as a 
body, are bad soldiers, that they are unfitted to 
command men in the field, and to perform the 
duties that would devolve upon them in campaign. 
This is a very grave charge, but the evidence in 
support of it seems difficult to refute. It is 
notorious that the Royal Engineer officers are most 
anxious to acquire civil and semi-civil berths, and 
that when they do so they cease to concern them- 
selves with drill and tactics. They build barracks 
the designs of which are got out by civilians at 
Whitehall, and which are erected by civilian con- 
tractors, under the supervision of civilian surveyors. 
This duty spoils them as soldiers, and makes them 
neither architects nor engineers. Or they act as in- 
spectors to the Local Government Board or the Board 
of Trade, advising as to the acceptance or refusal of 
designs and works for which civil engineers are 
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after office berths, where they are concerned with 
administration and routine, and have but little to 
do with practical work. They grow rusty as sol- 
diers, and learn little as engineers. The object of 
their desires seems to be to shake themselves free 
from all regimental duties and responsibilities, or, 
in other words, to drop their military character. 

The strength of the Royal Engineer Corps for 
1894-95, including 385 officers and 3 sergeants on 
the Indian establishment, is 7576. The British 
establishment includes 553 officers, 117 warrant 
officers, and 993 sergeants, 112 trumpeters and 
buglers, and 5413 rank and file. There are thus, 
in all, 938 officers to 5525 men, or 1 to 5.9 men. 
Reckoning officers, warrant officers, and sergeants, 
the proportion is 1 to 2.7 ; surely the rank and file 
should be well looked after. The number of officers 
suggested by Colonel Parnell is 270, while 
the proportion assumed in the German Army 
would give 288, so that there are now three-and- 
a-half times as many oflicers as are required. 
The reason is that a large number of them 
are engaged in civil pursuits. If they were avail- 
able for service in time of war, the state of 
affairs would have something to recommend it, but 
the consensus of military opinion is, as we have 
shown, that these half-retired officers have lost 
their knowledge of, and taste for, military matters, 
and would prove but amateurs if they were suddenly 
called upon for active service. At the same time 
they are an expense to the country, and lead toa 
delusive sense of security, as they figure as efficient 
officers, when they really are incapable of per- 
forming the duties that pertain to their rank and 
station. 

The success of the Royal Engineers in obtaining 
civil appointments is largely due to the way in 
which they stick together, and exert their com- 
bined influence in favour of individual members. 
They are still more united in repelling all attempts 
at reformation, and in crushing any officer whose 
love of military efficiency leads him to criticise 
their methods. The effect of this feeling is shown 
in the pamphlet before us. We search in vain for 
the names of author, editor, publisher, or printer. 
No clue is afforded to its origin, because—so we 
imagine—the originator is not prepared to face the 
contumely that he thinks would be poured upon him 
if his identity were discovered. We have had in- 
quiries as to where copies can be obtained, but 
have not been able to answer them. We should be 
glad to know, since it is a pity that such an im- 
portant subject should suffer for want of due 
publicity. 





THE ELECTROLYSIS OF GOLD. 


THE success of metallurgists in extracting gold 
from ore that contains only a minute proportion of 
metal, has long been a marvel to the un'nitiated, 
but minute as the quantity is, efforts are continually 
being made to render remunerative the extraction 
of even smaller quantities, or more frequently to 
reduce the waste in dealing with refractory ores. 
At the meeting of the Institution of Electrical 
Engineers held on Thursday, March 14, at the In- 
stitution of Civil Engineers, a paper was read by 
Dr. N. S. Keith on the use of electrolysis for this 
purpose. After pointing out that the larger 
particles of gold were easily separated by amalga- 
mation, and that the recovery of the float gold was 
the main difficulty to be faced, the author de- 
scribed the Rae process, as the first in which 
electrolysis had been employed to facilitate the 
process of separating the metal from its gangue. The 
principal reasons for the failure of this process were, 
he said, first, the inventor’s imperfect knowledge 
of electro-chemistry ; and, secondly, the imprac- 
ticability of causing the particles of gold to remain 
long enough in contact with the anode to be acted 
on electrolytically. The dynamos used by Rae at 
the Douglas Mill were series wound, and hence 
subject to reversal of polarity, and hence the 
carbon electrode, which was intended to be 
an anode, was half its time a cathode, the 
reverse being the case with the iron electrode. 
This iron electrode was in the form of a pan, form- 





ing the receptacle in which the ore was agitated with 
mercury. Other inventors used a cathode of 


mercury, into which the fine gold was expected 
to mechanically follow the current. The only 
advantage gained in practice was the reduction at 
the cathode of oxides and salts of the metals, thus 
keeping the mercury clean. With perfect appli- 
ances the following quantities of different metals 
should be deposited by one ampere-hour. 


Grains. 
Hydrogen-ampere-hour 0.5832 
Copper a 18 37 
Silver *s 72.28 
Gold a 38.19 
Mercury ” 58.32 
Tron a 16.30 
Lead ss 60 36 
Zine 18.95 


In most text books on the subject, lists showing 
the electro-chemical relations of the various metals 
to each other were given, but the arrangement of 
the series depended upon the electrolyte used. 
Thus, in dilute sulphuric acid iron is electro-positive 
to gold, but in potassium cyanide gold is electro- 
positive to iron. The electro-positive element was 
always the more soluble in a solution than the 
electro-negative. 

The most important solvent for gold from ores 
now used was potassium cyanide. It had, how- 
ever, been claimed that this was not a solvent 
at all, and it was a fact that the presence of 
oxygen seemed necessary for the solution to take 
place, in which case an auric potassic cyanide was 
formed, potassium hydrate being produced at the 
same time, as proved by Maclaurin, a New Zealand 
chemist. The slowness with which gold dissolved 
when oxygen was not forthcoming was well shown 
by Maclaurin’s experiments, in which gold leaf of 
the same thickness and very nearly the same weight 
was allowed to remain in various solutions. 














sina 
| In Stoppered In Bottle with 
Bottle. In ———- Oo. 
| 92 Hours. : 96 Hours. 
grm. grm. grm. 
Water.. | 125 125 
Potassium cy-! 
anide 1 1 
Gold .. 0.9947 0.990385 0.99425 
Loss of gold, 0.0018 grm.= 0.09175 grm. =; 0.23995grm. = 
0.18 per cent. 91 percent. | 24.2 per cent, 


The minute quantity of gold dissolved in the 
stoppered bottle was apparently due to a small 
quantity of oxygen previously absorbed by the 
cyanide solution from the atmosphere. 

Recognising the necessity of the presence of 
oxygen, many different oxidising substances had 
been tried, such as the passage of air through the 
solution, the addition of potassic ferricyanide, 
bleaching powder, and other similar materials, and 
he had himself tried peroxide of hydrogen with 
success. The solution was hastened greatly 
by all these reagents, but at the same time, 
since they had to be added in quantities far 
in excess of that theoretically required, they decom- 
posed the cyanide in too great quantities, and had 
hence been named “‘cyanicides.” In practice the 
finely divided auriferous ore was submitted to the 
action of successive quantities of aqueous solutions 
of potassium cyanide, containing varying quantities 
of oxygen or oxygen-producing materials. The 
material treated was usually tailings containing 
5 dwt. to 6 dwt. of gold per ton. This quantity being 
so small, any economy, such as hastening the 
solution, preventing the waste of the cyanide, or 
in finally recovering the gold from the solution, 
became of importance. 

Looking at the matter from the electro-metallur- 
gist’s standpoint, some time ago he had concluded 
that the action of oxygen was due to its strong 
electro-negative relation to gold in a cyanide solu- 
tion. Therefore he had tried the effects of various 
materials which were electro-negative to gold in 
solutions of cyanide of potassium. Carbon in con- 
tact with gold in cyanide solutions formed with it a 
voltaic couple, and the gold was far more rapidly 
dissolved than when alone. The best practical 
application of this fact was to finely powder the 
carbon, and continually agitate it with the auri- 
ferous tailings in a cyanide solution. Though the 
finely powdered carbon caused more speedy action 
than did a few, or more, large pieces, it was still an 
operation of chance, because the increased rate of 
action was dependent upon actual continued contact 
of gold and carbon until the gold was dissolved. 
Tron was electro-negative to gold in a cyanide solu- 
tion. The two formed a galvanic or voltaic couple, 





and the action was the same as in the case of the 
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carbon, only less in speed, because the iron was 
not so strongly electro-negative as was the carbon. 
He had discovered that mercury was electro-nega- 
tive to gold in a solution of cyanide of potassium, 
and had availed himself of this fact to improve the 
cyanide solvent, after this manner : He added to the 
cyanide of potassium solution used for the purpose, 
in any of its strengths (which latter vary from 0.01 
to 0.5 per cent. of cyanide), a small quantity of 
potassio-mercuric cyanide (2 K Cy Hg Cys), say 
2 oz., or more, per ton of solution. The action was 
as follows: The electro-positive gold decomposed 
the mercuric cyanide, taking to itself the cyanogen 
thereof, and receiving on its surface the liberated 
mercury which amalgamated it. Then in the 
solvent there was the contact of a voltaic couple, 
under which condition the electro - positive 
gold was dissolved, and afterwards the extremely 
attenuated film of mercury again dissolved in 
the cyanide solution, to react as before. There 
were no combinations, decompositions, and re- 
actions taking place, except those noted as 
being caused by the voltaic couple. There was 
no oxidation of the cyanides to cynanates, the 
solving action was more rapid, and the mercury 
acted as an assistant in the subsequent recovery of 
the gold from the solvent. The solution went on 
uninterruptedly, so long as the solvent was kept in 
motion. On the above plan extremely weak 
solutions of potassium cyanide could be used by 
percolating them through the mass of tailings con- 
tinuously, and simultaneously passing the solvent 
through an electrolytic bath in which the gold was 
deposited, the solvent being returned to the tailings 
to take up fresh gold. The usual method of recover- 
ing the gold from the cyanide solution was by pre- 
cipitation with zinc shavings. Theoretically 31.5 oz. 
of zinc should precipitate 65.55 oz. of gold, but 
practically over 50 times as much zinc was required, 
and there was nearly an equivalent loss of potassium 
cyanide. Moreover, the gold recovered was largely 
contaminated with zinc. To avoid these losses, 
several experimenters had devised electrolytic pro- 
cesses of deposition, the most successful being 
known as the Siemens and Halske process. Ac- 
cording to Von Gernet, the cyanide solution was 
treated in four electrolytic vats, each measuring 
nascent 20 ft. by 4 ft. by 8 ft., containing, 
alternately arranged, anodes and cathodes, which 
measured each 4 ft. by 8 ft., and were placed so 
that the solution, in flowing through the vat, 
moved downward on one side of each electrode, 
and upwards on the other side, or were so arranged 
that the solution moved upwards by both sides of 
several electrodes, and downwards by a like num- 
ber, serially, thereafter. The anodes were plates 
or sheets of iron, inclosed by canvas, and the 
cathodes were thin sheets of lead, supported in and 
by wooden frames. The current of electricity was 
caused by a dynamo taking 5 horse-power mechanic- 
ally, and yielding 34 horse-power in electrical 
energy at 4 volts pressure. (Von Gernet said 4, 
Butters and Smart said 10, while Eissler said 7.) 
According to these data, the electric current might 
rAg « 
be 7 = 652.75 amperes. 

The amount of iron used was 1080 lb. in one 
month, and the amount of gold deposited in that 
time was 697 oz. 15 dwt. 15 grains. The resulting 
products were the above amount of gold, some 
Prussian blue, ferric oxide, hydrogen, and an 
amount of impure litharge (Pb O) from the cupel- 
lation of the lead cathodes ; but nothing except the 
gold was of any economic value, because of the 
expense of reducing the other products to rework- 
able conditions. 

Taking the process as a whole, he considered the 
use of an iron anode objectionable, as it consumed 
electric energy, but experience proved that carbon 
would not stand, crumbling away under the action 
of the current, whilst zinc formed a white precipitate 
of ferrocyanide of zinc by the reaction of zinc oxide 
on the ferrocyanide formed during leaching, or 
more probably, he thought, this white precipitate 
was an insoluble compound of zinc oxy-compounds 
with cyanogen formed at the anode. In addition 
to the fact that carbon crumbled away, it was also 
objectionable in that the oxygen escaping caused 
the formation of potassium cyanate, and consequent 
loss of cyanogen. The lead anode as used in the 
Siemens and Halske process wasted away, and it 
was not easy to recover the gold from it. The 


current used was excessive owing to these various 
wastes. 








With a view to avoiding these, he had himself 
devised a process of recovery which might be de- 
scribed as follows: A solution of potassium cyanide 
containing from 2]b. to 10 lb. of the salt per ton 
of water was prepared, and to this was added 2 oz. 
to 10 oz. of a soluble mercury salt. The ore to be 
treated was leached with this solution, during 
which the mercury salt was decomposed, thus form- 
ing voltaic couples of the gold and mercury which 
hastened the solution of the former. To facilitate 
the process, the solution was kept in motion the whole 
time. As the solution came from the leaching vat, it 
was passed into long boxes, having a cross-section 
2 ft. square, and containing copper plates, extending 
across the section, and spaced at 14 in. to 2 in. 
intervals, every alternate plate being raised } in. 
above the bottom of the box. The number of plates 
provided was sufficient to allow of the deposition of 
the gold on them without requiring the use of so 
strong a current as to cause hydrogen to be likewise 
deposited. Eight hundred square feet of surface 
was sufficient for the treatment of 3000 tons of 
tailings per month. Between these cathode plates 
porous cells filled with a solution of an ammonium 
salt, such as the chloride or sulphate, were placed, 
and in each of these cells was a rod of zinc or iron, 
the whole being coupled up to the positive pole 
of a dynamo. Mercury was deposited on the 
copper plates from the solution, and, when neces- 
sary, more might be added in the form of a soluble 
salt. The gold was deposited on the amalgamated 
plates thus produced in very small particles, and 
the amount of mercury required to form a plastic 
amalgam was three to four times the quantity of gold. 
The anode being placed in a suitable electrolyte, 
there was no consumption of energy at its surface, 
and there was also no escape of free oxygen there. 
From time to time the electrolyte in the porous 
pots required renewal. This depositing vat could 
be worked continuously, the anode parts being re- 
placed from time to time as dissolved. The electro- 
motive force required need not exceed 1 volt. 
The loss of zinc for the treatment of 3000 tons of 
tailings would only be about 25 lb., and from 
5s. to 10s. of ammonium salts would also be used. 
The loss of cyanide was reduced one-half. 

In the discussion which followed the reading of 
the paper, M. Vautin remarked that Dr. Gore had, 
in 1860, proved that mercury was electro-positive to 
gold in a cyanide solution, and so Dr. Keith was 
not the original discoverer of this fact. No results 
as to practical working had been given in the paper. 
Up to the present, he believed, no electrolytic process 
had proved better than zinc precipitation, which 
was certainly the simplest. 

Dr. Vivian stated that Becquerel had used a very 
similar process to that described by Dr. Keith, his 
porous pot being replaced by afunnel plugged with 
linen. The gold solution was inside the funnel, and 
a solution of salt and the zinc outside. The gold 
was deposited on mercurised copper or platinum. 
Mr. Crompton suggested that trouble might arise 
from the plugging up of the pores of the pots. 

In reply, Dr. Keith proposed to deal with the 
question of priority in a written communication, but 
in reply to Mr. Crompton stated that as the cy- 
anogen combined withthe ammonium no insoluble 
compound was formed which would be able to stop 
up the pores of the pots in the way suggested. 





NOTES. 
Tur Yretp Pornt oF Iron anv STEEL. 

From a paper recently contributed to the Royal 
Society by Professor W. C. Unwin, F.R.S., it ap- 
pears that the yield or breaking-down point of iron 
and steel was first observed in the experiments 
made on very long bars of iron and steel by the 
committee of the Institution of Civil Engineers in 
1870. As the yield point is only found in rolled 
materials, it has been supposed to be due to the | 
mechanical work expended on the material, causing 
a state of constraint, but as annealing, if anything, 


makes it more marked, this hypothesis is unten- | 


able, especially as it does not disappear on repeated 
loadings of the test piece. Osmond suggested that | 


peated seven times, and the range of stress at which 
the bar broke down was always between 17.16 and 
18.71, the point being as clearly marked in the 
first test as the last. Very similar results were 
obtained with a wrought-iron bar treated in the 
same way, and with two other steel bars. It thus 
appears that the change produced in iron or steel 
by straining beyond the yield point is completely 
reversed by annealing, the bar being brought back 
to nearly its original condition. Hence it would 
appear that there really is a molecular change pro- 
duced in a bar by straining it beyond the yield 
point, the iron being changed into some llo- 
tropic modification similar to one of those it 
passes through in being cooled down from a high 
temperature. Similarly, when bars are broken 
by alternate stresses, as in Wohler’s experiments, 
the material, Professor Unwin suggests, may have 
had its molecular constitution modified, as would 
indeed appear from the peculiar characteristics of 
the fractures in such cases. In fact, it is not 
ordinary iron or steel as we know it that gives way, 
but the iron or steel in one or other of its allotropic 
modifications. 


Tue InstituTION oF NAvAaL ARCHITECTS, 

A provisional programme of the forthcoming 
spring meeting of the Institution of Naval Archi- 
tects has been issued, from which it appears that 
an exceptionally instructive gathering is likely to 
take place on April 3, 4, and 5. The announce- 
ment that will, however, interest a good many of 
the members most, is that ‘‘ a cordial invitation has 
been received by the Council to hold the next 
summer meeting of the Institution in Paris.” The 
invitation has been accepted, and the meeting 
will be held early in June. Paris is not exactly 
a seaport, and the members of the Insti- 
tution, either of the constructive or engineer- 
ing branches, will not expect to find any 
striking embodiments of their profession so high up 
the Seine; but Paris is the metropolis of France, 
even, perhaps, to a greater extent than London is 
the metropolis of Great Britain, and there is no 
town in France where the meeting could so fittingly 
be held. The French naval architects have 
always held a very high position in the scientific 
branch of the profession, and were able for very 
many years to build better sailing ships than 
could be designed by their English rivals, simply 
because of their higher technical training and 
skill. The reputation they held during the 
days of masts and sails has been worthily 
maintained during the present era of steam, 
and though in England we have happily passed 
from our former empirical state, English naval 
architects and engineers cannot fail to benefit 
greatly by a study of French methods and French 
practice. In regard to the spring meeting, the first 
sitting will be occupied by a warship discussion. 
Sir William White contributes the first paper, 
which embodies notes of his experience with recent 
battleships. Admiral Colomb follows, his paper 
having the suggestive title, ‘‘The Elements of 
Force in a Warship.” This is a subject that can 
be very profitably discussed. Mr. Milton gives a 
paper on ‘‘Steam Pipes,” which is sure to contain 
all the most recent information on the subject. 
There will be two American papers, one by Mr. 
D. W. Taylor on resistance, and the second by 
Professor Thurston on initial condensation. Both 
these are sure to be interesting papers. The same 
may be said of Mr. Yarrow’s contribution, which 
will deal with the aluminium torpedo-boat, and the 
two papers by Messrs. Schick and Mallock on 
vibration. There are other papers. 


Bare TELEPHONE WIRES ON THE GROUND. 
From some interesting experiments made by the 
German telegraph authorities, it would appear 





that, for short distances at any rate, telephonic 
communication can be carried on by means of 
naked wires lying on very wet ground. The object 
of the tests was really to inquire into the merits 
of some compound or double metal conductors 
recently introduced. These compound conductors 
consist of a core of steel, aluminium bronze, or 


the yield point was due to the rearrangement of|iron, or some other material of high strength, 


the atoms within the molecules of the metal, and | 
some experiments made by Professor Unwin on 
alternate straining and annealing of test bars, could 
be explained on this hypothesis. In these experi- 
ments a steel test bar was alternately loaded some- 
what beyond the yield point, and then annealed in 
a gas oven, being protected from direct contact with 
the flames by an iron muffle. The operation was re- 





covered with copper or a bronze of high conduc- 
tivity. The report in the Elektrotechnische Zeit- 
schrift, February, 1895, page 83, from which we 
quote, goes into details which do not concern us 
particularly, as they established that under the 


conditions of the experiments there was very little 


difference between the different wires. In the 
first set of tests, four wires, copper .024 in. in 
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diameter, two iron wires .03 in. and .049 in., 
and a compound wire .024 in. in diameter, 
were stretched on a dry sandy soil, and each 
connected in turn with the telephone instru- 
ments. When the line was .3 and .62 mile long, 
articulation was very good, even when about 100 
yards of the wire were buried in damp earth. When 
lengths of 150 yards were put in the water of a 
rivulet, nothing could be heard at all. When 
stretched across the water, so that the sagging wire 
touched the surface, the sound became very feeble, 
as if coming from a great distance. When several 
yards dipped into the water, all possibility of under- 
standing ceased. For the next series of experi- 
ments 1.5 miles of wire was placed in zigzag on a 
field with a heavy clay soil, very wet after strong 
showers which continued during part of the work. 
First, the wire was held down by U-shaped iron 
staples ; in that case nothing could be heard. When 
the staples had been taken out again, however, 
very good communication was at once attained over 
.6mile, then overl.2 miles. Thereseemed, however, 
to be something wrong, and, indeed, one staple had 
been overlooked near the end of the line. This hav- 
ing been removed, talking went on without the 
slightest difficulty. Earth was made at the far end 
by sinking a zine plate intoarivulet. Near the end, 
a loop of wire ran along this rivulet. When this loop 
touched the water, the sounds became very feeble 
again ; with 50 yards immersed, communication be- 
came impossible. The wires used so far were.024in., 
and one less even, in diameter, and had a high resist- 
ance of about 270 Siemens units. Thicker wires, 
copper of .16 in. and zinced iron of .12 in., of 3.75 
and 45 Siemens units resistance, were now taken. 
Although the conductivity was now very much 
higher, the sounds, still quite distinct, were decidedly 
less strong; there was no rain this time, but the soil 
was still wet. The reason was simply that this 
heavier wire made much better contact with the 
wet soil than the poorer but lighter conductors 
previously used. To settle this point, an iron wire 
of .008 in. in diameter, with a resistance of 11,925 
Siemens units, was tried ; this very bad conductor 
talked quite as well as the others. One more point 
might be mentioned. When part of the wire was 
dipped into the rivulet, strange noises were mostly 
observed ; but occasionally these noises were absent. 
It was finally ascertained that the water of the 
rivulet became at times so highly acid with the dis- 
charges from some chemical works near by, that the 
zinc was eaten off the iron wire. When this flow 
was stopped, the noises disappeared. The chief 
interest of the experiments lies in the fact that, in 
emergencies, we need not trouble about insulating 
a short telephone circuit: bare wire will do even 
on very bad soil. 





Water Powrr. — The demand for water power is 
steadily increasing in Sweden, and this source of energy, 
which has for centuries been almost unnoticed, is now 
becoming valuable property. The Jakobslunds Waterfall 
has quite recently passed into the possession of a syndi- 
cate, and it is in the first instance intended to supply 
the motive power for a central electric station at the 
tower of Linképing. The Grada Fall in the Osterdale 
River has also c — hands, and important industrial 
installations are under contemplation for the purpose of 
utilising the important water power. 





SuBMARINE TELEGRAPH ENTERPRISE.—The value of the 
Commercial Cable Company’s plant is officially stated to 
have been increased to 12,250,000 dols. by the addition of 
a new main Atlantic cable and its complete equipment, 
the acquisition of wharf property at Halifax, Nova 
Scotia, for the accommodation of the company’s repair- 
ing steamer, the extension of the Canso and New York 
cable to Pier A, New York, and other improvements 
which have been carried out, at a cost of 2,500,000 dols, 
In January, 1894, the balance of certain debenture bonds 
outstanding, amounting to 400,000 dols., was redeemed ; 
and the company has now no fixed charges. The busi- 
ness of the company was adversely affected last year by 
the great commercial depression prevailing both in 
America and Europe. The new main Atlantic cable of 
extra heavy construction successfully laid between Canso, 
Nova Scotia, and Waterville, Ireland, possesses a high 
carrying capacity, and the rate of speed ranteed by 
the contractors has been exceeded. The laying of the 
Canso and New York cable from the landing place at 
Coney Island through the harbour of New York to Pier 
A, North River, a distance of 14 miles, greatly increases 
the security of the company’s communication between 
New York and Europe. The rough receipts of the com- 
pany in 1894 were 1,773,434 dols., as compared with 
1,842,347 dols. in 1893. The working expenses in 1894 
were 762,996 dols., as compared with 784,600 dols, in 
1893. The net revenue for 1894 was accordingly 1,010,438 
dols., as compared with 1,057,747 dols. in 1893. The 


amount distributed in dividends in each year was 
700,000 dols, 








THE ‘‘ ARTIFICIAL SPECTRUM” OR NEW 
COLOUR TOP. 

THE new colour top that has no colour on it until it 
spins, shown in Fig. 1, was devised by Mr. Charles E. 
Benham, of Colchester, to exhibit colour phenomena 
discovered by him. It has been before physicists since 
last November, it has been called the ‘“ artificial spec- 
trum,” and it has puzzled scientists to explain the phe- 
nomena it exhibits. We understand that there is yet 
no satisfactory explanation published. A young engi- 
neer, laid aside some years ago, in the last year of his 
appenticeship, by spinal complication, had the top 
brought him by his doctor, last week, to amuse him, 
and, unable to understand it, he applied to Mr. 
Macfarlane Gray for an explanation. Mr. Gray did 
not know it, but, thus appealed to, he devoted an even- 
ing to examining it, and then sent the following account 
of the action which produces the colour display. 

The human eye and the photographic camera are 
alike in having both to throw upon a sensitive sur- 
face a well-defined image of objects in the field of view. 
While the optical function is the same, the methods 
are quite different. The photographer is provided by 
the optician with a compound achromatic lens fairly 
cancelling the erratic refrangibilities of the differently 
coloured rays in the spectrum. He then focuses for 
distinct outline for different distances by varying the 
distance from lens to sensitive plate, either tele- 
scoping the case or the lens tube. To have the 
back of the eye travel out or in or to have the lens 
in front adjustab'e would be likely to generate head- 
ache and to detract much from the pleasure of 
vision. In the eye, the image screen or retina is 
therefore set at a constant distance from the lens, and 
to get over the focussing for varying distances and 
varying colours, we are supplied with an eye-demon, 
who knows all about optics, and he just turns a short 
focus lens into a long focus lens or the converse as fast 
as the distances and colours before it are changed. 
Mr. Benham’s new top seems to bring us into closer 
intimacy with this demon than ever we were before. 


‘© Unseen it helpeth ye with faithful hands.” 


In Fig. 2 let L be the lens of the eye, and let the 
straight lines denote rays of different refrangibility. 
Say the violet rays focus at V and the red at R. The 
diagram is, of course, not to scale ; the aberration of 
refrangibility, as it is called, is here exaggerated to 
make the lines clearer. Let the position of the_screen 





Fie. 2. 


or retina on which the image is produced be at S,a 


Fig. 1. 


constant distance from the lens. To produce a 
clearly-defined image of a violet-coloured object on a 
black ground, the convexity of the lens has to be 
diminished, so that the V intersection may be moved 
to S. 

Conversely for red outlines, the convexity of the 
lens must be increased to bring the R intersection to 
the stationary S. Consider now that white light may 
be divided into two lots of rays—the red end of the 
spectrum and the violet end of the spectrum—and, for 
simplification, regard the refrangibility of each of 
these sets to be uniform, the one focussing at the 
R intersection, and the other at the V intersection, 
relatively. Red and violet do not make white, but the 
red set and the violet set do, and it is that which is 
meant in what follows. If the reader will imagine 
these rays to be transparent threads, red and violet, 
making white when superposed, he will see that at W, 
on the lozenge-shape on the diagram, the appearance 
must be white on the screen. He will also see that 
white light does not ever focus to a point as red and 
violet do. Consequently the image of a white object 
on a black background will be always extended beyond 
the true geometrical image an amount equal to the 
half of the breadth of this lozenge at W. A white dot 
on a black ground is, therefore, presented on the 
screen larger than an equal black dot on a white ground. 
When V is at the screen, violet objects will be clearly 
outlined, without marginal extension ; but if a white 
dot be at that instant substituted before the eye, it 
will be seen as a violet dot with a red margin addi- 
tional. 

In the diagram the areas marked little 7 are the red 
marginal rays, and those marked little v are the violet 
marginal rays. The central lozenge, crossed by both 
sets, is marked little w ; there the light is white—pure 
white, however, only at the central section. The 
lines of the diagram resemble a lazy-tongs, or the 
jointed frame on which wooden soldiers are drilled by 





children, It will be convenient now to imagine the 
diagram to be a lazy-tongs played by the eye-demon, 
as he alters the convexity of the lens, to produce as 
clear an outline upon the screen as the imperfect lens 
in his charge is capable of. The two halves of the 
white may be called the dark half and the bright half. 
When the top is revolved, the demon watches the 
black and the white, and focuses for dark and bright 
accordingly. When black has been some time before 
the eye—and by ‘‘some time ” is meant, perhaps, only 
the tenth part of a second, because our demon is very 
active in the performance of his duties—the V joint 
of the lazy-tongs is at 8, the dark focussing. Let now 
the top be rotating counter-clockwise, the outmost 
white circular arcs come into view with red margins 
lying on the black lines, making them red. Imme- 
diately the demon works his lazy-tongs to bring W to 
the screen, and he does this with such a will that he 
runs it past the mark. After 45 deg. the new white 
lines entering appear with yellowish margins overlying 
the black lines, making them yellow. After other 
45 deg. the margins are greenish, making the black 
lines green. After other 45 deg. the margins are blue 
or violet, making the black lines blue. 

The colour effect is produced by the top device 
enabling us to detect the demon in the act of changing 
the adjustment. 

If this explanation is correct, there ought to be a 
faint show of the colour effect when radial lines are 
substituted for concentric lines. This has been tried 
by Mr. Gray. The effect is only faintly observable 
when running one way, but the contrast of reversal 
at once establishes the fact that the effect is there. 

The phenomenon is, it will be seen, semi-subjective. 
Where the demon and his gear are up to the mark the 
lazy-tongs are worked, easily keeping step with the 
revolutions. Ifthe topis run too fast, the demon cannot 
keep pace with it, and his focussing is confused. This 
may be with one person, while a younger eye may be 
seeing the colours beautifully, because his eye demon is 
more nimble. 

It is for simplification only that the diagram has 
been made for only two sets of rays. There are, of 
course, intermediate margins similarly produced by 
the intermediate colours of the spectrum, and as the 
demon moves his lazy-tongs from one extremity of its 
play to the other, the intermediate margins are met 
with, and thereby the yellow and green on the inter- 
mediate bands. 

It is obvious that when the motion of the top is re- 
versed, the outer lines must be circumstanced just as 
the inner set of lines was before. From dark mass to 
white lines the margins of white arered. From white 
mass to white lines the margins of white are violet, 

The new top will be valuable if it only enables people 
generally to realise that the poorest that see have the 
equivalent of our eye-demon continually serving them, 
holding, as it were, under its thumb the crystalline 
lens of the eye, incessantly modifying its curvature to 
give clear images, and beating time as this new top 
revolves, doing its level best to perform its duty under 
exceptionally trying conditions, distinguishing change 
by change between the blacks and whites in the rotation, 
which our consciousness regards as concentric blended 
uniformity. 





THE Frencn Navy.—The building programme of the 
French Navy this year includes, besides an 11,200-ton 
line-of-battle ship to be built at Brest, two cruisers of 
8000 tons and 26,000 horse-power, one cruiser of 4065 tons 
and 9000 horse-power, two cruisers of 1765 tons and 3150 
horse-power, two seagoing torpedo-boats similar to the 
Aquilon, five first class torpedo-boats similar to No. 200, 
five aluminium torpedo-boats, and one despatch vessel 
of 1243 tons and 2200 horse-power. 





Sewerace at Norwicu.—Mr. A. E. Collins, city en- 
gineer of Norwich, has presented an elaborate report on 
the local sewerage _—_ to the sewerage and irrigation 
committee of the Norwich Town Council. Mr. Collins 
observed that perhaps the worst feature of the existing 
drainage of Norwich, after the state of the old low-level 
main outfall sewer, is the wretched condition of many miles 
of the main and branch sewers. With reference to works 
still to be carried out, Mr, Collins states that his estimates 
do not include anything for the sewerage of Eaton, Old 
Lakenham, the lower part of the district between Thorpe- 
road and the Great Eastern Railway, or other outlying 
parts of the city. The amount expended on new main 
drainage works to March 7, 1895, is 42,6967. Mr. Collins 
has prepared two estimates, marked “A ” and “ B,” and 
amounting to 86,232/. and 22,6491., respectively, for works 
required for dealing with the sewage and surface water of 
the low-lying parts of the city on the separate system, and 
the construction of such sewage and surface-water sewers 
in the western, southern, and central districts as are 
necessary, and for the interception of such sewers as can 
be used. Mr. Collins has also prepared an alternative 
estimate, marked “‘ C,” in the room of ‘‘A” and “ B” 
conjointly. This estimate, which amounts to 155,966/., 
includes the whole of the works required to complete the 
sewerage of Norwich — the separate system, includin 
ejectors (except the outlying parts before alluded to), an 
is based upon the supposition that a considerable mileage 
of the existing sewers may be either used for sewage or 
surface waters, 
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TRADE CATALOGUES. 

To THE Eprtor oF ENGINEERING. 

Sir,—It would be a great convenienve to engineers who 
desire to file trade catalogues if all publications of this 
description were made to conform to certain recognised 
sizes. The advantages of conforming to standard sizes 
would speedily be recognised if engineers made a rigid 
rule, and consigned to the paper basket all defaulting 
trade publications. The following sizes are suggested : 


; in, 

For card circulars ve 24 by 4 
Trade catalogues, &c.,A __... mt Se 
me sf B ie soo ER ge aD 
ai ma C ms ... 20 ,, aah 
Letter paper, specifications, &c. 8 ,, 104 

Yours faithfully, 
WALTON Brown. 


Newcastle-upon-Tyne, March 16, 1895. 





PORTLAND CEMENT. 
To THE EpitorR OF ENGINEERING. 

Srr,—In answer to Mr. Bamber’s somewhat unnecessary 
question as to whether a statement of ours was not in- 
accurate, we have only to say that we are not in the habit 
of making inaccurate statements. Also, as bearing upon 
our customers’ belief in our manufacture, we may mention 
that since January 1, when this controversy had already 
been going on over two weeks, we have concluded 
contracts for nearly all our possible output for this year. 

Mr. Bamber’s verse, which is too lovely to be allowed 
to die, ran: 


‘* They supply their cement genuine in cask or bag, 
Not, like some other makers, mixed with rag.” 


The italicising is Mr. Bamber’s own, and was probably 
used to aid the metre. When any one can descend so far 
as to write this sort of stuff in a serious correspondence 
about Portland cement, he must not expect to be treated 
with the consideration due to an ordinarily sensible 
person. When we said that Mr. Bamber’s verse would 
qualify him to compete on favourable terms with the 
laureates of the ragshop, we, of course, referred to the 
doggerel bards who write for marine store dealers. We 
have searched our letter in vain for any hint that could 
have led Mr. Bamber to suppose that we either employed, 
or intended to employ, a laureate to sing the praises of our 
cement. Mr. Bamber on one occasion offered to test our 
improved cement for nothing ; and it is since we politely 
declined his friendly offer that he has taken to vehemently 
depreciating us and our manufacture. We therefore con- 
template with some trepidation the possibility of his 
tendering to us his gratis assistance in his doggerel capa- 
city. What would be the effect, if we were again com- 
peiled to decline his assistance, we fear to imagine. 

Mr. Bamber says that ‘‘ Engineers, as a rule, when 
they decide to use Portland cement in their work, under- 
stand by that term the ordinary genuine article made 
from clay and chalk, and desire to obtain that substance.” 
Just so; but as appears from Mr. Bamber’s defence of 
the use of gypsum, they have no great objection to an 
addition of that substance—only not ragstone, nor any- 
thing else but their favourite addition. Mr. Bamber 
will observe that we do not call it an adulteration. We 
have not used gypsum, and only know from hearsay what 
its effects are ; but we do not presume to settle the ques- 
tion of its good or evil effects without having practically 
tested its use. Mr. Bamber says an addition of 2 per 
cent. of gypsum to cement is allowable, because there is 
already practically about3 per cent. of gypsum in it. The 
addition of further lime to cement might be defended on 
similar grounds, there bsing already lime in the cement. 
The addition of ragstone is also more defensible, because 
there are in it almost all the constituents of Portland 
cement. Weare much obliged to Mr. Bamber for this 
hint as to allowable additions. 

In a correspondence on a matter of this sort, we are not 
disposed to poe about expressions that may be used 
in the heat of the argument. We are not squeamish, so 
long as the fighting is fair. Other manufacturers, who are 
of our way of thinking and acting as regards ragstone and 
gypsum, have preserved a discreet silence, and have left 
us to bear the brunt of the attack made upon us by those 
impartiai persons, who in vhe end always prove to be 
antediluvians or gypsumites. We do not complain about 
any correspondent who deals with the broad question of 
whether ragstone improves Portland cement or not; but 
we do complain when our works and manufacture are 
definitely mentioned, and when we are plainly accused 
of adulterating and depreciating our cement. We would 
point out to your correspondents who have followed this 
line that they are treading upon dangerous ground. 

We are, Sir, yours truly, 
Macevoy anp Hott. 
Britannia Cement Works, Northfleet, March 13, 1895. 








EARLY ATLANTIC STEAMERS. 
To THe Eprror oF ENGINEERING. 

Srr,—In your issue for February 8, page 175, some 
most welcome, descriptive, and illustrated notices were 
published in connection with the machinery of early 
British mail steamers, and the writer would suggest that 
to such of your readers as are interested in the study of 
the rise, progress, and development of ocean steam 
navigation, it would be of the utmost importance and 
value if illustrations of the machinery as well as pictures 


of the ships could, with a series of articles, be published, 
describing not only the earlier famous Cunard paddle 
liners up to date of the Persia and Scotia, but perhaps 
also the paddle liners of other early English companies 


panies, such as, for instance, the Collins liners, the 
Vanderbilt Line ships, the Arago and Fulton, and other 
ships. Models, more particularly of all English early 
ocean steamers, are in existence, and have frequently been 
shown at various exhibitions, English and foreign, and 
it probably would be easy to procure photographs of such 
ship models for preparing correct illustrations of these 
old Cunarders, &c. At the late Antwerp Exhibition, for 
instance, splendid models of nearly all prominent types 
of the Cunarders, old and new, were shown, and there 
can hardly be a doubt that photos have been taken of 
the whole of them on this or an earlier occasion. 

In connection with the machinery more particularly, it 
is a remarkable feature that whereas it would appear that 
most English-built paddle ocean liners had side lever 
engines, some of the finest Collins and other American 
paddle ships (Arago, Fulton, &c ) had oscillating cvlinder 
engines of the inclined type; the largest of the Vander- 
bilt liners, on the other hand, had a double set of over- 
head American type beam engines built at the Novelty 
Iron Works, New York. It would, moreover, prove most 
interesting to learn whether earlier published works on 
the marine engine and ocean steamships might be in 
existence fully describing, and perhaps illustrating, some 
of the ships and machinery above referred to. 

Yours most respectfullv. 

GERMAN ConsTANT READER OF ‘‘ ENGINEERING.” 
Frankfort-on-Maine, Germany, February 21, 1895. 
[There are several works in existence giving full details 

of early steamers, with illustrationsand drawings of typical 
engines, as, for instance, Bourne on ** The Steam Engine,” 
the official record of the 1851 International Exhibition ; 
Lindsay’s ‘‘Modern Shipping,” and Maw’s ‘ Recent 
Practice in Marine Engineering (1883);” while the 
principal companies publish historical works giving 
engravings of most of their boats, the finest we can recall 
at the moment being that of the Cunard Company. We 
question, therefore, if the advantage gained by publication 
in ENGINEERING would be commensurate with the space 
necessary, in these days when so many departures in 
practice imperatively call for notice.—Ep. E.] 





LIGHT RAILWAYS AND AGRICULTURE. 
To THE EprToR oF ENGINEERING. 

Srr,—I am glad to see your careful and able article in 
your issue of March 8th on “Light Railways,” and 
especially that you so forcibly point out the critical danger 
of spending money—other than with the greatest care—in 
any agricultural district to benefit agriculture. 

I hope you will allow me to try and show that light 
railways, instead of benefiting agriculture, will be one 
more dead weight—never to be got rid of—on the energies 
of the British farmer, unless made with private capital. 

First allow me to state briefly several facts. 

The railways of this kingdom have been made by private 
capital, individual energy and organisation ; and if indi- 
vidual energy, aided by private capital, chooses to construct 
light railways or tramways, there can be no valid objection 
to such work being done. 

But this is not the point at issue. The whole of the 
discussions that have taken and are taking place, and the 
letters and articles that have been written (with few excep- 
tions, and notably your own leader), take this line: that 
inasmuch as agriculture is of national importance, and is 
in a state of utter depression, therefore something must be 
done by some one. 

Another fact. Some twenty years since the great South 
Staffordshire thick coalfield, belonging toa great number 
of proprietors (I was and am one of them), was, in a great 
measure, waterlogged. Individual firms had pumping 
engines, which, more or less, freed a large quantity of 
the mines. But certain engineers and some few agitators 
(this term is used advisedly) got up a scheme for 
freeing the whole coalfield by a combination. They 
applied for and obtained Parliamentary powers, and rode 
rough-shod over the whole district. They were aided by 
a few pumping-engine owners, whose end (which they 
gained) was, probably, to sell their pumping plants. The 
result of all this has been, that after buying up these 
big pumping plants, and spending many hundreds of 
thousands of pounds, the last state of the South Stafford- 
shire coalfield is worse than ever. The mines and mineral 
industries have been most unjustly and injuriously taxed, 
and no one has benefited exceptthe engineers and lenpeen 
who have grown fat at the expense of the masters and 
men in the district. When any body of men get the 
power to spend other people’s money in connection with 
any industrial enterprise, the end is always the same. 
The industry is crippled, if not killed, and the only ones 
to benefit are the busybodies who have no business of 
their own, and are, therefore, the more unfitted to manage 
other people’s. 

Now to return to agriculture. The complaint is that 
there is no cheap means of transit, and engineers and 
lawyers, of course, want to get up an agitation in favour 
of State-aided or rate-aided light railways. 

If they are made, they will do no good, and certainly 
cannot pay. But if agriculturists, and especially land- 
lords, will Yok the matter fairly in the face, I maintain 
that the remedy or remedies—for there are two—for the 
present want of cheap transport are very clear, and can 
easily be got. These two remedies are : 

1. Steam traction along our country roads. 

2. Organisation, 

As regards the first, there are two difficulties which 
must, and can, be — cleared away. One of these is 
an existing Act of Parliament which compels a traction 
engine to pay a toll of 10/. when it passes from one 
county into another. There were reasons for the clause in 
the Act when it was made law, but there are no longer 
any reasons for its continuance, and there are the most 





(steamers La Plata, Atrato, &c.), and of American com- 


urgent reasons for its being repealed. The other diffi- 





culty, that is, of weight, can be provided against by an 
additional or amended clause to the same Act. This 
should be done on the score of safety as regards our 
bridges, but I would strongly advise that all bridges 
should be made within the next seven years to support a 
load of 10 tons on any one pair of wheels, and 20 tons on 
a wheel base of ? ft. But the question of weight would 
be really of no difficulty if the restriction of passing 
from county to county were abolished. 

I could give, if it were required, some most ludicrous 
and some painful (from the agriculturist’s view) instances 
of the effect of this restriction. And in spite of these 
restrictions, I can point to instances where road steam 
traction is helping agriculture enormou-ly, and proving 
that if it were given fair play, by restrictions being 
swept away, private capital and private energy would 
come into the field as a powerful force to aid in the dis- 
tribution of produce as a feeder to our main lines of 
railway. 

Suppose that in a parish of 5000 acres there are 12 
farms (exclusive of cottage holdings), and supposing there 
is a light railway or tramway running through the parish. 
How can it touch more than three or four of the farms? 
Now why should the other farms b3 taxed for the benefit 
of afew? But even the four would only be benefited to a 
very small extent. A tramway cannot be laid on toa farm, 
so that it would have to be fed by carts and wagons. And 
then at the railroad end there must be transhipment, 
because the gauge of the railway must be different, and 
even that transhipment would have to be aided by carts 
and wagons. 

I would undertake, before any Parliamentary Com- 
mittee, to knock so many holes in any light railway 
scheme that it would not hold water at all. 

On the other hand, take the same parish. A man 
with sufficient money buys a light traction engine and 
calls on, say, A., D., G., L., and O. farms, receives and 
delivers their produce to station X.; and he receives a 
number of consignments at X., and delivers to farms B., 
D, E., F., L., P., and Y. And as business increases, 
one engine is supplemented by another, and the plant is 
increased in proportion to the want of it. This is now 
being done, and if the restrictions pointed out above are 
removed, I am convinced the whole country will be sup- 
plied with steam traction power. 

Ib should be remembered that traction engines, pro- 
perly made, act as road rollers, and the wheels of the 
wagons they draw do more good than harm. But there 
is an infinitely greater difficulty to be got over, if agricul- 
ture is to be made to succeed, than that of traction. 
Organisation. Now, Sir, facts are worth far more than 
opinions. Take the following : 

1. The London and South-Western Railway have re- 
cently been sued on the question of preferential rates. 
The evidence brought forward is a whole library (not only 
a volume) on the want of organisation amongst farmers 
and landlords. The facts advanced by the railway were 
that the weight of produce, in this case hams, collected in 
a given county to send to London, was less than one-tenth 
of the weight received into the district from London, and 
that all round the weight collected at any station from 
farms was so small, that it was impossible to deal with 
the stuff except at a high rate. 

2. The well-known firm of Hudson Brothers receive 
and sell every day some 8 tons of Normandy butter. Mr. 
Hudson told me several years since that his firm used to 
buy their butter from English farmers, and that they 
could not get any uniformity, because any one farm, 
however large, may have to alter the food of the cows 
with the weather, and with the supply of food on the 
farm; thus with swedes and mangolds, and so on, the 
flavour of the butter is altered. And Mr. Hudson con- 
tinued: ‘‘It was the work of one clerk to answer com- 
plaints from customers. The Rev. X. presents his com- 

liments, and objects to the taste of swedes, while the 
isses W., with a tinge of asperity, cannot eat butter 
that tastes of mangolds.” 

Mr. Hudson spent several months in Hampshire, try- 
ing to arrange a large combination of dairy farmers, and 
so form a ‘‘ pool,” whereby all their milk would be sent 
and treated at a common centre, and the quality of the 
cream and butter, or cheese, would be averaged, and so 
be practically uniform. This he failed to arrange, and 
as @ consequence went to Normandy, where he succeeded, 
and hence the price of 8 tons of butter goes to Normandy 
daily from one firm, through the thick-headedness of 
Hampshire farmers, and, allow me to add, emphatically, 
Hampshire landowners. 

I could supplement the above facts with a string of 
such. I must point out that I am fully aware of the 
combinations that have been, and are being, made in the 
West of England, and in Cheshire, and I have carefully 
studied the able report issued by the Royal Agricultural 
Society, on the large farms in the eastern counties, and 
the success, even in the last few years, with which they have 
been farmed. But these combinations are the strongest 
argument in favour of more general organisation and com- 
bination. And, on the other hand, they offer the strongest 
condemnation on the general absence of oy / organisa- 
tion. Then, again, the success of the very large farms 
in the eastern counties is equally a proof of the necessity 
of organisation on a large scale to insure success ; one very 
large farm being equal to a combination of small ones. 
The economy, or rather economies, arising out of a proper 
organisation of farmers are obvious—uniform quality of 
cream, butter, and cheese, and lessened cost of production 
—saving of time and cost in ploughing, mowing, reaping, 
&c.—economy in distribution and sale of produce, and in 
collection of accounts, especially for milk, cream, eggs, 
poultry, cheese, and butter. With proper organisation, 
every cottager (as in Normandy) could be a producer of 
poultry. eggs, and pigs, and in many cases, milk and calves. 








But, Sir, why have I alluded so strongly to landlords? 
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What do they do—I mean the vast majority of them—for 
the incomes they derive from the land? Frequently 
nothing. And yet the greater part of them are men of 
education, capable of thought and reflection, and well 
able to undertake any scheme of organisation. The owner 
of every big estate has the power in his own hands to 
organise the whole of the people on it—the farmers and 
cottagers—so that the production shall be the most perfect, 
and the distribution, including all transport, shall be the 
most economical and efficient. 

Here lies the secret to success in agriculture, and not in 
light railways. ‘ 





BALANCING OF LOCOMOTIVES. 
To THE EDITOR OF ENGINEERING. 

S1r,—An interesting point appears in a paper on the 
Purdue experimental locomotive, read by Mr. W. F. M. 
Goss, in December last, before the American Society of 
Mechanical Engineers; it may have some bearing on 
the theoretical method of balancing outside connected 
motions, as described by Mr. Rolfe in your issue of the 
16th inst. After allowing for due balance of the crank- 
pin bosses, the counterweights necessary to enable the 
engine to rise steadily on its friction rollers were calcu- 
lated from actual measurements to be 557 lb. and 546.6 lb. 
referred to crankpin radius in the driving and trailing 
wheels respectively ; it was assumed that the excess of the 
sum of these over the actual weight of the parts to be 
balanced, viz., 1103.6—1090=13.4 lb. was due to an error 
in estimation. If we assume the lateral dimensions of 
Mr. Rolfe’s Fig. 1 to apply, the weight in the driving 
wheel should work out at 618 lb. at an angle tan—! .1045 
with the centre line. As the actual weights were on the 
centre line, and so nicely adjusted that a change of a 
single pound produced greater oscillation, it appears 
possible that they may have been underestimated 
rather than otherwise, the horizontal moments balancing 
each other about a vertical axis, but being slightly out of 
phase; on the other hand, the mounting would offer 
positive resistance to lateral divergence, whilst there 
would be no friction to mask the effect of unbalanced 
, orizontal pull on the mass. 

Mr. Rolfe makes somewhat unorthodox use of the term 
“inertia” in supposing it to vary with the speed; it is 
usually considered to be a fundamental property of 
matter, invariable as mass itself. 

If the horizontal disturbances are balanced by the 
momentum of oscillations, that momentum must vary as 
the speed ; but the destructive resistance is measu by 
the change of energy which is a function of the difference 
of the squares of the maximum and minimum velocities 
between which the actual speed varies. A couvle, how- 
ever, does not directly necessitate a modification of 
energy ; thus an engine that has happened to get a cer- 
tain amount of balance for its reciprocating parts some- 
where on the opposite side of the axle, may run smoothly 
and economically until it chances to emphasise some spot 
on the permanent way requiring attention from the engi- 
neer’s department. 

If the first-fruits of Mr. Rolfe’s ready pen contained 
the germ of the theory of balancing horizontal disturb- 
ances in all the wheels available, I failed to discern the 
same amid the luxuriant verbiage of Le Chatelier redivivus, 
hence my gratification on noting the expression of his 
approval of the rational system. 

Yours, &c., 
March 18, 1895. J. Die 





To THE EpiToR OF ENGINEERING. 

Sir,—In my letter last week, in centre column, page 
351, 13th line, the bracket should be at the end of the line, 
following ‘‘0” instead of ‘*558 ;” the statement “ rail pres- 
sure = 0” referring to the three quantities mentioned in 
lines 10 and 11. 

In first line of next paragraph w and w, should change 
places. 

And, whilst about it, may I mention that the ‘‘7” has 
dropped outof the denominator of theright-hand member of 
the identity given inline 16, page 352; read “ 0 2 cos i.” 

I should be glad if you can find room for this note. 

Yours faithfully, 
H. Rourg. 





NORTH GERMAN LLOYD SS. ENGINES. 
To THE EprToR OF ENGINEERING. 

Srr,—I have been exceedingly interested in the account 
and illustrations you publish to-day of the above; and I 
suppose it is no breach of good manners to criticise, or, at 
least, utter one’s opinions about the engines, 

They are, I believe, the first engines of the torpedo-boat 
type that have been adopted without modification for a 
merchant steamer, and they present several noteworthy 
features. In particular the connecting-rods seem parti- 
cularly long, doubtless necessitated by the construction of 
the framing. 

The illustrations have been prepared before the engines 

were completely finished, and I take it that some stays 
pass from the cylinders, or from the upper ends of the 
columns, to the ship’s sides for the purpose of resisting 
the strain caused in heavy rolling at cea. I should like 
to know whether that is so, and whether the heavy girder 
— the two cylinders is fixed with the same 
object. 
_ The bedplate is of a type that is now scarcely ever used 
in our merchant ships, and I think the wisdom of supply- 
ing the crankshaft in one piece (as it appears) may be 
questioned. 

It is satisfactory to learn that the engines worked with 


it was with this intention that there is a difference of one 
in the respective revolutions of each set of engines ? 

Taking the engines as a whole, there is nothing new in 
them, since they are the same kind as have been used 
during the last few years by our torpedo-boat builders ; 
but it is their application to the merchant service that 
makes them novelties. 

Although it may have been doubtful whether such 
engines would fulfil the heavy duty expected in a mer- 
chant ship, yet it is gratifying to see that the experiment 
has been made, and at the expense of another country. As 
the ships have only been running a few months, it is too 
early to expect any reliable information about their be- 
haviour ; but these statistics will doubtless be obtainable 
in due time. 

The North German Lloyd Company is certainly a re- 
markable corporation to possess the tonnage, of which we 
recently had details in your columns. I think it would 
interest your readers greatly tohave a list of their steamers, 
and perhaps you can see your way to give us some more 
information concerning such an important company. 

Yours faithfully, 
ARGO. 








NOTES ON AERONAUTICS. 
To THE EpiTorR OF ENGINEERING. 

Sir,—In my first letter on this subject I only touched 
on the aerodynamical principles as exemplified by birds ; 
and whilst these hold good, or are the same with all flying 
animals, there are two or three different methods of pro- 

ulsion, of which one or two are more correctly adapted 
or mechanical imitation than the others. 

I pointed out in my first letter already that the wing 
acts both as aeroplane and propeller, and we may distin- 
guish three different systems of propulsion, represented 
by the four following classes of animals : 


2. Bats. 

3. Dragon-flies, &c. 

4. Beetles. 

In all those four classes propulsion is achieved by auto- 
matic torsion or twisting (feathering) of that part of the 
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aeroplane which is subjected to the greatest sweep or 
velocity, but the mechanical construction of that part is 
different in each case. For instance : 
1. In the bird the torsion is caused through the tufts of 
the wing feathers being placed on one side of the quill 
ore? og causing at the down stroke a twisting of each 
ig. 1). 
2. In the bat’s wing the propelling mechanism consists 
of the membrane between the fingers of the forearm, each 
sector forming a paraboloidical surface through the air 
pressure at the down stroke (Fig. 2). 
3. In the dragon-fly we have two sets of wings oscil 
lating alternately, the front wings delivering the air cur- 
rent on their down stroke on to the sscond set of wings 
on their up stroke, which again send it on atan increased 
speed. The feathering in this class is manipulated by the 
different ribs running parallel with each other through 
the membrane, which I consider is the best mode to 
imitate (Fig. 3). 
4, In the beetle the front or shell wing acts mainly as 
aeroplane, with comparatively light oscillation, whilst the 
bulk of the propulsion is done by the under-wing ; parti- 
cularly noticeable in this class is the parabolical curvature 
of the shell wing directing the air current towards the 
body (Fig. 4). 
.B.—I wish to draw here attention to the fact that 
the more the aeroplane, 7.e., the wing, is curved, the 
greater proportionally the lifting power, exemplifying a 
well-known law in hydro and aero-dynamics concerning 
the pressure of air or water jets against flat or concave 
surfaces, 
In conclusion I may say that we can safely assume that 





remarkable freedom from vibration, May I ask whether 


Nature has worked out this problem on the most econo- 


mnical, scientific, and effective principles, and any devia- 
tion from them means waste or loss of power somewhere, 
and I fail to see how a flying machine can be practical! 
successful unless built on a basis in accordance wit 
natural designs. 

Tan, Sir, yours, &c., 


A. HERz0¢. 
Inglewood, February 4, 1895. 





CYLINDERS FOR THE STORAGE OF 
COMPRESSED GAS. 
To THE Epitor oF ENGINEERING. 

Srr,—Once again has the attention of the public been 
drawn in a most lamentable manner to the cylinders in 
which oxygen and hydrogen and other gases are now 
commonly stored under high pressures; it is, if my 
memory serves me right, barely 18 months since a similar 
disaster, attended with fatal results, occurred in a railway 
station at Bradford, in which, as many of your readers 
are aware, a boy who carelessly let an oxygen cylinder 
fallon to the pavement, lost his life. Last Friday at 
Fenchurch-street station an almost precisely similar acci- 
dent occurred ; the unfortunate victim ag placed 
@ gas vessel on a seat, from which it rolled to the ground, 
with the results which everybody has read in the yor 
papers. As one who has been intimately connected wit 
the manufacture of gas cylinders for the last two years, 
may I ask you to accord me space in your valued journal 
for some remarks which might, I believe, be of service in 
preventing similar occurrences in the future ? 

I shall confine my remarks entirely to the design and 
manufacture of solid drawn steel cylinders, which are 
practically the only kind now produced for use in this 
country. 

The question of a suitable material is one of paramount 
importance. Cylinders are usually stated to be made of 
‘mild steel,” but this is very vague, and if a really safe 
cylinder is to be made, an accurate investigation of the 
chemical and mechanical properties of the steel will be 
requisite before the necessary calculations can be made as 
to thickness, &c. 

Engineers will, I think, admit that it is a common prac- 
tice to employ steel of .35 to .40 per cent. of carbon in the 
manufacture of rails, which, for purposes of discussion, 
we may regard as structures which are subjected to sudden 
stress ; this would probably mean a breaking weight of 
from 30 to'33 tons per square inch. It must be borne in mind 
that there are other constituents of steel which have an 
important influence on its mechanical properties, as, for 
instance, silicon, sulphur, phosphorus, manganese, copper, 
tungsten, nickel, and aluminium, some of which may be 
added by the manufacturers, and others occur in the 
metal accidentally. According to the Regulations of the 
Railway Clearing House for 1895, no cylinder, when under 
gas pressure, will becarried by any railway company if 
the steel from which it is made contains more than .25 per 
cent. of carbon. This is no doubt a very salutary precau- 
tion, but it is no guarantee that the metal is not of the 
most brittle nature, for the regulation makes no mention 
whatever of the other ingredients, and if manufacturers 
are limited to a low carbon, while at the same time a high 
tensile strength is demanded, it becomes incumbent on 
them to introduce some other hardening material. 

Without making any comment on the action of the 

railway companies, I may mention that I have seen some 
cylinders which were made of steel of more than .35 per 
cent. carbon, tested by water — to destruction, in 
which the metal merely ripped up and allowed the con- 
tents to escape without any portions of steel becoming 
detached, showing that the metal was perfectly ductile ; 
and, again, it is seldom that a manufacturer of steel will 
guarantee the percentage of carbon nearer than .04 per 
cent., so that if .25 per cent. is specified, it is possibly re- 
duced to.20 per cent., a mildness which, unless some 
other hardeners are added, will necessitate a greatly in- 
creased thickness of cylinder. 
The following example of cylinders (made before the 
action of the railway companies) may be given: The 
material was specified to contain from .2 to .27 per cent. 
of carbon, and to bear a breaking strain of 33 tons per 
square inch, with a minimum elastic limit of 48,000 lb. 
per square inch. I had to modify the specification in a 
slight degree to suit the manufacturer, and subsequently 
I accepted the following material : 


Carbon 255 

Silicon 

Sulphur 

Phosphorus 032 

Manganese 180 

Copper 

Tron 99.533 
100.000 


Test pieces cut from finished vessels, and tested by an 
expert, gave the following results : 


Elastic limit pe ... 46,300 Ib. per sq. in 
Breaking strength ar ... 66,460 
Other cylinders have since been made to my inspection 
having .202 per cent. carbon, with satisfactory results. 
With regard to maximum strength, a strain of 30 tons 
= 67,200 lb. is not excessive, unless other restrictions sre 
imposed. Professor Goodman considers that for this 
particular purpose steel should not be employed of greater 
tensile strength than 32 tons = 71,680 Ib. = square inch, 
but I think it will be generally accepted that if the carbon 
is kept as low as .25 per cent., 30 tons should be the 
greatest strength demanded, as a high degree of strength 
without proportional increase of carbon would necessitate 
the addition of elements which would be quite as harmful 





as excessive carbon in the degree of brittleness imparted 
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to the finished cylinder. As to elastic limit, according to 
experiments of the Steel] Committee of the Board of Trade 
with steel of 31.91 tons maximum strength, an elastic limit 
of 19.3 was obtained as an average of four samples ; this is 
60.5 per cent. of the breaking weight. Again, a specimen 
I bad cut from a finished cylinder showed an elastic limit 
of 46,300 lb., with a breaking strength of 66,460 1b., or 70 
per cent. of the ultimate strength. The steel used by the 
Steel Committee was, however, merely common Bessemer 
rolled bars of average marketable quality, while that 
which I had tested was of special make for the particular 
purpose employed. It would seem, then, that steel pos- 
sessing an elastic limit of 70 per cent. of the ultimate 
strength is not difficult to produce if care be taken in its 
manufacture, and if 30 tons or 67,200 lb. be the specified 
maximum strength, 70 per cent. of this will amount to 
21 tons or 47,040 lb., which is the elastic limit I now 
always insist on in any cylinders I am ordering. In 
addition to this it should be specified, as a test for ductility, 
that a strip cut from a finished cylinder must stand being 
bent double when cold to a curve the inner radius of 
which is equal to 14 times the thickness of the strip tested. 

Before dealing with the thickness of gas vessels, it will 
be necessary to consider the pressures to which they are to 
be subjected. I am not aware that any gas is compressed 
for commercial purposes to a greater degree than oxygen, 
which is ordinarily stored at 120 abmospheres; this is equal 
to 1764 lb. per squareinch. If all gas cylinders are made 
sufficiently strong to contain oxygen with safety, there will 
be no danger when they are employed for the storage of 
carbon dioxide and other liquefiable gases; taking then 
1764 1b. as the minimum working pressure for all cy- 
linders, it remains for us to calculate the necessary thick- 
ness of the walls in order to withstand the test pressure 
to which they must be subjected, without risk of per- 
manent set to the metal. The custom is to test gas 
cylinders to 14 tons = 3360]b. per square inch, and 
although in the case of oxygen cylinders this does not 
amount to double the working pressure by 168 lb., yet 
having regard to the quality of steel employed, and the 
care and supervision exercised during manufacture, this 
is no doubt sufficient. 

But now we come to the real difficulty, viz., the factor 
of safety, for if the usual allowance be made, the cylinders 
so designed will be of such a weight as to render this a 
most serious obstacle to their transport. 

An investigation of the figures will show this. Let 

r = hyp. log. of ratio of external to internal dia- 
meter. 

p = test pressure. 

$ = maximum stress permitted in the metal. 


Mr. Stoney recommends that the maximum working 
stress should not exceed .25 per cent. of the maximum 
strength of the steel; this we have fixed at 30 tons, and 
we, therefore, obtain 7.5 tons as the maximum stress 


= 
permissible. Nowr =? = pe = .2, which is the hyp. log, 

Te 
of 1.23 for a cylinder of 64 in. internal diameter; this gives 
8 in. as the external diameter, or .75 in. for the thickness 
of the walls. Such a cylinder I can safely say has never 
been made, and if it were, no vendor of gas could possibly 
afford to use such a vessel, as the cost of transport, to say 
nothing of material, would be absolutely prohibitive. 

It is, therefore, evident that we cannod afford to make 
gas cylinders anything like so strong as other steel struc- 
tures relatively are. In fact, the question actually be- 
comes this, How thin can they be made, while at the 
same time we secure a reasonable degree of safety? It is 
unfortunate that manufacturers have for a long time past 
placed very light cylinders on the market ; as the average 
non-technical customer would, no doubt, demur were he 
to be informed that in future he must submit to an ad- 
vance of about 50 per cent. in the price of his compressed 
gas, an increment necessitated by the extra cost of trans- 
port for the heavier cylinders. Now there can be no 

uestion that the ordinary gas cylinders, particularly 
those which are imported from abroad, are not by any 
means to be carelessly dealt with, and the public, there- 
fore, must submit to a moderate increase in the weight of 
the cylinder if the future stock is to be freed from the 
element of danger. 

The question of thickness then simply depends on how 
nearly we care to allow our test pressure to ay sor the 
elastic limit of the material, which we have fixed at 21 
tons = 47,040 lb. per square inch. 

The following is the rule which I now employ in calcu- 
lating the thickness of cylinders : 

The external diameter to possess such a ratio to the 
internal, that the maximum stress per square inch in the 
metal due to the internal pressure during testing shall 
not exceed the elastic limit of the material, the test pres- 
sure for purposes of calculation being assumed to be 33 per 
cent. higher than that actually employed, e.g., test pressure 
3000 Ib., assumed pressure 4000 lb.. or with 

Test pressure recommended atove ... 3360 Ib. 
Actual pressure becomes ; 4480 ,, 
The thickness of a 64-in. gas vessel is, therefore, worked 
out thus — notation as before. 
r=? 
8 
r = 4,480 _ 102 
43,540 
-102 is the hyp. log. of 1.11; 
therefore the internal diameter 6.5 x 1.11 = 7.215 external 
diameter, or a wall thickness of .3575. 

I am perfectly aware that most makers of gas vessels 
will say that such a thicknees is unnecessary ; but, Sir, 
let them not forget that the ordinary thickness of cylin- 
ders makes no provision for depreciation such as natu- 








rally occurs from rusting, and the rough treatment that 
such vessels have to stand, which, in the case of cylinders 
which are perhaps charged every week for 15 or 20 years, 
become very important items in the safety of the articles 
in question. 

Roe is one other point of importance in the design of 
a cylinder, and that is its length. This ought, under no 
circumstances, to be more than 8 diameters ; weakness, 
and consequent unsafety, are almost sure to be present in 
a cylinder the ratio of whose length to its diameter is 
greater than 8 to 1. 

Lastly, all cylinders should undoubtedly be reannealed 
and retested every two years, as steel which is con- 
stantly being exposed to a strain varying from 0 to 
17,294 lb, persquareinch must of necessity become fatigued 
in time, dnd if a rearrangement of the molecules is not 
permitted by periodical annealing, damage will in all 
probability result. 

I fear, Sir, that I have trespassed considerably on your 
space in this letter, but having regard to the t im- 
portance of the matter, and (unfortunately) the infre- 
quency with which it is discussed, and the consequent 
ignorance which prevails on the subject, I trust that you 
may find space for its insertion in your paper. 

Iam, Sir, your obedient servant, 
H. Kerr THomas, 

16, Victoria-street, S.W., March 18, 1895. 





RAILWAY CROSSINGS. 
To THE Eprtor oF ENGINEERING. 
ance ys the Indian Engineer of March 11, 1893, Mr. 
Benedict gives the following as ‘‘the absolutely correct 
way of calculating the length from point of crossing to 
heel of switch (A) on a straight road.’ 
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= + 39 
= foi 
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= eo 
Let 7 = heel of switch to tangent point. 
L = tangent point to end of crossing. 
Given G = gauge... nae oe e.g. 5.5 
a = opening of crossing 5 
b = length of crossing from 
pointtoend ... ses 5.0 
T = clearance plus width of 
rail he = a 4 
Then G—a=A ... , 5 5.56-—.5 =5 
Ab_pZ oe 5x5 — 5 


> ar 
B+ NES +B?=L 50+ /25 + 2500 = 100.25 
+ A = D = diameter of curve 


a= + 5 = 2015,125 
(D —T)T = 4/(2015.125—.4) x .4 = 28.387 
(L +b)—l=A (100.25 + 5) — 28.387 = 76.863 
Can your readers inform me whether he is right or not ? 
March 18, 1895. NQUIRER, 





ELECTRIC TRACTION. 
To THE EpiToR OF ENGINEERING. 

Srr,—In Mr. Philip Dawson’s letter in your issue of 
March 8, he charges me with making ‘‘sweeping gene- 
ralities ” in the comparison of electric with cable traction, 
Those who have read Mr. Dawson’s articles and followed 
the correspondence can judge for themselves as to which 


of us was the one to indulge in generalities. Why, Sir 
the whole gist of my letters has been to point out and 
object to Mr. Dawson’s generalities and unfair com- 


arisons. It wasnot I who made the comparisons, but 

r. Dawson himself, and he now coolly tries to transfer 

that position to me. ‘This is not fair and straightiorward 
=o but only tends to “‘ darken counsel.” 

r. Dawson’s last explanation of Table IV. (Enat- 
NEERING, January 4) only makes the matter a worse 
muddle than ever. The Table is entitled ‘‘ Comparison 
of Cost and Efficiency of Cable and Electric Street Car 
Lines.” Manifestly this description is intended to convey 
the idea that if a given line is laid out for cable traction, 
it will cost complete, as stated, from 18,0001. to 50,0007. per 
mile, as against 15007. to 70001. per mile if laid out for 
electric traction, for the same service and carrying capa- 
city. If it does not mean that it is altogether meaningless, 
and the description of the Table as one of comparative 
costs is misleading and deceptive. I drew attention to 
the absurdity involved in the figures of cost ag by Mr. 
Dawson, and to get out of his dilemma, Mr. Dawson 
now says that ‘‘ the cost of the metals and their ow 2 ng 
is included in the 18,0007. and 50,000/. Now, in his Table 
of comparison the 18,000/. for cable line and equipment com- 

lete is set against 1500/. for the electric system. If, there- 
ore, the ‘‘ cost of the metals and their laying” is included 
in the 18,000/., it must also be included in the 1500/., 
since they are set down as the comparative costs complete 
for the two systems. Now of this 1500/7. Mr. Dawson 
sets down 500/. as the “cost per track-mile of electrical 
conductors,” thus leaving 1000/. for the motor cars, 
engine-house, engines, boilers, and dynamos, and for the 
‘metals and their laying” as well, these engines, &c., 
being, moreover, for 50 per cent, more power than for the 


cable line, as his own Table shows, All this has to be got 
for 10007. per mile, or just double the cost of the poles and 
conductors alone. Now the lowest cost of a tramway, 
without equipment, including rails and laying, but exclu- 
sive of paving, is, I believe, that of Dugdale’s system on 
the Huddersfield Corporation Tramways, and that 
amounted to 1465/. per single mile. And yet Mr. Philip 
Dawson professes to be able to do all this work, and in 
addition to provide motor cars, engines, boilers, dynamos, 
&c., for 10001. per mile! Really, the thing is so utterly 
absurd that Mr. Dawson can only get out of it by saying 
that the 1000/. does not include the rails and laying. If 
he admits that, then what becomes of his comparison 
with the figure seb down for cable cost, which, he says, 
does include rails and laying? The factis, all these figures 
are obviously mere guesswork, and I challenge Mr. 
Dawson to produce any evidence of actual costs, in such 
detail as to enable one to judge whether he is comparing 
like with like, to show that the whole Table is not merely 
the creation of his own brain. 

Mr. Dawson’s notions of fair comparison are again 
exhibited in what he says as to the cost of cable cars. 
My comparison was made between a cable grip car for 28 

sengers, and an electric motor car, such as used on 

undhay-road, Leeds, for 22 passengers, these being the 
nearest corresponding sizes of which I had the data, 
though the cable car was of about 27 per cent. larger 
capacity. The weight of the cable car is 2 tons, and the 
price 200/., as per special quotation. The weight of the 
electric car is 64 tons, and its price 7001. The cable car 
described Dawson as costing 350/. must be one of 
the large Chicago cars carrying 100 engers, which he 
sets against a little electriccar for only 22 passengers. 

_The shifts to which Mr. Dawson is reduced are sonal by 
his quoting me as having said, ‘“‘On the cable system, 
increasing the number of cars hardly affects the power at 
the central station”—and leaving out my qualifying words, 
“fon a hilly route”—on which, increasing the number of 
cars, by the law of averages, brings about a better balancing 
of the load, as a set-off against the small additional car 
friction of, say, 25 lb. to the ton. Sidney Smith well 
illustrated this style of tricky quotation by the quotation 
of ‘* Hang all the law and the prophets.” 

I am perfectly well aware that the American cable lines 
benefiv by the high fares as well as the electric lines, but 
that was not the point, The point was that the high 
fares, high speeds, and crowded traffic, enabled electric 
traction to survive in America under working costs that 
would ruin any tramway in this country. The latest 
returns from Chi . being official and reliable, are a 
sufficient answer to Mr. Dawson’s guesswork figures. In 
Chicago there are both cable and electric cars working 
under something like even conditions, being all on level 
roads, under the same company management, and same 
conditions as to cost of labour, fuel, &c., and yet, although 
the cable cars are larger, the working expenses are only 
4.97d. per car-mile, as against 8.45d. on the electric 
system. What that 8.45d. would run to on an English 
tramway, with reduced speed and Board of Trade restric- 
tions, may be imagined. 

Yours truly, 


JOHN STURGEON. 
24, Victoria Chambers, Leeds, March 18, 1895. 





DOMESTIC BOILER EXPLOSIONS. 
To THE EpIToR OF ENGINEERING. 

Srr,—I cannot help thinking that your correspondent 
Mr. John Swift’s communication would be much more 
effective if he would not write in ioe sO aggressive, or, 
as the Americans say, “‘ know-it-all” style, as every one 
likes to know a little, or, at any rate, shall I say, to think 
they do. I was glad to learn from Mr. Swift's letter 
that they do not fit up defective boilers and hot-water 
apparatus in Birmingham, but, unfortunately, we cannot 
all live in Birmingham, and I have little hesitation in 
saying that there are thousands of houses in London and 
other large towns in which the boilers and apparatus are 
most disgracefully deficient both as regards construction 
and arrangement, and the wonder is, being under ignorant 
management, that accidents are not even more frequent 
than they are. I think these defects are not all owing 
to the operations of jerry builders either, as conservatism 
and ignorance of what is required may account for some, 
as this class of work has not, till recent years, received 
the attention its importance deserves. It appears to me 
there is ample room for improvement in this connection, 
and if the boilers, &c., were assimilated a little nearer to 
steam practice as regards materials and workmanship, it 
would be an improvement. : 

In addition to faulty materials and workmanship, 
boilers are often fixed out of sight, have no try-cocks, no 
stop-valve from the supply tank, or, in case of repair, 
arrangement for filling except from the supply cistern, 
with no facilities for cleaning and examination, con- 
sequently with water containing lime, &c., incrustation 
soon takes place, leading to large loss of fuel and de- 
terioration of the boiler, and sometimes to accidents from 
overheating. Again, the cold water supply tanks are 
often placed outside the house or in the roof, and the 
connecting pipes not protected in any way from cold, con- 
sequently when a frost occurs, the supply is immediately 
cut off. With a little consideration, I think these and 
other defects might be readily avoided. 

I agree with your correspondent Mr. James G. Calvert 
that the owners of houses should be held primarily 
responsible for the proper construction, &c., of their hot- 
water apparatus, but tenants, on taking a house, could, 
for their own and servants’ protection, see that all 
defects were rectified before signing their agreements. 

T am, Sir, yours faithfully, 
M. Powis Bate. 





Appold-street, London, E.C., March 18, 1895, 
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COMBINED ENGINE AND DYNAMO. 


CONSTRUCTED BY MESSRS. J. P. HALL AND CO., ENGINEERS, OLDHAM. 
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THE combined engine and dynamo illustrated on 
the present page was constructed by Messrs. J. P. 
Hall and Co., Blackriding Iron Works, Werneth, 
Oldham. The engine gives 18 indicated horse-power 
when running at 250 revolutions per minute, with 
steam at 801b. pressure. Thecylinder is 84 in. in dia- 
meter by 7 in. stroke. The dynamo is compound- 
wound, and gives, at the same speed, 150 amperes at 
a pressure of 65 volts. The armature is of the drum 
bar type, the driving power being transmitted to the 
winding by means of flat driving teeth let into the core 
and insulated with mica. The commutator contains 
91 segments of hard drawn copper, each being 14 in, 
deep. The current density in the armature conductors 
is below 1000 amperes per square inch of section, and 
the rise in temperature does not exceed 70 deg. Fahr. 

fter a 10 hours’ run with full load. 

The engine is fitted with the automatic expansion 
gear shown in Figs. 2 to4. The governor disc is in 
two parts ; the part F is keyed to the shaft, while the 
part G (Fig. 3) is an annulus connected by bolts and 
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distance pieces V to F, leaving an intermediate space 
in which are contained the weights I, I and the 
8 rings M, M, as shown in Fig. 2, which represents 
the disc G removed to display weights and springs. 
The weights are pivoted at H, H, the upper one being 
provided with a tailpiece, so that the two weights 
can be connected together by a flexible bar K. Each 
weight has connected to it by a stud L an eye- 
bolt, round which is coiled the helical spring M. The 
eye-bolt passes through a swivel lug O, pivoted and 
free to revolve in the discs F and G. Thecompression 
of the springs can be adjusted to balance the centri- 
fugal action of the weights within a certain variation 
of speed by the means of the lock nuts S, S. The flexible 
bar which replaces the numerous connecting - rods, 
pins, and joints hitherto used, is on the outside of the 
disc F, and takes on to the studs J, J on the weights. 
These studs pass through slots in the disc (Fig. 4). 
At the centre of the bar is a forged eye that embraces 
a stud T on the eccentric B. 

The eccentric, which has a large eye to enable it to 


move relatively to the shaft, has an extended ear 
pivoted to the disc at E. When the weights I, I 
move in or out, owing to variations in the speed of the 
engine, the flexible bar K shifts the eccentric to vary 
the cut-off. At the minimum travel of the valve, the 
port is only opened by the amount of the lead, and at 
all other cut-offs the lead remains the same. The 
governor can be used for either right or left hand by re- 
versing the 7 of the parts. It is exceedingly 
compact, and should run for a long time without de- 
veloping slack joints. 





INDUSTRIAL NOTES. 

THE disastrous effects of the prolonged frost are seen 
in the unemployed statistics of the Labour Depart- 
ment for the past month, but the state of trade, on 
the whole, appears to have been better than in the 
month previously. The total number of unions report- 
ing was 82, with an aggregate of 385,594 members ; of 
these, 30,624, or 7.9 per cent., were unemployed, as 
compared with 8.2 per cent. in 76 unions last month, 
and of 6.3 per cent. in 43 unions at the same date last 
year. The chief cause of the increase was the stop- 
pages in the building trades, most of which were com- 
pletely at a standstill. The proportions of unions and 
of members out of work vary considerably according 
to the industries. In 34 unions, with a total of 127,445 
members, the ratio out of work varied from under 3 to 
under 5 per cent. In 17 unions, with 114,609 mem- 
bers, it varied from 5 to under 7 per cent. In 11 
unions, with 16,227 members, it stood at from 7 to 
under 10 per cent. ; but there were 22 unions, with 
127,303 members, with an unemployed ratio of 10 
per cent. and upwards. Thus 50 unions, with 258,139 
members, had 5 per cent, and upwards out of work, 
as against 34 unions, with 127,445 members, having 
under 5 per cent. But large as this proportion is, it 
is explainable mostly by the state of the weather, and 
does not affect the general state of trade in the 
country. ‘The effects of the weather were also seen in 
the augmented numbers in receipt of poor-law relief. 
The increase was mainly in out-of-door relief, so 
that the probability is that we shall return to the more 
normal rate in a few weeks. The actual numbers 
relieved on the specified days were 352,637, or 241 per 
10,000, in January, increased to 406,381, or 278 per 
10,000, in February, as compared with 339,484, or 232 
per 10,000, in the same month of 1894, This gives 
us the poor-law test of the number out of work, that is 
to say, the actual number and ratio of persons who are 
compelled by necessitous circumstances to resort to 
parochial relief in order to stave off actual destitution. 

As regards the individual industries and branches 
of industry, the engineering branches and kindred 
trades continue to manifest a slight upward tendency, 
with a slightly decreasing proportion of unemployed. 
The proportion in the previous month, and also in the 
month a varus of last year, was 8.7 per cent.; this 
year at the same date it fell to 8.3 per cent., a trifling 
decrease, it is true, but the tendency shown is in the 
right direction. The improvement is still more marked 
in the shipbuilding industries, which, though still 
quiet, show a declension in the number of unemployed, 
the decrease being from 17.3 to 16.3, or a clear gain 
of 1 percent. But the number is large as compared 
with the same month of last year, when the proportion 
stood at 12.5 per cent. On the other head, the iron 
industries show a decrease in employment. Only 296 
furnaces were in blast according to the returns sent in 
from the ironmasters, as against 301 in the previous 
month, a decrease of five ; but the number of unem- 
ployed only increased by 160, or 1 percent. In the 
ironstone mining the number of days worked by the 
87 mines making returns were 5.70 per week, or very 
nearly full time on the average. There was also 
some improvement in the coal-mining industries ; 
from the returns by the owners of 1141 pits, employ- 
ing 275,309 workpeople, the average time worked 
was five days, as against 4.7 in the previous month, 
The number employed was larger by 1.2 per cent. than 
at the same period of last year. The proportion of 
unemployed in Durham and Northumberland was only 
2.6 per cent., or one point better than in the previous 
month. The steel trades generally seem to have been 
depressed, though the depression is more felt in some 
branches than in others. The building trades and the 
wood-working and furnishing trades show an increase 
of unemployed ; the former increased from 8.2 to 10.1 
pal cent., and the latter from 6.7 to 7.0 per cent. 

t year at the same dates the proportions were 5.0 
and 5.8 per cent. respectively. The textile trades 
vary as regards = ; in the cotton industries 
things are unsettled, but in the woollen trades there 
is improvement, full time being worked, and in some 
cases there is overtime. Theclothing trades have been 
fairly busy, and also the boot and shoe trades up to the 
strike. 





The employment of dock and riverside labour de- 
creased largely during the bad weather, in London 
alone by 1353 at the docks. All out-door labourers’ 





work was at a standstill, and consequently, with very 
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low wages on the average, there was a good deal of 
distress. It was the same as regards seamen, the 
number shipped being 18.2 per cent. less than in the 
month previous. But there was an increase of emi- 
grants in the month of 774, as compared with the 
same month of 1894, while the immigrants into this 
country were fewer by 786 than in 1894, and at the 
same time there was an increase of 188 en route to 
America. 





The total number of labour disputes was 55, or two 
less than in the month previous, and also two less than 
in the same month of 1894. Of the total, there were 
13 in the iron, steel, and metal trades, 13 in mining, 
nine in shipbuilding, seven in the clothing trades, five 
in the building trades, four in the textile trades, and 
two in connection with dock labour. But there was a 
great decrease in the numbers involved ; in 47 of the 
total disputes only 6463 persons were affected, or an 
average of 137 persons per dispute, as against 237 in 
the previous month. Three of the mining disputes 
affected 2370 out of the total. Of the old disputes 
existing, 11 were settled, but there were still 30 
existing, involving about 3000 persons, over and above 
the 55 new ones in the month. The movements as 
regards wages were nearly all ina downward direc- 
tion, 15,400 persons suffering a reduction, and only 
350 enjoying an advance. Of these 11,600 miners had 
to accept reductions, 5000 wrought-nail makers in the 
Midlands, and 1300 tinplate workers also in South 
Wales. About 800 workpeople had reductions in the 
hours of labour, of whom more than half were in the 
postal service in London. Among the disputes there 
was one in Barrow, where 400 shipwrights struck 
against two men employed in caulking, not belonging 
to the union ; another was against the discharge of a 
man for the manner of doing his work, and another 
against two non-union men. Several of the disputes 
were of a very trivial kind, and some were against 
reductions which were inevitable, and which had to 
be aecepted after a very short suspension of work. 
Many of the more important disputes remained un- 
settled at the end of the month. 





The monthly circular of the Boilermakers and 
Iron Ship Builders refers to the terrible weather of the 
sad month and its effects upon the shipbuilding in- 

ustry. It describes the havoc among shipping as a 
veritable calamity in its losses of life and property ; 
nevertheless its results have been to fill the pontoons 
and dry docks in various ports with damaged vessels to 
be repaired. These repairs will largely increase work 
and lessen the number of the unemployed. The report 
states that there is a large amount of work on hand, 
especially on the Clyde and at Hull, where the spring 
and summer promise to be busy in the shipbuild- 
ing trade. The report complains of the naval pro- 
gramme, because so much of the work is to be done at 
the Royal Dockyards, and so little at private firms. 
All the larger vessels are to be built at the former, 
and only the cruisers and torpedo-boats at private 

ards. te goes on to say that the cost of vessels in the 

oyal Dockyards is 20 per cent. more than in private 
yards, The total number of men unemployed was 6618, 
as against 7260 last month, while the total on the 
funds of all kinds was 8868, as against 9073 last month. 
The percentage of unemployed was still very large—17 
per cent. Reference is also made to the class of work 
to be done by the members, and complaints are made 
of such work in the Government yards being done by 
quite another class of men. The union are proposing to 
remove all their branches from public-houses to places 
of their own, or where no intoxicants are sold. The 
executive indorse the proposed action, and ask for a 
levy of sixpence per member to commence carrying 
it out. 


The condition of the engineering industries in Lanca- 
shire indicates rather more activity. New work has 
been coming forward more freely than for some time 
past, but as yet it can scarcely be said that there is 
any material improvement generally in the several 
branches of those trades. In certain cases, the esta- 
blishments engaged on special work are fairly busy, 
but taking the engineering trades all through, in the 
various districts, they are but moderately supplied 
with orders, a large proportion of the establishments 
being onlp kept partially going, from hand to mouth. 
The Labour Bureau reports speak of the Manchester 
and Salford district as being depressed in the locomo- 
tive departments, but on the whole the percentage of 
unemployed is slightly reduced. In the Oldham dis- 
trict, machine makers are moderately employed, but 
millwrights, engine fitters, turners, and other branches 
are slack. Ironmoulders are also slack ; boilermakers 
report improvement, but many are partially employed. 
Brassfounders and brass-finishers are fully employed. 
In the Bolton district engineers complain of continued 
slackness, but orders are more plentiful, and the 
number of unemployed has fallen below 5 per cent. 
In some branches of the iron trade a slight improve- 
ment is manifest, but the steelworkers are not so well 
employed as they were. In the Barrow-in-Furness 








district marine engineers are busy, shipbuilders are 
fairly well employed, and other branches are slack. 
Some suspensions have taken place owing to the state 
of the steel trades. In the Liverpool district, engineers 
and shipbuilders continue slack ; a large number of 
men in the latter industries are out of work. 


In the Wolverhampton district a decided improve- 
ment has taken place in the condition of the staple 
industries of iron and steel, since the favourable 
change in the weather, in consequence of which orders 
have been distributed more freely, and of greater 
volume and weight. The one great complaint is the 
lowness of the prices offered by would-be purchasers. 
In many cases it is said that the figures accepted 
barely covered the cost of production. The better 
—— however, maintain the level of recent prices. 

here have been more active inquiries from Continental 
markets of late, and some fairly good orders have 
been booked for Australia and other colonies for the 
cheaper kinds of goods. The steel trade is more 
active than of late, a good demand being made for 
certain classes of steel. The pig-iron industry is quiet, 
the number of furnaces in blast being below any period 
of the last half-century. The engineering branches, 
and the constructive branches generally, have main- 
tained the improvement recently reported, the total 
number of unemployed being reduced below 4 per 
cent. Several of the other iron and steel branches of 
trade have manifested some improvement, and the 
general outlook is better. 





In the Birmingham district the engineering indus- 
tries are moderate, electrical engineers being busy ; 
but toolmakers are quiet. The brass and copper 
trades are generally quiet, but with shades of im- 
provement in some departments. On the whole, 
there isa hopeful feeling as to the near future, but the 
industries have as yet scarcely recovered from the 
stoppages due to the long and intense frost, the effects 
of which were felt by industries engaged in iron and 
steel manufacture more than by any others. 





The great struggle in the boot and shoe industries, 
which it had been hoped would have been averted, has 
commenced in real earnest. The strike of the opera- 
tives at Leicester, Northampton, and other places, at 
selected firms, has been met by a lock-out on a vast 
scale, in which it is computed that some 200,000 
persons are affected. The union consists of about 
45,000 members, and it has a fund of over 63,000/., but 
what is that among so many? The arrangement is, 
however, that those in work shall contribute a liberal 
weekly levy, in support of those who are out. On the 
other hand, it is thought that the condition of employ- 
ment in a number of firms will be the non-payment of 
levies or contributions by the men employed, which 
will bring into the conflict an element of free 
labour versus union labour. The men generally, it 
appears, have entered into the contest with a light 
heart ; but the time is yet young. This light-hearted- 
ness may wear quite another aspect at the end of 
this week, when the money is all gone, and those on 
strike, or locked out, will only get the small weekl 
sum provided by the union. All efforts at conciliation 
have been refused, so far. The fight is ona side issue, 
but the real points are the extended use of machinery, 
to which the employers attach two other conditions— 
no interference in the factory, and no interference with 
outside workers. These two include the question of 
non-union workers. 





The threatened crisis in the building trades of London 
seems in a fair way of being averted. At the confer- 
ence held last week, lasting over three hours, certain 
proposals were made by the employers as conditional 
to the acceptance of the new rules. The principle of 
a conciliation board was confirmed and agreed to, 
subject to three conditions: (1) Rules 9 and 10 now 
existing to be omitted, but placed in the preamble to 
the working rules ; (2) That an independent arbitrator 
be appointed ; (3) That no strike shall take place until 
the dispute has been before the board. The new rules 
to be inserted are: (9) No workman be under a dis- 
ability by reason of being or not being amember of the 
union ; (10) No objection to be raised to sub-letting, 

rovided that the other conditions are observed ; (11) 

ix months’ notice, to be given on either side, shall 
terminate the agreement. All further details are to 
be arranged at a meeting of the representatives of the 
several trades, and an equal number of the employers. 





The South Wales miners are now engaged in revising 
the sliding scale arrangements, and it seems probable 
that an agreement will be arrived at, although the 
hauliers are not quite in accord with the other classes 
of workmen. The sliding scales were five in number 
from 1875 to 1893. Then a new arrangement was 
made, which continued until a six months’ notice was 
given. Such notice was given in September last, and 
expires at the end of the present month. The men 
demand a reversion to the 10 per cent. scale of 1890, 
the fixing of a minimum wage, and the appointment 


of an umpire to decide all cases in which the joint com. 
mittee fails to agree. Conferences have been held to 
arrange the difficulties, but no final settlement has 
been arrived at as yet. At present the notices are 
running, and will expire on the 31st instant ; but it is 
still hoped that the difficulties will be arranged. 


It appears to be probable that the question of the 
line of demarcation, in Government dockyards and 
engine shops, of the work to be performed by engi- 
neers, boilermakers, shipwrights, &c., will be referred 
to akind of Departmental Cummittee, or to the Chief 
Constructor, with power to call in such experts as 
may be deemed to be desirable in order to give 
evidence as to fitness, as well as custom, in the several 
trades. There was at first some little objection to 
this course, but the tone of the shipwrights’ deputation 
was such as to allay discontent on the part of the other 
trades affected. It is said that a soft answer turneth 
away wrath, and Mr. Wilkie was so moderate in his 
statement of the facts, and in his suggestions, that a 
compromise is not unlikely to be effected, which will 
smooth matters down and settle the lines of work in 
the future. Mr. Robertson indicated that no arrange- 
ment could be made which involved a large displace- 
ment of men who bad been doing certain work, but 
otherwise the Admiralty had no prejudice in the 
matter. 





The proposed reduction of the wages of the cotton 
operatives would appear to have been abandoned. The 
required proportion of masters has not been obtained, 
with the result that the Federated Committee have 
declared that they are not prepared to take any 
immediate action on the wages question. This is, 
perhaps, largely due to the fact that raw cotton is very 
cheap, and that the mere fraction in wages represented 
by a 5 per cent. reduction, means very little in the 
actual price of yarns or cotton cloth ; besides which the 
operatives have co-operated on other questions of late, 
affecting the progress and prosperity of the cotton 
industries. 





The London Trades Council has decided to demon- 
strate on the eight-hours question on the first Sunday 
in May. There was a difference of opinion as to the 
day, and some thought that the demonstration was not 
necessary, but the motion was carried. 





The secretary of the Dockers’ Union at the Albert 
and Victoria Docks has been fined to the extent of 
2l. 17s. 6d., including costs, for trying to prevent a man 
being employed, and for assaulting him. The magis- 
trate pointed out that it was illegal to prevent a man 
being employed in this way, and that it was tyrannical 
also: The result will act as a caution to those whose 
zeal outruns discretion in labour disputes. 





The National Federation of Miners having failed to 
extract any comfort from the Ministerial benches as 
regards the Mines Eight-Hours Bill, have tried to 
“esl the leaders of the Opposition, so as to bring 


up support. But the deputation to Lord Salisbury 


Y}and Mr. A. J. Balfour found little to be thankful for 


in so far as the Eight-Hours Bill is concerned. Mr. 
Balfour expressed himself as strongly in favour of 
shorter hours of labour, but there were difficulties 
which prevented him from giving support to an Eight- 
Hours Bill. He could not pledge his party to a con- 
troversial question which did not come within the 
limit of party politics. Lord Salisbury did not think 
it desirable to draw out plans for the political future. 
Parties were divided on this question ; it was, there- 
fore, left to individual judgment. His lordship depre- 
cated the introduction of such a Bill into the House of 
Lords. It was a matter for a responsible Minister, 
like the Home Secretary or the President of the Board 
of Trade, both of whom were in the House of Commons. 
The House of Lords had not sufficient data to form a 
judgment. He was not in a position to give any defi- 
nite pledge on the questiop, but he hoped that a dis- 
cussion of the subject would tend to smooth away 
difficulties which to him appeared very great. The 
matter is, therefore, left out of party politics. The 
Bill is lost for this year, and as a matter of fact it has 
receded in public opinion, as represented by the 
House of Commons. There is not any very active 
desire to see it carried to a second reading this year. 


The West of Scotland Steel Trade Conciliation 
Board met in Glasgow on Monday afternoon, and 
discussed the wages question. The men’s representa- 
tives desired arbitration on the proposed reduction of 
5 per cent., while the masters maintained that if the 
question were to be referred to arbitration it should 
be on a 10 per cent. reference. It was ultimately 
decided by a majority that the men should accept the 
5 per cent, reduction. 








Cuan Rattways—The Chilian Government has an- 
nounced its intention to purchase all the railways in exist- 





ence in Chili. 
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THE KIDDERPUR DOCKS, CALCUTTA. 

Av the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, March 12, 1895, Sir Douglas 
Fox, Vice-President, in the chair, the first paper read was 
on ‘*The Kidderpur Docks, Calcutta,” by Mr. W. Duff 
Bruce, M. Inst. C.E. 

Within the limits of the port of Calcutta the River 
Hooghly varied in width from 1300 ft. to 2000 ft. From 
March to July, when strong winds prevailed, the current 
at spring tides attained a velocity of from 5 to 6 miles an 
hour, and — the rainy season the water carried a 
large quantity of mud in suspension. The city was about 
90 miles from the sea, and the tidal range between low 
water of spring tides in the dry season and the average 
high water in the rainy season was about 18 ft., and 
during floods as much as 223 ft. 

Previous to the construction of the docks the trade of 
the port was carried on at a wharf constructed of iron 
piles, extending for a length of 3000 ft. along the river 
bank. The wharf was equipped with hydraulic cranes 
and provided with sheds having a total area of 250,000 
square feet. Further accommodation being required, and 
space not being available for extending the wharf, it was 
decided to construct docks at Kidderpur, the nearest 
point to the mercantile part of the city at which land 
could be obtained at reasonable cost. The docks so built 
consisted of a 60-ft. lock and an 80-ft. entrance from the 
river to a basin 600 ft. by 680 ft., with a double entrance 
of 60 ft. and 80 ft. leading from the basin into a dock 
2600 ft. long and 600 ft. wide for the greater part of its 
length, the area of the dock being 344 acres, Two graving 
docks—one 520 ft. and the other 350 ft. long—had 
also been made on the east side of the basin. An im- 
portant feature of the — was the construction of a 
canal and boat dock from Tolly’s Nullah to the southern 
end of the docks for the supply of clear water. Water 
was admitted from tbe pullah to the canal, which was 
3300 yards in length, at high tide, and was allowed to flow 
into the canal until its level attained that of high water. 
The sluices were then closed, and the flow of the water 
through the canal beirg very slow, the mud which it con- 
tained on entering the sluices was deposited before reach- 
ing the pumping station. There the water was raised by 
centrifugal pumps to a maximum height of 11 ft., and 
discharged into a canal connected to the south end of the 
lock. The object of this arrangement was to age the 
inflow, through the entrances, of water highly charged 
with mud, to insure the frequent change of water in the 
docks, and to allow of the foundations of the walls being 
kept as high as pcssible. The pumps provided were 
capable of raising 256,000 cubic feet of water per hour 
through a height of 10 ft., and were worked as required 
to maintain a higher level of water in the dock than in 
the river. 

The docks were equipped with 56 movable hydraulic 
cranes, 50 being constructed to lift 35 cwt., and six to lift 
loads up to 5 tons, All these cranes had a radius of 36 ft., 
and overhung the quay 29 ft. Pressure for working tbe 
cranes, lock-gates, capstans, and swing-bridges was pro- 
vided by hydraulic engines situated near the south end of 
the docks. The engines (two pairs) were each of 230 in- 

dicated horse-power. The pressure in the mains was 
700 lb. per square inch. Jn addition to the cranes, sheer- 
legs, worked by steam power and capable of lifting 100 
tons, had been erected on the east wall of the dock. 

Cargo sheds, 300 ft. long and 120 ft. wide, had been 
erected on both sides of the dock, the total shed-area 
provided being 432,000 square feet. About 28 miles of 
railway lines had been laid to the 5 ft. 6 in. gauge for 
working the traffic of the docks. The quays and sheds 
were lighted by arc and glow lamps. | : 

The dock and basin walls, the design of which led to 
much discussion, were 35 ft. wide at the base. They were 
built with voids filled up with broken bricks and dry earth, 
and had a subway near the top for the accommodation of 
hydraulic and other mains. The walls were of sufficient 
width at the top to entirely carry the cranes. Owing to 
the treacherous nature of the ground, it was found impos- 
sible to excavate trenches for the full width of the walls ; 
the ground was therefore only taken out for half the width 
at one time, and when the brickwork was built in the 
excavated portion up to the level of the dock bottom, the 
second half of the trench was opened and the wall was 
then completed to its full width. The author intended 
that the walls should have a berm of earth left in front, 
and should not be backed up higher than the top of this 
berm until water was admitted into the dock, when the 
berm would be dredged away and the backing completed. 
This method of construction was adhered to until the 
works were almost finished, and when the author visited 
them in February, 1890, the walls were completed 
and the backing in this condition. Subsequently, 
however, the backing was filled in to within 2 ft. 4 in. 
of the coping level, and in October, 1890, before the dock 
had been fully excavated, a movement in parts of the 
walls took place, an account of which was given in the 
second paper, by Mr, J. H. Apjohn, the engineer then in 
charge of the works in India. The damaged portions of 
the walls had since been repaired, and the docks opened 
for traftic. 

In the second paper, ‘‘ Note on the Movement of the 
Walls of the Kidderpur Docks,” by Mr. J. H. Apjobn, 
M.A., M. Inst. C.E., an account was given of movements 
which had taken place early in October, 1890, in the 
eastern and south-western walls of Dock No.1. These 
were first indicated by cracks in the walls of cargo-sheds 
then in course of construction, and afterwards by con- 
siderable advances of the coping-lines. — 

A plan of the dock was given, showing that the length 
along which the movement occurred in the eastern wa 
was 2080 ft. and the amount by which the coping-line had 
advarced at the point of maximum displacement about 


74 ft. A length of 450 ft. of the south-western wall was 
affected, but the advance of the coping-line was in this 
care about twice the amount observed in the eastern wall. 
The itions and dimensions of the cracks at the coping 
level in the south-western wall were indicated in a large- 
scale plan, and cross-sections at various points along the 
lengths of the walls illustrated their original positions and 
those assumed after the movements had taken place. 

The stability of the walls, after water had been admitted 
to the dock, was considered, the resultants of the forces 
concerned being laid down upon di mmatic cross- 
sections. Theadmission of water to the docks had entirely 
obviated danger from further movement of the walls, so 
that no attempt had been made to strengthen them. 

The paper concluded with a short description of the 
repairs carried out upon the walls, of which the coping 
lines had been straightened and a portion, near the north- 
east shoulder, converted into landing-steps. 





EXPLOSION OF A STEAM RECEIVER. 

A_ FORMAL investigation by the Board of Trade under 
the Boiler Explosions Act, 1882, has been held at Ivy- 
bridge, with regard to the circumstances attending the 
explosion of a steam receiver at the Stowford Paper 
Mills, owned by Messrs. Allen. The Commissioners were 
Mr. Howard Smith and Mr. J. H. Hallett, C E. Mr. 
Gough conducted the case for the Board of Trade, and 
Mr. Wolferstan, solicitor, Plymouth, appeared for 
Messrs. Allen and their engineer, Mr. Caw. 

In his opening statement, Mr. Govgh said that the 
receiver, to which the inquiry had reference, was a 
cylindrical vessel 14 ft. 7 in. long by 3 ft. 7 in. diameter. 
It stood in the boiler-house on iron bearers, elevated 
about 3 ft. 6in. above the boilers. Originally it was in- 
tended for heating water, but about 25 years ago its use 
for that purpose was discontinued, and it was afterwards 
ane: as a steam receiver. There were eight boilers 
at the mills, and the steam as generated was conveyed 
into a main pipe, and thence through two branch pipes 
into the receiver, from which it passed to the engines 
which worked the machinery. S ot, after noon on 
Monday, November 19, when the mills were in full 
cperation, the receiver exploded, one end being blown 
out and carried in an upward direction, making a hole in 
the roof, and subsequently falling on the top of the 
boilers, Fortunately no personal injury resulted. 

Mr. John Allen, one of the owners of the mills, said 
that the receiver was made in 1857 by Mr. W. Willoughby, 
of Plymouth. All the boilers were insured, but not the 
receiver. He did not have it insured or give instructions 
for its periodical examination because it was under the 
superintendence of his engineer, Mr. Caw, and this, 
he thought, was sufficient. 

r. C, W. Caw deposed to having been engineer to the 
Stowford — Mills for 21 years, during which time the 
receiver had been in use continuously. He did not atany 
time make calculations to ascertain its strength, and noone 
ever went inside it except to repair a leaky steam joint. 
He had not personally made an internal examination of 
the receiver for several years, though he had examined it 
—,, He had never known any of the rivets to 
leak. 1 the boilers were examined periodically, but he 
regarded the receiver merely as a steam pipe, and thought 
it quite safe. He was responsible for it, but took no steps 
whatever to insure its being worked under safe conditions. 
There were no signs to his knowledge of its giving way. He 
was not certain that he ever gave instructions to any one 
to examine the inside of the receiver, but thought he had 
told the fitter, a man named Coyte, to do so. He was 
from home at the time of the explosion, and on his return 
he examined the internal condition of the plates and 
found signs of wear, some of the rivet heads being wasted 
away. Heestimated the bursting pressure of the receiver 
without the stay, the value of which was gone in conse- 
quence of the defective rivet heads, at 391b., but it would 
be considerably greater with the stay intect. The 
machinery was worked day and night. Practically the 
receiver acted as a steam dome to the boilers, but it 
certainly never occurred to him to examine it. 

Alfred Coyte, fitter, said he went into the receiver 
three or four times a year, whenever it was necessary to 
repair a leaky joint, but never examined it minutely. The 
engineer never gave him instructions to examine the 
interior, but had told him that while inside he must just 
look round. On those occasions he sounded the plates 
and tried some of the rivets with a hammer, but never 
discovered any that were defective. 

Richard Prout, leading stoker, said he was inside the 
receiver two months before the explosion, and saw no 
indication of any defect or weakness. 

Mr. D. H. Holman, engineer-surveyor to the Board of 
Trade, presented a report describing the construction of 
the receiver, and stated that the plates, stays, and bridles 
were all in good condition, and there was no corrosion 
apparent. ie of the rivets, however, which secured 
one of the bridles were gone, and he had formed the 
opinion that they had been wasting away for some time 
before the explosion. He attributed the explosion to the 
giving way of these rivets, which deprived the structure 
of the support of the stay which was necessary for safe 
working. 

By Mr. Wolferstan : There were no means of ascertain- 
ing from an examination of the outside of the receiver the 
defective condition of the rivet heads inside. 

Richard Prout, recalled and examined by the Commis- 
sioner, stated that the ae in the boilers at the time 
of the explosion was 40 lb., and the engines were running. 

Mr. Caw, recalled, said the safety valves on the 
boilers were last overhauled eleven months before the ex- 


11 | plosion. There were 250 persons employed at the mills. 


The Commissioner inquired of witness whether, as an 
engineer, he thought the machinery and plant were kept 








in a safe condition, having regard to the fact that the 
receiver was never examined? To this witness replied in 
the affirmative, but admitted that he certainly «ught to 
have examined the receiver. 

This concluded the evidence, and Mr. Gough submitted 
a list of SS and asked the Court to say whether 
Messrs. Allen took proper measures to insure that their 
boilers, steam pipes, and receiver were being worked 
under safe conditions ; whether Mr. Caw was justified in 
neglecting to examine the receiver periodically ; and 
whether blame attached to any one? 

Mr. Wolferstan then addressed the Court on behalf of 
his clients, and submitted that Messrs. Allen, having 
employed a competent engineer, and placed the machinery 
in his charge, were not liable in any way. On behalf of 
Mr. Caw, he urged that he, as engineer, was unable, for 
physical reasons, to personally examine the receiver 
internally, and had to rely upon his subordinate, who was 
instructed to look round when he went inside. 

After the Commissioners had deliberated in private, 
Mr. Howard Smith gave judgment. The Court, he said, 
found that the explosion was caused by four rivets, which 
held the bridle bracket at one end of the receiver, having 
gor way, and thereby released the — sbay, 

y which the strength of the opposite end plate was re- 
duced. Messrs. Allen took proper measures to insure 
that their boilers, steam pipes, and receiver were being 
worked under safe conditions, for they appointed Mr. 
Caw, whom they had every reason to uelions to be a com- 

tent engineer, to take charge of them. No personal 
lame attached to either of the Messrs Allen for the ex- 
plosion. Mr. Caw, however, was to blame, for he never 
at any time examined the 1eceiver or caused it to be 
examined, although he knew it was of very considerable 
age. It was surprising to the Court that Mr. Caw, who 
had acted as a boiler inspector for five years, and there- 
fore must have known how importart it was that boilers 
should be periodically examined, should have allowed 
the receiver, which was constantly pressed as high as the 
boilers, to remain without any internal examination. It 
was ubvious that the whole of the longitudinal strain 
came upon the rivet heads, and in the judgment of the 
Court a competent engineer would not have allowed the 
stay to remain fitted in the manner it was if he had really 
paid any attention to it. It was a wonder that the 
receiver should have withstocd the steam pressure so 
long, for the brackets would be always on the point of 
working loose, and ‘one of the end plates must have come 
out sooner or later. The Court had arrived at the con- 
clusion that Mr. Caw had been negligent in the manage- 
ment of the receiver, and that his negligence had conduced 
to the explosion. For this negligence they held Messrs. 
Allen responsible, and therefore ordered Mr. ward 
Allen, as the senior partner, to pay 20/. towards the costs 
and expenses of the investigation. 





SourH Arrican TELEGRAPHS.—A section of telegraph 
has been completed from Buluwayo to Charter. 





A New Russian Rattway.—The Moscow-Jaroslaw 
Railway Company has secured a concession for the build- 
ing and working of a mesvew- Guage railway from Wolk gda 
to Archangel. The railway will be 450 miles long, and 
has to be completed by January 1, 1898. The cost will 
be about 2,750,000/. In the meantime there will not be 
built any bridge across the Dwina, but steamers will carry 
passengers and goods across. The ccmpany has also the 
right to build branch lines and high-roads, 





ENGINEERING 1N SwepEN.—The Motala Engineering 
Company appears to be doing well since its reconstruction, 
and is very busy at present, principally with Russian 
contracts. The Russian Naval Department has ordered 
an ice-breaking and salvage steamer for the naval port of 
Libau ; this will probably be the most powerful ice- 
breaking steamer ever constructed in Europe. The plans 
have been entirely got out at Motala, where the engines, 
&c., will be built. This establishment also supplies the 
materials, but the vessel is being built at the Kockum 
shipyard, Malmé, for account of Motala. At the Lind. 
holmen shipyard there is in course of construction—also 
for account ef the Motala Engineering Company—a paddle 
steam ferry for the Cronstadt-Oranienbaum trade. At 
Motala there is also in hand a tug and pumping steamer 
for Baku. A similar boat was built by the works last 
year for the Brothers Nobel, and has answered its purpose 
so well that other Baku firms now follow suit. A St. 
Petersburg railway company has ordered some ice-break- 
ing screw boats, to be used between Cronstadt and the 
terminus of the company’s line at Lissimos, The St. 
Petersburg harbour authorities have just ordered a small 
tugboat, 69 ft. long, 7 ft. deep, with engines of 150 
horse-power. For a Norrképing ccmpany the firm have 
in course of construction a steamer 1024 ft. long, 6 fo. 
deep, and with engines of 180 horse-power. For the Lind- 
holmen Engineering and Shipbuilding Company there 
is in hand a 500 horse-power triple-expansion engine 
for an ice-breaking steamer the company is building 
for an Odessa steamer company. In addition to these, 
the bridge-building department of the firm is also 
well occupied. There is on hand a 10-span bridge for 
the Unce River, built for account of the town of Umea; 
also a two-span bridge, 240 ft. long, for the Klar River 
in North Virmland, and, besides these, about a dozen of 
smaller bridges. Of other work there may be mentioned a 
shed for Stockholm, 270 ft. long and 90 ft. broad, &c, 
The boiler-shop is also busy, and of other orders there 
may be mentioned the cranks for the new warship Oden, 
which is being built by the Bergsund Shipbuilding Com- 
pany. 
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SIX-FOOT TURNING AND BORING MILL. 

WE illustrate on this page a 6-ft. boring and turning 
mill constructed by Messrs. George Richards and Co., 
Limited, Broadheath, near Manchester. The makers 
state that the advantages of this class of tool are not 
appreciated as fully as they should be, since in practice 
it is found that even for small work the machine is as 
useful as an ordinary lathe, and hence need not stand 
idle when the large work for which it is primarily 
designed is lacking. Indeed, a number of small pieces 
can be clamped to the table and faced off at one 
operation. Irregularly-shaped pieces are, of course, 
more easily clamped in position for machining than in 
the case of a lathe, since the faceplate is horizontal, 
and thus time is saved. The fact that the table is 
supported both by its bed and its centre renders it 
very free from vibration when heavy cuts are being 
taken on large work. As will be seen from our en- 
graving, the tool posts are balanced by means of a 
weight attached to a chain running over guide pulleys, 
and the arrangement is equally effective whether the 
posts are set vertical or at an angle. Each tool slide 
has an independent feed, which is operated by friction 
discs 7 ws se each side of themachine. The driving 
discs are both placed on the same shaft, and each is 
fitted with a compression spring, by which the shaft is 
‘spt in equilibrium, the usual tailpin being, therefore, 
dispensed with. The maximum feed is ,%, in. per re- 
volution of table. For heavy work the table rests 
upon a circular ring amply provided with oil grooves, 
but for light work or polishing it can be lifted clear 
of this ring, the weight being then taken on steel 
washers at the lower end of the spindle. The machine, 
it will be seen, is entirely self-contained, and is driven 
by a large four-speed belt cone, the largest step of 
which is 23 in. in diameter by 4} in. wide. The con- 
nection between this belt cone and the table is through 
a double-geared headstock, which drives a pair of 
bevels, and thence a pinion geared direct to the table. 
As there are two speeds to the countershaft, 24 changes 
of speeds in all are secured, the lowest and highest 
speeds of the table being respectively 1 and 40 revolu- 
tions per minute. The cross-slide can be readily raised 
or lowered to any position by the pulley shown at the 
top of the machine to the left, which is driven direct 
from the countershaft. The greatest distance between 
the table and the cross-slide is 37 in., and between the 
table and the underside of the tool-holder 30 in. The 
down feed of the tool-post is 24in. The maximum 
diameter which can be accommodated in the machine 
illustrated is 6 ft. 
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PORTABLE RAILWAYS FOR WORKS AND 
FACTORIES. * 
By J. Watwyn White, Widnes. 


I HAVE often been impressed in going through various 
works, all over this country and in America, with the 
large waste of manual labour and steam power that one 
sees in all directions, more particularly in manual labour 
in this country. 2 

One of the great forms of waste that I refer to is in 
the transportation of materials, both raw and finished 
products, from one part of a works to another, and from 
that portion of a works or factory where an article is 
finished to where it is shipped for sending away. Ib is 
very seldom one sees a railway wagon in the stock shed or 
warehouse, and goods have, consequently, to be carted or 
wheeled to the railway siding before being despatched. 

I propose to draw your attention to the advantages to 
be gained by pase a system of light or portable railways 
throughout a works or factory, instead of using barrows 
or trucks running on the ordinary ground or planks with 
manual labour. 

From various authorities I take the following complete 
Table of resistance to traction, in proportion to the whole 








weight: .}, on railways ; ,;, OD granite tramway ; ,!, on 
ashphalte pavement; ,;, On underground colliery tram- 
roads, with 12-in. wheels on round-topped rails; ,', on 


street tramways, with grooved rails; ,, on wood pave- 
ment; ,', on underground tramroads, with 8 in. diameter 
wheels on angle-rails; ,\, on good macadamised road ; 
., on dry hard turf; ,', on gravel and broken stone roads 
in bad condition ; ,', on fields. Thus we see the enormous 
gain in tractive force by the use of railways. _ 

Resistance due to gravity must be added in case of 
inclines, in accordance with the following formula : 

R = 2240 js 

where K = resistance in pounds per ton of gross load ; 
< = rate of gradient. 

"The tractive force of horses, according to Molesworth, 
is as follows : 


Rate in miles per hour.. A | 2 8 














3h] 4 44{ 5 
Tractive force exerted by horse | 
in pounds xe _- ..| 166 | 125 | 104 | 88 62] 41 


To show the ain in using a portable railway, over 
wheelbarrows and planks, I give the following instance : 


* Abstract of paper read before the Society of Chemical 
Industry at Liverpool. 
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With a portable railway, say of 2-ft. gauge, and tipping 
equilibrium trucks, a man will easily take 20 cubic feet of 
earth a distance of 200 yards, tip it, and return with the 
empty truck inside of five minutes, whilst a man with 
wheelbarrow and planks would require an hour to do the 
same work. Supposing the labourer’s wage to be 5d. per 
hour, the cost with the railway would work out to about 
4d. per cubic yard, against nearly 6d. with the barrow. 
The result of a week’s work, if 12 tipping trucks were 
used, moving, say, 6000 cubic yards of material, would 
cost abont 127. on the portable railway, and about 
150/. on the primitive method. The 200 yards of railway 
and 12 tipping trucks would cost about 105/., whilst 125 
wheelbarrows with planks would cost about 95/., so that 
the capital cost of the two systems would only be about 
the same, whilst the railway and trucks would outlast 
more than ten sets of barrows and planks in constant 
hard work, 

These figures, which are taken from actual trial, are 
very instructive, and I would ask every works manager 
to lay them to heart, in these days of close competition 
and vanishing dividends, when it is only by savings like 
these that positive loss can, in some cases, be avoided. 

A great feature in the use of narrow-gauge railways is 
the very large proportion of live or paying load to the 
dead weight. 

In an ordinary railway wagon of standard gauge, the 
carrying power varies from one to two times the weight 
of the wagon itself, and the same proportion holds good 
with the instance I have just given of wheelbarrows, but 
on an 18-in, or 2-ft. gauge railway a properly designed 
truck will carry about four times its own cae 

As instances of the use of these light railways, I would 
mention, amongst others, the 18 in. gauge railway at the 
London and North-Western Railway Works at Crewe, 
the 18-in. gauge railway at the Lancashire and Yorkshire 
Railway at Horwich,* the same gauge at the Woolwich 
Arsenal, and the 22-in. gauge railway at the great 
brewery of Messrs. Guinness and Co., at Dublin.t 

The two first instances I have given are especially 
instructive, seeing that the railway companies in question 
have miles of standard-gauge railway (4 ft. 8}1n.) all 
over their works, and yet it is found advantageous to 
have these narrow-gauge railways in addition—indeed, 
the narrow railways run largely along the inside of the 
standard gau It is a very interesting sight to see 
the liliputian locomotives employed there, some of which 
one might jump over, running along inside the sheds, 
through this doorway, and around that curve, as if they 
were things of life. 

These small engines are employed not only to draw 
narrow-gauge trucks, but also main line wagons, and even 
engines and tenders on the standard gauge from one shed 
to another, taking, say, a ome locomotive from the erect- 
ing shop to the painting shed, and so on. And those of 
you who may have seen it, must have been reminded of 
the old fable of the lion and the mouse, the contrast is so 
great between the little locomotive and the large load 
behind it. 

Mr. Webb, of Crewe, has kindly supplied me with some 





* See ENGINEERING, vol. lii., page 148, 
+ Ibid., vol. xlvi., page 366. 








details of bis small locomotives, which I give for purpores 
of comparison. 


Cylinders ... ... 54 in. in diameter by 
6 in. stroke. 
Wheels ... 16} in. in diameter 
(4 wheels coupled). 

Wheel base... 7 ns ; 3 ft. 
Total length of engine ... ei 8 ft. 8 in. 
Height from rail level to centre 

of boiler ... ee ase sex Bigg Wao ss 
Length of boiler between end 

plates... io 2a Ss a ie 
Diameter of boiler (outside)... 2% = 
Heating surface ... xe ... 57.91 square feet. 
Grate area ... 


° . ” 99 
Boiler pressure 160 lb. per sq. in. 

There are no eccentrics or link motion for working the 
valves, these being driven from small cranks at the end of 
a countershaft, extending across the engine a little above 
and behind the leading or driving axle. On this axle is 
a spurwheel 5 in. wide on the face, which gears into 
another wheel of equal diameter, but only 14 in. wide, 
carried by the countershaft. This latter wheel is not fixed 
on the countershaft, but slides on a spiral feather, and thus, 
when shifted laterally (which is done by means of a clutch 
arm, worked from either end of the engine), it causes a 
partial rotation of the shaft, and consequent movement of 
the valve from ‘‘ forward ” to ‘‘ backward ” gear, and thus 
a very simple reversing gear is obtained, which, as 
already stated, can be worked from either end of the 
engine. 

The Lancashire and Yorkshire Company’s narrow rail- 
way has a total length of 63 miles at Horwich, and Mr. 
J. A. F. Aspinall, the chief mechanical engineer, at a meet- 
ing of engineers at Dublin, declared that it was a wonder 
to him how they had been able to manage so long without 
it. There are no curves more than 13 ft. radius at Horwich. 
The engines have 5-in. diameter cylinders by 6 in. stroke, 
width outside centres is 2 ft. 3in., whesls 16 in. in dia- 
meter, wheel base 2 ft. 9 in., boiler 2 ft. 3 in. in diameter, 
heating surface 10.42 square feet in the firebox, with 36.12 
square feet in the tubes. 

I now give a description of the 22-in. gauge railway at 
Messrs. Guinness’s brewery at Dublin as designed by 
Mr. 8. Geoghegan, the chief engineer. The essentials 
in designing the line were as follows ; 

Gradients not to exceed 1 in 40. - 

Curves slow as possible, with a minimum of 12 ft. 
radius. 

Rolling stock to be as large as the available room would 

rmit, this space being being only 5 ft. wide and 6ft. 

igh, and the wagons not to exceed 8 ft. in length, with a 
wheel base of 3 ft., owing to the numerous curves. 

To connect the old works with the new, one being 50 ft. 
above the other, a spiral tunnel is used of 61 tt. 3in. 
diameter, with 2.65 turns, anda gradient of 1 in 40, thus 
giving a rise of 35ft., the remaining 15 ft. rise being 
effected by means of a zigzag incline. 

I would especially draw the attention of the managers 
of small works to the great convenience and economy of 
moving wagons of standard gauge from one part of the 
works to another by the use of these very small locomo- 
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PaRTICULARS OF NarRrow-GaceE Locomorives, 
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tives. In many works at Widnes and elsewhere, even | in use, one system being laid penpanentty, Bo other only 


now, loaded coal wagons, weighing in all some 15 tons or 
so, are moved about by horses, or a gang of men armed 
with levers, involving a serious loss of time and expendi- 
ture of labour, whereas a small locomotive having, say, 
54 in. cylinders and 3 ft. wheel base as just described, 
would haul double the load, at five times the speed, and 
less than one-quarter of the cost, the actual cost of 
haulage by the small locomotives at Crewe being about 
\.d. per engine mile. 

I have no recent figures of coal required per ton-mile on 
narrow-gauge lines, but at a recent trial on the London 
and North-Western Railway with ordinary main line 
engines, the consumption of coal per mile per ton weight 
of train (including engine) was 1.262 oz. on a straight 
run, whilst with Mr. Webb’s compound engine the con- 
sumption was only .969 oz. (thus showing an economy 
of 23 2 percent. for the compound engine). These figures 
would, of course, be exceeded on a narrow-gauge loco- 
motive, but not to such an extent as one might at first 
imagine, owing to the greatly reduced speed, provided, of 
course, the railway track and rolling stock were kept in 
good condition and journals properly lubricated. 

Probably if the quantity of fuel were doubled I should 
be well within the mark, say 24 oz. of coal per ton- 
mile, or about 140th part of a penny for fuel. It is found 
that 4 cwt. of coal is sufficient for a full day’s work of 24 
hours, with Mr. Geoghegan’s special engines at St. James’ 
Gate brewery, Dublin, having cylinders 7 in. diameter by 
84 in. stroke, the diameter of the wheels being 22 in., with 
a 3 ft. wheel base, The working pressure of steam is 180 lb. 
od square inch, and the weight of the engine 7? tons. 

hese engines will haul a load of 120 tons on the level at a 
speed of 10 miles an hour, or a load of 25 tons up a gra- 
dient of 1 in 40, including the weight of the engine itself. 

The peculiar feature of these engines is that the cylinders 
and crankshaftare mounted on the top of the boiler, instead 
of underneath, as is usually the case. The object of this is 
to economise space, and to keep the working parts well out 
of the dust. The crankshaft is connected with the driving 
wheels by means of vertical coupling-rods, special pre- 
cautions being taken to allow for the vibration of the wheels 
and wear. 

For purposes of comparison I now give particulars of 
various sized narrow-gauge locomotives, suitable for works 
traffic, and the duty we can expect from them under 
ordinary favourable conditions : 
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Messrs. Beyer, Peacock, and Co., Limited, the well- 
known locomotive builders, have been good enough to 
favour me with the above Table of details of some narrow- 
gauge locomotives they have built, from 1 ft. 6 in. gauge 
to 3 ft. 6in. gauge. As they rightly point out, it is diffi- 
cult to give the haulage power of the engines, so much 
depending on the state of the roads, and of the rolling 
stock, &c. They, therefore, give in column No. 10 the 
‘tractive power’ of each locomotive in square inches of 
piston area, and from these the actual haulage power can 
readily be calculated for any given conditions of roadway, 
gradient, or friction per ton of train load. 

It is rather a strange fact, but nevertheless true, that 
the tractive power of these little locomotives is greater in 
proportion to their weight than that of a standard-gauge 
engine. 

aving said so much regarding the many advantages 
of pont Bement railways, I will briefly describe the per- 
manent way for such aroad. There are two types of track 





temporarily, called portable railway. The permanent 
line should be well laid, on a properly prepared formation, 
and properly boxed and ballasted after being laid. I have 
occasionally heard the narrow-gauge railway abused and 
deprecated, but when I have inquired into the reason, I 
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invariably find that the line in question has been practi- 
cally thrown down on the ground surface, with little or 
no preparation of the roadway and very little ballasting, 
the rails being generally too light for the work, causin 
them to spring up in the centre, the ends being depressed, 
and so making bad joints, and rendering it an impossi- 
bility to keep them tight, whilst the rails have been simply 
spiked down directly on to wooden sleepers, too thin to 
bear the weight of the load, or to afford sufficient holding 
power for the spikes, which consequently ‘‘ draw,” allow- 
ing the rails to work loose, and the gauge to spread. 

fs must not be overlooked, that as the width of the 
rolling stock is three to four times the gauge on these 
narrow railways, against about one and a half times on 
the standard gauge, any inequalities of the road are more 
exaggerated, and the importance of having the road well 
maintained increases as the gauge decreases. 

Steel rails should be used, having a tensile strength of 
about 38 tons per square inch, with about 17 per cent. of 
elongation, and 38 per cent. of contraction at the point of 
fracture, and havea percentage of about .35 carbon. The 
should be of ample strength to carry the loads required, 
and for a pro ay designed rail, a good rule is as follows : 

‘‘ Twelve times the greatest load on one wheel in tons, 
gives the weight in pounds per yard of rail.” 

The sectional area of railin inches multiplied by 10 for 
iron, and by 10.4 for steel, gives the weight of rail in 
pounds per lineal yard. 

To keep the rails tight to the — and prevent all 
fear of the spreading of gauge, metal transverse sleepers 
of some sort are almost imperative, wood being generally 
unsuitable for several reasons. . 

Regarding the metal for sleepers, cast iron, wrought 
iron, and ateel are used, the superiority resting with the 
latter. The quality of steel used should be somewhat 
similar to that in the rails, but rather softer, baving a 
carbon of about .30. The shape of the sleeper is still a 
vexed question, and the best form has not yet been 
decided upon. Probably there is no ‘‘best” form, as a 
hard foundation needs a different shaped sleeper to a 
soft roadbed. ere 

The general opinion is in favour of some form of 
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inverted trough section (Fig. 1); these, however, require 
careful packing, and are not suitable for hard beds. 
Then there is the corrugated sleeper (Fig. 2). This is a 


ee oe 
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sleeper easily laid and packed, but owing to its small 
depth, it has not much “ girder” strength, and is liable 
to buckle under heavy loads. 
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The “‘bellied” trough sleeper is a modified form of 
ordinary trough sleeper, being narrowed, and the sides 
correspondingly deepened in the centre, to increase the 
transverse strength, whilst the ends are flared out and 
turned in at the extremities, to better hold the ballast. 
This is the type adopted by the Indian States Railway, 
and is fairly satisfactory, but requires careful packing 
when laid. f 

The buckled shape is fairly , but has the disad- 
vantage of weakness of the ordinary corrugated sleeper 
through insufficient depth. It is, however, very usefu 
for hard roads. 

The wide V-shape sleeper adopted by the author (Fig. 4) 
is fairly satisfactory. Ibis easily packed, has a great pro- 
portion of cross strength, owing to its double angle shape, 
makes an easy running road, and the ballast does not 
work from underneath it. Some of these sleepers have 
been laid down on the North Staffordshire Railway for 
about eight years, and have required no attention what- 
ever since they were laid. 

For joints in the rails there are two types — the 
“suspended” joint and the ‘“‘supported” joint. The 
suspended joint is made between two sleepers, no direct 
support being underneath the joint, whilst the supported 
joint, as its name implies, is made on the sleeper, which 
ia usually made wider, and thus supports the joints and 
prevents any deflection of the ends of the rails. 

The suspended joint, with angle fishplates and bolts 
and nuts, is undoubtedly the better, where the rails are 
strong enough to allow of a fair margin for the load, 
with a high speed, but where the rails are barely heavy 
— for the load, then a “‘ supported ” joint should be 
used. 

There are several types of supported joint in the 
market, each having its own special advantages. For 
all-round work I — the joint which is called a 
‘* fished ” joint, and is the only supported joint of which 
IT am aware that fastens the rails to each other, and so 


N 
SS 
pal 








i INCLINATION | 


‘¢----4 IN 20---9 
3. 
prevents ‘‘creeping” of the rails down an incline or 
the like, 
It makes a good joint, and only requires one bolt— 


that to hold the two rails—against the four bolts re- 
quired with ordinary fishplates. There are four studs 
on the back casting; two of these studs engage into 
the ordinary fishholes of one rail, the other two studs 
fitting into the holes in the adjacent rail. A rail clip, 
fastened with a bolt and nut, holds the two inside ends of 
the rails, and holds all tightly together. The back cli 
fits against the outer web and under head of the rail, 
forming a chair, and preventing any tendency of the rail 
to turn over or the gauge to pcos This forms a very 
good support for the rail when wooden sleepers are 
used. 

There is a great diversity of opinion as to the best mode 
of fastening the rails to the sleepers, and it is difficult to 
assign the absolute superiority to any one system, The 
Indian States Railway have simply two lips pressed out 
of the metal, one on each side of the rail flange. The 
outer edge of the flange engages under one lip, whilst a 
wedge is driven up between the other rail flange and the 
other lip, as shown in the engraving above. is wedge, 
however, is liable to work loose under the vibration of 
working, and requires constant attention. 

Other fastenings have a lip pressed out on the outer 
side of the rail, whilst the inner flange is secured by a 
bolt and nut and rail clip. Others, again, have a “‘dog” 
riveted on to the sleeper in place of the -out lip, 
— either a bolt and nut or wedge fastening on the in- 
side, 

On the Continent a rail clip and bolt and nut fastening 
is used on each side of the rail clip. The advantage of 
this is that by using different thicknesses of the rail clip, 
the gauge of the track can be somewhat narrowed or 
widened out as required. This is the fastening adopted 
on the Snowdon Mountain Rack Railway as supplied by 
the author’s firm. 

The fastening generally used by the author has a “lip” 
or “dog ” riveted on the outside of the sleeper, whilst a 
clip of steel, having one corner slightly turned up, is 
loosely riveted to the sleeper on the inside of the rail, as 
shown in Fig. 4. This clip is hammered round on to the 
inner flange of the rail, the turned-up corner giving it a 
start, whilst the rest of the clip has to “spring ” the 
thickness of the rail flange. This forms a good “live” 
fastening, the “ spring” of the clip taking up the wear of 
the rail, and always holding it tight, thus obviating the 
objection to the bolt or wedge fastenings, which have to 
be constantly tightened up. An additional advantage is 
thav the clip being permanently though loosely riveted to 
the sleeper, there are no loose fastenings to get lost or 


stolen. 

ene per the weight of rails to be used for our sup- 

works, I think for heavy traffic they should not 

ess than 18 lb, per lineal yard, to the section shown, with 
a gauge of 18in. It is as well to have the gauge as 
narrow as convenient, and an 18-in. gauge will carry any 
ordinary traffic that is likely to be required. The narrow 

uge has the advantage that the roadway takes up very 
fittle room, will round sharp curves as low as 12 fb. 
radius, and wnt oes through doorways into sheds 


&c., right alongside the boilers and furnaces, where coa 
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can be deposited exactly where required, either on the 
level, or in many cases where it is desirable, along 
wooden gantries at an elevation, say of 8 ft. or 10 ft., out 
of the way of any other traffic there inay be. 

The cost of such a railway with steel rails 18 lb. per 
lineal yard, steel sleepers, and all fastenings, would be 
about 2651. per mile complete, delivered at Widnes. 
With wood sleepers the price would be less, but I do not 
recommend these, unless in exceptional cases, for reasons 
I have already named, and the charge for yearly main- 
tenance would be much higher. To this should be added 
the cost of laying, ballasting, &c., say 2501. per mile, 
rolling stock and sundries 235/. per mile, or a total, 
including all contingencies, of about 7501. per mile com- 
plete, the exact figures, of course, varying with local 
circ the total length of the line and the total 
weekly weight of material to be moved. 

I show one example, Fig. 5, out of the many various 
kinds of switches and crossings and turnouts. 

With regard to the portable railways which may be 
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ways can be Jaid down, where frequent renewals are 
necessary, four men can take up about 200 yards of rail- 
way and relay it further on in a quarter of an hour. 

The joints for the rtable railway sections are 
generally some form of slip joint, the best form having 
two short fishplates bolted or riveted to one end of the 
rails of a section, and having a few inches projecting be- 
yond the rails; the web of the free rails of the next 
section slips in between these fishplates, thus forming a 
temporary joint, which can be subsequently strengthened 
if desired by paasing a bolt and nut through the holes in 
the two free ends of the plates and the web of the rail. 
This form of joint has the advantage that if at any 
time it is desired to make the road more permanent, 
the fishplates can be taken off and replaced in the 
=o manner with two bolts through the end of each 
rail, 

A joint adopted by the author is shown in Fig. 4. 





The back casting has four studs, or sometimes only two, 
one or two of these studs engeging into the end of each 











looked upon as “‘ feeders” to the main track, the condi- 
tions are somewhat different, but even these lines should 
be fairly well laid down, and of sufficiently substantial 
construction for the work to be done. 

The portable agg is generally of lighter section of 
rails, and usually, though not always, the rails are 
riveted directly to the sleeper. This is probably the 
better form, where shipment by sea is not required, as 
the weight of the fastenings is saved. It is generally 
made in sections of 15 ft., each section being easily 
carried by one or two men. 

The average weight of a section of portable railway is 


as follows : 
Weight Price per 
per Lineal Vd. 
Section. of Railway. 
Ib. 8. d. 
With rails 10 lb. per yard for 
16in. rail gauge... ™ 125 1 9 
With rails 12 lb. per yard for 
16 in. railgauge... ... ea 150 20 
With rails 14 1b. per yard for 
18 in. rail gauge... = 180 2 3 
With rails 16 lb. per yard for 
18 in. rail gange ss ov 250 2 5 
With rails 18 lb. per yard for 
20 in. rail gauge... ee 280 3 0 








To illustrate the ease with which these portable rail- 








rail, which is held in place by aswivel clip, loosely riveted 
on to the sleeper and hammered round on to the flange of 
each rail as before. This forms a — good joint, simple 
and effective, and holds the rails well together, and can 
be strengthened at any subsequent period to make it 
more permanent by adding a rail clip and bolt, as pre- 
viously described. 

It is advisable for these portable railways to make the 
switches and crossings in sections the same length as the 
rail sections, whether on the permanent line (usually 24 ft.) 
or on the portable line (generally 15 ft.), so that if it is 
desired to take off a branch from any point, all that is 
necessary is to take out a pair of rails and slip in the set 
of switches, or turnouts as they are sometimes called, 
these turnouts, of course, being all riveted up together on 
long sleepers. Where, however, this cannot be done, 
branches can be taken off by means of inclined planes, as 
shown in Fig. 6, which explains itself. These inclines 
can be placed anywhere without interfering with the 
main line, and as readily taken up out of the way when 
not required. 

As to the question of curves, this, of course, depends 
ea. f on the speed of the traffic, and whether steam or 
horse haulage is used. For a 2-ft. gauge line a curve of 
25 ft. radius is about a minimum average for easy work- 
ing, though down to 15 ft. radius can be used with a 
steam locomotive having a wheel base of 2 ft. 6 in. or 3 ft. 
In these very sharp curves, however, it is advisable to use 
axles having one, if not two, loose wheels on them, unless 








radial axles are employed, and which I strongly recom- 
mend where these very sharp curves are necessary. 

In cases where very sharp turns have to be made on 
the line, such as entering narrow doorways, it might 
be necessary to use turntables, but I do not recommend 
them unless absolutely necessary, for the simple reason 
that only one truck can be turned at once, which means 
loss of time where a train of a dozen trucks have to be 
got through, and, further, the turntables having to stand 
the shock of every load that goes over them, occasionally 
get out of order, and require the bearing parts renewing. 

Regarding the rolling stock for use on w light works 
railway, the best and cheapest form of wagon for all-round 
work is undoubtedly that known as the equilibrium tip. 
ping type, of which there are several designs, one being 
shown in Fig. 7. They are very simple, have no loose 
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parts to get out of order, and they shoot their contents 
“— of the line with — ee . 
very ingenious form of equilibrium tipping wagon 
has been devised by Mr. S. Geoghegan, of Dutline Owing 
to the short space at his disposal in his works, he found 
that the gene | tip-wagon, necessarily narrowed at the 
bottom to give the required angle of clearance, would not 
hold sufficient quantity of material. The box, instead 
of being hung on double trunnions in the ordinary 
manner, is suspended from single trunnions, 
which run in a kind of horizontal rack, so that when 
the box is tipped the trunnions run forward along the 
rack towards the tipping side, thus almost overhanging 
the side beams of the truck, giving a much greater angle 
of clearance, and enabling a practically rectangular box 
to be used. This wagon has several other important 
advantages over the ordinary tip-wagon. 
The Manchester Corporation use a wagon having 








hinged doors on each side, for the disposal of the town’s 





refuse, on their Carrington Moss Estate. The boxes 
containing the refuse are brought down the ship canal in 
barges from Manchester to their wharf at Carrington, 
whence they are lifted by cranes on to the wheel frames 
standing by. When a train load is made up, one of the 
steam engines takes charge of it, and conveys the lot along 
the 2 ft. 6 in. gauge railway that intersects the estate. 
light portable ra my 4 then branches off into one of the 
various fields where the stuff is required, and the wagon 
doors being let down on either side, the valuable manure 
is deposited on the land, instead of being wasted in 
so-called destructors. In like manner the railway takes 
the crops from the land to the homestead, where the farm 
bailiff, Mr. McConnell, resides, or down to the shipping 
wharf, whence the produce is shipped to Manchester or 
ern l, as required, at a cost so small as to be almost 
negligible, 

here are about 12 miles of this railway on about 1100 
acres of land, so one can see how excellent is the system 

= pa over by the courteous superintendent, Mr. R. D. 

ison. 

Mr. S. Geoghegan has been good enough to favour me 
with the ional rg oe shown in Fig. 8, which de- 
monstrates the constantly increasing use of narrow-gauge 
railways at the great brewery in Dublin, of which he is 
the chief engineer. A careful study of this diagram is 
the very best argument I can use to fully prove the 
advantages I claim from the use of light railways in 


manufactories, I may add that it is found that 4 cwt. of 
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coal will suffice for a full day’s work of 24 hours, with 
Mr. Geoghegan’s engines, having 7 in. diameter cylin- 
ders by 84 in. stroke. 





TRIAL OF A SCHMIDT MOTOR (BOILER, 
SUPERHEATER, AND COMPOUND EN- 
xINE.)* 

By Professor M. ScuritTer, of Munich. 


In the summer of 1894 Professor Schréter was requested 
to make an experiment upon an engine in which the steam 
was superheated according to a new system invented by 
w. Schmidt, of Wilhelmshéhe. This method is espe- 
cially worthy of attention, because nob only is a tempera- 
ture of 650 deg. Fahr. attained, and the steam super- 
heated nearly 300 deg., but the construction of the engine 
has been adapted to make it work smoothly and regularly 
at these high temperatures. [A description and sketch 
of the Schmidt superheater and boiler will be found in 
ENGINEERING, page 113 ante. ] 

The engine tested by Professor Schréter was built by 
Messrs. Book and Henkel, of Cassel, and was the first 
Schmidt compound engine with superheater made. The 
boiler is of the ordinary vertical type, the superheater, 
in three divisions, being placed above it. e steam 
passes downwards through the main superheater at a 
temperature — little higher than that corresponding to 
its pressure, and meets the hot gases after their tempera- 
ture has been reduced by evaporating the water, and 
thoroughly drying the wet steam. As the steam is led 
through the spiral coil in the contrary direction to that of 
the gases of combustion, it may easily acquire a tempera- 
ture of 662 deg. Fahr.t on leaving the superheater, while 
the gases escape up the chimney after passing round the 
feed-water heater at a temperature of only 392 deg. 
During the trials their temperature round the super- 
heater was 1290 deg. 

The heating surface of the boiler in contact with the 
water is 75 — feet, of the main superheater 350 square 
feet, of the first or pre-superheater square feet, and 
of the feed-water heater 129 square feet. The grate 
surface is 74 square feet, and the boiler pressure during 
the trials was 12 atmospheres. The spiral tubes forming 
the superheater are 2.3 in. in diameter; the pipes of the 
feed-water heater above the boiler are 1.2 in. in diameter. 
The boiler is 5 ft. in diameter, and 17 ft. high. During 
the trials a good hard German coal was used; the feed- 
water pump was driven by the engine. 

The engine is condensing, vertical, tandem, with two 
cylinders bolted one above the other, without intermediate 
stuffing-boxes. There is a differential trunk piston, and 
the power is transmitted to the crankshaft below in the 
usual way. The high-pressure cylinder is above, the low- 
pressure cylinder below, both single-acting. Instead of 
making the lower face of the trunk piston communicate 


* Summarised from the Zeitschrift des Vereines Deutscher 
Ingenieure, January 5, 1895, by Bryan Donkin, M.I.C.E. 
+ All temperatures are given in Fahrenheit, 
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with the atmosphere, a bottom cover and stuffing-box are 
added, and a space thus obtained, which acts as a receiver, 
and asa thirdand largest cylinder. The volume of the latter 
is equal to the volume swept through by the low-pressure 

iston. In the high and low pressure cylinders the steam 

orces each piston down ; in the receiver it drives it up. 
During the descent of the piston there is a greater pres- 
sure during admission and expansion in the high-pressure 
cylinder than in the reciver, and thus an excess of pres- 
sure downwards; during the ascent of the piston the 
pressure is reversed. Thus, although partly single-acting, 
a double action takes place in the low-pressure cylinder, 
and the engine works more steadily in consequence. The 
indicator diagram of positive work obtained from the 
receiver, when added to the others, forms the diagram of 
the third cylinder. Intheoriginal paper the threeindicator 
diagrams are combined in one, and represent expansion and 
compression in all three cylinders. 16 is true that the work 
done in the receiver is small, since the steam has al 
parted with much of its heat before it enters. In the high- 
pressure cylinder, the steam, being superheated, can bear 
@ great diminution in temperature without condensing, 
while in the low-pressure cylinder, although the steanr is 
already saturated, its temperature is maintained, because 
the cylinder is heated by the receiver. Not only the 
cover and piston, but the walls are heated, having already 
been in contact with the steam in the receiver, before they 
_ —— by the expanding steam in the low-pressure 
cylinder. 

The steam is admitted to the latter through a flat valve 
driven by an eccentric and rod in the usual way; this 
valve-rod also works the exhaust piston valve of the high- 
pressure cylinder. The admission valve of this cylinder 
is automatic, and its stroke is ted by the governor. 
The valve is so constructed that it opens with a spring, 
as soon as the steam in the clearance space has been com- 
pres to inital pressure. As the piston descends, and 
a difference in a is seb up, the spring is overcome, 
and the valve closes. The shorter the stroke of the valve, 
as adjusted by the governor, the smaller is the cut-off. 
This special valve gear worked well during the trials, 
and the indicator diagrams showed that the steam dis- 
tribution was good, although a slight throttling took 
place during admission. rofessor Schriéter considers 
that, although simple in construction, this valve solves 
the difficulty of admitting superheated steam to a cylinder 
better than any other with which he is acquain The 
condenser consists of a cast-iron pipe with diagonal ribs. 
The vertical single-acting air pump is 11 in. in diameter, 
and 6 in. stroke. 

The diameter of the high-pressure cylinder is 12} in., 
and that of the low-pressure 27.1in. The stroke of both is 
1.64 ft.; clearance space 7 per cent. in the high, 3.56 per 
cent. in the low pressure. e working volumes of the 
three cylinders are in the proportion of 1 in the high, 3.92 
in the low pressure cylinder, 4.88 in the receiver. 

The object of the experiments was to determine first 
the consumption of coal brake horse-power per hour, 
and secondly to measure the feed water per indicated horse- 
power perhour. The engine was quite new, and had only 


been working a few days. The time at Professor Schriter’s 
disposal was so short that it was impossible to make more 
than two experiments, but these were carried out without 
a hitch. Every arrangement to insure accuracy was made ; 
the gases of combustion were analysed by a competent 
operator, and the observations superintended by the 
Professor. The indicator —— and thermometers were 
previously verified. The brake horse-power was measured 
with a Prony brake on the flywheel in the usual way. 

Of the two experiments, the first was on July 28, lasting 
6 hours 6 minutes; the second on July 30, lasting 7 hours 
44 minutes. As the results of the second trial were rather 
better than those of the first, they have been given 
throughout; the first trial varied only in one or two 
respects, as will be mentioned. On July 30 the number 
of revolutions per minute was 117.3; brake horse-power, 
63.4 ; indicated horse- power calculated from diagrams of 
the three cylinders, 76.37; mechanical efficiency, 82 per 
cent. This efficiency on the first day was rather higher, 
viz., 86 per cent. Loss in work due to steam throttling 
during admission about 8 per cent. 

The feed water was carefully weighed ; the level of the 
water in the boiler was taken every hour, and was found 
not to vary, the consumption from hour to hour “om 
the trials being uniform. The temperature of the f 
water coming from the heater was determined with a 





y | steam at that pressure equals 374 deg, 
e 








carefully protected thermometer before it entered the 
boiler. e following were the results obtained for the 
experiment, July 30: 
Total consumption of feed water 5913 lb. 
Feed water perhour ... __... “ 
Temperature of feed water into 
heater... rid ne .. 86 deg. Fahr. 
bape om gy of feed water out 
of heater... he xa wwe §«=«.:194 * 
Rise in temperature __... «eo kee .. 
Feed water per brake horse- 
power per hour... ae ax 12.3 Ib. 
water per indicated horse- _— 
power per hour... Se LaF 
Boiler pressure... <a ha 11.9 atmos. 
Admission pressure (from dia- 
grams) es ind a ne 


According to Professor Schréter, this is the first time 
any steam engine has yielded such a low feed water 
consumption. The results prove the correctness of the 

rinciples upon which this method of superheating is 
ome The smoothness with which the engine worked 
also shows, in his opinion, that the inventor has solved the 
difficulty of the application of superheated steam. 

Before comparing these figures, the temperatures, which 
form an important feature of the trials, should be studied. 
In the original they are plotted graphically in curves, 
giving a clear insight into the temperatures of the steam 
and hot gases. Different degrees of superheating were 
attained in the two trials, but the initial temperature was 
kept fairly uniform throughout, although the temperature 
of the hot gases surrounding the first superheater varied. 
That the heat efficiency was is shown by the low 
temperature of the gases in the ae as well as by 
the high percentage of carbonic acid. he temperature 
of these gases behind the first superheater, where samples 
for analysis were taken, was determined with a pyro- 
meter, but as the latter could not be calibra‘ it is the 
relative, not the absolute, values which should be com- 
pared. The steam temperatures were taken with mercurial 
thermometers, those of the flue gases with a corrected 
pyrometer. 

On the first day’s trial the steam left the superheater abt 
a temperature of 662 deg. The temperature of saturated 
being a difference 
of 288 deg., the extent to which steam was super- 
heated. It entered the 2 ab a temperature of 
604 deg., — a loss of 58 deg. in the steam pipe. On 
the second day the temperature of the steam on leaving 
the superheater was 674 deg., or 300 deg. of superheat, 
and it entered the engine at a temperature of 651 deg., or 
a pipe loss of 23 deg. This was due to the attention paid 
before the second trial, to having the steam Ls ge care- 
fully covered. Too much stress cannot be laid on this 


point, where superheated steam is used. A far ter 
economy than is usually thought possible may ob- 
tained, even with saturated steam, by isolating the 


ipes, but with superheating, even with pipes of ordinary 
ength, the whole advan may be lost ft the pipes are 
not carefully pro 3 © initial temperature of the 
steam in the high-pressure cylinder has a great effect 
upon the economy. The diminished consumption of feed 
water in the second experiment, viz., 6 cent., as com- 
pared with the first, is ascribed by Professor Schriter to 
the increase in the temperature of the superheated steam 
from 604 deg. to 651 deg. The hot gases in the flue fell 
below the temperature of the saturated steam. 

The analysis of the smoke gases showed that com- 
bustion was . Samples were taken every 10 or 15 
minutes. The draught in the chimney was about 
din. water. The mean rR Y of CO, was 14.6 per 
cent. ; oxygen, 3 per cent.; CO, 2 per cent. From the 
small percentage of carbonic oxide it will be seen that 
the excess of air was very small. The first day’s trial 
having shown that the grate surface was too it was 
reduced on the second day, and a slightly better evapora- 
tion thus obtained. 

The coal was weighed in quantities of 55 Ib. at a time, 
and a mean sample taken each day, which with the pro- 
ducts of combustion was sent to the testing station at 


Carlsruhe and pe | to determine the chemical com- 
ition and heating value. The composition of the coal 
rot was: 
Per Cent. 
Carbon a a eee ; 79.42 
Sulphur dee “ sien nies 1,09 
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Per _ 
Hyd in ; ; 
Ash igen tg ee 2.87 
Oxygen and nitrogen 11.79 
Water... noe 1,12 


Its heating value was calculated at 12,785 thermal units. 
Tested in a Mahler bomb calorimeter, the same coal gave 
12,877 thermal units. The products of combustion were 
found to contain 49.22 per cent. ash, 49.89 per cent. com- 


bustible residuum. These values give the following eco- f 


nomical results for July 30: 
Total consumption of coal, exclusive of 


getting up steam ... Ase : 745 Ib, 
Coal consumption per hour 96 ,, 
Percentage of ash and clinker sn 14.2 
Coal consumption per hour per brake 

horse-power ae a * .»  LSib 
Coal consumption per hour per indicated 

horse-power os ae ey 


The mean of the two experiments gave the same coal 
consumption per hour per brake horse: power, viz., 1.54 Ib., 
exclusive of getting up steam. 

If from the above figures an analysis be made of the 
way in which the boiler utilises the heat contained in the 
coal, it will be seen that the use of highly superheated 
steam is not only of advantage ina steam engine, but that 
it can be generated without a large ng pene of heat. 
The temperature of the feed water is first raised by the 
heat of the gases about 108 deg. ; it is then converted into 
saturated steam, and the latter raised and superheated at 
constant pressure to a temperature of 65ldeg. The amount 
of heat required per pound of coal to produce this result 
can be calculated with the usual formule, if the quantity 
of feed water is known. The following Table of the heat 
distribution in percentages shows that in the Schmidt 
motor as much care is bestowed upon generating the heat 
in the boiler, as upon utilising it in the engine. 


Heat ( Per Cent, 
Tul *' To evaporate the water into steam... 63.7 
i so” »» 8uperheat the steam e 8.2 
F »» heat the feed water 6.6 
Total efficiency 78.5 


The author next proceeds to consider the action of the 
steam in the cylinders, as shown by the indicator 
diagrams. To study this interesting question, diagrams 
were chosen approximating to the mean as nearly as pos- 
sible. To determine how much actual work was done by. 
the steam in passing through the cylinders, it was neces- 
sary to compare the volume of the weight of steam at each 
point of the stroke with the volume which the same 
weight of saturated steam at the same pressure would 
have occupied. One diagram is selected, and the admis- 
sion pressure calculated from it at 11.8 atmospheres abso- 
lute. Cut-off, 37.2 per cent. 

From the figures in the original paper the curve for satu- 
rated steam is then constructed, and compared with the 
actual diagrams. The two diagrams of the high-pressure 
cylinder, the actual with superheated, and the theoretical 
with saturated steam being superposed, Professor Schriter 
found that the curve of the former was cut by the curve 
of saturated steam, towards the end of the stroke. In 
other words, even while expanding in the first cylinder, 
the steam lost its superheat, and became saturated before 
the end, although it was still dry. During the second 
experiment, when the steam was superheated nearly 
50 deg. more than in the first, the curve was cut by the 
curve of saturation nearer the end of the stroke, as might 
have been expected. The same calculations were carried 
out for the low-pressure cylinder, and the curve of satu- 
rated steam drawn. The admission pressure in this larger 
cylinder was atmospheric, and the volume occupied by 
the weight of steam plus the clearance was 63.6 per cent. 
of the total volume of the cylinder. As the diagram of 
saturation was within the actual indicator diagram, Pro- 
fessor Schréter draws the conclusion that the steam in this 
low-pressure cylinder was saturated or mixed with water. 

The actual weight of steam present in the cylinder at 
any given point of the di is calculated according to 
a graphic method, on which the author lays special stress. 
He shows what would be the course of the curve, if there 
were no water in the cylinder, and proves by this method 
tbat, assuming the valves, piston, &c., are tight, there is 
in the low-pressure cylinder wet steam containing about 
16 per cent. moisture. 

The chief reason for the economical consumption of steam 
in this compound Schmidt engine is that initial con- 
densation in the high-pressure cylinder is avoided. By the 
peculiar arrangement of the cylinders the walls are sur- 
rounded continually with the steam of the receiver, with 
which the high-pressure cylinder is partially jacketed. 
Thus an exchange of heat is maintained between them 
and the working steam in this cylinder. The author, 
however, considers it possible that de pate economy 
might be obtained by some other method of construction, 
for according tothe results here given a considerable ex- 
change of heat also takes place in the low-pressure cylinder, 
in which external radiation may play a large part. Much 
he thinks, still remains to be done with regard to isolat- 
ing the cylinders by surrounding them with non-conduct- 
ng materials. 

e last important question to be determined during 
these trials was whether with this special working cycle 
the engine ran steadily. Diagrams were accordingly 
taken showing the energy of the pistons during the up 
and down strokes, and the resistance of the crank. The 
author draws a diagram of tangential energy, calculates 
how the power of the engine was actually applied, and 
finds that the deviations from perfect regularity in running 
were only 16 per cent. per revolution. 


Professor Schroter arrives at the conclusion that in light- 
ness and simplicity this engine leaves little to be desired. 
The inventor has successfully embodied his ideas, and 

iven a development to the steam engine which may have 
Recentlan consequences. In the carefully elaborated 
triple-expansion engines, now built by the best firms, the 
limits of improvement of which they are capable have 
probably been reached; while in Professor Schriter’s 
opinion the Schmidt engines represent a new principle, 
which may produce greater results than can at present be 
oreseen. 

The writer of this summary was also permitted to make 
# coal and feed-water experiment on this boiler and super- 
heater, a few weeks after Professor Schriter’s trials. He 
obtained practically the same results, and found that the 
Schmidt motor worked well and very economically. 

Careful inquiry has shown that with similar engines, 
after running some years, no difficulty has been experi- 
enced with the pistons or valves due to working with 
highly superheated steam. This agrees with the results 
of experience in France. 





LAUNCHES AND TRIAL TRIPS. 

Tue present fleet of parsenger steamers owned by the 
South-Eastern Railway Company and employed in the 
Channel service between Folkestone and Boulogne will 
shortly be increased by the addition of the new paddle 
steamer Duchess of York, which was launched on the 
13th inst. from the yard of Messrs. R. and H. Green, Black- 
wall. The new steamer, which is built of steel, is of the 
following dimensions : Length, 270ft.; breadth, 30ft.; and 
depth, 24 ft. The vessel is so constructed that should the 
machinery space be flooded the vessel would still have a 
freeboard of over 2 ft. The propelling machinery of the 
Duchess of York is now under construction by Messrs. 
John Penn and Sons, of Greenwich. The vessel will carry 
two classes of passengers. The accommodation for the 
first, aft of the machinery compartment, includes a com- 
modious saloon fitted with private cabins and dining, 
sleeping, and ladies’ saloons. The second-class accom- 
modation is forward of the machinery space, and the 
crew are berthed still further forward. Over the deck 
saloon a promenade deck extends the whole breadth of the 
vessel to forward of the funnel. Stalls for the conveyance 
of horses are fitted under the forecastle deck. The new 
steamer is expected to make the passage between Folke- 
stone and Boulogne in an hour and a quarter. 





H.M. torpedo-boat destroyer Janus was launched on the 
13th inst. from the Jarrow yard of Messrs. Palmer’s Ship- 
building and Iron Company, Limited. The vessel has been 
built to a model and design supplied ‘by the builders, 
and is the first of three of the same class being built at 
Jarrow for the British Navy. Herdimensions are: Length, 
200 ft.; breadth, 19 ft. 9 in.; and about 280 tons displace- 
ment. Her armament consists of one 12-pounder quick- 
firing gun forward on the conning tower, four 6-pounder 
quick-firing guns on the broadside, and one 6-pounder on a 
platform aft. There are also two revolving torpedo tubes 
on deck, arran to fire on either broadside. She has a 
powerful electric search-light. The officers’ and engineers’ 
cabins are arranged abaft of the engine-room, and forward 
there is accommodation for about 40 men. The builders 
have guaranteed a speed of 27 knots per hour, and the 
machinery, which has also been designed by them, con- 
sists of two sets of triple-expansion engines, in one com- 
partment, of a special design to suit the high rate of 
speed. Steam is supplied by four of Reed’s patent water- 
tube boilers, constructed by the builders, fitted in two 
separate water-tight compartments, with the necessary 
fans for supplying air under forced draught. 





Messrs. Caird and Co., shipbuilders, Greenock, launched 
on the 14th inst, a steel screw mail and passenger steamer 


named the Cleopatra for the Austrian Lloyd’s Steam 
Navigation Company. The Cleopatra has a gross tonnage 
of 4100, and her dimensions are: Length, 377 ft.; breadth, 


She is built for the 
by the 
horse- 


44 ft. 10in.; and depth, 30 ft. 6 in. 
American passenger trade, and will be —— 
builders with triple-expansion engines of 4000 
power (indicated). 





There was launched on the 14th inst. by Messrs. John 
Fullerton and Co., Paisley, the first of three steel screw 
steamers of about 200 tons each, which they are building 
to the order of Messrs. Thomson and Campbell, London, 
for a foreign Gover t e st has been specially 
designed as a revenue cruiser, commodious accommoda- 
tion being fitted for officers and crew. Powerful electric 
search-light is fitted on the bridge, and look-out cage on 
foremast. Compound engines of great power are bein 
supplied by Messrs. Ross and Duncan, Govan, for hig 
speed. 





Messrs. Alex. Stephen and Sons, Linthouse, launched 
on the 14th inst. a steel screw steamer named Benalder, 
being the sixth steamer built by this firm to the order of 
Messrs. William Thompson and Co., Leith, for their well- 
known Ben Line of China and Japan traders. The vessel 
is of the following dimensions : ngth between perpen- 
diculars, 330 ft.; breadth extreme, 41 ft. 9 in.; depth 
moulded, 27 ft. 


The steel screw steamer Mount Sirion, built by Messrs. 
Workman, Clark, and Co., Limited, Belfast, proceeded 
down Belfast Lough on her trial trip on March 15, 
This vessel has been built for Messrs. Smith and Service, 
of Glasgow. The dimensions are: Length, 335 ft. ; 
breadth, 43 ft. 6 in. moulded; depth moulded, 28 ft, 
9 in., with a gross tonnage of 3280 tons and a large dead- 
weight carrying capacity. Deep framing has been intro- 





pensed with to obtain the most favourable stowage 
capacity. Six water-tight bulkheads subdivide the ship, 
giving four cargo holds. The machinery has been con. 
structed at the builders’ engine works, and consists of 
a ey ee engines with cylinders 23 in., 37 in,, 
and 63 in. in diameter by 42in. stroke. Steam is sup- 
plied from two large steel boilers at a working pressure of 
180 lb., and a large horizontal auxiliary boiler provides 
for the deck machinery. After cruising about Belfast 
Lough for some time, the vessel was run on the measured 
mile, when an average speed of 11} knots was obtained. 


H.M.S. Surly, the last of the three torpedo-boats 
which Messrs. James and George Thomson, Limited, 
Clydebank, are building for the Admiralty, went on her 
official trials on the 15th inst. in the Firth of Clyde. She 
is exactly similar to the Rocket and Shark, illustrated and 
described in a recent issue (page 321 ante). The weather 
was of the most unfavourable description. Rain fell 
heavily from the start, and there was a strong breeze from 
the south-west. The vessel left Clydebank shortly before 
10 o’clock, and proceeded direct to Skelmorlie. On six 
runs over the measured mile her mean speed was 27.6 
knots—the corresponding revolutions being 398—which 
even under the unfavourable conditions was in excess of 
the guarantee. To complete the three hours’ continuous 
steaming stipulated in the contract, the run was continued 
down the firth. Outside the head wind was, if anything, 
stronger, and the sea less favourable to fast steaming, but 
the pace actually improved as the trial advanced, and 
when the return voyage was commenced, just to the south 
of Arran, the little vessel steamed very fast, and with a 
smoothness that reflected the greatest credit on her 
builders. In the Surly Messrs. Thomson have progressed, 
as they invariably do, with succeeding vessels of the same 
type, for at the end of her three hours’ run the mean 
speed came out at 28.05 knots, the revolutions being 405. 
The steering trials—rather a tedious process after 28 knots 
—followed, and by half-past five o'clock the vessel was 
beside her sister ships—Rocket and Shark—in the dock 
at 2 yey The builders, who were, it may be recol- 
lected, the first private firm to complete their contracts 
under the Naval Defence Act of 1889, are also the first to 
deliver three ag. com em of the current contract. Mr, 
Welsh. of the Constructor’s Department, and Mr. Ellis, 
of the Steam Department, watched the trials on behalf of 
the Admiralty, and the builders were represented by Mr. 
George P. Thomson and Mr. J. G. Dunlop. The Rocket’s 
average on the measured mile, it may be added, was 27.7 
knots, and on the six hours’ run 27.4, and the Shark’s 
were 27.5 and 27.6 respectively. 











THE BIRMINGHAM ASSOCIATION OF MECHANICAL En- 
GINFERS.—On Saturday, the 9th inst., a large number of 
members of the above association visited the works of the 
Birmingham Electric Supply Company. These works are 
situated near the centre of the city, and were opened in 
1891 for the supply of electricity in the area then granted 
to the company. They have recently been extended to 
meet the much enlarged district which has been added to 
the company’s system. The visitors were received by Mr. 
J.C. Vaudry, the managing director, and after having 
had explained to them details in connection with the 
method adopted by the company for distribution, the 
explanations being aided by samples of materials and 
fittings, the company were taken through the works, 
which, with the enlargements, have now assumed pro- 
portions which will bear favourable comparison with 
the best works of their kind in the country. The engine- 
room is 140 ft. long by 30 ft. wide, and will ultimately 
house engines amounting to 3000 horse-power. The steam 
plant at present adopted is the Willans type, in combi- 
nation with the Crompton dynamos. In the boiler-house, 
which is 40 ft. by 150 ft., there are already six Lancashire 
boilers 28 ft. by 7 ft. 6 in., with provision for five in 
addition. These boilers are connected with a chimney 
180 ft. high and 10 ft. in inside diameter. Preparations 
are being made at this station to deal with some of the 
company’s outlying districts by means of high-tension 
direct-current transformers. 





Bournr’s Hanpy AssuRANCE DirecTory.—This well- 
known publication, issued by Mr. William Schooling, 
Trafalgar Buildings, Northumberland Avenue, W.C., at 
2s., extends now to over 500 pages, a proof alike of the 
completeness of the work and of the extended influence of 
assurance companies. This year there are given tables 
giving the ratios of expenses of all companies, so that 
comparison can be made between different offices, and the 
author shows separately the percentages of expenditure on 
new business and the percentage of the expenditure on 
renewals, as the expenditure over the whole business takes 
no account of the effect of new business, and is altogether 
unreliable. The reasons for this important departure are 
discussed at considerable length, and must be interesting 
to all associated in any way with assurance. The great 
extent of this clientéle will be appreciated when it is stated 
that ordinary assurances in force represent over 490 millions 
sterling ; 67.78 per cent. of the gross sum assured being 
for the whole term of life with participation in profits ; 
11.38 per cent. without profits, and 10.93 per cent. for 
endowment assurances with participation. There is an 
enormous increase in the latter—from 449 per cent. to 
10.93 per cent. in six years. The percentage of premiums 
absorbed in commission and expenses, which, on the 
average of the 13 years, 1882-94, was 14.42 per cent, 
worked out to 15.12 per cent. for 1894, and to 14.80 per 
cent. for1895. The industrial business has increased from 
833 millions in 1888 to 127 millions in 1894, largely due to 
the Prudential Company. Not only are all details of the 
respective companies given, but in addition wey J topics 
of outstanding importance are dealt with, so that the work 








After a careful consideration of the results of the trials: 





duced instead of hold beams and quarter pillars, dis- 





is more than a mere directory. 
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Comprtep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOLFICATIO 
UNDER THE ACTS 1888—1888, “a 
8 te stated 


The number of views given in the Specification Dr 
in each case ; where none are mentioned, the Spectfication ts 
not illustrated. A 

Where Inventions are communicated from abroad, the Names, 

&c., of the Communicators — in ye ai “ 

i Specifications may obtained ‘atent 

. Sale pha 88, Cursttor-street, Chancery-lane, E.C., at "Ke 
untform price of 

The date of the advertisement the tance of & complete 

fication is, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete spectfication, 
give notice at the Patent Office of ton to the grant of a 
Patent on any of the grounds mentioned tn the Act. 


ELECTRICAL APPARATUS. 


207. S.Z. De Ferranti, London. Electrical Trans- 
formers, [12 Figs.) January 4, 1894.—This invention has 
for its object improvements in electrical converters which are de- 
signed to take a constant electromotive force and varying quantity 
of current, and to give out a constant quantity of current or 
approximately so, with a varying electromotive force according 
to the resistance of the work put upon their circuits or the re- 
sistance of the work to be done. It also relates to converters 
which cannot give more than a certain quantity of current. 
According to this invention a magnetic circuit of the converter is 


formed of a core orcores A, ends B, and connecting bars C. | 
The central core is preferably circular, and the coils P,S are of | 


large diameter and of flat section. Either the primary or 
secondary winding is fixed in one block on the centre of the core 
or cores. The other coils, either primary or secondary, are sus- 
pended by vertical rods R, above and below the fixed coils, and 
there is sufficient space left upon the core for these coils to be 
moved several inches up and down. The movable coils hang 
clear of the core A and connecting bara C. The vertical rods R 
which carry the coils P work in guides 7, but sre not rigidly 
connected to the coils. The movable coils are held by means of 


means of a supporting socket c! into the said ring, which rests by 
means of lateral arms c? on the adjusting nuts d screwed on the 
ends of a bow f. The bow / is connec’ to aring /' fitting the 
conical end of the lower carbon k', whilst the protecting sleeve a 
carries two spring clips g which press against the top carbon k. 
Before the arc is formed, the ring f rests on the lower of the two 
contiguous carbons. On the circuit being closed, the top carbon 
is raised by the regulator to the extent corresponding to the 





length of the arc, and carries along with it the protecting sleeve 
a and the bow J, owing to the action of the spring clips g ; the 
ring f' is thus raised off the lower carbon k', During the com- 
bustion the top carbon is fed forward by the regulator in the 


J} of the bow /, which is also 


until the moment when the rin 
e lower carbon k'. (Accepted 


carried along, again rests on th 
February 18, 1895). 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


4959. P. E. Singer, London. Gas Engine Valves. 
{9 Figs.) March 9, 1891.—The object of this invention is the 
improvement of the valves of compression gas engines of any 
cycle. Aisacylinder of the ordinary type, with its piston B at 
the end of its stroke, and marking the limit of the compression 
space I, At A! the cylinder is contracted in diameter to form a 
gas chamber, and it is lined with a metaliic sleeve valve C. The 
top of this valve is serrated and fits loosely into corresponding 
teeth of a wheel C' fixed to a spindle C2, which parses through 
the cover of the cylinder and receives rotary motion from the 
crankshaft. The sleeve valve C is formed with one or more 
passages c made to correspond, at a certain position of the crank, 
with one of the ports a, a!, a%, formed in the contracted portion 








split metal bands b, strapped round about the coils, the coils 
being made on their outer edge of a conical shape, so that they 
may be gripped and securely held by the bands drawn tightly | 
round them. Each of the bands is split at three points Q, at 
which metal castings F are fastened on to the metal bands. These 
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castings are fixed together with screws, insulated from the band 
bv; fibre insulation H is inserted between each section of the band. 
The bands supporting the coils are connected with the vertical rods 
by means of a flexible coupling in three places. The movable coils 
above and below the fixed coils consist of about an equal weight 
of copper winding, and the mechanism is so arranged that the 
one set of coils balances the other, and also so that when the 
upper coils move away from the fixed ones upwards, the lower 
coils move away from the fixed coils downwards. The three rods 
R which support the upper coils are connected to a metal star I. 
The three rods which support the lower coils are hung upon knife- 
edges K and beams J, whose other ends are connected to the star 
I supporting the upper coils. The coils tend to fall together by 
the preponderance of the weight placed upon the star, and this 
tendency is counterbalanced by the repulsion of the movable 
coils from the centre coil when the current flows. The star I is 
guided and is formed with a cylinder c, which fits on to a vertical 
piston upon which it moves. This piston and cylinder act asa 
dashpot to prevent any violent motion of the coils. When the 
current flows in the coils a certain repulsion takes place, and so 
long as the current is normal the coils remain close together, but 
if the current becomes too strong the coils separate and the 
electromotive force is reduced and consequently the'current is 
diminished. The converter is practically self-regulating ; any 
additional regulation which is required is done by means of add- 
ing iaoet diminishing the weight onthe star I. (Accepted February 
18, 1895 


8011. F. Jehl and F. von Hardtmuth, Vienna. 
Electric Arc Lamps. [2 Figs.) April 23, 1894.—This in- 
vention relates to improvements in appli for increasing the 
duration of the top carbon of electric arc lamps by means of a 
protecting sleeve of refractory material, which tightly incloses 
this carbon without allowing the passage of air. Referring to the 
accompanying figure, the protecting sleeve a of non-conducting 
refractory material, steatite for instance, or of other fire-resisting 
material, if necessary insulated from the carbon, is fitted upon the 
carbon k, without any air clearance, and has its lower part a! 
close to the end of the carbon, bored to a large internal dia- 
meter of a suitable length, as shown; or else this sleeve is in- 
closed by a second sleeve suitably projecting beyond the lower 
end of the former, towards the end of the carbon. In both 
cases an annular space b is formed between the carbon and the 
lower sleeve portion, which is neither mechanically nor elec- 
trically connected to thesaid carbon. The lower part of carbon k 
is thus surrounded by an air jacket interposed between the illu- 
minating arc and the lower portion a! of the sleeve. As the 
sleeve a itself surrounds the carbon tightly, there is no motion 
of the air and the g products of bustion g ted b 
the illuminating arc within the annular space b. The mixture of 
gas and air forms an elastic cushion of constant temperature, and 
therefore produces the same effects as a sleeve that would inclose 
the extremity of the carbon; it thus prevents the end of the car- 
bon from assuming a conical shape whilst burning, and thus 
increases the duration of the combustion, whilst at the same time 
it prevents the deformation or deterioration of the protecting 
sleeve. In order to maintain this sleeve a constantly in the 
required position with relation to the carbon k fed forward by the 
regulator, the sleeve is inc!osed by a ring c or is inserted by 























Alof the cylinder A. As the crank rotates the sleeve valve C 
rotates at such a speed that the paseage c will travel round from 
one port to another, and visit them for the time required to admit 
the supply of gases, fire them when compressed, and discharge the 
exhaust. Th: sleeve valve closes the ports for the time they 
would interfere with the working of the engine by being open. 
Fig. 2 shows the ports arranged for the sleeve valve when rotated 
once for two revolutions of the crank. The valve spindle (Fig. 1) 
carries a spur pinion, in gear with which is a spur pinion 
mounted on a stud axle. This second spur pinion.carries a spur 
— which is so shaped, together with the pinion into which 
t gears, as to transmit a differential rotary motion to the valve 
spindle C2. (Accepted February 13, 1895). 


6122. W. Hornsby and R. Edwards, Grantham, 
Lincoln. Explosion Engines, (2 Figs.) March 24, 1894.— 
This invention relates to improvements in cooling water for engines 
worked by the explosion of gas or other combustible vapour and 
air, where it is necessary to cool the cylinder. In carrying out 
this invention the cylinder is provided with a water-jacket through 
which water is circulated. The water as it leaves the jacket is 
caused to fall in a series of thin streams down vertical plates or on 
a series of obstructions contained in a chamber, through which a 
current of air is then circulated in the opposite: direction to that 
in which the water flows down. The circulation of the air is 
advantageously caused by the action of a blast of the exhaust gases 
of the cylinder acting in a chimney connected to the air-space 
through which the water passes. a is the chamber, having at the 
upper part a chimney 6 into which the exhaust pipe c from the 
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engiae enters, and haviog at the lower — a series of openings 
d, d eo arranged that when the exhaust is entering the chimney a 
current of air will be induced through the chamber, the air entering 
through the apertures d, d and escaping through the chimney. A 
series of = e enter the chamber at the upper part and are con- 
nected to the pipe gy communicating with the jacket of the engine 
cylinder ; the pipese, ¢e are perforated on their lower sides. /, fare 
a series of boards or plates located Mproeary docs the pipes e, e, 
and so arranged that as the heated water es from the perfora- 
tions in the pipes e, it will flow down the boards in thin films or 
streams, whereby it will come into immediate contact with the 
current of air passing through the chamber ia the opposite direc- 
tion, the cool water falling into the bottom cf the chamber, whence 
it is withdrawn by the pump in the usual manner and again passed 
through the cylinder jacket. (Accepted January 30, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


3639. A. J. Boult, London. (W. Houghton, Paris, On- 
tario, Canada.) A@justable Wrenches, [5 Figs.) Feb- 
ruary 20, 1894.—The improved adjustable wrench comprises a 
metal stem A with a fixed jaw D, and having a series of ratchet 
teeth B cut in a portion of its face side, and an adjustable jaw E 
having a tailpiece G provided with ratchet teeth H cut in its inner 
face, and adapted to engage with the ratchet teeth B on the stem 





well-known manner ; the sleeve a partakes of this motion, but only | 


means of a clip F attached to the jaw E. When an operator 
wishes to adjust the jaws to any desired width of opening, he 
draws back the wedge or key I as far as it will go, which loosens 
the adjustable jaw, enabling the same to slide back and forth on 
the stem, which is done by taking hold of the lugs a on the tail- 
piece, and drawing it out sufficiently far to enable the ratchet teeth 
on both parts to clear each other. The operator then moves the 
adjustable jaw E to the required distance from the fixed jaw D, 
after which he lets go the tailpiece G and the spring c under the 
wedge I, and pulls the ratchet teeth H of the adjustable jaw into 
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engagement with the ratchet teeth Bon the stem A. The jaws 
will remain in this position without moving during the operation 
of the wrench, but for greater security the wedge I may be pushed 
under the rear portion of the adjustable jaw E and clip F as far 
as it can go, which locks the jaw E in the adjusted position. The 
jaws can be adjusted from the widest opening to the smallest by 
simply pulling back the wedge I and moving the adjustable jaw, 
If desired the wedge I may be provided with a second projection 51. 
The provision of the thumb-piece } facilitates the adjustment of 
the wrench, and enables the operator to adjust it with one hand 
only, and in confined situations. (Accepted January 30, 1895.) 


5965. J. Chapman, Lancaster. Cutting the 
Flanges of Channel Iron, &c. (5 Figs.) March 22, 1894. 
—A is the main bed of the apparatus having a recess to receive 
the girder B to be operated upon. At asuitabledistance from the 
end of the bed the sides of the recess are cut away at @ (Fig. 3), 
and are partially filled with steel dies C which form fixed shear 
edges. The edges c form the cutting edgee, and the distance be- 
tween the vertical edges ¢c corresponds with the width of the piece it 
is desired to remove from the flange of the girder. The hard steel 
cutters D consist of a pair of triangular expanding blocks, the 
outer or cutting edges d being vertical or slightly tapercd at the 
lower part. The inner edges d! are inclined, and form slides to 
receive the corresponding faces of a central triangu'ar descend- 
ing wedge or expander E. This wedge is operated by a powerful 
hydraulic piston, The inclined slide faces of the blocks D are main- 
tained in contact with the faces of the wedge E by means of a 
bolt F passing through both blocks and wedge, and having 
powerful springs G on each end to allow the blccks D to expand 
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in action. The fixed shearing dies C are made with their hori- 


zontal cutting edges in the plane of the upper surface of the web, 
and the acting blocks D are provided with lower horizontal cut- 
ting edges d2, The width of these blocks is such that they will 
pass through the openings in the fixed shearing blocks C. The 
main ram is allowed slight lateral freedom in order that if one 
flange should be sheared before the other the sheared-out piece 
coming in contact with an abutment a! prohibits furtber motion 
in that direction, and compels the remaining motion due to the 
descending wedge E to pass entirely into the other shearing block 
and so complete the shearing of the flange on the other side. The 
action is as follows: The girder having been placed in position 
with the desired point of cut true to the fixed shears, the upper 
tool is then lowered, having the blocks in their position of 
smallest total width, and as soon as their lower edges come in 
contact with the web of the girder they are arrested, and the 
wedge continuing its movement thrusts the cuttiog blocks out- 
wards with great power, and so shears off the flanges by the 
shearing action of the blocks in conjunction with the fixed shears, 
(Accepted January 30, 1896). 


MINING, METALLURGY, AND METAL 
WORKING. 


5379. W. D. Allen, Sheffield. Furnace for Treat- 
ing Ingots, &c. (6 Figs.) March 14, 1894.—This invention 
has reference to an improved construction of furnace adapted for 
heating cold ingots, blooms, or billets of iron or steel, or for 
keeping hot and equalising the temperature of ingots, &c. This 
furnace may be constructed to be worked with solid fuel or wish 
gas. a is the fireplace, b the chimney, and ¢ an inclined flue-like 
chamber connecting the fireplace and chimney, and within which 
are arranged longitudinal walls or ridgesd. e, e! are pipes or 
hollow bars arranged longitudinally on the walls or ridges so as 
to directly support the ingots, &c., above the floor of the chamber 
e and allow flame and heated gases to pass under them as weil as 
over them whilst they are passing through the chamber. These 
fe or hollow bars are arranged in two sets longitudinally of the 
‘urnace, the two sets, viz., e and el, meeting at e* (Fig. 3), where 
they are connected by means of flanges e* (Fig. 1) arranged below 
the chamber c. The pipes or hollow bars el composing the upper 
set arranged at the entering end of the chamber c, may be arranged 
parallel to one another, but those of the lower set ¢ are arranged 
to a diverge from each other as they proceed downward, 
80 that ingots, &c., placed transversely upon and sliding along the 
pipes or bars will be caused constantly to present fresh portions of 
their surfaces thereto. When there are three — or hollow bars 
é, a8 shown, the intermediate pipe or bar must also be soarranged 
as to cause fresh portions of theingots, &c., passing over it to be 
constantly presented thereto. For this purpose it may be in- 
clined to each of the other pipes ¢, or to one only of them 
and parallel with the other as shown. Water is admitted to 
the pipes e and ¢! at e3 and e4; and the pipes e!' are bent at their 
upper ends so that the water issuing therefrom shall fall into the 
mouth of a pipe ¢5. fis a door closing an opening through which 
the ingots, &c., are supplied to the furnace chamber c¢. /! isa 
platicrm carried by a ram working in a bydraulic,cylinder f? so 
as to permit of the ingots, &c., being conveniently raised to the 
height of the opening. g is a bydraulic cylinder provided with a 
head i for forcing the ingots, &c., cff the platform /' and into the 
chamber c, and for aiding gravity in propelling the ingots, &., 





A. The adjustable jaw E is adapted to slide on the stem A by 





towards the fireplace a along the inclined pipes or hollow barse, ¢!, 
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j is a epace in the furnace to receive the ingots, &c., as they are 
thrust forward and roll or fall off the pipes or bars e ; and «is a 
door closing an opening through which the ingots, &., are with- 
drawn from the furnace when heated. In this construction of 
furnace the fireplace a is adapted to burn solid fuel, and the ash- 
pit is closed at the front by doors, air being induced to flow into 
the ashpit through air inlet pipes a' by means of steam jets 
issuing from the pipes a*. The furnace may, however, be con- 
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structed to burn gaseous fuel if desired. The inclined chamber c is 
supported by arches c' ; and the whole structure is strengthened 
by means of double-headed ae rails / bound together by 
bolts 7', the roof of the chamber c being composed of removable 
sections c?, each held in an angle-iron clamp c% by which it can 
be readily lifted off when necessary. (Accepted January 30, 
1895). 


PUMPS. 


3621. F. W. Blaydes and R. C. Thomson, Glas jOw. 
Rotary Pumps and Air Propellers, &c. (8 Figs.) 
February 20, 1894.—-The outer shell or casing A is formed in two 
parts of an approximately cylindrical shape es inlet passage 
Al and outlet passage A2, more or less tangentially situated at 
opposite sides, and is secured to a foundation by the feet B. This 
inlet passage A' leading the water or air into the interior of the 
casing A is preferably horizontal and the outlet A? vertical, but if 
used as a motor this arrangement may be reversed. The driving 
shaft C is carried in hearings a formed in the sides of the — 
A, some distance above its centre, and on it is secured a soli 
cylinder D of hard wood by means of the side discs or plates E 
screwed to it and engaging with the hexagonal shoulder c. On 

















the periphery of these side plates E are formed a series of radially 
projecting bearings e which carry a series of six vanes F free to 
oscillate on journals F! formed on the ends of each vane F at its 
inner side. Each of the vanes F is fitted with a pair of pulleys f 


carried by an axle /! in bearings f * at each side of the vane F and 
project free to rotate beyond their sides. These pulleys / enter 
and are free to revolve around within an annular recess A’ formed 
in both sides of the casing A eccentrically to the axis of the 
cylinder D. The vanes F are oscillated by the pulleys frunning in 








the eccentric annular recess A3 on each side of the casing A as the 
cylinder D carrying them is revolved by the shaft C. At their 
lowest point the vanes will stand out radially, and exert their 
greatest propelling power on the water, air, or other fluid, while 
at the highest point they will be carried so as to lie nearly flat on 
the top of the cylinder D, the space between the top of the drum 
and the upper part of casing being only sufficient to allow the 
vanes to pass without contact. A passage A4isformed from the 
inlet branch A' towards the upper part of casing to reduce any 
— or back pressure formed therein. (Accepted January 30, 
895 


7588. J. A. Morris, W. T. Hatch, and C. Mather, 
Manchester. Injectors, [3 Figs.) April 17, 1894.—This 
invention relates to automatic injectors, in which a supplementary 
overflow chamber in communication with the lifting cone is closed 
by a movable valve when a vacuum is created in the chamber. 
The casing A of the injector and the steam cone B are made of 
ordinary form. The lifting cone C is extended and enlarged to 
form thechamber D. The end of the chamber D is formed with a 
wall or ring E with orifices e formed therein. The wall E is bored 
out to receive the end of the combining cone F which fits tight 
into it. The combining cone F is internally of any ordinary con- 
struction, and externally it is shaped to avoid any contact between 
it and the base of the valve G. The end of the combining cone 
preferably projects up through the wall E into the chamber D, 
snfficient space being left between it and the nozzle of the lifting 
cone to allow of the free escape of steam or water which can flow 








away through the openings e. The valve G which closes the 
openings e in the end of the chamber D is formed with a base g 
and a sleeve g'. The base y closes against the ports e, and the 
eleeve g! forms a guide which fits over the exterior of the chamber 
D and slides thereon, The sides of the sleeve g! are provided with 
a number of apertures g!1 through which the steam or water can 
escape when the valve is not resting on its seat, The seat for the 
valve is formed by the annular wal! E at the base of the chamber 
D. The valve thus slides upon the exterior of the lifting cone C 
and is entirely free from and has no bearing against the combining 
cone F, The annular wall E ee the paesage of water, steam, 
or air when the valve is closed. A set screw or pin H is provided 
to limit the movement of the valve. A spring may be employed 
to keep the valve G to its seat, but so as to give way and allow the 
valve to open when the injector is being started. (Accepted 
February 13, 1895). 


RAILWAYS AND TRAMWAYS. 


4506. R. Dunlop, Airdrie, Lanark, N.B. Utilising 
Gases. [1 Fig.) March 3, 1894.—According to this invention, 
which relates to the treatment and utilisation of certain gases of 
low illuminating power, such gas is utilised for illuminating pur- 
poses more especially for use in railway trains, tram cars, and other 
vehicles where it is necessary or advantageous to have gasin tanks 
or vessels under pressure. For this purpose this non-illuminating 
gas is compressed by any ordinary method of compressing into a 
vessel A which is to hold it, and from such vessel A the gas is led 
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at its full pressure or through a pressure regulator B at reduced 
pressure by pipes C or otherwise to the point at which it is to be 
used for lighting, as at a burning jet or burner D, the gas being 
caused to pass on its way thereto through a chamber E containing 
b le, benzine, gasoline, or other similar = capable of 
enriching the gas. In passing through this chamber or saturator 
E the gas absorbs as much of the benzole or other enriching sub- 
stance as gives it a high illuminating power, and a good lighting 
gas oa) obtained at a very moderate cost. (Accepted January 
30, 1895). 


24,564, W. E. Heys, Manchester. (J. J. Heilmann, Paris.) 
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| Electro-Locomotives,. [3 Figs.) December 18, 1894.—This 


invention relates to that system of electro-locomotion on railways 
and tramways in which the electro-motors directly drive the axles 
of the vehicles. Its object is to prevent the shocks and vibrations 
to which the axles may be subjected, being transmitted to the 
motors, and at the same time to provide for an elastic connection 











between the armature of the motor and the axle which it drives. 
The motor armature I is mounted upon a hollow shaft T which 
has an internal diameter greater than that of the axle E upon 
which it is free. This hollow shaft rotates in the bearings C, C' 
fixed in or upon the field-magnets J which are themselves fixed to 
the framing K of the vehicle. This framing K is suspended in the 
ordinary manner by means of springs L, or by any suitable combi- 





nation of springs, levers, and the like. The entire motor is thus 
suspended like the framing K, and practically forms one part with 
it. It is sufficient to give the tube T, upon which the armature is 
mounted, an internal diameter equal to the diameter of the axle 
plus the amount of yielding of the springs L, in order to prevent 
any ibility of contact between the tube and the axle. Arms B 
are fixed upon the hollow shaft T, and serve to communicate 
motion from the armature to the axle through the wheels. These 
arms enter between the spokes of the wheel R, where they come 
each between two buffers ¢. Each of these buffers is formed of a 
rod t, which traverses two spokes D, E, and which compresses a 
spring 7, mounted between the two spokes. The stretch of the 
spring 7 is sufficient to permit its yielding under the effort of 
starting and of its movement under the influence of vibrations, 
(Accepted February 13, 1895). 


STEAM ENGINES, —. EVAPORATORS, 
ic. 


367. C. A. Parsons, Newcastle-upon-Tyne. Steam 
Engines. [7 Figs.) January 6, 1894.—The object of this in. 
vention is to increase the power obtainable by the expansion of 
steam beyond the limits possible in reciprocating engines. Pres- 
sures much too low to be utilisable in the low-pressure cylinder of 
a reciprocating condensing engine may be made cto develop very 
considerable power in a steam turbine of simple construction 
especially designed for low pressures. This invention consists in 
combining together an expansive reciprocating steam engine and 
a low-pressure steam turbine in such manner that when the high- 
pressure steam has acted in the reciprocating engine and has been 
expanded as much as possible in the low-pressure cylinder, it 
passes to the low-pressure steam turbine, and thence, after 
further expansion, to the condenser. Several applications of this 
invention are described and illustrated. In the arrangement 
shown in Fig. 1, A is a reciprocating expansive condensing mill 
engine driving the shaft © by rope or belting, and a low-pressure 
| steam turbine is shown at B. The exhaust steam from the engine 
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A passes through the turbine B on its way to the condenser. The 
| pressure at which the turbine operates is so low that no propor- 
tionate loss is caused by the back pressure put upon the recipro- 
| cating engine. The power obtained from the turbine B is 
utilised by means of belting to assist the main engine in driving 
| the shaft C. The turbine B may, however, drive a dynamo and 
produce electricity to light the mill, or be used for working centri- 
| fugal pumps or fans for forced blast, or for any other purpose. 
| A section of the turbine B is shown in Fig. 2, coupled directly 
toadynamo. B is the low-pressure turbine having a large disc 
B! carrying rings of blades B® on both sides of it ; these rings of 
| blades alternate with rings of fixed blades in the turbine case. 
The exhaust steam from the condensing engine enters the turbine 
by the passage B*. It passes radially outwards through the 
rings of blades on both sides of the disc B'. The disc is per- 
forated at the centre to allow the steam to pass through. From 
the disc the steam paeses to the condenser B4. D is a dynamo 
iu) directly to the turbine spindle. (Accepted February 13, 
1895). 


| MISCELLANEOUS. 


| 5977. J. Dawson, Milnrow, Lancs., and H. Lock- 
wood, Linthwaite, Yorks. Dryin Wool, &c. 
{4 Figs.] March 22, 1894.—This invention relates to improve- 
ments in drying chambers for rapidly drying wool and similar 
animal fibre at a comparatively low temperature. For this pur- 
pose the drying chamber is supplied with air heated and dried by 
means of heating and drying apparatus consisting of a series of 
tubes fitted in a furnace. The furnace and tubes are so arranged 
that as the air is drawn or forced through the tubes into the dry- 
| ing chamber it is heated to the required temperature, and the 
| moisture it may contain is — by thedry heat to which it is 
exposed whilst jing through the tubes. The furnace A is built 
against the wall B of the drying chamber. A number of iron 












tubes F are carried through the furnace, and extend from the 
outer face of the front wall A? of the furnace through the wall B 
into the drying chamber. The front ends of these tubes are in- 
closed by the casing G, and a fan or air propeller H is fitted in the 
circular opening J in the front of the casing. The side walls of 
the furnace are braced together by wall plates bolted together 
by rods L and L?. The furnace is constructed to heat up the 
tubes F and maintain them more or less at a red heat, so that when 
the fan His put into operation the air thereby forced into the dry- 
ing chamber is heated as it is passed through the tubes. Air heated 
in this manner readily absorbs the moisture from the fibres 
which are thereby dried rapidly at a temperature not liable to 
overheat ordamage them. (Accepted January 80, 1895.) 
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Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
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IRRIGATION IN PERU. 
(From A CORRESPONDENT.) 
(Continued from page 298.) 
Tue CHIRA VALLEY SCHEME. 

Your correspondent was favoured by a long in- 
terview with Sefior Manuel A. Vinas, C.E., the 
President of the Commission on Irrigation, during 
which that gentleman entered into minute details 
regarding the work of reclaiming the great extent 
of uncultivated lands in the Valley of the Chira. 
Seiior Vinas, who was educated in France, graduated 
at the Ecole Central de Paris in 1864, and on re- 
turning to Peru, was appointed as one of the engi- 
neers of the State, in which position he has had to 
deal with most of the important public works of the 
republic. He has devoted considerable time and 
study to the improvement of the Chira and Piura 





determination of the quantity of water in the river 
during the dry period ; second, the measurement 
of the area of the lands capable of being irrigated ; 
third, the level measurement of the territory, so as 
to fix upon a slope for the canal which would allow 
of all the lands being reached by the water ; 
fourth, the determination of the longitudinal pro- 
file of the canal ; fifth, the calculations of the sec- 
tions necessary at different points ; and, sixth, the 
estimate of the cost of the work. 

In order to determine the quantity of water 
during the dry season, measurements were taken at 
Miraflores and Sullana in December, 1892, at a 
time when the water reached the lowest level 
recorded in many years. The surface velocities 
were taken by means of floats, and the means by 
Woltman current-measurers. The results were 
as follows : 
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Valleys, having directed all the surveys and calcu- 
lations upon which is based the final scheme. 

There was no doubt, he said, that the fertile 
lands of the Valley of the Chira had been irrigated 
by the ancient inhabitants, because there are still 
to be seen the remains of the Incas’ canals in many 
places, particularly on the right bank of the river, 
and these indicate clearly the great system that was 
once in operation. This was very natural, because 
with such a great extent of land, an abundant 
supply of water, and many thousands of workers, 
it was not possible that such favourable conditions 
should be allowed to remain unnoticed. At the 
present time the only change is that of the absence 
of workers in such numbers as were counted for- 
merly ; but in exchange for such want there exists 
capital and the more developed science of engi- 
neering, the one to supply the labour and the other 
to carry out the work in such a manner as will 
render the investment profitable. In the Chira 
Valley, as in all the Department of Piura, irriga- 
tion of any kind is remunerative, because 1 hec- 
tare (about 24 acres) of land, which can be rented 
for 10 sols (1/.), will produce, if planted with cotton, 
100 sols (10/.) per year on an investment of 60 sols 
(6l.). Thus all those who have lands that at pre 
sent are of no value, because there is no water upon 
them, will become possessed of valuable property 
when once an irrigation canal is completed, and it 
is therefore to their interest to form among them- 
selves a large irrigation syndicate, or better, offer 
to some company suflicient inducements for the 
construction of the necessary works. 

The final studies, carried out under the direction 
of Sefior Vinas, had for their object, first, the 
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S = 3800 square metres 
P = 2310 
R= . = 1.646 metres, 


from which results 


Ni 0 
v= 


Perera CS 

0.00028 (1 + 1.2% ) 
‘oie 

Q = 3800 x 1.414 = 5373 cubic metres per second, or 

say, 455 million cubic metres in 24 hours. 

This immense quantity of water could, in the 
greater part, be stored by means of dams constructed 
at various points, the quantity passing in one day 
alone being suflicient to cover an area of 45,500 
hectares with water to the depth of 1 metre. It 


was not determined how many days the river con- 





tinued at such a height, but the measurements 















Section of river, S = 66.30 square metres 
Mean velocity, V = 0.83 metre per second. 
Volume, Q = 0.80S V = 44 cubic metres. 
From these data, applying the usual formulas, we 
‘et 
P v = 0.71 V = 0.589 
Ss 
P 


Av* _ 9,005, 
R 


R= = 0.60 


i= - 


R being the mean radius, I the slope of channel, 


fall , and P the wetted perimeter. 

length 
The mean slope of channel between Sullana and 
Arenal is 0.0005, being less before Miraflores is 
reached, and greater between Miraflores and 
Arenal. 

With the above-mentioned 44 cubic metres per 
second, it is possible to cultivate 170,000 hectares 
(about 440,000 acres), as will be shown later on. 
If, in the time of great scarcity of water, such an 
amount can be counted upon, it is certain that the 
irrigation of the valley is assured beyond question, 
but it is a lamentable fact that all this body of 
water is allowed to be lost in the sea. In the year 
1891, on the other hand, the rainy period was 
marked by an abnormal increase in the height of 
the river, the water reaching 5.70 metres above 
the ordinary level at the same point, the river in- 
creasing its width, as indicated by the markings of 
drift, &c., to 2300 metres. 

The measurements taken at this time gave the 
following results : 












made were sufficient to show the magnitude of the 
benefits to be derived by a proper system of 
storage. 

With regard to the dams, Seijior Vinas indicated 
two points—one at Poechos and the other at La 
Peiia, where they could be advantageously located. 
At La Pejia the dam should have a height of at least 
10 metres, the width from bank to bank being 400 
metres. At both sides of the river the solid rock pro- 
jects from the general line of the hills, and forms a 
good foundation upon which to key the ends of the 
dam. By backing the water up from La Peiia it 
can be raised to such a height that it can be led by 
canal to Sullana, on the left bank of the river, and 
from there to Piura. This isa point of great import- 
ance in the discussion of the irrigation of the two 
valleys, for this reason. The scheme for the 
Piura Valley contemplates the taking of the 
water from the Rio Quiros, which forms one 
of the largest of the tributaries to the Chira. 
The water is to be drawn through the Chipil- 
lico and thence southward toward Curban, which 
is to the east of Tambo Grande, necessitating 
the construction of a canal over 50 miles long, 
through a mountainous country in which there is 
little land that can be made available for cultiva- 
tion. The cutting of this canal will cost an enor- 
mous sum, but even in the face of this, and had 
there been been no other means of solving the pro- 
blem, the work, expensive as it appears, yould pay 
in the end. However, there is a much more simple 
way of obtaining the same, if not better, result at 
a minimum of cost, that is, by allowing the Quiros 
to take its regular course, and damming the Chira 
at La Pejia, as before stated. Sullana has 
an elevation of 55 metres above sea level, the 
level of the water behind the dam at La Pefia 
would be raised to 58 metres, giving a fall to 
Sullana of 0.00015 metre, and as Piura has an 
elevation of 30 metres, there would be a fall of 
0.735 metre per kilometre toward the latter point. 
Furthermore, the territory lying between the 
Chira at Sullana and Piura is well suited to the 
construction of a canal, there being many small 
quebradas through which it could pass, and the 
lands along the line can be utilised with but little 
exception. It is possible, therefore, to give the 
dam at La Peijia a greater elevation, and use the 
Sullana-Piura canal as a sort of storm overflow, so 
as to carry off all the extra water not required for 
the Chira canals, which would be arranged to take 
their supply at the necessary level. With several 
dams in the Piura River itself, all the water now 
going to waste during seasons of rain could be 
stored and used in addition to the Chira supply. 
When questioned regarding the irrigation of the 





Tablazo, the great table land that lies between Paita 
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and Piura, Mr. Vinas said it would be impossible 
to do so from the River Chira direct by canals, be- 
cause the elevations at Paita and Arenal are much 
higher than the other points, their elevations being 
64 and 93 metres respectively. The land in ques- 


tion would scarcely pay for the expense of a} 


system of irrigation which required steam power to 
supply the water from the river, because the top 
soil is not very deep, and does not appear to be 
worth much for agricultural purposes. 

During the freshets of the ordinary anos buenos, 
when the river rises to the height of the embank- 


ment shown in Fig. 3, page 395, that is 2.70 metres | 


higher than the level observed during the dry 
season, the following data were obtained : 


Section nes se 1048 square metres 
Wetted perimeter... 440 

Mean radius ree 
Slope of channel ... 
Velocity per second 
Volume = Sv is 


2.382 
0 0006 
- 1.82 metres 
... 1917.80 cubic metres 


This quantity is 40 times greater than that) 


during the dry period, and could easily be made 
available if there were canals constructed to this 
height ; but as all the years are not alike, the full 
benefit of irrigation could not be assured by such 
a system. However, if carried out by the indi- 
vidual owners of the property along the valley, it 
would do much to start the work, as the canals 
would not be lost when the larger scheme was 
undertaken, but would form subsidiary channels to 
the main ones. 

Measurements were also taken at Sullana, as 
follows : 


Section 59 8 square metres 
Velocity 0.87 
Volume 0.80 S x V= 41.60 


The velocity was calculated from the means of 
the floats and current-measurer, thus : the measur- 
ing helice made 160 revolutions per minute=» in 
following formula; result : 

V = 0.0015 (n + 420) 


V = 0.0015 (160 +- 420) = 0.87 

v = 0.70 V = 0.609 metre 

I=” x 0.00028 ( 14 “") 
R R 

I = 0.000656 


The only land at present of use for cultivation is 
that along both banks of the river, and that can 
only be made productive when the freshets inun- 
date it. The land bordering the portion subject to 
overflow also takes up a certain amount of mois- 
ture, and on this the deep-rooted algarroba trees 
flourish. These trees bear a long yellow bean, 
which constitutes the main food for horses and 
cattle in this region. In some districts, where it 
grows abundantly, as much as 100 sols (101.) per 
hectare are obtained from its sale, as it needs no 
further attention than the collection of the beans 
as they fall. 

The plan (Fig. 2, page 395) of the Chira Valley, 
made under the direction of Sefior Vinas, shows 
all the territory embraced in the great scheme of 
irrigation, and the following distances and areas 
indicate the distribution of the land : 


Hectares 
Dis. Land with — 
tances. egeta- 
i tion. Land. 
From Poechos to La 
Peta = we 1250 
From La Peja to 
Marcavelica ee | f 784 1802 
From Marcavelica to 
Monterén ... ns. 1323 2973 
From Monterén to 
Amotape ... << a 5883 5659 
From Amotape tothe 
aoe Ss, ‘os! 3030 3038 
From Vega de Nuto 
to the sea ... 2838 


Total area, 28,580 hectares (about 71,450 acres). 


If a canal was continued jowards Negritos an 
extent of 35 kilometres by 2000 metres wide, or 


17,500 acres, could be irrigated with great profit, as|made much easier. 
|sea the country is still more open, and, therefore, 
the slopes were more regular. 
| of the ancient canal were noticed many evidences 


the land is perfectly flat and the soil rich. 

At Poechos the altitude of the river above sea 
level was found to be 60.53 metres, while at Mira- 
flores the level of the foot-hills was 36 metres, mak- 
ing a difference of 24.53 metres in a distance of 60 
kilometres, which would give a fall of 0.0004, or 0.40 
metre per kilometre. It, therefore, would be sufti- 
cient to arrange the mouth of the canal at Poechos 
so as to avoid crossing the quebrada at that point, 
a work that would cost more than the value of the 


extra land covered by a canal taking the water | 





higher up. This is a question, however, that is 
open to argument, in view of the fact that the Incas 
took the water from the river at a much higher 
point; because at Chocan the bottom of their 
canal has an elevation of 63.20 metres above sea 
level, and at San Francisco 60 metres, indicating 
| that the canal had a fall of 0.00123 metre per 
| kilometre. The point decided upon for the canal 
inlet is at Chocan on the lower side of the Que- 
brada Poechos, and from there, with a fall of 
0.0004 metre, the water can be conveyed to the 

















pampas of Santa Lucia, below Amotape. The 
slopes of the Incas’ canal were as follows : 
Height of 
Bottom 
, of Canal | Dis- 
Fall. above | tance. 
| Se | 
Level. 
metres | metres 
From Poechos toSan Francisco .. 0.0011 60 5,800 
| ,, San Francisco to La Pefia ... 0.0006 57.40 10,200 
» La Pefia to Querecotillo . 0.0012 46.20 19,500 
»» Querecotillo to Monterén .. 0.00027 39.20 45,300 
»» Monterdn to Capullana 0.00056 28.30 64,600 


In the last mentioned line, that is, between 
Monterén and Capullana, it was found that the 
Incas’ canals had a section of 20 square metres (see 
Figs. 4 and 5, page 395). 

Applying the formula for canals in earth, we 
have, in the case of Fig. 4: 

V= J12 = 1.118. 
() = 22.360 cubic metres. 

In the case of Fig. 5, supposing the canal full 
as in the foregoing : 

S = 20 square metres. 
P= i224 
R= 116. 


— 4 /2 x 1,161 — 1,34: 
V= / aa 1.345 metres. 


Q = 26.90 cubic metres. 

In both cases the canals could not carry more 
than 22.36 and 26.90 cubic metres respectively, but 
it cannot be taken that the canal is always full, 
therefore, taking 0.50 metre off the height of the 
water in the cut, we arrive at the following : 


Fig. 4. Fig. 5. 
Square Square 
Metres. Metres, 
5 = 13.33 15.20 
= 15.65 11.10 
a 0.85 1.37 
= 0.83 1.1958 
Cubic Cubic 
Metres. Metres, 
a = 11.06 18 17 


It is, therefore, probable that the section of 
Fig. 5, which gives greater depth than that of 
Fig. 4, must have been due to some obstruction or 
accident of territory. 

As the different heights of the Incas’ canal were 
obtained, so were those of the river, and their com- 
parison affords much information on the work of the 
ancients. 

River Levels and Slopes. 











} 
- | Slevati 
a | Distance. Slope. bros -n 
|kilometres metres 
From Poechos to La Pefia ..! 12.700 | 0.00123 63.52 to 47.90 
», LaPeiiato Querecotillo| 11.300 | 0.00103 47.90 ,, 36.20 
»» Querecotillo to Sullana! 7.200 | 0.00035 36.20 ,, 33.65 
»» Sullana to Miraflores..| 22.000 | 0.000225 33.65 ,, 28.70 
0.000785 28.70 ,, 11.80 


» Miraflores to Arenal “| 23.000 | 


It now becomes apparent that in the first kilo- 
metres of the Incas’ canal the same slope as that of 
the river was adhered to, and on this account the 
inlet of the canal must have been located further up 
than Chocan in order to irrigate the lands at San 
Francisco. Between La Pejia and Querecotillo the 
same remark will apply, while between the latter 





| point and Arenal the work was along the line of 
| the foot-hills, and, therefore, the gradients were 


Between Miraflores and the 
In many portions 


of the builders having changed their plans, thus 
indicating that in the absence of suitable instru- 
ments for locating the canal at the proper level, 
the busy workers groped their way along, being 
guided more by results than by any general pre- 
determined line. That a people should have accom- 
plished so much without the aid of instruments of 
precision such as are used to-day, is but another 





evidence of their great intelligence and indomit- 
able perseverance. The whole country is studded 
with their wonderful structures of clay or stone, 
Even the almost inaccessible mountain crags 
bear testimony to their prowess and_ thrift 
by some monument of their religion, or else feats 
of constructural skill that bid defiance to both 
time and the elements. Like the Egyptians, 
they seem to have had no knowledge of the pro- 
perties of iron, large deposits of which are found 
near their dwelling-places. That they had a per- 
fect system of hardening copper, however, cannot 
be doubted, as all their implements were made of 
that metal, and with them they were able to work 
the hardest granite rocks in every manner, from the 
smooth-faced slab that adorns their temples to the 
huge blocks used for facing their revetment walls 
that uphold, even to this day, the crumbling moun- 
tain sides in the valleys. 


(To be continued.) 





THE BLACKWALL TUNNEL.—No. V. 

WE now have to describe the method pursued 
for boring the tunnel. We have already stated 
(see page 167 ante) that the work of tunnelling 
was commenced on the southern or Kentish side ; 
and in the two-page plate of our issue of February 8 
we gave sections of the works showing also the 
four vertical shafts communicating with the tunnel. 
We have also, in our former articles, described 
the structure of the tunnel itself and the cast-iron 
lining, the castings for which, it may be mentioned, 
were supplied by the British Hydraulic Foundry 
Company, of Whiteinch, Glasgow. 

The exceptionally difficult nature of the work has 
already been alluded to ; there being but 5 ft. 2in. 
of gravel and sand between the top of the working 
and the river in one part of the work. In order 
to lessen the difficulty here, a considerable quantity 
of clay has been cast into the river from barges, so 
that it would settle above the gravel. In spite of 
this precaution, the difficulties the engineers had 
to face were considerable, and it is only the im- 
proved appliances of the present day that have 
enabled them to be overcome. 

General Design of the Shield.—The chief of these 
appliances is the tunnelling shield in its modern 
form. It is hardly necessary to remind our readers 
that the tunnelling shield was the invention of 
the elder Brunel, who devised it in order to meet 
the danger and difficulties experienced in driving 
the old Thames Tunnel. The tunnelling shield 
in its modern form, and the use of compressed air 
in conjunction therewith, have enabled the engi- 
neers to proceed with this work in a manner that 
would have been formerly impossible. In Figs. 73 
to 84, on our two-page plate, we give illustra- 
tions of this shield. Fig. 85, on page 397, is a 
longitudinal section showing the method of operat- 
ing, the men being seen at work. The shield was 
made by Messrs. Easton and Anderson, of Erith. 
It is 19 ft. 6 in..long over all, and is composed 
mainly of an outside shell consisting of four 3-in. 
steel plates. The interior space is divided, as 
shown, by two diaphragms consisting of vertical 
plates. These diaphragms are made air-tight in 
order that an increased pressure of air can be main- 
tained at the working face over that which is required 
further back. Up to the present time, however, this 
differential air pressure has not been necessary. The 
air locks are formed, as shown, in the space be- 
tween the two diaphragms, the doors provided 
being faced with india-rubber. The material exca- 
vated is carried through the diaphrams by the 
shoots, which are also provided with doors, and 
thus form air locks. Details of these shoots are 
shown in Figs. 79 and 80. The part in the rear of 
the first diaphragm is generally described as the 
‘*tail of the shield.” As will be seen, it consists of 
a built-up skin of plating. In front of the diaphragm 
there is a second or inner skin as well ; both skins 
being strongly attached to each other, thusforming a 
structure of considerable strength and stiffness. 
The two skins are brought together to form the 
cutting edge as shown in Fig. 73. The shield is 
divided horizontally by three platforms, thus afford- 
ing four stages from which the working face can be 
attacked. There are also three vertical partitions, 
which also act as stiffeners. There are thus 12 
compartments into which the front part of the 
shield is divided. 

Lowering the Shie’d to Position.--Before proceed- 
ing to describe the details of the shield construc- 
tion, it will be convenient if we give an account of 
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the manner in which it was brought into position 
for working, an operation which required some 
careful planning to carry out successfully. The 
parts of the shield were brought from Erith to the 
site of the works, and the shield had to be 
erected on the surface. No. 4 shaft was being 
sunk, and it was necessary, in order to save 
time, to proceed with the construction of the 
shield simultaneously. The total weight of the 
shield is 230 tons. A dock was excavated 
in the earth close to the top of the shaft, and 
in this the shield was built, in the manner shown 
in the perspective view, Fig. 86, on page 408. 
When the shield was erected, the two ends were 
closed in by timber, so that the whole would float. 
The dock was next connected with the top of No. 4 
shaft, a part of the caisson of the latter being tem- 
porarily removed for the purpose. Water was then 
admitted to the dock, of course filling No. 4 shaft 
at the same time, and the shield was floated out of 
the dock until it was above the shaft. By means 
of pumping the water was removed from the shaft, 


Sn a a tia ~- 





being provided for the purpose. The guides are 
shown in Fig. 73 on our two-page plate. 

Driving the Shield Forward.—The shield is moved 
forward as the material is excavated by means of 
hydraulic rams at the rear. These are illustrated 
in Figs. 81 to 84, their positions being shown in 
Figs. 75 and 85. The completed segments of the 
cast-iron tunnel lining form an abutment against 
which the rams press in pushing the shield for- 
ward. The head of the ram is bevelled off, as 
shown, so that the pressure may come against the 
cylindrical part of the lining, and not bear on 
the flange, which might thus be broken off. The 
rams are each 8 in. in diameter, and as the hy- 
draulic pressure is 2 tons to the square inch, a 
thrust of about 100 tons is obtained from each 
ram, so that the total pressure available for 
pushing the shield forward is about 2800 tons. 
This has been exceeded at times, the hydraulic 
pressure having been raised to 2? tons to the 
square inch. The rams are so arranged that 
they can be made to guide the shield, and thus 
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and as the level sunk the shield gradually and 
safely descended until it assumed its proper position 
for commencing tunnelling operations, starting 
from the bottom of the shaft. Fig. 87, on page 
408, is an engraving prepared from a photograph 
illustrating this stage of the work. It will be 
understood that the camera was placed so that 
the lens was pointing downwards. The shield 
may be seen just entering the earth, part of the 
cast-iron tunnel lining having been temporarily 
erected to serve as an abutment for the rams that 
press the shield forward in a manner to be pre- 
sently described. 

Details of Shield.—Returning to our description 
of the construction of the shield, it will be seen by 
Fig. 85, annexed, that some distance back from the 
cutting edge—between 6 ft. and 7 ft.—there is a 
vertical screen depending from the top of each com- 
partment. The space inclosed between this hanging 
screen and the diaphragm forming the front of the 
air lock forms a safety chamber for the men to re- 
treat to in the case of a sudden irruption of water 
from the face, due to the air blowing out. The 
water will not rise to the top of the inclosed space, 
being kept back by the imprisoned air, as in the 
case of a diving bell. The men would thus be able 
to stand with their heads out of water until they 
could escape through the air lock. 

When working in gravel, sliding iron shutters are 
used. These are pushed forward by means of 
screws to support the face after excavation, guides 
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correct deviation that might result from inequalities 
in the nature of the soil, or otherwise. This is 
effected by shutting off any required number of 
rams on one side. Some trouble has arisen at times 
owing to the necessity of shutting off some of the 
rams, and those remaining under pressure not 
being sufficient to impel the shield forward. The 
difficulties on this score, however, have not been 
serious, and by attention to the working have been 
overcome, so that the line of the tunnel has been 
practically maintained. 

Erection of the Seqments.—The cast-iron seg- 
ments which form the tunnel lining are erected 
inside the shield and fixed together, the tail of the 
shield thus surrounding the last ring of lining put 
in place. This is clearly shown in Fig. 85, on the 
present page. The following ring of lining is then 
erected inside the tail, and the shield is pushed 
forward by the jacks as the work proceeds, and the 
erection of the rings iscompleted. For the purpose 
of placing the heavy iron castings in position, each 
segment weighing about 1 ton, two hydraulic 
erectorsare used. These lift the segments to their 
place and hold them there until they are securely 
bolted to the adjacent segments. A somewhat 
similar arrangement was used in the St. Clair 
Tunnel, but hydraulic power was not then used. 

Progress of the Work.—As already stated in our 
previous article in describing the sinking of No. 4 
shaft, that part of the work was relieved of water 
by the pumping that was carried on in the adja- 








cent cut and cover portion of the tunnel. When 
tunnelling was first started from the bottom of 
No. 4shaft, the face for about 2 ft. deep at the top 
consisted of ballast which had been drained by the 
pumping referred to. There was about a foot of 
sand at the bottom, but the rest of the face was 
hard clay. Under these conditions it was found 
possible to go some distance without using com- 
pressed air. It was known, however, that the top 
of the tunnel would pass out of the ballast in a 
short distance, and it was therefore decided to 
drive a small top heading in advance of the shield, 
timbering being used. It was thought preferable 
to follow this course rather than use the sliding 
iron shutters before referred to. This method of 
working was found to answer very well. It would 
have been possible to deal with the water, but the 
timbering was required to prevent the ballast being 
washed in, but no other timber was used. It will 
be noticed that the ballast was only on the top, the 
rest of the working face being clay. 

The first permanent ring of the tunnel was erected 
on June 9, 1893. The shield was now working 
down a gradient of 1 in 36 (see Fig. 8 of our two- 
page plate of February 8). The beds of clay and 
sand were nearly horizontal, so that the ballast at 
the top of the tunnel gradually disappeared, whilst 
the sand at the bottom increased in height. After 
the shield had worked below the clay, some difli- 
culty was still experienced, as the thin clay 
at the top was insuflicient to prevent a good 
deal of water finding its way through, and this 
caused some inconvenience by getting between 
the tail of the shield and the cast-iron lining, but 
the difficulty was overcome by means of pumping. 
During the first two months’ working a length of 
125 ft. was completed, 50 rings having been put 
in place. At this point the cutting edge of the 
shield came in contact with some hard substance, 
and was bent up. Seams of shelly rock were 
here found at the bottom of the clay, and pro- 
bably the damage was caused by an exceptionally 
hard and solid piece of rock embedded in the clay. 
The deformation was not considered sufficiently 
serious to stop the work, and the shield was still 
driven forward, exceptional care, however, being 
taken to keep the excavation complete in front of 
the damaged part. Work was continued in this 
manner until 192 ft., or 77 rings, had been com- 
pleted. This brought the work up to about the 
middle of September, the deformation of the cut- 
ting edge being first noticed during the first week 
in August. When the latter distance—viz., 192 ft. 
—had been reached, the damage to the shield was 
found to be so serious that steps had to be taken to 
thoroughly relieve the damaged part from pressure. 
No doubt when the part first began to bend up the 
pressure of the rams forcing the shield forward in- 
creased the deformation, the material in front 
acting as a wedge when once the edge had been 
bent upwards. It was impossible to repair the 
shield whilst in position ; and as it was manifestly 
impossible to withdraw it back to its starting point 
at No. 4 shaft, the only alternative was to keep it 
going until it reached the next shaft, which was 
No. 3 shaft, situated close to the river bank. The 
difficulty was overcome by driving a bottom tim- 
bered heading about 50 ft. in front of the bent part, 
and in this laying down a concrete bed of the 
same shape as the bottom of the shield ; there 
being about 2 ft. of sand here at the bottom. 

On this bed the shield slid forward impelled by 
the rams, and in this way the bent part of the 
cutting edge was relieved of all work, and met 
with no obstacle which would increase the bending 
up. The method of working in the upper floors 
of the shield was carried on in the usual way, no 
timbering being used. The progress here was at 
the rate of about 5 ft. in 24 hours. Unfortunately, 
however, the depth of sand kept increasing as the 
shield was driven on an incline through the hori- 
zontal bed of clay, and as No. 3 shaft was ap- 
proached a good deal of water made its way through. 
It was discovered that there was a connection 
between the water in the shaft and that in the 
tunnel, as it was found that the water in the 
tunnel was reduced when blows of water and 
sand occurred under the cutting edge of No. 3 
caisson, which was then being sunk to form 
the shaft. By the middle of December 477 ft. 
of the tunnel had been completed, 191 rings 
having been erected. The shield had by then 
worked down so far that the sand was up to 
the middle of the shield, and the water had become 
very troublesome. On December 16 there was a 
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heavy rush of water and sand into the heading that 
was being driven in advance of the tunnel, so that 
it soon became full of sand. At this time the cut- 
ting edge of the shield was no more than 67 ft. 
from the side of the caisson of No. 3 shaft, the face 
of the heading being 30 ft. in advance, whilst the 
caisson, which was then being sunk, had its cutting 
edge 4 ft. higher than the bottom of the tunnel 
heading. The back of the shield was tim- 
bered up, and the water rose to a height of 15 ft. 
behind it. 

It was now concluded that it would be dangerous 
to continue work on the tunnel further in the 
direction of the shaft until the latter was sunk to 
its full depth, as it was feared that the sinking of 
the shaft might result in sand being taken from 
beneath the tunnel lining, should the latter be 
taken nearer the shaft. Further progress on the 
tunnel was therefore abandoned for a time, it 
being determined to carry on the remaining part 





months were spent in this way before it was 
possible to start driving northward under the 
river from No. 3 shaft. This brings the work to 
September, 1894. 

Subaqueous Tunnellinga.—Since last September 
the work has gone on under the river, tunnelling 
only frem the south side. As we shall give an 
accvunt of this part of the work when it is finished, 
we will deal with it briefly now. For the first 
700 ft. out of the total 1212 ft. of subaqueous 
tunnel (measuring from centre to centre of the two 
shafts on the river banks), the progress was rapid and 
the work easy of execution ; the soil being a fairly 
favourable loamy sand and clay, which the engineers 
found no great trouble in dealing with by the aid of 
the modern shield and compressed air. As much 
as 250 ft. were completed in one month, the air pres- 
sure ranging from 20 lb. to 26 lb. So far as the 
tidal water of the river was concerned, there was 
very little effect noticeable when under the clay, but 
water came up from the land below, and for this 





of the tunnelling operations by the aid of com- 
A brickwork bulkhead was therefore 


pressed air. 
built across the tunnel, air locks being provided. 


This structure is shown in Figs. 88 to 90, on our 
It will be seen that there are two 
air locks below, and a smaller one above, the latter 
being for use in emergency. Details of the doors 


two-page plate. 


and locks are shown in Figs. 92 to 105. On 
March 14 No. 3 caisson was sunk to its full depth, 


and on the 28rd of the same month compressed air 


was put into the tunnel, after which trouble from 
water disappeared. The heading was cleared 
from sand, and the timbering was found to have 
been very little injured. An air-tight floor had 
been built in the caisson of No. 3 shaft. This was 
similar to the floor that was referred to in our 
description of No. 4 shaft. In the latter, however, 
it will be remembered, the air-tight floor was not 
used. The tunnel heading was now continued to 
No. 3 shaft, and the shield finally reached the shaft 
at the beginning of May. 

The use of compressed air removed all difficulties 
that had before been experienced. The greatest 
pressure used during this portion of the work was 
22 Ib. to the square inch. 

When the shield was once within No. 3 shaft, 
access to the injured portion was readily obtained, 
and the necessary repairs were made. The damaged 
part was cut away, steel castings being substituted ; 
and the construction was strengthened in several 
respects. These repairs to the shield were of a 
costly nature, and took some time to effect. Four 


the compressed air was required. After 700 ft. had 
been constructed, ballast in direct communication 
with the river was worked into, and, naturally, the 
difficulties were at once immensely increased. The 
trouble had, however, been foreseen, the engineers 
having been forewarned, by means of the borings 
taken, as to what they might expect. The com- 
pressed air began to escape very rapidly, so that 
the supply had to be greatly increased; the 
stand-by compressors, which had been provided 
for that purpose, being all put to work. The 
artificial bed of clay, which had been thrown 
down from hopper barges, here came into play. 
It covered the river bed to a thickness of 10 ft., 
and extended 75 ft. each side of the tunnel 
line. This prevented the escape of air to a 
large extent, and gave protection against sudden 
runs of the ballast into the shield; for if a run 
commenced the clay came down and choked it, 
whereas the ballast by itself would have kept on 
running. At this time there was but 5 ft. 2 in. of 
ordinary river ballast over the top of the shield. 

The open approaches, and the cut and cover 
portion of the work, we do not propose dealing with 





at the present time, as they will be more appro- 
priately described at the completion of the work. 
At the time of our last visit, 870 ft. out of the total 
1212 ft. of river tunnel had been completed. In 
Figs. 91 and 106, on page 408, we give illustrations 
showing the construction of the cut and cover por- 


The work, as already mentioned, is being carried 
out by the London County Council, Mr. A. R. 
Binnie, M. Inst. C.E., the chief engineer to the 
Council, being responsible for the work. Messrs. 
David Hay and Maurice Fitzmaurice, MM. Inst. 
C.E., are resident engineers in charge of the work 
for the London County Council. The contractors 
are Messrs. Pearson and Sons, Mr. E. W. Moir, 
M. Inst. C.E., being their engineer; Mr. E. H. 
Tabor, M.I. Mech. E., is in charge of the machi- 
nery. Mr. G. H. Halden, A.M.I.C.E., is respon- 
sible for the lines and levels in the tunnel. 





THE NEW NORDENFELT GUNS, 
(Continued from page 370.) 

Fias. 89 and 90 are respectively vertical and 
horizontal sections of a Nordenfelt coast defence 
turret for two 57-millimetre guns, and are very 
similar in their design and arrangement to the 
turret for a single gun of the same calibre, and 
described by us last week. The greatest diameter 
of the cast-iron part of the turret which is buried 
beneath the earthwork is about 11 ft., and its 
height to the ground level is 40 in. The floor of 
the turret is about 40 in. lower, and is cylindrical, 
with concrete walls, around which are ranged the 
ammunition stores in a series of compartments. 
On one side in the floor is the entrance, closed by 
an iron door, to the covered way by which access is 
gained to the turret. The form of the cast-iron 
base, which is made in two parts bolted together 








with heavy flanges, is similar to that for the single- 
gun turret already described. The maximum 
thickness of the walls is 9.45 in. The steel 
dome has a normal thickness of 65.90 in., 
increased over nearly one-half to receive the cy- 
linders that close the embrasure and support the 
guns. In this arrangement the cylinder is made 
long enough to allow both guns to pass through 
into firing position, and to leave sufficient space 
between for the optical sighting apparatus shown 
in the drawings and referred to in a previous article. 
The method of mounting is the same as in the 
single-gun turret, the guns being supported by 
swinging levers containing the elevating screws. 
The turret is rotated by a toothed ring on the roller 
path, with bevel gearing and a handwheel, which 
is placed in front of the seat of the gunner as shown 
in Fig. 89. The maximum elevation is 20 deg., 





tion of the tunnel and the open approach. 


and the gun can be depressed 3 deg. The upper 
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part of the turret with the guns and mounting is | or two trolley wires, and of the hangers, frogs, &c., 
carried on a live ring with eight steel rollers, the | which it supports, must be borne in mind. As the 
details of this part of the mechanism being similar | necessary calculations are long and tedious, the 


to that for the single-gun turret. |following very interesting Tables (XXXVL., 
XXXVITI., and XXXVIIL. ), resulting from a care- 
ful and extended series of dynamometer tests, are 
inserted. These tests were made and the Tables 
compiled therefrom by Mr. F. A. Merrill, of New 
York. In all, the span of the trolley wire was 
taken at 125 ft. of No. 0 Brown and Sharpe gauge 
hard drawn copper trolley wire (0.3249 in. in dia- 
The span wire is ;°; in. in diameter and 
stranded, being composed of seven galvanised steel 
wires. 

By the use of these Tables it is possible to deter- 
mine the weight of the eye-bolts or pole straps to 
which the span wires are to be attached, when the 
minimum height of the trolley is known. This 
height is equal to the minimum height of the trolley 
wire plus the sag of the trolley and span wire 
determined by the Tables. 

It is first necessary to ascertain what strain can 
be safely put on the trolley wire in order that it 
may be strained only to such a point that at the 
lowest temperature to which the line will be sub- 
jected, the strain on the wire will not surpass the 
point of safety. In the case of hard drawn No. 0 
(Brown and Sharpe gauge) Lake Superior copper 
trolley wire, it is quite safe to allow 2000 lb. for 
the strain at the lowest temperature, but no more. 

In case of span wires this must also be taken into 
account. It is quite possible to calculate the sag 
strain, length of wire for span with given sag, and 
the effects of change of temperature. The curve 
affected by the trolley wire is that of a catenary. 


: o 4 | 
Figs. 91, 92, and 93 are views of a coast defence 


turret for a 12-centimetre (4.72-in.) howitzer. 
The general features of the previous system are 
preserved, but modified to suit the different nature 
of the guns. The pit is cylindrical, about 7 ft. 8 in. 
in diameter, with masonry or concrete walls, and 
the depth is about 15 ft. On the top is placed a 
cast-iron ring 20 in. deep, which takes the place of 
the cast-iron dome in the other types. 


steel cupola, a ring of rollers being introduced to 
facilitate its rotation. The roller path is formed on 
the upper part of a ring bolted to the cast-iron bed 
of the turret. As will be seen from Fig. 93, the 
upper part of the cupola is oval, spreading near 
the base into a circle, the form being clearly shown 
in all the figures. It will be seen that the embra- 
sure extends from nearly 45 deg. with the hori- 
zontal to the bevelled surface of the cast-iron base. 
About midway in the pit two girders are built into 
the walls, and on them a working platform is laid. 
Entrance is obtained from the side, and access is 
gained by a ladder to the platform. Through the 
centre of this platform a hoist with an endless 
chain, and worked from below, serves to elevate the | 
ammunition from the magazine to the firing plat- | 
form. The mounting of this howitzer is shown in 
Figs. 91 and 92. There is no necessity for a swing- 
ing mount, and the gun is supported partly by the 
cylinder closing the embrasure, and partly by the 
strong brackets bolted to the inside of the steel 





meter). 
On the | 
upper side of this ring is a bevelled surface for the | 





cupola. The rotation of the turret is effected by 
a toothed ring and gearing, and the gun is elevated | 
and depressed by bevel gearing, a worm, wormwheel, | 
and quadrant on each side of the frame (see Fig. 92). 
The two handwheels for controlling the elevation 
are shown in the same figure. The howitzer in its | 
most elevated position is shown in dotted lines on | 
Fig. 91. 
turret, one for training and loading, and the other 
for supplying ammunition. It is, however, more 
convenient to have a force of three men, one of 
whom trains and fires the gun, the second operates 
the breech mechanism, and the third loads. The 
following are some of the chief particulars of this | 
turret : 


Particulars of Nordenfelt Turret for 12-Centimetre 
(4.72-In.) Howitzer. 

Outside diameter of cupola . 2.200 m. (7 ft. 2.61 in.) | 

Inside diameter of service cham- 


| 

ber te oe ve occ OD ss Ug, Bias, ) 
Minimum thickness of cupola... 150 mill. (5.90 in.) | 
Maximum height of cupola above 

ground ... bee ne .. 470 ,, (1 ft.651 in.) 
Horizontal surface of cupola 3.8 sq.m. (40.9 sq. ft.) 
Maximum thickness of outer 

armour... = ve ... 800 mill. (11.81 in.) 
Minimum thickness of outer 

armour ... ae eee S| ae (5.90 ., ) 
Height of outer armour ... .. 500 ,, (1 ft. 7.69 in.) 


Inner diameter of outer armour, 
upper part ae oe ... 1.990 m. 
Outer diameter of outer armour, 
lower part Sis = = 
Number of turns of handwheel 
for complete revolution of 
turret ste * ae 31 
Resistance on handwheel ... 10 kilogs. (22 Ib ) 
Range of elevation ... from —5 deg. to + 45 deg. 
Number of men employed in 
training ... ” bes 2 
Resistance on handwheel for 


(6 ,, 6.14,, ) 
2.950,, (9,, 814,, ) 


elevating gun ... 6 kilogs. (13 Ib ) 
Weight of cupola... ce ... 5,400 kilogs. ( 5.4 tons) 
”» outer armour ae « tem ,,) 
ue other armour and car- 
carriage ... eo ue eee. » £289...) 
Total weight of turret without 
gun 18,550 ,, (18.55 ,, ) 


Proportion of weight of armour 

to total weight of turret 
Weight of howitzer 3 
Weight of revolving parts, in- 

cluding gun __..... se ... 9,309 kilogs. (9.3 tons) 

We shall conclude our notices of the Nordenfelt 
system with illustrations and description of the 
coast defence turret for the 15-centimetre (5.90 in.) 
guns. 


78 per cent. 
824 kilogs. (1812 1b.) 


(To be continued.) 





ELEOTRIO TRAOCTION.—No. XII. 
By Puiu Dawson. 
ERECTION OF THE TROLLEY WIRE. 
WHERE cross-suspension by means of a span wire 
is used, the weight of the span wire and of the one 


Only two men are necessary to work this |; —— 


To simplify calculations the catenary can be replaced 
by a parabola without great error. If the changes 
due to temperature are taken into account, an equa- 
tion of the third degree is the result. 


TaBLE XXX VI.—Giving Sag on Trolley Wire and Corre- 
sponding Strain for an Initial Maximum Strain of 
2000 Lb. 





\ 


Temperature Fahr. Dip. | Strain. 
deg. ft. in. Ib. 
10 0 3.7 2000 
0 0 9.7 774 
32 1 6 415 
50 1 10 340 
70 ee 300 
90 24 267 
10 0 3.7 2000 
32 1 2 534 
50 1 6 415 
70 110 340 
90 21 300 
32 0 3.7 2000 
50 1 0 623 
70 7.5 440 
$0 110 340 


TABLE XXXVII.—Giving Sag on Span Wire and Strain 
on Side Poles for Two Trolleu Wires 10 Ft. apart. 


| 
Strain on Poles in Pounds. 














Span 
in Feet. ea ee ee 

500 800 , 1000 | 1500 2000 2500 , 3000 3500 
in. in. | in. in. in. in. in. in. 

40 15.4 OS i 7.72 5.1 3.9 3.1 

50 20.8 | 18.0 | 10.4 6.9; 6.2 4.2 

60 | 26.3} 16.4! 131) 88] 66) 58} 4.4 

70 31.9 | 19.9} 16.9 | 10.6 | 8.0 6.4 5.3 

80 37.6 | 23.5 | 18.8 | 12.5 9.4 7.6 6.3 5.4 

90 43.5 a0.2 1-228 14.5 10.9 8.7 7.3 6.2 

100 49.5 | 30.9 | 248 | 16.5 | 12.4 9.9 8.3 7.1 

110 55.6 | 34.7 | 27.8 | 18.5 | 18.9 | 111 9.3 7.9 

120 61.9 | 38.7 | 309 | 206 | 155 | 12.4! 10.3 8.7 


| 
TaBLE XXXVIII.—Giving Sag on Span Wire and Strain 
on Side Poles for Single Trolley Wire. 


= Strain on Poles in Pounds. 
Span in 











Feet. Fa a ee en, ee ee % 
500 800 1000 1500 2000 2500 3000 
in. in. in in. in. in. in. 

30 7.8 4.9 3.9 2.6 1.9 

40 10.6 6.5 5.3 3.5 2.7 

50 13.6 8.5 6.8 4.5 3.4 2.7 

60 16.7 10.4 8.3 5.6 42 8.3 2.8 
70 | 19.9 12.4 9.9 6.6 4.9 4.0 33 
80 | 23.2 | 14.5 11.6 7.7 5.6 4.6 3.9 
90 | 26.7 16.7 13.4 8.9 6.6 5.3 4.5 

100 | 380.3 18.9 15.2 10.1 76 | @i 5.1 

110 | 34.0 21.3 17.0 11.3 8.5 6.8 5.7 

120 37.9 23.7 18.9 126 9.5 7.6 6.3 


From Tables XXXVI., XXXVII., and 
XXXVIII. the following empirical formuls based 
on the equation of the catenary have been worked 





out: 


D = dip or sag in inches. 
1 = length of span in feet. 


S = strain on poles in pounds. 

t = number of degrees Fahrenheit between 
actual temperature and the temperature at 
which the strain is 2000 lb. 

T = tension on wire in pounds. 


Span Wire Formule. 
Cross-suspension single track D = M (220 oa 7) : 


” ” 


double ,, D =4 (160 + 2). 


Trolley Wire Formule. 
A 


D= J8.1t +14, 


Table XX XIX. gives the dimensions and weights 
of poles usually employed on American lines. 

All poles used must be of at least such strength 
that when in position they will stand, without appre- 
ciable permanent deflection, side strains as follows: 


lb. lb. 

Double track, cross-suspension ... 1500 to 1800 

Single ,, cs - 1000 ,, 1500 
Double and single bracket arm 

suspension ; ae 1000 ,, 1200 


The poles holding the pull-offs on curves should 
be of the strongest. Ordinary side poles must stand 
a direct strain at least of 500 1b. without deflecting 


TABLE XXXIX.—Giving Sizes and Weights of some 
Standard Types of Poles used in America on Electric 
Stree Railways. 


| 
| 
| 
| 











| ~ S25 
Ld o - 
sla |e ile | 2 £383, 
. ° bes | he he 8, (mrs ac 
Material of Poles. S48 2a/2 $e -2F SS 
4 CO O8/0 s<4 SOnm 89 
c=) Si9s > Oo tp Sets 
M/GSiGelgae| Bs [o' oka 
ssiggissise| BS g2828 
3 < A 5° a is) aq |44 a=) 
ft. in, | in. | in. Ib. lb. 
Cedar wood .. g0|10;../| 8 450 | 
os ie os Jose/eB | Oo | 7 400 
Square sawn Georgia pine | 30/10/ .. | 8 850 
ps we Tees heat (a2) oes fe 600 | 
Three-section tubular iron) 30 | 8 | 7 | 6 |825-1300 3000-4000 
o = 30} 7) 6] 5 |600-1000! 2000-2500 
a se 28; 6| 5 | 4 | 475-750! 1000-1500 
= Fie 27 5 4 8 | 350-525) 80u-1000 
Two-section tubular iron..; 26} 6/.. | 5 500 1£00 





more than 4 in. or5in. Their strength should be 
such as to carry besides the weight of the trolley 
wire the additional weight imposed when the wires 
are covered with ice and snow. Where wooden 
poles are used, the best quality is chestnut, cedar, 
or Georgia pine. 

On rough country roads wooden poles are often 
left round, and when the line passes through villages 
they are sawn square or into polygonal shapes, and 
dressed smooth. The tops are coned, and from an 
economical point of view it is of the greatest im- 
portance to keep them well painted. Care is taken 
that the poles used are free from shakes, checks, 
or large knots. 

Iron or steel tubular or lattice poles, Figs. 116 
to 123, are more permanent, and present a much 
better appearance. For city use they are exclu- 
sively used, and often handsomely ornamented. 
The tubular iron or steel pole, Figs. 124 and 125, 
is preferred to lattice construction in America, 
not only because of appearances, but because they 
stand strains equally well when applied from any 
direction. Round iron poles are sometimes re- 
inforced by truss rods on the outside, but this 
arrangement is not desirable, and should be avoided 
when possible. Poles are usually spaced from 
120 ft. to 150 ft. apart, the average being 125 ft. 
The sag of the trolley wire in the warmest weather 
should not be allowed to exceed 15 in. to 18 in. 
The poles should be set 6 ft. deep in the ground, 
and surrounded by a foundation of concrete 12 in. 
to18 in. deep, a large flat stone being placed at the 
bottom of the excavation for the pole to rest upon, 
where base-plates are not used. Where wooden 
poles are employed, concrete is not used, but care is 
taken to surround the pole with broken stone well 
tamped. If the soil be soft, guy wires are some- 
times used. 

On wooden side poles a rake of from 9 in. to 
18 in. should be given away from the streets. 
Where iron poles bedded in concrete are used, this 
may be very much reduced, and should be from 
6 in. to 9in., according to the firmness of the 
ground. Poles supporting curves should be given 
an additional rake, and where possible be heavily 
guyed. Guy outriggers should be anchored about 
5 ft. or 6 ft. in the ground, the top extending 
about 6 ft. above the surface. They should be at 
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least 8 in. or 9 in. in diameter, and rake towards 
the pole top, pointing directly to it (Fig. 115). The 
top of the poles should not be in metallic contact 
with the ground or wires leading to it. The span 
and guy wires used consist generally of galvanised 
steel seven-strand wire rope, having from }in. to 
i; in. outside diameter. It is found that stranded 
wires can be handled much more easily than solid 
wires, and that they can be stretched much more 
tightly, which is a great advantage. Near the 
tops of iron poles, where span wire insulators 
are not used, a device is provided for insulating 
the span wires from the body of the pole. Where 
guard wires are used, an extension is provided for 
fixing them. This is effected usually by inserting 
a wooden plug in the top of the pole ; this plug is 
protected from moisture by an iron cap, and is 
often provided with a ratchet arrangement for hold- 
ing the span wires taut (Figs. 118, 122, and 123). 

A very important point in the construction of 
tubular iron poles is to secure firm and permanent 
joints of the various sizes of tubes used in their 
construction. A very good construction is to 
swage and shrink the tubes one on the other, which 
makes a very solid and permanent joint (Fig. 125). 

An illustration is given above (Fig. 126) which 
shows without needing any further description one 
form of construction of the lattice iron and steel 
poles used in America, and adopted in Europe by 
the ‘‘ Allgemeine ” Electrical Company of Berlin. 

Figs. 127 and 128 show approved American poles 
for bracket arm and side pole construction. Fig. 129 
shows an adjustable bracket used on wooden 
poles. 

The following very recent specifications for 
tubular iron poles for street railway purposes 
drawn up by American experts show what experi- 
ence has proved to be the requirements of poles for 
in connection with well-constructed trolley 
ines : 

‘* Five grades of poles are called for, all of them 
31 ft. long, to be set in the ground to a depth of 
6 ft. 


‘*No. 1 is to stand a lateral strain of 350 Ib. ap- 
plied to the top without showing a temporary deflec- 
tion greater than 6 in., and astrain of 700 lb. with- 
ry showing a permanent deflection greater than 
$ in. 

‘No. 2 is to stand a strain of 5001b. without de- 
flecting more than 6 in., and a strain of 1000 lb. 
without more than 3 in. permanent deflection. 

“No. 3 to stand a strain of 700 1b. without 
showing more than 6 in. temporary deflection, and 
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TABLE XL.—Names or Parts AND APPROXIMATE ()UANTITIES OF MATERIAL USED IN ONE MILE oF 
Linge CONSTRUCTION. 








| Simple Curve. | Branch Curve. 


























Cross Bracket Arm Anchorage 
Susp Susp One 
Names of Pieces Used. = —_— aera — Ee Ea, SORE Sete Nee are Pa vine 
| | ] ‘urnout, 
Single Double | Single | Double | Single | Double | Single | Double | Single | Double 
| Track. Track. | Track, | Track. | Track, | Track. | Track. | Tra k. | Track. | Track. 
Straight line insulator .. ee} 46 92 
Single pull-off a | ns 3 3 3 5 | 
Double _,, es oe ee ee ee os es | 4 ll | 3 12 es 4 
Bracket arm insulator .. ee os 45 90 | | : : | 
Frog .. ee ee oe es a ae s . } ee oe 2 2 
Plain ears orclips .. Xe me 45 90 44 88 | 5 10 5 15 4 
Strain * oe os ee ia ws ‘x ‘ | 2 4 1 2 
Splicing a ee on ee a4 2 1 2 | 
Strain insulators .. ae os 92 | 92 ms . | 4 4 2 2 1 2 8 
Insulated turnbuckle he wae 4 4 2 2 1 2 
oe pull-off — oo 2 6 a 4 

Crossing ¥ ae me we] es ws oe os 1 
Uninsulated turnbuckle .. 46 46 os ina _ ‘ . 4 
Number of poles .. es as 90 90 45 45 | 2 2 2 2 2 2 2 
Galvanised iron, steel, or phos- | | 

phor-bronze suspension wire in| | 

feet . Ree a | 3000 | 3,000 | g00 800 800 800 500 500 100 
No. 0, B.W.G. hard drawn trolley 

wire in feet ex a --| 5280 10,560 5280 | 10,560 200 











strain of 1200 lb. without permanent deflection of 
more than $ in. 

‘*No. 4 to stand astrain of 1000 1b. without tem- 
porary deflection of more than 6 in., and 1700 lb. 
without permanent deflection of more than 3 in. 

“No. 5 to stand a strain of 2000 1b. without 
permanent deflection of more than 6 in., and 2600 lb. 
without permanent deflection of more than 4 in. The 
poles are to be as nearly round as possible. A differ- 
ence of }in. between maximum and minimum dia- 
meter is all that will be allowed. They must all be as 
nearly uniform as possible, ;}; in. more or less than 
specified dimensions is all that will be allowed. 
One quarter of an inch is the greatest distance out 
of the true that will be allowed at the top of the 
pole. Ten per cent. of each lot of poles will be 
tested. Should three poles fail to come up to the 
specification, the engineer shall have the right to 
reject the entire lot. These poles will be dropped, 
butt foremost, from a distance of 6 ft. on to some 
solid substance three times, and must show no signs 
of telescoping or ioosening in the joints.” 

Table XL. gives the approximate quantities of 
line material used in overhead construction. 

Fig. 130, which is a view of a square at Cincinnati, 
gives an admirable idea of the enormous amount of 
aerial wires existing in the large American cities ; 
attention is, however, called to the fact that most, 
if not all, of these are telegraph, telephone, police, 




















power, and lighting wires, the trolley wire being 
perhaps the least objectionable. If the illustration 
were not a direct reproduction from a photograph, 
it might have been supposed that the degree of 
overhead obstruction had been exaggerated. It 
will be admitted that it affords an excellent ex- 
ample of the capacity of human nature to accept 
life cheerfully under difficult conditions, and of 
the hopelessness of relegating conductors to under- 
ground conduits in American cities. 


LITERATURE. 


The British Fleet; the Growth, Achievements, and Duties 
of the Navy of the Empire. By Commander CHARLES 
N. Rosrnson, R.N. mdon : George Bell and Sons. 

THE title-page of this book, which is excellently 

printed and nicely bound, informs us that it is 

ulustrated by ‘‘about 150 reproductions of paint- 
ings, prints, and drawings illustrative of battles, 
ships, persons, customs, and social life in the 

Navy.” After reading this announcement there 

are few with so little of the boy left about them as 

not to cut the pages and look at the pictures first 
thing. Those who do so will be well rewarded for 
their pains, for the collection is full of interest to 
all who take a delight in the sea and ships. The 
frontispiece is a delicately executed reproduction 
of an engraving of several vessels of war, and is 
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ELECTRIC TRACTION: OVERHEAD WIRES IN CINCINNATI 


(For Description, see Page 400.) 
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SCHWOERER SUPERHEATER AS APPLIED TO A BABCOCK AND WILCOX BOILER. 


MESSRS. JAMES SIMPSON 


(For Description, see Page 404.) 
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entitled, ‘‘Spithead, 1762.” There are other full- 
page illustrations on plate paper, many of them 
excellently done. As an example of their variety 
may be mentioned Drummond’s well-known picture, 
‘* Boarding a Privateer, 1807;” Van der Velde’s 
‘**Home-Coming of CharlesII., May, 1660;” a picture 
by Singleton, entitled ‘‘Seamen Ashore from the 
Tower Tender, 1790,” a group of sailors and sirens, 
the latter, we should imagine, largely idealised, 
to judge by latter-day sirens of the Tower 
district ; a view from a contemporary engraving 
of ‘‘ The Victory passing Dover, circa 1780,” by no 
means well reproduced. From this we make a jump 
right up to the present day—an illustration of the 
existing Royal Sovereign, from a photograph, being 
given. The work of the camera contrasts badly 
with that of the artists hitherto put under requisi- 
tion. There are several other plates from various 
sources, ancient and modern, ‘‘ Jack Relating his 
Adventures,” after George Morland, being espe- 
cially pleasing. 

The smaller pictures incorporated with the text 
are more diverse, and perhaps even more interest- 
ing, than the plates. We have reproductions from 
engravings of sea fights, scenes on board ship, 
many of them from old caricatures, costume pic- 
tures, ancient views of dockyards, mechanical 
drawings of engines, boilers, guns, &c., together 
with a large number of portraits (we believe the 


word is admissible referring to ships) of war vessels 
of all periods. 

Having looked at the pictures, we turn with plea- 
surable anticipation to the descriptions of them 
we hope to find in the text. Here on page 9 is 
a spirited representation of ‘‘ A Boat Action in the 
Thames, June, 1667.” We long to know all about 
this boat action, who won, who was killed, and 
what it was all about. But there is nothing of this 
on page 9, only something about the Peace of 
Wedmore and the statesmanlike policy pursued by 
the Elder Edward. This, however, is the first 
chapter ; we cannot expect to jump into the middle 
of things right off. Here, on page 52, is a 
charming little picture of ‘‘ H.M. Cutter Rambler, 
10 guns, circa 1840,” neatly let into the text, 
and having every appearance of referring to 
something narrated just at this place. This is 
what surrounds it ‘‘— for the same authority 
in the House of Lords has said that ‘if a 
hostile force, say 100,000 men, were to land upon 
our shores, there is no reason why that force, 
properly led, should not take London.’ The Duke 
of Wellington, in a letter to Sir John Burgoyne,” 
&. On page 66 our curiosity is whetted by 
a most natural picture of a stout old lady getting 
into a coach, but it is difficult to see what connection 
she has with: ‘*These considerations bring us 





once again to the thought of the supreme importance 


to Great Britain and the Empire of a powerful and 
efficient Navy. Such a Navy, however costly, is 
cheap ; an inefficient Navy, however cheap, is 
costly.” We have read our Mahan, and when we 
want more of this kind of thing, we will read our 
Mahan again, for we must confess that we prefer 
Mahan at first hand to historical compilation with 
the Mahan flavour. 

Fortunately, Captain Robinson works off most of 
his ‘‘ Dominance of Sea Power” business in the 
earlier pages, so that when we get to the chapter 
on ‘Flags and Signals,’ we drop all at once 
into the sober style of ordinary compilation, 
and some useful information is given respect- 
ing the origin of the Union Jack and naval 
ensigns. The chapter on the Admiralty Board is 
evidently the result of much careful research, and 
the same may be said of the section devoted to the 
equipment and victualling of the Fleet, the 
Admiralty buildings, the laws and customs of the 
Navy, and naval nomenclature—all very instruc- 
tive if a trifle dull, though there is a tendency 
towards the ‘‘ glorious traditions” style of writing 
in dealing with the latter subject. We quite agree 
with the author that something should be done to 
inform ships’ companies of the historical events 
connected with the names of ships they serve in. 
We trust, nowadays, too much to discipline, and 
too little to ésprit de corps, but that is characteristic 
of the age. It would be an excellent thing if some 
person, not given to redundant superlatives, would 
write a book on the historic names of ships in the 
Royal Navy, and that the Lords Commissioners 
would be pleased to authorise its issue to the ships 
of the Fleet. 

The third part of the book is devoted to ‘‘ Naval 
Material,” beginning with the naval architecture uf 
the ancient Britons, progressing through the era 
referred to as that of ‘‘the transcendence of wood, 
canvas, and hemp,” and coming down to the 
‘*Ships of To-day.” The treatment is of the com- 
pilation order. ‘‘ Steam on Board Ship” occupies 
little space, but is brought well up to date by 
reference to the trials of the torpedo- boat destroyers 
and of the United States triple-screw cruiser 
Columbia. Part IV. refers to ‘“‘ The Personnel of 
the Navy,” and is the most satisfactory section of 
the work, containing a good deal of interesting 
matter. The book concludes with an ‘‘ Appendix 





on the Illustrations,” which is far too brief. It is 

















404 


ENGINEERING. 


[Marcu 29, 1895. 








much to be regretted that the author did not carry 
out his original intention of fully writing up his 
pictures. If, then, his fears had been realised, 
and the book had become of undue size—as it un- 
doubtedly would have—the defect could easily have 
been overcome by cutting out the earlier chapters, 
and a good deal of those subsequent. 





The Construction of the Modern Locomotive. By GEORGE 
Hucues. London: E., and F. N. Spon; New York: 
Spon and Chamberlain. 

This work is chiefly a reprint of a series of articles 

contributed by the author to the pages of our con- 

temporary The Engineer, and it covers ground 
which for the most part has been left undealt with 

—or has only been treated very superficially—in 

previous treatises on the locomotive. In other 

words, it deals with the manufacture rather than 
with the design of locomotive engines, and it con- 
tains a variety of valuable information which is not, 
so far as we are aware, to be found in any other 

English text-book. 

The author, Mr. Hughes, is connected with the 
locomotive department of the Lancashire and York- 
shire Railway, under Mr. J. A. F. Aspinall, the 
chief mechanical engineer of that line, and his book 
naturally deals chiefly with the practice at the 
Horwich Works, but this practice is so good that 
the fact of a wider field not being dealt with becomes 
of minor importance. 

Mr. Hughes divides his book into six sec- 
tions, dealing respectively with the boiler, the 
foundry, forgings, coppersmiths’ work, the machine 
shop, and erecting. Some of these sections are 
further subdivided ; thus the foundry section is 
divided into two parts, dealing with iron and steel 
castings respectively, while the section devoted to 
‘* Forgings’ consists of two parts entitled respec- 
tively ‘‘The Forge” and ‘*Smithy, including 
Springs.” In all departments the author enters 
thoroughly into details, his explanations of the 
various operations described being assisted by over 
300 illustrations. Altogether the book is a most 
useful one, and it will be of especial value to young 
engineers serving their time in locomotive works, 
while engineers of more mature experience may 
learn much from its pages. 
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TEST OF A SCHWOERER SUPERHEATER. 

ON page 403 we illustrate a Schwoerer superheater 
and its application to a Babcock and Wilcox boiler. 
This installation was put down by Messrs. James 
Simpson and Co., Limited, of Grosvenor-road, Pimlico, 
and the saving in steam consumption effected is well 
worthy of the attention of all steam users. Below we 
give ‘he results «f trials which have been carefully and 





independently made, both before and after the super- 
heater was applied. 

The subject of superheating and its advantages have 
been well known for some considerable time, dating 
back from about the year 1855, when Hirn first began 
making experiments in this direction, but, owing to 
the many difficulties which arose in its practical appli- 
cation, it is only within the last few years that the 
necessary appliances for raising the temperature of the 
steam have been made to obtain their object in a satis- 
factory manner without any corresponding disadvan- 
tages. 

he Schwoerer superheater is chiefly composed of 
cast-iron tubes having large corrugations both outside 
and inside; the object of the former is to absorb the 
heat from the escaping gases, and of the latter to give 
the steam circulating in the pipes the largest possible 
superheating surface. Special mention must be made 
of the method of jointing the pipes in this form of super- 
heater, as the great difficulty which has always been 
found in making a thoroughly secure joint to with- 
stand the high temperature, has never before been 
thoroughly overcome. The joint, whichis patented, is 
made by means of a ring of mild steel with cement of 
special composition applied in a soft state between the 
annular surfaces, and squeezed together by the bolts ; 
this joint can perfectly resist the heat and at the same 
time can expand freely, and its satisfactory nature 
has been proved from the fact that not a single case 
of failure has ever beenrecorded. Before being placed 
in position the pipes are carefully tested to a pressure 
considerably over that at which they are designed to 
work ; they are placed in the flue of the boiler ina 
serpentine manner, and the steam taken from the stop 
valve on the boiler travels through them on its way 
to the main steam pipe to the engine-room. In the 
present instance the pipes have been placed, as shown, 
in the highest part of the flue of a Babcock and Wil- 
cox boiler, where the temperature of the escaping 
gases is fairly constant, and the superheater requires 
no special attention. Means are provided for blowing 
off any soot or dust which may collect and lie on the 
outside corrugations. An essential point of this form 
of apparatus is that it can be supplied to any form of 
boiler, and can be placed in the flue. Various experi- 
ments have lately been made at the Grand Junction 
Water Works, Kew, and compared with the results 
obtained from the same boiler at a trial made by 
Mr. Osbert Chadwick on a pumping engine in January, 
1893, before the superheater had been applied, and 
care was taken so that, as nearly as possible, all the 
conditions of the trial should be the same in both 
cases, the temperature of superheat alone being varied. 

The amount of superheat was measured by the dif- 
ference in temperature recorded in thermometers 
placed in pockets in the steam pipe, directly after 
leaving the main stop valve on the boiler, and directly 
before joining the main steam valve on the engine. 

Comparative Statement of Trials with and without 
Superheating. 


Date Jan. 21, | Dec. 20, Feb. 22, | March 13, 


|} 1893. | 1893. 1894. 1894. 
Amount of superheat/ 
deg. | 0 57.7 109.5 57 
Revolutions of engine! 
per minute .. - | 84.89 | 34.77 34.62 34.78 
Steam per pum} | 
horse - power pe? | | 
hour. ss --| 20.98 19.71 18.75 19.48 
Saving effected 
per cent | 6 10.5 6.75 


Since the above trials were made, Mr. Goodman, 
the superintending engineer at this pumping station 
of the Grand Junction Water Works, has made a 
series of trials, and the results of his observations are 
recorded in a report received by Messrs. James Simp- 
son and Co., and annexed herewith : 


Gentlemen,—With a view to carefully testing the advantage to 
be derived from the Schwoerer superheater, lately supplied by 
you to this pumping station, I decided to make an extended trial 
on the boiler and engine, and had observations carefully noted 
from December 8, 1894, to January 5, 1895. During this time the 
engine and boiler were kept continually at work, and the saving 
effected was very marked. The superheater worked without any 
trouble, and all that was necessary was to occasionally use the 
steam jet for blowing off any dust or soot that might have col- 
lected on the tubes, 

The fuel used was anthracite peas and coke breeze in the pro- 
proportion of 86.98 anthracite to 13.02 breeze, and the draught 
was assisted, as is usual, by the Meldrum blower. The results 
are as follows: 


Simpson Pumping Engine and Babcock and Wilcox Boi'er, 
with the Schwoerer Superheater. 


Duration of trial 723.5 hours 
Gallons pumped 154,011,500 
Mean lift total 169 ft. 
Pump horse-power. . ee ale 181.6 
Pounds of feed water per hour .. 3223 
> fuel per hour .. os se aR 471 
ae feed per pump horse-power per : 
hour - os ws - ot * 17.74 
Pounds of fuel per pump horse-power per 
hour .s - a - gs és 2.58 
Mean temperature of superheat 121 deg. 


Comparing these results with what we used to obtain, I find 





In a recent number of Cassier’s Magazine, vol. vii., 
No. 1, November, 1894, an article appeared by Pro. 
fessor Cawthorne Unwin, F.R.S., on superheated 
steam, and in it he gives particulars of some trials 
made with superheaters of the same pattern and similar 
design to that of which Messrs. James Simpson and Co, 
have commenced the manufacture. From three trials 
made by him on a 500 horse-power factory engine, and 
from the results of other trials made by independent 
authorities, it appears that a saving of 13 to 20 per 
cent. of fuel is obtained, with the aid of the Schwoerer 
superheater. Under conditions in which engines 
work in factories there is a great advantage in using 
superheated steam, seeing that cylinder condensation 
in this case is probably considerable, but he adds that 
even with engines of a type in which the condensation 
is reduced to a minimum, it is not at all clear that 
even with them the advantage of superheating would 
be so small as not to be worth the first cost. The 
examination of some engines which had been using 
superheated steam for two years-showed that no injury 
had accrued to the engine from the temperature of 
the steam. 

Messrs. Simpson have now under construction a 
superheater in connection with the Lancashire boilers 
at the Richmond Sewage Works, and there is no doubt 
that the saving effected on the steam consumption of 
the large pumping engines will be very marked. 





THE RECOVERY OF DIAMONDS FROM 
DIAMONDIFEROUS EARTH. 

THE story of Kimberley has often been told since 
the diamond mines were first discovered in 1870, when 
men bought claims at 10s., subsequently selling them 
for 10,0007. to 15,000/. each to purchasers who have 
done equally well. A truly charming record of these 
events is that given in ‘‘ Diamonds and Gold in South 
Africa,” a work by Mr. Theodore Reunert, and published 
by Edward Stanford, Cockspur-street, London ; so that 
the title of this article is suggested not by a desire to 
deal with the general question, but rather with the 
view of referring to a new process for the recovery 
of diamonds. In Mr, Reunert’s book the method 
hitherto adopted in most part is fully described, and 
an extract may make the purpose of the new plant 
more obvious. The diamondiferous earth is raised 
from the Kimberley mines by powerful hoisting ma- 
chines, skips holding six loads of blue ground being 
raised 1000 ft. in 45 seconds. Arrived at the surface, 
the skips are tipped automatically into ore bins, from 
which the blue ground is filled into steel side-tipping 
trucks of 20 cubic feet capacity, and conveyed to the 
depositing floors by an endless chain haulage driven by 
an independent steam engine. The tramways are all 
18-in. gauge, and on the floors light locomotives are 
used for taking the trucks to and from the terminus of 
the mechanical haulage. There is a slight grade from 
the mine to the floors, which materially assists the 
loaded trucks on the down line bringing up the empties. 

On the floors of De Beers Mine a more elaborate 
system of endless wire rope haulage is employed, 
several miles in length. The length of the main haul- 
age is 3 miles, with two branches, 1 mile, and ? mile 
in length, respectively. The floors commence about a 
mile from the mine, and extend for 3 miles in an 
easterly direction and a mile in a westerly direction. 
Besides the main haulage lines, there are two in use 
taking blue up the inclines at the washing machines, 
each about 4 mile long. The speed of the haulages 
varies from 24 to 4 miles per hour, 

The depositing floors are made by removing the bush 
and grass from a fairly level piece of ground. The 
land is then rolled and made as hard and smooth as 
possible. The De Beers floors on Kenilworth (a farm 
of some 17,000 acres, belonging to the company) are 
laid off in rectangular sections, 600 yards long and 
200 yards wide. Each section holds about 50,000 loads. 
The depositing is done by horses on portable tram lines 
extending at right angles from the main lines on either 
side of the floors. A load of blue ground (16 cubic 
feet) weighs about 1600 lb., and covers about 21 square 
feet when deposited on the floors. For a time the blue 
ground remains on the floors without much manipula- 
tion. The heat of the sun and moisture soon have a 
wonderful effect upon it. Large pieces, which were as 
hard as ordinary sandstone when taken from the mine, 
soon commence to crumble. At this stage of the work 
the winning of the diamonds assumes more the nature 
of farming than mining. The ground is continually 
harrowed to assist pulverisation, by exposing the 
larger pieces to the action of thesun. Spans of mules 
were formerly used for drawing the harrow to and fro, 
but steam traction engines with gear for drawing the 
harrows, on Fowler’s well-known steam-ploughing 
— are now employed at both Kimberley and De 

ers. 

The length of time necessary for the ground to be 
exposed, before it becomes sufticiently pulverised for 





there is a saving of about 15 
Schwoerer superheater. 

T am, Gentlemen, yours faithfully, 

(Signed) 


per cent. by the adoption of the 


R. Goopmay. 


| The blue from 


washing, depends on the season of the year and the 
amount of rain. The blue ground of the four mines 
differsas to the —_ of time necessary for pulverisation. 

imberley Mine becomes quite well 
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DIAMOND-WASHING MACHINERY FOR THE NEW GORDON DIAMOND 
CONSTRUCTED BY THE CHATTERIS ENGINEERING WORKS COMPANY, CHATTERIS. 


MINE. 





pulverised in three months during the summer (the 
rainy season), whilst that from De Beers requires 
double that time. The longer the ground remains ex- 
posed, the better it is for washing. Some of the De 
Beers ground is so hard that it has to be broken in a 
fine crusher, before it can be washed. 

The disadvantages of the system will be obvious 
to our readers; and Mr. T. G. McLelland, the general 
manager of the New Gordon Diamond Company, 
Limited, Kimberley, has designed machinery to super- 
sede the farm method of pulverising the diamondiferous 
earth, so that a day or two, instead of several months, 
will suffice to show whether the earth contains dia- 
monds. The plant thus designed has been manu- 
factured by the Chatteris Engineering Works Com- 
pany, Chatteris, Cambridgeshire, and is about to be 
exported. The accompanying engraving shows the 
general arrangement. Instead of being sent to the 
farm, the blue ground is raised toa gantry about 38 ft. 
above ground level, as shown by B. The contents of 
the truck are tipped down the grizzlies C, the small 
stuff the while dropping through to the shoot E and 
E!, which is fitted with a fan feeder, while the heavier 
blue ground passes into the crusher D, being sub- 
sequently assisted by the fan into the shoot KE’. All 
the material thus passes into the pair of rolls F, where 
the process of pulverisation is furthered. 

Thereafter the material is sent through a series of 
pulsators, the plungers of which work at a high speed. 
The first series of four is marked H. The heavy stuff 
descends through the sieves, and is carried away by a 
spiral elevator ; the light stuff is washed over the top 
and led by screen shoots J to the second or interme- 
diate rolls K, which are constructed to crush slightly 
smaller than the first. After the second crushing the 
blue ground is lifted by elevator L and discharged by 
a shoot into a second series of four pulsators N. Here, 
as at the first pulsators, arrangements are made for 
draining away the water and fine mud to the settling 
tank. , ne the second pulsators the stuff descends 
by shoots again to a third pair of rolls P, after which 
the ground is pulsated in six boxes S, the launder T 
being for the tailings. The gearing throughout is of 
cast steel, so as to reduce weight. A high-level centri- 
fugal pump is used, in addition to a low-level pump 
at V, leslie for conveying water for the pumps and 
pulsators being shown by Y and 

Two sets, as illustrated, have been constructed, each 
to deal with 1000 loads, or 2000 loads altogether, per 
day, the advantage of duplication being obvious as a 
prevention against complete breakdown. A wash-up 
machine is included in the installation. In it there 
are five pulsators, and at the foot of each box is a 
closed-in elevator, lifting the deposit clear of the water 
level and discharging into locked-up boxes. The 
water and slum passing over the pulsator is caught 
in a launder, running in front of the boxes, and the 
water is lifted again to the level of the pulsators by 
means of a scoop wheel, while the slum is drawn off 
in a similar manner as described for the main launder. 
With regard to the cost of working the complete 





LE 


installation, it is claimed that when it is in operatio® 
the expenses of pulverisation will be reduced from the 
present rate of from 10s. to 12s. per load to about 
4s, 3d. 





COLLISION AT BINEGAR. 

In the early hours of February 5 a light engine, running 
tender first, ran into the rear of a goods train standing 
about 80 yards within the up home signal at 4 
station, on the Somerset and Dorset Joint Railway. The 
driver and fireman were badly shaken, and the goods 

was knocked down, cut about the head, and ren- 

ered unconscious for a time, the fact of his not being 
more severely inju being probably due to his van 
weighing 20 tons, instead of the more usual lighter weight. 
The tender of the light engine and some of the vehicles of 
the goods train were derailed. The light engine, employed 
in banking, had been standing on the down road at Mas- 
bury, 14 miles on the down side of Binegar, from whence 
it had banked a down goods train up the gradient of 1 in 
63 leading out of Binegar towards Masbury, and was 
given on to the former station for its return journey soon 
after the arrival of the up goods. It was accepted under 
the warning arrangement, and the signals lowered, but 
the Masbury signalman omitted to caution the driver. It 
was a bitterly cold night, and both the driver and fireman 
stooped down to get what shelter they could, and so missed 
seeing the Binegar distant signal, and, in fact, only noticed 
that the home signal was against them when close to it. 
Brakes were applied, and the engine reversed, according to 
the driver’s statement, but this the inspecting officer some- 
what doubts, or else thinks they were coming at a reckless 
pace down the bank, as they failed to stop in time to avert a 
collision. Major Addison holds the driver and fireman 
of the light engine immediately responsible for the acci- 
dent, as they failed to keep a proper look-out, but he 
admits the exceeding cold of the night and the fact of 
their not having been warned as, to some extent, extenuat- 
ing circumstances, and adds that for such duties entailing 
running tender first, it is very desirable that tank and not 
tender engines be used, a remark to which we are pleased 
to call attention, as it is cruel to make men run tender 
first regularly as in this case, especially during cold 
weather; under these circumstances it is not to 
wondered at that signals are sometimes disregarded. 
Why, in our variable climate, engine-drivers, on whose 
vigilance the safety of the train so largely depends, 
should be condemned, almost universally, to perform 
their duties under the shelter of what, very often, can 
only by courtesy be called a cab, passes our com- 
prehension. While a driver and his mate are en- 
deavouring to mitigate the discomforts of their work, 
they cannot keep a good look-out, as is evidenced by 
the present case. Make a man comfortable in body, and 
his senses will be all the keener, and his mind all the 
fresher, and better able to cope with emergencies as they 
arise. It has been argued that to provide a comfortable 
cab would render the men careless, but it must be re- 
membered that drivers, as a rule, are the first to suffer in 
a collision, and we have no reason to suppose that they 
hold their lives any cheaper than other men. We 
cannot but think that this argument is based on theory 
rather than fact, and we would like to know whether the 
new cabs on the North-Eastern Railway have in any way 
deteriorated the capabilities of the drivers. Even the 
best of cabs, however, if not closed at the back, gives no 


be | spheres before filling. 


shelter when running tender first. Where such running 
is habitual between any two points, a light portable 
screen might be kept that might be quickly fitted on to 
each engine as required? Major Addison also considers 
that the Masbury signalman was as much to blame as the 
other men, in not cautioning the driver, who, in crossing 
from one road to the other, had to pass immediately 
underneath the cabin. In our opinion, he is much more 
to blame. In view of the steep gradient falling to 
Binegar station, the Government inspector recommends 
that trains be not taken on under the warning arrange- 
ment, but little delay being caused by this, as the section 
is only 14 miles long ; and he thinks that it would have 
been better, even under the existing regulations, viz., 
that trains be taken on at ‘‘Caution” only when neces- 
sary to avoid serious delays, had the engine not been 
thus accepted ; but he does not consider that the Binegar 
signalman is blameworthy on this account, 





Tue ExPLosion AT FENCHURCH-STREET STATION.—An 
inquiry, not yet finished, has been opened at the City 
Coroner’s Court into the explosion of a gas bottle at I'en- 
church-street station on March 14. As the inquiry is not 
yet concluded, we are precluded from commenting on the 
case, and so must content ourselves, for the present, with 
a short summary of the evidence so far as it has a tech- 
nical bearing. The evidence already given establishes 
the fact that the bottle in question was charged by Mr. 
Clarkson, of Bartlett’s-buildings, E.C., for whom Messrs. 
Newton, of 3, Fleet-street, acted as agents. The cylinder 
was taken by a servant of Dr. Kennedy, Plaistow, to 
Fenchurch-street station, and shortly after being carried 
on tothe platform exploded, blowing the unfortunate man 
to pieces. According to the evidence, no portion of the 
cylinder was missing when it was picked up, the bottle 
simply Ce but otherwise remaining intact. Accord- 
ing to Mr. Newton’s evidence, the metal of the cylinder 
was ;'; in. thick. Its dimensions were not given, but ib 
was apparently between 4 in, and 5 in. in diameter. The 
material was mild steel, andthe bottle was only made 
this year by Messrs. Stewart and Clydesdale, Limited, 
Glasgow. The designed working pressure was 120 
atmospheres, and all bottles were tested to 230 atmo- 
As an additional precaution, 
Messrs. Newton have made a practice of uiring a 
certificate from Messrs. Clarkson that each ‘eae is 
of mild steel of quality, and has been tested to 230 
atmospheres. The evidence of the man employed by 
Mr. Clarkson went to show that cylinders were charged 
in the same room both with coal-gas and oxygen, but 
that a different set of pipes was used for the two gases. 
He was, however, understood to say that one compressor 
was used for both the gases. Mr. Kenneth Murray, the 
manager and engineer to Brin’s Oxygen Company, stated 
that his firm sent out from 2000 to 3000 cylinders per 
week during the winter months, and that he considered 
them perfectly safe. Asked if he had formed a theory 
as to the explosion, he suggested that it was due to a 
mixture of gases, as the metal of the cylinder was - 

arently of excellent quality. It would, he concluded, 

possible for the gases to be ignited by a chemical reac- 
tiou between some oil which might accidentally have got 
into the cylinders, the oxygen, andthe iron. Theinquiry 
was finally adjourned till Thursday next, when Dr. Dupré, 
chemist to the War Department, will be one of the wit- 
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ROLLING STOCK FOR 30-IN. GAUGE RAILWAY. 


CONSTRUCTED BY MESSRS. ALEXANDER PENNEY AND CO., ENGINEERS, LONDON. Potheeed <n cover, fitted with gun-metal bearings, oil- 
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Thickness of tube-plates, where tubes 


enter ... : 2 in. 


Number of tubes apa oe 78 1#in. dia. 
Length ere as sts as «|e ims 
Heating surface of tubes ... 270 q. ft. 
c - firebox... it 8s ,, 
Total heating surface ... as use 308, 
Grate area 2 se iS ne ae 
Capacity of water tank, about 850 gals. 
‘ coal box, about ... 80 cub. ft. 
Weight, net... at 2 is 12? tons 
a in working order... bes i ws 


The tank is of the horseshoe form, made of }-in. 
plates, while the coalbox has a capacity of 80 cubic 
feet. The engine is fitted with one No. 5 Madan’s 
injectors, all cocks and valves being of gun-metal, and 
the pipes of copper. The central buffers are to suit 
the rolling ak, and these and the cowcatchers at 
the front of the engine, are of wrought iron, The 
head lamp has a 12-in. reflector. The tender, as shown 
on the engraving, has a weight, empty, of 5 tons, and 
a weight, loaded, of 10 tons. 

The passenger carriages are shown on Fig. 2, The 
bottom frame of the carriages is of channel steel, the 
side and end framing being of Moulmein teak, while the 
floor is of 1-in. pitch pine, tongued and grooved. The 
ribs are of English ash, the under-roof cover of pitch 
pine, and the outside covering of §-in. red deal boards. 
Strong sailcloth sunshades are provided, as shown on 
the engraving. The bogies are of wrought iron, with 
wrought-iron guides for the axle-boxes, the centre 
being of cast iron. Friction rollers are fixed on each 
side to prevent the cars tilting too far over. The 
wheels are 22 in. in diameter, of chilled cast iron, 
bored to 3 in. in diameter. The axles are of mild steel, 
the journals being 23 in. in diameter. The axle 
bearings are of gun-metal. The springs are of volute 
form. The brake blocks, it may be added, are of cast- 
iron, and operated by vertical spindle and screw 
from one end. The buffers are central, and the draw- 
bar of B B and B Staffordshire quality. 








The composite cars for upper and lower class have 
accommodation for 10 upper and 22 lower class pas- 
sengers, the dimensions being: Length over head- 
stocks, 24 ft. 3in. ; width over all, 6 ft. 3 in. ; centres 
of bogies, 13 {t. 5in. The polished plate-glass is ,*, in. 
throughout, and venetian blinds are fitted. The de- 
tails of the upholstering, &c., of the upper class com- 
partments need not be entered upon. The net weight 
is 3 tons 18 cwt. 

In the carriages for the lowest class the accommoda- 
tion is for32 passengers, the length over headstocks being 
23 ft. 7in. ; width over all, 6 ft. 3in. ; the bogies being 
at 12 ft. 9in. centres, while the weight is 3 tons 5 cwt. 

The four-wheel brake van, with postal compartment, 
is shown in the same engraving as the passenger car- 
riages (Fig. 2). The dimensions of this van are: 
Length over headstock, 12 ft.; length inside postal 
compartment, 5 ft. 6in. ; width over all, 6 ft. 3in. ; 
wheel base, 6 ft.; net weight, 2 tons 17 cwt. The 
bottom frame is of channel steel, with pitch pine side 
and end framing, the sheeting being of ti-in. red deal, 
while the floor is of 14-in. pitch pine. The ribs 
of the roof are of English ash, the boards of pitch pine, 
with an outer covering of }}-in. red deal boards. The 
postal compartment is provided with swing doors, with 
sliding glass frames, while the guard’s compartment 
has swing doors, giving an opening of 3 ft. 3in. The 
postal compartment, of course, is fitted with letter 
racks, &c. The wheels of the van are of 22 in. dia- 
meter, similar to those of the passenger cars. 

The general goods wagon has a length of 12 ft., and 
a width of 5 ft. 6 in. The underframe is of steel 
channel, having channel sole-bars and headstocks 6 in. 
by 24in. by Zin. The diagonals and middle bearers | 
are of angle steel 5 in. by 24 in. by ,°, in. ; the side| 
rails of angle steel 34 in. by 24 in. by } in., bracketed | 


gether with knee and gusset plates. The buffers and 
drawgear are of Indian States pattern, having strong 
cast-steel heads, forged hooks, volute springs with | 





cradles, and washer plates complete, The axle 


to the sole-bars, and the whole securely riveted to- | : 


| guards are of wrought iron of standard pattern, with 
| crown bent round, and wings welded and fitted with 
| stretchers and bolted to frames. The axle-boxes are 
of cast iron, for use with oil, having filling hole and 


ing pads with springs, &c. The bearing springs are 
of plate pattern, having plates 24 in. by § in., provided 
with cast-iron shoes or sole-bars. The wheels are of 
best chilled iron 22 in. in diameter, fitted to axles, as 
in all the cases already described, by hydraulic pres- 
sure. The steel axles are 3 in, in diameter between 
the wheels, turned to 2? in. in diameter in the wheel 
seats and over journal collars. The journals are 24 in. 
in diameter by 44 in. long, with a collar on each side. 
The whole of the woodwork throughout is of best 
selected teak. 

The high-sided goods wagon weighs 1] tons, a low- 
side goods wagon on the same principle weighs 1} tons, 
while the covered wagon weighs 2} tons, the loads 
varying from 44 to 5 tons. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on ’Change, but the tone of the 
market was rather more cheerful. Inquiries from both 
home and foreign consumers were said to be more 
numerous. At the same time, however, buyers were not 
over anxious to do business, and the amount of business 
actually transacted was by no means large. Parcels were 
disposed of at 34s. 6d. for early delivery of No. 3 g.m.b. 
Cleveland pig iron, and that price was generally named, 
though there were some buyers who would not pay 
quite so much. For forward delivery it was difficult 
to fix quotations, the difference between buyers and 
sellers being considerable. Middlesbrough warrants 
were quiet but steady throughout the day at 34s, 44d. 
cash buyers, The lower qualities of pig iron 
were hardly, if at all, Guin No. 4 foundry was 
33s. 6d., and grey forge 33s., both for early delivery. 
East coast hematite pig was in moderate demand. One 
or two buyers reported that they could secure Nos. 1, 2, 
and 3 at 41s. 6d. for — delivery, but as a rule 41s. 9d. 
was quoted, and some firms held out for 42s. Spanish 
ore was stiffer, owing to a little improvement in freights. 
Rubio was 12s. ex-ship Tees. To-day our market was 
uietish. Prices of makers’ iron were unchanged. 
iddlesbrough warrants, after easing to 34s. 3d., closed 
steady at 34s, 4d. cash buyers. 


Manufactured Iron and Steel.—Hardly any change is 
noticeable in the manufactured iron and steel trades, but 
what slight alteration is a is, weare glad to say, 
for the better. There is a little more business doing, and 
prices, though hardly quotably altered, are deck edly 
firmer. New orders, however, are still by no means 
easily obtained, and there is plenty of room for improve- 
ment. Common iron bars are about 4/. 15s. ; best bars, 
51. 5s. ; iron and steel ship-plates, each 47. 15s.; and iron 
and steel ship-angles, each 4/, 10s.—all less the custom 

2% per cent. discount for cash. Heavy sections of s' 
rails are 31. 12s. 6d. net at works, 


The Fuel Trade.—Fuel keeps fairly steady. At New- 
castle best Northumbrian steam coal is about 8s. 9d. 
f.o.b., second —— 8s., and small 3s. 6d. Bunker 
coal is depressed. The Germans have secured two-thirds 
of the gas coal contract for Rotterdam. The contract is 
for a little over 72,000 tons in the year. It used to be 
given entirely to Durham collieries, but lasb year one- 
third went to German pits, and this year the Germans 
have secured two-thirds, though there were offers of Eng- 
lish coal at from 10s. 34d., which is equal to a price here 
much below the combination rate. A good deal of doubt 
still prevails as to the probable result of the dispute in 
Wales. A stoppage in Wales would undoubtedly send 
up prices of coal here. Coke is steady, good blast- 
furnace qualities being still 12s. 3d. per ton delivered at 
Cleveland works. 

Proposed Reduction of Wages.—Owing to the prevailing 
depression in the coal trade, the Durham Coalowners’ 
Association, it is stated, have given notice of their inten- 
tion to lay before the conciliation board, at an early date, 
a demand for a reduction of the wages of the men em- 
ployed in the Durham collieries. 


Improvement at Middlesbrough Iron Works.—At Sir 
Bernard Samuelson and Co.’s Newport Iron Works it is 
expected that, by the introduction of the Simon-Carvés 
system of burning coke, together with an improvement in 
the structure of the blast-furnace, the output of iron 
will be increased, and that the working will be more 
economical. Upwards of 60 coke ovens are, we under- 
stand, to be erected ab the Newport Iron Works. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Halifax and the Proposed North to South Railway.— 
A meeting of gentlemen favourable to the carrying out of 
the north to south railway was held in Halifax on Satur- 
day. By this line, Halifax, Huddersfield, and other 
places intermediate between Sheffield and Skipton would 
be placed on a main trunk line between London and 
Scotland. Mr. S. Utley, C.E., Halifax, said Halifax was 
in the direct line from London to Carlisle, and it ought 
to be on the main line of railway between those places, 
This scheme provided what the Midland had been long 
seeking. Starting from Dore, and skirting through the 
western suburbs of Sheffield, it would pass through the 
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Holme Valley, Milnsbridge, Huddersfield, Elland, 
Siddal, Halifax, Mixenden, Caxenhope, and join the 
Midland again at Skipton. Tosave 10 minutes the Mid- 
land Scotch expresses now | aie even Leeds the go-by, 
but the proposed line would save nearly half an hour, 
being 20 miles shorter than the Midland route from Shef- 
field to Skipton, The meeting passed a resolution ap- 
proving of the scheme, and declaring the present facilities 
to be very inadequate. 


William Jessop and Sons, Limited.—At the annual 
meeting of this company the chairman (Mr. J. E, Cutler) 
remarked that last year business was brought almost to a 
standstill in America by the weary discussion on the sub- 
ject of the new Tariff Bill, and when it was passed financial 
and other difficulties in the States prevented the great re- 
vival of business that had been sxpected. The anticipated 
boom had not yet arrived. The company had suffered a 
very heavy loss through the passing of the new Tariff 
Bill. This had arisen owing to the duties paid on their 
stock in New York, and elsewhere, having been greatly re- 
duced by their being taken on the basis of the new tariff. 
They had decided that as the loss was one of the year 
1894, it would be best to write it off as a bad debt in that 
year, and they had done it. A dividend at the rate of 
34 per cent. per annum was declared. During the 19 
years’ existence of the company the average dividend has 
been 6 per cent. per annum. 


Miners and the Stoppage of Collieries.—A largely at- 
tended meeting of miners has been held at Barrow, near 
Barnsley, for the consideration of questions affecting them. 
Reference was made to the number of men thrown out of 
work by the setting down partially, or wholly, of pits on 
the ground of being unable to make them pay. The fol- 
lowing resolution was adopted : ‘“‘ That we strongly urge 
upon all branches the desirability of withdrawing the 
whole of the men at the several collieries where the 
management have laid idle whole districts, under the 
pretence that they did not pay, but the real object being 
to enforce reductions.” 


A Water Difficulty at Sheffield.—Owing to the at 
number of burst lead communication pipes at Sheffield, 
the draught upon the service reservoirs has become so 
serious that the available pressure in the mains of the 
corporation is not only incapable of maintaining the supply 
to the high-level districts, but may be insufficient for the 
extinction of fire, should such occur. The carrying con- 
duits and tunnels, although capable of conveying nearly 
15 million gallons of water per day, are overworked, the 
daily draught upon the system being now about 16 million 
gallons, as compared with the normal daily consumption 
of 74 million gallons. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The business done in steam coal has been 
principally for prompt shipment; prices have shown a 
downward tendency; the best descriptions have made 
lls. 6d. to 11s. $d. per ton, while secondary qualities 
have brought 11s. per ton. Milder weather has reduced 
the demand for household coal ; No. 3 Rhondda large has 
brought 10s. 6d. to 10a. 9d. perton. Patent fuel has been 
in less demand. Ooke has shown little change ; foundry 

ualities have made 15s. to 16s. per ton; and furnace 
ditto, 12s. 6d. to 13s. 6d. per ton. There has been a 
moderately good demand for iron ore ; the best rubio has 
made 11s, to 11s. 3d. per ton. The manufactured iron 
and steel trades have continued inactive, few orders 
having been secured for steel rails. 


Drainage of Monmeuth.—At a special meeting of the 
Monmouth Town Council on Monday, Mr. C. N. Tailey’s 
amended plans for carrying out the drainage of the town 
for 5845. were adopted. The combined cost of what are 
known locally as the joint schemes amounts to 18 3371. 
The town clerk was instructed to apply to the Local 
Government Board for powers to borrow 20,000/. to cover 
the preliminary expenses, and the cost of drainage, puri- 
fication, and electric lighting. 


Work at Devonport.—On Saturday the engineering de- 
partment at Devonport completed the work of fitting the 
stern shafting into the Talbot, cruiser. The vessel’s ma- 
chinery, which has been made at Keyham, will be placed 
in position this week in the erecting shop ; it will be fitted 
on rd immediately after the ship is launched on the 
25th prox. The boilers are in an advanced stage, but no 
attempt will be made to put them in place until after the 
vessel leaves the building slip. Arrangements were made 
for launching the sloop Phceenix also on the 25th prox. ; 
it is now doubted whether the sluop will be ready in time, 
as her shafting is not nearly finished, and it is very desir- 
able that the shafting of every vessel should be in place 
before launching. 


Briton Ferry.—The Albion Steel Works are approach- 
ing completion. A powerful engine is already in place. 
Two large furnaces are completed, and the mills will be 
ready for business in a few weeks. Two additional mills 
have been restarted at the Vernon Tinplate Works, in 
consequence of the necessity for an order being completed 
this month. 


A Steam Laundry for Stonehouse.—The Navy Estimates 
for 1895-6 contain a sum of 47101. for building a steam 
laundry, with the necessary machinery, at the Royal 
Naval Hospital, Stonehouse. The washing is at present 
done by widows of seamen and marines ; and when the 
machinery is provided there will be a considerable reduc- 
tion in the number of workpeople employed. 

The Electric Light at Cardiff.—At the last sitting of the 
electric lighting committee of the Cardiff Town Council, 
the engineer reported that all the machinery, &c., con- 


tracted for in the original contracts had been delivered, 


and had been running and supplying energy to private 
consumers since November 17 last. A few more small 
accessories were still necessary for the efficient working 
of the station. The plant being in one or two respects 
novel for electric lighting purposes, experiments were 
necessary for proving its adaptability to their require- 
ments, 

Repairs at Devonport.—The Colossus, line-of-battle 
ship, from Holyhead; the Benbow, line-of-battle ship, 
from Greenock ; and the Melampus, cruiser, from Kings- 
town, have arrived at Devonport for repairs. The Lords 
of the Admiralty have directed that in no case are altera- 
tions or repairs to be taken in hand which will require 
more than four weeks to complete. 


The Electric Light at Newport.—The day-load plant at 
the electric light works of the Newport Town Council has 
been tested and has worked satisfactorily. This day-load 
plant consists of a semi-portable engine of 50 horse-power 
indicated, working up to135 revolutions per minute. The 
output of the alternator is 124 amperes at 2000 volts, 
which is sufficient to supply at the same time 800 eight 
candle-power lamps. 








EXTENSION OF THE TROLLHATTA CANAL.—A committee, 
which was formed a couple of years ago for the purpose 
of investigating the question of the extension of the 
Trollhatta Canal, has now reported upon the subject. It 
is first shown that the traffic on the canal is now so large 
that an extension is advisable. Whilst the quantity of 
goods which passed through the canal the first years of 
its existence amounted to only some 18,000 tons annually, 
it has now risen to 600,000 tons for 1893. Reckoning the 
average length of transport at 125 miles, it appears that 
the total transport through the canal is about one- 
fifth of the ageregate transport of all the railways 
in the country. The question whether the connection 
between the large Viinern Lake and the North Sea should 
be brought about by an extension of the Trollhitta Canal 
or by the building of a new canal vid Uddevalla, is 
answered in favour of the former alternative. The pro- 
posed increased depth of the canal is put at not more than 
15 ft. and not less than 12 ft. The present depth of canal 
and locks is 10 ft. It would also be necessary to deepen 
the harbours on the Vinern Lake, but this is not expected 
to entail a very heavy expenditure, 





CaTaLocurEs.—Messrs. Charles Churchill and Co., 
Limited. of 21, Cross-street, Finsbury, London, and also 
of Birmingham, have sent us a catalogue of American 
machinery and tools. The products of most of the prin- 
cipal American toolmakers, such as Brown and Sharp, 
Pratt and Whitney, Warner and Swasey, the Cincinnati 
Milling Machine Company, the Springfield Machine Tool 
Company, Flather and Co., and others that are less known 
in this country, are to be found illustrated in its pages. 
The catalogue, which contains many fine engravings, and 
is excellently well printed, is a capital guide to the best 
kind of American tools, especially of those types which are 
designed toturn out work very cheaply, and at the same time 
with extreme accuracy.—From Messrs. John Birch and 
Co., Limited, 10 and 11, Queen-street-place, London, we 
have an excellent catalogue of plant and machinery for 
brickmaking. It appears to cover the whole process, and 
to include in addition engines, boilers, shafting, pulleys, 
and thelike.—From Chatwood’s PatentSafeand LockCom- 
pany, Limited, of Bolton, we receive a catalogue of safes, 
all of which are made by an improved method of con- 
struction. The top, bottom, and sides are bent cold out of 
the selfsame plate, with a flange formed on the back 
edge to receive the back plate; thus all the corners are 
—— solid. The cheapest forms of safe are secure 
against all ordinary attempts at breaking by either wedg- 
ing or drilling. For diamonds and objects of great value 
Chatwood safes are made, however, of much greater 
strength, some of them having two complete safes, one 
inside the other. 





SELLERS’ MacuineE Toors.—Messrs. William Sellers 
and Co., of Philadelphia, have issued a new catalogue, 
which is quite a compendium of machine-tool practice. 
It is a bound book of handy size, profusely illustrated, 
and contains many examples of tools that are quite new, 
showing the rapid and enormous change that is taking 
place in the methods of shaping metal in engineers’ shops. 
Among the more noticeable examples are an eye-bar 
drilling machine for preparing links for bridgework; a 
double horizontal drill for marine engine shafts; a large 
floor-boring machine; a six-spindle facing machine de- 
signed to face the connections on a certain type of cast-iron 
boiler ; a ie 2 boring machine for the cylinders and valves 
of the Vauclain compound locomotive ; an 8-ft. turning and 
boring lathe for 16-in. steel cannon ; a grinding machine for 
flat surfaces of hardened steel ; a rotary planer for armour- 
plates ; a 48-in. traverse slotter ; a machine to plane rods ; 
a horizontal punching machine; electric cranes up to 
150 tons; and a hand swing crane with a supplemental 
jib arranged to rotate about an independent axis. These 
are only a few of the machines that strike the eye 
by their novelty of form. There are an immense 
number of others which are of more usual appear- 
ance, and yet bear the stamp of originality of design 
that marks everything that issues from the Sellers 
establishment. A mechanic might spend many plea- 
surable hours over this volume, studying the number- 
less ingenious devices that it pourtrays, and filled with 
wonder at the immense labour and thought that it repre- 
sents, while the commercial man must admire the busi- 
ness ability that enables a single firm to cover with suc- 
cess so large a field of operations, and keep its place in the 





forefront of machine-tool builders. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Dealing in the pig-iron war- 
rant market was very quiet last Thursday forenoon, when 
only about 4000 tons of iron—all Scotch—changed hands, 
As there was more iron on offer for lending, the price 
became easier, the close showing a drop of 1d. at 41s. 10d, 
per ton cash. Cleveland also lost 1d. In sympathy 
with the quieter tone in the other markets, pig iron was a 
shade off in the afternoon. Some 5000 tons of Scotch iron 
were dealt in, and the cash price gave way 14d. per ton, 
Cleveland lost 1d. and Cumberland hematite tron 3d. per 
ton. About 10,000 tons of option iron (Scotch) fell 
due on Thursday afternoon, but the forfeits were 
paid. The closing settlement prices were — Scotch 
iron, 41s. 9d. per ton; Cleveland, 34s. 44d.; Cum. 
berland and Middesbrough hematite iron, respec- 
tively, 42s. 6d. and 41s. 3d. per ton. Business was very 
quiet on Friday forenoon, and prices were rather easier 
Scotch giving way 1d. per ton, and Cleveland an 
Cumberland hematite iron $d. each. The sales of Scotch 
amounted to fully 5000 tons. In the afternoon the market 
was again quiet, and prices were unchanged. Scotch 
iron was dealt in to the extent of about 5000 tons, and 
the settlement prices at the close were, respectively, 
41s. 74d., 34s. 44d., 4238. 6d., and 41s. 14d. per ton, 
Dealing was very quiet on Monday forenoon, when 
some 4000 tons of Scotch iron and a few lots of Cleve. 
land changed hands, the latter losing 4d. per ton. The 
market was very idle in the afternoon, only a few 
lots of Scotch iron changing hands. Prices were a shade 
stiffer. At the close the settlement prices were 41s. 74d., 
34s. 44d., 42s. 44d., and 41s. 3d. per ton, respectively, 
On Tuesday forenoon there was rather more business 
doing, and prices were very firm. About 10,000 tons of 
Scotch iron were dealt in, and the cash quotation finished 
14d. per ton over the preceding day’s prices. The other 
irons also advanced in price 1d. or 14d. per ton. In the 
afternoon the market was active, some 15,000 tons of 
Scotch iron changing hands, and a few thousand tons of 
the other sorts. Prices were still firm and about 4d. per 
ton up, The closing settlement prices were, respectively, 
41s. 104d., 34s. 43d., 42s. 6d., and 41s. 3d. per ton. A 
moderate amount of business was done this forenoon, when 
about 10,000 tons of Scotch and 3000 tons of Cleveland 
changed hands at easier prices. The tone was down in the 
afternoon, with little doing. The settlement prices were, 
respectively, 41s. 74d., 348. 44d., 42s. 6d., and 41s. 3d. per 
ton. The following are a few of the quotations for No. 1 
special brands of makers’ iron: Clyde, 48s. per ton; 
Gartsherrie, Summerlee, and Calder, 50s.; Coltness, 
52s. 6d.—the foregoing all shipped at Glasgow; Glen- 
garnock, 49s.; Shotts (shipped at Leith), 52s. 6d.; 
Langloan out of the market. There are now 74 blast- 
furnaces blowing in Scotland, one which was making 
ordinary iron at Muirkirk having been put out of blast. 
A year ago the number of furnaces in actual blast 
was 67. Last week’s shipments of pig iron from all 
Scotch ports amounted to 5428 tons, as compared with 
5404 tons in the corresponding week of last year. They 
included 415 tons for Australia, 133 tons for France, 
625 tons for Italy, 160 tons for Germany, 155 tons for 
Holland, smaller quantities for other countries, and 
3634 tons coastwise. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores stood at 284,596 
tons yesterday afternoon, against 284,925 tons yesterday 
week, thus showing for the past week a decrease amount- 
ing to 335 tons. 


Finished Iron and Steel Trades.—Business in the 
finished iron trade is in a very unsatisfactory state, and 
prices continue very low. In the steel trade, however, 
there is rather a better feeling prevailing this week, as 
the dispute between the steelworkers and their employers 
on the wages question may be regarded as being practic- 
ally settled, as it has been agreed to accept the 5 per cent. 
reduction on all men earning 30s. per week and upwards, 
on condition that the employers throw open their books 
for the purpose of allowing a mutually accepted profes- 
sional man to examine them, to find out whether or not 
the fall in prices warrants the reduction. 


Glasgow Copper Market. — Last Thursday forenoon 
copper was somewhat neglected, but the price rose 
ls. 3d. per ton at 39/7. 15s. three months. No out-and- 
out business was done, yet one lot changed hands at 
391. 178. 6d. three months, 1/. forfeit in buyer’s option. 
Dulness was the rule in the afternoon, and the price was 
3s. 9d. per ton lower without any business passing. On 
Friday forenoon the market was comparatively steady ; 
only one lot was sold, and the three months’ quotation 
showed a decline of 3s. 9d. per ton. In the afternoon the 
market was 1s. 3d. easier, and only 50 tons were sold. 
Copper was idle and unaltered in value on Monday fore- 
noon, nor were there any dealings in the afternoon, 
owing to the absence of wires from London giving the fore- 
noon prices. The quotations, however, were 1s. 3d. per ton 
stiffer. The market was idle yesterday forenoon, but sellers 
were holding out for 2s. 6d. per ton more than Monday 
night’s quotations, the three months’ price being 391. 10s. 
per ton. No business was done in the afternoon, when 
the price was quoted 2s. 6d. per ton up, in sympathy with 
London. Copper was firmer this forenoon at 39/. 3s. 9d. 
cash buyers, and 39/. 12s, 6d. three months, being an 
advance in each case of 2s. 6d. No business was done. 
In the afternoon the quotations were 39. 6s. 3d. and 
391. 15s., but no business whatever was put through. 


More Shipbuilding Orders.—It is stated that Messrs. 
A. Rodger and Co., Port Glasgow, have booked orders 
for a sailing ship and a large screw steamer.—The London 
and Glasgow Shipbuilding and Engineering Company, 
Govan, have received an order for a cargo steamer of 
about 4600 tons gross register, from Messrs. M‘Gregor, 
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Gow, and Co., of the Glen Line, London and Glasgow, 
owners of the famous tea clipper steamships of some 
ears ago. —With another firm on the Clyde an order has 
een placed by a Russian trading company for three 
barges of 500 tons deadweight each, on a light draught, 
for river service in Asiatic Russia. Hight such barges 
are to be built in America, and ten on the Tyne by 
Messrs. Robert Stephenson and Co. 


‘tution of Engineers and Shipbuilders in Scotland.— 
“aaa en of this institution was held last 
night, Mr. George Russell, vice-president, in the chair. 
Before the ordinary business was begun, the chairman 
made a very kindly reference to the recent death of Mr. 
Lindsay Burnet, who had been a member of council, and 
was a man of much —— worth, and an excellent engi- 
neer. Mr. J. M. Gale, water engineer to the Glasgow 
Water Commissioners, submitted in outline a very 


elaborate paper on the new extensions of the Loch | Rg. 


Katrine Water Works, which were profusely illus- 
trated. This is the fourth paper on the Loch Katrine 
Water Works which Mr. Gale has communicated to the 
same Institution, the others being read in 1863, 1869, and 
1883. The discussion of the 1895 paper will come up at 
next meeting of the Institution. A paper was afterwards 
read by Mr. Archibald Denny, Dumbarton, giving a full 
description of the drawing office at Leven Shipyard—its 
organisation, the system of doing the work wanted, the 
administration, &c. It also will be open for discus- 
sion at next meeting, when the paper and the illustra- 
tive plans will be in the hands of the members. Sub- 
sequently a short discussion took place on the 
paper by Mr. Carlile Wallace, Port Glasgow, on the 
electrical transmission of power in shipyards and on 
merchant steamers, the speakers being Mr. Wallace, Mr. 
John Ward, Mr. Archibald Denny, Professor Jamieson, 
Mr. H. A. Mavor, and Mr. Samuel Mavor. On the 
motion of Mr. M‘Whirter, the discussion was continued 
to the next meeting of the Institution, when some more 
deferred matters must come up. 


Glasgow Association of C.E. Students.—The seventh 

eneral meeting of the Glasgow Associated Students of 
the Institution of Civil Engineers was held on Monday 
night, the President, Mr. D. Drummond, M. Inst. C.E., 
in the chair. Mr. W. B. Tenters, B.Sc., read a paper on 
“The Design and Economics of Road Bridge Floorings,” 
which was very fully illustrated, and led to an interest- 
ing discussion. 

Fire-Resisting Materials and Fireproof Construction.— 
At last week’s meeting of the East of Scotland Engineer- 
ing Association in Edinburgh, a paper on this subject 
was read by Mr. David M. Hall, C.E., of the Edinburgh 
Burgh Engineers’ Department. The author exhibited 
specimens of the various materials used in building con- 
struction, and described their merits in relation to fire re- 
sistance, dealing also with the various paints and solu- 
tions used in fireproof buildings. In discussing the sub- 
ject of fireproof construction, he pointed to the common 
causes of fire, such as overheated hearthstones, hot ashes 
left in coal closets, wooden beams and joists projecting 
into chimneys; and he gave practical illustrations on 
simple and efficient means of preventing these fires by 
ordinary construction. He advocated the enactment of 
special legislative measures to regulate the construc- 
tion of aJ) buildings where public meetings or assemblies 
of any kind take place; also the designing and erection 
of warehouses, hotels, and large business premises on the 
lines of fireproof construction. He urged that dwelling- 
houses, especially high tenements, should be so con- 
structed as to afford a reasonable resistance to the spread 
of fire, and as the cost was not prohibitive, he contended 
that local authorities should have the power to compel 
builders to provide for the efficient protection from fire of 
iron columns and girders. 

Adoption of the Peebles Oil-Gas Process at Greenock.— 
The Peebles oil gas process has this week been formally 
inaugurated at the Greenock Corporation Gas Works, the 
outlay in connection therewith being about 15001. Very 
confident hopes are entertained of its success, especially 
in the way of keeping down the outlay for rich coals. 
The illuminating power of the town gas has already 
gone up. 

Hamilton Gas Works. — These works are to be ex- 
tended, at an estimated outlay of 18,740/., of which 
11,6007. is the estimated cost of a new gasholder. 








Tur Conco.—Malaria attacks almost all white settlers 
in the new Congo Independent State, but it rarely proves 
fatal. It is believed that by bringing more land into 
cultivation, confining rivers more effectually within their 
banks, increasing the area of wooded country, and drain- 
ing marshes, a great change for the better will be effected. 





DRAINAGE AT GRiMsBy.—A new pumping station and 
drainage works at Grimsby, which have been just com- 

leted at a cost of 32,000/., were formally opened on 

onday by Mr. Alderman Doughty, chairman of the 
public works committee of the Grimsby Town Council. 
The pumping station, which is situated in Riby-street, 
is an imposing structure with an elevation of 61 ft. Mr. 
Doughty gave an address upon the drainage system 
adopted, remarking upon the sanitary benefits which it 
would confer upon the town, in the rapid disposal of 
sewage, the ficient flushing of the drains, and an 
abundant supply of water for sanitary purposes. Owing 
to the flat character of the land, and the tidelocking of 
the sewers for a considerable portion of every 24 hours, it 
has long been recognised that a drainage pumping station 
for Grimsby was essential to the health of the inhabitants. 
Mr. Marshall Petree, the borough engineer, present 
Mr. Doughty with some photographs of the pumping 
station. 


MISCELLANEA. 
An International Exhibition will be held in Brussels in 


The tramway at Dessau commenced to work with gas- 
driven cars last November, and has operated satisfactorily 
ever since. 

The Viceroy of India has telegraphed to the Secretary 
of State announcing that the junction of the Chinese and 
Burmese telegraph lines was effected on March 16. 


The Westinghouse Air Brake Company has won its 
action against the Boyden Power Brake Company, in 
the United States Circuit Court of Baltimore, for the 
= of its patents for triple and emergency 
valves. 


At theanniversary meeting of the Chemical Society on 
the 27th inst., the Faraday medal was presented to Lord 
yleigh in recognition of his discovery of argon. 
Rayleigh said Professor Ramsay stood on a footing of 
absolute equality with himself in regard to argon. 


The U.S.S Petrel is wintering at Newchang, 13 miles 
- river from the mouth of the Liao, a stream that is so 
filled with moving ice that it is impossible for a vessel to 
lie in it. A dock was cut in the soft mud of the bank, 
and the vessel floated in at high tide. The entrance was 
closed with piles, and the vessel allowed to settle, shores 
being used to keep her on an even keel. 


The Senate of the Glasgow University has decided to 
confer the degree of Doctor of Law (LL.D.) amengst 
others upon Thomas Edward Thorpe, F.R.S., Somerset 
House, London, formerly Professor of Chemistry in 
Anderson’s Some ge Glasgow ; Yorkshire College, Leeds ; 
and Royal School of Mines, London ; author of numerous 
works on chemical and physical subjects. 


A meeting of the Midland Iron Trade Wages Board 
was held at Dudley on Monday, under the presidency of 
Sir Benjamin Hingley, to receive the accountant’s certi- 
ficate, which stated that, as the result of the examination 
of returns in respect of iron made by the selected firms 
for the months of January and February, it was found the 
net average selling price obtained was 5/. 13s. 08d. per 
ton, a reduction of 1ld. per ton. No change was made 
in wages. 

LD’ Industrie Electrique states that there are in France 
328 central electric stations, in addition to those in Paris. 
Of these 151 are driven by water power, 39 by water and 
steam, 119 by steam alone, 5 by poor gas, and 14 by 
town’s gas. The total horse-power is 39,420. Of these 
stations 260 supply continuous current, 73 alternate 
current, and three polyphase current. On January 1 of 
this year there were 34 stations under construction, and 
74 projected. 


The Electrochemische Zeitschrift publishes a novel 
method of amalgamating zincs for galvanic batteries. 
An almost saturated solution of neutral stilphate of mer- 
cury is made with water, and to this is added sufficient 
sulphuric acid to cause the mercury to dissolve completely. 
Oxalic acid is stirred in to produce a mixture of the con- 
sistence of cream, and finally a little sal ammoniac is 
added. The zincs are dipped into the mixture and are 
then vigorously rubbed. If they are not to be used 
immediately they must be dried. 


Standard spans for bridgework would appear, at first 
sight, to be the reverse of economical, but according to 
the Railroad Gazette, they have been adopted on one 
of the western railways of the United States. The prin- 
cipal reason urged in their favour is the fact that when a 
bridge becomes inadequate to the traffic on a main line, it 
can be taken down and re-erected on one of the branches 
where the loads are lighter, and thus it is claimed a sub- 
stantial saving is effected. The standard lengths adopted 
for truss spans are 110 ft., 132 ft., 154 ft., and 176 ft. 
Smaller spans than 110 ft. are built as plate girders. 


“*Tt never rains but it pours,” and following the dis- 
covery of argon last year, Professor Ramsay announces 
the discovery of a second new element, ‘* helium,” which 
has long been known to exist in the sun, but has not 
hitherto been detected on the earth. The substance in 
question has been obtained from cleveite, a rare mineral, 
occurring in Sweden. When attacked by weak sulphuric 
acid, a gas is evolved, which had hitherto been considered 
to be nitrogen, but which Professor Ramsay has found to 
be argon, associated with another gas, which from spectro- 
scopic observations, made in conjunction with Mr. 
Crookes, appears to be helium. 


According to the Street Ratlway Review a new welded 
rail joint has been applied recently to about 3 miles of 
track in St. Louis. The connection between the rails 
consists of a mass of metal cast in heated moulds in the 
form of a fish-joint, placed round the rail ends. In pour- 
ing the metal is directed against the base and web of the 
rail, and is claimed to form a welded joint. The moulds 
are removed when the metal is set. About 120 lb. of 
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metal are used for each joint, the cost being about 12s, 
A portable cupola, mounted on a truck, is used to pre- 
pare the metal, and with this plant 70 joints can be made 
per diem. 


We learn from the Engineering News (New York) that 
on March 11 there was tested at Indian Head a nickel- 
steel Harveyised armour-plate of Carnegie’s manufacture. 
It weighed 38 tons, and was 17 ft. by 74 ft. The thick- 
ness was 18 in., but at a point 3 ft. from the base it was 
bevelled down to 8 in. to meet the protective deck. The 
first projectile fired was a 12-in. Carpenter shell, propelled 
by 295 lb. of powder. The point penetrated 4in. With 
a charge of 395 lb., and an initial velocity of 1956 ft. per 


ted | second, the penetration was 7 in., the shell being broken. 


There was a vertical crack from top to bottom of the 








plate, 


rd | fixed upon each ax 


In the Sadler process of tanning, the skin is first treated 
with a weak solution of bichromate of potash, sufticient 
hydrochloric acid being added to liberate the chromic 
acid. After the skin has become of a bright yellow 
colour right through, it is drained and transferred to a 
bath of hydrosulphite of soda, to which some acid is 
added to liberate sulphurous acid. This reduces the 
chromic acid to green chrome oxide, while the sulphurous 
acid is oxidised to sulphuric, liberating a further portion 
of sulphurous acid, until all the chromic acid is reduced. 
The leather is of a pale bluish-green colour, tough, flexible, 
and resistant to water. 


An improvement in the brake gear of tramcars, in- 
vented by Mr. J. H. Betteley, of 42, Old Broad-street, 
E.C., is now, after a trial for 24 years, being fitted t> the 
cars of the South London Tramway Company. The 
brake-blocks are — to the rim of a special pulley 

e of the car instead of to the wheels, 
and the wear of the wheel tyres is thus prevented. The 
old levers and chains are utilised, and can be readily 
adapted to apply the brakes at both ends of the car 
simultaneously. 


Cases having been brought to the notice of the Ad- 
miralty in which armour-piercing shot have been fired 
away instead of Palliser, their Lordships point out that, 
incommon with all steel projectiles, armour-piercing shot 
are issued with a white band painted round the head, 
while Palliser projectiles have no such mark. The two 
kinds are thus distinguishable without reference to any 
other other marks or difference in construction. Their 
Lordships add that armour-piercing shot are very expen- 
sive, a 6-in. shot costing about 7/. and a 6-in. Palliser less 
than 1/. Moreover, no reserve stock is maintained of 
the former, and a lengthened period is uired for the 
manufacture and test of fresh supplies. reat care is 
ery to be taken to prevent any mistakes in 
uture. 


A satisfactory official coal-consumption trial of several 
hours’ duration of the new torpedo-boat destroyer Ardent, 
built and engined by Messrs. J. I. Thornycroft and Co., 
of Chiswick, took place on Tuesday last on her passage 
from Sheerness to Portsmouth. ith an approximate 
indicated horse-power of 473 developed by the engines, 
the continuous — speed attained was 13 knots, the 
distance run per ton of coal consumed being 37.93 miles. 
The Ardent is 200 ft. long, with a beam of 19 ft., and her 
loaded displacement is about 220 tons. She is fitted with 
Messrs. Thornycroft and Co.’s patent water-tube boilers, 
and her engines are of the same type as those of 
H.M.S. Daring, by the same builders, and which were 
illustrated in a previous volume of ENGINEERING. 


A conference of the various vestry authorities of 
Northumberland and Durham who are opposed to the 
Rating of Machinery Bill, with North of England and 
other members of the House of Commons who are in 
sympathy with them, was held on the 26th inst. at the 

estminster Palace Hotel. Mr. J. Lowther, M.P. 
intimated his intention of moving, on the third 
reading, that the Bill be recommitted, and a resolu- 
tion urging support of this motion was carried. In 
the evening a deputation from the United Property 
Owners’ Association of Great Britain waited on Mr. 
Shaw Lefevre, M.P., President of the Board of Trade, in 
opposition to the Bill. Mr. Shaw Lefevre pointed out 
that there was another side to the question, and suggested 
that, instead of trying to destroy the Bill, they should 
devise some amendment which would meet their par- 
ticular case, 


_ Ata recent meeting of the Yorkshire College Engineer- 
ing Society, three papers were read by pa atm of the 
co. ‘+ 4 upon their experimental work in the laboratories. 
Mr. J. C. S, Lawson detailed some as upon the 
testing of indicator springs. Mr. William Middleton 
afterwards read a paper upon his experiments with the 
Pelton wheel. He stated that the efficiency of the motor 
was 77 per cent. with an equivalent head of water of 
37 ft. ; with an equivalent head of 52 ft., the efficiency 
has been raised to 83 per cent. Mr. H. O. Enrich then 
read a supplementary paper upon the friction of water in 
pipes. He had found that the factor K in the formula 


K= » " (Anderson’s formula) varied very considerably 


with slight alterations in conditions, pointing to the con- 
clusion that in most cases it is futile to attempt to work 
in practice with any great accuracy, unless the conditions 
can be absolutely relied upon. 


A large amount of work is now in progress in Chicago 
to remove the railroad tracks from the streets, there being 
still many street crossings on the level. Some 20 railway 
companies are involved in the matter, and the lines enter 
the city from all directions, since, the ground being perfectly 
level, there was originally no reason for grouping the 
lines in any particular locality. The number of people 
killed at these crossings rapidly increased as the popula- 
tion became larger, until it reached an average figure of 
350 oy annum. This led to a demand that the tracks 
should be raised so as to pass over the streets, and the 
Illinois Central Railroad was the first to move in the 
matter, the management of the World’s Fair contributing 
largely to the cost, the total expenditure on 2? miles being 
about 272,000/,, the line having eight tracks. Other lines 
are now also paying attention to the matter, but the 
difficulties are greater than in the case of the Illinois 
Central, which crosses no other railway for a distance of 
nine miles from its terminus. 











Tue Howick Fatis.—A proposal to utilise the Howick 
Falls in Natal, as a means of generating electricity, has 





been vetoed for the present by the Natal Government. 
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FRENCH RAILWAYS AND THE 
STATE. 

Amone the many and complicated causes which 
combined to bring about the recent severe political 
crisis in France, there was one which falls within 
the scope of this journal, and about which little is 
known in this country, or for the matter of that, 
in France. It refers to the very intimate and im- 
portant character of the relations between the 
French railway companies and the State, and we 
think it will be found of interest to explain the 
extent to which the French Government has 
rendered itself responsible in the maintenance of 
the railway system. It is somewhat difficult to 
unravel and to understand these relations, and 
nothing resembling their parallel is to be found in 
this country. As is well known, two of the great 
French companies, those of the Chemin de Fer 
du Midi and of the Paris-Orleans, commenced 
actions against the State to establish the liability 
of the latter for guaranteed interest, as long as the 
concessions granted to these companies, exist. A 
consideration of what this guaranteed interest 
really means will demonstrate the dangerous path 
which France has followed, by not leaving to 
individual enterprise the construction of her rail- 
ways, and by largely engaging her credit to carry 
out what should have been done by private capital. 
It may be admitted that individual initiative is too 
often wanting in France; capitalists, large and 
small, are wont to be afraid of risks, and hesitate to 
engage in any industrial enterprise, unless they 
are secured by Government guarantees against 
such risks, or at all events against heavy losses. 
At the commencement of railway history in France 
it was considered necessary to give State assistance 
to the public companies, fur on account of the want 





of enterprise just referred to, great reluctance | 





existed to construct railways in France, whilst in 
neighbouring countries the development of the then 
new means of communication was advancing at a 
very rapid rate. On the other hand, the Govern- 
ment of the time, while realising the vast import- 
ance of railway construction, came readily to the 
assistance of the timid investors, because they feared 
that the control might otherwise pass entirely out of 
their hands, Until 1842 France remained practically 
without any railways, but during that year a famous 
law was passed decreeing the construction of seven 
great lines, and conceding them to private com- 
panies, supported by State aid. It is evident that 
when the public Treasury comes to the assistance 
of private enterprise, various ways of doing so can 
be found. For example, it may be associated with 
the undertaking as a simple shareholder, purchasing 
stock like any other investor. This method of 
assistance was contemplated with the idea that the 
Government would require a specially small rate of 
interest for its shares, but no practical shape was 
ever given to the method. Or the Treasury may 
make loans ; this has been done, at least in prin- 
ciple, the money advanced carrying a small rate of 
interest, and being redeemable only after a long 
period. Under such conditions the State would 
become the banker of the companies, a curious 
and unsatisfactory arrangement. Or the Treasury 
could itself construct the permanent works of a 
railway and hand them over gratuitously to the 
companies who would equip and work them ; this 
system has been put in practice to a large extent, 
as will presently be seen. In other instances the 
Treasury has given to the companies money sub- 
sidies, that is to say donations, the amount of which 
formed a fixed proportion to the expenses incurred 
by the companies in the construction of the rail- 
ways, just as in many other commercial enterprises 
State aid has been similarly rendered. This mode 
of assistance has frequently been followed, even to 
the present time, especially in the construction of 
agricultural lines and secondary railways, of which 
we need not speak here. The most important 
system of Government aid is that of guaranteed 
interest ; in this the Treasury undertakes to pro- 
vide, in the event of a deficit in the receipts of the 
company, such an amount as will secure for the 
shareholders a minimum rate of interest for their 
investments ; the sums thus allowed by the State 
to make good these deficiencies are theoretically 
only loans, which it is hoped will be returned 
some day or other. This is the policy which has 
been generally adopted in France, a policy which 
has undoubtedly proved most beneficial to the rail- 
way companies, but which has involved the public 
Treasury in an enormous outlay. The law of 1842 
provided that the first great railway systems of 
France should enjoy a concession during a period 
of 99 years (all the concessions are granted for a 
fixed period, at the expiration of which the rail- 
ways revert to the State); and it was at that 
early period that the system of handing over to 
the companies the completed permanent works, 
was in vogue. But the plan of guaranteed inte- 
rest was invented, and it certainly possessed the 
merit of attracting ample capital for the rapid de- 
velopment of railways in France ; from the com- 
mencement, however, far-seeing people realised 
that the course, although so popular, would sooner 
or later lead the Government into very heavy, if 
not disastrous, responsibilities, while the conces- 
sionaires would be shielded from the chances of 
loss, and would therefore naturally be disinclined 
to make special and continuous efforts to secure the 
most perfect means of managing their property. 
The system came into existence as early as 1840, 
during which year a first guarantee was voted for 
the benefit of the Paris and Orleans Railway Com- 
pany. The rate of interest thus secured to the 
shareholders was 4 per cent., including amortisa- 
tion ; it was guaranteed for a period of 47 years, 
and was calculated on the first cost of construction, 
with a maximum of 64,000/. The amounts thus 
advanced by the State were to be returned at a 
later period out of the net profits, when those profits 
amounted to more than 4 per cent. on the capital 
invested. Certainly an interest of 4 per cent. 
offered no great inducement to French investors at 
that period, but it is difficult to understand why the 
French Government should have felt disposed to 
encourage capitalists, even to that extent, to embark 
on an enterprise which appeared so certain of 
success. The precedent thus established was fol- 
lowed with dangerous rapidity, similar advantages 
were accorded to various companies in succession, 
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and by the end of 1858 the public Treasury found 
itself saddled with a guaranteed interest on the 
enormous capital of 66.200,000/. It is true that the 
railway system by that time had a length of between 
5000 to 6000 miles, but it was a high price to pay 
for this result. 

At that time the State had also conceded to the 
large companies, permission to construct 5000 more 
miles of railway ; between 1852 to 1857 these com- 
panies had spent more than three milliards of francs 
(120,000,000/.), and two more milliards were re- 
quired to complete the works undertaken. Timid 
French investors grew alarmed, a grave financial 
crisis arose, and the Government came to the 
assistance of the companies with renewed liberality, 
always following the same path of guaranteed 
interest. The negotiations that followed were 
known as the conventions of 1859; by these 
the State guaranteed to the companies, on the 
construction expenses of new lines, an interest of 
4.65 per cent., including sinking fund, and that for 
a period of 60 years ; these sums were to be repaid 
to the public Treasury with an interest of 4 per cent. 
as soon as the net profits exceeded the amount of 
interest guaranteed. After 1872 the companies 
were to divide with the State such revenues as 
might exceed an amount to be determined. We may 
pass over without remark later conventions of 
minor interest, and which have only to a slight 
extent modified the principal negotiations. We come 
now to the year 1878. At that time it was realised 
that the French railway system was very imperfect, 
and the Chambers voted what is knownas the ‘* Frey- 
cinet programme,” from the name of the Minister 
who had prepared it. By this programme the con- 
struction of nearly 6000 miles of railway was 
decided upon, to say nothing of a great system of 
internal navigation and port development. Un- 
fortunately, it may be remarked, the programme con- 
templated the construction of lines through poor and 
badly paying districts—lines which would not com- 
mand much traffic, and which would not have been 
constructed by unaided private enterprise because 
of their hopeless character from a financial point of 
view. The execution of the works contemplated in 
the programme was entered upon without much 
consideration having been given to the manner in 
which the lines would be operated after their com- 
pletion. There was, indeed, a somewhat vague 
idea that the management should be entirely in the 
hands, and at the charge of, the State. It was, 
however, decided to appeal to private enterprise, 
but under the existing conditions any request 
to work unproductive railways had naturally 
to be accompanied with corresponding compen- 
sation. The completion of the Freycinet pro- 
gramme would evidently be attended with enor- 
mous expense, which it was estimated would be 
not less than three or four milliards of francs. To 
arrive at a practical solution of the problem, it 
was determined to appeal to the large existing rail- 
way companies. This was the object of the con- 
vention of 1883, which devised the réyime under 
which the railway system of France exists to-day, 
excepting, of course, the State railways, about 
which we shall have something to say on another 
occasion. 

To avoid complication, we will deal only with the 
more important features of these conventions. The 
companies bring to the Gcvernment the assistance 
of their credit ; they find themselves called upon to 
construct new lines, advancing all the money neces- 
sary for this purpose and even employing, without 
any hope of repayment, a subvention of about 
15001. per mile ; moreover, they furnish the equip- 
ment necessary for working such lines as are con- 
nected with their main system. On its side the 
State provides for these advances by means of an 
annuity, which includes the interest and the amorti- 
sation of the loans made by the companies to carry 
out the construction works. But naturally the 
Treasury secures to the companies a guaranteed 
dividend ; thus in the case of the Compagnie des 
Chemins de Fer de ]’Est, a revenue of 830,0001. is 
secured to the shareholders. Out of the net receipts 
from its entire system, each company has to set aside 
(if it can) sufficient to insure the payment of the lia- 
bilities arising from its debt, and the dividends 
coming to its shareholders. If the revenues are 
insufficient, the State guarantee has to be drawn 
upon ; if there is an excess (and it will be seen 
presently that this is a purely theoretical supposi- 
tion), a repayment is first made to the State of the 
guaranteed interest advanced, plus simple interest 
at 4 percent. When in this way all obligation to 
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the State has been discharged, the profits belong 
to the shareholders until the dividends have reached 
a predetermined rate; beyond this amount the 
surplus profits are divided in the proportion of two- 
thirds to the State and one-third to the investors. 
It may be mentioned in passing that as regards the 
companies of the Nord, and the Paris-Lyons- 
Mediterranée, the guarantee only applies to new 
lines that may be constructed. 

There was a general desire to believe that the 
conventions of 1883 were destined to bring great 
advantages to the State; it was urged that the 
Treasury would spend in the form of guaranteed 
interest, the sums which it would have been 
obliged to devote to making good the deficits on the 
lines for which it had made itself responsible, if it 
had undertaken to work them. The alternative 
that the State should have had nothing to do with 
these unprofitable lines, does not appear to have 
been considered, but there was a lively anticipa- 
tion of the arrival of a day when the Treasury would 
receive back all its advances to the companies, 
together with a fair amount of interest. It cer- 
tainly appears as if special pains had been taken 
to commit many imprudences in the preparation 
of the conventions. In order to mask the unpro- 
ductive character of certain lines, and to spare the 
Treasury from being obliged to advance imme- 
diately large sums for payment of the guaranteed 
interest on their account, the companies borrowed 
not only to build the lines, but also to make good 
the deficits in the working receipts. During a 
period of 10 years there was a monotonous history 
of successive and continual loans heaped up one 
upon the other, and swollen by compound in- 
terest. The companies seemed determined to 
follow an ostrich-like policy, and by steadily 
ignoring the enormous volume of deficits, per- 
suaded themselves that they did not exist. 
The liabilities were passed into what was called 
the temporary working account (le compte d’ex- 
ploitation partielle), because the pleasant fiction 
was maintained that these disastrous lines were still 
unfinished. Fortunately this account may be re- 
garded as a thing of the past. 

We trust that the above explanation may have 
conveyed to our readers some idea of the gua- 
ranteed interest system, and of the financial régime 
that controls the relations existing between the 
French Government and the railway companies. 
We may now pass on to indicate the enormous ex- 
penses and liabilities which this régime involves, 
and to examine if the situation offers any reason- 
able hope of improvement. A single fact will do 
much to throw light on this point. In 1894 the 
Treasury has had to pay 4,484,000/.; this sum in- 
cludes 30 million francs to the Algerian Railway 
account, but it does not include liabilities for 
strictly local lines and tramways. For 1895 the 
liability is still larger, andis estimated at 4,796,000/., 
showing an increase over last year of more than 
five million francs. As M. Pelletan remarked in 
a recent report to the Chamber of Deputies, and as 
M. Félix Faure, the actual President of the Re- 
public, has more than once urged, there is cause 
for the gravest anxiety in the actual situation. 
Liabilities have steadily increased since their burden 
was first taken up by the State. Between 1864 
and 1869 the average amount oscillated between 
24 and 25 million francs; from 1872 to 1879 it 
reached an annual sum of 40 millions, exclusive 
of Algerian railways. From 1884 to 1889 the yearly 
liability again increased to 2,120,000/. for France, 
or 2,800,000/. including the Algerian and Tunisian 
railways; and finally we arrive at the alarming total 
for 1894 given above. And this result is not sur- 
prising, when it is remembered that for a number 
of years hopelessly unprofitable lines have been 
built, which no private enterprise, however specu- 
lative, would have touched. The great argu- 
ment which is employed by the defenders of. the 
existing régime is, that the transaction is after all 
nothing but a simple loan agreed to by the State, 
which some day or other will be repaid with 
interest, and which, to a certain extent, is secured 
by the value of rolling stock and other equipment 
belonging to the great railway companies ; but this 
is not a fair statement of facts. The railway com- 
panies and the State stand in the relations of 
debtor and creditor under conditions peculiarly 
favourable for the former. The creditor is con- 
tinually obliged to renew his loans, whether he 
has money available for the purpose or not; the 
debtor is compelled to commence repayment only 
when he has a surplus of funds available ; for it 








will be remembered that the repayment of the 
Treasury advances practically commences only when 
the earned dividends on the establishment capital 
charges of the railways exceed a certain figure ; 
M. Pelletan calculates this to be between 7 and 13 
per cent. in relation to the amount advanced on 
the shares of the companies. It is said that the 
State will be repaid its loans one day or another 
with simple interest at 4 per cent. ; but this interest 
is not made payable each year, as in the case 
of an ordinary loan. It is added to the amount 
of the debt, and in thus accumulating year by year 
should naturally earn compound interest ; that 
this is not the case subjects the State to a constant 
and very heavy loss. We said just now that it is 
far from certain that the Government advances are 
protected by a sufficient security, and it appears 
evident that if, from the present time to the expiry 
of their concessions, the companies are not in a 
position to extinguish their debt out of their excess 
of profits, the State should be able to repay itself by 
acquiring their rolling stock and general plant. 
Now, according to M. Pelletan, in the year 1882, 
the Western Railway of France, for example, owed 
the Government nearly 235 million francs, and its 
rolling stock and plant were valued at 210 millions ; 
if this be correct, the company 13 years ago was 
very far from being in a position to discharge its 
liabilities. At the same date the Orleans Company 
owned a material valued at 173 millions, which 
secured a debt of 214 millions ; the Eastern Com- 
pany owed 152 millions, which was secured by roll- 
ing stock worth 96 millions. It is quite unnecessary 
to say that since 1882 enormous advances have been 
made to the railway companies, and the margin be- 
tween their liabilities to the State and their avail- 
able assets has been growing wider every year. 

It may be supposed that the net profits of the 
company should increase sufficiently to enable them 
to repay, gradually at all events, a portion of the 
money which they owe the Treasury, but this 
appears highly improbable. The best French 
authorities upon the subject hold this opinion. 
M. Félix Faure, when he was a deputy, presented 
to the Chambers the interesting report to which 
we have already referred. He estimated that in 
1891 it would be necessary that the Paris, Lyons, 
and Mediterranée Company, if they were to relieve 
the State of the guaranteed interest burden, should 
earn a surplus of 10 per cent., while on a special 
part of the company’s réseau, an increase of 175 per 
cent. would be required. For the Eastern Com- 
pany the increase would have to be 42 per cent. ; 
it would have to be 45 for the Western Company, 
41 forthe Orleans Company, and 46 for the Midi. 
The Nord is in the fortunate position of not having 
to draw upon the guarantee. In order that the 
State might have the good fortune to share in the 
profits of the companies according to the terms of 
the conventions, an increase in the receipts would 
be necessary of 19 per cent. on the Nord and 21 
per cent. on the main réseau of the Paris, Lyons, 
and Mediterranée. So far as one can forecast the 
future financial condition of railways in France, no 
such increase can be considered as probable, espe- 
cially after the important reductions in tariff 
effected in 1891. M. Faure, in spite of an appa- 
rent tendency towards optimism, simply remarked 
on this subject, ‘‘ It is not improbable that the 
guaranteed interests may cease to be necessary, and 
the period of repayments may commence, about 
1920.” Now by that date several of the con- 
cessions will be approaching their term (notably 
the Eastern and Western Companies, whose con- 
cessions expire in 1935), and the accumulated debt 
of each will presumably be so enormous that it 
appears unreasonable to expect that it can be repaid 
even partially. It will be readily seen how advan- 
tageous this régime is to the railway companies, but 
the advantages are purchased at the expense of the 
public, since it is they who supply the funds in the 
form of taxestothe Treasury. The companies, in- 
deed, have no reason tobe dissatisfied with the actual 
situation, and exhibit but a feeble interest to make 
efforts to increase their net receipts. If their earn- 
ings are insufficient, and their liabilities hopelessly 
heavy, any improvement in their receipts would 
only serve to reduce the sacrifices made by the 
Treasury ; if by good fortune they do earn some 
slight excess, the Treasury alone will benefit by the 
result of their efforts and economies, and, there- 
fore, the inducement to make them is but slight. 
Certain companies, on the other hand, and the 
Nord is a conspicuous example of this, enjoy un- 
usual prosperity and have reached a position which 
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nearly enables them to commence a participation 
of their profits with the State, which, as we have 
already seen, is entitled to two-thirds of the excess. 
The remaining third, which would revert to the 
investors, would in any case be so small a sum that 
it would not substantially improve the financial 
condition of the companies. Under the most 
favourable conditions it would, therefore, appear 
that all which can be expected from a few 
railway companies in France is, that they will 
not demand payment of the guaranteed interest, 
while the large majority have resigned them- 
selves to its acceptance as a matter of course. 
That the Treasury stands in very difficult rela- 
tions towards railway companies is evident, 
and the evidence is all in favour of the conclusion 
that the situation will grow worse with time. 
Recent legislation also has done much to increase 
the expenses of the railway companies, and the 
Chambers, as well as public opinion, have had an 
unfortunate influence in this respect. In com- 
pliance with persistent demands, the companies have 
been obliged to increase the number and speed of 
their trains when the conditions of traffic pointed 
to an opposite policy. With the desire of watching 
over the safety of the public and the companies’ 
servants, onerous and costly measures have been 
insisted upon. All the extra expense resulting from 
this legislation falls upon the taxpayer, by way 
of the guaranteed interest. Many people even 
affirm that the State greatly harasses the companies 
and reduces their earning capacity by the rigid re- 
strictions they set upon their tariffs, but this is 
another question, which would take us beyond the 
present subject. 

What we have endeavoured to show is the dan- 
gerous character of the régime that controls the 
railway system of France; not only will the 
Government have to advance yearly to the railway 
companies more than 4,000,000/. for guaranteed 
interest, but it will have to devote 90 millions of 
francs to the construction of new lines, which, when 
completed, will have but a very small traffic. The 
danger is beginning to be realised in all its vast 
proportions, as is shown by the sensation recently 
created in the Chambers by the decision of the high 
administrative tribunal of the Conseil d’Etat, when it 
reported that the railway companies of the Midi and 
Orleans possessed the right to draw guaranteed 
interest from the Treasury until 1956, instead of, as 
was expected, until 1914. It is somewhat late to 
regret the existing condition of affairs in this 
respect, but, at least, they point out clearly the 
dangers that result from State interference with 
undertakings which belong strictly to the field of 
private enterprise. 





THE POWER ABSORBED BY ROPE 
AND BELT TRANSMISSION. 

Our readers will remember that some time ago 
it was announced that the Société Industrielle du 
Nord de la France was about to make experiments 
on a large scale to determine the comparative eflici- 
ency of ropes and belts in the transmission of 
power. The subject naturally attracted a great 
deal of interest, as it is of much commercial import- 
ance to the millowner, who has to choose between 
the two methods of conveying motion from his 
engine to the shafting on the various floors in the 
factory. Public opinion has oscillated a good deal 
on this subject ; at one time ropes have been in 
favour, and at another time belts, without any ex- 
perimental evidence being forthcoming on behalf 
of either preference. The expense of a thorough 
trial on a large scale was so great as to prevent 
such a research being undertaken in colleges and 
laboratories, or by private persons, and hence the 
subject was involved in a good deal of obscurity. 
It was discussed before the Society in May and 
June of 1893, and led to an offer from M. A. 
Dujardin, of Lille, of the use of a 200 horse- 
power engine, fitted with a grooved flywheel and 
a flat flywheel, each of 5 metres (16 ft. 4.8 in.) 
in diameter, in order that experiments might be 
carried out. This offer was accepted, and a 
Commission of five members was appointed, with 
power to invite associates from other societies. 
Eventually there were 15 members, as follows: 
M. Bonet, chief engineer of the Association des 
propriétaires d’appareils & vapeur du Nord de la 
France ; Professor D. 8. Capper, delegate for the 
Institution of Mechanical Engineers, London ; M. 
Chapuy, mining engineer, Lille ; M. de Cuyper, of 
the firm of Van de Kerchove, Ghent; M. Ve 








Dubreuil, delegate of the Société des Ingenieurs 
Civils de France; M. A. Dujardin, mechanical 
engineer, Lille ; M. Goerich, engineer, Mulhouse ; 
M. Gruson, mining engineer, Lille; Colonel 
Laussedat, director of the Conservatoire des Arts 
et Metiers, Paris; M. Olvy, delegate of the As- 
sociation des propriétaires d’appareils & vapeur du 
Nord ; M. Neu, electrical engineer, delegate of the 
Société des Ingenieurs Civils de France; M. 
Schmidt, chief engineer of the Association des 
propristaires d’appareils & vapeur de la Somme; 
M. Vigneron, engineer, Lille; M. Villain, engi- 
neer, Lille ; Dr. Witz, professor at the Faculty of 
Sciences, Lille. 

The estimated cost of the experiments was 6000/., 
but this was reduced by manufacturers and others 
affording the use of apparatus without charge. La 
Société Alsacienne lent a dynamo of 200 horse- 
power, which had been constructed for the purposes 
of other trials ; the Compagnie du Chemin de Fer 
du Nord lent a boiler, and several firms provided 
electric appliances, belts, and ropes. The pro- 
gramme of tests was exceedingly simple. It was 
laid down that ‘‘ with a constant resistance, and a 
power charged to overcome that resistance, every 
variation of the power must be credited to the 
means of transmission, which are alone capable of 
modifying the régime.” The resistance was afforded 
by a bank of incandescence lamps, which were fed 
by a constant number of watts. The power was 
provided by the steam engine, and was calculated 
from the indicator diagrams. The measurement of 
the output of the dynamo was effected as follows : 
The difference of potential at the terminals of the 
bank of lamps was read on a Siemens and Halske 
torsion dynamometer, which gave indications to 
one-third, or one-quarter, of a volt. The current 
was maintained constant by a very sensitive 
galvanometer of the Wiedermann and d’Arsonval 
type. The readings were taken by the Poggendorf 
method of reflection, and the sensitiveness of the 
method was such that it was necessary to decrease 
the sensitiveness of the galvanometer in order to 
keep the spot of light on the scale. The galva- 
nometer was connected to two points about 1 
metre apart on the main circuit, and was provided 
with a commutator by which the current in it could 
be reversed to correct any possible variation in 
the zero point. It was not sought to determine 
exactly by this method the number of amperes 
passing, but only to be certain that they were at all 
times the same. 

The machinery was run for a time before any 
measurements were taken, in order that the con- 
ductors might warm up to the final temperature. 
Afterwards the constancy of the difference of poten- 
tial, and of the amperes, was verified every 10 
minutes. If any discrepancy was found the volts 
were corrected by first varying the speed of the 
engine by adjustment at the governor, and second, 
by regulating the field of the dynamo. When the 
pressure had been brought to the required figure, 
the current could be adjusted, if necessary, by 
lamps being added to, or removed from, the bank. 
When both volts and amperes were of the required 
amount, the indicator diagrams were taken. 

The trials were made on August 7, 8, and 9 of 
last year. The morning of the first day was devoted 
to a trial run to insure that each person understood 
his duties, and that the apparatus worked perfectly. 
In the afternoon the cable transmission was em- 
ployed ; the programme in this, as in all other 
tests, being as follows : 

1. 30 minutes running light ; 

2. 30 minutes running loaded ; 

3. 10 minutes for regulation ; 

4, 140 minutes trial, with sets of diagrams taken 
every 10 minutes ; 

5. Diagrams taken running light ; 

6. Removal and weighing of the belt or ropes. 

The first trial commenced at 3.40 P.m., and ended 
at6 p.m. One of the counters got out of order during 
the test. The voltage remained absolutely con- 
stant. On the morning of the 8th acotton belt fur- 
nished by M. Lechat was tested, and in the after- 
noon a leather belt by M. Lemaire. The next day 
a leather belt by M. Domange was used, and finally 
the ropes of Messrs. Saint fréres were tried again. 
This concluded the experiments. 

Omitting the first trial on account of the accident 
to the counter, we find for the others the following 
results : 


Per Cent. 


The ropes transmitted 160.70 horse-power 
with a slip of... z= le he eee 





Per Cent. 
The Lechat belt transmitted 161.90 horse- 
power with a slip of... and aie “is 
The Lemaire belt transmitted 161.00 horse- 
power with a slip of aa a ace, 0G 
The Domange belt transmitted 162.42 horse- 
power with a slip of... rae ea va 
The diameters of the pulleys were taken at the 
surfaces and at the lines of contact to determine 
the slip, and were : grooved flywheel, 4.986 metres ; 
flat flywheel, 4.993 metres ; grooved pulley, 1.495 
metres ; flat pulley, 1.5 metres ; distance between 
centres, 9.2 metres. If we reduce the figures of 
the Table above to a form more easy for comparison, 
we find that to do a given work, the various trans- 
missions require the following amounts of power : 


Ropes eer 100 
Lechat belt (cotton) 100.87 
Lemaire belt (leather) 100.37 
Domange ,, % 101.07 


Treating the various degrees of slip in the same 
way, it is seen that the proportionate amounts for 
the four transmissions are : 


Ropes ... a sas 100 
Lechat belt (cotton) ... 237 
Lemaire belt (leather) 292 
Domange ,, a - 237 


The dynamo was fixed on a sliding base, so that 
the tension of the belts could be exactly regulated. 
The manufacturers who supplied the belts fixed the 
pull at what they considered a satisfactory amount, 
and regulated it during the trials. The tension of 
the ropes was not varied while they were under 


test. The following are the pulls transmitted, 
calculated from the speed of the pulley : 
Pounds per 
Square Inch 
in Section. 


Ropes running at 66 ft. 11 in. per second 


transmitted a pullof... uae es 156 
Lechat belt running at 67 ft. 3 in. per 

second transmitted a pull of » 177 
Lemaire belt running at 67 ft. 1.5 in. per 

second transmitted a pullof ... aa 134.4 
Domange belt running at 67 ft. 3.5in. per 

second transmitted a pullof ... an 156 


With the rope transmission the voltmeter kept 
perfectly steady, but with the belts the needle oscil- 
lated over one or two divisions, and rendered the 
reading difficult. The volts did not remain abso- 
lutely constant at 94, but in the five last readings 
for the Lechat belt were 93.66, and in 10 readings 
for the Lemaire belt were 93.75. This is shown 
in the Table on the next page, in the column 
headed, ‘‘ Expression of Mean Constant of the 
Load,” which is the average reading of the volt- 
meter for the whole of each trial. In two in- 
stances the load was quite constant, and in two 
others it was reduced by an amount that was less 
than two-tenths of one per cent. 

The following were the sizes of the belts and 
ropes : 

Square Inches 
Section. 


Ropes ... Five of 1.77 in. diameter = 8 

Lechat belt 17.7 in. by .374 in, = 6.6 
Lemaire belt ... 17.7 in. by .49 in. = 87 
Domange belt... 17.4 in. by .43 in. = 7.5 


The grooves in the flywheel and the pulley were 
made to contours furnished by Messrs. Van de 
Kerchove, of Ghent, and the crown of the belt 
pulleys to a design by Messrs. Dubreuil and 
Dujardin. 

The net result of the trials is that ropes and belts 
are equally efficient organs of transmission. The 
difference between the best and the worst of the 
figures is so small that the order might be reversed 
in another trial from local or otheraccidental cireum- 
stances. It is also to be noted that both the ropes 
and the belts were quite new, a circumstance that 
would tell more severely against the latter, as they 
would not have time to come to a good bearing 
surface, and hence would need to be run ata higher 
tension than would be required after some days of 
steady work. The slip of the belts, too, would 
have decreased as they became more supple and 
lay in more intimate contact with the pulleys, and 
their efficiency would probably have increased some- 
what more than that of the ropes, so that they 
would, at least, have equalled them in economy. 

We must confess to a sense of disappointment in 
putting down the report* of the trials. We should 
have thought that with such a unique experimental 





* Rapport de la Commission des Essais comparatifs 
sur le travail absorbé par les Cables and par les Cour- 
roies dans les transmissions de Mouvement. Par M. V, 

breuil. Société Industrielle du Nord dela France, 
Lille: L. Daneli. 
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In view of the increased overtime now, it is 
ComPARATIVE TRIALS OF Ropk AND BELT TRANSMISSION. doubtful if there is much difference in the number 
mt Sih ett . ——|of hours per week for the increment in wages 
2 oe Mek sy es, |f5 22 sBabe shown. The author, therefore, assumes from this 
z se 38 38 a” § Cia $25 258.8 and other data, that on an average there has been 
= ge gad |g @22 |Sse 283 27,38. Weight, | 22 increase of about 25 per cent. as compared with 
DATE —_— a ~ ro) gee (FMP Som | oo" | 25.5 ameaae S| Velma. ’ +s 
3: = .| @8o se | Sadie | ge7 ote cs the week’s wages of 1860. This increase had, how- 
= oes | 5 : 
82 | 62 | 38 5 | gga S05 | Suh £gs + ces ever, been attained in most cases by 1874. 
Ba 6s | S58) fae Zan | Fan KAS SASEOE As to coal-mining, it seems from various sources 
— .— 4 that the average was about the same in 1860 and 
. in. | pc. : 7 ° ee 
August 8 ... Lechat cotton belt 161.91 79.05 261.08 67 9 | .730 | 6.620 163 © 93.88 | 100,87 +~—-33g.:~«C«| 1870. Wages, according to some authorities, were 
» 8 .. Lemaire leather belt 161.00 79.08 260.72 | 67 9.39 | .961 | 8.72 134 93.83 | 100.37 330 |in the latter year less than 10 per cent. higher than 
»» 9 . Domange leather belt . =- pe at rf a —. | Hed v4 4 eine no in 1860, while in 1880 they were not more than, and 
» 9. Manilla ropes .. 160.7078. ok sige Be ; ; ‘ probably not nearly so much as, 20 per cent. higher 


plant some members of the Commission would 
have taken the opportunity to carry the research 
much further than was done, instead, apparently, 
of restricting it to the barest possible limits. We 
search in vain for some clue to the absolute effi- 
ciency of the organs of transmission. Of course 
this is not a matter that could be settled definitely, 
for the efficiency of the dynamo comes into the 
question, But we are denied even approximate 
figures. The current from the generator was not 
measured. The report says (we translate): ‘‘ The 
determination of the intensity in amperes would 
have presented more difficulties ; but as it was not 
necessary to know exactly that intensity, but 
only to demonstrate that that intensity was con- 
stant, the operation was carried out in the follow- 
ing manner,” and so on. Hence the output of the 
dynamo was not determined. It would have been 
well worth while to have previously measured the 
efficiency of the dynamo at the maker’s works by 
Dr. Hopkinson’s method of employing two identical 
machines, using one to drive the other. Even had 
the efficiency been assumed on general considera- 
tions of the type and size of the dynamo, the trials 
would have had a value which they now lack. We 
should also have been thankful to know how much 
power it took to run the engine alone, and how much 
to run the engine and the dynamo light. Again, 
it would have been easy to have measured the 
total pull on the belts. The machine was capable 


of sliding on its a and the tension of the. 


belts and ropes could have been determined by 
the aid of a dynamometer. 

The report gives the idea that the matter was 
hurried. All was done in three days, even to the 
adoption of the report, and the ere of a 
suggestion that the Society should be asked to strike 
a medal commemorative of the tests. The best 
way to commemorate the event would have been to 
appoint a committee of two to take advantage of 
this splendid opportunity for mechanical research, 
and to exhaust all its resources before the plant 
was dispersed. It may be that more was done than 
the publication before us reveals ; we hope it was, 
for as the matter now stands it is the record of a 
splendid opportunity very inadequately utilised. 








WAGE DISTRIBUTION AND AVERAGE 
INCOMES. 

Wuo is benefiting most by the development of 
industry : the capitalist or the wage-earner? No 
more interesting problem in economics could be 
set, few more difficult. The importance of 
solution is measured by its influence in settling 
disputes as to the remuneration of labour; the 
difficulty is consequent on the paucity of accurate 
data. To-day we reckon wages by the day, to-morrow 
by the hour. One return gives the maximum, 
another the mean, a third the minimum with 
** idle-set”’ allowed for. Again, operations done in 
one decade by skilled mechanics, may, in the next, 
be carried out by less skilled men with valuable 
machines. In the latter case there may be an 
apparent decrease in the wages of a trade or class 
of workers, and perhaps a better return to capital. 
In both cases the distribution may be equitable. The 
change from time to piece work, again, tends to 
increased remuneration. These and other points 
make the problem difficult, and only some general 
suggestion can be arrived at. Mr. A. L. Bowley, 
B.A., has essayed the task. The results are 


embodied in his paper read at the Royal Statistical 
Society on Tuesday, the 19th inst., and it comes 
with the stamp of Cambridge, for it is the Adam 
Smith prize paper of 1894. Although inconclusive, 
the results are interesting, perhaps dangerously 
so, although the author has been careful to limit 
the possible deductions, 


He has not been able to indicate with any degree 
of completeness the benefit capital has exclusively 
got from the trade development, although he has 
shown clearly, by methods of which we shall say 
more later, that wages generally have increased 
40 per cent., while the average income per unit 
of population has increased 53 per cent. The 
greater purchasing power of money is equivalent 
to doubling the increases. It must be clearly 
understood that this 53 per cent. is not in- 
creased remuneration of capital. It is only the 
gross national income divided by the population, 
and includes wages, the amount on which income- 
tax is charged, profits on trade and professions not 
included in the income tax, two-thirds of the interest 
on foreign investments, and an estimated amount 
for middle-class incomes below income-tax limit. 
The amounts are based on Mr. Giffen’s figures, 
and to the several items we shall refer later. 

In the first place, we may deal with wages. The 
primary difficulty in any comparison between the pre- 
sent wage and that paid 20 or 30 years ago is the 
want of uniformity of classification ; one cannot 
take the wage in 1860 from one author and that for 
1870 from another, as it is not possible to deter- 
mine always whether both have taken the mean 
wage, the highest or lowest, or whether they have 
allowed for idle time ; but: if the wage schedule for 
successive years is from the same Chamber of Com- 
merce, or trade union, or Government report, then 
it is reasonable to assume that they are on the same 
basis. The amounts mentioned by the several autho- 
rities may differ, but the author has taken a unit 
for 1860, i.e., 100, and has calculated the addi- 
tion in successive years. Thus, although there has 
been a difference in figures between the wage of any 
year, as stated by the trade union, or the Chamber 
of Commerce, the ratio of subsequent increases may 
be the same for both reports. Indeed, Mr. Bowley 
offers evidence to show that in most cases the 
ratios of increases doagree. The only figures used 
in the estimate are those given for the same trade 
in the same place, and collected apparently in the 
same way. Noisolated estimate is admitted. The 
actual wage is not used, but only the ratio of wages 
adopted in computing the movement of successive 
years. Possible errors are weighed and corrected, 
and the results carefully analysed mathematically 
before any assumption is made. 

Even with this method, the number of trades 
that can be reviewed is limited. The author investi- 
gated wages in several other trades (shipbuilding, 
for instance), but found it impossible to get results. 
In engineering, iron and steel works, the results 
are only approximate. The extreme fluctuations 
in the iron trade, involving in some years a tem- 
porary increase of 30 and 40 per cent., make it 
necessary to assume medium years. Thus we find 
that puddlers’ wages between 1860 and 1870 showed 
a variation of 38 per cent, and in 1872, a year of 
great activity, the increase, as compared with the 
wage of 1860, was 77 per cent. ; but following that 
there was a steady decrease to 1878, when all but 
6 per cent. of this was lost. By 1886 the wage was as 
low as in 1860, but by 1891 there was an increase, the 
difference on the rates of 1860 and 1891 being 24 per 
cent. More complete figures are available for the 
heavy iron trades—foundry, engineering, and ma- 
chinery workers. The trade union returns, as 
analysed by Mr. Bowley, may be tabulated : 


Percentages oy the Increase on the Wages of 1860. 


1866, 1870. | 1877. | 1883. | 1886. | 1891, 


Founders .. oa Bs 2 6 15 15 7 23 
Moulders (Scotland) 20 20 ll 7 | 7 | 19 
Amalgamated Engineers 9 9 28 | 38 | 38 | 27 
Engine-makers .. ‘ 3 i) nmninmia 28 
Assoc. Blacksmiths 9 9 17 | 30 | 2 | 35 








than 1860, and 10 per cent. higher than in 1870. 
Of course, in 1874 and 1875 there were enormous 
increases—from 60 to 80 per cent.—as compared 
with 1860. In 1890 the wages were from 33 to 50 
per cent. higher, but since then there has been a 
reduction. In the building trades there are several 
sources of information, and here one finds an in- 
crease on the 30 years of 25 per cent., while in the 
wages of gas-workers there has been a very steady 
increase, making 50 per cent. in 30 years. The 
merchant shipping returns of the Board of Trade 
enable an accurate measure to be made of the wages 
of sailors. On sailing vessels we find the average 
increase to have been 26 per cent. in 30 years, while 
on steamers the increase has been 56 per cent. 
In the case of sailing ships there was a sharp drop in 


showing Income & Wages. Total 





1879 and again to 1887, when wages were below the 
level of 1860 ; but the gain since then, to 1891, at 
least, has been decided. The advance in London 
has been 34 per cent. ; in Liverpool, 19 per cent. ; in 
Glasgow, 20 per cent. ; in Bristol, 26 per cent., and 
in the Tyne ports, 28 percent. In the case of steam 
vessels the increase has been pretty steady, although 
here, too, there was a slight falling off in 1887. In 
London the increase in 31 years has been equal to 
53 per per cent.; in Glasgow, 56 per cent. ; in 
Bristol, 76 per cent. ; in Liverpool, 47 per cent. ; 
and in Tyne ports, 65 per cent. Of the other trades 
dealt with by the author, principally textile, it will 
probably be sufficient to give the totals which are 
free from doubt, and again the percentages indicate 
the increase on the wage of 1860: 








— 1866. 1874. 1880. 1888 1886. 1891. 
Agriculture (England)... — _ 22 — ll 18 
Building .. i os 26 25 25 26 28 
Cotton — os oo _ 34 — - 76 
Wool - = of SS 21 26 _ — 15 
Jute re eo| 83 40 20 42 -- 40 
Flax 15 29 _ — 133 _ 
Gas. 15 _ 28 30 -- 49 
Seamen 13 29 2 18 10 43 

Average 16 27 25 26 19 35 





Mr. Giffen in his oft-quoted returns in 1886, gave 
the gross sum paid then in wages, and before the 
Labour Commission he gave figures to enable an 
assumption to be made as to the gross amount 
now paid in wages. As is shown on the diagram, 





this total is now 699 millions sterling, equal to 
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42 per cent. of the whole national income; 30 
years ago, when the amount was 392 millions, 
this ratio was 47 per cent. But it must not be 
assumed from this less ratio that the wage-earner 
is getting less and the capitalist more. The author 
makes a distinction between the wage-earner who 
by working with a chisel and plane earns 100. 
or 1301. a year, and the wage-earner who, say, by 
working with a pencil and compass, and perhaps a 
little more brains, in a drawing-office gets 180/. The 
former has a wage, the latter an income contributing 
to the national tax. In view of the general rise in 
remuneration, the income-earners are increasing 
largely. Of course all income represented in the 
income tax returns does not represent wages. Some 
of it is the share of the capitalist in return for the 
greater amount of machinery used. It is impos- 
sible under present conditions to determine what 
share goes to capital alone. The amount paying 
income tax is 811 millions, or 48} per cent. of 
the whole national income. Here there is an in- 
crease in 31 years from 367 to 811 millions, 
or 120 per cent. This is largely due to the 
greater number earning enough to come within the 
scope of the income tax, and also in some measure 
to the increase in limited liability companies. Of 
course the capitalist, pure and simple, has a greater 
gross income, but whether the interest on his 
capital is at a very much higher ratio is not 
proved. Certainly gilt-edged securities do not 
now yield anything like the return of a few years 
ago. 

* equal ratio of increase is assumed for the 
income of the middle class—those not classed 
directly as wage-earners, and who have not suflicient 
income to be classed as income-tax payers. In 
1861 they were assumed as getting on the aggregate 
73 millions sterling ; in 1891, 162 millions, the ratio 
to the total national income having increased from 
8% to 94 per cent. The total national income 
shown in the diagram was in 1860, 832 millions, 
and in 1891 was doubled—1672 millions. Of this, 
42 per cent. goes to the wage-earner, i.e., manual 
labourers, who are supposed by most economists— 
amongst them Giffen, Levi, and Booth—to repre- 
sent 77 per cent. of the persons in the kingdom 
earning independent incomes, as given in the 
census. On this assumption, the manual labourer, 
as shown on the diagram, now earns 53/. 16s. per 
annum, whereas in 1860 he had only 38. 8s. In 
this assumption the author takes as basis Mr. 
Giffen’s average wage in the 1886 return. 

The annual national income divided amongst the 
population gives 44/. 4s. per capita—a very hig 
average—while 28/. 18s. was the amount of 1860. 
This is an increase of 53 per cent. It would have 
been interesting to have had some inquiry as to 
how much of this greater increase in income than 
in wages is due to the less ratio of dependents to 
income earners. There is no doubt that the average 
number of a family of the middle classes and of 
the upper class is less than 30 years ago, and this 
alone would increase the rate per head, while the 
family of the wage-earner has not diminished in 
this way. Thus the discrepancy between the 53 
per cent. of increase per head and the 40 per cent. 
increase in wages may be, in part, explained. 

Corrected by Sauerbeck’s index numbers it is 
found that the purchasing power of money being 
greater, the real average wage is now 92 per cent. 
better than 31 years ago, and the average income 
110 per cent. greater. But as we have already 
hinted, there are great limitations to the deductions. 
For instance, as the author himself points out, the 
fact that the trades on which the increase of 40 per 
cent. on wages has been based, are old, must 
affect the results. New trades have not entered 
into the comparison. Withal the conclusion seems 
right that the average income and average wages 
have increased at nearly the same ratio, and in view 
of the purchasing value have nearly doubled during 
the period under review. There is immense growth 
in national wealth, and, as the author points out, 
those wage earners who receive the average, or more 
than the average, may be fairly considered to have 
obtained a wage which allows them to fully employ 
all their faculties in their well-earned leisure ; but 
this cannot be said of the equally large number 
whose earnings are below the average. In so far 
as actual want is now only the lot of a small pro- 
portion of the nation, though intrinsically a large 
number, and comfort is within the reach of in- 
creasing masses of workmen, the greatest benefit of 
this prosperity has fallen to wage-earners. In 1860 
it was the working classes who were in most need 





h| that of Mr. Sydney Butler, of the Park Works, 


of any benefit that might accrue to the nation, and 
it would have been only reasonable to expect that 
their progress in actual money, apart from better 
conditions of work, should be at least as rapid as 
that of the richer classes. 








THE BUILDING TRADES EXHIBITION. 

A Burtpine Trades Exhibition was opened at 
the Agricultural Hall on Monday, March 25, and 
will not close until the 14th prox. The Hall is 
perhaps not quite so fully occupied as in previous 
years, as the galleries have not been used, but 
greater care has been taken than hitherto in select- 
ing the exhibits, and excluding those that have 
little or no connection with the constructive 
arts. Indeed, the bazaar element has _ been 
pretty rigorously shut out, and* the quality 
of the exhibits is correspondingly improved. 
For engineers, doubtless the most interesting 
stand is that of Messrs. David Kirkaldy and 
Son, of 99, Southwark-street, S.E., who have 
a most interesting selection of specimens from their 
museum. Excellent examples of tensile, compres- 
sive, and bending tests on most of the materials 
used in construction are shown, and will well repay 
study from those who have not time to visit the 
larger selection at the works of the firm. Fewer firms 
show gas engines this year than usual, Messrs. 
Crossley Brothers, Manchester, having the largest 
number on view; these are, however scattered 
in different parts of the building, driving the 
machines at different stands. The largest is a 
14 nominal horse-power engine, giving 33 horse- 
power on the brake at 170 revolutions per minute. 
A high-speed electric lighting engine is also shown, 
which is designed to run at 250 revolutions per 
minute. Messrs. Tangyes, Limited, of Birming- 
ham, have also an exhibit of gas engines, the 
largest being of 74 indicated horse-power. Messrs. 
Bilbie, Hobson, and Co., of 80, Queen Victoria- 
street, London, E.C., show a 10 horse-power 
nominal Stockport gas engine fitted with a self- 
starting mechanism. 

f makers of woodworking and brickmaking 
machinery, the largest stand is that of Messrs. J. 
Sagar and Oo., of Halifax, Yorkshire, who show the 
usual line of this class of tool. A feature about the 
planing machines are the precautions taken for the 
protection of the attendants, a guard being pro- 
vided which completely covers the cutters, save 
where on that portion of its length which is actu- 
ally cutting the timber. A very similar exhibit is 


Langley-lane, Vauxhall, S.W. Among the more 
novel of this class of tool is the chain mortis- 
ing machine, which is again exhibited by Mr. 
Murray H. Spear, of 36, Lime-street, Fen- 
church-street, E.C. This machine is driven by 
a Dawson high-speed gas engine designed to run at 
700 revolutions per minute. The engine has only 
one valve, the gas valve, the distribution being 
effected by the piston itself. The engine is claimed 
to be specially suitable for dynamo driving. Many 
firms exhibit brick and tile making pee 8 
though there do not appear to be any strikingly 
new departures. Messrs. Bradley and Craven, of 
the Westgate Common Foundry, Wakefield, show 
samples of their semi-plastic brick machine and 
steam power press. Mr. William Johnson, of the 
Castleton Foundry, Leeds, shows a ‘‘ President ” 
dry press brickmaking and pressing machine, and 
models of other tools of a similar character. A 
new machine designed for special high quality 
work is exhibited by Messrs. Pullan and Mann, of 
the Cambrian Works, Elland-road, Leeds. The 
machine is worked by power, but the finished tiles 
or bricks can be removed by hand, thus avoiding 
any risk of damage by the pushing gear. 

Some magnificent specimens of Kauri timber are 
shown by the Kauri Timber Company, Limited, of 
27, Leadenhall-street, E.C. Though close-grained, 
the wood is easily worked, and almost absolutely 
free from knots. It can be obtained of exception- 
ally large scantling, and has long been a favourite 
timber in Australasia. On Saturday, the 30th 
instant, a workman’s handicraft competition is to 
be held, and should prove of interest. A number 
of papers are to be read and discussed whilst the 
exhibition remains open, and to-day there will be 
a conference on the London Building Act of 1894, 
which will be opened by Professor Bannister 
Fletcher, F.R.I.B.A. On Tuesday there will, at 
3 p.m., be an interesting discussion on brickmaking, 





and American methods, As the Americans for 
ee purposes have succeeded in producing a 
rick as strong as granite, their methods would 
appear worthy of study, though, of course, for 
constructional purposes such a material is hardly 
wanted, though the bricks might prove useful in 
very heavy archwork. 





NOTES. 
Tur ScorcH Coat Strike AND THE Ratiways. 

Some time ago we gave an analysis of the Scotch 
iron returns to show that the result of the Scotch 
coal strike was a loss in pig-iron production equal 
to 271,468/. ; and now an examination of the half- 
yearly returns of the three leading Scotch railways 
shows that the mineral traffic has decreased, largely 
from the same cause, to the extent of 268,497/., so 
that thus fully halfa million is lost. This takes no 
cognisance of the actual loss by the reduction in 
coal production, and the consequent inconvenience 
of all trades. Of this sum 133,7301. was lost by 
the Caledonian, 82,744/. by the North British, and 
52,0231. by the Glasgow and South-Western. This 
has been partly compensated for in some respects ; 
but we nevertheless find a total traffic decrease on 
the Caledonian of 133,132I/., on the North British of 
56,063/., and on the Glasgow and South-Western 
of 28,1611., together 217,3561. The working ex- 
penses of the Caledonian show some saving ; but in 
the other cases there are increases, so that the net 
divisible profit is much less than a year ago. The 
North British, however, absorb only 51.62 per cent. 
of thereceipts for expenses, the Caledonian 52.50 per 
cent., and the Glasgow and South-Western 59. 48 per 
cent. The receipts per mineral train-mile on the 
North British show a decrease, having been 60. 16d. 
against 63.43d.; on the Glasgow and South-Wes- 
tern, 62.26d. against 63.63d.; but on the Cale- 
donian there is not any falling off, owing to less 
mileage, 71.91d. against 71.69d. As regards pas- 
senger traffic, the comparison is more equal—on 
the North British, 38.97d. as against 38 82d. ; on 
the Caledonian, 40.38d. against 41.06d.; and on the 
Glasgow and South-Western, 41.43d. against 39.71d. 
The working expenses of the North British are now 
25.24d. against 24.59d. per train-mile, Caledonian 
27.80d., and Glasgow and South-Western 30.04d. 
per train-mile. This decrease in earnings and in- 
crease in expenditure has resulted in a net loss to 
the extent of 105,769/. on the North British, 
111,555]. on the Caledonian, and 26,1131. on the 
Glasgow and South-Western, together 243, 4371. 


Corron Propuction AND CoNSUMPTION. 

The production of cotton has very greatly in- 
creased in various parts of the world during the 
last 30 years, and with a continuance of peace the 
yield may be expected to exhibit further progress. 
The advance of Russia in Central Asia seems 
calculated to lead to a large growth of cotton in 
Turkestan, that is, the region between Khiva, 
Bokhara, and Samarkand on the one hand, and 
the Caspian Sea on the other. Egypt is also grow- 
ing in importance year by year as a cotton-pro- 
ducing country, now that Egyptian agriculturists 
enjoy security for their enterprise and capital by 
reason of the British occupation. Cotton can 
also be grown in Brazil, if need be. The United 
States still, however, enjoy a practical mono- 
poly of the cotton trade of the world. There was 
a very prevalent idea that the great civil war of 
1861-5 would paralyse the cotton-growing in- 
dustry of the Southern States, but never was there 
& more erroneous impression, the blacks having 
worked quite as well now that they are free as 
they did when they were held in slavery. 

1866-7 the growth of cotton throughout the world 
amounted to 4,408,000 bales, of which 2,230,000 
bales were raised in the United States. In 1871-2 
the production had grown to 6,277,000 bales, in 
which the United States figured for 3,241,000 
bales. In 1877-8 the yield had been carried to 
6,931,000 bales, to which the United States con- 
tributed 5,425,000 bales. In 1883-4 the out-turn 
was 8,919,000 bales, the United States producing 
6,485,000 bales. In 1889-90 the production was no 
less than 11,105,000 bales, the yield of the United 
States being as much as 8,525,000 bales. Monster 
cotton crops were produced in the United States in 
1890-1 and in 1891-2. In 1892-3 there was some 
easing off, but in 1893-4 the American cotton crop 
was estimated at 8,920,000 bales, the yield of other 
countries being set down at 2,900,000 bales, making 
an aggregate of 11,820,000 bales. While production 
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considerable progress, the quantity absorbed year by 
year having risen from 5,085,000 bales in 1866-7 to 
6,312,000 bales in 1871-2, 7,272,000 bales in 1877-8, 
9,290,000 bales in 1883-4, 11,055,000 bales in 
1889-90, and 11,714,000 bales in 1893-4. Cotton 
prices have, however, not been by any means main- 
tained during the last 30 years ; they are, in fact, 
at present phenomenally low, a state of things 
which would appear to show that production has 
really outstripped consumption. It is noticeable 
that while the consumption of cotton in Great 
Britain has increased upon the whole during the 
last 30 years, it has made much more rapid advances 
in other quarters. In the six years ending with 
1871-2 inclusive, the average annual consumption 
in Great Britain was 2,642,000 bales. In the next 
six years the annual average rose to 3,116,000 
bales ; in the following six years, to 3,469,000 
bales ; and in the six years ending with 1889-90, 
inclusive, to 3,733,000 bales. In 1893-4 the British 
consumption is estimated at 4,100,000 bales. There 
has thus been, upon the whole, a good advance ; 
but when we come to deal with the European con- 
sumption, we find that it rose from 1,703,000 bales 
in 1866-7 to 2,032,000 bales in 1872-3, to 2,596,000 
bales in 1878-9, to 3,255,000 bales in 1884-5, to 
4,538,000 bales in 1890-1, and to 4,784,000 bales 
in 1893-4, The Americans are also working up 
increasingly large quantities of cottonat home. In 
1866-7, the quantity thus worked up was 822,000 
bales; in 1872-3, 1,309,000 bales; in 1878-9, 
1,784,000 bales; in 1884-5, 1,909,000 bales ; and 
in 1893-4, 2,830,000 bales. 


A Rattway Accipent (?). 

An engine with four loaded coal trucks and no 
brake van sticks on an incline of 1 in 57 after 
running 8$ miles on a passenger line. The guard, 
who was riding on the engine, detaches two of the 
trucks, and, after pinning down the brakes, leaves 
them on the main line, his engine then running 
forward about a quarter of a mile to the terminus. 
Arrived here, a truck was brought out of a siding, 
although all concerned were fully aware that a 
passenger train was due behind the goods in 
10 minutes and there were no means for tele- 
graphically stopping it, this being apparently too 
modern an invention for a ling opened so long ago 
as 1879. This truck was allowed to run back on to 
the two left on the line, and it struck them some- 
what too hard and started them off down the in- 
cline. Happily, the attention of two people on 
a neighbouring road was called to them, and they, 
seeing the approaching passenger train, held up 
their arms to stop it, and then did their best to stop 
the runaway trucks, but were unable to prevent a 
slight collision, as, although the driver had stopped 
his train very promptly, he was, for some reason, 
unable to start it backwards until the trucks were 
just upon him. The blow was slight, and but little 
damage was done, though two passengers com- 
plained of injuries. When this line opened, the 
company gave an undertaking, as it was a single 
line, to work it with only one engine in steam, but, 
without any notification to the Board of Trade, it 
is now worked on the train staff and ticket system, 
the trains being kept apart by a time interval of 
10 minutes. In November, 1890, the Board of 
Trade issued an order upon the company to adopt 
the block system within two years, but Major Addi- 
son, who reports on this «ccident, states that the 
arrangements for this are still incomplete. This 
company is not aparty to the Railway Clearing House 
system, and its book of rules contains none of the 
usual precautions required to be observed when a 
goods train is brought to a stand, or when shunting 
wagons on an incline. The relief guard in charge 
of the goods train did not even possess a copy of the 
rules! Under these circumstances, Major Addison 
states that he is not disposed tw lay any blame for 
the collision on the men whose actions led up to it, 
and we fully agree with him, though, as he points 
out, not much intelligence was displayed either in 
the mode of securing the two trucks (no sprags 
being used) or in handling the wagon which was 
sent back on to them, and certainly it was an error 
of judgment for the line not to have been cleared 
at once in view of the passenger train being due so 
soon afterwards. Furthermore, he points out that 
the rule that no brake van is necessary for trains of 
less than six wagons, is most dangerous and 
contrary to custom, and again he calls attention to 
the decayed state of ms nd of the sleepers which he 
noticed when visiting the scene of the accident. 


the accident and the name of the offending company 
until now, and we are inclined to think that many 
of our readers will hardly credit that all this 
happened on the 8th of last January, near Sandown 
Station on the Isle of Wight Central Railway 
(formerly the Newport Junction Railway). We do 
not wish to see undue interference in the working 
of railways on the part of the Board of Trade, 
especially as long as their inspecting officers are 
not drawn from the ranks of practical railway men, 
but surely where a company breaks an undertaking 
given under the seal of another company, whose 
rights it has acquired, and also fails to carry 
out an order of the Board of Trade issued under 
the Railways Regulation Act of 1889, it is time 
that the Board exercised their penal powers as 
given under that and previous Acts. Whatever 
may be one’s individual opinion of the demands of 
the Board of Trade, they must be complied with 
as long as they are in accord with the laws of 
the land; but if one company may openly defy 
them with impunity, it may lead other companies 
to hesitate before incurring any great expense in 
carrying them out, a state of affairs that would be 
damaging to the prestige of the Board of Trade, to 
say the least of it. 





THE ARTIFICAL SPECTRUM TOP. 
To THE EpIToR OF ENGINEERING. 

Sir,—Your interesting account of Mr. Macfarlane 
Gray’s theory of my invention, the artificial spectrum top, 
has been brought before my notice. May I point out 
that the idea that the colours are produced by chromatic 
aberration and the dispersive qualities of the lens of the 
eye, is not tenable in face of the fact that a bright sodium 
flame, though practically monochromatic, shows the 
colours very distinctly, proving that they are in no sense 
due to ether waves of certain length, but rather to the 
excitement of the retina in some way so as to suggest the 
effect of colour, a state of things which I have called 
artificial colour sensation in preference to subjective 
colour sensation, as the latter term does not appear to me 
to meet the case quite so well. 

Yours faithfully, 


CuHaRLES E. BENHAM. 
Colchester, March 23, 1895. 








A CURIOUS MAGNETIC EXPERIMENT. 
To THe EpitoR oF ENGINEERING. 
Sr1z,—You may, perhaps, think it of sufficient interest 
to describe a little experiment of mine which may not be 
new, though I have never met with it anywhere. Ib 
illustrates in a forcible way the effect of heat on magnet- 
ism. A thin mica disc rotates horizontally on a point; 





round the _ are a number of thin iron wire spokes. A 
magnet is placed a short distance away, and a Bunsen 
flame between the disc and the magnet, heating to red- 
ness not less than three of the wires. The magnet there- 
— draws the nearest unheated spoke into the flame, 
which in turn becomes red-hot, and is succeeded by the 
next spoke, so that the disc travels round. 

CHaRLes E, BENHAM, 





DOMESTIC BOILER EXPLOSIONS. 

To THE Eprror oF ENGINEERING. 
S1rn,—Some four years ago I adopted with unqualified 
success the following method to avoid accident, not only 
through frost, but also in case of shortness of water 3 ibis 
by throwing the boiler out of operation by means of intro- 
ducing a cast-iron movable cheek between the fire and 
the boiler itself; this cheek has return flanges at the 
sides which rest against the front and create an air space 
of about 1 in. in width, thus preventing the generation of 
“y, steam whatsoever. 

his system throws the whole responsibility upon the 
user, and therefore relieves the landlord. It has proved 
of great use when any portion of the hot-water service 
was under repair, as it then admits of the range working, 
as though there were no hot-water boiler at all. Trust- 
ing the above may prove of some use to your readers, 


am, &c., 
March 25, 1895. ALMORAH. 





To THE EprTor oF ENGINEERING. 
Srr,—I thank you for the illustration and description 
of my apparatus, and trust you will again reconsider the 
matter, as there is a great deal more in the system than 
you at present see. If you had stated your reasons for 
holding such erroneous views, you would have given me 
a chance to defend myself; as it is, I cannot do so. I 
appear to be too far ahead, even here, where a simple 
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system based on facts, and at least 60 years of use (the 





system being nothing more than the old worm principle 
brought up to date), is misunderstood and practically con- 
demned. 

Elementary instruction on the principles of hot-water 
circulation is entirely thrown away so far as I am con- 
cerned, and when I wrote ‘‘ drive the circulation” I knew 
exactly what I wrote, and meant. The phrase is a prac- 
tical one, understood by all good fitters. 

Now “‘a little over 2 ft.” would mean 1 lb. according 
to your own showing, and whilst you have had some small 
domestic system in mind, I have had a large hotel with 
long circulations on each side of boiler. In your case the 
slow circulation might possibly be effective, in mine it 
certainly would not, and to make it efficient it must be 
driven, and the power required I have stated. If woe 
read 1 Ib. instead of ‘‘a little over 2 ft.,” who will say I 
am wrong? I maintain that it proves Tam right, and the 
difference between 1 lb. and 10 lb. or 15 1b. shows the 
difference in size of the systems. 

Almost all who write on hot water make serious 
blunders when dealing with excessive heat and cold. 
Some will have it that boilers can be frozen solid ; others 
that steam is present and the cause of explosions. Now 
if a boiler is full of water it cannot contain steam, and 
if it is not full of water there is an outlet somewhere, or 
it could not escape; this being so, steam under pressure 
cannot accumulate. Our subject is frost, and I inclose a 
small diagram which will, I think, bring us nearer agree- 
ment if you will kindly reproduce it. 

Suppose 5 deg. of frost are sufficient to solidify the 
water contained in the first 15 ft. of pipe, and the 
first — frozen is at or near the top. In this 
case the expansion one-tenth must be exerted on the 
boiler and pipes. Taken roughly, the two 15-ft. columns 
become 16 ft., and two solid plugs 12 in. long must 
force their way down towards the boiler. I will give 
these two plugs away—take no account of them—by 
supposing that a current of air freezes the pipes across 
the 15-ft. level first. Will those who rave about kitchen 
boilers being frozen solid please continue the argument? 
The boiler holds, say, 24 gallons, and pipes are #-in. 8 lb. 
lead pipe. Unless the pipes or boiler yield to the expan- 
sion of the water, it cannot solidify. I am well within the 
mark when I put down the bursting pressure of ?-in. 8 lb. 
pipe at 1500 lb. per square inch, so that if it is a question 
of lead pipe versus boiler, I will have odds on the lead 


pipe. 

We will now place the deadweight safety valve adver- 
tised herein 28 years ago on the top of the boiler, and 
what is the result? Does this not simplify matters? I 
—- now be easily frozen solid, thanks to the “‘safety 
valve. 

Will any one kindly furnish me with particulars of one 
solitary safety valve having opened and thus saved an 
explosion ? 

Iam, Sir, yours faithfully, 

7, Grant-street, Liverpool. Henry Cuiay. 

[If the pressure in a circulating boiler, when in use, is 
from 10 lb. to 15 lb. per square inch higher than that 
corresponding to the head due to the position of the 
supply tank, as Mr. Clay alleges, will he explain why the 
sag 3 this supply tank flows into the boiler ?— 

D. E. 





CYLINDERS FOR THE STORAGE OF 
COMPRESSED GAS. 
To THE EpitoR OF ENGINEERING. 
Srtr,—I have read the letter on the above subject in 
your last issue with much interest. Like your correspondent 











Mr. Kerr Thomas, I have a personal interest in the matter 
having for a number of years been intimately connected 
with the manufacture of gas cylinders, and I have, 
perhaps, the advantage of him, in being able to speak 
with some authority of cylinders from the gas compressor’s 
point of view also. 

With regard to the Bradford and Fenchurch - street 
accidents, although they are singularly similar in their 
general characteristics, I believe that they will be found 
to differ very materially in cause. The Bradford accident 
was proved to be entirely due to a defective cylinder, and 
although one cannot speak freely at the present moment 
with regard to the accident in Fenchurch-street Station, 
I will venture so far as to predict that it will not ulti- 
mately be attributed to any defect in the cylinder. 

Your correspondent is hardly correct in his statement 
that solid drawn steel cylinders are practically the only 
kind now produced for use in this country. There are 
many lap-welded steel cylinders still made. They have, 
indeed, in some structural respects, advantages over the 
solid drawn type, and are by no means without sup- 
porters amongst experienced gas compressors. : 
It is not, however, my intention to raise any question 
as to the relative merits of the two types. The two points 
raised by Mr. Kerr Thomas, viz.: (1) The nature of the 
material employed, and (2) The factor of safety, are of 
more importance, but perhaps the most important question 
of all at the present moment is, How can a hard and fast 
factor of safety be fixed, and being fixed, how is it to be 
enforced ? t 

There are, in my opinion, only two ways in which this 
can be satisfactorily done. The first and most natural 
way would be by direct Board of Trade regulations. The 
second, and almost equally effective way, would be by the 
railway companies employing a clearly defined guarantee 
on special consignment notes for cylinders, which the 
sender would be required to endorse. 

The Board of Trade has more than once been ap- 
proached on the subject, but beyond acting as arbitrators 
on points connected with the recent railway regulations, 
to which Mr. Kerr Thomas refers, they have never taken 





the question up. Itis possible that something may now 
be done, and _« no means improbable that needlessly 
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severe and injurious restrictions will be put upon the 
trade, which has once again to suffer because it is unable 
to combine in itself to carry outa few simple and rational 
utionary measures. . 
PrThe pre Aho which forms part of the new Railway 
Cleariag House regulations reads as follows : : 

‘‘We hereby certify that the consignment complies 
with the conditions that the cylinder or cylinders must be 
of wrought iron or mild steel of the best quality, contain- 
ing not more than .25 per cent. carbon, thoroughly 
annealed after manufacture, of sufficient strength and 
etficiently tested.” : Sats 

This is good as far as it goes, but it might well go 
further, and I would suggest that it should be amended 
to read as follows: . : : 

““ We hereby certify that this consignment complies 
with the conditions that the cylinder or cylinders must be 
of mild steel of the best quality, containing not more than 
.25 per cent. carbon, thoroughly annealed after manu- 
facture, and hydraulically tested by us, within a period 
not exceeding two years, toa pressure of 3360 1b. per square 
inch, at which pressure the metal was not strained 
beyond its elastic limit, and the cylinder was sound in 
every respect. E ; y : 

” We further certify that the cylinder or cylinders is or 
are charged with one gas, the pressure of which, under 
the maximum possible sun temperature, cannot create a 
working stress in the metal of the cylinder or cylinders of 
more than tons per square inch.” 

I have not suggested a working stress limit, for reasons 
which I will mention later, but I venture to assert that 
with this limit suitably fixed, such a guarantee, backe 
by the approval of the Board of Trade, would meet the 
requirements of the case. : 

At the present time, as I am in a position to prove from 
my own experience, it is not uncommon for one firm to 
refuse to fill a cylinder on the ground that it does not 
comply with their requirements, whilst another firm will 
readily accept it and fill it to the usual pressure. Ib is 
this kind of uncontrolled trading and careless compres- 
sion which forms the element of danger, at the present 
time injuring the whole trade. Virtually all this trade is 
in the hands of a few responsible firms, who, I have 
reason to believe, are ready to comply with such a gua- 
rantee as I have suggested, whether imposed as a Clearing 
House regulation, or as a simple recommendation from 
the Board of Trade. In either case they would have the 
authority, which is at the present moment lacking, 
to enable them to effectually suppress reckless competi- 
tion. 

I will only just touch on the technical points raised by 
Mr. Kerr Thomas, for I am virtually in agreement with 
all he says, He suggests that in addition to carbon, a 
limit in the other hardening constituents of steel should 
have been given in the recent railway — and, I 
may say, the same suggestion was made to the railway 
companies at the time the matter was under discussion. 
This guarantee, however, was not meant to form a specifi- 
cation under which cylinders were to be constructed, but 
rather to check the tendency to employ high-grade steel, 
and to preclude the use of certain objectionable cylinders. 
T have seen the analysis of the metal of many cylinders, 
and can state with conviction that I have never yet seen 
one in which, with carbon less than .25 per cent., any 
undue proportion of other hardening constituent was em- 
ployed. I think, therefore, that although cylinder buyers 
are well advised in specifying more than a carbon limit 
to the makers, there is no need fora railway guarantee to 
be hampered with further detail, particularly if a suit- 
able working stress limit is fixed. 

As Mr Kerr Thomas points out, the real difficulty with 
regard to cylinders is to settle on the factor of safety 
which will satisfy all requirements. It seems to me, how- 
ever, that in basing his first calculation on Mr. Stoney’s 
recommendation, he has committed the error of substitut- 
ing the test pressure for the working pressure, and hence 
the enormous thickness which he arrives at for a 64in. 
cylinder. The thickness which he obtains by his second 
calculation is, I venture to think, much more in ac- 
cordance with general engineering practice, and I do not 
know why Mr. Kerr Thomas should assume that cylinder 
makers would condemn it as unnecessarily great. Asa 
matter of fact, it agrees very much with the present 
practice in the trade, or, at any rate, that portion of it 
with which I am chiefly concerned. The maximum work- 
ing stress in the cylinders which we supply ranges 
between 7 and 8 tons per square inch, and I would myself 
advocate a maximum working stress of 8 tons for the 
railway guarantee. This, I think, would be a fair limit 
from every point of view. I do not think a lower limit 
for lap-welded cylinders is necessary, as these are now so 
perfectly constructed that I doubt whether any special 
distinction need be made. 

Seamless cylinders of excellent construction and 
material] are, I know, in use, in which a maximum work- 
ing stress of between 9 and 10 tons per square inch is 
attained, and my company has filled these for many 
years. We have tested them annually to a pressure of 
3360 lb. per square inch, and have periodically tested one 
of these cylinders to destruction, under the most severe 
conditions, in order to find whether the metal became in 
any way fatigued by constant use. There has never been 
any indication of this, and our experience has been 
entirely satisfactory. The German Government, and, I 
believe, the British Government, work the same cylinders 
to a higher pressure than we employ, but there would be 
no difficulty or serious objection, as far as we are con- 
cerned, to reducing the maximum pressure in these cy- 
linders, so as to comply with a lower working stress limi. 
Al] that gas compressors want is that this limit should be 
fixed with due consideration of all the conditions of the 
trade, and with due appreciation of the fact (in support 
of which I could advance plenty of proof) that gas cylin- 
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ders are not subject to anything approaching the deprecia- 
tion which occurs in boilers a similar s structures. 

I fear that I have trespassed far too much upon your 
space already, and I will not consequently refer to the 
methods we employ for periodically annealing and testing 
ovlinders, nor to the precautions observed in filling them. 
You were kind enough to comment favourably on these in 


tically the same regulations are employed by most gas 
compressors in this country. 
Yours truly, 
Kennetu S. Murray, Engineer and Manager. 
Brin’s Oxygen Company, Limited, Westminster. 





ASSISTANT ENGINEERS FOR THE NAVY. 
To THE Epriror oF ENGINEERING. 

Srr,—In your issue of March 8 the Admiralty adver- 
tise for probationary assistant engineers, and they say 
candidates ‘‘must have attended the day engineering 
course at a recognised college for technical education for 
not less than one year.” 

On the next page is the following: ‘‘ Draughtsman. . . 
good workshop experience and training indispensable.” 
The address at the foot of this advertisement is that of a 
limited company, which is called after a gentleman 
whose early training was obtained at one of the best- 
known technical schools, in preference to the workshop. 
May we conclude that some one has learnt by experience? 

Is it not a pity that the Admiralty should boycott all 
other means of supplementing the workshop training of 

a. and other faculties, and that they 
should lend themselves to increasing the glamour round 
the “day course ” of “‘ technical colleges ”’? 

I am, Sir, yours truly, 
Hamitton D. Cripps. 

Newport, Mayo, March 18, 1895. 





RAILWAY CROSSINGS. 
To THE Eprtor oF ENGINEERING. 

Sir, — Your correspondents who, in answer to the query 
of ‘‘ Railway Crossing,” have in your issues of the 8th 
and 15th inst. given formule for the length of lead of a 
simple set of points and crossings, ¢.e., a curved turn-out 
from a straight line, have, I think, failed to indicate in 
their letters that their formule are rough ones only, and 
merely suitable for use in the cases of tramway turn-outs 
or those on light railways, and possibly in sidings where 
a little roughness is not of much account, owing to the 
slow speeds of the moving vehicles. ‘ 

In the case of points and crossings on a main line which 
have to be run through at high speeds, whether on the 
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and the leads must be more carefully calculated and set 
out, or there may be dangers to the vehicles passing over 
them, to say nothing of the discomfort and alarm caused 
to nervous passengers by the jerks and jolts fel) when 

assing over @ line in which the points and crossings are 
aid out by “‘ rule of thumb,” or something very like it. 
Too much care cannot be taken in laying out points and 
crossings if trains are to be run smoothly and safely over 
them at high speeds, and with the type of permanent way 
in use on our leading railways, it is quite possible’ to_lay 
in the points and crossings so that it is as smooth running 
over them as on the plain portions of the line. 

If a curved turn-out is laid out so that the straight main 
line forms a tangent to it at the point of intersection, then 
no matter what care is taken otherwise, it will not be satis- 
factory at high speeds, as there will in this case be two 
points at which there will be sudden angular deviations 
from the path previously followed, viz., one at the toe of 
the switch (this, of course, must occur, but with a long 
switch, say 20 ft., the deviation is so slight as to be prac- 
tically imperceptible even at high speeds) ; the other point 
is at the heel of the switch, where the curve makes a 
sudden bend ; this latter can be obviated if the curve is 
laid = as it should be, with the line of the switch as a 
tangent. 

our correspondents also ignore the fact that the nose 





of a crossing is not a sharp point, but is a blunt end of, 





a recent issue of ENGINEERING, and I may say that prac- | 


straight line or the curved line, or both, it is very different, |S 


say, ? in, wide ; this also affects the question, and with a 
crossing of 1 in 12 will make a difference of position of 
about 9 in. ; 
The correct way to ascertain the length of lead, &c., is 
to proceed as follows : 
1. Decide on the length of switch to be used. This will 


| govern the angle a at the intersection of the switch with 


thestraightline. The length of the switch should, of course, 
be proportional to the radius of the turn-out, t.¢., the 
shorter the radius the shorter should be the length of the 
switch, which is made of varying lengths, from, say, 9 ft. 
to 21 ft. for main line work. 

2. The radius of the curve, or the angle of the crossing, 
should be then fixed on, after which the calculations as to 
length of lead, &c., can be made. Sketches and formule 
are given herewith for two of the simplest cases. 

Case I. is that in which the length of switch and angle 
of crossing being given, it is required to ascertain the 
length of lead oa the radius of the curve, 

Case IT. has the length of switch and radius of curve 
given, and it is required to ascertain the length of lead 
and the angle of the crossing. 

Gis in each case the gauge of the road minus the dis- 
tance from the inside of the rail to the inside of the switch 
at the heel. 

A correction is required in each case for the blunt end 
of the crossing ; this will vary according to the angle of 
the crossing. 

The above are formule for the simplest case of points 
and crossings; where the main line is curved, then, of 
course, the problem becomes much more complex. 

There are in connection with the laying in of points 
and crossings many practical considerations which cannot 
be gone into here, but which considerably modify the 
cases given above ; one is that in practice it is advisable, 
where possible, to have the turn-out straight through the 
crossing and for a short distance on each side of it. 

Yours faithfully, 
March 18, 1895. TANGENT. 





STATICALLY INDETERMINATE STRUC- 
TURES AND THE PRINCIPLE OF LEAST 


WORK. 

To THE Eprror or ENGINEERING. 

Str,—I send you the following extract from the preface 
to ape “Graphic Statics,” as it may be interesting, in 
view of the recent articles on the application of the prin- 
ciple of work to structures : 

‘“‘La note III. est la reproduction. . . du_mémoire 
— 2 ’ Académie des Sciences* . . . sur la Recherche 

es tensions dans les systemes de barres et sur les syst?mes, 
qui, » volume égal de matitre, présentent la plus grande 
résistance possible. t 
| * Quoiqu’il en résulte quelques redites . . . nous avons 

réproduit ce travail in extenso, parce-que nous croyons 
| avoir, le premier, appliqué le principe des vitesses vir- 
| tuelles & ce genre de questions,” 
| 


Manchester, March, 1895. 





J. GILCHRIST. 





BALANCING OF LOCOMOTIVES, 
To THE EpiToR or ENGINEERING. 

Sr1r,—I am sorry, I assure you, to trouble you again ; I 
should like to see the wind-up of this question, and get on 
to other matters which are standing over from last No- 
vember. I will reply briefly to ‘‘J. D. T.,” without any 
undue interchange of compliments; your columns are 
hardly intended for any display of politicians’ rhetoric ; 


—_ ides, a slanging match is more easily begun than 
ended. 
1. The doings at Purdue did not have any bearing on 


what I wrote in your 15th inst. issue. Having had the 
opportunity of applying my methods in practice to some 
scores of engines of different types, I am not inclined at 
present to turn to any college for guidance, although 
admitting that certain points can be best observed under 
the conditions existent there. You cannot, however, do 
much better than observe how your methods “ pan out” 
in actual regular working ; artificial laboratory conditions 
are all right so far as they go. 

What I wrote was called forth by the report on *‘ Balanc- 
ing,” issued by a committee of a railway club in the 
tates. This report contained rules from 17 different 
sources (some of them wonderfully and fearfully con- 
structed). It represented American and English practice 
for outside engines, and, therefore, concerned some 30,000 
locomotives, to say nothing of those on the Continent and 
elsewhere. Now, in all these engines the weights are 
central with the crankpins, and the committee hesitated 
to advise their being set otherwise, on account of the near 
weight being greater than the disturbing parts them- 
selves ; that is, they advise the continuance of the practice 
of balancing each side of the engine ees in that side. 
I took the opportunity of remarking that their objection 
was groundless, as far as the revolving parts were con- 
cerned; and seeing that an improvement was possible, 
without incurring the objection alluded to, I ventured 
to give a formula for that purpose. Of course there are 
plenty of these engines, both in the States and at home, 
which attain extraordinary speeds, but sure-ly that’s 
no argument why obvious defects should nob 
be remedied; we might have a horse trot a mile to- 
morrow in record time, with a 200-lb. vehicle and wheels 
4 1b. or 5 lb. out of balance (the latter a matter of pure 
supposition) ; you would not argue that the mile would not 
be oom still more quickly with a lighter vehicle and the 

** Dans une communication faite 4 l’Académie des 
Sciences le Mars 24, 1884.” 








“+ Le 28 Avril, 1873.” 
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wheels in balance, or that it was desirable to retain the 
— conditions simply because record n cut. 

n the case of goods engines, or some of our funereal 
passenger trains, a few pounds or degrees either way may 
not be of such paramount importance as regards speed, 
although they will assuredly leave their mark on the 
repairs sheet (and, besides, if it were only for a shunting 
engine I would not accept the ‘‘ near enough” method so 
largely adopted in the matter of counterweighting) ; but 
people are crying out about going 90 miles an hour, and 
discussing the prosand cons—by the way, how is that 100- 
mile-an-hour engine of Mr. ynolds getting on?—in 
such a pursuit, every ounce, so to speak, must be looked 
after. 

As to “J. D, T.’s” sneer at my ‘‘ theoretical” method of 
balancing ontside engines, I must own the soft impeach- 
ment ; I have never balanced one of these; opportunity is 
a fine thing; I do not suppose I shall get it this side of 
the water ; however, what I gave on August 24, and again 
on the 15th inst., is what I shall do when occasion re- 
quires ; at least I can tell you what I shall not do, that is, 
tollow ‘‘.J. D. T.’s” advice given in the fourth paragraph, 
page 76, January 19, 1894. Undoubtedly a lot of opinions 
get into print without a shred of practical result to back 
them up; itis very easy, under the thick veil of anony- 
mity, to talk of having done this, that, and the other. 

2. I believe text-books do say that inertia depends merely 
on the mass. I used the word in a broader sense, mean- 
ing, of course, the resistance of inertia ; does ‘‘J. D. T.” 
maintain that this depends only on the mass? it depends, 
besides, on the acceleration sought to be given to the 
object acted upon. In the casein question, I should pre- 
dict, for two reasons, that a locomotive would offer greater 
resistance to swinging round a vertical axis as the speed 
increased ; this is what I called increase of inertia; if 
then this resistance of inertia does increase, may we not 
say that the inertia increases? this is what so offended 
your correspondent’s academic mind. If he can suggest 
any other word that equally well expresses the above, I 
shall be pleased to use it, although I fancy the term I 
used is intelligible and acceptable to most engineers, who 
are not mere hide-bound (thank thee, “‘ Novoye Vremya,” 
for that word) theorists. 

The two reasons I have in my mind are these: 

I. If the engine merely had a rapid motion of translation 
only, sliding along without rotation of wheels or other parts, 
the resistance to lateral deviation would be increased. 
dare say most of us in our earlier days, when at the lathe, 
have replaced the belt without stopping the countershaft, 
and noticed the increased lateral resistance, especially 
when on the largest of the driving cones. 

II. We have the wheels, cranks, connecting and coupling 
rods, and the counterweights, revolving in vertical planes, 
and they offer a considerable resistance to having their 
planes of rotation altered. ‘‘J. D. T.” has, perhaps, 
experimented with a gyrostat. Professor Perry well 
illustrated this on a larger scale in one of his lectures; he 
had a grindstone inclosed in a box ; when set revolving 
rapidly in a vertical plane, the whole lot could be lifted 
up or down, or moved sideways, but could not be turned 
round, at least without considerable difficulty. I imagine 
there is the same difficulty in slewing a locomotive at 
speed. 

Po “J. D. T.’s” last sentence has caused me much 
grief, especially following as it does on the misstatement 
of “‘Novoya Vremya ” re the matter of my treatment of 
planes. The latter says that I have always done that 
which I have not done, and then “J. D. T.” says I have 
not done that which I — have done (as he who runs 
may read). I feel somewhat as Ksau must have felt, 
when, having already been cajoled out of his birthright, 
they sought to despoil him of his blessing. There is an 
old saying that ‘‘ None are so deaf as those who won’t 
hear,” and ‘J. D. T.’s” last paragraph suggests an 
obvious application of this to yet another of the senses. 
On February 9 last year, bottom of page 206 and top of 
following e, I stated plainly enough that I had 
applied By ound entirely satisfactory the practice of 
distributing the reciprocating weight amongst the coupled 
wheels. Nothing would please me better than for him to 

t a ride on the engines in question if possible, and judge 
or himself. In subsequent letters I repeated this advo- 
cacy, particularly on August 24; it was also often alluded 
to in the way of criticism by other of your correspondents, 
so that ‘‘ J. D. T.’s” powers of discernment must be on 
the wane. This being thus, I naturally objected some- 
what to “J. D. T.’s” — expression of gratification a 
week or so back. It could only convey one meaning to 
the casual reader, viz., that he, after great and manifold 
labour, had converted all and sundry to this way of 
thinking ; this was rather rich. I am open to sit at his 
or apy one else’s feet for instruction on occasion, but in 
connection with this discussion, I think that it is not 
I who have been proselytised. It would tax_even| 
“J. D. T.’s” unique powers to convert me to views I have 
always held; as your other co-respondent ‘‘ Novoye 
Vremya” has always, rightly or not, vehemently opposed 
this distribution, the question is, Who has been con- 
verted? 

I notice with amusement that “J. D. T.” condemns 
by implication English practice as irrational. T am 
‘* with him ” here. 

By the way, could you inform me what Chatelier in 
particular has to do with balancing? According to 
“J.D. T.” there seems to be some heaven-born connec- 
tion between the two ; that, in fact, they are as insepa- 
rably connected as are Newton and the calculus, 

If Chatelier had even a decent regard to the principle 
of moments, he could only have balanced his engines in 
one way; any one who follows must naturally do the 
same, although uninspired by a knowledge of him and 
his works. 

As to luxuriant verbiage, as he kindly designates my 








revenue. 
able for the carriage of bulky goods, many hundreds of 
miles of steam tramways have 
_——/h practically for passenger and parcel traffic 
only. 


humble efforts, I can assure him that I do not intend 
to enter the lists with him in the matter of “fine” 


writing. I would suggest, however, that a mere strenuous 
determination never to use a word of n syllables where 
one of n + 1 can be dragged in, is only one way of seeking 
to attain that end. 


Yours faithfully, 


March 25, H. Rove. 





PORTLAND CEMENT. 
To THE EpIToR OF ENGINEERING. 

Srr,—There is only one point I need condescend to 
notice in Messrs. Macevoy and Holt’s letter dated the 13th 
inst., written, as usual, in the polished style of the Bri- 
tannia Works. They do not answer my question, but 
merely say they are not in the habit of making inaccurate 
statements ; and at once proceed to misrepresent what I 
said about gypsum. I did not say the addition of gypsum 
was allowable. If Messrs. Macevoy and Holt knew as 
much about genuine Portland cement as va f do about 
their mixture, they would know it is impossible to make 
it without it ultimately containing sulphuric acid, 
obtained chiefly from the coal or coke used in the kilns for 
burning it. This sulphuric acid combines with some of the 
lime, forming calcium sulphate (gypsum) ; itis, therefore, an 
unavoidable constituent to the amount I have mentioned, 
and not an addition of ground gypsum. I am quite aware 
some other manufacturers are adding gypsum and other 
substances to their cement to cheapen it, although they 
say nothing about it ; the fact, however, of their doing so 
being known will doubtless have its ultimate effect. 

Yours truly, 
Henry Ketway Bamber, F.1.C, &c. 
Westminster Chambers, 9, Victoria-street, S.W. 





LIGHT RAILWAYS AND AGRICULTURE. 
To THE EpiToR oF ENGINEERING. 

Srr,—Allow me to say a word, not so much in reply to 
“*T.,” for with much that he says I am in entire accord, 
but rather by way of comment on his letter. I believe 
with him that if, in the present state of public knowledge, 
or ignorance, on this question, public money, national or 
local, is devoted to subsidising light railways, we shall 
have a fiasco, and in the long run light railway develop- 
ment will be retarded rather thanhelped. Further, I be- 
lieve fully that the main remedy for agricultural depres- 
sion is to be found in organising and educating the agri- 
cultural classes. ‘‘T.” mentions one item of evidence in 
the Southampton Dock case. Let me mention another. 
Undisputed evidence was given that the American 
farmers marketed their goods in so convenient, and the 
English farmers in so inconvenient a manner, that the 
South-Western Railway Company made out of American 
farm produce, carried at half rates, 24 times the profit 
they did out of English. That the English farmer should 
learn to produce his butter and other articles in an 
economic manner is undoubtedly desirable, but it is 
equally desirable that he should learn to consign and 
market them in an economic manner also. 

And this brings me to the point where I disagree with 
““T.” He advocates traction engines on the high-roads 
instead of light railways. Let megive one or two reasons 
why I think he is wrong. In the first place, the experi- 


ence of the civilised world is against him. Every foreign 
country, from Sweden to Hungary, having for a genera- 
tion past made trial of light railways, is so satisfied with 
the result that it is pushing forward their construction as 
fast as financial exigencies will allow. No country that I 
ever heard of thinks that traction engines can fill the place 
of railways. 
engines can only serve a slow heavy goods traffic ; for pas- 
senger and 
question. 

cation is required even more imperatively for men than 
for manure. 
——_ the passenger traffic furnishes a large, usually, 


For—and this is my second reason—traction 


rishable parcel traffic their use is out of the 
Now in the country districts better communi- 


In every foreign country with which I am 


lieve, a preponderating, share of a light railway’s 
In Holland, where a network of canals is avail- 


n constructed in rural 


One main task of the light railways of the future must 


be to carry new ideas into rural districts, to bring up the 
agricultural mind abreast of modern ideas, to bridge the 


ap between the mental development and the accessi- 
ility to new ideas of the town and the country population 


respectively. In this task, which is rather moral than 
material, traction engines can certainly take no part. 


T am, Sir, yours trul 
WM. A. 








TRADE CATALOGUES. 
To THE EpriToR OF ENGINEERING. 
Srr,—I heartily endorse the very common-sense letter 


of Mr. J. Walton Brown in your issue of last week. The 
absurdity and inconvenience of the prevailing practice of 
having all sorts and sizes of catalogues and trade circulars, 
and the impossibility of filing them on any system of 
ready reference, must be felt by all. 


I would suggest that those who may issue single sheets 


should confine each sheet to one subject, so that it could 
be classified in a ‘‘Shannon” or similar file, where it 
could always be referred to with ease and speed, under 


the initial letter of the article wanted. 
If the system were adopted, trade catalogues and trade 


circulars would many a time be filed for reference, and 
lead to future business, instead of, as at present, being 





thrown to the waste basket and forgotten all about when 
the articles are wanted. 
rs truly, 


You ‘ 
Airdrie, March 23, 1895. J. C. ApAmson. 





THE STRENGTH OF RINGS. 
To THE Eprror or ENGINEERING. 

Srin,—In reference to the correspondence which has 
appeared in your paper on the argument of the elastic 
strength of a circular ring, I add, with your permission, 
the following very easy method : 

Let A; A, A A}, be the ring in question, the mean 
radius of which is r. We have the general formula : 


s=¥EL 
1 


where S is the bending moment, y is the angle of curva- 
ture, Z is the length of the beam, E is Young’s modulus, 
and I is the moment of inertia of the section. Differen- 
tiating with respect to ¥ and J, we obtain 


dy =84!, 
Let S be the bending moment at the point A in the 


EI 
figure, S; and S, the bending moments at the points A 
and Ao», and P the direct pull. = ? 





We have 
a en id 
§ =8,- gq AiB=58, - 9 7(1 —cos9) 
consequently 

~ Per, Pr 
Rs 

we” 2's oR 

EI 


Asdl=rd9, we must write 
Eldy=S,rdo -— 


Performing the integrations, we obtain the following 
equation : 


2 2 
Ely=S,re-?" o+ty sing +C. 





dgp+ TF cos a 9. 


When ¢ = 0, we have y = 0, consequently C = 0; when 


= > we have also y = 0; this gives: 


sr™ By ole 
. i ae 


2 0. 


2 


Whence 
1 24 
—_ Pp Se es Cees = 
8, =I ‘G =) = Ol8i7 Pr. 
and there results for the value of S,: 
S,=8,— FP" -— Pr __ 09183 pr, 
2 T 


Let us calculate the value of ¢ for which S=0; we 
have the equation : 


s,—-— xr (1 — cos %;)= 0, 


whence 
cos ; = 0.636, 


This value corresponds to an angle of ahout 50 deg. 
: G. B. VERRINA. 
Voltri, March 19, 1895. 





VICTORIAN Raitways.—The revenue of the Victorian 
Government railways in the second half of last year was 
1,296,641/., while the working expenses amounted to 
788,829/. The revenue showed a falling-off as compared 
with the corresponding period of 1893 of 70,428/., but the 
working expenses were reduced at the same time to the 
extent of 51,573/. The aggregate distance run by trains 
in the second half of 1894 was 4,787,656 miles, and the 
cost was reduced by nearly jd. per mile. 


THE THAMES AND SgverN Cana —Sir Courtenay 
Boyle, permanent secretary to the Board of Trade, who 
was accompanied by Sir Thomas Blomefield and Mr. F. 
J.S, Hopwood, assistant secretary (Railway Department), 
received on Friday a deputation, representing county 
councils and other local bodies, who asked the Board of 
Trade to assist them in getting passed into law a Bill now 
before Parliament for vesting the Thames and Severn 
Canal in a Yi ae trust to be called the Thames and 
Severn Allied Navigations, with a view of putting the canal 
into good and efficient order and repair, and developing 
the traffic thereon. Sir Courtenay Boyle, after hearing 
the views of the deputation, promised to do all in his 
power to further the object. 
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CHARRINGTON’S SIGN 
CONSTRUCTED BY MESSRS. SAXBY 


AL WIRE CARRIERS. 
AND FARMER, LIMITED, LONDON. 





Fig 1. 


THE signal wire carriers which we illustrate on this 
page are constructed on the same principle and act in 
the same manner as the guide bearings for point rods, 
illustrated and described in our issue of August 10, 
1894, page 211. Two types, varying slightly in de- 
tail, are shown by the engravings, in which Fig. 1 
shows a side wheel for attaching to wooden stumps, 
and Fig. 2 is a convertible pulley for attaching to 
iron stumps, and can be used either as a fixed side 
wheel or a swivel angle wheel as necessary. A modified 
form of Fig. 1 forms a swivel angle wheel for attach- 
ment to wooden stumps. When the split pin in Fig. 2 is 
in place, as shown in the illustration, the frame which 
carries the wheel is fixed, and when the split cotter is 
removed the framecan swivel, and thus the wheel accom- 
modates itself to the curve on which the wires are laid. 

The action of these improved wire carriers is pre- 
cisely the same as previously described in connection 





Fig. 2. 


with the roller for point rods. The wheel revolves, 
and in doing so displaces the segmental arms or links ; 
friction is thereby greatly reduced, and the working 
of the wires rendered very easy. This is of great im- 
portance in the case of distant signals, which are 
generally a very long way from the signal cabins. The 
wheels being mounted in the segmental arms with the 
radial slots always hang perfectly vertical, however the 
stumps may get out of the perpendicular, and this is a 
great advantage, as it insures the wire always running 
properly in the groove of the wheel, and however 
crooked the stumps may get, the action of this pulley 
remains the same. 

These carriers, it should be added, can be adapted 
to existing standards and frames. Messrs. Saxby and 
Farmer, Limited, signalling engineers, of Kilburn, 
London, N. W., are the sole , Rant for the manufac- 
ture and sale of the device. 





THE MENEELY TUBULAR BEARING. 
SIEMENS BROTHERS AND CO., 


CONSTRUCTED BY MESSRS. 
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Ro.iER bearings are among the things that come 
into notice at regular intervals, make a brief sensa- 
tion, and then drop out of sight again. They have 
been tried time after time, and on some occasions have 
promised most satisfactory results. Years ago some, 
if not all, of the coaches on the Ipswich express were 
fitted with these bearings, and ran excellently. But 
in them, as in all such bearings in the past, the weak 
spot showed itself at length, and complete disintegra- 
tion followed very rapidly. Recently in America a new 
form of bearing, called the Meneely tubular bearing, has 
been brought out, which seems to befree from the defects 
of its predecessors, A passenger car on the Delaware 
and Hudson Canal Company’s Railway, sage, 


50,000 Ib., No. 136, was fitted with these bearings, an 

started running on December 9, 1890, and has been 
running ever since. 
136,000 miles. 


Up to May of last year it ran 
In the first two years of the time there | 
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was no measurable wear, except on one of the rollers, 
which, being porous, had been compressed to the 
extent of 2 in. The same company have also a 
train of four passenger coaches that have been in 
daily service nearly three years on a run with 117 
regular daily stops, and neither bearings nor journals 
show signs of wear. The electric street railways of 
Albany and Troy have used these tubular bearings for 
more than two years, and have altogether about 90 
cars now operating upon them. Both systems have 
adopted the bearing as their standard. 

On September 14 to 17, 1894, the Delaware and 
Hudson Canal Company made comparative tests of 
the four-car train mentioned above, and of a similar 
train mounted upon brasses of the usual type. The 
weight of each train was 204,000 lb., and the same 
engine (No. 134) hauledeach. The consumption of coal 
in hauling the ordinary train 270 miles was 14,800 Ib., 





and the amount used for the train with tubular bearings 
was 11,100 lb., showing a saving of 3700lb. The 
trains were afterwards placed on the same level track, 
and were each started from a fiducial mark to test the 
— required. The dynamometer registered in the 

rst instance 3276 lb., and in the latter case 252 lb., 
aoe a reduction in the friction of rest of 92 per 
cent. It was found that one man could push the 
tubular bearing train in either direction. 

The Meneely bearing is being introduced into this 
country by Messrs. Siemens Brothers and Co., Limited, 
of 12, Queen Anne’s-gate, Westminster. This firm has 
made a number of independent tests. In December of 
last year, at their works at New Charlton, Kent, a 
6-in. shaft, carrying a steel disc 7 ft. in diameter, was 
supported in two 6-in. Meneely bearings. A string 
was wound round the circumference of the disc, and 
various weights were suspended from it, the object of 
the experiment being to find the smallest weight cap- 
able of turning the shaft. Although the total mass 
weighed about 17 cwt., a weight of 8 oz. was sufficient 
to put it into rotation. A few days later a second 
test was made with the disc (a part of a cable sheath- 
ing machine) loaded with bobbins filled with wire, 
the total weight being 34 tons. After careful balancing, 
it was found that a weight of 1} lb. was enough to 
turn the machine. 

Bearings of this kind have been fitted by Messrs. 
Siemens | te Bons to a car on the Ryde electric tram- 
ways. As shown in the annexed engraving, the jour- 
nal is 3 in, in diameter, while the tubular rollers are 
275 in. in external diameter and 14 in. in internal dia- 
meter. The bearing is composed of steel tubes, uniform 
in section, which are grouped closely, although not in 
contact with each other, around and in alignment with 
the journal ; these rollers are enclosed within a steel- 
lined cylindrical — They are arranged in three 
series, the centre series being double the length of each 
of the outer series. Each short tube is in axial align- 
ment with the corresponding tube of the opposite end 
series, while exactly intermediate to these end lines 
are arranged the axes of the centre series, thus making 
the lines of bearing equal. Each end tube overlaps 
two centre tubes, as shown in Fig. 2. To keep the 
long and short tubes in proper relative positions, 
there are threaded through their insides round steel 
rods. These rods both lock the rollers together and 
hold them apart in their proper relative positions, 
collars on the rods also serving to aid in maintaining 
the endwise positions. These connecting-rods share in 
the general motion, rolling without friction in contact 
with the tubes. They intermesh the long and short 
tubes and keep them rigidly in line with the axis. 

In the bearing of a railway coach the journal is 
43 in, in diameter. The tubes, which are prepared 
by the Mannesmann process, have an_ ultimate 
crushing strength of 3000 tb. per lineal inch. There 
are 86 in. of bearing in each box, but the bulk of the 
weight is borne by three lengths out of the eight, which 
afford a resistance of 96,750 lb. to the load of 3 or 4 
tons on the wheel. The end pressure is taken by a 
plate of bronze with an arrangement for oiling. In 
the example in the engraving the oiling device is 
omitted, as the load and speeds do not render it 
necessary. 

Messrs. Siemens Brothers have made a series of com- 
parative tests on the Ryde tramway, using first, the 
bearings that were originally on the car, and second, 
the new bearing illustrated above. The line is on the 
pier, 870 yards long, running N.N.W.—S.S.E. The 
weight of the car and gearing complete is 54 tons, and 
the weight loaded 84 tons. The subjoined Table gives 
the mean of a large number of runs : 


Trials on Ryde Pier Tramway. 




















Ordinary Bearing. | Meneely Bearing. 
jUnloaded. Loaded. |Unloaded.| Loaded. 
Electric horse-power per| | 
trip ae oe up 6.52 7.96 5.65 6.02 
Electric horse-power per 
trip oe .. down 6.34 7.22 5.40 5.6 
Mean of up and down 6.43 7.59 5.52 5.81 
Average time, up = min. 8.25 4.22 2.59 8.00 
o » down ,, 2.94 3.6 3.09 8.25 
Mean of up and down 
min. 8.1 3.9 2.84 3,12 
Mean speed up and down 
miles 9.6 7.6 10.4 9.46 
Minimum horse-power at 
starting .. -- Up) 8.53 12 5.20 6.86 
Minimum horse-power at’ 
starting .. -. down 8.23 9.85 5.72 5.74 
Mean horse-power at 
starting. upanddown) 8.38 10.92 5.46 6.30 
Mean horse-power per ton 
at starting ee me 1.52 1,28 99 74 
Mean horse-power per ton 
for double journey .. 1.17 894 1.00 684 
Starting pull by dynamo- 
meter . Ib. per ton) 40 32 16.5 13.65 








From this it will be seen that there was a very con- 
siderable saving of energy from using the tubular 
bearings. The power required to drive the loaded car 
on the double runs was reduced by 24 per cent., while 
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the speed was increased by 20 per cent. The starting 
effort was diminished to less than half. This latter is 
a very important point in tramway practice, because 
it is the start that strains the horses so badly, and 
wears them out at an early age. The reduction of the 
starting in the proportion here shown, should effect a 
collateral saving not less important than the direct one. 
The same consideration also applies, but in a different 
way, to electric cars. Reduced resistance enables the 
motor to get into rotation more rapidly, and thus the 
period of low efficiency in working is shortened. 
No bearing, however skilfully devised, can make a 
vehicle run without a considerable expenditure of 
ower. There always remain the gradients, the grind- 
ing friction at curves, and the atmospheric resistance 
to be overcome. A reduction of friction at the journals 
has, however, the advantage that it is always opera- 
tive. It offers a steady gain up-hill and down-hill ; 
with head winds, side wind, and no wind; on the 
straight and on the flat. No road is all up-hill, it must 
be down-hill one way at least ; but a bad bearing 
never ceases to oppose the motion of the vehicle. Con- 
versely a good bearing is a constant advantage ; some- 
times it saves a small fraction of the power, and some- 
times a large one, but it is always something to the 
ood, 
. The Meneely bearing is exceedingly interesting 
from a mechanical point of view, and on the face of it 
has advantages possessed by no other roller bearing. 
It comes from America with excellent credentials, and 
in the hands of Messrs, Siemens Brothers it should 
find a rapid introduction in this country, especially on 
horse tramways. 


INDUSTRIAL NOTES. 

WE have now a general outline of the basis for a pro- 
osed federation of the trades of the United Kingdom. 
‘he Norwich Congress ‘‘appointed a committee to draw 

up a scheme by which all trade societies might become 
federated together for their mutual benefit.” The com- 
mittee consisted of eight members, all tolerably well 
known to recent congresses, but, with two exceptions, 
not identified with any of the earlier trade union move- 
ments, The recent action of the Parliamentary Com- 
mittee, and the severance of some of the older unions 
from the congress, render it possible that the federation 
scheme may lead to the reconstruction of congress, or 
the institution of a new body with wider objects and 
ambitions. The committee state that they have framed 
their proposals ‘‘along the lines of least resistance.” 
With this view they propose to interfere as little as 
possible with the internal organisation of the several 
bodies to be federated. Bearing this view in mind, the 
scheme is to be ‘‘ worked at a nominal expense, and from 
within the societies themselves, without any outside per- 
manently paid officials.”” Theabsolute autonomy of each 
individual society is recognised, the object being to 
secure, at the same time, ‘‘ unity and independence.” 
The several analogous branches of an industry are to be 
grouped in the way of ‘‘sectional federation.” These 
groups are then to be federated under district commit- 
tees, while unity of action is to be secured by a general 
council, composed of representatives from each society, 
or several small societies may combine to send a repre- 
sentative. The general council is to appoint the central 
executive to govern the affairs of the whole federation 
between the annual meetings of the general council. 
The endeavour has been ‘‘ to arrange the representation 
on an equitable basis.”” A method of procedure is pro- 
posed to deal with disputes between societies, as to 
lines of demarcation as regards work, or other matters 
that may arise from time to time. The preamble to 
the objects and rules refers to former efforts and their 
failure, and states that the object is to encourage an 
amicable relationship between employers and employed, 
by means of conciliation. 

The objects, concisely stated, are said to be: 1. To 
maintain the right of combination, to improve the 
position and condition of the workers, and the eleva- 
tion of labour in general. 2. To establish a federa- 
tion of all trades and industries, on the basis of 
kindred organisations, 3. Tosecure unity of action, at 
the same time leaving absolute autonomy to each 
separate organisation. 4. To promote industrial peace, 
and by all amicable means, such as conciliation, to 
prevent strikes or lockouts, or disputes between 
trades. Where differences do occu”, to assist in their 
settlement by just and equitable methods. The state- 
ment of the objects is fair enough; the difficulty is in 
the mode of carrying them out. Rule 1 sets out the 
constitution of the group, which forms the sectional 
unit of the federation. As an example of the consti- 
tution of a group, it is proposed te federate engineers, 
boilermakers and iron ship builders, moulders, brass- 
workers, barge-builders, shipwrights, carpenters and 
joiners, cabinetmakers, plumbers, labourers, &c., into 
one group. The variety of interests is here so great 
that united action is well-nigh impossible, except upon 
some great emergency. But when we come to the 
‘*metal workers” group, several of the same engineering 
branches of trade are also included, with several very 
curious additions, such as ‘“‘ workers in silver,” ‘‘ gold- 








beaters,” and ‘‘ electrical workers,” with steel-smelters, 
blastfurnacemen, chainmakers, &c. Again, in the 
building trades group, whitesmiths and gasworkers 
are associated with masons, bricklayers, and brick- 
makers. In another group we find bakers, cigar- 
makers, chemical workers, copper-workers, glass- 
makers, skin-dressers, clay potters, harness-makers, 
coachmakers, and postmen. Rules 2 to 12 govern 
the local or general groups, with no financial responsi- 
bilities beyond the regular contribution. Rules 13 to 
21 govern the general council. Representation to be 
one delegate for from 1000 to 5000 members, and one 
additional for each further 5000 or part thereof. The 
executive, to be chosen by the council, to consist of 15 
members, as far as possible one from each group. The 
executive to fix the amount payable by each society ; 
five members are to constitute the business committee, 
who are charged with important functions. The scheme 
is thus prepared ; will the unions endorse it? 





The publication of the 87th annual report of the Iron- 
founders’ Society affords further indications of the effect 
of the depression in the iron and steel trades, and in 
the industries connected therewith, during the year 
1894. The report refers to the past year as one ‘“‘ of 
great trial, strain, and trouble to most of the members.” 
Some of this was due to other causes than the ‘‘ de- 
pression in trade,” for the prolonged strike on the 
north-east coast contributed to ‘‘trial, strain, and 
trouble.” The cost of the strikes during the year was 
far greater than is usual in this society. No fewer 
than 1284 members: received strike pay in the year ; 
the total number of weeks the men were on the funds 
was 9219, while the total cost was 6913/. 17s. 6d., or 
nearly 7000/. The time lost was equal to nearly 102 
men’s whole time for one year. The total income in 
1894 was 57,352/., the total expenditure was 74,603/ , 
the total adverse balance was 17,257/. lls. 9d. The 
cash balance at the close of the year was 17,676/., at 
the close of 1893 it was 34,933. 14s. 3d. But the 
number of members has increased, being now 15,195. 
Donation benefit, that is, for those unemployed, ab- 
sorbed 37,388/. 7s. 4d.; sick benefit, 71307. 12s. 8d. ; 
superannuation allowance, 11,028/. 0s. 6d. ; funerals, 
2487/. 10s. ; accidents, 6207. 8s. 10d. ; and benevolent 
grants, 35/. Strike pay cost 11,700/. 3s. 4d., of which 
4786l. 5s. 10d. was contributed by special vote. 
Though the cost of the unemployed was heavy, it 
was not equal to that in 1879, when the amount was 
nearly 57,511/. ; the total was also larger in 1878 than 
in 1894. The superannuation benefit cost was the 
largest ever known, but sick pay was much under the 
average of the last five years. Strike pay was nearly 
double that of 1879, which was the largest hitherto 
known. The balance is now below that of any year 
since 1887, but in years prior to that it has been fre- 
quently less. One of the singular things in this union is 
the fluctuations in its history ; another is the marvellous 
way in which it recuperates itself. This, to some 
extent, is due to the fact that the members are not so 
fluctuating as in some other societies ; if they run out 
of benefit, they pay up again. The average number of 
members out of work in the year is stated to have been 
3849, or 25.3 per cent. But this includes the number 
idle by the strike on the north-east coast, which 
swelled the total to a great extent, the strike lasting 
many months without cessation. 





The 13th annual report of the Associated Ship- 
wrights’ Society states that, although the year 1894 
was not as bright as had been expected, it was 
not by any means the worst year in shipbuilding ex- 
perience. The society is able to say that during the 
past year there was no serious stoppage through dis- 
putes. Out of an outlay of about 18,000/., only 175/. 
was spent on dispute benefit. Reference is made to 
the fact that previous to the consolidation of the 
union strikes were frequent; on one river alone as 
much as 10,0007. was spent in one year. Yet during 
the 13 years of the existence of the Associated Society, 
the total spent has only amounted to about 39001. 
After giving a summary of shipbuilding statistics for 
the year 1894, the report proceeds to speak of the de- 
marcation of work. It urges that the dispute cannot 
be satisfactorily settled by force, and that it should be 
settled by reason, by a reference to a competent board, 
not after a stoppage has taken place, but before any 
such acute stage is reached. On the Clyde the ques- 
tions in dispute have been arranged. On the Tyne the 
matter is at rest, though some of the decisions are 
questioned. It is hoped that the matters in dispute 
in the naval dockyards will be amicably adjusted also. 
The contention is that the constructive and erective 
work, whether in iron or steel, belongs to the ship- 
wright, just as the woodwork did in former times, 
but they lay no claim to the engineering or fitting 
portions of the vessel. The income for the year was 
21,830/.; the expenditure was 17,9927. 15s.; the 
balance at the close of the year was 33,5441. 9s. 6d. 
Trade benefit and disputes only cost 175/. ; out-of-work 
benefit, 55597. 18s. 1d.; sick and accident benefit 
absorbed 52117. 10s. 4d.; superannuation cost 
1267. 11s. 2d.; and funeral benefit 9727. 10s. The 





total number of members is 14,698. This society has 
23,882/. in the Post Office savings banks, and only 
about 6250/. invested, of which 500/. is in the 
Co-operative Printing Society, Limited, and 4000I. 
in Armstrong, Mitchell, and Co. The total legal 
charges for the year were only 15/. 19s. 4d. The 
society finds medical aid for its members, as well as 
sick pay, when ill. On the whole, the society has 
borne the stress of 1894 exceedingly well, though it 
was touched by the strike on the north-east coast. 


The state of trade in connection with the engineering 
industries of Lancashire is very slowly, though it is to 
be hoped surely, manifesting improvement. Up to the 
present it has Soe so very slow that the complaint is 
that there is ‘‘no appreciable improvement.” But 
some of the branches have been better employed, and 
there are hopeful signs of increasing activity. There are 
better prospects in the locomotive trade, for the Man- 
chester, Sheffield, and Lincolnshire Railway Company 
are now busy at their Gorton works, building engines 
for their own use, and it is expected that large orders 
will be given out for the equipment of their new line 
to London. There are no serious labour struggles, or 
even anticipated troubles, in connection with any of 
these branches of industry in the numerous Lancashir 
districts. Business is still very slow in the iron trade. 
There has been a fall of 10s. per ton in the list price 
of bars. 

In the Wolverhampton district things have been 
comparatively quiet. There has been no improve- 
ment either in the demand or in prices, the only 
noteworthy features being a slightly better demand 
for finished iron, while there is fair employment in 
bridge and girder work, tank and gasholder erectors, 
and railway works. The engineering and cognate 
branches also are rather better off for work. 

In the Birmingham district there is very little 
change, but, if anything, there has been a better in- 
quiry for iron and steel, and prices are a little firmer 
as regards the minimum rates, though the ordinary 
quotations are unchanged. Tube strip for bedstead- 
making purposes is in good inquiry, which seems to 
indicate busier times for that branch of trade. 





The deplorable labour struggle, in connection with 
the boot and shoe trades of the country, continues, in 
spite of all efforts to bring about a settlement. The 
Board of Trade, members of Parliament representing 
the districts most affected, ministers of religion, and 
others have tried to effect a settlement, or to find a 
modus vivendi, but all have failed up to this date. 
Indeed, so far, all these well-meant efforts seem rather 
to intensify the friction, and evoke feelings more and 
more bitter, as coming from what are called ‘ out- 
siders.” But the extent of the stoppage is not so great 
as was at first anticipated, and the men engaged in the 
struggle think that some of the employers will give 
way. In many instances the men continue at work, 
and are, then, called upon to pay a substantial levy 
to assist those who are out “‘ fighting the battle.” It 
is reported that in London 10 manufacturers have left 
the federation ; but, on the other hand, 19 who were 
outside that body have joinedit. It was alsoreported 
that the Wellingborough manufacturers have resolved 
to lock out their men, but it is said that they have 
decided not to join the federation. In other districts 
employers who were outside of the federation have 
joined, the employés being locked out as a con- 
sequence. These waverings in policy always happen, 
some employers being influenced from one cause, some 
from another. The union was rather agreeably sur- 
prised at the comparatively small amount which had 
to be disbursed as strike pay at the end of the week. 
Only two-thirds of the estimated amount had to be 
paid out. This was due to the fact that the lock-out, 
so far, was only partial, especially in London. Gene- 
rally —— the conduct of the men has been peace- 
ful, but in a few instances there has been a little out- 
burst of violence. At Northampton two men have 
been sent to prison for a month for ‘‘ unlawfully follow- 
ing,” and one man not in the trade has been committed 
for trial. Mr. Alderman Inskip, J.P., the general 
secretary, has been taken ill, so that some of the 
arrangements made have had to be cancelled or post- 
poned. The greatest friction has been caused by the 
attitude as regards the outworkers, some signs of dis- 
agreement having been manifested amongst the men 
as to interference with their work in their own 
locality. 





{t is still rather doubtful whether the threatened 
crisis in the building trades of London will be averted. 
At the last meeting of the representatives of the Build- 
ing Trades Federation and the employers, the former 
did not evince a disposition to yield to the employers’ 
proposals, and so the meeting ended without anything 
being done. The menadmit that, if the notices expire, 
and no arrangement of a mutual character is made, the 
working code of rules will cease to exist, and the men 
will be thrown back into the same state of confusion as 
formerly. This will mean industrial anarchy and 





chaos, Each branch of trade will have to fight for its 























Marcu 29, 1895. | 


ENGINEERING, 





421 











own hand, with the possible, if not probable, result 
that the weakest will go to the wall, and then that 
the stronger will have to submit to some of the dis- 
advantages. The disadvantages of any such rupture 
and breakdown of the code of working rules are so 
great that it is worth while to make any reasonable 
concessions in order to avert such a catastrophe. 
Some of the leaders begin to recognise this, and 
therefore possibly milder counsels may yet prevail. 


The lock-out in the mantle trade in the East of 
London has arisen, according to the statement of the 
employers, from the same causes as the dispute in the 
boot and shoe trades, namely, by the alleged inter- 
ference by the union men in the modes of work in the 
workshops. The employers declare that such inter- 
ference cannot be tolerated. The men allege that it is 
due to a system of sweating which they are bound to 
resist. But the employers deny the ‘‘sweating,” or if 
it exists, they are the victims, the sweaters being the 
union men and the manufacturers. The strike and 
lock-out, therefore, is between the middlemen, the 
master mantle-makers, and the unionists. The latter 
declare that they desire to work for the manufacturers 
direct, and not, as at present for the middleman, the 
master mantle-maker, and ladies’ tailor. There is so 
little sympathy at present with the ‘‘ middleman ” 
that it is not surprising that the East-enders side with 
the men rather than with the employers. On the other 
hand, there is a large section of small masters, whose 
turn may come next, whose sympathies lie in the other 
direction, and therefore the fight may be more stubborn 
than is expected. The tendency in modern industrial 
relations undoubtedly is for the workmen to be em- 
ployed direct, without the intervention of the middle- 
man, 





The cotton industries of Lancashire are not in a 
very flourishing condition. The last report of the 
cotton-spinners speaks of trade as in a very bad and 
uncertain state, aggravated by the Indian cotton duties 
and by the low price of silver. The only favourable 
thing is the very low price of raw cotton, which helps 
to keep things afloat. The threatened reduction has 
not come off, but there is considerable friction in some 
districts. 





Efforts are being made to raise the age of half-time 
workers under the Factory and Workshops Acts. 
There is now a growing feeling in favour of such an 
amendment. But the Home Secretary thinks that 
the pressing of it forward in the Bill of this session 
will tend possibly to wreck his measure. Some are 
proposing to include within the scope of the Bill all 
offices where clerks are employed ; the Home Secre- 
tary cannot agree to this. In one amendment it is 
proposed to include all Government workers, the Post 
Office included; this will not be assented to. The 
faith in legal enactment is growing, but the dis- 
like to legal provisions is also growing, where they 
have to be applied. It is even said that Government 
workers are beginning to grumble at the eight-hours 
day, because there is no overtime. But, as has 
always been pointed out here, an eight-hours day by 
Act of Parliament, and the working of overtime, are 
incompatible. The Home Secretary is also being 
sorely pressed to extend the scope of his Truck Bill, so 
as to more securely protect female and a certain class 
of male workers. The ‘‘ written contract” and the 
use of the expression ‘‘reasonable deductions” are 
thought to be open to grave objection, the former 
because most labour contracts are merely oral, and the 
second because of the wide latitude of the courts in 
their definition of what is or is not reasonable. The 
latter expression is open to objection, for it will 
assuredly lead to litigation, and this is in itself to be 
avoided. 


A curious report has come to hand respecting the 
operation of the Fair Wages Resolution of the House 
of Commons, It is said that a Glasgow firm recently 
tendered for some Admiralty work, which tender was 
accepted. Subsequent inquiries led to the conclusion 
that the firm was a non-union firm, and was not in 
accord as to the union rates of wages. The bargain 
was thereupon cancelled, and the contract was taken 
away. 





Mr. David Dale, of Darlington, has issued his award 
respecting the hours of labour in mills in connection 
with the iron and steel trades. He states that there is 
no sufficient cause for compulsorily shortening the 
hours of the day and night shifts; but if managers 
can see their way clear to do so, they are at liberty so 
todo. But he decides that the Saturday shift shall 
be brought to a close at 1.30 if possible, and in any 
case not later than 2.30. In the cogging mills the limit 
is not to be too strictly enforced, but 2.30 is to be the 
normal time for ending the Saturday shift, except in 
case of accident. 

Lord Justice Davey has been appointed umpire of 
the Durham Board of Conciliation and Arbitration, 
which appointment has the approval of both parties on 





the board. The Fife and Clackmannan coalowners 
have withheld their notices for a reduction, and have 
agreed to the formation of a joint committee, with 
the view of establishing a sliding scale. The Miners’ 
Congress at Lens have passed a resolution to the effect 
that the workmen shall no longer subscribe to the 
funds for assisting and pensioning the workmen, such 
funds to be found in future by the companies them- 
selves, without contributions by the workpeople. 
Whether the employers will agree to this proposal 
remains to be seen; the congress only represents one 
side of the question. 





THE PHYSICAL SOCIETY. 

AT the ordinary meeting of the Physical Society, held 
at the Royal College of Science, South Kensington, Mr. 
R. T. Glazebrook, M.A., F.R.S., in the chair, a paper 
was read ‘* On the Objective Reality of Combination Tones,” 
by Professor A. W. Riicker and Mr. E. Edser. The 
question as to the objective or subjective nature of com- 
bination tones has excited much keen controversy, and 
the authors have devised some experiments to elucidate 
this point. These experiments, some of which were exhi- 
bited before the Society, show that under certain condi- 
tions difference and summation tones are produced which 
are capable of disturbing resonating bodies. As resonator 
they have, in the first instance, employed a tuning-fork. 
A piece of thin wood about 5 in. square is attached to one 
of the prongs of this fork, while a silvered glass mirror is 
attached to the other, and the pitch of the fork is very 
accurately adjusted to 64 complete vibrations per second. 
In order to detect any movement due to resonance set up 
in this fork, the mirror carried by the prong forms part of 
a system of mirrors for producing Michelson’s interference 
bands. By this means a movement of the prongs of the 


fork of 5000 in. (half a wave length of light) is shown by 


the disappearance of the interference bands. As a source 
of sound a siren was employed, this being one of the in- 
struments which Helmholtz recommends as giving the 
best results. The pitch of the notes given by the siren 
was adjusted by noting the disappearance of the beats 
produced by one of the notes with a bowed fork, or by a 
strobosbopic method. A large wooden cone placed 
between the siren and the resonating fork served to con- 
centrate the sound on the wooden disc attached to this 
latter. The sensitiveness of the arrangement is such that 
when a large Koenig standard fork, giving 64 vibrations 
per second, is struck so lightly that an observer, with his 
ear close to the fork, cannot detect the fundamental note, 
the bands instantly disappear. The apparatus, however, 
is unaffected by any other note except one of 64 vibrations 
per second. A number of experiments have been made, 
using various rows of holes on the siren, and in every 
case when the summation or difference tone corresponded 
to 64 vibrations per second, the interference bands 
vanished, showing that under the conditions of the 
experiment these tones have an objective existence. An 
experiment has also been made to determine whether 
Koenig’s lower beat tone, when the interval is greater 
than an octave, is objective. In this case, however, 
the authors entirely failed to get any evidence of 
such an objective existence. A number of experi- 
ments have been made with a view to elucidating the 
cause of the production of the summation tone, which 
tend to show that it is not the difference tone of the 
partials of the fundamental notes. In addition to using 
a tuning-fork to detect the combination tones, the authors 
have made use of an instrument originally devised by 
Lord Rayleigh. A light mirror is suspended by means 
of a fine quartz fibre, and hangs on the neck of a resonator, 
tuned to the given note, and when at rest is inclined at 
45 deg. to the axis of the resonator. Under these circum- 
stances, when the resonator responds, the mirror tends to 
turn and set itself at right angles to the direction of motion 
of the air in the resonator. The results obtained with 
this instrument are in complete accord with those obtained 
by the first method. Up to the present the authors have 
failed to obtain any evidence of the objective reality of 
the combination tones produced by organ pipes and tuning- 
forks. 

The discussion on this paper was postponed till after 
the reading of the next paper, ‘‘Some Acoustical Ex- 
periments,” by Dr. C. V. Burton. (1) ‘*‘ On the Subjective 
Lowering of Pitch of a Note.” The author has noticed 
that if a tuning-fork mounted on a resonator is 
strongly bowed, then if the ear is placed near the 
opening of the resonator, the pitch of the note 
heard appears lower than when the fork is bowed very 
gently or is held at some distance. This subjective 
lowering of pitch is most marked with forks of low 
pitch ; and in the case of a fork giving a note of 128 com- 
plete vibrations per second amounts to about a minor 
third. The author suggests an explanation depending on 
the supposition that the basilar membrane of the ear be- 
haves as if it consisted of a number of stretched strings of 
various lengths, each resounding to a given note; and that 
the appreciation of the pitch of a note depends on 
the localisation of the part of the basilar membrane 
which resounds most strongly. Further, he shows that 
in the case of a stretched string for finite displace- 
ments the string which most strongly resounds to 
any note will havea ‘‘natural” period longer than the 
period of the disturbance ; the greater the disturbance the 
longer will be the natural period of the strings most 
strongly affected. Hence, when the intensity of a note 
increases, the tract of the basilar membrane most strongly 
affected is displaced in the direction which corresponds 
to the perception of lower notes. (2) ‘* Objective Demon- 
stration of Combination Tones.” When two organ pipes 
are sounded and alternately separated and brought close 


together, an observer, ab some distance, hears the 
difference tone much more clearly when the pipes are 
close together than he does when they are separate. As 
the position of the pipes with reference to his ear does 
not appreciably change, the change in the intensity of 
the combination tone indicates that it has a real objective 
existence. The author mentioned that he had sounded 
his two pipes, which give a difference tone of 64 vibra- 
tions per second, before the collector of Professor Riicker 
and Mr, Edser’s apparatus, but without obtaining any 
motion of the interference bands, and that he was there- 
fore less confident of the correctness of his deductions 
than he had been before. Mr. Edser mentioned that Dr. 
Burton had suggested an explanation of the production 
of objective tones in the case of the siren, which depends 
on the production of the tones in the wind chest of the 
instrument itself, when two rows of holes are simul- 
taneously opened. They had made an experiment which 
seemed to show that the above explanation was incorrect, 
for, on connecting together the wind chests of two sirens 
fixed on the same spindle by means of a short length of 
wide metal tubing, no effect was observed on the bands 
when the two notes were produced on different 
instruments having what was practically a common 
wind chest. 

Professor Everett (communicated) said he considered 
the experiments described in the paper proved conclu- 
sively the objective existence of the summation tones as 
distinguished from supposed beat tones. He had lately 
been investigating the pitch of the loudest combination 
tone obtained when two notes having frequencies as 3 to 
5 are sounded. Is the frequency of this tone 2, z.e., the 
first difference tone, or is it 1, which corresponds to the 
first term of the Fourier series for the periodic disturb- 
ance? In the chords 2 to 3, 3 to 4, 4 to 5, &c., the differ- 
ence of the integers being unity, the first difference tone 
is identical with the first Fourier tone. When the dif- 
ference of the two integers which express the chord is not 
unity, then the writer considers that experiments he has 
made with strings and pipes show that the first Fourier 
term is usually the only combination tone that is audible. 

Professor 8. P. Thompson considered that care should 
be taken to define what we mean by the subjective or 
objective existence of anote. There are two very delicate 
methods which have already been employed for detecting 
the existence of a given note in the air: 1. The forma- 
tion of ripples on a soap-film stretched over the opening 
of a resonator tuned to the required pitch (Sulley Taylor). 
2. The sounds produced on a telephone connected to a 
microphone placed on a thin elastic membrane stretched 
over the neck of the resonator (Lummer). It was very 
important to limit our acceptance of the demonstration 
of the objectivity of combination tones given by the 
authors of the _— to the case actually proved, i.e., to 
tones produced by the polyphonic siren. It did not 
necessarily follow that if pure tones, produced by tuning- 
forks, were used the same result would be obtained. 
A number of experiments had been made by Zante- 
deschi in 1857, in which two notes were sounded, 
and musicians present were asked to record their im- 
pression of the third tone present. In 75 per cent. of 
the cases the note recorded was the difference in tone; 
in the remaining 25 on cent. it corresponded to Koenig’s 
beat tone. Koenig himself had never heard the summa- 
tion tone in the case of lightly bowed forks. Voigt, in a 
theoretical paper, has shown that if there are two dis- 
turbances whose mean kinetic energy differ, the Helm- 
holtz tones will be produced, but that if the mean kinetic 
energy of the two disturbances are equal, the Helmholtz 
effects soon die out, and you get beat tones or beats. He 
(Professor Thompson) considered that Dr. Burton had 
allowed his perception of tone to be governed by the 
quality of the note, and that the apparent lowering of 
pitch was due to the variation in the intensity of the over- 
tones present. 

In reply to Professor Thompson, Dr. Burton said he 
did not merely perceive a lowering of pitch, but he was 
able to estimate the change in pitch, and say at what 
instant, as the vibrations of the fork died out, the 
lowering amounted to a tone or half a tone, &c. 

Mr. Boys said he found that by careful attention he 
could apparently persuade himeelf that the note in Dr. 
Burton’s experiment was lowered or raised in pitch, or 
that it remained unaltered. A similar effect in the case 
of the eye could be obtained with a stereoscopic picture. 

The Chairman considered that while Helmholtz’s ex- 
planation of the production of combination tones might 
be real, it did not follow that this explanation gave the 
sole cause of their formation. In particular Helmholtz 
does not explain why the tones should only be produced 
by some sources of sound.- 

Professor Riicker, in his reply, said he did not deny the 
existence of Koenig’s beat tones, in fact, he had heard 
them. They did not lay much stress on the negative 
result of the experiment they had made to test the objec- 
tive existence of these beat tones. 





COUNTERBALANCING LOCOMOTIVES. 


An Experimental Study of the Effect of the Counterbalance 
in Locomotive Drive-Wheels upon the Pressure between 
Wheel and Rail.* 

By W. F. M. Goss, Lafayette, Ind., Member of the 

Society. 

In the mechanism of a locomotive, the revolving parts 
at the crankpins, together with the reciprocating parts 
connected therewith, are balanced more or less com- 
pletely by the addition of masses, or ‘‘ counterweights,”’ 
to the drivers. But since the counterweights move in 


* Pay er read before the American Society of Mecha- 
nical Engineers. 
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circular paths, it is only the horizontal component of the 
radial force derived from them which can serve to 
neutralise the effect of the reciprocating parts; the 
vertical component of all that portion of the force 
which applies to reciprocating parts, is unbalanced. 
This unbalanced vertical component causes the pressure 
of the driver on the rail to vary with every revolution. 
Whenever the speed is high, it is of considerable magni- 
tude, and its change in direction is so rapid that the re- 
sulting effect upon the rail is not inappropriately called 
a “hammer blow.” Many practical demonstrations have 
been had of the magnitude of the forces involved. Heavy 
rails have been kinked, and bridges have been shaken to 
their fall, all under the action of heavily balanced 
drivers revolving at high speeds. The evidence is 
sufficient, but the means by which the evil is to be over- 
come has not yet been made clear. Indeed, the difficulties 
to be met in counterbalancing have been greatly increased 
by the demand during the last decade for heavier and 
still heavier engines, and for higher speeds in all classes 
of service. Heavier engines require heavier reciprocating 
parts, and heavier reciprocating parts demand more 
counterbalance. With a view to keeping the speed of 
rotation down, wheel diameters have been somewhat in- 
creased ; but the expected gain has not been realised, be- 
cause an increase of speed has followed. As a result of 
these developments, the modern engine may have re- 
ciprocating parts on each side weighing from 600 lb. to 
1000 Ib. ; these must be given a horizontal balance (more 
or less complete) by counterweights in the wheels, and 
the wheels are often driven at a rate exceeding 300 re- 
volutions a minute. 

It is not the purpose of this paper, however, to discuss 
the question of counterbalancing, but rather to show some 
of the effects of such balancing. The forces which are 
brought into action by the presence of the counter- 
balance have been elaborately studied,* and their pre- 
cise effect upon the pressure of contact between wheel and 
rail have of late been the subject of considerable discus- 
sion. To throw some light upon this most practical and 
important question, a series of experiments was under- 
taken at the engineering laboratory of Purdue University, 
the essential feature of which was the passing of a soft 
iron wire of small diameter under the moving wheel. It 
was expected that the varying thickness of the wire which 
had been subjected to this process would show the effect 
of variation in pressure between the wheel and the track. 
If the wheel should leave the track entirely, a portion of 
the wire would retain its full diameter; and the real pur- 
pose of the experiments, as originally planned, was to 
demonstrate whether at any speed easily attained the 
driver would actually rise from the track. Brief accounts 
of these experiments have already been published, and 
the interest which has been shown in them has prompted 
this more complete statement of the conditions involved 
and the results obtained. 

The apparatus employed consisted chiefly of the Pur- 
due locomotive ‘* Schenectady,” which, as is generally 
known, is mounted with its drivers resting upon wheels 
of approximately the same diameter with the drivers, 
When the drivers are turned by the engine, the support- 
ing wheels roll in contact with them, the engine asa 
whole remaining stationary,t 

To guide the wire which was to be fed under the driver, 
a length of 8-in. gas-pipe was secured to the laboratory 
floor in front of each driver included in the experiment 
(Fig. 1). Three pipes were thus arranged. A deflector 
plate was fixed behind the main driver to turn the wire 
delivered from this wheel away from the rear driver, but, 
except for this plate, no attempt was made to control the 
course of the wire after it left the wheel. The wire was 
of common annealed iron of about 0.037 in. in diameter. 
Tt was prepared by being carefully straightened and cut 
into lengths of 20 ft. ; that is, about 3.5 ft. longer than 
the circumference of the drivers, and 2 in. longer than 
the guide-pipe in which the lengths were to be fed to the 
wheels. Wires thus prepared were laid in light wooden 
troughs to preserve them from injury, and a trough thus 
supplied was placed in line with each guide-pipe (Fig. 1). 
In conducting the experiments, an operator at each pipe 
drew a wire from the trough and passed it into the pipe 
until only about 2 in. of the length remained outside. 
From the relative length of guide-tube and wire, it was 
known that the opposite end of the latter was now close 
to the driver. When desired conditions of speed had been 
secured and a signal given, a touch of the operator’s finger 
upon the end of the wire was sufficient to start the oppo- 
site end under the wheel. The starting of the wire was 
accomplished without commotion. The man in charge 
was conscious only of having touched it. To an observer 
who watched for the wire as it came from the driver, it 
gave the impression of a quivering beam of light, which 
an instant later became a loosely tangled thread of metal. 
Or, if one kept his eye upon the wall of the laboratory, 
against which the wire was allowed to impinge, he saw 
the whole tangled coil appear instantaneously and with- 
out apparent cause. The initial 3nd of each wire was, 
in plan, of the outline shown by Fig. 2, from which it 

* “An Account of Certain Experiments on Several 
Methods of Counterbalancing the Action of Reciprocating 
Parts of a Locomotive,” Gaetano Lanza, Proceedings 
A.S.M.E., vol. x., page 302. ‘General Solution of 
Transmission of Force in a Steam Engine, as Influenced 
by the Action of Friction, Acceleration, and Gravity,” 
D. S. Jacobus, Proceedings A.S.M.E., vol. xi., page 
492. “The Irregular Wear of Locomotive Driving 
Wheel! Tyres,” E. M. Herr, Proceedings, Western Rail- 
way Club, May, 1892. ‘‘The Vertical Influence of the 


Counterbalance,” R. A. Parke, M.E., Proceedings of the 
New York Railway Club, February 15, 1894. ‘ 

+ For description of this plant, see ‘‘ An Experimental 
Locomotive,” Society Proceedings, vol. xiii., page 427. 


would appear that when the wire came under the in- 
fluence of the wheel’s motion, the tensional stress upon 
sections near the end, as at A, exceeded the elastic limit 
of the material, this stress being required to impart 
motion to the mass of wire to the rightof A. The weight 
of the 20-ft. length was about one ounce, and the time 
occupied in its passage was usually a fifth of a second. 
These facts will help toshow the significance of the speeds 
used in the experiments. 

The speed of the locomotive was noted from a register- 
ing counter, and also by a Boyer speed-recorder, a per” 
manent record being obtained from the latter instrument. 
To assist in connecting the effect produced on the wire 
with definite phases of the wheel’s motion, a nick was 
made with a sharp chisel across the face of each driver, in 
line with the counterweight, as at A (Fig. 3). An im- 
pression of this nick was sharply defined upon every wire 
that passed under it. The initial end of the wire could, 
as has been already stated, be determined by an ex- 
amination ; but to leave no doubt as to this matter, and 
for the purpose of giving a second reference point, one of 
the wheels was marked with two parallel lines 90 deg. 
from the first reference line, as at C (Fig. 3). 
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It was found by a comparison of reference marks that 
distances along the length of the wires could be taken as 
representing equal distances around the face of the wheel. 
Thus, the length of each wire being greater than the cir- 
cumference of the wheel, it would sometimes happen 
that a single wire would receive two impressions from the 
same reference mark; the distance between the two 
points thus impressed upon the wire was found to be equal 
to the circumference of the wheel. This fact made it easy 
to connect effects left upon a wire with the wheel positions 
(crank angles) producing them. 

Many of the wires that have been produced by the ex- 
periment described, have since been carefully calipered 
at 5-in. intervals, the results plotted, and a smooth curve 
drawn through the points thus located. Some of the re- 
sults thus obtained are presented as Figs. 4, 5, and 6, the 
points representing the actual thickness of the wires 
being designated by means of small circles. It will be 
seen that all diagrams are plotted with reference to 
definite wheel positions. 

The Balance of the Locomotive.—Before attempting a 
discussion of results in detail, it is necessary to consider 
somewhat briefly the condition of balance of the locomo- 
tive experimented upon. The engine as delivered by its 
builders was balanced for the road; but to increase its 
steadiness in the laboratory, weights were afterwards 
added in equal amounts to the several wheels, until a full 
horizontal balance had been secured.* The revolving and 
reciprocating parts which required counterbalancing, ex- 
clusive of the crankpins and crankpin bosses, which are 
assumed to be parts of the wheels themselves, were found 
to weigh as follows : 


Ib. 
Piston and piston-rod sie ae ... 297.0 
Crosshead with part of indicator rigging 
attached... vA nas Ae .. 170.5 
Main rod 344.5 
Side rod 278.0 
Total for one side 1090-0 


For complete horizontal balance, it was required that 


* On January 23 of the present year, the plant from 
which the results herein described were obtained was de- 
stroyed by fire. The new plant, now in operation, does 
4 require the locomotive to be in complete horizontal 

alance, 




















the sum of the weights making up the counterbalance of 
the two wheels on the side of the engine under considera- 
tion, should be equivalent to 1090.0 lb. acting at a 
radius of 1 ft. To ascertain the distribution of balance 
between the wheels, it was necessary to examine them 
separately. Calculations based upon prints of the wheel 
centres gave the following results : 
Main Rear 


Wheel. Wheel. 
Balance cast in rim, and be- 
tween the arms, plus the 
weights added at the labora- 
tory, all reduced to equiva- 
lent weights acting at a 
radius of 12 in. ae ts 
Weight of crankpin and 
crankpin hub to be sub- 
tracted ies Se ee 
Net weights available to bal- 
ance revolving and recipro- 
cating parts acting upon the 
crankpins_.... Ses cc, OUD 546.6 
The sum of the net weights thus obtained for both 
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wheels (1103.6 lb.) is 13.6 lb. greater than the sum of the 
actual weights to be balanced. But the engine is known 
to have been in perfect horizontal balance, the experi- 
mental methods adopted in securing this condition serv- 
ing to indicate when the weights were changed even to 
the extent of a single pound. The calculated weight 


in each wheel is therefore assumed to be Bs = 6.8 1b. 


heavier than the weights themselves, and this amount 
has been subtracted as a correction from the net weights 
given above, making the 


Main Rear 

Wheel. Wheel. 
Corrected net weight of 
counterbalance available to 
balance revolving and re- 
ciprocating parts acting 

upon the crankpins 550.2 539.8 


The weights of the parts involved, together with certain 
dimensions, are summarised in Fig. 3. 

Taking the — of side rod and of main rod as 
already given, and considering 0.6 of the weight of the 
latter as a revolving part, 


Main Rear 
Wheel. Wheel. 
The excess of balance over 
that required for revolving 
parts alone is se .. 204.5 400.8 


which shows 66 per cent. of the balance for reciprocating 
parts to be in the rear wheel. 

Six different rules for balancing locomotives for the 
road, reported as being in common use, give weights of 
counterbalance for the locomotive in question, as follows : 


Main Rear 
" Driver. Driver. 
Rule A (for freight enginesonly) 467 260 
»» B (for allclasses of service) 462 322 
” Cc ” ” 547 340 
» D ” ” 570 340 
” E ” ” 573 366 
588 381 


” a , ” 
Average of five rules from B to 
F inclusive ay 548 350 


Compared with these several standards, the weights of 
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the counterbalances in the Purdue engine stand as 
follows : 


Main Rear 
Wheel. Wheel. 
Per cent. Per cent. 


too heavy. too heavy. 
By Rule A (for freight service 


only) ... ss = Re 107.6 
By kule B (for all classes of ; 
service) a sas Pree 5) 67.6 
By Rule C (for all classes of ; : 
service) ase oa ve .6 56.9 
Per cent. 
too light. 
By Rule D (for all classes of 
service) ve an Pa 3.5 56.9 
By Rule E (for all classes of 
service ae ss ws 4.0 47.5 
By Rule F (for all classes of 
service) se Se ve 6.4 41.6 
Per cent. 
too heavy. 
By the average of five rules 
from B to F inclusive 54.2 


It is evident, therefore, that the weight of the counter- 
balance in the rear wheel, from which most of the results 
about to be discussed were obtained, is in excess of that 
allowed by good practice as expressed by the rules 
already given. But practice cannot always conform to 
the law by which it assumes to be governed. It often 
happens where wheels are of small diameter, and the con- 
nections are heavy, asin Mogul or Consolidation engines, 
that there is not sufficient room in the main wheel to 
get in a counterbalance large enough for the revolving 
parts alone; in this case, therefore, the balance for re- 
ciprocating parts of this wheel must be taken by the 
other coupled wheels, in addition to that which, under 
the rules, would be counted as properly belonging to 
them. By this process wheels having revolving parts 
which are relatively light are employed to balance a 
larger per cent. of all the reciprocating weights. Again, 
almost any eight-wheeled engine, balanced in an approved 
manner, will, if the coupling-rod is removed, have an 
excess of balance in the rear wheel equal to that for the 
engine under consideration; and such engines are nob 
infrequently run while disconnected. 

These considerations will serve to show that while the 
total weight of the counterbalances of the Purdue engine 
is, for reasons already stated, heavier than would be con- 
sidered necessary for the road, and while at the time of 
the experiments the weights were not well distributed 
between the wheels, yet the conditions which existed are 
not at all rare. Doubtless many wheels are running 
which carry a greater counterbalance, when compared 
with the revolving weights to be balanced, than did the 
rear wheel of the Purdue locomotive. 

Results.—Attention has already been directed to the 
fact that in the engine experimented upon the excess 
of weight in the counterbalance, over that required 
for the revolving parts alone, was much greater for the 
rear driver than for the main driver. As the lifting effect 
is proportional to this excess of weight, it follows that 
wires run under the rear driver were likely to show more 
variation in thickness than those under the main driver. 
Results of experiments upon this point are shown by 
Fig. 4, which represents wires obtained at the same 
instant from the main driver and the rear driver respec- 
tively. It will be seen that the wire ([.) from the main 
driver shows but slight variation in thickness, notwith- 
standing the high speed (312 revolutions per minute), and 
it may be said that no wire was ever obtained from this 
wheel which gave evidence that the wheel had left the 
track. From mathematical considerations it can be 
shown that this wheel would not be expected to lift at 
speeds below 80 miles per hour (428 revolutions per 
minute), and such speeds are not practicable with wheels 
of the diameter experimented upon. 

Passing now to an inspection of wire II. (Fig. 4), from the 
rear wheel, which was obtained at the same instant wit 
wire I., it will be seen that there is a jump of the wheel 
just after the counterbalance has passed its highest point, 
which, when compared with the corresponding movement 
of the main driver, is very pronounced. Wires from this 
wheel at higher speeds are shown by Fig. 5. In this 
figure the full diameter of the wires is in each case shown 
by a dotted line drawn parallel with the base line. 
Wire III., made at 59 miles (316 revolutions), shows that 
there was an instant in the passage of the wire, corre- 
sponding to the point A, when it was barely touched by 
the wheel. Increasing the speed to 63 miles (337 revolu- 
tions) increased the lifting action of the wheel to the extent 
shown by wire IV. (Fig. 5). At the point B the wheel 
parted contact with this wire, and did not again touch it 
until the point C was reached, an interval of about 40in., 
the portion of the wire between B and C being entirely 
round, and apparently unaffected by its passage under the 
wheel. A further increase of speed gives, as is shown by 
wire V., a still greater length of full wire, the distance 
from D to E being very nearly equivalent to a quarter 
revolution of the driver. 

It will be seen that all of these wires (II. to V., Figs. 4 
and 5) substantially agree in showing the maximum lifting 
effect to occur after the counterbalance has passed its 
highest point, an effect undoubtedly due to the inertia of 
the mass to be moved, also in showing that the rise of the 
wheel from the track is more gradual than its descent. 
The latter condition follows as a sequence of the first. 

Portions of the wires not shown on the diagrams do 
not vary much in thickness. The metal is rolled so thin 


by the normal pressure of the wheel that further incre- | wi 


ments of pressure do not greatly affect it. The wires, 


h| cent. of all reciprocating parts, to be balanced, the 


junior member of the Society, for assistance in the pre- 


variation of wheel pressure when the change is insufficient 
to lift the wheel from the track. 

It now remains to mention the effect of certain dis- 
turbing elements which are shown by the experiments to 
modify the actual movement of the wheel, other con- 
ditions remaining constant. For the rear wheel these 
disturbing elements are all in the nature of vibrations. 

The first to be noticed is the rocking of the engine upon 
its springs, which motion tends to vary the pressure of the 
wheel upon the track independently of the action of the 
counterbalance. At one revolution the effect of the 
rocking may oppose the action of the counterbalance, and 
at the next revolution it may supplement the action of 
the counterbalance in producing a vertical movement of 
the driver. Again, the effect of the rocking may at a 
given instant be ni/, and the wheel may rise under the 
action of the counterbalance; but in an another instant 
the effect of the rocking appears, and the path of the 
wheel while in air is modified and its time of descent 
changed. Thus, the existence of this vibration makes it 
impossible to duplicate wires with certainty, even though 
the speed is constant; its effect is well shown by Fig. 6. 
Wires VI. and VII. were taken from the rear drivers at 
the same instant, one from the right side, the other from 
the left; the speed, therefore, must have been the same 
for both. The right driver lacked a good deal of leaving 
its wire, but the left driver was in air for a tenth of a 
revolution. Again, wires VIII. and IX. were made in 
the same way at a higher speed; and here, while both 
drivers were off the track, the results are reversed, the 
right driver giving the greater length of full wire. It 
will also be seen from the diagrams, that not only is the 
extent of the vertical movement of the driver modified by 
the rocking of the engine, but the position of the wheel 
when such motion occurs is changed. It is evident, there- 
fore, that this movement of the engine upon its springs 
will prove a serious difficulty whenever an attempt is 
made to predict as to the precise movement of the centre 
of gravity of the driver, whether the method of investiga- 
tion be mathematical or experimental. 

There appears, also, to be a vibration of parts, as, for 
example, of the wheel as a whole, these vibrations being 
of small amplitude. Evidence of the presence of such 
vibration is shown by the location of points on the dia- 
grams of wires, Figs. 4 to 6, which points represent the 
thickness of the wires as found by measurement. Re- 
ferring especially to wires I. and II. (Fig. 4), it will be 
seen that the actual thickness of the wire alternately in- 
creases and diminishes with every point. The time in- 
volved in passing from one high point to another (a 
distance of 10 in.) was about 0.01 second. This vibra- 
tion may be traced on other diagrams ; its amplitude is 
from two to four thousandths of an inch only. Whether 
the process of introducing the wire starts, or has any 
—" with, this vibration, the experiment does not 
show. 

A third class of vibrations is made apparent by a dupli- 
cation upon the wire of the reference mark on the wheel. 
As has already been stated, a light nick from a sharp 
chisel was made across the face of the wheel to serve as 
a reference mark. This nick leaves a clear-cut projection 
upon the wire. But at high speeds the single nick 
across the face of the wheel leaves two projections 
upon the wire, showing that after making one impres- 
sion the surface of the wheel must for an instant 
have actually cleared the wire and then impressed itself 
a second time. The distance between these projections 
on the wires varies somewhat, but is usually about } in., 
which represents a time interval between the two impres- 
sions of about 0.008 sec. The contact between wheel 
and track is, therefore, not continuous, but is a succes- 
sion of ex ingly rapid impacts. These vibrations 
cannot affect the wheel as a whole; they are doubtless 
due to the elasticity of the materials, and involve only 
the parts immediately about the point of contact. 
Conclusions.—The results of the experiments appear to 
justify the following conclusions : 

5 Wheels balanced according to usual rules (which 
require all revolving parts, and from 40 per cent. to 80 per 


counterbalance for the reciprocating parts to be distri- 
buted equally among the several wheels connected) are 
not likely to leave the track through the action of the 
counterbalance, and cannot do so unless the speed is ex- 
cessive. 

2. A wheel which, when at rest, presses upon the rail 
with a force of 14,000 lb., and which carries a counter- 
balance 400 lb. in excess of that required for its — 
parts alone, may be expected to leave the track throug 
the action of the counterbalance whenever its speed ex- 
ceeds 310 revolutions per minute. 

3. When a wheel is lifted, through the action of its 
counterbalance, its rise is comparatively slow and its 
descent rapid. The maximum lift occurs after the 
counterbalance has passed its highest point. 

4. The rocking of the engine on its springs may assist 
or oppose the action of the counterbalance in lifting the 
wheel. It, therefore, constitutes serious obstacles in the 
way of any study of the precise movement of the wheel, 
5. The contact of the moving wheel with the track is 
not continuous, even for those portions of the revolution 
where the pressure is greatest, but is a rapid succession of 
impacts. 

The writer is indebted to Daniel Royse, M.M.E., 


paration of data. 





BELGIAN Ratt Exrorts.—The exports of steel rails from 
at gy last year amounted to 78,296 tons, as compared 

th 66,909 tons in 1893. The exports of iron rails from 
Belgium in 1894 were 172 tons, as compared with 6837 





therefore, do not emphasise the destructive effect of the 


TESTS OF BOILERS. 


Tur Manchester Steam Users’ Association, as is well 
known, has other and more important aims than the 
giving of pecuniary guarantees to its members. Its 
leading object is to prevent boiler explosions by the 
diffusion of correct knowledge as to the construction 
and working of steam generators. Further, it strives 
to provide its members with the best available infor- 
mation as to the various types of boilers in the market, 
and to this end, the engineer, Mr. Lavington E. 
Fletcher, carries out tests whenever possible, both of 
new and old type boilers. Thereport presented to the 
last annual meeting contained a number of reports of 
such tests, many of which will be interesting to our 
readers. We, therefore, reprint a part of the report, 
merely adding that much fuller accounts of the trials 
lie at the offices of the Manchester Steam Users’ Asso- 
ciation, 9, Mount-street, Albert-square, Manchester. 


“advance” Bovler.—This boiler has been brought 
before the public as possessing special qualifications for 
economising fuel, and a limited joint stock company, to 
promote its adoption, has been registered, with a capital 
of 100,000, 

The peculiarity in this boiler consists in riveting a 
number of strips of ~— iron to the roof of the furnaces, 
on the fire side, as well as to the roof and sides of the flue 
tubes, and in some cases to the outside of the shell, the 
object being to increase the heating surface of the boiler, 
and thus attain economy. These strips are laid longi- 
tudinally, and in short lengths, so as to fall between each 
ring seam of rivets. 

Vhe boiler tested by the Manchester Steam Users’ 
Association was of the Lancashire type, 20 ft. long. by 
6 ft. in. in diameter in the shell, and 2 ft. 6 in. in 
each of the furnace tubes, while the firegrates were 4 fo, 
long by 2 ft. 6 in. wide, giving an area of 20 square feet, 

The tests were made under the pressure of steam at 
which the boiler was ordinarily worked, and all the steam 
generated was used for manufacturing purposes in the 
works, the greater portion for boiling, &c., and the re- 
mainder for power. Under these circumstances, engine 
indications would have afforded no check on the evapora- 
tive efficiency of the boiler, and therefore were not taken, 

The coal at Test No, 1 was ordinary slack, dirty and 
wet. The calorific value ‘‘as used,” ascertained from 
samples taken during the test, was 12,565 thermal units, 
equal to the evaporation from and at 212 deg. of 13 lb. 
of water per lb. of coal. 

The coal at tests No, 2 and No. 3, which had been 
specially ordered for the tests, was large round, of house 
fire quality, dry, and containing very little ash. The 
calorific value ‘* as used,” ascertained from samples taken 
during the test, was 13,911 thermal units, equal to the 
evaporation from and at 212 deg. of 14.4 lb. of water 
per lb. of coal. 

The coal at Test No. 4 was good slack, clean and bright, 

but rather damp. The calorific value ‘‘as used, ” ascer- 
tained from samples taken during the test, was 13,858 
thermal units, equal to the evaporation from and at 
212 deg. of 14.34 1b. of water per lb. of coal. 
The boiler was fired by hand on the spreading system, 
by the boiler-owner’s ordinary fireman, each furnace 
being fitted with Greaves’ patent incandescent smoke 
burner, while the firebars were stationary, and the fires 
kept from 8 in. to 10 in. thick. 

The temperature of the feed water in the measuring 
tanks was 85 deg. at Test No, 1, 87 deg. at Test No. 2, 
82 deg. at Test No. 3, and 41 deg, at Test No. 4. There 
was no economiser. 


** Advance” Boiler. Hand Fired. Without Economiser. 

















Reduced Results. 
Particulars. Test No. Test No.|Test No.|Test No. 
-: . | 4, 
| steam. | steam, | steam. | steam, 
56 1b. | 601b. | 501b. | 55 1b. 
Coal burnt : 
Rate per week of 56 hours, 
including 3 tons for bank- 
ing fires, &c. .. tons 8.74! 8.14 9.91 9.46 
Per hour ea -. cwt 2.05 1.83 2.47 2.30 
as -» ae —Tb.| 229.50 205.60] 277.20] 258.30 
Per square foot of firegrate 
perhour.. -- Ibj| 11.47) 10.28) 13.86| 12.91 
Water evaporated from tempe- 
rature of feed ; 
Per hour cubic feet] 23.06, 30.45| 41.73) 36.30 
99 Po ia Ib. 1468.40 1893.00 | 2596.00 | 2265.00 
Per square foot of firegrate 
perhour.. = b.| 73.40) 94.65] 129.80} 113,25 
Per pound of coal ‘‘ as used ” 
Ib. 6.40 9.20 9.36 8.77 
*” - **pure and 
dry” “a Ib. 8.12 9 94 10.08 | 9.70 
Equivalent evaporation from 
and at 212 deg. | 
Per pound of coal ‘‘ as used” 
Ib. 7.43 10 67 10.87 10.57 
” Pr “pure and 
ay” .. oe oe Ib. 9.43 11.52 11,71 11.70 
Calorific value of coal realised 
percent.| 57.15| 74.10| 75.48/ 73.70 
} 





From the above it will be seen that the equivalent 
evaporation from and at 212 deg. per lb, of coal, ‘‘as 
used,” was, at Test No, 1, with ordinary slack, 7.43 lb. 
of water, and at Tests Nos, 2, 3, and 4, with superior 





tons in 1893, 





coal, 10.67 lb., 10.87 lb., and 10.57 lb., respectively, 
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giving a mean for the last three tests, with superior coal, 
of 10.7 lb. of water. 

Though the results obtained at the last three tests are 
high, it must be borne in mind that the coal was of a 
specially selected quality and the rate of combustion 
slow, while the result obtained with ordinary slack is not 
higher than that obtained in ordinary practice. It will 
therefore be wise to suspend judgment with regard to the 
economy produced by the ‘‘ Advance” boiler, and to 
await a wider experience. 

McPhail’s Steam Generator and Superheater.—The 
object of McPhail’s steam generator and superheater, 
which may be applied to existing boilers, is ‘‘ the eco- 
nomical production of dry and superheated steam.” 

In this apparatus two superheaters, consisting of anum- 
ber of vertical pipes, are placed—when applied to Lanca- 
shire or Cornish boilers—in the external brick work down- 
take at the back of the boiler. The steam is drawn in the 
first instance from the anti-priming pipe or steam dome, 
but instead of being led in the ordinary way, outside the 
boiler to the engine, it is led through an internal pipe to 
the back of the boiler, where, after passing through the 
end plate, it enters one of the superheaters at the top, 
travels down the vertical pipes to the bottom, and then 
re-enters the boiler below the flue tubes, travelling through 
another internal pipe from the back to the front, and then 
from the front to the back, when it once more leaves the 
boiler, enters the other superheater at the bottom, rises 
through the vertical pipes to the top, re-enters the boiler 
above the furnace tubes and below the water line, travels 
to the front of the boiler, and then passes off through the 
janction valve to the engine. A great proportion of the 
heat acquired in passing through the superheaters is trans- 
ferred to the water in passing through the internal steam 
pipes, while the remainder assists in feeding the engine 
with dry steam. On this point further observations will 
be made. 

The Manchester Steam Users’ Association has made 
two series of evaporative tests of this apparatus to 
ascertain its economic efficiency, these being made at 
different times and different places. In both series the 
boiler was tested before, as well as after, the apparatus 
was applied, while the length of firegrates, and all other 
conditions, were unaltered. 

In the first series of tests the boiler was of the Lanca- 
shire type, 30 ft. long by 8 ft. in diameter in the shell, 
and 3 ft. 3 in. in the furnace tubes, while the firegrates were 
7 ft. long by 3 ft. 3 in. wide, giving an area of 454 square 
feet. 

At Tests Nos. 1 and 2 some of the steam was used 
for driving the engine, and some for manufacturing 
purposes in the mill. Under these circumstances, engine 
Indications would have afforded no check on the evapora- 
tive efficiency of the boiler, and therefore were not taken. 
At Test No. 3, to meet this, no steam was used except 
for driving the engines, which were two in number, and 
both of the horizontal double-cylinder compound con- 
densing class, the high-pressure cylinder being fitted with 
an automatic cut-off arrangement, and the low-pressure 
cylinder with an ordinary slide valve. 

The coal used at Tests Nos. 1, 2, and 3 was clean 
and nutty, with a little slack, from the Wharncliffe 
Collieries, Barasley. 

The boiler was tired by hand, on the spreading system, 
by the boiler-owner’s own fireman, the firebars being 
stationary, and the fires kept from 6 in. to 7 in. thick. 

The feed water was heated by being pumped through a 
CGreen’s economiser containing 216 pipes, the temperatures 
on entering the economiser and on entering the boiler 
respectively, being 102 deg. and 303 deg. at Test No. 1, 
120 deg. and 226 deg. at Test No. 2, and 115 deg. and 
242 deg. at Test No. 3. 


McPhail’s Superheater, with Compound Condensing En- 











gincs. Hand Fired. With Economiser. Reduced 
Results, 
Test No. 1. Test No.2. Test No. 3. 
Particulars. 
Without With With 
McPhail. | McPhail. | McPhail. 
steam steam steam 
74 Ib. 75 Ib, 74 Ib. 
Coal burnt: | 
Rate per week of 56 hours, in- 
cluding 5 tons for banking | 
fires, &c. EG tons 23.90 | 21.86 20 88 
Perhour .. a os Owe, 6.75 | 6.02 5 67 
Ih 756.00 674.60 635.30 


ae ne on oe 
Per square foot of firegrate per 
ae os lb. 


hour 16.60 14.80 13.90 
Water evaporated from tempera- 
ture of feed: 
Perhour .. cub. ft. 106.54 125.11 109.76 
” as = -. 1b.) 6605.80 | 7719.50 | 6783.80 
Per square foot of firegrate per | 
hour on ie és lb. 145 \8 169.66 149.09 
Per pound of coal as used 8.73 11.44 10.67 
Equivalent evaporation from and 
at 212 deg.: 
Per pound of coal ‘‘as used,” 
boileralone.. . | 8.20 11.66 10.70 
Per pound of coal ‘‘as used,” 
boiler and economiser * 10.02 12.93 12.10 
Coal per indicated horse-power 
perhour.. ia “— lb. es a 1.72 
Steam per indicated horse-power 
per hour oe oe Ib. 18 34 


In the second series of tests the boiler was of the 
Lancashire type, 28 ft. long by 7 ft. 6 in. in diameter 
in the shell, and 3 ft. in the furnace tubes, while the 
firegrates were 5 ft. long by 3 ft. wide, giving an area of 
30 square feet. 





The tests were made under the pressure of steam at 
which the boiler was ordinarily worked. All the steam, 
with a slight exception, for which allowance was made, 
was employed in driving the engine, which was of the 
horizontal tandem compound condensing class, with 
Corliss valves fitted with automatic cut-off gear to the 
high-pressure cylinder, and with an ordinary slide-valve 
to the low-pressure cylinder. j 

The coal used at Test No. 1 and Test No. 2 consisted 
of nuts, clean and bright, with a little slack, from Loft- 
house Collieries. The calorific value ‘‘ as used” ascer- 
tained from samples taken at the second test, was 13,747 
thermal units, equal to the evaporation from and at 
212 deg. of 14.22 lb. of water per pound of coal. 

The boiler was fired by Bennis’s mechanical stoker 
assisted occasionally by hand, when the fires required 
levelling. The firebars were of the Camel reciprocating 
type, having a travel of 1 in., while each stroke occupied 
half a minute, and the fires were kept from 8 in. to 9 in. 
thick. 

The feed water was heated by being pumped through 
a Green’s economiser, but as gases from other boilers also 
passed through the economiser, this has been disregarded, 
so that the results given are those obtained from the 
boiler alone. The temperature of the feed water entering 
the boiler was 190 deg. at Test No. 1, and 160 deg. at 
Test No. 2. 


McPhail’s Superheater, with Compound Condensing Engine, 
Fired by Bennis’s Mechanical Stoker. Economiser Dis- 


regarded. Reduced Results. 
Test No. 1. Test No. 2. 


Without With 
McPhail. McPhail 
Particulars. Steam. Steam 
81 lb. 85 Ib. 
Coal burnt: 
Rate per week of 56 hours, including 
4 tons for banking fires, &c. tons 20.45 16.20 
Per hour .. oe “ +. Cwt. 5.88 4.36 
” oe ee oe se Ib. 658.25 488.90 
Per square foot of firegrate per 
ae ae oe os Ib. 21.94 16.29 
Water evaporated from temperature of feed: 
Per hour .. oe cub. ft. 78.50 75.76 
a we ee ws ~Ses”Ss«édD.Ss 4740.00 © 461.47 
Per square foot of firegrate per 
hour... = as - Ib. 158.00 154.00 
Per pound of coal ‘‘ as used” ae 7.20 9.45 
ed » ‘pure anddry”,, is 11.64 
Equivalent evaporation from and at 212 deg.: 
Per pound of coal ‘as used,” boiler 
alone... " ea a) 7.62 10,30 
Per pound of coal “‘ pure and dry” ,, as 12.69 
Calorific value of coal realised _p.c. 72,43 
Coal per indicated horse-power per 
hour .. Re oA ee 2.62 1.94 
Steam per indicated horse-power per 
hour : os oe Ib. 18.90 18.35 


These figures show that the addition of McPhail’s 
steam generator and superheater to the boilers tested 
was attended with a decided advantage as regards their 
economic efficiency. 

In the first series of tests the equivalent evaporation 
from and at 212 deg. per pound of coal, “‘as used,” 
was 8.20 lb. at Test No. 1, before the apparatus was 
applied, and 11.66 lb. at Test No, 2 and 10.70 lb. at Test 
No. 3 after the apparatus was applied, giving a mean 
of 11.18 lb., showing an improvement of 36.4 per cent. 
In the second series of tests the equivalent evaporation 
from and at 212 deg. per pound of coal, ‘‘ as used,” was 
7.62 lb. before the apparatus was applied, and 10.30 lb. 
after it was applied, showing an improvement of 35.17 


per cent. 

It should, however, be pointed out that the results just 
given refer to the boiler alone, but when the economiser 
is taken into account, the result is not quite so favourable. 
In the second series of tests the arrangements were such 
that the effect of the economiser could not be measured, 
but in the first series the equivalent evaporation from 
and at 212 deg. per pound of coal, ‘‘as used,” by the 
boiler and economiser together, was 10.02 lb. at Test 
No.1, before the apparatus was applied, 12.93 lb. at Test 
No. 2, and 12.10 lb. at Test No. 3, after the apparatus 
was applied, giving a mean of 12.51 1lb., showing an im- 
provement of 24.8 per ceut., with the boiler and econo- 
miser together, as against 36.4 per cent. with the boiler 
alone.* 

The Manchester Steam Users’ Association, in pub- 
lishing the results of the tests of this apparatus, gives 
the facts just as it found them, but would wish to point 
out that though the results are certainly isvonsiiiln it 
cannot but think it is desirable, before forming a de- 
finite opinion as to the general application of the appa- 
ratus, to have a wider range of experience to see whether 
it gives equally satisfactory results under different con- 
ditions of working, and whether it stands the test of 
lengthened use as regards wear and tear and maintenance 
ofeconomy. Other superheaters of this type are being 
applied, and the Manchester Steam Users’ Association 
will take every opportunity of ascertaining the result of 


their working. 
(To be continued.) 








LAUNCHES AND TRIAL TRIPS. 
On the 11th inst. Messrs. Ropner and Son, of Stockton, 


| launched a steel screw steamer of the following dimen- 


sions, viz : Length over all, 290 ft.; breadth, 40 ft ; 
depth, 18 ft. 6 in., which they have built for a West 
Hartlepool firm. The engines will work up to about 800 
effective horse-power, and are by Messrs. Blair and Co.; 


* It should perhaps be pointed out that at both tests 
the economiser had the assistance of the gases passing 
off from another boiler, while the water heated by it was 
fed only to the boiler being tested 





they are of the triple-expansion type, having cylinders 
21 in., 34 in., and 56 in. in diameter by 36 in. stroke, 
steam being supplied by two large steel boilers working 
at 160 lb. pressure. As the steamer moved off she was 
christened Selby. 


On Tuesday, March 19, Messrs. W. Gray and Co., 
Limited, of West Hartlepool, launched the steel screw 
steamer Rocio, built to the order of Messrs. Orders and 
Handford, of Newport. The vessel is to be fitted with 
engines of the triple-expansion type working on three 
cranks; these engines will be supplied by the Central 
Marine Engine Works of Messrs. W. Gray and Co. 


The s.s. Helge, built by the Elsinore Iron Shipbuilding 
and Engineering Company, Denmark, for the Steam 
Navigation Company ‘‘ Danmark,” of Copenhagen, was, on 
March 19, successfully launched at Elsinore. This steamer 
is built of steel to the highest class at Bureau Veritas’ 
special survey, and her dimensions are 270 ft. by 37 ft. 
114 in. by 17 ft. 10? in. depth of hold. The engines are of 
the triple-expansion type, with surface condenser, indi- 
cating 650 horse-power. In the vacant berth the keel of 
a tugboat for Copenhagen was laid down. 





The s.s. Star of New Zealand, the fourth vessel built 
by Messrs. Workman, Clark, and Co., Limited, for 
Messrs. J. P. Corry and Co., London, went on speed 
trials on March 21. The length of the vessel is 393 ft, 6 in.; 
breadth, 46 ft. 7 in. ; depth moulded, 31 ft. 2 in., with a 
gross tonnage of 4712 tons. The vessel is of the three- 
deck type, and deep framing has been introduced in place 
of hold beams, which leaves the holds clear for the 
stowage of cargo. A cellular double bottom extends fore 
and aft for water ballast. The refrigerating machinery 
and the insulation is extensive. The machinery has 
been constructed at the builders’ works, and consists of 
triple-expansion engines with cylinders 264 in., 44 in., 
and 73 in. in diameter, stroke 48in., with steam supplied, 
at a working pressure of 180 lb., from three large boilers 
fitted with Howden’s system of forced draught, with the 
fans placed in a recess at the fore end of the engine-room 
above the boilers. On the measured mile an average 
speed of 13 knots was obtained. 





Messrs. Palmer and Co., Jarrow, launched on the 23rd 
inst. two very fine modelled steel screw steamers, built to 
the order of Messrs. R. and J. H. Rea, of Liverpool. Their 
dimensions are as follows: Length, between -perpen- 
diculars, 250 ft. ; beam, 36 ft.; and moulded depth, 19 ft. 
7 in. The engines are of the triple-expansion type, with 
cylinders 20 in., 33 in., and 54 in. in diameter by 36 in. 
stroke, and two steel boilers working at a pressure of 
160 lb. per square inch. The vessels are designed to load 
about 2300 tons deadweight on 18 ft. draught of water. 
On leaving the ways the vessels were named the Throstle- 
garth and Bangarth. 





The large steel screw steamer Fort Salisbury, built by 
Sir W. G. Armstrong, Mitchell, and Co., at their Walker 
shipyard, for Messrs. Bucknall Brothers on behalf of the 
British and Colonial Steam Navigation Company, has 
completed her speed trials. The Fort Salisbury is the 
second of three sister vessels built by Messrs. Armstrong, 
Mitchell, and Co. for the above company’s new service to 
the Cape and East Coast of Africa. The Fort Salisbury 
is a vessel of 6000 tons, and fitted out for passengers and 
cargo. She was taken for a series of runs on the measured 
mile off Whitley, a mean speed of over 14 knots being 
shown. The machinery has been constructed by Messrs. 
Hawthorn, Leslie, and Co. 





Messrs. Ramage and Ferguson, Limited, Leith, 
launched on the 25th inst. a steam yacht named Speedy, 
of 110 tons, built for Baron Barreto, Brandon Park, Suf- 
folk, from the designs of Mr. Dixon Kemp, of London. 
The yacht is fitted with triple-expansion engines, and is 
expected to steam 13 knots on trial. 





ELEcTRICITY v. STEAM.—Electricity is about to displace 
steam on the Burlington branch of the Amboy division 
of the Pennsylvania Railroad. 


Ratrray Heap LicutHouse.—The Commissioners of 
Northern Lighthouses have been engaged during the past 
three years in erecting a lighthouse and fog signal on the 
Ron Rock, which lies about one-fifth of a mile off Rattray 
Head, Aberdeenshire. This head is notorious for its rapid 
tides and the numerous dangers lying outside of it, on 
which many a good ship has been broken. The tower is 
completed and ready for the reception of the optical 
apparatus. The apparatus, which was designed by 
Messrs. Stevenson, consists of nine panels, compos 
entirely of refracting prisms, the focal distance being 
920 millimetres. These panels are arranged to show a 
group of three flashes in quick succession. The lenses 
subtend an angle of 80 deg., vertically, and this height 
has been obtained, not by the use of flint glass, or by 

risms of Fresnel’s section, which cause great loss of 
ight from divergence, but by using biconvex equiangular 
refracting prisms. This apparatus will have in its focus a 
five-wick paraffin lamp, and the beam of light shown to 
the sailor will be equal to at least 39,220 standard candles. 
As this apparatus is novel in design, the French light- 
house engineers were invited by M. Lepante, the con- 
tractor (who was the lower offerer), to examine it before it 
left Paris, and they expressed themselves as highly satis- 
fied with it. It was also tested on the 21st inst. in the 
workshops of Messrs. Steven and Struthers, Glasgow, 
when the equiangular prisms were found to increase the 
power of the beam of light by from 15 to 20 per cent. of 





the rays of light incident on them. 
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AGRICULTURAL APPLIANCES, 


3012. E. Maxwell, Bedford. Steam Balance 
Ploughs. {2 Figs.) February 12, 1894.—The main object of 
this invention is to provide an improved steam balance plough by 
means of which a uniform depth of furrow may be made when 
ploughing. In steam balance ploughs, as now ordinarily made, 
the various ploughs or breasts are rigidly attached to the balance 
frame. According to this invention each plough or breast is 
loosely suspended from the balance frame by an attachment 
secured to the rear end of plough beam and the balance frame, and 
each plough is separately attached to the axle plate of the large 
wheels by its drawbar or equivalent for same. By these arrange- 
ments each plough has a separate and individual and more or less 
free action in relation to the balance frame. A is the balance 
frame, B, B the ploughs which are suspended from the frame A 
by the fitting C, consisting of a bolt D, and clip fitting e, which 


























clips the plough beam H. The latter is free to pivot lengthways 
on a pin f, passing sideways through the clip and plough beam, 
and also, if preferred, to swing sideways on a pin g, passing 
through the clip and the lower part of the bolt D. A spiral 
spring embraces the bolt D. The plough is free to rise and fall 
vertically to a limited extent when at work, the bolt D working 
up and down in a hole provided in the bottom of balance frame, 
and the spiral spring always seeking to restore the plough to the 
position shown. Each plough beam has fitted on each side small 
wheels h, h', or skids 7,2'. The standards k, k!, upon which these 
wheels and skids are mounted, can be moved up and down and 
fixed in any desired vertical position for the purpose of adjusting 
the depth of wheels or skids in relation to the plough beam. Any 
desired number of ploughs or breasts can be attached to a given 
balance frame. (Accepted February 20, 1895). 


4682. R.G. Garvie, Aberdeen. Folding Broadcast 
Sowing Machines. [7 Figs.) March 6, 1894.—Instead of 
driving the snafts carrying the seed-distributing wheels or discs 
within the seed boxes each by separate gearing from the road 
wheels of the machine as is commonly done, and which neceasi- 
tates cutting through the boxes and shutting bars, the shafts in 
both boxes are driven according to this invention by a single set 
of gearing from the wheel axle which is fitted to turn with the 
road wheels, To this end a spurwheel Ais keyed on the wheel 
axle B at about its mid length, and gears either direct or 
through a pinion C carried on a cross rail D of the machine 
frame with a pinion E fitted at the rear or inner end of the 
shaft F carrying the seed distributing wheels F! in each seed 
box G. The teeth of the spurwheel or pinion C are made of extra 
breadth so that they may engage and gear simultaneously with 
both pinions E driving the seed wheel shafts, when the seed boxes 
are swung into line across the machine frame H. On the cross 




















casting D a recess I is formed, into which a snug J on the box end 
slips, keeping it at once in its proper position, while the seed box 
Gis fixed securely by a slipping bolt K, also fixed to the cross 
casting, or the boxes may be fixed by a spring or spring catch. 
The driving wheels E being at the meeting ends of the seed boxes, 
cutting of the bottom boards and shutting bars of the boxes G is 
unnecessary, whilst the drivirg gear is not only simplified and 
lighteued, but being out of the way under the machine frame H 
it not liable to be clogged by soil lifted by the road wheels L. The 
road axle B also being in one piece, having collars M at the ex- 
treme ends, binds the framing H together and prevents the frame 
of the machine going on end when sowing in sloping land. The 
boxes G are placed alongside the shafts in such a position as to 
balance the machine perfectly. This is due to the position and 
form of the swivelling brackets N, which when the boxes G are 
turned throw a due proportion of the weight of the boxes to the 
front and rear of the axle B. (Accepted February 20, 1895). 





ELECTRICAL APPARATUS. 


1088. Siemens Brothers and Co., Limited, and 
F. Hird, London. Safety Fuses for High-Tension 
Electric Currents, [2 Ft7s.] January 16, 1895.—This in- 
vention relates to the construction of a safety fuse and bridge for 
high-tension electric currents. It consists of a bridge piece C, 
which may be of circular, rectangular, or polygonal section, made 
of incombustible insulating material such as slate, pipeclay, 
ceramic material, or the like, attached to metal terminals D, D, 
and having through it from end to end a central hole, and in or 
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near its middle an open slot B. The fuse wire A is passed through 
holes in the terminals and through the central hole of the piece C 
in which it is secured by plaster-of paris or other suitable cement. 
The middle part of the fuse wire is exposed in the slot B ; its ends 
are fixed by screws E to the terminals D, which are connected to 
the circuit by clamping screws or otherwise. Instead of making 
the bridge piece C with a central hole, it may be made witha 
groove along one side of it in which the fuse wire is laid and im- 
bedded in plaster or cement, having its middle part exposed in the 
slot B. (Accepted February 20, 1895). 


7240. W.C. Bersey, London. Electrically-Propellea 
Common Road Vehicles, (2 Figs.) April 11, 1894.—This 
invention is intended to facilitate the application of electric pro- 
pelling mechanism to existing four-wheeled draught vehicles, by 
using without alteration the body and also parts of the under- 
carriage. The figures illustrate the application of this invention 
toanomnibus. A is the horizontal underframe, supported through 
springs B on the axle C of the hind wheels D, and upon a swivel- 
ling fore carriage E. The omnibus body is merely seated on the 
frame A, its sills resting on and bolted to the side members, and 
its floor or bottom upon the cross members of the frame A. Fisa 
downwardly projecting box or well carried by the frame in which 
the motors G and accumulators H are carried, the former being 
arranged in advance, and the latter in rear, of the hind wheel axle 
C, the well having a door at back at which the accumulators are 
introduced. The two motors G are carried by the same baseplate 
[, suspended by brackets [1 at one end from the hind wheel axle C, 
che other end resting, through a roller i, on the floor of the well. 
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Upon the same base is mounted an intermediate stationary spindle 
L, on which rotate sleeves K, through which the motors are geared 
to the respective driving wheels D, by a pinion g on the motor 
spindle gearing with a wheel & on the sleeve K. The stationary 
spindle L is fixed in brackets 7, / on the baseplate I ; each end of 
the spindle and the sleeve mounted thereon passing out through 
the side of the well F, and the sleeve being provided with a sprocket 
pinion m gearing through a pitch chain M with a chain rim M1 
fixed to the wheel D. The fore carriage E is unaltered, except that 
its swivelling connection with the frame A is preferably by means 
of a ball bearing turning plate and centre bolt. The swivelling 
under-carriage ia provided with a toothed ring N, with which gears 
a pinion 7 on the lower end of a vertical shaft O, passing up through 
a tubular standard fixed on the forward end of the frame A, and 
rising in front of the vehicle body to a convenient height to bring 
the handwheel P and worm gear through which the shaft O is 
operated within easy reach from the driver’s seat. (Accepted 
February 20, 1895). 


GUNS. 


2491. F. R. von Mannlicher, Vienna. Automatic 
Firearms. [10 Figs.) February 5, 1894.—This invention relates 
to that class of firearms in which the opening of the breech and 
other functions of the mechanism are operated automatically by 
the force of the shot. In the automatic firearm here described, 
no sliding breech bolt or movable breech-block is employed, but 
only a rigid butt-plate which alone receives the recoil of the shot, 











while the barrel, in consequence of the reaction, receives a forward 
impulse, following which it leaves the butt-plate and slides forward 
a certain length of way. Contrary to the usual practice, the 
barrel of this firearm is driven forward by the firing of the shot, 
and is moved back again into its normal position by a spring 
which has been compressed during the forward movement, The 
improved mechanism consists essentially of the sliding barrel L, 
spring F, and butt-plateS. Thereceiver Gis closed at ite rear end 





oy the butt-plate S, and to the forward end of the receiver is 
attached a tube R in which the barrel L is guided and which con- 
tains the spring F. At its rear part the barrel L is provided with 
locking lugs W, which are placed in the manner of screw-threads 
and fit into corresponding n,n in the receiver. When, 
through the firing of a shot, the barrel receives its forward im- 
pulse, the pitch of the locking studs W in the recesses n, will 
cause the barrel to perform a rotary movement, whereby the studs 
are turned out of their recesses in the receiver. As soon as studs 
W have left recesses n, the barrel will be carried forward by its 
momentum in a rectilinear direction until it is arrested by a stop 
in the receiver or in the guide tube R. In this forward movement 
the barrel has compressed the spring F, and as soon as the forward 
movement of the former is arrested, spring F will drive the barrel 
back against the butt-plate S, while studs W, W will give the 
barrel its locking turn, as soon as they engage into their recesses 
n,n. The opening rotation of the barrel, as caused by the studs 
W, in recesses n, may either be assisted or retarded, according to 
the direction of the rifling in the barrel, by the rotary tendency 
imparted to the barrel by the projectile moving in the rifling. 
The barrel may also be used without any locking device, in which 
case its movement will only be a rectilinear one. For opening and 
closing the barrel by hand, a knob x is provided. The firing me- 
chanism, the cocking of which is effected automatically by the 
movement of the barrel, consists of a slide g disposed underneath 
the receiver and provided at its rear end with a firing-pin A fitting 
into acentral hole in the butt-plate. At its forward end the slide 
g is provided witha cocking studi. The tail-piece of the receiver 
contains the firing spring k, which has a tendency to drive slide 
g into its forward position. The barrel is provided upon its under 
surface with a recess /, which receives the cocking stud 7, when 
the barrel is in its closed position. When the barrel is turned for 
unlocking it, the forward inclined surface J! of recess / operates 
upon stud 7 in such manner that slide g is forced backward and 
the firing spring & is comp’ In this, cocked, position as 
shown in Fig. 1, the slide is arrested by the trigger mechanism. 
(Accepted pS em 13, 1895). 





8828. H. H. Grenfell, London. Preventing the 
Displacement of Ordnance Sights by the Firing of 
the Gun. [2 Figs.) May 3, 1894.—This mechanism is designed 
to prevent the downward sliding movement of the adjustable sight 
bar that is apt to result from the vibration caused by firing. A is 
the end cover of the sight body, B is the spindle for operating the 
sight bar, C is the handwheel for turning the spindle. D is a 
hardened steel disc secured to the handwheel. It is furnished 
with a circular series of ratchet teeth D!. E is another similarly 
toothed disc secured to the end cover A, and having its teeth 
engaging with those of the disc D. The handwheel C is not fixed 
on the spindle B, but drives the same through a taper pin F that 
is secured in the spindle, and that projects through longitudinal 
slots Clin the hub of the wheel. These slots allow of an axial 
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sliding movement of the wheel on thespindle. G isaspring placed 
around the spindle within the hub of the wheel, and compressed 
between the disc D and a collar H secured on the spindle by the 
pin F. This spring operates normally to maintain the teeth of the 
disc D in gear with those of the disc E. When it is required to 
lower the sight bar, the handwheel C is drawn back so as to dis- 
engage the teeth of the aforesaid discs, whereupon the handwheel 
can be turned in the direction required. As soon as the handwheel 
is released it is pushed inward by its spring, and the toothed discs 
are thus caused to gear again with each other, and so lock the sight 
bar. By reason of the shape of the ratchet teeth on the discs, it is 
not necessary to draw back the handwheel when it is required to 
raise the sight bar, as the teeth will slide over each other when the 
wheel is turned in the direction for raising the bar. (Accepted 
February 20, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c, 


14,343. L. Jones, See. Lancashire; and F. 
Horsfield, Penistone, ork. Rolling Railway 
Axles, &c. [3 Figs.) July 26, 1894.—This invention consists 
in the arrangement and working of a set of four rolls R!, R?, R®, 
R4, carried in a pair of housings H, three at least being provided 
with the means of adjustment either towards or from the material 
A to be operated upon. R!and R?2 are the top and bottom rolls, 
the top roll having a vertical adjustment. R3 and R4 are side rolls 
which can be moved horizontally to and from each other, either 
separately or simultaneously by means of hand-worked screws S, 
or by hydraulic or steam rams. The bottom roll R? may also be 
vertically adjustable. These four rolls are caused to revolve in 
one direction by means of suitable gearing. To roll railway axles, 
the side rolls R* and R4, being arranged to operate first upon the 














14,343. 


axle bar A, are turned to a configuration without the collar, 
but gradually increased in diameter at the centre, so as to first 
reduce the centre of the axle, the consequent elongation of the 
axle taking place before it is gripped by the collars upon the 
top and bottom rolls. A round bar of suitable length and 
diameter is heated and placed in position between the rolls. This 
is preferably effected by raising the top roll Al, drawing back one 
of the side rolls, and introducing the bar through the space so 
formed. When rolled down to size, one of the side rolls is drawn 
back until the axle can pass between and underneath, dropping 
upon a lorry to be taken away. Its passage is indicated by arrows. 
Narrow collars serve to set down the overplus metal at the 
gp! y axle, which is afterwards cut off. (Accepted February 


263. G. Goller, Bayreuth, Germany. Chisels for 
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Working Wood. [2 Figs.) January 4, 1895.— According to 
this invention, the chips are cut clean and short by the particular 
formation of thecutting edge of the tool, and a space is provided 
for allowing the little chips to escape. The chisel has not got a 
straight edge, but is serrated on its cutting edge somewhat like a 
pruning saw, with teeth and with large gaps for receiving the chips. 
The tool is simply driven into the wood, and the fibres of wood 
between each pair of teeth are cut off and forced into the gaps J, 





Fig.7. 


and in order that the teeth may cut the better, they are slightly 
bevelled. The chips, when in the gaps /, expand a little, and are 
removed by the backs r of the teeth when the chisel is drawn out 
of the groove or recess. The tool is especially suitable for small 
grooves or recesses, such as those into which the fixings of doors, 
windows, and the like are fixed, the upper edges of the grooves or 
recesees being left sharp by its use. The chisel may be provided 
with a scale, commencing at its teeth, in order that the operator 
sees how deep the tool is driven in. (Accepted February 20, 1895). 


SHIPS AND NAUTICAL APPLIANCES. 


394. C. A. Parsons, Newcastle-upon-Tyne. Me- 
chanism for Propelling and Controlling Steam 
Vessels. [51 Figs.) January 8, 1894.—This invention consists 
in the method of applying a steam turbine to the propulsion of a 
vessel actuated by a ecrew propeller, and also in mechanism and 
devices to enable a steam turbine to effectively and economically 
perform the various functions of propelling and controlling the 
movement of a vessel. The improvements comprise the application 
of the steam turbine to marine propulsion ; the combination of a 


steam turbine with a propeller of fine pitch suitable for high | 


speeds of rotation; the combination of one or more steam tur- 
bines with a series of propellers on the same or different shafts 
of fine but varying pitch also for high rotative speeds; the 
arrangement of a compound condensing steam turbine in connec- 
tion with a screw shaft and condensing and water circulating 
devices ; arrangements for balancing the propeller thrust by steam 
pressure and special thrust-blocks ; arrangements for reversing 
and mancuvring vessels actuated by steam turbines; and arrange- 
ments for preventing vibration of the engine or propeller shaft ; 
all being devices “| arrangements for carrying out the improved 
system of propelling steam vessels by steam turbines. In carrying 
this invention into effect as applied to a high-speed steam vessel, 
such as a torpedo-boat, a steam turbine, designed to run at 

moderate speed of rotation, such as 2500 revolutions per minute, 
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is coupled directly to a propeller shaft. Referring to the figures, 
the boiler A is of the water-tube type. A superheater may be 
used to heat the steam on its passage to the turbine. Steam is 
supplied from the boiler and superheater under high pressure by 
the pipe A! to the turbine B, which is coupled directly to the 
a eller shaft C. The steam passes through the turbine from 
he a pe to the low-pressure end and is discharged by 
the very large passage B! to the surface condensers D, D. These 
surface condensers are of very large capacity so as to produce a 
very effective vacuum, and to enable the turbine to utilise a much 
larger range of expansion than is possible in reciprocating engines. 
G is the rudder of the vessel, preferably of the balanced kind ; it 
is operated from the deck by the tillerG!. Bz? is the turbine shaft 
which carries at 4 the thrust collars and block. A worm 5 on the 
shaft B2 operates the wormwheel 6 contained in the casing and oil 
bath 8. This wormwheel by the shaft 7 actuates an air pump, and 
also the oil circulating pump supplying oil to the bearings. E is 
a forced-draught fan attached to the tirbine shaft B2. The bear- 
ings of the turbine shaft may be of any of applicant’s anti-vibra- 
tion types. The turbine may be mounted on an elastic bed so as 
to allow some slight movement between the turbine and the frames 
or hull of the vessel. N.B.—This specification cannot be satis- 
factorily abstracted and illustrated within these limits. (Accepted 
February 20, 1895). 


STEAM ENGINES, BOILERS, EVAPORATORS, 


3303. A. Decombe, Bordeaux, and P. Lame 
Pauillac, France. Operating the Valves of Steam 
Engines, &c. (6 Figs.) February 15, 1894.—This invention 
relates to an improved application of electricity and magnetism 
for operating the valves of steam engines and other motors. In 
carrying out this invention there is employed a commutator, the 
commutating part of which participates in the movement of the 
engine, and alternately sends the electric current (from a dynamo 
or other source of electricity) into the electro-magnets, which 
respectively operate the steam admission valves. If the engine is 
running at too great a speed, it is retarded by the operation of 





the governor, which is connected with the two terminals through 
which the electric current is led in, and which can prevent the 
electric current from ing to the electro-magnets of the steam 
inlet valves, which valves then no longer allow steam to until 
the engine resumes its normal speed. The figures illustrate the 
application of this system of electro-magnetic distribution to steam 
engines of the Sulzer type. An electro-magnet a is, fixed to the 
frame 6 and arranged in such a manner that its two poles are 
situated opposite the inlet valve c and in a plane perpendicular to 
the axis of the rod d of this valve. The electro-magnet has for 
object to hold the valve c raised during the admission of steam to 
the cylinder. For this — the rod of the valve supports an 
armature ¢ fixed on this rod. This armature at the moment of the 
opening of the valve bears against the two poles of the electro- 
magnet a and maintains this position so long as the current passes 
to the coils. Immediately the current is broken the electro-magnet 
a is no longer magnetised, and abandons the armature e. At this 
moment, the rod d under the action of a helical spring f quickly 





closes the valve, which again falls on its seat, an air piston g being 
provided to prevent shock. The current necessary for the succes- 


| sive magnetisation of the electro-magnet a is furnished by means 
| of a small electrical machine driven by the engine itself. The 


| 
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| in a well-known manner. 








current from the electrical machine passes first through a com- 
mutator placed directly beneath the governor, and which breaks 


return upwards on the other side toachimney F. Several further 
modifications are described and illustrated in this specification, 
(Accepted Jannary 30, 1895). 


6976. W. Musgrave, Bolton, Lancaster. Steam 
Boiler and other Furnaces. [11 Figs.) April 7, 1894,— 
According to this invention in order to prevent or reduce the flow 
of cold air beyond the fire-bridge of a boiler or other furnace 
whilst the furnace door or doors is or are open (as, for example, 
when firing or cleaning out), the opening of the said door or 
doors more or less is made to cause, through suitable connecting 
means, the partial or complete closing of a suitable valve or 
damper or valves or dampers so arranged as to arrest or reduce 
the flow of air from the space above the burning fuel to the space 
behind the bridge. This is éffected in various ways described and 
iltustrated in the specification. In the arrangement shown in 
Fig. 1, the damper 1 consists of a plate of iron or steel located 
behind the fire-bridge 2, and fixed upon a short shaft 3, upon 
which is also fixed a chain wheel 4 connected by a chain 5 with 
another chain wheel 6 fixed upon a shaft 7 that extends under the 
firegrate 8 to the front of the furnace, where it is provided with a 
bevel wheel 9 in gear with a bevel wheel 10 fixed on the lower end 
| of the hinge pin or spindle 11 fixed to the fire-door 12. The two 
bevel wheels are so proportioned, and the arrangement is such 
that when the fire-door 12 is moved into its full open position, the 














pose al 1 will be turned upward in its own plane so as to close, or 
nearly close, the opening 2a over the fire-bridge 2, and when the 
door is closed the damper 1 will be caused to move from opposite 
the said opening and leave the same full open. 13 is a metal box 
or support that serves to carry the shaft 3 and protect the same 
and the chain gearing to some extent from heat and dirt as well as 
to carry the firebricks forming the fire-bridge 2. In some cases 
the ashpit 14 is provided with a damper 15 toprevent cold air from 
rushing up the ashpit when the furnace door is open. The ash- 
pit damper is arranged to close when the furnace door opens, and 
vice versd. In the arrangement now being described, the ashpit 
damper 15 is shown asa plate provided with lugs 15a by which it 
is fixed to a shaft 16 mounted in bearings 17 attached to the sides 
of the ashpit. To one end of the said shaft is secured a bevel seg- 
ment 18 gearing into the bevel wheel 9 on the shaft7. Thus the 





the current passing through the coils at the instant p 
commences in the motor cylinder. The distributing shaft o is 
arranged parallel to the axis of the cylinder, ard is driven from 


| the motor shaft by means of bevel gearing. This distributing 


shaft o operates the regulator and commutator also by means ot 
bevel gearing. On the shaft o are keyed four cams, one opposite 
each valve, and these cams operate the valves by means of levers 
The cams hk which actuate the inlet 
valves are constructed so as to obtain a minimum admission, 
which is limited here to one-tenth of the volume of the cylinder. 
(Accepted Febrwary 18, 1895). 


3724. J.and G. Weir and J. R. Richmond, Cath- 
cart, mfrew, N.B. Steam Boilers. [11 Figs.) 
February 21, 1894.—The improved boiler shown in Fig. 1 consists of 
a central vertical shell A, surmounted by an enlargement A 1, 
which serves mainly as steam space. Water tubes B are fixed in 
both sides of the central vertical shell A, A 1, and are of curved 
forms, the lower ends of all of them being fixed below a certain 
level, whilst the upper ends of all of them are fixed above that 
level; so that steam entering the central vertical shell A, A 1from 
the upper end of any tube cannot interfere with water entering 
the lower end of any other tube. The tubes B are on each side 


arranged in two or more stacks or sets; and the tubes of a lower | 


set B 1 extend outwards to a less distance than those of an upper 
set B 2, the lower tubes crossing up between the lower parts of 


the upper tubes and returning to the central vertical shell or its | 


upper enlargement A 1, below the upper parts of the upper tubes. 
Furnaces C are arranged at each side under the water tubes B; 
and the whole is inclosed in a casing D of iron lined with firebrick. 
In a second modification, Fig. 2, the central vertical shell A is 
made with an upper enlargement A 1. The tubes B have their 
lower ends fixed in the lower part of the central shell A, their 
upper ends being fixed in the upperenlargementA1. The furnace 
grates C are placed within the tubes B, and under and within the 
upper returning parts of the tubes, there being spaces C 3 for ash- 


pits between the lower parts of the tubes and the grates, and 





The lower 


spaces for combustion chambers above the grates. 
parts of the tubes B are covered by plates, or the uppermost of 


those tubes are arranged close together. The close arrange- 
ment of the tubes is continued up round the grates to some dis- 
tance above them, or plates or firebrick partitions are applied to 
prevent the fire gases from entering amongst the tubes excepting 
at their upper parts. The outer rows of the tubes B are encased or 
made close at all parts excepting under and near their bottom 
ends, below which part a flue E leads to an uptake. 
arrangement the fire gases enter amongst the tubes at their upper 


parts, and proceed downwards along and amongst the tubes to | United 


With this | 


arrang t is such that when the furnace door 12 is opened, both 
the flue and the ashpit dampers 1 and 15 will be automatically 
closed, and they will be opened again when the furnace door is 
closed. 19 is a weight secured to the ashpit damper 15 for the 
purpose of balancing the damper 1. This balance weight may be 
secured in any other suitable position, such as on the shaft 3. 
(Accepted February 13, 1895). 


MISCELLANEOUS. 


5964. A. Cannon, Sandford-on-Thames, Oxford. 
Engines for Washing, &c., Paper Pulp. [2 Figs.) 
March 22, 1894.—The tub or pulp-containing vessel a has sub- 
stantially straight sides al, a!, a mid-feather a2, and rounded 
ends a’, a?. In one portion of the channel } formed in this tub a 
there is mounted and fitted a washer drum c, and at another point 
there is arranged a lifter drum d, narrower than the tub channel b 
and working in a casing e of correspondingly reduced width. 
This casing e forms a curved passage el up which the liquid and 






































| 

pulp material is lifted by the blades d! of the lifter drum d. Each 
blade d1 consists of a radial plate d2 filled in with a triangular 

| filling piece d3. This lifter d delivers the pulp to an incline f down 

which it runs to the beater-plate g and beater h, whence it flows 

| againinto the tub. The beater h is adjustable relatively to the 
plate g by means of a lever ¢ carring the axis h! of the beater h 
and centred at i!, and capable of being raised or lowered by means 
of an adjusting screw 72. The necessity for washing and partial 
epee in a separate machine before proceeding with the 

eating operation is thus avoided. (Accepted January 30, 1895). 





UNITED STATES PATENTS AND PATENT PRAOTIOB. 
Descriptions with illustrations of inventions patented in the 
tates of America from 1847 to the present time, and 


their lower ends and the flue E. The currents of the fire gases are | reports of trials of patent law cases in the United States, may be 


thus opposite to those of the water and steam inthe tubes. In a 
third modification, shown in Fig. 3, upper and lower enlargements | 
are in the form of upper and lower cylindrical shells A i, A 2, and | 
are connected, not by a central vertical shell extending from end 
to end of the boiier, but by comparatively narrow vertical shells 
or one or more large vertical tubes A, through which water in 
circulating descends from the upper cylinder A 1 to the lower one 
A2. In this example a single large furnace C is arranged within 
the tubes B on both sides. In this mcd'ficatien the fire gases are 
made to pass downwards amcngst the tubes B on one side and to 


consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand. 





BELGIAN BrIQuETTES.—The exports of briquettes from 
Belgium last year were 573,607 tons, as compared with 
489,225 tons in 1893 and 351,570 tons in 1892. The 
exports to France figured in these totals for 226,830 tons, 
221,440 tons, and 181,153 tons respectively. 
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THE GLASGOW IRON AND STEEL 
COMPANY’S WORKS, WISHAW. 


Amonest the works which will prove of interest to 
the members of the Institution of Mechanical Engi- 
neers, when they visit the west of Scotland in July 
next for their summer session, are those newly 
reorganised by the Glasgow Iron and Steel Com- 
pany, Limited, at Wishaw. Formerly the works 
were engaged largely on the production of basic 
steel, by the Thomas-Gilchrist process, while one or 
two Bessemer furnaces were also in use. With some 
changes in the co-partnery, Mr. J. Reid Stewart 





being now the chairman of the board of directors, 
while Mr. R. J. Wyllie is managing director, the 








Compressing | Engine —Foundatron. 




















works have been entirely remodelled, and almost 
completely reconstructed, not only so far as steel 
production is concerned, but also in respect of the 
conversion of the crude iron ore into pigs for use in 
the steel furnaces, and now 100,000 tons of finished 
material may be turned out per annum in this 
extensive establishment. 

Taking first the pig-iron department, one new fur- 
nace has been built and one reconstructed, and the 
remaining two old ones renovated, and the vigorous 
action of the management is further suggested by 
the addition of plant for the recovery of sulphate 
of ammonia and other residual products from the 
waste gases. This economy, as we shall presently 
show, is absolutely necessary. In the steel works 
new Siemens-Martin furnaces have been con- 
structed, gas producers with dry and wet bottoms, 
and three new rolling- mill engines, with large 
plate, bar, and cogging mills laid down, along with 
powerful hot and cold shears, plate-straightening 
machines, and the other machine tools requisite in 
@ modern steel works. Of the general arrangement 








it may only here be said that the primary considera- 
tion alike in the iron and steel works is the super- 
session of manual labour by mechanism with the 
view to economy, and particularly in the steel 
works to the carrying out of all operations be- 
tween the furnace and the finished product in the 
shortest time, so as to get everything done at one 
heat. But with all details we shall deal later, and 
in the first place will confine our attention to the 
iron works, which have been reconstructed under 
the charge of Mr. Gavin C. Gordon, who has had 
considerable experience in this direction. Of these 
and of the ammonia recovery plant, we give en- 
gravings this week on our two-page plate and on 





the present page. 
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The plan of the iron works on the two-page plate 
(Fig. 1) shows the general arrangement, which need 
not be referred to further than to remark that the 
railway lines about the furnaces have been arranged 
for detraining the charging materials, iron ore, fuel, 
&c., into the barrows alongside hoists which raise 
them to the furnace tops. The hoists are worked 
by a pair of coupled horizontal engines. Formerly 
there were three furnaces with closed tops. The 
height was 72 ft., and they had ordinary iron pipe 
stoves, by which the blast was heated to about 
750 deg. Fahr. by the waste gases. There are now 
four, as shown on the plan, Fig. 1, while the 
ammonia recovery plant has been arranged so that 
a fifth can be added without any inconvenience. 
Two of the old furnaces have been repaired and 
relined, the third was removed, and a new one 
erected. The fourth isentirely new. The new blast- 
furnaces are illustrated on the two-page plate (Figs. 
4and5). They represent modern practice in Scot- 
land. They stand each on nine cast-iron columns 
resting ona large bed of concrete. The diameter of 








the columns is 23 in., and they are placed at 7 ft. Sin. 
centres. On the top of these columns, as shown, are 
girders of I-section, 12 in. deep, with flanges 6 in. 
wide. Themetal is lin. thick. There are steel casings 
34; in. thick tapered to suit the internal shape, while 
the brickwork, 44 in. thick, forming the internal 
casing, is of uniform thickness. The old furnaces 
were 72 ft. in height, but Mr. Gordon, the manager 
of the works, has reduced the height of the two new 
furnaces to 67 ft., as this is considered more suitable 
for producing hematite pig iron with coal as fuel, and 
this is the material required at the steel works ad- 
joining for the open-hearth Siemens furnaces. The 
hearths of the new furnaces have been raised about 
5 ft. higher than the old ones, which brings the pig 


fFlat iron 


House 75-0 long 2 


Sulphate Store 


beds up to the level of the top of the railway wagoné, 
and facilitates loading of the pig iron and slag, 
which latter is used for railway ballasting. This 
also secures that the charging of all four furnaces is 
on the same level. 

All the furnaces are 16 ft. 6 in. in diameter at 
the boshes and 12 ft. at the tops, which have cone 
and bell arrangements for charging. The hearths 
are 8 ft. in diameter, of the closed front type. 
There are nine tuyere ports at equal distances 
around the hearth. Three of Ford and Moncur’s 
firebrick stoves have been erected in front of the 
furnaces, as shown on the plan (Fig. 1). These are 
72 ft. high by 26 ft. in diameter, and they are 
capable of heating the blast for four furnaces to 
1700 deg. Fahr. They are connected to a large 
hot-blast main 5 ft. in diameter lined with fire- 
bricks. It runs the whole length of the furnaces, 
and from it are branches with valves. Each 
furnace, as shown on Fig. 5, has a horseshoe main 
round it connected with these branches. Small 
branches again with regulating valves lead from 
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this horseshoe main to the tuyeres, which are 34in.| The Wishaw plant, again, differs in some details 
in diameter. The air blast is supplied by two old| from the installations hitherto completed by Mr. 
condensing beam engines which have _ been|Gillespie. The dimensions of the gas mains are 
thoroughly overhauled, and by a new direct-acting | greater ; but perhaps the most important change is 
high-pressure engine having a blowing cylinder|in the great increase in the agitating area of the 
10U in. in diameter. The pressure, which formerly | washers, and also in the process of separating 
did not exceed 4 1b., can now be raised to 64 lb. | automatically the tars from the ammoniacal liquor. 
when considered necessary. As arule, 53 1b. is| The result is a more complete recovery of these 
found a suitable pressure for the four furnaces de-| from the gases. By freeing the liquor from par- 
scribed. Steam is supplied to the engines and_/| ticles of tar the tendency to clog the action of the 
the several air-compressing engines and rotary| sulphate stills is removed. 

blower engines in connection with the ammonia] In describing the plant in detail it is most appro- 
plant by a range of 17 Lancashire boilers, four| priate that we commence at the furnaces. A large 
being required for the ammonia plant. All these| main 8 ft. bore is erected behind the furnaces, as 
boilers are fired from the blast-furnaces. 

The furnaces each produce 350 tons of hematite H----- 26 dio------- 
iron per week, using coal fuel. Under the old a 
order of things, when 50s. to 55s. a ton could be got 
for this pig iron, and when steel, and even iron, 
commanded 10/. to 151. a ton, all was well, and the 
ironmaster had not to worry his soul about every 
little detail ; but now, when 35s. a ton only can be 
got for pig, and when the best of boiler-plates do not 
command more than 6l., and steel rails 3/. 15s., very 
stringent economy is necessary in all the stages. 
Thus ironmasters have had to consider the enormous 
amount of heat and waste products which were 
emitted in that everlasting flaring torch which so 
weirdly illumined the Black Country, and not only 
went to waste, but proved a source of dirt and 
nuisance to the people of the district. One iron 
works after the other has erected costly plant for the 
recovery of these waste products, and now many 
are depending largely, if not solely, for profit from 
the price got for sulphate of ammonia. Amongst 
the number there may be mentioned at random, and 
without any intention of being conclusive, Gart- | 
sherrie, Lugar, Muirkirk, Dalmellington, Calder, | 
Coltness, Govan, andthe Clyde Works. It might be 
a mistake to assume that iron is only manufactured 
to secure the bye-products, but it is quite accurate 
to say that but for the bye-products the making of 
iron at present would not pay. 

We cannot give the results from this point of 
view of the Wishaw Works ; they have not been | 
running long enough to admit of accurate average 
results being given, but at one of the works with a 
similar plant, the average results obtained over a 
period of several months showed that the bye-pro- 
ducts were 119 lb. of pitch, 10 gallons of oil, and. 
23.3 lb. of sulphate of ammonia, all per ton of coal | sour 
consumed in the blast-furnace. ‘The prices for 
these products are, for sulphate of ammonia 11I. | 
a ton, pitch 24s. a ton, and oil 1$d. per gallon. | 
From the coal consumed in four furnaces in a week | 
of seven days, there will, therefore, be obtained the | 
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bye-products indicated in the appended Table : | : 
Bye-Products Recovered from Four Furnaces per Week. | ’ 

Coal consumed . ... 2000 tons y 

Pig iron produced ... .... 1400 ,, hs 

Pitch recovered fs “a = 1201. | 4 

Oil - ~ .. 20,000 gals. = 1251. | & 

Sulphate of ammonia .. 204tons = 2261. et 
In this connection it may also be interesting to) a.” —. 
state that the prime cost of the sulphate ammonia a 7847 5 N 
recovery works which we illustrate will be about je-n---===- 26% -------- oe en ee 


28,5001. As to the cost of running the plant, wages | 
and superintendence are put at 30/. per week. The 
sulphuric acid costs about 20s. per ton of sulphate 
produced, and the only other outlay is upkeep or 
depreciation, and the interest on plant. 

The plant illustrated was designed and carried 
out under the direct supervision of Mr. A. Gillespie, 
Glasgow, who has a large experience, not only of 
blast-furnace practice, but of such bye-product re- 
covery works, having carried out several of the 
works in Scotland. The plant illustrated represents 
accuniulated experience, and it may therefore be 
interesting, before entering upon a description of} shown on Fig. 4. Into this downcomer the gas 
the details, to indicate the essential differences from | from each furnace is led. The large main conducts 
plant erected by other firms. Mr. Gillespie relies | it to the ammonia recovery plant, and after being 
mainly on the treatment of the gas by horizontal) treated the gas returns in a 5-ft. main carried along 
washers, as illustrated in detail by Figs. 12 to 16,| the front of the furnaces, with branches, valves, 
while others adopt the tower scrubbers, in which | and dampers for the supply of the Ford and Moncur 
the gases diluted by sprays have to ascend a tower stoves and the steam boilers. There is, too, an 
of about 120 ft. in height, in which there is a series | arrangement of valves and water seals by which, in 
of boarding arranged louvrewise in layers at dif-| the event of any stoppage at the ammonia recovery 
ferent angles, the process of washing the boards! plant, the gases can be passed direct from the large 
being by high-pressure jets. The horizontal wash-| main to the stoves and boilers. The mains are fitted 
ing is cousidered by Mr. Gillespie at least as effec-| with large safety valves to avoid the risk of explo- 
tive, and is less costly. In the further conversion’ sion. The smallest branch mains of 2 ft. 6 in. bore 
of the products by distillation, the processes are | are for supplying gas to the tar stills. The arrange- 
much the same, and agree generally with the tar ment of the mains is shown on the plan and sections 
and sulphate stills in ordinary use. on the two-page plate, and it may be said here that 




















they are made entirely of j-in. thick wrought-iron 
plates riveted and caulked gas-tight. The spans are 
shown in the engraving, the maximum being about 
40 ft. In cases of long span the mains are strength- 
ened over the supports or columns by the plates at 
those points being g in. thick, and by having two 
stiffening rings of angle iron, one on each side of 
the column. These columns are of cast iron, some 
round, others #-section. The 8-ft. main is lined 
with brick throughout, to conserve the heat and 
prevent the deposit of pitch, and there are fitted 
baftie-plates for the deposit and removal of dust 
particles. On the 8-ft. main for the ‘‘ green gas” 
there are, as shown on the plan, expansion joints— 
each a cylindrical box formed on the main 3 ft. larger 
in diameter than the latter. The expansion of the 
tube presses on the side plates of the box, which, 
being only } in. thick, yield all that is necessary, 

The gases are passed first into a primary washer, 
shown iu section in Fig. 2. They enter at 
a temperature of about 250 deg. Fahr., and 
leave it at about 130 deg. In this washer they are 
broken up into thin streams, passed through a 
serrated seal of water or tar, any remaining dust 
particles and the heavy tars being precipitated on 
the sloping bottom, whence they are drawn off at 
intervals by large cocks, and run into the tar stock 
tank, to which we shall refer later. A uniform 
seal is maintained in the washer by regulating 
valves, through which the hot liquor is run into a 
separator, thence into a gridiron cooler, and passed 
into the first liquor blower. 

From the primary washer the gases pass through 
a 7-ft. main to the condensers. These, as shown 
on Figs. 1, 2, and 3, are in eight sections. The 
details are given in Figs. 6 to 11, a complete sec- 
tion being shown by Fig. 6. ‘The gases pass into a 
long rectangular cast-iron chest on the ground 
level, and rising to a height of 54 ft. are 18 pairs of 
tubes of wrought iron 20 in. in diameter. The 
tubes are placed at 3-ft. centres, and they are con- 
nected in pairs at the tops, so that the gas ascends 
up one pair of tubes and descends down another, 
ascending a third and descending a fourth, and so 
on, 3 ft. 3 in. division plates } in. thick being fitted 
in the cast-iron chest at the bottom to insure this 
result (Figs. 8 and 9). 

Thus the gas passes up or down the 18 pairs of 
tubes, passing out at the farther end, and in this pro- 
cess the gases are thoroughly mixed and their tem- 
perature gradually reduced from 130 deg. to about 
70 deg. Fahr. A 9-in double-acting force pump is 
used for supplying sprays of water to the condenser 
tubes. The pipes from the pump force the water 
to a circular j-in. tube at the top of the condenser 
tubes, as shown on Fig. 10, and this spray assists in 
keeping the condensers cool in warm weather. 
When the outside temperature is under 70 deg. 
Fahr., this spray is not required. For convenience 
of examination, &c., a gangway with wrought-iron 
parapet is erected around the top of the tubes. 
The tar and liquor formed in the condensers is pre- 
cipitated into the cast-iron chest, whence it is 
conveyed to a tank, and there automatically sepa- 
rated and run into the blowers. 

Leaving these products meanwhile and following 
the gas, it may be stated that it passes by two 
4 ft. 6 in. diameter branches from a 6 ft. diameter 
collecting main into a liquor washer, where it is 
further broken up, agitated, and washed through 
a multiple serrated seal. Of this liquor washer 
details are given on Figs. 12 to 16. It is 60 ft. 
long, 12 ft. 6 in. wide, with a semicircular roof 
rising to a height of 7 ft., being built up of ,%-in. 
iron plates with angles. Ata height of 2 ft. 6 in. 
from the bottom there is a horizontal cast-iron 
plate from end to end, covering in the lower 
part with the exception of a series of oblong open- 
ings 3 ft. 3in. by 52 in. The upper part again is 
divided by a ;';-in. division plate from end to end. 
The gas passes into one of these two upper com- 
partments. Its only outlet is through one or 
other of the 3 ft. 3 in. oblong openings, whence it 
passes into the lower compartment. This is almost 
full of water, and, moreover, at intervals of 53 in. 
are plates 12 in. deep, with serrated bottom edges 
across the compartment (Fig. 12). The serrated 
edges dip well into the water. It will be noticed 
that the oblong passages to the left of the plan, 
Fig. 13, are not opposite those to the right ; but that 
they alternate. Were they opposite, the gas would 
pass between the serrated plates represented on 
the plan by dotted lines ; whereas, being alternate, 
the gas entering through the passages to the left 
must pass under the serrated plates to get out by 
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e oblong passage to the right of the division. 
ah it : sclbpelied to pass through the water, 
and the tendency, of course, is to thoroughly 
break it up and wash it. The other details 
of the equipment need not be referred to, as they 
are clearly shown in Figs. 14to16. 

As, however, it is necessary to maintain in some 
measure the pressure of the gas, powerful exhausters 
are interposed between the two liquor washers of 
this design. The sequence is shown on Fig. 3. 
There are three exhausters, each worked by a sepa- 
rate engine, and it may be here stated that these 
were installed by Messrs. Lamberton and Co. , Coat- 
bridge. ‘The engines are of a type for long 
associated with Root’s blowers, with overhead 
frame and crosshead, while the valve is worked 
with a single eccentric operating a lever on the 
frame communicating the necessary motion to the 
valve spindle. The steam cylinders are 22 in. in 
diameter, and the stroke of the piston is 24 in. 
The blowers, of Root’s design, are 6 ft. by 7 ft. Gin., 
and the three combined are capable of passing 
21 million cubic feet of gas per hour. Large disc 
valves are fitted to the mains at the exhausts, so 
that either may be shut off for repair without any 
stoppage of the plant. The disc valves are illus- 
trated in Figs. 17 and 18, on page 428. The only 
explanatory note necessary is that the three inlet 
valves have their bottom branches of rectangular 
shape, and the three outlet valves have circular 
branches, as shown by the dotted lines on Fig. 17, 
and a ;';-in. blind plate bolted to one of the side 
branches. 

The gases are thus impelled through a second 
liquor washer similar in every respect to that al- 
ready described, and illustrated by Figs. 12 to 16, 
where again they are passed through a seal, and, 
in addition, subjected to a constant clean water 
spray. The weak liquor formed in this washer is 
conveyed to the first blower, and sent into an 
overhead tank, where it supplies the first liquor 
washer, and is there brought up to the strength 
suitable for treatment in the sulphate house. The 
gases, now thoroughly cleansed, pass into a 5-ft. 
return main to be used, as we have already indi- 
cated, in the blast-furnace stoves and in the steam 
boilers, and also, as we shall presently show, as 
fuel gas in the distillation of tar. But before 
departing from this part of the subject, it may be 
stated that as the proportion of common air in the 
gases is so great, the most ample provision against 
explosion is necessitated. For this purpose a large 
number of explosion doors or safety valves are 
fitted throughout the plant; these openings are 
20 in. in diameter, covered by a cupped steel door, 
carefully faced, and fastened by a weak clip which 
yields at a slightly increased pressure, thus giving 
immediate vent to the explosive gas. 

The tar and ammoniacal liquor extracted during 
the process of cooling and washing described are 
automatically separated in special vessels by their 
respective specific gravities, and run into under- 
ground stock tanks. These are constructed of cast- 
iron plates } in. thick. Each tank is 100 ft. long by 
60 ft. wide and 8} ft. deep, divided into two equal 
compartments of 160,000 gallons capacity each. The 
whole tank is covered over, as shown on Fig. 1, by 
timber battens supported on light columns and I- 
beams. The tar and liquor is run out as required into 
two blowers placed below the tank level (Fig. 1), and 
from thence blown by compressed air into charg- 
ing tanks placed convenient to the sulphate or 
tar stills, and at such a level that the tar or 
liquor gravitates into the still as required. For this 
purpose there is placed in the sulphate house, illus- 
trated by Figs. 19and 20, on page 427, a double-acting 
air compressor constructed by Messrs. A. F. Craig 
and Co., Paisley. The two steam cylinders are 12 in. 
bore, the air cylinders being 14 in. by 2 ft. stroke. 
The engine is fitted with a flywheel 8 ft. in dia- 
meter, and is a good straightforward job. The 
compressor is connected to a receiver and fitted 
with an automatic valve by which the machine ls 
stopped or started as the pressure reaches or falls 
below 30 lb. per square inch. 

And now we come to the conversion of the am- 
moniacal liquor, the only other residue, into sul- 
phate of ammonia. The ammonia house and its 
equipment is illustrated by Figs. 19 and 20, page 

427. There are, as shown, two sulphate stills, each 
18 ft. high by 6 ft. in diameter. These are each 
fitted with 11 horizontal trays, each tray having 
180 nozzles projecting upwards about 3in. Each 
nozzle is covered by a cup having the bottom edge 
serrated. The construction of these tray nozzles and 


cups is illustrated by Fig. 21, page 428. The 
ammoniacal liquor is. run in at the top of the 
still above the upper tray, and fills up around 
the nozzles to near their tops. An overflow pipe 
slightly under that point takes the liquor down 
to the next tray, where the process is repeated, and 
so on to the bottom tray. The steam is admitted 
at the bottom (Fig. 19) under the bottom tray, and 
passes up through the nozzles and bubbles off 
through the cup serrations, then up through the 
second tray, and so on to the top, the steam 
gradually picking up the ammonia from the liquor 
and carrying off the whole at the top in the form of 
ammonia vapours. Each of these stills is capable 
of dealing with 50,000 gallons of liquor per day of 
24 hours. 

The vapours pass from the top through a lead 
cracker pipe to the saturators (Fig. 19). These are 
made of wood battens strongly bound and lined 
with 20 Jb. lead. Hach vessel is rectangular shaped, 
63 ft. by 5 ft. and 43 ft. deep. A tongue or curtain 
fixed to the sides and top descends nearly to the 
bottom, separating the back portion where the 
vapours enter from the front half where the salts 
are fished out. The curtain is sealed in the sulphuric 
acid which half fills the vessel, and thus prevents 
the escape of vapour, except through the acid. 
After boiling in the acid for some time, salts are 
precipitated on the bottom and removed into skips 
over the draining table, where the drainings are run 
back into the saturator and the salts or sulphate of 
ammonia are passed into the store. The lead pipe 
which takes the ammonia vapours into the saturator 
is called the cracker pipe. This pipe is 6 in. bore 
of 20 lb. lead, and is carried to the bottom of the 
saturator and formed there into a cross-tail or 
horseshoe shape. The ends are closed up, and the 
vapours can only escape into the acid liquor through 
a number of small holes, thus bringing the vapours 
into contact with the acid. The sulphuric acid is 
sent to the works in acid egg-wagons, and blown 
by compressed air into a lead-lined charging tank 
and run into the saturator as required. 

The tar stills, shown in section in Fig. 3, are 
wagon-shaped boilers 30 {t. long by 10 ft. wide by 
11 ft. 6 in. high, formed at the bottom with two 
recessed flues for distributing the heat ; they are 
made of mild steel plates 2 in. thick, and strongly 
stayed internally by flat and round stays and tie- 
rods. The stills are fired by the clean gas, the 
vapours passing away at the top by an ordinary 
swan-neck pipe to the worm condensers. These 
are open-topped tanks 12 ft. long by 4 ft. wide by 
10 ft. 9 in. high, made of wrought-iron plates } in. 
thick. Inside each tank there is a worm formed of 
cast-iron pipes in a coil of as many turns as pos- 
sible. The tank is filled with water, and a constant 
feed of cold enters at the bottom, the heated 
water overflowing at the top. The vapours passing 
through the coil are condensed and come off first as 
water. Then comes the oil, which is run off into re- 
ceivers and blown by compressed air into the large 
oil stock tank, and the residue is then run off as 
pitch, partially cooled in a large cylindrical vessel, 
and then while in a liquid state run into open 
ponds, where it cools hard. I< is then broken into 
blocks and despatched in casks or trucks. The water 
which comes off in the first part of the distilla- 
tion is returned and used again in the washers. 


(To be continued.) 





THE MAKING OF A BIOYCLE. 
(Concluded from page 363.) 

For drilling the felloes a modification of the same 
device is used. Fig. 13, on page 430, is a perspec- 
tive view of the machine used for the purpose, 
whilst Figs. 14 and 15 are an elevation and plan. 
The chief feature in this machine is the device for 
holding the work. In the perspective view the 
machine has not a felloe in place, but one is shown 
being drilled in Figs. 14 and 15. The chuck re- 
ferred to consists of a number of radial sockets 
fitted with sliding rods. These are actuated by 
links connected to a disc, the latter causing the 
links to push the sliding rods outwards when 
turned in one direction, or to withdraw, when 
turned the opposite way. The sliding rods press 
against the inner circumference of the felloe, and 
thus hold it securely for the drilling operation. The 
other part of the mechanism will be easily under- 
stood from the preceding description of the hub- 





drilling machine. A self-acting stop motion is 
fitted to some of these machines, of which there is 





a large number in the Premier Works, one building 
being devoted entirely to this department. 

In Fig. 16, annexed, we give a sectional view 
of the hub of a tangent spoke bicycle, show- 
ing the arrangement of ball bearings. Tangent 
spokes are now generally preferred, as they 
convey the pull from the hub to the rim in a 





more direct manner than radial spokes, and 


for this reason back-lash is reduced. The dotted 
lines in the drawing are intended to indicate a steel 
drift which is used for removing the fixed or inner 
cone races. For this purpose two extractors 
marked A are let into the hub, being put in position 
before the cones, and therefore being at the back of 
them. These extractors take the form of rings of L. 
section, and are tapped with a female thread as 
shown. The steel drift has a corresponding thread 
raised on it, so that it can be made to lay hold of 
the extractor, when a few smart blows on the har- 
dened steel end will drive extractor and cone races 
out together. In the drawing the crank axle is 
shown in place ; this, of course, must be removed 
before the drift can be inserted. 

There are many machining operations in produc- 
ing this hub, mostly performed ty special tools 
designed and made by the Premier Company for the 
purpose. One of these we illustrate in Figs. 17 to 
22, on page 430. This is a self-acting hub- 
turning lathe possessing some novel features. As 
shown, the back driving shaft gives motion to a 
camshaft through chain and spur gearing, as is the 
case with the two other machines already described. 
The headstock spindle is rotated by a chain driven 
from a chain wheel on the main driving shaft. This 
mechanism is contained in a case, and is shown by 
dotted lines in Fig. 17. The machine illustrated is, 
when necessary, disconnected from the source of 
power by means of a clutch, the mechanism of 
which is indicated by the dotted lines inside the main 
driving pulley. Some of these lathes, however, have 
fast and loose pulleys. The longitudinal traverse 
is given by the grooved cam by means of the 
roller attached to the slide. The transverse 
motion is obtained by means of an edge cam 
running on the camshaft as shown in Fig. 18 on 
page 430. The tool slide is kept up to the cam 
by the weighted lever. The roller acted on by this 
cam is of sufficient length to permit of the longi- 
tudinal traverse of the main slide, and yet remain 
in contact with the cam. The automatic stop 
motion is obtained by means of a notched disc a, 
shown in Fig. 19, and also on the right-hand side 
in Fig. 17, this disc being mounted on the end of 
the camshaft. A nib b, from a disengaging or 
stop lever c, is pressed against the side of the disc 
by means of the spiral spring d, until the notch in 
the disc comes opposite the nib, when the latter 
slips into the former and throws the driving pulley 
out of gear with the driving shaft. This latter 
effect is obtained in the following manner. The 
back end of the long lever c (see Fig. 19) engages 
into a groove of a sliding sleeve. The lever works 
in a horizontal plane, as will be best seen by refer- 
ence to Fig. 17, in which figure also the spiral 
spring is most plainlyshown. When the nib passes 
into the notch, the end of the lever c, which 
engages in the groove of the sliding sleeve, carries 
the latter away from the clutch pulley, and in this 
manner the clutch is disengaged by means of suit- 
able mechanism, consisting of links actuating fric- 
tion surfaces, as indicated by dotted lines in 
Fig. 17. The machine is thus automatically 
stopped at every revolution of the camshaft, but, © 
in order that the attendant may be able to arrest 
the work at any time, a further device is intro- 
duced. This consists of the shorter lever e, which 
is mounted on the other lever c, and has attached 
to one end a spring, whilst the other end engages 
with the top of the nib 6. The latter passes 
through a hole in the long leverc. By pressing 
down the spring end of the small lever e, the nib is 
raised clear of the notched disc, and there is 





nothing, therefore, to stop the spring d from 
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THE MAKING OF 
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moving the end of the long lever, so that it slides 
the cam into such a position as to throw the clutch 
out of gear. 

The arrangement of lathe spindle is shown in 
Fig. 20. As will be seen, it is a hollow spindle, 
and it has its front end coned and split into jaws, 
which can be forced together by an internally 


coned and screwed nozzle, as shown. In the back 
end of the hollow spindle is an adjusting screw, 
which engages with an inner hollow spindle. 
Fig. 21 shows a driving plate and carrier with a 
bicycle hub in position. The driving plate is 


screwed on to the front end of the inner spindle, 
and a steel centre-pin, on which the hub is 
mounted, passes into the end of the spindle, so 
that all work is accurately centred. The carrier is 
made in two parts, and grasps the work by means 
of Screws, as shown in Fig. 22, the driving pin also 
being shown. 


The carrier is made with two 
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diameters internally, one for holding the rough 
flange of the unturned hub, and the other to 
receive the finished part. It will be seen that by 
the internal spindle and the adjusting screw, 
actuated by the handwheel at the back, longitu- 
dinal adjustment is obtained, whilst the carrier can 
be adjusted for small differences in the diameter of 
the work. 

We will now pass to another part of the bicycle, 
which also may contain a lesson for mechanical 
engineers, and for some of the operations in the 
production of which a special machine tool has 
also been devised by Mr. Hillman. We refer to 
the driving wheel of the chain gearing. We think 
that bicycle makers may fairly claim to have brought 
chain driving to a higher pitch of excellence than it 
had before attained. Lightness, strength, and ease 
of running are virtues in any system of gearing, but 
in the bicycle they are prime necessities. Sprocket 





wheels for pitch chains have been made in various 
forms, more or less successful, the plain casting or 
stamping being naturally the most obvious. The 
Premier Company have introduced a method of 
building up the wheel which has many advantages. 
In Fig. 23, on the present page, we show the wheel 
complete. The main part is the rim, Fig. 24, on 
the present page. This may consist of a stamping 
or steel casting. The teeth are shown, the holes 
drilled in them being for the sake of lightness, and 
on the inside there are projections for the attach- 
ment of the arms. The latter are formed sepa- 
rately as shown in Fig. 25. The hub of the wheel is 
formed by a large washer, which is shown in place 
in Fig. 23, and separately in Fig. 26. These 
three parts having been properly drilled, are 
placed together in a machine and rivets in- 
serted, the whole then being riveted up. By this 
construction all the parts can be machined with 
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facility, and the disadvantages of unequal strains 
set up in cooling with a cast wheel are avoided. 

A milling machine, of which there are several of 
the same type at the Premier Works, is used in the 
production of the rims of these wheels. Figs. 
27 to 30, on page 431, show this machine tool. It 
will be seen that there is a self-acting arrange- 
ment, by which the bed carrying the work is moved 
past the milling tool in one direction, and at the 
same time the spindle on which the work is mounted 
has a step-by-step rotary motion imparted to it, but 
is held fast whilst the milling cutter is acting, whilst 
the travelling bed is also returned for a fresh cut. 
Brackets « are fixed to the front of the framing of 
a milling machine, and in these brackets a cam- 
shaft b is mounted, motion being conveyed to it 
from the driving shaft by suitable gearing. On the 
front end of the spindle carrying the work is fixed a 
dividing wheel c, which receives an intermittent 
rotary motion by means of a pawl d, operated by a 
cam e on the camshaft through the means of suit- 
able connections. The latter are shown in detail 
in Fig. 30, and consist of an arm f, and an adjustable 
rod y, which is connected at its upper end with 
the pawl lever. The arm f is guided at the back 
by a short hanging rod, as shown, in order to pre- 
serve the true line of motion. The locking nuts 
shown are to enable accurate adjustment to be 
made in regard to length of the rod g. In order 
that the work may be held firmly whilst the cutter 
is performing its operations, a dog h is provided, 
and this is caused to enter the lower notch of 
the dividing plate by means of the cam i (see 
Figs. 27, 28, and 29), which acts on the pin f, 
which in turn acts on the toe of the retaining dog, 
drawing the latter down against the action of the 
internal spring shown in dotted lines. In order 
to give the travelling bed the forward motion 
and carry the work past the tool, there is on the bed 
a projection or roller m (see Fig. 28), which is 
pressed against by the cam » on the camshaft b. 
The reverse motion to the bed is given by a disc 
crank p, also fixed on the camshaft, through the 
medium of alink q (see Fig. 28). The attachment of 
the link to the bed is by means of a stud, which 
passes through a slot in the end of the link, as shown, 
so that there may be the required lost motion, the 
return of the travelling table being assisted by 
the spring in the bed shown in dotted lines in 
Fig. 28. 

In this account of the Premier Cycle Company’s 
works, we have touched only upon those features 
which appear of the greatest interest from a 
mechanical point of view; there are depart- 
ments to which we cannot even refer, although 
there are many other matters which might be 
described with advantage, did the limits of our 
space permit. It is curious how often mechanical 
engineers find matters of interest in establishments 
that are outside engineering practice in its strictest 
sense. The wonderful factory of the Singer Sewing 
Machine Company, the Lancashire Watch Factory 
at Prescot, and many other establishments of this 
kind, which have been described in our pages, bear 
witness to the fact, and the Premier Cycle Com- 
pany’s works may now be added to the list. It is 
in the production of a large number of machines 
exactly alike the skilful mechanic finds scope for 
the exercise of his ingenuity, and, in the manufac- 
ture of the bicycles by this company, mechanical 
knowledge and ability of the first order has been 
displayed. In our visit to these works we were 
constantly charmed by the beautiful results 
attained in the construction of the light, yet 
wonderfully strong, machines, and the skilful 
manner by which these results were reached. Itis 
astonishing how much good engineering there is, 
both of design and construction, in a high-class 
modern bicycle ; a vehicle weighing no more than 
28 Ib. to 32 Ib., which will carry an average man 
over the roads of the country at a pace of 15 miles 
an hour with safety. It is, of course, only with 
the more expensive machines that these results are 
attained. In the high-grade bicycles the hubs are 
made from stampings of high quality steel, being 
glass-hardened and emery-ground after being 
pressed into the hubs. The cones, upon which the 
balls in the hub run, are made of a similar steel, 
hardened and tempered to the same degree as the 
cups. Thespokes are made of the best hard-drawn 
piano wire. All wearing parts of the machine, 


including the pedals and head, are also of diamond 
cast steel, either in the form of cones, or pressed 
sheet-steel cups, and are all emery-ground in posi- 
All the connecting lugs of the frame are 


tion, 


formed of steel, either in the form of stampings or 
pressed sheet-steel. The cranks are made of a 
special] quality steel, hardened and tempered in 
oil. The felloes are made hollow by specially 
designed machinery. These are the chief points 
of constructive design which denote a first-class 
bicycle, but there are, of course, the details of 
finish which have to be considered ; though doubt- 
less these, as being more apparent to the eye of the 
purchaser, receive considerable attention even with 
the cheaper class of bicycle. In construction, 
cheapness is often attained by malleable iron hubs, 
the cups being made of mild steel case-hardened, 
whilst the cones are made of the same material. 
No grinding is done on cups or cones, and spokes 
are made of inferior wire. The wearing parts are 
often simply malleable iron in the bottom bearing 
bracket, and in the head the front part of the 
frame is of malleable iron in one casting, all the 
lugs and fork ends being also castings, in place of 
the stamped sheet steel, such as shown in Figs. 4 
and 5. Solid felloes are, of course, cheaper than 
hollow ones, though, naturally, heavier for equal 
strength. That is an honest fault, but, unfortu- 
nately, the light weight of the hollow felloe is 
sometimes retained, and the safety of the rider 
thus sacrificed. We have enumerated these points, 
as they may prove useful to those who think of 


the horizontal, the tunnel being extended through 
it with a gradually decreasing section, until at the 
back there is only convenient room for the cast- 
iron mooring plates that take their bearing against 
three courses of 12-in. York landings, varying from 
12 ft. by 8 ft. 9in., to 20 ft. by 16ft. The whole 
mass of brickwork and concrete is thus utilised for 
resisting the pull of the chains, and an invert built 
in the front of the abutment between the two low 
towers serves to distribute the pressure trans- 
mitted to them over the whole width. The method 
that characterised the pier foundations at West- 
minster, was carried out with much nicety of detail 
in those of the Victoria Bridge. The piers are 
88 ft. long and 19 ft. wide, with curved cutwaters at 
each end. Over the whole of this area piles 14 in. 
square were driven ata distance of 3 ft. apart, 
and to depths varying from 25 ft. to 40 ft. below 
low water, according to the nature of the soil 
and the resistance encountered. Around them 
was made a casing of cast-iron piles and plates. 
The piles are 12 in. in diameter, with vertical 
grooves on each side. They are 27 ft. long, and 
are driven to a uniform depth of 25 ft. below low 
water. The piles were placed about 8 ft. apart, 
and between them, held in place by the grooves just 
referred to, cast-iron plates 7 ft. 2 in. wide were 
driven. By this means the lower part of the piers 





purchasing a bicycle. It would be well for the 
intending rider to see that the points enumerated 
as typical of a high-class machine have not been 
overlooked. 

It only remains for us to thank the Premier 
Cycle Company for their courtesy in giving us access 
to their works, and placing the results of their 
experience so unreservedly at our service. 





THAMES BRIDGES.—No. VIII. 
14.—Victor1a Briper, CHELSEA. 

Tue Act of Parliament sanctioning the construc- 
tion of this very beautiful bridge was obtained in 
1846, and the necessary funds were granted shortly 
afterwards, but the works were not commenced till 
some years later. The engineer was the late Thomas 
Page. It was at first intended by the Metropo- 
litan Improvement Commission, which was intrusted 
with the settlement of the design, to adopt an arched 
bridge, and, in accordance with this view, Mr. Page 
prepared designs for a stone bridge of seven arches, 
and for a cast-iron bridge of five arches. Neither 
of these designs, however met the approval of the 
Commission, which finally accepted Mr. Page’s third 
design for the actual suspension bridge. The total 
width of the river between the abutments is 704 ft. ; 
this distance is divided into three openings by the 
two piers—a central one of 333 ft., and two side 
openings each 160 ft. 6 in.; the distance between 
the points of suspension in the central span is 
348 ft. The abutments are of brickwork and 
concrete, 56 ft. wide at the base and 112 ft. 
long; at the top their dimensions are reduced 
to 100 ft. by 46 ft. The riverside portion 
of the abutment, that over which the chains are 
led upon low towers and saddles, is carried on 
timber piles, 14 in. square ; these are driven over 
the whole area of this part of the abutment at 
distances varying from 3 ft. 2in. to 4 ft. apart; 
they are cut off at low-water level, 16 ft. below 
Trinity high water, and on the river face, up to the 
same level, they are enclosed by a casing of cast- 
iron cylinders and plates, much in the same manner 
as the piers of Westminster Bridge were protected. 
This facing and the timber piles are completely tied 
together with a system of iron bars 3 in. by }in. As 
in the case of the Westminster Bridge foundations, 
the space between the ground and the top of the 
piles, which had been excavated, was filled with 
concrete level with the piles, and on the surface 
thus obtained, York Jandings are laid, covering an 
area 53 ft. 6in. by 27 ft. 6in. This forms the plat- 
form on which the brickwork is carried up to within 
3 ft. of the road level. Here 12 in. of stone form 
the foundations for the low towers, or cradles, on 
which are placed the saddles supporting the chains 
and giving them their new direction down to the 
anchorage. At the back of the abutment already 
described, the excavated ground is filled up with 
concrete in which the chain tunnels are enclosed. 
These tunnels are built of brickwork at an angle of 
155 deg., and starting immediately at the back of 
the abutment descend to the mass of brickwork 
forming the anchorage. This latter is carried on a 





series of piles driven at an angle of 65 deg. with 








is encased with the iron sheathing. When the ex- 
'cavation within this enclosure was completed, the 
| space was filled to the top of the piles with con- 
| crete and covered with a flooring of York landings. 
_ On the continuous platform thus constructed were 
| built the lower parts of the two towers, which rise 
from each pier at a distance apart of 32 ft. They 
are hollow, and consist of cast-iron shells 1 in. 
thick, lined with brickwork and strengthened with 
cross walls and iron ties ; they extend to the level 
of the roadway, and form the substructure of the 
towers, and, like these latter, they are enclosed in 
highly ornate cast-iron casings. The actual towers 
that carry the chains are wholly of cast iron ; they 
rise to a height of 57 ft. above high water and 
consist of groups of columns 10 in. in diameter 
and 1 in. thick, cast in pairs and arranged 
in clusters of four. These clusters are connected 
vertically by open cast-iron panels, and horizontally 
at short intervals by horizontal cast-iron bracing 
frames ; there are six of these in each tower. In 
the direction of the axis of the bridge, the groups of 
columns incline towards each other, their distances 
apart in this direction being 13 ft. 6 in. at the base, 
and 9 ft. 9 in. at the top. On the longer axis of the 
pier they rise parallel, and are 4 ft. 3 in. apart, the 
centres of the two towers on each pier being 32 ft. 
apart. At the top the groups of columns are con- 
nected by massive cast-iron saddles, on which 
are placed the cradles supporting the chains. ‘The 
columns are bolted to the circular substructure 
resting on the piers, and the whole is concealed in 
the ornamental casing that rises high above the 
level of the saddles, and is terminated over each 
tower by a spherical lamp. The towers are con- 
nected transversely about the level of the saddles, 
and again beneath the roadway, as will be seen by 
reference to the illustration on page 434. The 
weight of the towers, exclusive of the casing, is 350 
tons, the sectional area of the columns in each tower 
is 284 square inches, and the load carried 
by each is 375 tons when the bridge is empty, 
or 670 tons when fully loaded. Under the last- 
named condition the pressure per square inch was 
assumed to be 2.36 tons. 

The chains to which the platform is suspended 
were originally four in number, two on each side of 
the bridge, placed one beneath the other, the pairs 
being 32 ft. apart transversly. Each chain is 
composed of seven and eight links alternately, 
of a uniform depth of 8 in., but varying in 
length and thickness. With respect to the latter 
point, the total cross-sectional area of the four 
chains at the tower was 230 square inches, and 
in the centre of the span 217.5 squareinches. The 
lengths of the links vary from 16.55 ft. at the tower, 
to 16 ft. at the centre, the chains being so laid out 
that the horizontal distance between each link is 
16 ft. throughout from centre to centre of the pin- 
holes. The length of the chains in the centre span 
is 354 ft. 5 in., that of the semi-span is 186 ft. The 
deflections are 29 ft. and 30 ft. 6 in. respectively. 
The mooring chains are 95 ft. long ; originally they 
had a sectional area of 235 square inches, and take an 
angle of 25 deg. The total weight of the chains was 
340 tons. The saddles are of peculiar construction. 
They consist of a cast-iron plate 4 in. thick and 
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nearly 6 ft. long, placed on a live frame of 10| 
steel rollers 6 in. in diameter, and bearing on a flat 

bedplate, bolted to the top of the tower. The | 
upper part of the saddle is slotted with eight | 
grooves 1 in. wide. Into these grooves are placed | 
the lower edges of eight wrought-iron plates) 
5 ft. 8 in. long, 2 ft. 10 in. deep, and 1 in. thick ; | 
they are held together by 10 bolts, and at the ends | 
are pin-holes, through which and through the ends | 
of the links, pins are passed holding the whole | 
structure together. A similar arrangement is_ 
adopted at the ends of the half-spans, where the 

chains of the half-spans passing over the saddles are 

diverted down to the moorings. The bars forming 

the chains are of wrought iron, and were made by 

Messrs. Howard and Ravenhill, by their special 

method of rolling, the enlarged heads having been | 
made without welding ; the seven or eight bars 
composing a link were drilled to received the pins | 
at one operation, and the heads were also shaped in | 
groups. After being finished, each bar was tested 
to a strain of 13.5 tons per square inch, the specifi- 
cation providing that under this load the perma- 
nent extension should not exceed one-fortieth of an 
inch in 10 ft. Very. few of the bars were rejected. 
In erecting the bridge, four temporary chains made 
of 2-in. round bar iron were hung over the towers, 
one on each side of the chain to be erected. Travel- 
ling winches worked over these chains, and by 
means of platforms suspended by other similar 
chains beneath, the bars of the permanent 
chains were transported and the links suc- 
cessively connected and held in place till the 
whole length was complete. The mooring chains 
brought down through the tunnel already referred 
to, are led through openings cut in the York land- 
ings at the back of the anchorage, and then through 
castings 21 in. deep to which they are secured by 
keys. A heavy brick invert is built between the 
anchorage on each side to increase the resistance of 
the anchorage against the pull of the chains. 

The roadway was hung to the chains by vertical 
suspension-rods 2 in. in diameter, placed 8 ft. apart, 
and in order to distribute the load on each chain, 
the rods were hung by pins to connecting plates that 
take a bearing on both upper and lower chains. 
The lower ends of these rods take hold, by means 
of adjustable screw coupling boxes, of a longi- 
tudinal lattice girder on each side of the bridge ; 
these girders support the roadway. To the 
bottom flanges of the girders and at intervals 
of 8 ft., are secured transverse plate beams 
31 ft. 10 in. long, 2 ft. 2? in. deep in the 
centre, and 1 ft. 11 in. at the ends; on the 
other side of the longitudinal girders are canti- 
levers 7 ft. long carrying the footpaths. Be- 
tween the transverse girders are a series of longi- 
tudinal beams, from 3 ft. 3in. to 3 ft. 10 in. apart, 
and of varying depth to suit the curve of the road- 
way. The platform is thus divided into a series of 
rectangular spaces, which are covered in with light 
arched iron plates, stiffened with angle iron. The 
roadway was made over these plates with a mix- 
ture of cork and bitumen, which served as a founda- 
tion for an oak block paving, made of pieces 6 in. 
by 4 in. by 3in. The footways were finished in a 
very similar manner. The main longitudinal 
girders are 6 ft. deep, with top and bottom flanges 
10 in. by 1} in. and angle irons 34 in. by 34 in. by 
sin. The effective area is 12 5 square inches. The 
ornamental handrail on the outside of the canti- 
levers is partly of wrought and partly of cast iron. 
The strain on the chains due to their weight was cal- 
culated at 1.10 tons, and that from the platform 3.32 
tons, the total strain from the structure alone being 
thus 4.42 tons per square inch. The estimated strain 
with a load of 70 1b. per foot on the platform was, 
including that due to the structure, 7.60 tons per 
square inch, or nearly 6 tons less than that to 
which each bar of the links in the chain was tested.* 

Although the Victoria Bridge was opened to the 
public early in 1858, it had not been formally trans- 
ferred by the engineer to the Office of Works in 
November, 1860, and some rather angry corre- 
spondence took place on the subject, Mr. Page 
having reported in June, 1860, that the whole work 
was completed except for some minor details. It 
would seem, howeyer, that Mr. Page had some 
stronger reason for this delay, and much work was 
done in adjusting the chains and suspension-rods. 
In the end the Office of Works decided that an 
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independent engineer should be called in to report. 
In December, 1860, Mr. Page admitted that the 
‘* minor details” involved raising the roadway which 
had sagged, stiffening the longitudinal girders, the 
vibration of which was excessive, and so forth. He 
complained that this was wholly due to a complete 
disregard of heavy trafticregulation. This explana- 
tion was not considered satisfactory, and the late Mr. 
Edwin Clark was instructed toexamine the structure. 
He reported that the strain on the chains of the 
central span due to the structure was 4.49 tons per 
square inch, and‘that the shearing strain on the 
pins, when the bridge was loaded to 80 lb. to the 
square foot, was 2.28 tons per square inch, and that 
with the bridge fully (and quietly) loaded up to 
80 Ib. per foot the strain on the chains om be 
8.49 tons. With a maximum load irregularly dis- 
tributed, such as by a mob, the strains would be 
indefinitely greater. The pressure per square foot 
on foundations was 1.8 tons due to structure, and 
3.2 tons when the bridge was loaded. Mr. Clark 
reported that the abutments and anchorages were 
well arranged and gave no cause for anxiety. ‘‘ As 
regards the structure generally, I consider that, 
with one exception, the strains . . . are such as is 
usual and within the limits of safety, but this excep- 
tion refers to the main chains themselves. The 
strain on the mooring chains from the weight of the 
structure alone amounts to nearly 5 tons per square 
inch, and with a load of 80 1b. per foot super this 
strain is increased to 8.8 tons per square 
inch. The Board of Trade requirement is 
5 tons per square inch..... The links when 
tested with 133 tons to the square inch, must with 
this strain have undergone a permanent elongation. 
. . . The roadway is laid on an elastic concrete of 
cork and bitumen, on which it can never become 
consolidated, as it is in constant motion on the 
passage of an ordinary load, and liable to much de- 
rangement if heavy vehicles are not confined 
to the tramways. . . . The roadway being nearly 
level, the gutters do not act properly ... . all the 
camber originally given is lost, and no increase 
can be given with the present coupling boxes, 
which are all fully home.” Mr. Clark considered 
that an outlay of 24201. would make the bridge quite 
satisfactory, and somewhat later he reported that 
he considered ‘‘the bridge as constructed abun- 
dantly strong for ordinary traffic, but advised the 
avoidance of any great weight or unusual crowd of 
persons, or marching of bodies of men to military 
time.” 

It was scarcely to be expected that Mr. Page 
would accept these strictures without remonstrance, 
and he vigorously defended his calculations and 
designs. The point at issue was the maximum load 
on the platform, Mr. Page maintaining that 80 lb. 
per foot was excessive, and quoting Telford and 
other authorities, who designed bridges for 40 lb. 
or 43 1b. He insisted, however, that even with the 
higher load the strength of the chains was ample, 
on account of their specially high quality, and he 
appended to his rejoinder a report from Professor 
Gordon confirming his views. The natural reply 
to the question of maximum load was that “‘ cir- 
cumstances alter cases,” and that while 40 lb. may 
be ample for a remote country bridge, it was 
wholly insufficient for a metropolitan highway over 
the Thames. On February 17, 1862, the matter 
was referred to Mr. Hawkshaw, who replied on 
March 25 following, on the points submitted: 
‘*(1) As to the amount of load for which the bridge 
ought to be prepared, and (2) the extent of strain 
per equare inch of section it ought to be fitted to 
bear . . . . Messrs. Page and Clark’s figures corre- 
sponding so nearly, the only question to settle is 
the load per superficial foot; Mr. Hawkshaw 
does not consider 80 lb. per square foot exces- 
sive, and cannot advise allowance for a_ less 
load than 70 lb. per foot super. As regards the 
strain on the chains he would himself limit it to 
5 tons per square inch, according to the Board of 
Trade limit; however, allowing for the extra 
quality of material claimed by Mr. Page, possibly 
a strain of 6 tons might be allowed.... He 
considers that the bridge must be strengthened, 
or the strictest precautions used to prevent any 
overcrowding upon it, and he advises the former 
course.” In pursuance of this counsel Mr. Clark 
was instructed in April, 1862, to prepare plans for 
strengthening the bridge. At a later time Mr. 
Page sent in a final remonstrance, but the bridge 
was strengthened, chiefly by stiffening the longi- 
tudinal girders and the addition of a third chain on 
each side, as shown in our illustration on page 442. 








15.—Tue ALBERT Bripar. 


Although the Albert Bridge, which crosses the 
river a little higher up than Mr. Page’s beautiful 
structure, is comparatively modern, the commence- 
ment of its history dates back to 1863, when a public 
company attempted to obtain an Act of Parlia- 
ment for its construction, and failed todo so. They 
were, however, more successful the following year. 
The new bridge was to cross the river from Cadogan 
Pier on the one side to the Albert-road, Battersea, 
on the other. Battersea was then rapidly increas- 
ing into a Jarge and populous suburb, and some 
better means of communication were wanted than 
those afforded by the Victoria Bridge, at the one 
end of Battersea Park, and the antique timber 
viaduct at the other. The company owning this 
latter were the chief, if not the only opponents to 
the scheme, and they were pacified by the: under- 
taking on the part of the Albert Bridge Company 
to guarantee them a payment of 3000]. a year, 
spend 7000/. on the urgent repairs of the old 
bridge, and maintain it afterwards. We do not 
know if these conditions were observed till the 
metropolitan bridges were taken under municipal 
contro], but the arrangement has long been a thing 
of the past. From the commencement it was in- 
tended that Mr. R. M. Ordish should be the engi- 
neer of the structure, which should be a so-called 
rigid suspension bridge, and within a few months of 
passing the Act, work was commenced. The 
staging for the river piers was erected, and many 
of the cylinder castings were made. But at about 
this time the Metropolitan Board of Works was 
busy with its Embankment schemes, the materiali- 
sation of which would have affected the spans and 
other important details of the new bridge. Several 
sessions passed without the sanction of Parliament 
being given to the Embankment plans, and this 
delay suspended all action by the Albert Bridge 
Company until 1869, when the limit of time for 
the completion of the works had expired. An 
extension to the end of 1870 was obtained ; 
further delay succeeded, arising from difficul- 
ties of settling approaches and levels with the 
Board of Works, and little or nothing was done 
till the summer of 1870, when some specu- 
lative adventurers undertook to complete it in a 
few months. For a while they were permitted 
to try their hand, but the year expired without any 
result, except that of lowering the company’s funds, 
and a further extension of time was obtained. Mr. 
Ordish, who had stood on one side during this 
childish phase of the proceedings, again came 
forward, and his design practically as now existing, 
was accepted. The works were recommenced 
after a delay of six years. The rigid suspension 
principle of Mr. Ordish had been already tested 
with much success in a bridge over the Moldau at 
Prague, and elsewhere. Generally this system 
consists in suspending the roadway from diagonal 
rods diverging from the towers, these rods being 
kept straight by means of light ties hung from a 
wire cable suspended across the span, and attached 
to the diagonals at convenient points. The plan 
of diagonal suspension rods is a very old one, 
and there are several interesting examples still 
in existence, of this system combined with 
tapering suspension chains, a system very exten- 
sively employed more than half a century ago by 
the inventor, James Dredge. One of these bridges 
crosses the Avon at Bath, where it has stood for 
nearly 60 years ; another crosses the Dee at Chester, 
built about 45 years ago; a third still stands, 
or did until a short time since, at Balloch Ferry ; 
this was erected about 1840. We have before us the 
specification of this last-named bridge, which corre- 
sponds in general respects with those for the bridges 
over the Avon and the Dee. The length of the 
suspended roadway is (or was) 292 ft., with a cen- 
tral span of 200 ft.; the width of the roadway, 20 ft.; 
the height of masonry towers, 40 ft. Cast-iron 
saddles were placed on the top of the towers to 
support the chains and the diagonal rods proceed- 
ing from the towers to the longitudinal beams. 
The chains tapered from 13 links at the towers to 
one in the centre of the span ; the links were 9 ft. 
long, and at each joint, double diagonal suspension 
rods were led down to the longitudinal beams, to 
which they were attached by adjustable shoes. 
The cross-bearers were of iron, 20 ft. long, 5 in. 
deep, and }in. thick, placed 30 in. apart, every 
third one being braced, and the whole series con- 
nected by rows of rods running from end to end of 
the bridge beneath the 3-in. planking. The anchor- 
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ELECTRIC TRACTION: ERECTING TROLLEY WIRES. 
(For Description, see Page 436.) 








ages of the chains were in the masonry abutments, 
and there was a cast-iron handrail. The bridge 
was used, like that over the Avon, for foot and 
wheeled traflic. The following quantities were 
used in the superstructure of the Balloch Bridge : 


Wrought iron = rn 28 tons 17 cwt. 
Cast - Ee = 4, ll, 
Timber at sk = 1533 cubic feet 


The weight of iron in the bridge was equivalent to 
12.3 lb. per square foot of platform, or about 
2.2 cwt. per foot run, and the cost complete was 
5.1s. per foot super. 

In the Ordish system, as carried out at the 
Albert Bridge, no chains were employed, and the 
Dredge method of diagonal rods from the towers 
to carry a part of the platform, was extended to 
do the whole work ; this necessitated the introduc- 
tion of the suspended cable, and ties holding up the 
very long diagonals to prevent their sagging. The 
arrangement is ingenious, but, as carried out at the 
Albert Bridge, is highly unsatisfactory so far as 
appearance is concerned, as may be seen from the 
illustration on page 442. 

The total length of the Albert Bridge is 710 ft. ; 
the width between the longitudinal girders, which 
form the parapets, is 41 ft. The main or central 
span is 400 ft. wide, the side spans are 155 ft. each ; 
the clear headway at Trinity high water is 21 ft. 
in the centre and 10 ft. at the abutments. The 
diagonal rods, four in number from each tower, 
making 32 in all, are rolled bars riveted up in 
lengths. The anti-sagging ties were hung from 
a cable built up of straight laid wires. The towers 
are of cast iron, 60 ft. high from the platform to 
the connecting arch. The design of these towers 
is very pleasing ; it consists, for each tower, of an 
inner column 4 ft. in diameter, surrounded by eight 
octagonal columns 12 in. in diameter, and enriched 
with suitable mouldings. The piers on which the 
towers stand are formed of cast-iron cylinders sunk 
down to the London clay and filled with concrete. 
The bottom or cutting ring is 21 ft. in diameter, 
4ft. 6 in. high, and 1gin. thick. Above this comes 
a tapering ring 5 ft. high, and reducing the dia- 
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ELECTRIC TRACTION: DIAGRAMS OF TROLLEY WIRE SUSPENSIONS. 

























































































_ Boylston __ 


eee ey ae D 


OOrEOG. ok 

















> 


Church St? 





| 
! 
' 











: iat acme 


| Old Colony Railway. 


Passenger Station 


meter to 15 ft., after which the cylinders are 
parallel. The anchorage on each side consists of 
@ cast-iron cylinder 20 ft. Gin, deep and 3 ft. 












in diameter, enlarged at the bottom into a 
chamber 5 ft. in diameter. This cylinder is sur- 





rounded by a mass of concrete, and can be entered 
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for repairs, painting, &c.; the chamber is 26 ft. 
below the roadway. From the bottom rises a 
vertical anchorage chain connected with the end of 
the main girder, and also attached to the principal 
diagonal and the cable. The horizontal strain is 
thus taken through the main girder. The main 
girders of the platform are 8 ft. deep ; they sup- 
port cross-girders placed 8 ft. apart, which carry 
the planked roadway and footpaths; the former is 
27 ft. wide, the latter 7 ft. wide each. 

We referred above, in speaking of the early his- 
tory of the Albert Bridge, to the period when Mr. 
Ordish had retired from the post of engineer to the 
company on account of a preposterous offer on the 
part of an American to construct a bridge for an 
absurdly small amount and on a quite impossible 
plan ; this plan involved the use of a very large 
quantity of steel wire, and the contract for this wire 
was actually given to a Sheffield firm and partly de- 
livered before the absurdity of the adventure was 
realised by the directors of the company. There- 
upon they returned to Mr. Ordish, who undertook 
the completion of the work in its present general 
form; Mr. Ordish further consented to utilise, a 
part at all events, of the wire which was left on the 
company’s hands for the sustaining cables of the 
diagonal tension members. There was one cable 
over each set of diagonals; it was laid in place on 
the system common in the United States, but at the 
time new in this country. 

The wires were not twisted, but were hung from 
tower to tower separately until the cable was com- 
pleted. There were 1000 wires, ;4, in. in diameter, 
in each cable, the diameter being about 7 in. In the 
suspension bridges built by Mr. Roebling and others 
with cables of this class, the strands when in place 
were covered from end to end with a close wrapping 
of wire, special machines being used for the pur- 
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pose. Hither from a want of knowledge of the 
method of working, or from a lack of appreciation 
of the great importance of this continuous protec- 
tion, or perhaps on account of shortness of funds, 
the idea of sheathing the cables was abandoned in 
favour of iron clips placed at intervals of 7 ft.; 
the wires between these clips were then coated 
with putty and read lead, and the whole sur- 
face well painted; it was considered that this 
method would prove effective, and for a few 
years no trouble was experienced. After a time, 
however, it was found that moisture penetrated 
between the cracks in the covering. the wires 
oxidised, and the cables rapidly deteriorated. 
Much exaggerated alarm was loudly expressed as 
to the safety of the bridge even before it was taken 
over by the Metropolitan Board of Works in 1879. 
Nothing was done, however, until 1885, when it 
was resolved to replace the failing cables with steel 
chains, and the contract was given to Messrs. Handy- 
side and Co., of Derby. The alterations were com- 
pleted in 1887, leaving the bridge in its present 
condition. The chains employed are composed of 
links from 20 ft. to 24 ft. long. We should not omit 
to mention that the details of the Albert Bridge were 
worked out by Mr. Maxam Ende, who also designed 
the very ornate towers. 








ELECTRIO TRACTION.—No. XIII. 
By Pure Dawson. 


ERECTION OF THE TROLLEY WIRE. 

In putting up an overhead line the mode of pro- 
cedure is generally as follows : 

A gang of men, consisting generally of one fore- 
man and from six to nine men, dig the holes into 
which the poles are to be placed. Before commenc- 
ing operations, the poles have been left along the 
road approximately in their proper places. 

In the afternoon they proceed to erect them, 
and it has been found that such a gang will dig the 
holes for and put up from 18 to 30 poles a day, 
according to the location and nature of the ground. 
When this has been done the trolley wire gang 
follows. To hang the wire, a tower wagon is em- 
ployed. The contractor generally uses an ordinary 
wagon on which he has erected a scaffolding having 
a platform with a railing round it on the top, and 
reached from the ground by means of a ladder 
forming one or more of the sides of the scaffolding. 

The street railway companies also use tower 
wagons, having adjustable ladders and platforms 
(Figs. 131 and 132); their gauge is sufficient to 
enable the wagon to stand astride of the tracks. 
When it is necessary to change position, the platform 
and ladder are let down. Beneath the driver’s seat 
and on the body of the wagon, boxes are provided for 
storing the necessary tools. In front of the tower 
wagon, to draw which one horse is sufficient, there 
is a wagon drawn by two horses which carries the 
reel on which the trolley wire is coiled in mile or 
half-mile lengths. The trolley-wire gang generally 
consists of one foreman, two drivers, three or four 
labourers, and two or three wiremen. Such a gang 
generally strings from three-quarters to one mile 
of double track cross suspension a day, and about 
three-quarters of a mile double bracket arm suspen- 
sion a day. when mechanical clips or ears are used. 
If soldered ears are used. the same gang will, in 
the case of cross suspension, only do from one- 
third to three-quarters of a mile a day—a day’s 
work consisting of 10 hours. The above, of 
course, only applies to straight-line work which 
can be done by day, and without having to adopt 
special precautions so as not to hinder street traffic. 
A double curve on a double track takes one driver, 
three to four labourers, and two or three wire- 
men from two to four days to put up. Soldered 
ears or clips have always to be used on curve work 
if itis to be well done. The modus operandi is 
generally as follows : 

In case of cross suspension the cross wire is first 
put up and made taut, being attached to the pole 
heads by means of strain insulators fixed to the 
poles by iron straps. An insulated turnbuckle is 
generally used for these points, although ratchet 
wheels are sometimes employed. The span wire 
is strained into position by fixing a single block 
and fall to the wire by means of what is called 
a ‘‘come-along clamp,” already illustrated. The 
tension put on should be about 500 Ib., and two 
men can generally exert that strength. While still 
under strain it is attached to the turnbuckles, and 
any slight slack remaining is taken up by means of 
these. 





When the span wires are in place the trolley 
wire is in turn hung. It is first anchored securely 
at the end of the line ; from 800 ft. to 1000 ft. are 
run out, or as much as can be done without too 
much hindering traffic. Hooks bent in § form, 
and made out of stiff iron wire, say a number 4 
B.W.G., are hung over the span wires near the 
middle, and the trolley wire is raised over the 
tower wagon and hung in three hooks. At the end 
of the unreeled part of the trolley wire a ‘‘come- 
along clamp” is fixed, and by means of a 
double block and fall the part hung is pulled 
up tight and temporarily anchored. Another 
1000 ft. or so of trolley wire is then un- 
reeled, and the same thing done until the reel 
has been run off. The terminal anchorage is then 
definitely made to the nearest poles. Whenever a 
curve is reached, a permanent anchorage is made at 
each end, and as much slack allowed as may be 
needed to get around the curve. On curves the 
trolley wire should be placed slightly over the 
inside of the curve, and not over the centre. After 
this is done, the ears or clips are either soldered or 
fixed to the wire. Great care should be taken in 
soldering, and each ear should be carefully in- 
spected so as to ascertain that it is soldered to the 
wire along its whole extent, and that no rough 
pieces of solder project anywhere. Bad soldering 
is a frequent cause of trolley wire breaking or 
falling to the ground. A very heavy soldering iron 
should be used, having a groove fitting half-way 
round the trolley wire in it. The iron used should 
not be too hot, and the strain must be taken off 
the trolley wire by a U-shaped clamp, catching 
hold of the trolley wire on either side of the ears 
while soldering. Care should be taken that the 
splicing and anchoring ears fit every insulator used 
on the line. When the ears are soldered on they 
are screwed into the insulators, which are then 
strung by means of a special tool on to the span 
wires. For jointing the trolley wire every half 
mile or mile, special ears or splicing tubes are used, 
and to draw the trolley wire taut at such points a 
special tool called a wire-stretching machine is 
employed. This is also in use when putting in 
frogs or switches, and has already been illustrated. 

A frog or line switch should be put up not in a 
line with the track points, but asshown in Fig. 133, 
that is to say, over the centre of gravity of the 
triangle A BC. 

If on trial its position should not prove quite 
satisfactory, the trolley wheel should be chalked 
and run over it, so as to see where it runs off, and 
the frog set right. For this purpose a turnbuckle 
is puton to the ends of the wire from which the 
frog is suspended. All the preceding applies to 
putting up a line with bracket arm suspension, the 
only difference being that the iron wire hooks, 
through which the trolley wire is first passed, 
are hung on to the bracket arms instead of the cross 
wire. Fig. 134, page 434, shows an erection gang 
and tower wagon. Wheretelephone or other wires 
cross the trolley wire, guard wires are sometimes 
hung over the trolley wire to prevent a short 
circuit, in case of one of these crossing wires 
breaking and falling. If there is a single line of 
track, two guard wires are employed, which are 
hung about 18 in. to 2 ft. above the trolley wire, 
one on each side. These must be insulated from 
the poles. These guard wires are much more 
unsightly than the trolley wire, and, as often as 
not, cause as much trouble as falling telephone 
wires. If they are not very strong, the weight of a 
falling wire frequently causes them to break. Toa 
great extent guard wires have been abandoned in 
America. 

Figs. 135 to 144 are self-explaining, and show 
various curve constructions and positions of insu- 
lators and poles. 

The cost of the material and labour required in 
the installation of the trolley wire (exclusive of 
poles and setting same) may be taken to be ap- 
proximately as shown in Table XLI. 


TABLE XLI.—Approximate Cost of Construction, Labour, 
and Materials (exclusive of Poles and Setting). 


Per mile of single track : £ 
Cross suspension (by span wires attached to 
poles at either side of the roadway) ... 250. 


Bracket arm suspension (by brackets fixed 
to a single line of poles along one side of 


the track only) sae a —_ .. 300 
Additional cost for each 200 ft. turnout ... 25 
a a ordinary curve ... 30 

- a feeder connection 2 

= Ss anchorage... sais 10 





Per mile of double track : 
ross suspension = mee es i 
Suspension from double-bracket arm poles 
placed between the tracks... ... ... 430 


TABLE XLIT.—Approximate Cost of Poles and Setting same 
per Mile of Track. 


Cross suspension, iron poles... 400 to 1000 

= mn wooden poles... 100,, 300 

Bracket arm suspension, iron poles 250 ,, 750 
s es wooden 

poles ... sis “ wa <x Os, $200 


The following is a list of the tools used on line 
construction work : 


TaBLe XLIII.—Showing Various Tools Used on 
Line Construction. 
Long-handled shovels. 
+ ~—so93.-—«sS#POOns. 

Digging and tamping bars. 

Poles for erecting poles, if for wooden ones, with 
—_ at one end, if for iron, with a U at one 
end. 

Hammer, hatchet, chisel, saw. 

Monkey wrench. 

12-in. gas pliers and side cutting pliers. 

Carpenter’s level. 

Cold chisel. 

Ladder. 

Block and fall and hand line. 

Soldering kit, consisting of furnace, pot, ladle, 
and special soldering irons. 

Bolt cutter, turnbuckle or wire - stretching 
machine. 

**Come-along ” and trolley wire clamps. 
ices. 

Flat bastard files. 

Round files. 

Screwdrivers. 

Wooden mallet. 

Steel tape measure. 

Acid jug and charcoal. 

Solder. 

About 6 lb. of solder is used per mile of single 
track. 


The diagram, Fig. 145, gives an idea of how com- 
plicated the traffic is in some streets in Boston, and 
of relatively how few wires are necessary for sus- 
pending the wires over a double track with the most 
intricate and numerous curves and crossings. The 
diagram is taken from the system of street railways 
passing in front of the Old Colony Railroad station at 
Boston, Mass., a very busy centre for the electric 
cars coming and going in all directions. 





THE LATE MR. ARTHUR PAGET. 

Iris with great regret that we record the death on 
last Monday week, the 25th ult , of Mr. Arthur Paget, 
of Loughborough, an engineer who numbered amongst 
our readers a wide circle of friends. For some years 
past he had not enjoyed robust health, and eighteen 
months ago he had a stroke of paralysis, which 
affected his speech and deprived him of the power of 
one side ; his heart, too, was affected. Although on 
Sunday, the 24th ult., he seemed well, and retired 
to rest as usual, an apoplectic seizure carried him off 
in the middle of the night. He was but 62 years of age. 

For three years from 1848 the late Mr. Paget was a 
student in the Applied Sciences Department at King’s 
College, London, and he afterwards served a pupilage 
of three years with Messrs. Sharp, Stewart, and Co., 
of Manchester. In 1854 he went to Loughborough, and 
was for two years engineer and manager, and for five 
years managing partner, of the firm of Messrs. Paget 
and White, of Loughborough. In 1862 he started busi- 
ness on his own account under the style of Messrs. A. 
Paget and Co., engineers and machinists. 

Mr. Paget took up a branch of engincering to which 
some of his ancestors had devoted much attention—the 
manufacture of knitting, weaving, and other textile 
machinery—and many improvements of more or less 
importance are due to his inventive genius. Early in 
the century one of the family introduced the machine 
for knitting stockings in circular courses, and conse- 
quently parallel in the leg, and 60 years later, or in 1870, 
the subject of our memoir introduced his self-acting 
machine for knitting hosiery by steam power. This 
machine was characterised by great ingenuity, not 
only in general design but in constructive details, but 
it is not necessary to describe it here, as a full 
account of it, with illustrations, will be found in 
ENGINEERING, vol, xii., pages 104, 452, 453, 454, and 
456. This account was contained in a paper read by 
Mr. Paget before the Institution of Mechanical Engi- 
neers at their Nottingham meeting in 1870, and many 
of our members who were present on that occasion 
will remember with what admirable clearness Mr. 
Paget, by the aid of some well-arranged models, the 
somewhat complicated movements by which the pro- 
duction of shaped hosiery was effected. It may be 
added that the machinery just referred to is still 
largely in use in this country, in France, and in other 
parts. 

The success attained with this knitting machinery 
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encouraged him still further in his experiments to- 
wards the construction of the machine for warp weav- 
ing and knitting without weft, and so fascinated did 
he become that he ultimately devoted himself entirely 
to its developments. Most people interested now 
know the story. A machine was produced, exhibited 
at the Paris Exhibition, and described at the Paris 
Meeting of the Institution of Mechanical Engineers. 
The mechanical ingenuity displayed, and the ex- 
treme accuracy and precision of the workmanship, 
called forth high encomiums, and gained for its 
inventor the decoration of the Chevalier of the Legion 
of Honour. The variety and beauty of workman- 
ship of the warp weaving appealed to all. A lady’s 
jacket, for instance, was woven to its shape, up 
the front, over the shoulder, and down the back, at 
120 courses per minute; and while coarse horse-rugs 
could be made, so also could ladies’ clouds, 16 ft. 
wide, yet passable through a finger ring, as in the 
case of the stocking presented to his wife by a noted 
French king. But ‘‘the trade” offered strenuous 
opposition to the use of the needle in weaving; and 
our national conservatism in the matter of dress 
resented the attempt to do without the weft. Thus 
Paget’s great achievement in mechanics remains but a 
splendid starting-point for some future success. 

The results of these and other studies in textile 
machinery have left their influence on the industries, 
alike in cheapening production and in increasing 
wages. These resultants from the adoption of ma- 
chinery are really synonymous, and Paget never 
hesitated to introduce machines, even the most in- 
tricate. Workers, male and female, he felt invariably 
advanced in intelligence with each new intricacy, and 
he could boast that in his shops every boy could and 
did work regularly with Whitworth’s machines to 
measure the ten-thousandth part of an inch. This 
probably explained the accuracy of Paget’s products. 
But the point for the moment is the wage result. In 
1854, when he started, the best class of girls on hosiery 
work had 8s. a week (he paid one 8s. 6d.); in 1885-6, 
a time of prosperity, they were earning 19s. to 20s. ; 
and even in 1889, when the hosiery trade was very 
dull in Nottingham, Leicester, and Derby counties, 
the girls were earning 14s. to 16s. 

But Mr. Paget’s work was not confined to textile 
machinery—far from it. He engaged in many works 
of research, and thus, when he spoke at the meetings 
of the Institution of Mechanical Engineers, and he did 
so very frequently, he spoke with authority and ex- 
perience. Having the faculty of keen observation, he 
was ready in appreciating a point, and as often 
as not an author was prompted by a query or 
remark by Mr. Paget to add to the information 
of his audience. This was traceable to the fact that 
he kept himself well informed on current develop- 
ments. That is not, unfortunately, so largely the 
case as it should be. Besides the papers he read, he 
assisted frequently in the research work of the Insti- 
tution. In connection with the question of the harden- 
ing of steel, he undertook in 1882 a series of tests hav- 
ing for their object to determine thoroughly the dif- 
ference in regard to the percentage of carbon between 
samples of steel that had been annealed or hardened 
by different processes, and also to determine with more 
precision how far the separation of the carbide in dif- 
ferent preparations was an indication of different 
temper in the steel. (See Proceedings, 1882, and Abel’s 
paper in the Proceedings of 1885.) Subsequently he 
made 900 experiments to ascertain the proper co- 
efficient of friction of various sorts of ropes under diffe- 
rent circumstances on pulleys; but the results even 
under similar conditions were too various to tabulate 
or to admit of deductions. These are mentioned merely 
to indicate the wide ramification of his work. 

An anecdote as to Mr. Paget’s tenacity in dealing with 
a matter in which he was interested, is worth recall- 
ing. Believing that he paid more for his water supply by 
assessment on rental than he was entitled, he asked to 
have a meter for his dwelling-house at Loughborough. 
This was refused, and then he said he would put ina 
water motor, which would compel the authorities 
to give a meter. They capitulated, and when the 
meter was read there was a belief that there was 
cheating somewhere. Several test meters were put in 
other dwelling-houses, including one to the house of 
the engineer of the water works. Corroborative 
evidence showed that with care against leakege the 
cost of water could easily be halved. 

For the Institution of Mechanical Engineers he 
rendered yeoman service. Elected a member in 1868, 
he was promoted to the Council in 1878, and one step 
still higher, to a vice-president’s chair, in 1887. Hewas 
one of the first and most vigorous supporters in the 
movement of the headquarters of the Institution from 
Birmingham to London—a movement which has been 
followed with such pronounced success. In every 
action, too, he showed his desire that the Institution 
might do its all for the furtherance of the profession. 
He was ready, too, in his advocacy in favour of that 
research work, which, beyond the purview of an in- 
dividual, can only be undertaken by a wealthy and 
highly appreciated Institution, Therein he recognised 


a high ideal, and it is certain that the admirable re- 
search work which the Institution of Mechanical Engi- 
neers has done already, and which it is still carrying 
out, has had its origin largely in the views urged by 
Mr. Arthur Paget. 








TORPEDO-BOAT DESTROYERS. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, April 2, 1895, Mr. W. H 
Preece, C.B., Vice-President, in the chair, the paper read 
was on “‘ Torpedo-Boat Destroyers,” by Mr, John I. 
a ¥.R.S., and Mr. Sydney W. Barnaby, MM. 

nst, C,H. 


vessels specially designed to destroy torpedo-boats, In 
that year a number of small vessels of about the same size 
and - pe as the torpedo-boat, but intended to have a 
greatly superior gun armament, were ordered to be built 
for the purpose. They were of about 65 tons displace- 
ment and had a guaranteed speed of 19 knots. fore 
completion the original intention of using them as catchers 
was abandoned, and they were fitted as torpedo-boats. 
A new class represented by the Rattlesnake followed, 
having the same speed, but with a displacement of 550 
tons. This was succeeded in turn by the Sharpshooter 
class, of 735 tons; by the Speedy class, of 810 tons; and 
by the Halcyon class, of 1070 tons. The speed of each 
was from 19 to 204 knots, 

The growth in size of the catchers or torpedo- gunboats, 
although conducing to greatly improved seaworthiness, 
had not been accompanied by much increase of speed, 
while the speed of the torpedo-boat had advanced rapidly. 
These little vessels, of which the first was built for the 
Norwegian Government by Messrs. Thornycroft in 1873, 
commenced witn a speed of 15 knots. The torpedo-boat 
of the present day had a speed of from 26 to 27 knots, or 
as much as 7 knots in excess of the speed of the gunboat 
in smooth water. This advantage rapidly disappeared 
in a rough sea, and the gunboats would doubtless prove 
formidable foes to torpedo-boats in many conditions of 
weather. The want had, however, been felt of vessels 
having a speed equal to that of the fastest torpedo-boats 
in all weathers, and it had been supplied by the introduc- 
tion of a new type known as torpedo-boat detroyers, 
These were practically enlarged torpedo-boats, carrying a 
very powerful gun armament ; 42 had been ordered, and 
the speed of those which had been tried varied from 
26 to 29 knots. The Daring, constructed by Messrs. 
Thornycroft, was fully described. Her total weight was 
approximately equal to the weight of the machinery of 
the Halcyon class, but her indicated horse-power was 31 
per cent. more than that of the Halcyon. 

Tho metacentric height of the Daring, with all sea- 
going weights on board, was 2.21 ft. and 2.58 ft. with 
bunkers full and empty respectively. In the mean con- 
dition, the maximum righting moment cccurred at an 
angle of 46 deg., and stability vanished at 95 deg. At 
full speed the hight of the metacentre was reduced by 
about 2 in. by the change of water-line. Calculations of 
the bending moments produced when the Daring was 
alternately supported upon a wave crest and in a wave 
hollow showed that the greatest stresses were produced 
by the latter condition, and amounted to 6.4 tons per 
square inch upon the material of the deck. She had two 
side-balanced rudders, and turned a complete circle 
ahead in 1 minute 28 seconds, and astern in 3 minutes 
30 seconds. 

There were twin screws, driven by two sets of four- 
cylinder engines, using steam of 210 lb. pressure, and 
having a piston speed of over 1000 ft. per minute. The 
engines were of novel design, specially adapted to run at 
high speed, with little friction or vibration. The cylin- 
ders were slightly inclined, and had adjacent cranks 
nearly opposite, so as to completely balance the vertical 
reactions of their pistons, thereby reducing greatly the 
load on the main bearings and consequent friction. The 
curve of indicated thrust showed that the initial friction 
was unusually small. 

The distortion of an ordinary three-throw crank was 
compared with what took place in the cranks of the 
Daring, and it was shown that the latter tended to pre- 
serve its true line, while the former, by tending to distort, 
threw much useless pressure upon the main bearings. 
With a view to lightness and simplicity, the cylinders 
were unjacketed. The circulation of water through the 
condenser was partly effected by the natural flow due to 
the velocity of the vessel through the water. 

The boilers were three in number, of the Thornycroft 
type, each having two furnaces. It was necessary to 
arrange for about an = power in much less space than 
was available in H.M.S. Speedy, and three of the Daring 
boilers did the work of eight of those of the Speedy. In 
order to obtain a regular feed, automatic gear was in- 


Until the year 1885, the British Navy, possessed no | 


the race, a condition in which they became equal. The 
only force available for producing this acceleration in front 
| of the screw was gravity. The recession of the helical 
surface as it revolved relieved the pressure of the water 
upon its forward face, and the water could only follow it 
up with the velocity which was due to the head above it. 
At the very small depth below the surface at which the 
screws worked in the Daring, afew inches only, the weight 
of water over them might almost be neglected, and the 
head taken as that due to the atmosphere. The maximum 
thrust which could be obtained from the acceleration pro- 
duced by atmospheric pressure close to the surface of the 
water was therefore 15 lb. per square inch. It was esti- 
mated that the mean negative pressure per square inch 
of the projected blade surface of the screws amounted to 
84 lb., but as the thrust at the roots and round the edges 
of the blades was  egarsd below the average, so there 
would be parts of the blade at which a greater negative 
pressure would exist. This, in fact, might approach 
more nearly.to a state of things in which the pressure was 
so low that cavities formed behind the screw blades filled 
with air and vapour boiled off from the water. <A pair of 
screws were made of the same diameter and pitch as those 
first tried, but of greatly increased blade area, and these 
gave very satisfactory results, the slip at 29} knots being 
only 15? per cent. At a speed of 24 knots the slip as 
compared with that of the narrow-bladed screws was 
reduced from 30 per cent. to 17? per cent., and the 
indicated horse-power fell from 3700 to 3500. The 
revolutions required to obtain 24 knuts with the narrow 
screws gave 28.5 knots with the wide ones, From 
analysis of a progressive trial of the Daring, it appeared 
that “cavitation” did not commence suddenly, but 
appeared to become detrimental when the mean negative 
pressure exceeded about 6? 1b. per square inch, or when 
the whole thrust exceeded 11} 1b. per square inch. This 
was with blades of elliptical form ; it would probably va: 
somewhat when the surface was differently distributed. 
These results were corroborated by the trials of two 
torpedo-boats in which a great saving of power was 
effected by reducing the mean negative pressure on tho 
blade surface from 9.9 lb. per square inch to 6? lb. by 
widening the blades. The authors believed that the 
speed of vessels had now approached within measurable 
distance of that at which propulsion by screws became 
inefficient. For a given pitch ratio and slip the thrust 
per unit of area varied as the square of the speed. Cavi- 
tation could only be avoided at very high speeds by 
increasing either the immersion of the screw or its blade 
area. Immersion was limited by considerations of draught. 
Increased area could be obtained in three ways, {1) by 
increasing the ratio of surface to disc area, (2) by employ- 
ing a larger diameter than that theoretically best for the 
given conditions, (3) by increasing the pitch ratio, which 
involved a larger diameter with a reduced rate of revolu- 
tion. Either tended to a waste of power if pursued 
beyond somewhat narrow limits, and it appeared inevit- 
able that reduced efficiency must be submitted to as the 
speed of vessels was increased. 





Map or THE SoutH AFRICAN AND AUSTRALIAN COLo- 
NIES.—We have received from Measrs. C. Mitchell and 
Co,, 12 and 13, Red Lion-court, Fleet-street, London, 
E.C., two maps, one of South Africa and the other of 
Australia, which have been specially designed to show all 
the towns having newspapers. But while thus showing 
all towns of importance, the maps give railways, water- 
ways, ports, steamship and aah routes, and around a 
broad margin are short historical, statistical, and topo- 
graphical notes of each colony, with an indication of the 
principal products, &c., besides general postal and tele- 
graphic information. The maps are, therefore, useful for 
exporters and colonial merchants, 





THE DEOREASE IN Prices.—The following Table shows 
the prices of some selected commodities at the end of 
March in comparison with last year : 


1894, 1895. 

oe Sad £ad 
Pig iron 2s a@ 24 8 
Steel rails... . $B @ 312 6 
Chili copper ... . 40 150 39 5 0 
Straits tin .68 7 6 63 2 6 
Wheat... . hae hE 8 
Barley... ae) 1 010 
Oats ... sis ; . O18 5 0 13 10 
W. I. sugar ... Ye 0183 0 09 8 
Cotton (middling) ... 0 0 éf 0 0 3%} 
Wool ... aa dds aw OE @ 6 GC 
Tallow ‘ saa <e @ ee © 
Jute ... oa eas —« 6 0 2 O @ 





TELEGRAPHY BY INDUCTION.—Signalling through space 








troduced, the very rapid rate of evaporation making hand 
regulating difficult. 

Some difficulty was ag oar with the propellers | 
during the early trials. The Daring was at first fitted 
with a pair of screws having blades of elliptical form, the 
minor axis of the ellipse being four-tenths of the major 
axis, Very unsatisfactory results were obtained, the slip 
at the higher speeds rising rapidly, and reaching as 
much as 30 per cent. at 24 knots. The authors con- 
sidered that the bad performance of the screws was | 
probably due to the fact that too large a thrust was 
required from them per unit of area. The greater part of | 
the acceleration of the screw-race was always produced b 
negative pressure on the forward side of the blades. 
the whole thrust of the screw were divided into two parts, 
one part due to negative pressure on the forward side, an 
the other to positive pressure on the after side, the nega- 
tive pressure exceeded the positive pressure in all cases, 





except the limiting one, in which no rotation was given to 


by means of electro-magnetic vibrations has hitherto only 
been done experimentally, but this week information 
comes from Scotland that this means of electric communi- 


| cation has been utilised for commercial purposes between 


the mainland and the Island of Mull off the west coast of 
Scotland, and thus the achievement has been established 
as practicable in the widest sense of the term. 

wire was erected on the mainland opposite to and 


‘parallel with a portion of the telegraph wire on the 
island, and telegrams thus communicated across the 
Sound by induction. 
Preece, F.R.S., of the Post Office, who, it may be 
remembered, discussed the principle before the Engi- 
f | neering Congress at Chicago on the 22nd August, 1893, 
when the subject was dealt with in ENGINEERING. 
then tests have been made at other places besides Mull, 
notably across Loch Ness; and these have from time to 
time been described, so that it is not necessary to 
elaborate on the subject in this connection. 


The credit is due to Mr. W. H. 


Since 
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THE LANDIS HORIZONTAL LOG BAND SAW. 
CONSTRUCTED BY MESSRS. ALLEN RANSOME AND CO., LIMITED, ENGINEERS, CHELSEA. 
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Tue band saw which we illustrate on this page has 
been patented by Herr Landis, a sawmill owner, 
whose works are situated near Zurich, and the machine 
is now being made by Messrs, A. Ransome and Co., of 
the Stanley Works, Chelsea. As will be seen from 
our illustrations, the saw cuts horizontally instead of 
vertically. The frame of the machine consists in the 
main of two pillars fixed on each side of the log table, 
Surrounding each pillar is a sleeve, on the upper por- 
tion of which a multiple-threaded screw is cut, whilst at 
the bottom of each sleeve a wormwheel is fitted. These 
wheels are driven by two worms keyed on a shaft 
extending transversely across the machine under- 
neath the table. Cutting is commenced with the saw 
in its highest position, and as each plank is cut off the 
saw is lowered by rotating the handwheel shown on 
the right, which is connected to the wormshaft 
already mentioned by bevel gearing. The weight of 
the saw and its saddle, the pitch of the screw being 
quick, tends, it will be seen, to make the manipulation 
easy. A dial is fitted above the handwheel, and per- 
mits the thickness cut to be accurately regulated. 
The saw is raised again by power. The bearings 
supporting the pulley spindles are fitted on trunnions. 
Each of these trunnions, in the case of the right-hand 
pulley, is fitted on an arm, sliding telescope fashion in 
the main saddle casting. On the top of these arms a 
screw rack is cast, into which 1 worm gears, which 
afford a means of sliding the arms out and of getting 
the requisite tension in the saw. In order that the saw 
may run properly, however, it is necessary that the 
two spindles shall not be parallel to each other, and it 
is for this reason that the trunnion bearings are em- 
ployed. The worm traversing the back telescopic arm 
can be uncoupled from its fellow in front, and this done, 
the forward arm alone is moved on turning the handwheel 
working the traversing gear. Having obtained a suitable 
inclination of the spindles to each other, the second 
arm can be put in gear by simply tightening a nut, 
and then the two arms move together till the requi- 
site tension is obtained on the saw. The table, which 
is 28 ft. long, is of iron, being constructed of two J- 
beams rigidly connected together transversely. The 
under surfaces of these [-beams are accurately planed, 
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and run on rollers bolted to the bedplate at frequent 
intervals. Care is taken in affixing these rollers that 
the upper surfaces lie accurately on one level. For 
feeding, a pitch chain running over a sprocket wheel 
is used, the ends being firmly attached to the table. 
The height below the saddle, and the width between 
the columns, is such that logs 4 ft. square can be 
dealt with. A single man can manage the whole 
machine, the five handles used in working being all 
grouped together on the right. The first of these, 
working the lowering gear, has already been referred 
to, and the others will now be described. One of them 
throws a friction clutch into gear, to raise the saddle 
again, This gear drives the lower worm spindle, 
which rotates the screwed sleeves, thus lifting the 
saddle. The second handle works a friction clutch, 
giving the forward feed, and the third handle runs the 
Gite bask, at aspeed of 600 ft. per minute. By means 
of the fourth handle the forward feed can be varied 
from 10 ft. to 80 ft. per minute. The whole of the 
above gearing is grouped together on the left of the 
machine, the links connecting it with the hand levers 
passing underneath the table. The arrangement 
is shown in Fig. 2, in which A represents the clutch 
used for raising the saw, B that for the quick return 


of the table, and C that for the forward feed. The 








gear for regulating the rate of feed is shown at D. It 
consists of a diec and roller friction gear. By moving 
the roller nearer the centre of the disc the speed of 
rotation is, of course, reduced. Contact between the 
two is maintained by the use of a weighted lever. The 
machine is claimed to combine the functions of a 
breaking-down frame and a board-cutting machine. 
Indeed, it will almost cut veneers. It fulfils both of 
the functions, it is stated, more economically than 
any existing machine for either class of work, 
as it can be run very rapidly, 80 ft. superficial 
of elm being cut per minute, and the saws used 
may be very thin, as little as 18 to 19 
B.W.G. The waste is thus small. The boards 
produced are of even thickness and quite true. As it 
only requires one attendant to control the machine 
in addition to the labourer shifting the log, the wages 
bill can be reduced. It will be seen that the whole of 
the machine is fixed above ground level, so that no 
heavy excavation is required in erecting the plant. 
Two belts only are required for driving all motions, 
hence the machine can be run easily from a portable 
engine, and, being readily fixed, it is particularly suit- 
able for forest work. For board sawing from logs a 
single Landis’ machine is said to do more work than ten 
ordinary horizontal frames, such as are generally used, 
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WE illustrate above the details of a system of elec- 
trical light mains which has recently been introduced 
by Mr. J. A. Kingdon, of 29, Marlborough-hill, 
London, N.W., for the purpose of protecting insu- 
lated electrical conductors, when buried underground. 
The conductors are insulated with india-rubber or other 
compound in the usual manner. The insulated cable 
is then laid in the trench, and a U-shaped iron or 
steel channel is placed above it. This channel is made 
in lengths of about 12 ft. Where joints occur in the 
channel, iron sleeves are dropped over the cable and 
the ends of the channels are slipped into them. Below 
the cable is placed a strip of wood or iron which fits 
into the channel. This is secured in place by an 
iron plate driven in between the strips and the lips of 
the sleeve, and also at intervals between the sleeves by 
bindings of galvanised iron wire. The section of the 
channel is such that the cable approximately fits the 
round, and the wood or iron strip below the cable is 
also shaped to fit it, so that when the strip is secured 
in its place there is no empty space left round the 
cable for the accumulation of an explosive mixture of 
gas andair. No strain, it will be seen, is placed on 
the cable when being laid, and there is thus no danger 
of stripping the insulation, as may happen when insu- 
lated cables are drawn into pipes. Where branches 
or joints are required, cast-iron junction boxes are 
employed, and at places where branches are likely to 
be subsequently required, short lengths of channel are 
placed, which can be readily removed for the substitu- 
tion of a junction box by driving back the sleeves. 
Where the cables have to be bent round corners or to 
avoid obstructions, short pieces of suitably bent 
channel are — Figs. 1 and 2 show in section 
and elevation the application of the system to a single 
insulated conductor consisting of 37 strands of No. 16 
B.W.G,, and a similar form of channel and strip is 
employed in the case of concentric or triple concentric 
cables. Where two cables have to be laid together, a 
channel of the section shown in Fig. 3, or that shown 
in Fig. 4, is employed. “In order to avoid the accumu- 
lation of an explosive mixture of gas and air in the 
junction boxes, these may be completely filled with 
sand or resin. 





SHAFT BEARINGS. 

Som time ago we placed before our readers par- 
ticulars of several devices for economical transmission 
of power which have emanated from the works of the 
Unbreakable Pulley and Mill Gearing Company, 
Limited, West Gorton, Manchester. We have now 
pleasure in giving a few particulars of the same com- 
pany’s improved adjustable swivel bearings for shaft- 
ing, which will be found to possess decided advan- 
tage over the ordinary styles of bearings. 

This bearing, which has been considerably elon- 
gated, rests in spherical seatings. The superiority 
of this bearing over the ordinary rigid type will be 
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evident at once. The self-adjustment of the bearing 
to the line of the shaft has a very marked effect upon 
the power required to turn shafting, and therefore 
affects the percentage of the power absorbed. Asan 
illustration of this, a shaft 200 ft. long and 4 in. in 
diameter has been turned by hand with comparative 
ease, although it had but recently been erected in its 
working position. The company have preferably in- 
troduced long steps into these bearings for the pur 

of efficient lubrication, an important feature which is 


not admissible in those not free to swivel and adjust 
themselves. The shaft can be allowed to run in a con- 
tinuous film of oil, which is not liable to be wasted. 
As an additional means of preventing waste, the 
makers of these improved bearings strongly recom- 
mend solid oil as the lubricant, in which case it is not 
likely to flow out at the ends of the bosses, but it is 
slowly fed on tothe shaft as required. The bearing is 
of cast iron, and having ample surface, being truly 
bored, properly lubricated, and capable of adjusting 
itself to the shaft, the wear is found to be very small. 

We may mention that the printing works of Answers, 
Limited; the Great Eastern Railway Company’s 
Works at Stratford, London; the Chronicle Office, 
Newcastle; Messrs. Thomas Rivett, Limited, Stock- 
port; Messrs. J. Knott and Sons, Ashton-under- 
Lyne ; and other factories at home and abroad have 
been fitted up on the principle illustrated above, and 
entire satisfaction has been given. 





SAUNDERS’ FOLDING OUTRIGGER. 

In our account of the Yachting Exhibition, we men- 
tioned a form of folding rowing outrigger, invented 
by Mr. S. E. Saunders, which possesses the double 
merit of being firm to row upon, and at the same time 
is easily taken inboard and snugly stowed away. 

In our illustrations Fig. 1 is a side view, .c., taken 
looking athwartships out of the boat, and Fig. 2 an 
end elevation. The two arms of the outrigger are 
marked a and a}. These arms end in two pins, 
which are of different shapes. The pin f on the right- 
hand arm is circular in section, a fits into a socket 
attached to the side of the boat by a plate o. On the 
inner end of the other arm is a dovetail pin, and this 
fits into a correspondingly shaped clip attached to the 
boat’s side. In order to stow away the outrigger, 
the dovetail pin is released from the clip in the 
following manner: The plate / is firmly screwed 
to the boat, and is provided with a jaw i indicated 
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by the dotted line. On the other side there is a 
corresponding sliding jaw j which is operated by 
means of the screw having a milled head, as shown. 
There are two slots through which pins n, n project to 
act as guides. By withdrawing the sliding jaw the 
pin of the arm a’ is released, and the whole can turn 
inboard on fas acentre. At the same time the two 
arms can be folded together, being hinged at b. As 
soon as the outrigger is inboard it can be folded so as 
to hang down just inside the boat, as shown by dotted 
lines, the socket into which the pin on the arm a fits 
being capable of being turned in the plate. The row- 
locks are of the swivel type, and will turn to the move- 
ment of the oar on the crutch-pin d, shown by dotted 
lines. With this description of rowlock very little 
clearance has to be given, so that the crutch or rowlock 
may almost fit the oar, and there is thus a minimum of 
lost motion. 








Tue InstiruTiIon or Crvit Enaingrrs.—The annual 
dinner of the Institution of Civil Engineers was held on 
Wednesday, the 27th ult., in the Merchant Taylors’ Hall, 
the chair being — by Sir Robert Rawlinson. 
H.R.H. the Duke of Cambridge, Lord Salisbury, and 
His Excellency Thomas F. Bayard, the American Am- 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 20, 1895. 

THE increased production of pig iron has not been 
absorbed, because of the slow development of summer 
demand. This would not have occurred had buyers 
followed their usual course of covering the second 
quarter’s requirements in March. They may decide 
very unexpectedly to do this, so that instead of 
lower prices following an accumulation of some 
200,000 tons of iron during the past three months, a 
fractional improvement may come. Large contracts 
are being placed for structural and architectural steel, 
and for agricultural implement stock to keep work 
going until July. Railroad requirements are kept at 
the lowest level, in fact, there is no move in any 
quarter to purchase beyond the most pressing de- 
mands, including liberal stocks for early call. The 
general situation improves, but slowly. Railmakers 
have secured only a few orders for large lots. The 
possibility of a general coal strike is kept in view, and 
both coal and coke (not anthracite) may move up a 
peg. Business is somewhat better in general, but 
conservative views prevail among capitalists, pro- 
moters, and others who lead in new work. Each 
consumer is waiting for the first symptom of better 
conditions to rush in orders. Consumers are pursuing 
a risky policy in keeping stocks so low, but they are 
not open to argument, feeling that the enormous pro- 
ducing capacity will protect them in any event. 

March 28. 

The 15 per cent. advance of wages in coke will soon 
be reflected in stronger prices for pig iron and billets, 
manufacturers say, but buyers are making no effort to 
cover future arrangements. Large orders for skelp- 
plates and structural material have been placed during 
the week, and inquiries in hand to-day point to large 
sales in the nearfuture. Three western railway systems 
are in the market for 18,000 tons of rails, most of which 
is for new roads. Ship and lake boat-building require- 
ments in sight call for 7000 tons. The outlook is some- 
what better than two weeks ago. To-day’s reports 
show that the corner has been turned in railway earn- 
ings. A few weeks more improvement will probably 
inaugurate more liberal buying by railway companies, 
and this cannot help but favourably affect all branches 
of the iron trade. 


OUR BATTLESHIPS. 
Notes on Further Experience with First-Class Battleships.* 


By Sir Witt1aM Waitt, K.C.B., LL.D., F.R.S., Assistant 
Controller of the Navy and Director of Naval Construc- 
tion, Vice-President. 

In the paper read before the Institution last year, “On 

the Qualities and Performances of Recent First-class 

Battleships,” I summarised the experience gained up to 

that time with vessels of the Royal Sovereign class. In 

the present communication it is wea to put on 
record some results of further experience gained durin 
the past year, and certain facts of great profession 
interest obtained from rolling experiments made on the 

Revenge at Spithead. The reasons which led to the 

decision not to fit bilge keels to the Royal Sovereign 

class during construction were stated last year, but may 
be briefly recapitulated. In ships of these large dimen- 
sions and great inertia, it was anticipated, on the basis of 

a observation and experiment, that any practicable 

ilge keels which could be added would have a relatively 

small steadying effect. The presence of bilge keels, even 
of moderate depth, necessarily interfered with facilities 
for docking the ships in some of the docks which they would 
have to enter. Further, it was estimated, and experience 
has confirmed the estimate, that in their period of oscilla- 
tion the Royal Sovereign class would approximate to the 
Inconstant, Hercules, and Sultan, which had a high repu- 
tation for steadiness at sea. The Hercules and Sultan 
had only shallow side keels from 9 in. to 10 in. deep, two 
on each side, as shown in Fig. 1. 
The question was carefully discussed in all its bearings 
when the design was under consideration. It was realised 
that some steadying effect would be obtained by fitting 
bilge keels. But it was finally decided that the balance 
of advantage lay on the side of omitting bilge keels until 
experience had been gained at sea. That stage had been 
reached when last year’s paper was read. I then stated 
that, as an experiment, the Repulse had been fitted with 
bilge keels so that she might be tried in company with 
sister ships belonging to the Channel Squadron. These 
keels are shown in Fig. 1. They are about 200 ft. in 
length and 3 ft. deep. 


FurtHer TRIALS AT SEA. 


The first opportunity for comparative trial occurred in 
June, 1894, when the squadron was cruising off the west 
coast of Scotland. A ong, low swell was encountered 
with a length said to vary from 300 ft. to 400 ft. (crest to 
crest) and a period estimated at 10 to 12 seconds. For 
some time this swell was on the quarter, and the speed 
and course of the ships relatively to the swell were such 
as produced heavy rolling. his occurred during the 
night. The reports from some of the ships state that 
batten observations of the horizon could not be made. 
Pendulum observations were, therefore, had recourse to, 
although they are notoriously untrustworthy. After 








bassador, were amongst the invited guests, 
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making all allowance for possible exaggeration in the 
pendulum observations, the facts reported indicated con- 
clusively the very great value of the bilge keels in the Re- 
pulse in reducing her arc of oscillation. This will appear 
from the following summary : 

The Resolution (without bilge keels), by orders from the 
Admiralty, had been purposely kept in very nearly the 
same condition of stability as the Repulse. Comparing 
the returns from these two ships, it appears that the Re- 
solution on one occasion reached a maximum inclination to 
the vertical of 23 deg.; whereas the Repulse never ex- 
ceeded 11 deg. The mean angles of oscillation were, 
of course, considerably below these maxima, probably 
about one-half. The Royal Sovereign and Empress of 
India were alsoincompany. The condition of coal stowage 
in these two ships at the time gave them greater stiffness 
and a quicker period, which, under the conditions of 
weather and sea, caused rather heavier rolling than in the 
Resolution. . 

In view of this experience, although the trial was limited 
and not representative of many conditions occurring at 
sea, it was decided to fit all the other ships of the class 
with bilge keels similar to those which had proved so 
effective in the Repulse. This work was completed for 
the ships of the Channel Squadron during their annual 
retit last summer ; it has since been carried out in all the 
other ships of the class. 

On the cruises of the Channel Squadron which have 
taken place since bilge keels were fitted there have been 
but few opportunities of obtaining proof of their practical 
value. So far as experience has gone, however, there is a 
consensus of opinion amongst officers in command that 


tical question which had to be decided, however. was 
whether the extent of that steadying effect in the Royal 
Sovereign class was Jikely to compensate for the incon- 
venience in docking necessarily resulting from the pre- 
sence of bilge keels on such large ships. That question 
was set at rest by the relatively better behaviour of the 
Repulse in June, 1894, and by the experience since gained 
in the Channel Squadron. The broad test of actual ex- 
perience at sea is, of course, sufficient and conclusive for 
practical purposes. 

Ro.uinc EXPERIMENTS MADE ON THE ‘‘ REVENGE.” 

For scientific purposes, and for guidance in future 
designs, much more exact information was required 
than could be obtained from observations of the be- 
haviour of ships under actual conditions of service. 
There must necessarily be variations of stowage, sta- 
bility, and other features influencing oscillation, even 
in sister ships. Ships in company are not always 
simultaneously exposed to identical conditions abt 
sea. Only long-continued experience, in fact, can suffice 
to determine the relative behaviour of different ships. 
From the scientific side the problem could only be solved 
by still-water rolling experiments. It was arranged, there- 
fore, that these should be carried out on the Revenge, 
which had been built and engined by the same firm as the 
Resolution. A careful programme was prepared, and the 
experiments were conducted by Mr. R. E. Froude. The 
first series were made before bilge keels were fitted, and 
the second after that work was completed. 

In each series it was proposed, so far as practicable, 
with some of the equipment weights necessarily not on 
board, to roll the ship in her condition of maximum 
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one or two occasions, when it has been possible to test 
their value in rough water, the results obtained have been 
remarkable, 

As an example of many communications which have 
reached me, I will refer to one having special interest, per- 
mission having been given me to do so by the writer, the 
late Captain Hall of the Resolution. He wrote as follows 
from Vigo on January 13, 1895: 

** We had arough passage here from Gibraltar, falling 
in with a strong gale ahead with a heavy sea; waves from 
27 ft. to 30 fo. in height, The difference in the behaviour 
of this ship was marvellous. Had we been without bilge 
keels, we should have rolled considerably. As it was, we 
hardly rolled at all. No fiddles were required on the 
table, and, except for the pitching when ‘ down helm,’ one 
would not have known he was at sea, certainly not ina 
gale. The ship is now one of the steadiest in the service. 
The other battleships in the squadron were equally 
steady.” 

At our last interview in March (only a few days before 
his lamented death) Captain Hall told me of another 
critical trial which he had made with the Resolution while 
at target practice. The ship was placed broadside ou to 
waves having a height ofabout 25 ft. from hollow to crest 
and a period approximately synchronising with her own. 
The maximum angle of inclination noted under these try- 
ing conditions was 6 deg. to 8 deg. on either side of the 
vertical, and the whole of the guns on the main deck could 
be fought with perfect freedom. 

Captain Hall was of opinion f-om previous experience 
that the Resolution, without bilge keels, under similar 
circumstances, would have reached occasionally maxi- 
mum inclinations to the vertical of 16 deg. to 18 deg. 

Further experience will, of course, be gained in the 
actual service of the vessels now that they have bilge 
keels. This will enable a more complete estimate to be 
formed of their behaviour when exposed to those condi- 
tions of a low and synchronising swell which occasionally 
caused heavy rolling in the earlier periods of their service 
before bilge keels were fitted. All the facts in regard to 
that earlier experience were given in my age of last 
year. It must be frankly admitted that the steadying 
effect of bilge keels, as fitted on the Repulse and her 
sister ships, has greatly exceeded that which we had 
anticipated from previous experience and experiment. 
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As I remarked last —_ no one has more strenuously 
urged the utility of bilge keels than myself. The prac- 


stability and in a condition of stability approximating to 






Each of the curves shown in the diagrams for the Revenge, 
without headway, gives the mean results of four or more 
separate sets of observations. For two of the trials, 
where alone it appeared necessary, they have been 
corrected by Mr. R. E. Froude, for variations in wind 
force, on the basis of experimental data obtained 
during these trials. Abscissa values correspond to the 
number (n) of successive ‘‘ swings,” say, from port to 
starboard, or vice versd ; which may begin to count at any 

int in the base line. If the rolling be isochronous, as 
it practically was in the Revenge without bilge keels, if 
not with them, the abscissa may also be interpreted by a 
scale of time. Ordinate values represent the extreme in- 
clinations (@) to the vertical for each successive swing, 
On this diagram also have been shown the corresponding 
curves obtained by the late Mr. Froude for H.M. ships 
Inconstant and Sultan. The curves are so readily inter- 
preted that it will suffice to make a brief statement in- 
dicating the relative losses of swing sustained by the 
Revenge with and without bilge keels. 

Starting from an angle of inclination of 12 deg. to the 
vertical, it will be seen that in order to reduce the corre- 
sponding inclination to 6 deg., the Revenge witheut bilge 
keels required to make 18 to 20 swings, and the Sultan 
about 17. 

It will be observed from Fig. 2 that there is a remark- 
able similarity between the curve of declining angles of 
the Sultan and that for the Revenge without bilge keels, 

Starting from an angle of inclination of 6 deg. to the 
vertical, it required about 45 to 50 swings in the Revenge 
without bilge keels to reduce the corresponding angle of 
inclination to 2 deg.; whereas, after bilge keels were 
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the minimum stability likely to be reached on service. 
In other words, the stowage of coal and water was so 
varied as to give a metacentric height varying from 3} ft. 
to a little under 4ft. Trials were also made after the 
bilge keels were fitted, with the ship under way as well 
as with no headway. 

During each of the first three trials an inclining experi- 
ment was made by running in and out the barbette guns 
when trained abeam, to determine accurately the meta- 
centric height associated with the several experiments. 
For the fourth trial the metacentric height was calcu- 
lated from the known differences in weights carried as 
compared with previous trials. The oscillations of the 
ship were produced by training the heavy guns at a suit- 
able rate from side to side, and by running men across 
the deck in the usual manner. The particulars of the 
trials, which took place at Spithead in deep water with 
the ship drifting freely and also under way, are set out 
briefly in the following tabular statement : 








Second Third 
Trial. | Trial. 


Oct. 3, Oct. 80, Jan. 15, Feb. 13, 
1894 1894 1895 1895 


Fourth 
Trial. 


| First 
| Trial. 





Date of trial 


. : 27 ft. 26 ft. 26 ft. 27 ft. 
Mean draught of water { Cin. Ohin. | O}in. 11} in. 
Displacement in tons .. ..| 14,800 | 18,370 | 13,370 14,620 
Metacentric height infeet ..| 3.78 3.25 | 3.29 3.86 
Mean period of single swing | 

in seconds zs - i we 80 | 84 | 7.75 
Weight of coal and water on | 

board in tons .. ae --| 1485 572 536 1782 
Number of men for rolling ship) 320 0 350 370 


Bilge keels were fitted to the ship between the second 
and third trials. The effect of their addition is allowed 
for in the mean draught and displacement figures in the 
Table. They were 200 ft. long, 3 ft. deep throughout 
their length, tapering away at the ends, about 1170 square 
feet in collective area, with a mean radius from the C G 
of ship of about 41 ft. for the third trial, and about 
40} ft. for the fourth trial (see Fig. 1). 

The results of these experiments are shown in Fig. 2 in 
the form of ‘* curves of declining angles,” corresponding to 
the curves which the late Mr. Froude published about 20 








goose ago for a number of representative ships of the Royal 
Navy, and which he then termed ‘“‘ curves of extinction.” 
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eight swings, indicating the enormous extinctive effect of 
the bilge keels. 

For the Sultan and Inconstant 32 and 20 swings re- 
spectively would be required to produce the same reduc- 
tion. The comparison between the Revenge, with and 
without bilge keels, may be made in another way. Start- 
ing from an inclination of 6 deg. from the vertical, after 
18 swings the extremes of inclination reached would be 
3? deg. without bilge keels and 1 deg. with them. Another 
striking illustration of the extinctive effect of bilge keels 
is to be found in the comparatively small oscillations 
impressed upon the Revenge after bilge keels were 
fitted. The ship could be rolled up to an angle 
of inclination of 13 deg. to the vertical by moving her 
barbette guns from side to side in due relation to the 
oscillations of the ship before bilge keels were fitted. 
After they were fitted it was found difficult to exceed an 
inclination to the vertical of 6 deg. to 8 deg. even with 
300 to 400 men running across her decks and acting in 
conjunctlon with the movement of guns. 

The variation in the “‘ periods of swing” (from out to 
out) brought to light by these trials are instructive. 
Without bilge keels the rolling was practically isochronous 
at the large as well as the small angles. The period for a 
single swing was 7.6 seconds for the maximum stiffness 
and 8 seconds for the minimum stiffness, for large as well 
as small arcs of oscillations. After bilge keels were 
added, within the range of experiments up to a swing of 
about 12 deg. (6 degs. on each side of the vertical) the 
period of a single swing decreased as the angle of inclina- 
tion became smaller. ut into figures it was reduced by 
one-fifth of a second (about 24 per cent.) in going from a 
mean inclination to the vertical of 5 deg. to one of 1 deg. 
Further, as between the second and third trials—when the 
conditions of the ship as regards stowage of weights, &c., 
were practically identical, and when therefore the 
matacentric heights and radii of gyration of the ship and 
her lading were appreciably unchanged—there was an in- 
crease of about 5 per cent. in the period due to the action 
of the bilge keels. An increase in period under these cir- 
cumstances confirms results obtained in similar experi- 
ments made by the late Mr. Froude on a model of the 
Devastation and by MM. de Benazé and Risbec on the 
Elorn. For the Devastation the increase in period varied 
from 7 to 12 per cent. ; according as the depth of bilge 
keels was increased from 1 ft. 9 in. to 6 ft. In the case 
of the Elorn (from particulars published in ‘“‘ Naval 
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Science ” for 1875) there was an ap arent increase of about 
7 per cent, in the period ; the real increase, after correc- 
tion for the different metacentric | heights on the two 
occasions (¢.e. with and without bilge keels) was about 
54 per cend. The bilge keels in this case were about 30 ft. 
long and 1 ft. 8 in. deep on a vessel 82 ft. long, mean 
draught about 64 ft. and displacement 100 tons. 

The addition of bilge keels, even to as large and heavy 
a ship as the Revenge, does therefore sensibly lengthen 
the period of oscillation under otherwise exactly similar 
circumstances. This increase in period, of course, tends to 
increased steadiness under most conditions at sea. 


(To be continued.) 








COLLISION AT LENTON SOUTH JUNCTION. 

BETWEEN 7 and 8 a.m. on the 4th of last February, a 
light engine, running tender first, ran int) a ballast 
brake-van attached to some empty trucks standing on the 
down goods line near Lenton South Junction cabin on the 
Midland Railway, some 1} miles south-west of Notting- 
ham. A number of men were in the brake van, and nine 
wereinjured, happily none very seriously. The driver 
and fireman of the light engine were practically unhurt, 
and no very great damage was done to the rolling stock, 
while the permanent way did not suffer at all, The 
brake van and trucks had been left on the line while the 
engine was engaged in getting some trucks out from an 
adjacent siding, the whole of the work being under the 
control of the signalman, all the points and signals being 
properly interlocked. The light engine was given on, 
while this shunting was going on, by the usual bell code, 
the goods lines not being worked on the block system, and 
was duly acknowledged. The signal nan, after controlling 
some more shunting, got his breakfast out of the oven, 
and then, seeing the engine approaching, pulled his home 
signal off, quite forgetting that the line was fouled by the 
van and trucks, which were standing about 25 yards 
away on the other side of his cabin. 

The enginemen did not see the brake van till close 
upon it, and, although they were travelling at not more 
10 or 11 miles an hour, they were unable to draw up in 
time. 

As the signalman candidly admits his mistake, there is 
no question as to the cause of this accident; but Major 
Addison further finds fault with the driver and fireman 
of the light engine for not keeping a better look-out, and 
when they plead as an excuse that they were not able to 
see far ahead, although the morning was clear, on account 
of steam, he says: ‘* Where such steam could have come 
from I was quite unable to ascertain ; they were running 
tender in front, and no engine seems to have passed them 
or to have been near them;” and to the driver’s sug- 
gestion that it came from the ballast engine, he further 
states that ‘‘ the wind is believed to have been blowing in 
the opposite direction, and not towards them.” Although 
he admits that a slight curve in the line and the fact of 
running tender first are extenuating circumstances, yet 
we fail to find in the printed evidence any reason for his 


total two years ago was 115,053/. Cutlery has been ex- 
rted to a value of 28,678/., and steel to a value of 71,9241. 

a unsettled state of the silver question still hampers 
usiness, 


The number and tonnage of British vessels respecting 
the loss of which reports were received at the Board of 
Trade during the month of March, 1895, and the number 
of lives lost are as follows: Sailing ships, 83; tonnage, 
10,210; lives lost, 123. Steamships, 16 ; tonnage, 12,898 ; 
lives lost, 25. Total—vessels, 99; tonnage, 23,108 ; lives 
lost, 148. The above is a record of ‘‘reports received ” 
in the month, and not of wrecks which occurred durin 
the month. Many of the reports received in Marc 
relate to casualties which occurred in previous months. 
Casualties not resulting in total loss of vessels, and the 
lives lost by such casualties, are not included. 


A large number of complaints having been made to the 
Local Government Board, under Section 9 of the Metro- 
polis Water Act, 1852, as to the deficiency in the quantity 
of water supplied by some of the metropolitan water com- 
panies during the late frost, Mr. Shaw Lefevre, the Pre- 
sident of the Board, has appointed Major-General A. De 
Courcy Scott, R.E., to inquire into them and to report 
to the Local Government Board thereon. The inquiry 
will be commenced by General Scott, at the offices of the 
Wandsworth District Board of Works, on Tuesday, the 
9th inst., when one of the complaints against the Lambeth 
Water Works Company will be investigated. 


Mr. Jos. D. Weeks, M.A., of Pittsburg, Pa., has 
just been elected president of the American Institute of 
Mining Engineers, in succession to Mr. J. Fritz, of the 
Bethlehem Steel Company. The Institute has now a 
membership of something over 2200, including the most 
distinguished metallurgists and mining engineers in 
Americaand abroad. Mr. Weeks is well known to many 
of the leading ironmasters of this country, and recently 
visited Eogland and the Continent on behalf of the 
American Geological Survey, to inquire into the question 
of bye-product manufacture. He was the expert on coke 
at the last United States census, and is one of the highest 
authorities across the Atlantic on the questions of the 
natural gas, petroleum, and coke supplies there. 


The second annual general meeting of the Yorkshire 
Students’ Association of the Institution of Civil Engi- 
neers, was held in the Law Institute, Leeds, on March 27, 
Mr. W. E. Garforth, M. Inst. C.E., in the chair. The 
minutes of the last annual general meeting having been 
passed, the report of the Council, which described the 
proceedings of a moat successful opening session, and 
expressed the thanks of the members to the gentlemen 
who had contributed papers and permitted visits to 
works, was adopted. The following gentlemen were 
elected as officers for the ensuing session: President, Mr. 
W. E. Garforth, M. Inst. C.E.; vice-presidents, Messrs. 
A. Greenwood, T. Hewson, A. T. alker, and W. H. 
Bartholomew, M.M. Inst. C.E. Council: Messrs. J. C. 
Cornock, E. B. Martin, C. J. Rafarel, R: H. Slade, A. J. 
Terry, and F. L. Watson. Honorary secretary, Mr. F. 


doubting the statements of these men. As the speed was| 7, w, 


admittedly low, would it not have been possible for their 
own steam to have been blown in front of them? Con- 
sidering that the signalman admittedly made a mistake, 
why discredit the statement of other men? Of 
course there may have been something in the verbal 
evidence, or the demeanour of the men, that led the 
Government inspector to doubt their word, but if so, why 
does it not appear in the printed evidence? It is useless 
printing the evidence unless it be sufficiently clear to show 
the reasons on which the inspecting officer’s judgment is 
based. Our remarks anent running tender first, apropos 
of the Binegar accident, which occurred within twenty- 
four hours of this one, apply with equal force in this 
case, 





MISCELLANEA. 

At the last weekly meeting of the London County 
Council a motion by Mr. Boulnois, M.P., that the 
London County Council Tramways Bill (which gives 
powers to the council to work the tramways themselves) 
be not proceeded with, was debated at length, and ulti- 
mately rejected by 70 to 55 votes. 


The Institution of Civil Engineers now consists of 1862 
members, 3687 associate members, and 17 honorary 
members, all being corporate members under the bye- 
laws; besides which there are attached to it 355 asso- 
ciates and 816 students, representing a total of 6737 of 
all classes, being an increase of 180 in the past year. 


_It is proposed _to construct a cable railway over the 
Niagara Falls. Powers have already been acquired from 
the Canadian authorities, and application has now been 
made to those of New York. It is intended to erect two 
steel towers about 20 ft. high on each side of the stream, 
and to stretch the cables between them. The cars will 
hold about 20 people each. The work will, it is stated, 
be finished in time for the summer season. 


The P. and O. steamer Caledonia arrived at Brindisi at 
4 p.m. Tuesday, her passage from Bombay having occu- 
pied only 10 days 2 hours, including all stoppages and 
transit through the Suez Canal. This beats the record 
made by the same vessel in November last. Allowing 
46 hours from Brindisi to London, the mails would arrive 
in 12 days from Bombay, having left Bombay on the after- 
noon of last Saturday week. 


During the past quarter the exports from Sheffield to 
the United States amounted in value to 112,602/., as com- 
ared with 57,957/. in the corresponding quarter of 1894. 
he improvement is less satisfactory than at first sight 
appears, because 12 months ago business was almost at a 
standstill owing to the prospective tariff alterations. The 








. Watson. 


Considerable confusion has occurred in the States 
through the different rules adopted by makers of feed- 
water heaters in rating their machines. A number of 
the prominent manufacturers have, therefore, decided 
to adopt a standard system based on the square feet of 
heating surface contained in the apparatus. It is, accord- 
ingly, proposed to abandon the use of the horse-power as 
a unit, and to give instead the number of square feet of 
surface contained, as already described. The wisdom of 
this step is obvious, since the amount of feed required for 
an engine per indicated horse-power varies from over 
50 Ib. per hour to under 12 1b. In order to carry out this 
plan the more efficiently, a Feed-water Heater Manu- 
facturers’ Association has been formed, having its head- 
quarters at 14, Church-street, New York. The secretary 
is Mr. Frank A. Thayer, from whom full particulars can 
be obtained. 


In the quarterly report by Mr. James Deas, the engi- 
neer to the Clyde Navigation Trustees, it is shown that 
562,063 cubic yards were dredged from the harbour and 
river during the three months ending December last, of 
which 396,650 tons were taken from the new Cessnock 
docks. These docks are being constructed by the 
Trustees’ workmen under Mr. Deas’ direction, and not 
only with financial success, but also most expeditiously. 
There are three basins, with a large canting basin, and 
now work is being carried on at the third basin, the large 
canting basin being completed, and a 130-ton crane is 
in process of construction. Thus 8589 lineal feet of 
quay are either completed or nearly so, while well- 
designed two-storey sheds are being erected, affording 
great floorage space for the quay room taken up. The 
work, too, at the large graving dock, capable of holding 
two battleships of the Royal Sovereign class, is progress- 
ing. 

At a meeting of the Manchester Association of Students 
of the Institution of Civil Engineers, held on Wednesday 
evening, the 27th ult., Mr. W. B. Worthington, 
M. Inst. C.E., vice-president of the Institution, in the 
chair, Mr. C. G. Satterthwaite, Stud. Inst. C.E., read a 
paper on ‘‘ Modern Permanent Way.” The author gave 
a detailed description of the systems of permanent way 
adopted on 25 of the English companies, and then con- 
sidered the requirements of the accessories to form an 
efficient permanent way. Commencing with the rails, he 
described the advantages derived by the substitution of 
steel for iron, stating that the quality of metal required 
for the present service was one of physical hardness com- 
bined with toughnessand homogeneity, and in these experi- 
ence has shown steel to be a material greatly superior to 
iron. The bull-headed section of rail ie considered practic- 





ally and theoretically correct, because it provided a large 


area for wear in the » and when this shield 
was worn out the rail was left with sufficient areas 
in the top and bottom flanges to meet the alter- 
nating tensile and compressive strains. The maxi- 
mum weight of rail at present in use on British main 
lines is 90 lb. per yard, the average being about 85 lb. per 
yard. The chairs adopted by the different companies are, 
on the whole, more or less alike, the variation being prin- 
cipally in weight; the heaviest chairs weigh 56 lb, each, 
having a base area of 118 square inches, being fastened 
with two spikes or two trenails, the average weight of 
chair being about 45 lb. Three companies out of the 25 com- 
panies considered use the joint chair. Most of the com- 
panies are now using steel fishplates and bolts, the rela- 
tive proportion of deep to shallow fishplates in use being 
about equally divided ; the average weight of fishplate 
adopted is about 33 lb. per pair. The author gave a de- 
scription of the methods adopted in creosoting the sleepers 
and a method for boring and planing the sleepers, and 
fixing the chairs by machinery. Creosoted sleepers are 
now universally adopted on the main lines, the average 
number of sleepers per rail length of 30 ft. being 11. The 
author mentioned that in this country no railway company 
has definitely adopted metal sleepers for general use, but 
experiments with different forms of sleepers have been 
made, and are still being conducted on some systems. 
The chief difficulty, from a constructional point of view, 
lies in the adaptation of the steel sleeper to the double- 
headed rail, and it may be fairly premised that no system 
is likely to be poche fe adopted that would require a 
special section of rail. Probably about 70 miles in all 
of steel sleepers have been laid in this country, but there 
does not appear to be any absolute information as to their 
capabilities. The average weight of permanent way on 
the railways adopting 11 sleepers to the 30-ft. rail was 
shown to be about 437 lb. per lineal yard of road. In 
conclusion the author pointed out the necessity for a 
system of efficient drainage under the permanent way, and 
laid stress on the fact that the ballast played a most im- 
portant part in the life of a railway. 


In La Revue Scientifique a description is given of Gesner’s 
method of protecting iron and steel against rust. The 
method consists in forming on the surface of the metal a 
double carbide of hydrogen and iron, which is extremely 
hard and adherent. In fact, a bar thus coated can be bent 
through an angle of 45 deg. without disturbing the layer. 
In carrying out the process, the articles are thoroughly 
cleaned from rust, but it is not indispensable to remove all 
oil or grease. A couple of gas retorts are placed alongside 
each other, and raised to a temperature of from 600 deg. 
Cent. to 700 deg. Cent. The articles to be treated are 
then placed in these retorts for about 20 minutes, after 
which a current of hydrogen is passed through the retorts 
for 45 minutes. A smali quantity of naphtha is then 
introduced, the supply being maintained for 10 minutes. 
It is then stopped, the current of hydrogen being kept up 
15 minutes longer, whenitis stopped and the retortsallowed 
to cool to 400 deg. Cent., and when this temperature is 
reached the doors can be opened and the finished product 
removed. The coating thus given has a bluish colour. 
In a communication to La Société d’Encouragement, 
M. Charpy gives the results of a research on the harden- 
ing of steel, on which he has been engaged some time. 
The two points towards which his investigations have 
mainly been directed are, first, to ascertain what relation 
there may be between the phenomenon of recalescence 
and the variation in the mechanical qualities of the metal 
by bending. In the second place, he wished to determine 
what was the significance of Osmond’s ‘critical points,” 
a2 and a3, which occur in iron at about 745 deg. and 860 deg. 
er The metal used was four samples of open- 
hearth steel, having respectively 0.11, 0.35, 0.45, and 0.75 per 
cent. of carbon. ‘T'welve special steels were also specially 
prepared for the research, making use of extremely pure 
materials. The first four of these twelve were carbon 
steels, containing respectively 0.09, 0.06, 0.37, and 0.65 
per cent, of carbon. Another four samples were of extra 
soft steel containing in addition about 1 per cent. of either. 
chromium, manganese, nickel, or tungsten. The remain- 
ing four were of a harder steel, having 0.45 per cent. of 
carbon, and about 1 per cent. of some one of the elements 
already mentioned. The cooling curves of all these metals 
have been obtained automatically by the use of photo- 
graphy. After this, specimens of each of the metals 
enumerated were hardened in oil or water, the ex- 

riments being repeated in varying the temperature 
rom which the metal was cooled. For heating the 
specimens preparatory to this an electric furnace was 
used, the requisite temperature being obtained by passing 
a current through a platinum spiral. This plan prevented 
any risk of contaminating thesamples. The temperatures 
were taken with a Le Chatelier pyrometer. The physical 
characteristics of the different samples, after tempering, 
were ascertained by tensile bending tests and drop tests. 
Briefly stated the results seem to show that only near 
700 deg. Cent., the a, point, do the properties of the metal, 
so far as tempering is concerned, undergo a change, being 
unaffected at the critical a a and a;. Nevertheless 
the change in the metal which occurs at the a, point 
seems to be the same as occurs at the breaking down 
pointin a tensile test, and to also be the critical point so 
far as magnetic properties are concerned. In every case 
hardening increased the breaking load, both in tension, 
— and drop tests, but the elongation dimi- 
nished. 





QUEENSLAND GOLp.—The production of gold in Queens- 
land has slowly increased during the last ‘three years. 
The output in 1894 was 263,874 oz., as compared with 
sa oz. in 1893, 259,301 oz. in 1892, and 221,604 oz. in 





ENGINEERING. [Aprit 5. 1895. 








THAMES BRIDGES. 


(For Description, see Page 432.) 

















THe Victoria BRIDGE. 




















Tue ALBERT BRINGE. 





Seles are ae 


CASEI ci SA ASC 
Saeed eA ane er 
oe 





= _= 


“Sussvepun? : 


Loe Ee TS i SE oa 











ISNOM ¥I4LSNWHXI 3snow 24vHdTNS WNVL "2018 110 





ee ween + = ene ee - . J ---- ~--o@- 9 El op- 9 fl -ow 9°67 1 
‘ t i 


v0;) 2a¢ 








oe) 


it NS 





0 Sb + 0! 6 
































“1 
B ssroy 


nae // 
ZA 
a7 


(‘13F abo aas ‘word wosagy 07) 


MVHSIM LV SHYOM S.ANVAUNOD 
TdHLS GNV NOW! MODSVID AHL LV LNVId AYAAOOAY VINOWNV AO ALVHaTIAS 


ee ee | 
ae , T T 2 
| 








ve 


7 ~~» 68 + B12 i 7 

| Ny : 

had s s 

$ r Ls 5 





— et 
nee i 
l 














& 









































‘ 


¢ Tidy PNIYAAINIONG 



















































any Ng pany 

















wr ON", E 

















a) 













» 
$ 





















f 
| 


Ch 

















adid umop 010 9 \g1- 81 4 





=— 















ee oe 





daar, 
iibhen 3.3 Yee 
anjey Surwinbey 1925 











ya, 








a 
' 





















‘seSuepuod ul SOxXOG yo Smoug 

















sn 
gf0 uns i As 




















Wo 


























wow 710 













































































Pa i =)! a aT oh 






























































a se: 






























































Oa en 




















SIWiS wvi 





























ApriL 5, 1895. ] 





ENGINEERING. 


443 








AGENTS FOR “ENGINEERING.” 


Avsre14, Vienna ; Lehmann and Wentzel, Kirntnerstrasse. 

Cars Town : Gordon and Gotch. 

EprmvsurGH : John Menzies and Co., 12, Hanover-street. 

Francs, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue de la Banque ; M. Em. Terquem, 31bis, Boulevard Haussmann. 
Also for Advertisements, Agence Havas, 8, Place de la Bourse. 
(See below.) 

@zrMANY, Berlin : Messrs. A. Asher and Co., 5, Unter den Linden. 

ie: F. A. Brockhaus. 

Mulhouse: H. Stuckelberger. 

LAsaow : William Love. 
Inp1A, Calcutta : Thacker, Spink, and Oo. 
Bombay : Thacker and Co., Limited. 

Iraty : U. Hoepli, Milan, and any office. 

LiveRPooL: Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, a. 

New Sour Wa.ss, Sydney: Turner and Henderson, 16 and 18, 
Hunter-street. Gordon and Gotch, George-street. 

QUEENSLAND (SouTH), Brisbane : Gordon and Gotch. 

(NortH), Townsville : T. Willmett and Oo. 

RorrgrDAM : H. A. Kramer and Son. 

SoutH AusTRALIA, Adelaide: W. C. Rigby. 

Untrgp States, New York: W. H. Wiley, 53, East 10th-street. 

Chicago: H. V. Holmes, 44, Lakeside Building. 

Vicrorta, MELBourNE : Melville, Mullen and Slade, 261/264 Co! 

street. Gordon and Gotch, Limited, Queen-street. 





NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr. O. R. 
JoHNSON, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to ouraccredited Agents for the 
United States, Mr. W. H. Winky, 53, East 10th-street, New York, 
and Mr. H. V. Houmrs, 44, Lakeside Building, Chicago. The 
prices of Subscription (payable in advance) for one year are: For 
thin (foreign) paper edition, 11. 16s. Od.; for thick (ordinary) 
paper edition, 2/. 0s. 6d., or if remitted to Agents, 9 dollars for 
thin and 10 dollars for thick. 








ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany all orders for 
single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside poses may be obtained on application. Serial 
advertisements will be inserted with all practicable regularity, but 
absolute regularity cannot be guaranteed. 


Advertisements intended for insertion in the cur- 
Fpl Sewn - —— be delivered PR — 
P. ursday. consequence necesat! 
for going > ee witha portion of the edition, 
alterations for s' vertisements should be 
received not — than 1 p.m.on Wednesday afte:- 

noon week, 








SUBSCRIPTIONS, HOME AND FORGIGN. 


ENGINEERING can be supplied, direct from the publisher, 
pest free for Twelve Months at the following rates, payable in 
vance :— 
For the United Kingdom....—.......£1 9 2 
» all places abroad :— 
Thin paper copies ..........0..-£1 16 0 
Thick » Senieevene cane £2 0 6 


All accounts are payable to ‘* ENGINEERING,” Limited. 
Cheques should be crossed ‘‘ Union Bank, Charing Cross Branch.” 

Post Office Orders payable at Bedford-street, Strand, W.C. 

When — Subscriptions are sent by Post Office Orders 
advice should be sent to the Publisher. 





Colonial Subscribers receiving 


¥ and 
Incomplete Copies a eee oy - are re- 
juested communicate fact to Publisher, 
with the Agent’s Name and Address, 
ice for Publication and rr ed Nos. 
and 36, Bedford-street, Strand, London, W. 





Taunoraruic Avpress—ENGINEERING, LONDON. 
TELEPHONE NuMBER—3663, 


ENGINEERING is registered for transmission abroad. 





Reaping Oases.—Reading cases for con twenty-six 
numbers of ENGINEERING may be had of the publisher or of any 
news-agent. Price 6s. each. 








CONTENTS. 
PAGE | PAGE 
The Glasgow Iron and Steel |The Weather of March, 1895 445 
Company’s Works, Wishaw The Manufacture of Mar- 
(1Wustrated) ............ MOTT I  k sontidscewanadcwe 445 
The Making of a Bicycle The Institution of Naval 
(lilustrated) ............ 429'| Architects ............0 446 
Thames Bridges.—No. VIII. ree 448 
(1Uustrated) ...........+. 432 |Cylinders for the Storage 
Electric Traction.—No. XIII. of Compressed Gas ...... 44 
(1Uustrated) ............ 436||The Artificial Spectrum 
The Late Mr. Arthur Paget 436 . MES ee Pre oe 448 
Torpedo-Boat Destroyers .. 437 | A Curious Magnetic Experi- 
The Landis Horizontal Log Bo SEER 448 
Band Saw (Jilustrated) .. 438 | Notes from Oleveland and 
Kingdon’s System of Laying the Northern Counties .. 449 
Etectric Mains (Jllus- Notes from South Yorkshire 449 
ee ricins LOL OOS 439 | Notes from the South-West 449 
Shaft —- (Illustrated) 439 | Notes from the North...... 449 
Saunders’ Folding Outrigger Diagrams of Three Months’ 
(lUustrated) ..... ...... 4 Fluctuation in Prices of 
Notes from the United | - Metals . ....ccccccsseses 450 
States ............. .... 439|| Industrial Notes .......... 451 
Our Battleships (Illustrated) 439 | Remarks on Steam Pipes .. 452 
Collision at Lenton South Experiments in Connection 


© 


w 
o 


© 





Po pice A EEO 441 with Evaporation (Zilus- 
ANER.....20-0002---. 441 WD sioner snetntvace see 454 
The Foundations of Physics 443 | Launches and Trial Trips .. 456 
Old Age Pensions.......... 443 : Engineering” Patent Re- 
H.M.S. “ Bruizer” ........ 444 || cord (JUustrated)........ 457 


With a Two-Page Engraving of the SULPHATE OF AM- 
MONIA RECOVERY PLANT AT THE GLASGOW IRON 
AND STEEL COMPANY’S WORKS AT WISHAW. 








NOTICE TO CONTINENTAL ADVERTISERS. 





Advertisements from the Continent and French 
Colonies may now be sent either through the 
Agence Havas, 8, Place de la Bourse, Paris, or 
direct to the Offices of this Journal, addressed 
to the Manager of the Advertisement Department, 
who will be happy to supply full particulars as 


to terms, &c. 








NOTICES OF MEETINGS. 


Tus InstiTuTion OF Crvi Encinsers.—Tuesday, April 9, at 8 p,m. 
Paper to be further discussed: ‘‘ Torpedo-Boat Destroyers,” by 
Messrs. John I. Thornycroft, F.R.S., and Syd. W, Barnaby, MM. 
Inst. C.E.—Studente’ meeting, Friday, April 5, at 8 p.m. Paper 
to be read: ‘*The New South Pier, Sunderland,” by Mr. Hen 
Home, Stud. Inst. C.E. Mr. J. C. Hawkshaw, Member of Council, 
will take the chair. 

LONDON ASSOCIATION OF FOREMEN ENGINEERS AND DRAUGHTSMEN. 
—Saturday, April 6, at 7 p.m., in Cannon-street Hotel. Paper at 
8 p.m. by Mr. A. K. Douglass, on ‘‘ Boiler Materials and their re- 
sults in Construction and Working.” 

CLEVELAND INSTITUTION OF ENGINEERS.—Monday a April 8, 
at 7.30 precisely, in the hall of the Literary and Philosophical 
Society, Corporation-road, Middlesbrough. Professor Arnold, of 
the Technical School, Sheffield, will give a lecture on the ‘‘ Micro- 
ecopic Structure and some Physical Properties of Steel. 

Nortu-East Coast INstituTION OF ENGINEERS AND SHIPBUILDERS. 
—Saturday, April 6, at 6 p.m., in the Atheneum, Church-street, 
West Hartlepool. The discussion on Mr. Henry Foster’s paper on 
“The Application of the Electric Arc to Machinery, Boiler Re- 
pairs, &c,” will ber d. The di ion on Mr. S. O. Kendall’s 
paper on ‘* Turret-Deck Cargo Steamers,” will be resumed. 
Paper on ‘‘The Metric System of Weights and Measures (a plea 
for its adoption in the United Kingdom),” by Mr. G. H. Baines. 











ENGINEERING. 


FRIDAY, APRIL 5, 1896. 


THE FOUNDATIONS OF PHYSICS. 
Most of our knowledge is the result of ex- 
perience, though some conceptions are more 
fundamental than others. Mathematicians tell us 
that even the geometrical fact that the three 
angles of a plane triangle are together equal to 
two right angles is the result of experience, as 
Euclid only proves it by assuming his twelfth 
axiom, which is really a proposition, and ought to be 
proved. If weremember rightly, Gauss, after years 
of study, came to the conclusion that the proposition 
was unprovable ; and, more recently, an Italian 
mathematician has described the characteristics of 
a plane space in which it was assumed that the 
three angles in question were unequal to two right 
angles. Nevertheless, no competent person has 
any doubt whatever that Euclid’s assumption is 
exact, since an extended use of it has never led to 
a result which could be shown to be wrong. The 
question of universal gravitation is another case in 
point. No sensible person now doubts that it 
holds throughout the whole material universe ; 
but, shortly before the discovery of Neptune, 
several astronomers were inclined to attribute the 
eccentricities exhibited by Uranus to the fact that, 
at such enormous distances from the sun, the laws 
of gravitation might not be the same as they were 
nearer to that luminary. Nevertheless, the existence 
of anti-gravitating matter is quite conceivable, 
though the experience of the world leads to the 
conclusion that it does not exist. In fact, in the 
middle ages the rising of smoke was considered as 
due to its levity, an inherent anti-gravitating pro- 
perty. Hence the doctrine of universal gravitation 
stands on an entirely different footing from such 
a mathematical fact as that 2 and 2 make 4. That 
they should make 5 or 6 is inconceivable, and has 
never been held by even the wildest of dreamers. 
Our knowledge may therefore be held to consist 
of two parts, viz., that which is necessarily true, 





such as the fact that 3 x 5 are 15; and that which 
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is not necessarily true, but which our experience 
shows to be so, and which might at any time be 
proved to be false. 

The doctrine of the conservation of energy is, in 
our opinion, of this latter nature, though, in a dis- 
cussion of the matter in the present issue of 
Cassier’s Magazine, Professor Morton takes, as we 
understand him, a somewhat different standpoint. 
That the basis of the doctrine is experimental is well 
shown by the fact that it was not admitted generally 
until after the great experimental demonstrations 
of Joule and others, which were made well within 
living memory, and from the numerous attempts of 
dreamers to get round it, it is obvious that it is 
not such a logical necessity as the arithmetical 
propositions instanced above. Still, though there 
is this distinction to be drawn, no competent engi- 


machine is impossible, and on that account would 
seldom take the trouble of examining any claims in 
this direction, dismissing them at once as mistaken 
or fraudulent. Nevertheless, if we understand 
Maxwell correctly, he has shown that to beings 
capable of dealing with the individual molecules 
themselves such a machine might be possible, as 
we believe it has not yet been proved from funda- 
mental principles that the second law of thermo- 
dynamics is necessarily true. According to this 
law, heat cannot pass from a colder body to a 
hotter one, save when compelled to do so by the 
expenditure of work. No competent person doubts 
that this is so. Nevertheless, Maxwell has given 
us a fanciful sketch of a condition of things in 
which the law would not be true. Suppose two 
vessels filled with gas at the same temperature are 
taken. Then, according to the accepted theory, the 
molecules of these gases are flying about with dif- 
ferent velocities ; some of the molecules are moving 
at a speed much faster than the mean, and others at 
a much lower speed. Maxwell then points out that 
a Being capable of operating with single molecules 
might, by suitable molecular valves, collect all the 
fast-moving molecules into one vessel, and all the 
slowly movingones into another. Theoretically, with 
frictionless valves, which are quite conceivable, no 
work would be expended in this operation, but, 
when complete, the difference of temperature then 
existing could be used to drive an engine and do 
work. Such an engine would be a perpetual 
motion machine if the material universe is limited 
in extent, otherwise it would not. If it is limited 
in extent, it must have a mean temperature greater 
than absolute zero, hence by the process described 
above, a difference of temperature could always be 
established between two bodies of gas, and used to 
drive an engine. As all work is finally restored to 
the universe again in the form of heat, the mean 
temperature of the latter would finally remain un- 
altered, and the apparatus in question would work 
indefinitely. We hardly think any one, no matter 
how certain of the truth of the great principle of 
conservation of energy, would sacl Maxwell’s 
paradox as inconceivable. 

As was to be expected from the standing of its 
author, this paradox is an exceedingly difficult one 
to find a flaw in. It is usually easy, when it comes 
to acase of using a magnetic shield or an anti- 
gravitating shield, to show the exact point at which 
the mistake has been made, but this is by no means 
so in the above instance ; every step appears logi- 
cally complete, yet at the end of it our confidence 
in the principle of the conservation of energy is 
unshaken, just as it is in the fact that the three 
angles of a triangle are together equai to two 
right angles, though we can prove logically neither 
the one nor the other. 





OLD AGE PENSIONS. 

AFTER many vicissitudes, the report of the Royal 
Commission on the Aged Poor was issued on 
Saturday last. The Commission was appointed on 
January 7, 1893, and issued its report on March 30, 
1895. The two years spent have not been wasted, 
because valuable information has been collected 
and brought together ; but as regards the report 
itself, its value has been lessened by reason of 
disagreements, and because, as the Prince of Wales 
puts it, the question has become ‘‘one of party 
controversy.” His Royal Highness, therefore, 
could not sign the report. The original report 
was drafted by the late Lord Aberdare, but his 
lordship did not live to see it signed, although he 
was present at most of the deliberations of the 
Committee up to the time of the attack of illness 
which finally ended in death. There were in all 20 
Commissioners ; the majority report is only signed 
by 10, or one-half of the total number. There are, 
in addition, eight memorandums, besides the report 
of a minority of five, with two memorandums, and 
two other independent reports. It is impossible 
for a ‘‘report’”’ of this character to carry any real 
weight, or to have any material influence upon 
public opinion. In fact, so hopelessly divergent 
are the views of the Commissioners that there 
is no leading, and not any very great light, for 
the guidance of those who take an interest in 
the question. Indirectly it will help to mould 
opinion, because of the scope of the inquiry and 
value of the evidence. 

The report, broadly speaking, is divided into two 
ts : (.) Provision for destitution in old age 
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dently of the poor law. These two principal divi- 
sions are subdivided into many minor divisions, 
each under its separate head, the heads alone being 
some 37 in number, exclusive of the summary. 
Under Part I. (a) begins by a reference to the 
history of the poor laws, and presents some com- 
parative tables as tothe extent of pauperism and its 
cost. Taking the year 1852, the extent of pauperism 
was 50.9 per 10,000 of inhabitants ; in 1892 it was 
25.6 per 10,000. The expenditure in 1861 was 
5,778,943]. ; in 1892, it was 8,847,6781. Parti- 
culars are then given of the ages of paupers, 
wherein it appears that in London 35 per cent. of 
the population over 65 years of age are in receipt of 
parochial relief. A large amount of space is then 
devoted to the conditions of relief, and the modes 
of granting it, both indoor and outdoor. The 
assistance of relatives is next dealt with, and also 
settlement” and non-resident relief. Then 
follows ‘‘ destitution as a test,” and the ‘‘ supple- 
mation of friendly societies’ benefits from the poor 
rate.’ This part concludes with complimentary re- 
marks as to the work and responsibility of the poor- 
law guardians. Part I. (b) commences by a refer- 
ence to charitable assistance, by endowed charities, 
and charities other than those that are endowed. 
Under both of these heads some very useful hints 
are thrown out, one of which is that a portion of 
the funds of the City of London parochial charities 
should be utilised for old-age pensions ; the other is 
that all new schemes of the Charity Commissioners 
should be furnished to the boards of guardians to 
facilitate co-operation to the same end. 

Part II. deals with self-help ; (a) by means of 
friendly and other benefit societies. Evidence is 
adduced as to the extent of the provision made by 
the working classes themselves. The number of 
members in registered friendly societies is about 
7,000,000, while their funds exceed 23,000,0001. 
Attention is here drawn to the insecurity in some 
cases for the payments when due, but the best 
societies are perfectly sound. In cases of sharing 
it is pointed out that the share and share alike 
principle is unsound, and that the amount should 
be divided pro rata, according to the length of 
membership and of the benefits received. It is 
further meutioned that the provision for old age 
is often merely prolonged sick pay, and not super- 
annuation. Trade unions, on the other hand, pro- 
vide superannuation, as given in evidence by two 
witnesses having wide experience of their operations. 
The value of those societies in preventing pauper- 
ism is alluded to. In one friendly society, having 
526,000 members, only 490 of them applied for 
poor-law relief in five years, or under 100 a year. 
In Wales, out of 23,000 members only eight applied 
for relief in the entire five years. The Registrar of 
Friendly Societies states that in his opinion nearly 
the whole of those in steady employment are 
members of one kind of benefit society or another. 
Suggestions are made as to one or two amendments 
of the Friendly Societies Act. The savings banks 
are next dealt with, and especially the system of 
Government annuities. The latter is not popular. 
In point of fact, it is not understood, and the pre- 
miums are rather high. Indirect provision is said 
to be quite as good as the direct mode by annuities. 

The schemes of Mr. Booth, Mr. Chamberlain, 
and Canon Blackley are then dealt with. The first 
proposes that every person on attaining 65 years of 
age shall have a pension of bs. per week, the cost 
ot which immediately would be 18,000,000/. for 
England and Wales, and if Scotland and Ireland 
are added, 24,500,0001., the actual saving there- 
by effected in the poor-rates would be about 
2,000,000. a year. The amount is proposed to 
be raised by an equitable tax on earnings for 
the whole population. The idea of all having 
to be pensioned at 5s. per week, rich and poor 
alike, is ridiculed. Several other schemes are 
then passed in review briefly. Canon Blackley’s 
industrial insurance scheme is examined, his prin- 
ciple being compulsory payment of a definite sum, 
with pensions at 65 or 70 years ofage. The scheme 
did not find favour with the Commission. Mr. 
Chamberlain’s scheme is described as voluntary 
assisted insurance. It is designed to aid thrift, not 
as a substitute for it. He proposes a pension of 
5s. per week at the age of 65, with a cash deposit 
before 25, and an annual payment subsequently. 
His scheme is put in three forms, but they only 
differ as to amount. The State is then to provide 
any deficiency. Mr. Chamberlain only regarded 
his proposals as tentative, and as leading to a much 
more complete arrangement. The cost would be 





about 300,000/. annually at first, up to 500,000/., but 
the final estimate of cost would seem to be about 
2,000,000/. a year for 40 years. The Commission is 
not able to recommend it, and consequently Mr. 
Chamberlain’s name is not affixed to the majority 
report. All the schemes are dismissed for one 
reason and another, and all modifications of them 
that were suggested. 

The summary reviews the whole case, and ex- 
presses regret, ‘‘deplores,” in fact, that so large a 
proportion of the working classes are in receipt of 
poor-law relief in their old age. It does not suggest 
any fundamental alterations in the existing law, 
but thinks that a wider discrimination is desirable, 
especially in outdoor relief. It urges great care in 
administration to prevent abuses. It advises 
adequate relief in cases where necessary, pointing 
out the evils of inadequate relief. It notes certain 
improvements in workhouses to brighten the lives 
of the aged, and supports the classifications in the 
regulations. The separation of old couples is not 
required by the law or the regulations ; they have 
a right to live together, but they should be allowed 
to associate with others under regulation. The 
Commissioners lay great stress upon the fact that 
the officers of workhouses should be kind, sym- 
pathetic, and intelligent, and they regard the 
visiting committee as a beneficial institution. 
Better conditions in the workhouses are com- 
mended in all cases, and also the recent circular of 
the Local Government Board with a view to that 
end. They do not recommend any change in the 
law by which children are compelled to give assist- 
ance to their parents, but they advise that care be 
taken to avoid hardship and harshness. They re- 
commend an amendment of the law of removal, 
but they do not suggest the abolition of the law. 
The complaints as to the treatment of members of 
friendly societies applying for relief have been met 
by the Act of last session. They recommend an 
extension of the powers of the Charity Commis- 
sioners as regards dole charities, especially in the 
way of pensions, &c., in old age. 

It is suggested that ‘‘ private charity” should 
co-operate more and more with the poor - law 
guardians, so as to secure more humane treatment. 
The work of all the thrift agencies is commended 
for its extent and beneficent character, but its 
failure to solve the question of old-age pensions is 
pointed out. They suggest a separate old-age 
fund; sick pay to cease at 65; regular pension 
after that age; and the removal of restrictions as 
to the age at which children may join. Whilst 
recognising the dislike to deferred annuities, they 
suggest that the system should be made more 
widely known. Generally they express their sense 
of the care and thought bestowed on the schemes 
proposed, but regret that they are unable to recom- 
mend the adoption of any one of them; but they 
hope that the inquiry may lead to some future plan 
free from the objections urged to the schemes sug- 
gested. The report concludes by paying a tribute 
to the self-help organisations of the working 
classes, which have done so much during the last 
30 years to improve the condition of their mem- 
bers. The preceding synopsis shows that no 
practicable scheme has yet been shadowed forth, 
but the mass of facts collected may help to prepare 
the way for the adoption of some plan to provide 
for the aged in comparative comfort. The Com- 
mission have failed to table proposals, but they have 
set at rest the crude schemes recently suggested. 
They have done more: they have shown how 
difficult it is to apply State aid on a large scale in 
lieu of provident provision by self-help and mutual 
help in societies conducted and managed by those 
who subscribe the funds. 





H.M.S. “ BRUIZER.” 
On Friday last, in boisterous weather, a full- 
speed official trial was run of the last of the tor- 
pedo-boat destroyers which Messrs. Thornycroft 


Lower Hope, meeting the young flood, the wind 
being W.N.W., with heavy squalls and hail showers 
at intervals. The weather was so bad that it was 
decided to run the trial miles on the Lower Hope 
course, instead of going out to the Maplin, as is 
now usual. Sevenruns were made on the mile—the 
first, done in 2 minutes 6 seconds, being thrown out 
—the counters not being put in gear until the middle 
of this mile. The mean speed of the six runs was 
28.14 knots. The rest of the three hours’ full-speed 
running was made between the Mucking Light and 
Warden Point, inan awkward sea, the wind meeting 
the tide. The speed for the three hours was 27.97 
knots. It is a curious fact that in this trial the 
boat only missed making the even 28 knots by 
rather less than her own length on each hour. The 
same thing occurred in the case of the Ardent, her 
speed on the official trial—run in weather rather 
worse than that of Friday——being also 27.97 knots in 
the three hours*. The mean of the Ardent’s six runs 
was, however, 27.843 knots, so the Bruizer is the 
faster boat, according to the mile trials. On last 
Friday’s trial the average steam pressure was 202)b., 
the vacuum 26.2 in. The mean revolutions on the 
six-mile runs were 376.6 per minute, and the air pres- 
sure in the stokehold averaged slightly under 2 in. 
The coal consumed was 17} tons on the three 
hours’ run; but it will be understood that it was 
not weighed as used—such a procedure would be 
manifestly impossible upon a full-speed trial of a 
vessel of this class—but it was carefully weighed 
before being put on board, and what remained over 
was estimated. It will be remembered that this 
was an Official trial, so the records were taken by 
disinterested persons. The rate of combustion 
gave a fuel consumption of about 68 lb. of coal per 
square foot of grate per hour. In previous trials 
as much as 79 lb. have been burnt per hour per 
square foot of grate. The indicated horse-power 
on the six mile runs averaged 4156, the trial being 
run with engines linked up. If our readers are 
inclined to work out the fuel consumption per in- 
dicated horse-power from these figures, it must be 
remembered that a higher speed was attained on 
the measured mile runs, whilst the estimated 17} 
tons of coal burnt is for the whole three hours. 
We have not any record of the average indicated 
horse-power on the whole trip. 

The Bruizer is 201 ft. 6 in. long and 19 ft. wide; 
she is 13 ft. deep, and her maximum draught is 7 ft. 
4 in. at trial draught. The displacement of the 
vessels of this class is about 220 tons. The engines 
are similar to those of the Daring, illustrated 
and described in our last volume.t These engines, 
it will be remembered, are of quite novel design, 
and now the trials of the five destroyers in which 
they have been fitted are complete, it is satisfactory 
to learn that the engines have given no trouble 
throughout. The same may be said of the water- 
tube boilers which have been fitted in these vessels. 
There have been run, in all, 23 full-speed trials of 
these vessels, and there has not been an accident or 
mishap through the failure of the boilers through- 
out. The fact is of interest in view of the con- 
troversy now going on on the subject of water-tube 
boilers. The enormous test that the machinery of 
these high-speed craft is put to on full-speed 
trials must be remembered in connection with 
this subject. The Bruizer has three Thornycroft 
boilers placed in two stokeholds. A modified design 
of Daring boiler is used,{ the arrangement being 
the same as that adopted in the Ardent, by which 
an addition to the heating surface is obtained by a 
somewhat different disposition of the tubes in the 
rows next to the casing. The Daring had 8892 
square feet of heating surface, and 189 square feet 
of grate surface. The engines of all these vessels 
are of the three-stage compound type, each set 
having high-pressure cylinders 19 in. in diameter, 
intermediate cylinders 27 in. in diameter, and two 
low-pressure cylinders each of 27 in. in diameter. 
The stroke is 16 in. 





and Co, have built for the Admiralty. The trial 
was not notable on account of the speed attained, | 
but that is simply on account of the high standard 
which the builders themselves have raised for these | 
remarkable craft. 
which the Bruizer all but attained last Friday on | 
her three hours’ run, would have been looked upon | 
as phenomenal ; but it has been exceeded by about | 
a knot in the sister vessel, the Boxer, also con- | 
structed at the Chiswick yard. 





In the Speedy a new device was tried for con- 
trolling the distribution of the feed in the water-tube 
boilers with which that vessel was fitted. It is this 
question of feed distribution which was so long the 
rock ahead for the water-tubists when an attempt 


A short time ago 28 knots,!was made to run these boilers in groups. It 


was argued, not without reason, that in steam 


generators of this sensitive nature, and with so 


* See ENGINEERING, vol. Iviii., page 806, 
+ Ibid., vol. lviii., page 575. ; i ; 
t We illustrated the Daring’s boilers in our issue of De- 


The Bruizer left Greenhithe on Friday, the 29th ' cember 1, 1893, and in our issue of June 29, 1894, gave a 
ult., at 11.30 a.m., and steamed easily down to the description of the trial of the latter vessel. 
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a water-holding capacity, unless the feed were 
pei distributed, disaster would follow. In 
order to avoid this various devices have been tried, 
with more or less success, That introduced by 
Messrs. Thornycroft consists of a hollow steel float, 
capable of withstanding the boiler pressure, which 
is placed inside the separator or steam-collecting 
cylinder which forms so important a feature in the 
Thornycroft boiler. By a system of levers, some- 
what too complicated to describe without the aid of 
diagrams,* the float regulates the opening of a 
check valve which is placed within the boiler, the 
amount the valve is opened determining the volume 
of feed. In this way the water level in the boiler 
determines the amount of feed admitted ; thus, if 
the water level falls, the check valve is thrown wider 
open, if it rise the check valve is closed. Unlike 
most gears of the kind, the motion of the float has 
not to be conveyed to the exterior of the boiler 
through a stuffing-box. An arrangement of the 
latter nature must lose much of its sensitiveness, 
and herein the Thornycroft gear has a manifest 
advantage. There is, however, in this device 
a means of regulating the normal water-level by 
hand, and this is effected through a rod which passes 
outside the separator through a stuffing-box, and is 
worked by a handwheel. In this way the gear 
may be set so that the water level can be carried at 
any required height. The gear has, we hear, 
been found in practice to act admirably, and we 
understand it is contemplated using it in some 
vessels built by other firms. On the occasion of 
the Bruizer’s trial on Friday, the feed water between 
the three boilers was properly distributed by it, 
the report being that no hand adjustment was 
required throughout. 

The Bruizer differs from the earlier vessels of 
this class in having solid manganese bronze pro- 
pellers. It has long been the practice of the 
torpedo - boat builders to forge the propeller 
blades separately and key them into a boss. This 
plan answered well so long as steel blades only 
were used, but when manganese bronze was 
required, it was found there was danger of the 
blades getting loose in the boss. In order to 
avoid this, a new method of keying in was devised, 
but it is now thought desirable to have the propellers 
cast inone. The screws of the Bruizer are three- 
bladed, all surfaces being polished. 

The furnace doors are fitted with springs so as to 
be self-closing, and the ashpit doors being self- 
closing, there is less danger to the stokers in case of 
a burst tube, as the steam would go up the 
chimney. 

At the conclusion of the speed trials, circles were 
turned on both hands. The circle with helm to port 
was accomplished in 1 minute 46 seconds, with the 


. helm to starboard in 1 minute 52 seconds. This 


was in a strong wind, the force being 5to 6. The 
weather was too rough to make circles astern, so 
that part of the trial is reserved for another time. 
The Admiralty were represented by Mr. H. 
Pledge, of the construction department, and Mr. 
W. J. Harding, who represented the engineers’ de- 
partment. Mr. S. W. Barnaby was in charge on 
behalf of the contractors, Mr. Keighley also being 
present on behalf of Messrs. Thornycroft and Co. 
Mr. George Brown was in charge of the machinery. 








THE WEATHER OF MAROH, 1895. 
Maxcu opened with a lingering thaw, the ice on 
pools and rivers seeming uninfluenced by day tem- 
peratures rising above 40 deg., while the night 
temperatures went below the freezing point. Large 
stellated flakes of snow fell in small quantities 
daily. Though rain fell freely on the 7th, 8th, and 
9th, ice remained several inches thick on the waters. 
The 10th was a fine mild day, though windy. The 
land, which had been frost-bound for nine weeks, 
was still frozen a few inches from the surface, and 
water pipes to houses only gave evidence of thaw 
about the llth. Shubbery plants succumbed in 
large numbers to the prolonged cold, the loss of 
vegetables was extensive, and agricultural labour 
was entirely hindered by it. The middle of the 
month gave farewell to the frost ; and, after a few 
days, a welcome to Spring could be given in the 
words of old Herrick : 
** Fled are the Frosts, and now the fields appear 
Re-clothed in fresh and verdant diaper. 
Thawed are the snows, and now the lusty Spring 
Gives to each mead a neat enameling.” 


- We propose illustrating the “Thornycroft feed con- 
trolling gear in a subsequent issue, 











On the 13th aurora was seen in Scotland and 
many parts of England, presenting remarkable 
features. In the metropolitan districts the finest 
day was the 18th, with 9.2 hours of sunshine ; but 
the 22nd was the warmest, maximum temperature 
63 deg., and the day’s mean 10.6 deg. above the 
normal value. On the 23rd a dense fog prevailed 
in the English Channel, causing interruption to 
passenger steamer traflic, and several maritime 
casualties. 

The mean pressure and temperature of the atmo- 
sphere over the British Islands, as deduced for ex- 
treme positions to which the Isle of Man is central, 
were as follows : 




















| 
see Mean | Difference Mean Difference 
Positions. | Pressure. | from Norwel, mire. from Normal. 
| , 

in, | in. | deg. | deg. 
North “a 29.54 below 0.19 | 40 } above 1 
South re 29.77 | an nee 44 | below 1 
West | 29.65 | » JS] 4 | slaved 
East ..| 29.66 | a ie 39 below 2 
Central .. 29.65 oo ee | 41 | above 1 





The distribution of rain in frequency and quan- 
tity may be inferred from the following results : 











Places. Rainy Days. | Amount. Peg pone 
in. in. 
Sumburgh .. oa 26 2.54 0.25 less 
Scilly . ce oe 17 2.36 0.04 ,, 
Valentia oe ea 23 4.56 0.36 more 
Yarmouth .. on 18 | 1.66 0.16 less 
| 





The daily general directions of the winds over 
these islands give a resultant from west, the normal 
resultant being W. by S. The mean distribution of 
barometrical pressure was nearly uniformly below 
the normal; in all other respects the weather of the 
month, temperature and rainfall, were such as are 
due to a typical March. The mean temperature of 
the air at 8 a.m. Greenwich time for the entire 
area of the British Islands at sea level was 40.5 deg. 
on the Ist, 34 deg. on the 3rd, 41.5 deg. on the 6th, 
35.5 deg. on the 13th, 45.5 deg. on the 16th, 41.5 
deg. on the 18th, 47 deg. on the 24th, 40 deg. on 
the 3lst, which indicate the extent of the principal 
fluctuations. The highest temperature, 66 deg., 
was reported at Hereford on the 22nd ; the lowest, 
16 deg., at Llandovery on the 3rd. The greatest 
atmospherical pressure, 30.4 in., occurred on the 
15th ; the least, 28.5in., onthe 28th. On the 24th 
1.01 in. of rain was measured at Valentia, 1.1 at 
Roche’s Point. Reckoning by the weather nota- 
tions, clear fine days ranged between 2 in the 
south and central districts and 5 in the north and 
west ; overcast days between 13 in the north and 
23 in the east ; indicating a uniformly small amount 
of sunshine. Fog was reported in the south-west 
of England on 4 days, in the east and central 
districts on 2. Aurora was seen in north Scotland 
on the Ist, 21st, and 27th. 

At 8 a.m., 24th, while a cyclonic wind-system 
was central north of Scotland, a secondary disturb- 
ance appeared near Waterford, which by 6 P.M. 
reached Denmark, at the extraordinarily progres- 
sive rate of about 60 miles an hour. It raged with 
great violence in the midland and southern counties 
of England, attended by lightning, thunder, and 
rain. Its destructive effects were serious in and 
about London. At Greenwich a pressure of 36 1b. 
was registered at 2 p.m. Notwithstanding, scientific 
investigation teaches there are no equinoxial 
gales! But yet another: at 8 a.m. 27th appeared 
an independent cyclonic storm off the south-west of 
Ireland, barometer 28.9 in. ; next morning it 
had got to the Irish Sea, 28.5 in. ; and the following 
morning to latitude 55 deg. N., longitude 0, just out 
atsea beyond Shields, 28.8in.; where it remained till 
8 a.m. 30th, 29.2 in., and then commenced to move 
southward to latitude 53 deg. N., longitude 2 deg. 
E., at 6 p.M.; it then became stationary for 24 
hours, filling up to 29.5 in. Official meteorologists, 
who have monopoly of these affairs, might well be 
expected to explain why this storm was suddenly 
arrested in a rapid north-easterly progress, and 
leisurely ended in this peculiar position, with a 
wide sea in front of it, supposed to offer less resist- 
ance to the track than land. Cannot the cause be 
found in rainfall, vapour, temperature, or potential 
pressure in or about its front? If not, cannot 
magnetical or electrical conditions be evoked, and if 
to seek farther, what about the moon? Surely no 
such instance has ever been charted before ; if so, 


attempt only can be made to formulate a problem 
which no doubt is beset with difficulties ; but there 
should by this time be sufficient evidence to over- 
come them. To be content to record facts without 
attempting to rationalise or explain them is merely 
to collect data which are now far too voluminous. 

The death-rate in the metropolitan district has 
been extraordinarily high, having attained 41 in the 
week ending the 9th, due chiefly to diseases of the 
respiratory system, as shown by the following 
figures: Week ending January 26th, 324 deaths 
therefrom ; February 2nd, 377 ; 9th, 480; 16th, 840 ; 
23rd, 1120; March 2nd, 1448; 9th, 1866; 16th, 
1031 ; 23rd, 740. 

The duration of bright sunshine, estimated in 
percentage of its possible amount, during the four 
weeks ending the 30th, was for the United King- 
dom 27, Channel Isles 42, south and south-west 
England 36, east England 33, south Ireland 30, 
central England 25, north-east England and north 
Scotland 22, north Ireland 21, west Scotland 20, 
east Scotland 19, north-west England 16. 





THE MANUFACTURE OF 
MARGARINE. 

AN invitation, at afternoon tea, to partake of 
bread and margarine would not be received alto- 
gether as an act of hospitality in English middle- 
class society. The substance is regarded as an 
adulterant—something that is cheap and probably 
nasty. It is usually ‘‘made in Germany,” or, at 
any rate, onthe Continent, and the British matron 
has profound misgivings regarding foreign methods 
of preparing food. The Legislature has stamped 
it as a criminal offence to sell margarine for butter, 
and in doing so has marked it with the brand of 
inferiority. It is not kept in the better-class 
shops, its sale being confined to those who have 
to consult the state of their purses, and not their 
tastes, in their marketings. Even in the poorer 
neighbourhoods it has to take an inferior position 
at the back of the shop, while cheap butter, often 
of execrable flavour, is put in the window. 

Yet; were the facts concerning the manufacture 
of margarine properly known and appreciated, the 
whole of the prejudice against it would disappear. 
We do not suggest that it would rank equally with 
really good butter, but it would be judged on its 
merits, and would take a position somewhere 
among the medium qualities. The scrupulous 
cleanliness of its manufacture, and the uniformity 
of its quality, are points that tell in its favour, as 
compared with butters made in cottages and small 
farmhouses. These latter may, or may not, be 
free from impurities gathered from dirty and un- 
sanitary surroundings ; they are usually collected 
by merchants and worked up together, and it is 
scarcely conceivable but that some of the consign- 
ments are not wanting in the matter of cleanli- 
ness. Large quantities of cheap butter are used in 
cookery, and for this purpose margarine is ex- 
cellently adapted. The beef suet from which it is 
made is not an objection to its use, since dripping 
and lard are freely used in the kitchen, while the 
vegetable oil it contains aids in the formation of 
puff pastry, which is alike the ambition and the 
despair of the ordinary cook. 

We have lately had the opportunity of inspect- 
ing the working of Mr. Otto Tinsters margarine 
factory at Southall, near London, and have carried 
away a very vivid appreciation of the rigorous clean- 
liness that is enforced in all departments. Not 
only are there the ordinary precautions and rules 
that would suggest themselves to everybody, but 
the entire process and plant is surrounded by con- 
ditions which seem designed to elevate and dignify 
it in the eyes of the workpeople. In addition to 
abundant light and ventilation, there is a lavish ex- 
penditure on decoration and architectural embellish- 
ment. Roofs, floors, and walls are not merely parts 
of the structure, but each is rendered pleasant to 
gaze upon. Mosaic pavement, delicately tinted 
glazed bricks in blended colours, and _ highly- 
polished boards convert the spacious sheds into 
halls, and give rise to the feeling that dirt and 
slovenliness would be sacrilegious within them. 
Linen garments are provided for all the work- 
people, and are washed on the premises in a steam 
laundry, so that there is no excuse for soiled attire. 
The outdoor dress of the operatives has to be left in 
a separate building, in which is a dining-room of 
very handsome proportions, with parquetry floor, 
wainscoted walls, and open timber roof. It seems 
as if the designer of the premises had set himself 





compare it with the previous cases. Here an 
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to inculcate in the workpeople a high respect for 
themselves and for their work, by placing them and 
their occupations in surroundings on which money 
had been lavished in the matter of design and 
decoration. 

Next to light and ventilation, the most impor- 
tant factor in cleanliness is ample space, and it is 
found in abundance in the Southall factory. The 
site occupies 16 acres, and although only a small 
part of this is covered with buildings, yet these are 
of large size. They are arranged so that the 
materials go through the works without being 
touched by hand. The machines are spaced wide 
apart, with ample alley-ways all round. Water is 
found in abundance on the ground, and is raised 
from 32 Abyssinian wells arranged in two rows, and 
connected by pipes laid underground, the supply 
being equal to 10,000 gallons an hour. Sidings for 
the Great Western Railway run alongside the build- 
ing, delivering coal and other raw materials, and 
taking away the margarine, of which the factory is 
capable of producing 50 tons a day. 

The making of margarine is simple enough in its 
general features, although it needs care and ex- 
perience to carry it out successfully. The materials 
are oleo-margarine, nut oil, and milk. The 
first is beef suet from which the insoluble 
stearine has been expressed by pressure. It 
comes from large slaughter-yards, like those at 
Birkenhead, and also at Chicago. In appearance it 
resembles dripping, and is by no means unpleasant 
to the taste. It is packed in casks, and when these 
are opened the solid block that comes out is scraped 
to remove any dirt that may be adhering toit. It 
isthen broken up by wooden shovels and shot into 
a tank jacketed with hot water. There are 16 of 
these tanks, each about 8 ft. by 5 ft. by 5 ft. 6 in 
deep, and capable of holding 35 tons. The melting 
is expedited by mechanical stirring, aud all im- 
purities that show themselves are carefully skimmed 
off. The vegetable oil needs no preliminary treat- 
ment; it is the product of tropical nuts, and is 
poured into tanks to be drawn off as wanted. The 
milk arrives daily in the usual railway churns, and 
is so important a constituent that it is stated 5000 
gallons will be required each morning when the 
works get to their full output of 50 tons of mar- 
garine a day. The milk is poured into vats and 
runs through open channels into tanks, where 
it remains slightly heated until it has ‘‘ ripened,” 
that is, until it is slightly clotted. 

The oleo-margarine, the oil and the ripened milk 
are run in measured quantities into the churns, of 
which there are nine. Each churn is a large 
jacketed pan provided with a steam engine to keep 
the contents stirred. The ingredients are here 
completely mixed, and are worked together 
until they have the appearance of custard. The 
only resemblance to butter is in the colour, 
which is partly artificial. As is well known, all 
butter is coloured with annato, and this material is 
used for margarine. The quantity employed is 
very small, and differs for the various markets in 
order to suit local tastes. If the liquid margarine 
were run into moulds and allowed to cool, it 
would simply form lumps of solidified fat, and be 
very different from butter. The characteristic of 
the real product of the dairy is ‘‘ grain,” and 
care has always to be used not to destroy this 
by two much rubbing. This grain is obtained 
with margarine by allowing it to flow in a thin 
stream, which is met and broken up by a jet of 
ice-cold water. The fat immediately solidifies in 
granular form and falls into a tank measuring 
20 ft. by 12 ft. by 2 ft. Here it accumulates 
on the surface of the water and becomes thoroughly 
set, looking like an accumulation of pale golden 
sleet. There are four of these cooling tanks, 
built in white glazed brick, and situated in a 
large hall of about an acre in extent, in which the 
remainder of the operations are conducted. 

When the margarine is perfectly set it is skimmed 
off with wooden shovels, and placed in wooden 
trucks for two hours to drain. It is then taken to 
one of four circular working tables, which are not 
unlike those in use in dairies, but enormously 
larger. Here it receives its first working, and is 
salted, and is then removed to another type of 
machine to be further worked. It is then ready to 
be made up into rolls and pats, or put into firkins, 
ready for delivery into the railway trucks. Several 
qualities are made, but all have a distinct flavour of 
butter, and are pleasant to the taste. 

Naturally all these processes demand the employ- 
ment of a considerable amount of power. There are 





three Lancashire boilers, 30 ft. by 8 ft., by Tinkers, 
Limited, of Hyde, near Manchester, working at 
120 1b. pressure ; a Calvert’s circulating economiser ; 
two compound condensing engines, with cylinders 
15 in. and 28 in. in diameter by 36 in. stroke, with 
Collman’s valve gear, by Messrs. J. Jessop and 
Son, of Leicester ; four ammonia compressors of 
foreign make; and four dynamos—three of 50 
amperes and 110 volts, and a smaller one for charg- 
ing batteries—supplied by Messrs. Calvert and Co., 
of Manchester. The engines, compressors, and 
electric plant are situated in an engine hall, measur- 
ing 92 ft. by 80 ft. and 21 ft. high up to the 
eaves. The floor is tesselated; the walls are of 
cream-coloured glazed brick up to a considcrable 
height, with bands of other colours ; the roof is lined 
with varnished pine boards. We have never seen 
such a striking machinery room. The effect is, 
however, somewhat spoiled by the glaring colour of 
paint used for the engines and compressors, but 
possibly Mr. Ménsted chose it to suit the tastes of 
the vendors of the various varieties of ‘‘ Dosset,” 
whom he hopes to convert to an appreciation of the 
good qualities of his margarine. 

The ammonia compressors deliver into a refri- 
gerator made of pipes and situated on the roof. 
This is continually under a stream of water, raised 
by a centrifugal pump. The cooled ammonia is 
then conducted into coils of pipes, where it is 
allowed to expand, and take heat from the water 
by which the coils are surrounded. This water 
is then used for cooling and crystallising the 
margarine. The refrigerators are capable of cooling 
240,000 gallons of water per day to freezing point, 
and are constructed under the patents of Mr. P. 
Schou. The compressors and the line shafting are 
all rope driven, and the engines are so arranged that 
either will drive all the machinery in the place. 
The condensing water for the engines is artificially 
cooled by an apparatus that will reduce 24,000 
gallons per hour from 140 deg. Fahr. to the tempera- 
ture of the atmosphere. The water is made to 
trickle down vertical deal boards stacked in the 
open. There are two tiers of these boards, which 
are 9 ft. by 8 in. by fin. The upper tier areall set 
east and west (say) about 2 in. apart, sothat a wind 
from either of these directions will blow through the 
long lanes formed between the boards. The lower tier 
are set north and south, and will catch those winds. 
Onthe top of all are shallow V-shaped troughs into 
which the water is delivered, and from which it 
overflows in streams down both sides of each 
board. At the bottom of the first tier it is again 
caught in troughs and again distributed over the 
second tier of boards, being received at the bottom 
in aconcrete gutter, from whence it runs to the 
engine-room. The total cooling surface is 51,000 
square feet, reckoning both sides of the boards. 
This is quite an original form of condenser, and is 
found to work well. Its great merit is that it 
affords abundant surface at small cost. The entire 
machinery has been laid out with a view to econo- 
mical working, and bears the impress of skill and 
thought. Messrs. Bird and Whittenbury, Man- 
chester, were the architects, and Messrs, A. and 
B. Hanson, Southall, the contractors; Mr. W. 
McMillan was the clerk of the works. 








THE INSTITUTION OF NAVAL 
AROHITEOTS. 

THE annual spring meeting of the Institution of 
Naval Architects is being held this week, the 
sittings having commenced on Wednesday last, the 
President, Lord Brassey, occupying the chair. 
There was a large gathering of members, the 
room of the Society of Arts, where the meeting 
was held, being filled to overflowing. After the 
usual formal business had been transacted, Mr. 
Holmes proceeded to read the 


REPORT OF THE CoUNCIL, 


which commenced by referring to the additional 
size of the volume of Transactions for last year, 
and to the proceedings at the last summer meeting, 
held in Southampton. A cordial invitation had 
been received from Paris to hold the summer meet- 
ing this year in that city. Four public institu- 
tions had joined in sending this invitation, 
namely, the Society of Civil Engineers of 
France; the Society for the Encouragement 
of National Industry; the French Institu- 
tion of Naval Architects, which, the report 
stated, ‘‘is presided over by our old friend and 


M. de Bussy; and the 
Yachting Union of France. The meetings, it was 
stated, will be held early in June.” Mr. Holmes 
subsequently announced that they would commence 
on the 11th of that month. The holding of meetings 
outside the United Kingdom is a new departure in 
the history of the Institution, but the Council con- 
sider it is amply justified ‘‘not only by reason of 
the instruction which may be expected from such 
visits, but also because large numbers of members 
are foreigners who seldom have an opportunity of 
attending the London meetings.” From what one 
hears it appears probable that the Paris meeting 
of 1895 will be a success, at any rate, from the 
point of view of attendance, as a number of 
members have expressed their intention of making 
the journey to the French capital. 

As is well known, Lord Brassey has been ap- 
pointed to the governorship of Victoria, and it 
necessarily results that he will not be able to con- 
tinue as President of the Institution, and he had 
accordingly resigned his post. The Council had, 
however, requested him to retain the position 
during the present year, and to this he had con- 
sented. He will accordingly preside at the Paris 
meeting. Reference was next made to the loss the 
Institution had sustained in two members—Mr, 
T. C. Read, of Lloyd’s Registry, who died from 
the result of a lamentable accident, and Mr. H. E, 
Brown, of the Board of Trade. The gold medal of 
the Institution had been awarded to Mr. D. W. 
Taylor, assistant to the chief constructor of the 
United States navy, for his paper on “‘ Ship-shaped 
Stream Forms.” 


honoured colleague, 


WimsuHourst’s Herp INpDIcAtror. 


The President next called on Mr. Martell to 
make a statement. 

Mr. Martell said that Mr. J. Winshurst had 
invented an instrument which would be of 
great interest to naval architects. It was 
not proposed to read a paper on the subject, 
but the inventor had kindly consented to allow 
it to be exhibited during the meeting. By the 
use of this instrument the angle of heel of a 
ship may be read by means of the flow of fluid in 
a vertical column in like manner to the reading of 
a thermometer. On the left-hand side is a scale of 
degrees, the motion being 2 in, for each degree, 
while on the right-hand side is another scale from 
which the metacentre height in inches is given. It 
is unnecessary for us to point out the great value 
of an instrument of this nature, supposing it can be 
brought into practical use. The well-known scien- 
tific ability of Mr. Wimshurst, and his acquaintance 
with this subject, are a guarantee that that which he 
puts forward is not likely to prove otherwise than 
successful. The instrument will probably super- 
sede the use of the pendulum for the purpose of 
inclining and other tests of the same nature. 
Further, as it is either quick or slow in its 
action, as required, and is always on the 
dead-beat principle, it may very well be used 
when the vessel is not in still water. The 
want of an instrument such as this has been long 
felt. The pendulum is notoriously untrustworthy, 
and the difficulty of taking better observations is 
well known ; in fact, these points were strongly 
brought out by the reading of Sir William White's 
paper, in which the question of bilge keels was 
discussed, and which we print on another page. 

We hope shortly to illustrate and describe Mr. 
Wimshurst’s ingenious instrument. 


THE PREsSIDENT’s ADDRESS. 

Lord Brassey next delivered his Presidential 
Address. He first referred to the Naval operations 
which have taken place in the war between China 
and Japan, and came to the conclusion that they 
showed that the value of armour had been conclu- 
sivelyestablished. In consequence of the destructive 
effect of the new explosives and quick-firing arma- 
ments, he considered that it might be laid down as 
an axiom that no guns, except those carried to repel 
the attacks of torpedo-boats, should be mounted 
without adequate protection. He would even go 
the length of saying that it would be better to have 
fewer guns with protection than more guns without 
protection. ‘‘If it be decided,” continued the ad- 
dress, ‘‘that all guns must be protected, it follows 
that for any given number more ships, or ships of 
larger tonnage, must be built.” Amongst other 
points, Lord Brassey insisted that the war in the East 
had taught that it is absolutely necessary to arm 





ships with quick-firing guns ; that too much ims 
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nnot be given to the speed of ships and 
peo a : ail fleets should be provided with 
torpedo- boat catchers, and, if in quiet water, with 

o-boats. 

“= President next proceeded to insist on the 
advisability of building battleships of a smaller 
displacement than those which have recently 
been constructed, so that with the money now 
yoted we might more nearly approach the numerical 
superiority over other nations which is now re- 
cognised as necessary. He considered that to 
insure equality the battleships of the Power 
acting on the offensive should be as five to three. 
Some figures bearing on this point were of interest. 
We have 10 battleships building averaging 14,600 
tons each; in France there are 11 averaging 
10,500 tons each, in Russia seven averaging 10,300 
tons. In addition there are completing in France 
three coast defence ships of 6485 tons, and three in 
Russia of 4120 tons. The newest French and 
Russian battleships are under 11,000 tons ; those 
of Germany and Italy are under 10,000 tons. In 
the latter country the contrast between the former 
extreme dimensions is noteworthy. Our own 
vessels now building exceed by over 4000 tons 
the average of foreign ships now being con- 
structed. 

The address next went on to discuss the ad- 
vantage we get in our ships from additional size. 
A Table comparing armaments showed we have 
no marked superiority. In protection we have 
an advantage ; as also in coal supply and storage 
of ammunition. The conclusion Lord Brassey 
came to was, we can accept the ships now building 
for the Navy as the best reinforcement to a fleet, 
having duties to perform such as a British Navy 
might be called upon to undertake. He considered 
that Sir William White had given a full equivalent 
in fighting efficiency for the 1000 tons added to the 
Magnificent over the displacement of the Royal 
Sovereign class. 

The address next proceeded to set forth the lead- 
ing arguments for keeping down dimensions ; an 
as Lord Brassey is one of the leading lights of the 
moderate displacement school, it will be convenient 
if we quote his sentences, as they put the matter 
concisely : 


‘*While fully recognising the superiority of the latest 
battleships in every element of fighting efficiency, in 
dealing with a new programme, it may not be superfluous 
to set forth, once more, the leading arguments for keeping 
down dimensions, and distributing the fighting power ot 
the fleet in a great number of ships. With increasing 
dimensions the skilful naval architect will show a more 
than proportionate gain in sea-keeping qualities, speed, 
coal endurance, armour, and armament. But, when all 
that is practicable has been done, the officer in command 
remains as undefended in the heaviest ship as in the 
slenderest of torpedo-boats. Below the water-line the 
largest, equally with the smallest ship, is unprotected by 
armour from any blow which may be dealt by the ram or 
the torpedo. It has been sought to strengthen the means of 
offensive defence by large additions to the minor armament. 
Quick-firing guns will be of no avail on dark nights, or in 
rain, snow, and fog—contingencies sure to be often expe- 
rienced by fleets engaged in the arduous task of sealing 
up an enemy in any of the ports of Europe. In such 
circumstances a large flotilla of sea-keeping torpedo-boat 
destroyers is the only resource. In the consideration of 
this question of dimensions the personal element demands 
attention. The fewer the ships of which our fleets are 
composed, the fewer the opportunities for dashing and 
enterprising officers, whose qualities for command must 
remain undiscovered until brought to the test of actual 
warfare. 

‘*Hydrographical considerations cannot be put aside. 
We must build vessels available for all services that may 
be — from the Navy, vessels not excluded by their 
draught of water from many of the busiest harbours of 
the world, able to approach all coasts likely to be the 
scenes of naval operations, and capable of passing through 
the Suez Canal.” 


In view of these considerations, Lord Brassey 
held that the next batch of ships might well be of 
the type represented by the Renown, now building 
at Pembroke. Five of the latter could be built 
for the same money as three of the type now 
building. 

The President did not, however, apply the same 
argument to cruisers, and approved of the dimen- 
sions of the two 14,200-ton vessels of this class 
recently laid down. He also spoke favourably of 
the Crescent and Eclipse classes. 

The latter part of the address was devoted to 
the mercantile marine, but here Lord Brassey did 
not find so much upon which he could comment ; 
confining himself to a lament on the disappearance 
of sails, some comments on the growing size of 
cargo vessels, and certain figures comparing mail 


subsidies at home and abroad, in which Great 
Britain naturally came out ridiculously low in the 
list. 


Brier KEELs, 


The first paper on the list was a contribution by 
Sir William White entitled ‘‘ Notes on Further 
Experience with First-Class Battleships,” which 
referred principally to the fitting of bilge keels to 
the first-class battleships. The author was not pre- 
sent to read his paper, a circumstance which 
caused greater regret, as his absence was due to ill- 
health. A paper from Sir William must always be 
welcome, but it affords additional pleasure to the 
members of the Institution when the author is 
present to read it himself, and reply to the discus- 
sion. Indeed, a meeting of the Institution of 
Naval Architects seems but half complete without 
the Director of Naval Construction, and we cor- 
dially echo the wish, so often expressed during the 
meeting, for the speedy recovery of the author of 
the paper now under consideration from his present 
painful illness. 

As we commence the publication of Sir William’s 
paper in full on page 439 of our present issue, we 
may at once proceed to the discussion. 

Dr. Francis Elgar was the first speaker. He 
pointed out the great value of the paper to the 
Transactions of the Institution, and considered that 
the thanks of all members were once more due to 
the author. He gathered from what was said that 
the keels which had been fitted, as described in the 
paper, would reduce the rolling to half the angle 
formerly experienced under similar conditions ; 
and that advantage was obtained without sen- 
sible reduction of speed for a power developed 
or an increase in fuel consumption. He fully 
agreed with what the author said in this re- 
spect, more especially as it was confirmed by his 
own experience. About five or six years ago one 
of the large ships of the Orient line was found to be 
getting very unpopular with the travelling public, 


d| and on inquiry it was ascertained that she had gained 


an unenviable notoriety asaroller. The speaker was 
consulted by the owners, and he advised the fitting 
of bilge keels. In this he was opposed by the 
captain of the vessel and all those connected with 
her, it being held that the side keels would reduce 
speed, but would not reduce rolling to any appre- 
ciable degree. The keels were, however, fitted, and 
the result of observations taken by the captain 
showed that under conditions where formerly 
the angle of roll would have been 22 deg. to 24 deg., 
after the keels were fitted it was no more than 
12 deg. That was a reduction of one-half, which 
agreed with Sir William White’s conclusions. He 
had with this vessel the same happy result in 
regard to speed and coal consumption, the former 
not falling off appreciably, and the latter not being 
increased. Other ships of the same owners were 
afterwards fitted with bilge keels with the same 
result. The speaker was under the impression 
that the reason bilge keels were not originally 
fitted to the ships of the Royal Sovereign class was 
on account of the great weight of the vessels, and 
it was considered that the bilge keels would not 
appreciably affect the rolling. The reason now 
given for their absence, however, was that they 
would add to the difficulty of docking. That was 
an important point, and the author had frankly 
stated that the matter was not entirely set at rest 
by the experiments. Dr. Elgar concluded by ex- 
pressing his regret that the author was not able to 
be present, more especially as the cause of his ab- 
sence was illness. 

Admiral C. P. Fitzgerald wished to make an ex- 
planation. He had been rash enough to say on a 
previous occasion that the bilge keels added to the 
Revenge were an afterthought, but he found that 
this was not the case, and that the subject had 
received the attention of the constructors’ depart- 
ment. The statement made by Sir William White 
in his paper that the fitting of the bilge keels to 
these dhise had resulted in improvement in rolling 
which had exceeded their expectations, was a frank 
and generous acknowledgement. The present 
Director of Naval Construction owed his great 
success largely to the fact that he was always ready 
to follow the advice of seamen, and did not govern 
his action entirely by laboratory experiments. 
Admiral Fitzgerald concluded by saying he wished 
he would have been in order in saying a few words 
in reply to Lord Brassey’s remarks (Sir John Hay 
was then in the chair) ; a wish which we are sure 





the meeting cordially seconded, 





Mr. R. E. Froude said that Admiral Fitzgerald 
had referred to what constructors had lately learnt 
on the subject of rolling. [t was not a strange 
thing, when one came to think of it, that naval 
architects should learn now as it would have been 
15 years ago. Bilge keels had been fitted originally, 
and their presence was accepted. The circumstance 
could be likened to a man in perfect health who 
was unconscious he possessed a stomach. It was 
only when something went wrong with it that it 
made its presence felt. In the same way they had 
not been troubled with rolling. For this reason 
the researches into the subject had been largely 
academical, and the matter had not received the 
careful consideration which a practical application 
insured. Bilge keels had been placed on the 
Devastation, and there had been no quantitative 
trials with and without bilge keels except those 
with the Greyhound, which was a different form 
of ship. They had found that ships did not 
roll, and no doubt the fact had been too 
largely attributed to the forms of the hull and 
too little to the bilge keels. For his own part, 
when he heard that the rolling in the Repulse 
had been reduced one-half by the bilge keels he 
quite discredited the statement. He thought that 
something else had occurred which would be found 
to account for the result. The reduction in the 
angle of roll was, however, equal to the difference 
noticed between the Greyhound and the Perseus, 
but the Greyhound had bilge keels far larger in 

roportion than those fitted to the vessels of the 
Reval Sovereign class, and he could hardly believe 
that so much smaller surface could have an equal 
effect. 

The late Mr. Froude had estimated the work of 
resistance to a flat surface, such as a bilge keel, at 
1.6 lb. per square foot, when oscillating harmoni- 
cally with a mean velocity of 1 ft. per second. 
This coefficient had been arrived at in consequence 
of experiments made with a powerful pendulum so 
deeply submerged as to be free from wave-making 
action. The speaker had compared the extinctive 
effect to that of a paddle moved at right angles 
through water. The resistance of a plane at right 
angles was well known, it being determined by 
Beaufoy, and had been often confirmed since. He 
had made experiments of the same nature in the 
tank and found the resistance 1.1 Ib. at a speed of 
1 ft. per second. This agreed fairly well with the 
1.6 coefficient for bilge keels, as the latter meets 
water not in motion, but how it came to be ten 
times greater, as shown by the observations 
quoted, was, he confessed, a phenomenon for which 
he could offer no adequate explanation. There 
was, however, the fact that in the rolling of the 
ship the bilge keel would meet water it had set 
in motion on the previous roll, but he thought it 
was not very much good speculating on results, as 
he had to subject the matter to complete investi- 
gation. 

As the author was not present to reply to the dis- 
cussion, a vote of thanks to him was proposed and 
carried, after which the meeting was adjourned for 
lunch. 

In the afternoon a paper by Vice-Admiral P. H. 
Colomb on ‘‘ The Elements of Force ina Warship ” 
was read by the author. It led to an extremely 
interesting discussion, in which Lord Charles 
Beresford and Admiral Fitzgerald criticised the 
paper at some length, to the great delight of the 
meeting, which thoroughly enjoyed this brief but 
brilliant naval engagement. 

The following is a list of the remaining papers : 

“On Steam Pipes,” by Mr. J. T. Milton, Chief 
Engineer Surveyor, Lloyds’ Registry of Shipping ; 
‘‘Light Draught River Steamers,” by Mr. George 
Rickard ; ‘‘ On Solid Stream Forms and the Depth 
of Water necessary to avoid Abnormal Resistance of 
Ships,” by Mr. D. W. Taylor, Senior Assistant to 
Chief Constructor of U.S. Navy; ‘‘Onthe Method 
of Initial Condensation and Heat Waste in Steam 
Engine Cylinders,” by Professor R. H. Thurston, 
Sibley College, Cornell University, New York ; 
‘* Description of an Aluminium Torpedo Boat built 
for the French Government,” by Mr. A. F. Yarrow ; 
‘*On Vibrations of Higher Order in Steamers, and 
on Torsional Vibrations,” by Herr Otto Schlick ; 
‘On the Vibrations of Ships and Engines,” by Mr. 
W. Mallock; ‘‘On a Method of Extinguishing 
Vibrations in Marine Engines,” by Mr. Mark Robin- 
son, and Captain H. Riall Sankey, R.E. ; ‘‘ On the 
Transverse Stability of Floating Vessels containing 
Liquids, with Special Reference to Ships carrying 
Oil in Bulk,” by Mr. W. Hok ; ‘‘ Induced Draught 
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as a Means for Developing the Power of Marine 
Boilers,” by Mr. W. A. Martin. 

The annual dinner was held on Wednesday 
evening. 

We shall continue our description of the meeting 
in our next number. 





NOTES. 
THE WesteERN AvstTRALIA GOLD-FIBLps. 

Ar atime when the gold-fields of Western 
Australia bulk so largely in the public mind, and so 
much is published about them which can only be 
received with the greatest caution, it is interesting 
to learn the opinion of a man holding a public 
position in this country. Inthe British Australian 
is the account of an interview with Mr. Florence 
O'Driscoll, in which his views of the situation are 
given at considerable length. Mr. O'Driscoll is a 
member of Parliament, sitting for an Irish con- 
stituency, and is also a contributor of old standing 
to ENGINEERING on the subject of gold-mining and 
kindred subjects. He has been on the gold-fields 
for some time, and at the time of the interview was 
attired in the orthodox miner’s garb of trousers, 
flannel shirt, and wide-brimmed felt hat, a remark- 
able contrast to the elaborate toilet he affected in 
the House of Commons. According to his inter- 
viewer, he declared that there were a score of gold- 
fields in Western Australia, and there was every 
promise of being another score. Their richness he 
stated to be beyond question, and their future 
absolutely assured. The wide area over which the 
gold was distributed was such that it would take years 
even to prospect it. Some of the syndicates and 
companjes are doing capital work, he asserted, but 
there is practically no real work being done except 
by them. All the rest, he declared, was mere 
dummying and shepherding, the owners waiting for 
some one to come along to buy. At present, Cool- 
gardie is not a mining, but a speculating field. 
There were, however, exceptions, such, for in- 
stance, as at Macdonald’s Mine at Broad Arrow. 
At Menzies he saw more gold in an hour than he 
had seen in all Western Australia, including the 
bags and boxes of specimens shown to him at Perth 
and Coolgardie. The difficulty was to find a piece 
of stone not showing gold. He thought little of 
the outcry about scarcity of water. It was always 
the same in a new field, but ample supplies could 
be got by building dams. He thought that the 
evil of dummying would right itself in a short time. 
The labour exemptions could not be continued 
without creating a public scandal. Those who 
were hanging on and doing nothing would have to 
get to work or abandon their holdings. This con- 
versation is related to have taken place while Mr. 
O'Driscoll was ‘‘ panning out a prospect,” which 
gave ‘‘a good show of fine gold.” 


THREE Montus’ SHIPWRECKS. 

The three last months of the year usually give 
the heaviest record of shipwrecks, and the return 
just issued from Lloyd’s Registry bears out this 
fact, although the total—333 vessels, of 190,419 
tons—is not so great as for the corresponding 
period in some preceding years. For 1893 the 
same three months’ total was 419 vessels, of 
247,258 tons, an unusually heavy amount ; for 1892 
it was only 214 vessels, of 99,680 tons, and for 
1891 356 vessels, of 191,386 tons. The average 
is generally about 150,000 tons. The total, how- 
ever, is not very large when one recalls the large 
tonnage afloat. It varies from 2.3 per cent. of the 
number of ships in the case of Norway to .39 per 
cent. in the case of Spain, Britain standing at .69 
per cent. But perhaps the fairer comparison is in 
reference to tonnage, and here Britain stands 
lowest of the maritime nations. The loss rate is 
0.49 per cent. of the tonnage owned, the total loss 
having been 64 ships, of 57,353 tons. Spain stands 
at .53 per cent., Russia .72, Germany .83, France 
-94, Holland .96, Sweden 1.04, Italy and the 
Colonies 1.07, United States 1.14, Denmark 1.37, 
and Norway 2.16 per cent., all of tonnage owned. 
In the last-named case the fleet is only one-eighth 
the size of the British, and yet the tonnage 
of vessels lost is more than half—36,118 tons 
—the measurement of 72 vessels. Of these 31,836 
tons were sailing vessels, numbering 67. In 
fact, sailing ships account for a much larger ton- 
nage lost than steamers, the number of sailers 
being 269, of 115,377 tons, while the steamers 
make 64 vessels, of 75,042 tons. Now Britain 


contributes only 17,035 tons of sailing ships, a 
seventh of the total, while of steamers she con- 





tributes more than a half—40,318 tons. Britain 
owns an enormously greater proportion of the 
steam than of the sail tonnage; she has over 
7 tons for each ton owned by any foreign nations. 
It follows, therefore, that her superior position in 
respect of loss rate is due to the greater predomi- 
nance of steam tonnage. In sail tonnage the loss 
rate is low, but in steam tonnage it is about as 
high as other nations, although only .43 per cent. 
The low rate is, therefore, due to the newness and 
greater endurance of steamers, as well as to navi- 
gation. Of the total tonnage lost, more than half, 
or 103,929 tons, was due to the wrecking of 187 
vessels, 60 per cent. being sailing vessels. Again, 
49 vessels, of 22,759 tons, were abandoned at sea, 
and only one of these was a steamer, of 769 tons. 
The vesstls missing without record of ship or crew, 
number 16, and measure 11.741 tons, and here four 
were steamers, aggregating 3515 tons, while 12, of 
8226 tons, were ships. The vessels which foun- 
dered totalled 13, of 7620 tons, nine ships and four 
steamers. The losses due to collision come mostly 
under steam, for obvious reasons, the quarter’s total 
being 11 steamers, of 10,815 tons, and 15 sailing 
vessels, of 6547 tons. Again, 10 vessels, of 5952 
tons, were burnt, while the vessels broken up or con- 
demned, meeting a natural end, numbered only 
30, of 20,576 tons, and although the tonnage was 
equally divided, there are included in the total 23 
ships and seven steamers. 


Exectric WELDING. 

The success of the Thomson-Houston system of 
electric welding in America, and its comparative 
non-success in this country, give rise to some 
interesting reflections as to the different habits of 
mind and methods of working that prevail in the 
two countries. Generally speaking, the fact that a 
thing is novel is a recommendation to it across the 
Atlantic, whereas here it isalways a drawback. We 
have heard a manufacturer, who was being urged 
to adopt a new machine, ask, ‘‘ Who is going to 
pay me for making your experiments?” and 
undoubtedly the query was an apposite one to 
put forward. Perfection does not come at a 
bound ; the first examples of a new machine almost 
always have defects that can only be ascertained 
by practical working, and remedied by experiments 
carried out under commercial conditions. Hence 
those that are the pioneers in new methods often 
find that in a few years their plant is inferior to 
that purchased later by their competitors, and that 
the experience they have paid for is acquired 
gratuitously by others. Of course, the same thing 
must hold in America, but there is a greater 
readiness to speculate for present advantage, leav- 
ing the future to be dealt with as the occasion 
arises. In the case of electric welding, the system 
was taken up warmly, and no doubt individual 
manufacturers have spent both money and thought 
in adapting the process to the needs of their parti- 
cular manufacture. In this country Messrs. Dob- 
son and Barlow, of Bolton, have done the same,* 
and report that the result has been advantageous 
to them, particularly in delicate work and difficult 
operations. Their work, however, was mostly of a 
kind that could be done with existing machines 
without modification. But probably the greatest 
field for electric welding will be found in trades for 
which special devices are needed, and to meet the 
needs of such the Electric Welding Company, 
Limited, has instituted works at 21, Hindon-street, 
Pimlico, London, for the purpose of studying the 
requirements of manufacturers, and adapting their 
apparatus to the wants of individual trades. The 
place contains an engine capable of giving 100 indi- 
cated horse-power, and with several distinct types 
of welding machines. They have lately been de- 
voting themselves to the automatic welding of wires 
and metal ribbons. The pieces to be joined are 
fixed in clamps, which are pressed together by an 
adjustable spring, and when they have moved the 
required distance a self-acting switch cuts off the 
current. A few trials suffice to show the amount 
of pressure and upsetting for a given sample of 
wire, and when this is fixed the operation can be 
repeated indefinitely. This apparatus is specially 
intended for manufacturers of submarine cables and 
wire ropes, but it will serve for a large variety of 
purposes, among which we may mention the welding 
of band saws. Other metals and alloys, besides iron 
and steel, can be welded, such as brass, copper, 
and aluminium. Among other operations that are 
being undertaken is the welding of awkward sections, 








* See ENGINEERING, vol, lviii., pages 175 and 182. 


such as‘ tee’and angle irons, pipes and the like, and 
it is intended to adapt the apparatus to various 
trades in succession, manufacturers being allowed 
ample opportunities of seeing their own style of 
operations carried on at these works. 





CYLINDERS FOR THE STORAGE OF 
COMPRESSED GAS. 
To THE EpiroR oF ENGINEERING. 

Srr,—I was pleased to read in your last issue the 
remarks which your correspondent Mr. Kenneth S, 
Murray made with reference to the railway regulations, 
particularly the paragraph referring to the guarantee that 
the cylinders are not excessively charged for any high sun 
temperature; but with regard to his comments on the 
technical —- of my letter, I do not think he has quite 
grasped the point which it was my wish to emphasise, 
namely, that the steel of which cylinders for the storage 
of compressed gas are made, has generally to stand a 
greater strain in the metal than the steel in other 
structures. 

I do not think that Iam wrong in my first calculation 
of thicknesses on Mr. Stoney’s rule, for if the thicknesses 
be proportioned to the working pressure, as Mr. Murray 
suggests, they will certainly be inadequate for the test 
pressure to which the cylinders will ultimately be 
subjected. 

Again, although I agree with Mr. Murray that 8 tons 
per square inch should be the limit to which steel cylinders 
should be strained when under working conditions, I 
think it far preferable that this should be stated in terms 
of the elastic limit of the steel, as I suggested in my last 
letter; there is then no risk of damage to the metal what- 
ever description of steel be employed. 

In the case of cylinders in which carbon dioxide is 
stored, and with which I principally have to do, I have 
always based my specifications on the lines indicated in 
my former letter. Such cylinders might therefore be 
safely subjected to 120 atmospheres, the usual storage 
pressure for oxygen gas, without any danger ; and as car- 
bon dioxide liquefies at only 750 lb. per square inch, there 
cannot be any risk attendant on their use by unskilled 
persons for ordinary commercial purposes. 

I am, Sir, your obedient servant, 
. Kerr THomas. 

Engineer to the Brewers’ and Distillers’ Co. Co., Ld., 

16, Victoria-street, Westminster, S.W., April 3, 1895, 





THE ARTIFICIAL SPECTRUM TOP. 
To THE EpIToR OF ENGINEERING. 

Srr,—I so highly appreciate the gifts we have received 
through Mr. Charles ie Benham, the puzzling colour-top 
and the thermo-magnetic motor communicated to ENcI- 
NEERING last week, that I hesitate about replying to his 
letter on my suggested explanation of the production of 
colour on the top. Unless Mr. Benham has proved the 
sodium light employed by him to be monochromatic, by 
prismatic analysis, the, as I have read, merely phanto- 
matic personations of colour observed when a sodium 
flame is employed, would not be a contradiction of the 
hypothesis of explanation I sent to my correspondent. 
Mr. Benham has evidently discovered a thin place in the 
wall separating known from unknown, and we are all 
tapping on it trying to read what is not yet clearly 
revealed. Yours faithfully, 

April 2, 1895. J. MacFARLANE GRAY. 








A CURIOUS MAGNETIC EXPERIMENT. 
To THE EpiToR OF ENGINEERING. 

S1r,—Referring to the letter from Mr. Charles E. 
Benham in your issue for this week, describing an interest- 
ing experiment of his, in which a mica disc with a number 
of thin iron spokes was caused to rotate by heating three 
or more of the iron spokes in the immediate neighbourhood 
of a magnet, thereby preventing the magnetisation of the 
three or more iron spokes, and thus allowing the magnet 
to draw the nearest unheated spoke into the flame, which 
in turn becomes heated, the next and nearest unheated 
spoke being drawn by the magnet, and so on, it has 
long been known that various magnetic metals, such 
as iron, cobalt, and nickel, are directly affected by heat 
as regards their power of being magnetised; thus, 
according to Becquerel, nickel loses its power of being 
magnetised at about 400 deg. Cent., iron at a cherry-red 
heat, and cobalt ata white heat. This principle has been 
applied by Mr. Thomas A. Edison in the construction of 
@ pyromagnetic dynamo described by him in a paper read 
before the American Association for the Advancement of 
Science, New York, August, 1887, the particulars of which 
were published in several of the scientific journals of this 
country about September, 1887. The iron spokes on the 
mica disc of Mr. Benham’s experiment, consisted in the 
case of Mr. Edison’s dynamo of thin iron tubes forming 
the cores of electro-magnets, these being surrounded by a 
coil of wire. Now it is a well-known fact that whenever 
a magnetic field varies in intensity in the vicinity of 
a conductor, a current is produced in that conductor, 
so that it will be readily seen that by the construction 
of a machine on the above principle it is easy to gene- 
rate an electric current which, by means of a suitable com- 
mutator, can be easily collected, and used either for the 
transmission of power or for electric lighting purposes. Mr. 
Edison used iron tubes for the cores of his electro-magnets, so 
thatacurrent of coldaizcould be passed through them after 
they had been heated, and thereby assist in cooling them ; 
the air, after passing through the tubular iron cores, was 
led to the furnace for the purposes of combustion. There 
was also a screen which cond Woumend in a neutral posi- 
tion, thereby preventing the action of rotation of the ma- 
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chine, or else could be placed on one side and thus allow 
et to act. c 
ee tabens experimental principle applied to a ma- 
chine would, in fact, be a pyromagnetic motor or rotary 
engine. Apologising for troubling you, 
IT am, Sir, yours faithfully, 
: Epwarp J. M. Davirs. 
24, Harrington-square, London, N.W., March 30, 1895. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH. Wednesday. 

The Cleveland Iron Trade. —Yesterday there was only a 
thin attendance on ’Change, but there was more life in 
the market than there has recently been, and a fair 
amount of business was transacted. Most of the trans- 
actions recorded, however, were for early delivery, very 
few contracts for delivery ahead being entered into, the 
difference between quotations for forward delivery be- 
tween buyers and sellers being considerable. Those 
interested in the staple industry were cheered with the 
prospect of better shipment; and the outlook for the 
future, though not particularly bright, was regarded 
as rather more favourable. Some buyers endeavoured 
to obtain No. 3 g.m.b. Cleveland pig-iron at 34s. 3d. 
for early f.o.b. delivery, but it was difficult to find 
sellers who would listen to such a figure. The 
general quotation was 34s. 44d., and a good few lots 
changed hands at that price. One or two sellers held out 
for 348. 6d. for No. 3. There was not a great deal doing 
in No. 1, and it sold at 363. 6d. The lower qualities were 
quiet but steady, No. 4 foundry being 33s. 74d. and grey 
forge 33s. East coast hematite pig iron was weakish, the 
supply being abundant and the demand only moderate. 
About 41s. 64. was the price for early delivery of Nos. 1, 
2, and 3. Middlesbrough warrants were 34s. 3d. cash 
buyers. Spanish ore was stiff. Rubio realised 12s. ex- 
ship Tees. To-day’s market was quiet but steady. There 
was no alteration whatever in prices. 


The Make and Disposal of Pig Iron.—The Cleveland 
Ironmasters’ Association returns showing the make and 
disposal of pig iron in the north of England during March, 
though by no means encouraging, reveal a less unsatisfactory 
state of affairs than was anticipated by many connected 
with the staple industry. During the month 90 furnaces 
were in blast, one Cleveland and one hematite furnace 
have been blown out; 48 furnaces had been running on 
Cleveland and 42 on hematite, spiegel, and basic. The 
make of Cleveland pig reached 123,874 tons, or 14,005 tons 
more than during February. The production of hematite, 
&c., was 123,328 tons, being 7386 tons more than during 
the previous month. The total make of all kinds of 
pig iron was 247,202—an increase as compared with 
the output of March of 21,391 tons. Stocks of pig 
iron at the end of March stood at 316,823 tons, being an 
increase as compared with the end of February of 11,668 
tons. The principal accumulation was in makers’ stocks, 
which advanced by 8330 tons. Shipments of pig iron to 
foreign ports reached 35,188 tons, or 15,841 tons more 
than in February, but 5009 tons Jess than in March last 
year. Shipments coastwise were 37,717 tons, being 10,211 
tons above those for the previous month, but 1903 tons 
helow those for March, 1894. The total shipments were 
72.905 tons—an increase as compared with February of 
26,052 tons, but 6912 tons less than during March a 
year ago. 


Manufactured Iron and Steel—Dulnessstill characterises 
the manufactured iron and steel trades, though some 
firms report rather more inquiries, and look a little more 
hopefully to the future. New orders, however, are dif- 
ficult to obtain, notwithstanding the continued very low 
quotations. Several establishments are only very mo- 
derately employed. Bar-makers in particular complain 
of slackness. Orders would readily be accepted at the 
following rates: Common iron bars, 4/. 15s. ; best bars, 
51. 5s.; iron ship plates, 4/. 15s.; steel ship-plates, 
4l, 12s. 6d. ; and iron and steel ship-angles each 4/. 10s.— 
all less the customary 24 per cent. discount for cash and 
f.o.t. Heavy sections of steel rails are still put at 
3/1, 12s. 6d. net at works, but in some cases rather less 
might be accepted. 


The Fuel Trade.—Coal generally is somewhat easier, 
and the settlement of some gas coal contracts is taking 
place on rather lower terms. At Newcastle best Nor- 
thumbrian steam coal is about 8s. 6d. f.o.b., and small 
3s. 9d., gas coal is quoted 6s. 9d. to 7s. 3d. Manufactur- 
ing and bunker coal abundant in supply and weak in 
price. Coke keeps in good request for local use, and 
there is rather more demand for the north-west. For 
good blastfurnace qualities delivered here 12s, 3d. has still 
to be paid. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

New Steel Melting Furnace.—It is stated that the 
Robinson and Pope open-hearth steel melting furnace is 
coming largely into use in the local steel trade. It is 
claimed that a saving of from three to four hundredweight 
of fuel per ton of steel is effected by its use, as compared 
with the old type of furnace, and that there is a great 
diminution in the matter of repairs. The system is also 
applicable to regenerative heating furnaces. 


Machinery and Trade. —Mr. Edward Cowey, President 
of the Yorkshire Miners’ Association, in the course of an 
address on Saturday, disapproved of the statement that 
trade had left the country, and that the strike of 1893 had 
driven it away. The cause of trade being depressed, he 
said, was simply the introduction of machinery into every 
ndustry. They had y begun to introduce machinery 


into the mines. Ten years ago it took about fifty men to 
manufacture 100 tons of coke, whereas now ten men and 
two lads could do the same work. It formerly took five men 
at the top of a pit for every 100 tons of coal raised ; the 
same work was now done by one or twomen. They had 
no objection to machinery, but they had to the mode and 
manner in which it was manipulated solely for the benefit 
of the capitalist, whilst the working men were walking 
about the streets unemployed. It had been said by one 
authority that they could now produce more to supply 
the wants of the world in four months than they pro- 
duced in twelve months 30 years ago. ‘These were 
questions that would have to be solved at no distant 
date. In conclusion he said it was intended to bring 
forward a new Mines Bill. 


Tension in the Moulding Trade.—Owing to the great 
depression in the iron trade, members of the newly 
founded Steel and Iron Founders’ Association are 
seeking a measure of relief by a reduction in 
wages. The rate of moulders’ wages in Sheffield is 
38s. per week, and itis stated that this is from 2s. to 
10s. per week higher than is paid by many who are com- 
peting for work in the immediate district. For some time 
past local manufacturers have been greatly dissatisfied 
with the Moulder’s Union for permitting this state of 
things, and they have now made strong representations on 
the subject. Within the past 25 years there has been a 
rise of moulders’ wages in Sheffield from 32s. to 38s, per 
week, and the masters now urge that under existing cir- 
cumstances there should be a reduction of 5} per cent. 


The Heavy Trades.—The iron trade is still stagnant, 
but there is a move for the better in connection with the 
heavy steel departments, mostly on account of the im- 
proved demand for railway material. The armour-plate 
houses are fully engaged, and it is believed that some good 
lines for armour-piercing shot will shortly be issued, and 
that Sheffield will be well patronised. Bessemer billets 
are selling more freely, guaranteed carbons fetching 
5l. 7s. 6d. per ton upwards; hematites, at Sheffield or 
equal, realise 493. to 51s. per ton; Lincolnshire forge 
iron 36s., and bar iron runs from 5/,53. Prices in the coal 
trade show a downward tendency, most of the pits work- 
ing short time. Quotations at pits are, best Haigh Moor, 
13s. ; Silkstone hards, 12s. ; nuts 9s. 6d. to 10s. ; steam coal 
about 8s. 9d.; coke 8s., slack 6s. to 7s. 6d., and smudge 
2s. 6d. to 4s. per ton. 


Miners and the Outlook.—Mr. Haslam, miners’ leader, 
speaking at Langwith within the past few days, referred 
to the large number of collieries that were being opened 
out, and said that many of them were of immense magni- 
tude. Some of the pits were being sunk in agricultural 
districts, the labourers flocked to the mines, and they 
were filled with unskilled men. With all the improve- 
ments of science they lost 1100 lives last year, and 67 
more than the year before. The crisis was a most serious 
one. Men should bestrong and united to check unskilled 
labour from entering the mines. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam coal trade has been affected by the 
uncertainties attending the question of the renewal of 
the sliding scale. On March 28, it was announced 
that the joint committee had decided to continue the 
scale without interruption for another twelve months ; 
and business acquired more activity in consequence. On 
balance, however, steam coal quotations have been rather 
easier ; the best descriptions have made 10s. 9d. to 11s., 
while secondary qualities have brought 10s. 6d. per ton. 
Household coal has been slightly tending downwards, in 
consequence of the advance of the season and the falling 
off in the demand. No. 3 Rhondda large has made 
10s. 3d. to 10s. 6d. per ton. Coke has been in steady 
demand at laté rates, foundry qualities making 15s. to 
16s,, and furnace ditto 12s. 6d. to 13s. 6d. per ton. The 
iron ore trade has been quiet; the best rubio has made 
11s. to 11s. 3d. per ton. In the manufactured iron and 
steel trades a few orders for steel rails have been received; 
heavy sections have made 3/. 12s. 6d. to 3/. 15s. per ton, 
and light sections 4J. 5s. to 4/. 103. per ton. 


Wages at Devonport.—The new financial year for the 

naval establishments commenced on Monday, and in 
accordance with a wages scheme introduced into the 
Dockyards, several increases of pay will take effect. In 
the chief constructor’s department at Devonport, for 
instance, nine fitters and six smiths will receive an in- 
crease of 1s. 6d. per week, and six skilled labourers will 
be advanced 1s. per week each. In the chief engineer’s 
department six fitters will receive 2s. more per week, and 
three boilermakers 1s. 6d. each more per week, while 
the number of established men will be increased by one 
addition each to the coppersmiths, founders, and pattern- 
makers, and two skilled labourers. The new estimates 
provide for an average weekly wage at Devonport of 
60942. Of this sum, the established men of all classes in 
the engineering and shipbuilding departments, numbering 
1434, and the hired men, numbering 4312, will take 5919/. 
The remaining 175/. per week will be expended on teams, 
men in tugs, &c. The 60947. does not include the wages 
of inspectors of shipwrights, amounting to about 50/. per 
week. 
London and South-Western Railway.—The London and 
South-Western Railway Company has purchased 6 acres 
of land with a view to = the accommodation 
afforded at its Salisbury station. It is proposed to have 
a new platform opposite the present down platform, and 
to utilise the up platform space for goods only. It is also 
intended to enlarge the goods station and the down line. 


The “* Cesar.” —The Czaar, line-of-battle ship, has been 
laid down in No. 12 dock at Portsmouth. The material 





for her is not in such an advanced stage as in the case of 


the Majestic or the Prince Goce, and only the shell of 
the ship will be put together in No. 12. The Cesar will 
be moved into No. 13 to have her armour-plates fitted. 


The Electric Light at Newport.—The Uskside Engi- 
neering Company, Limited, has delivered to the Newport 
town council four — of horizontal compound condensing 
engines, fitted with cylinders 13 in. and 24in, in diameter, 
to run at 110 revolutions per minute, with a steam pressure 
of 150lb. per square inch. The flywheels are each 
grooved for eight 1}-in. ropes to drive the dynamos. 


Coal at Devonport.—The War Department has accepted 
a tender of Messrs. Harvey and Sons, of Tamar Wharf, 
Devonport, for supplying coal for the ensuing 12 months. 
The quantity tendered for is 6000 tons. 


West Gloucestershire Water Company.—The report of 
the directors states the number of houses supplied 
as 5313, which, together with some meter and mis- 
cellaneous supplies, are estimated to produce a water 
rental of 4191/. 18s. 2d. per annum. The accounts for 
the half-year show that there was a net profit. of 
7011. 128, 9d. The directors recommend a dividend at 
the rate of 2 per cent. per annum. 


Welsh Railways. — A House of Lords Committee 
appointed to deal with Welsh railway Bills sat on Friday, 
when the East Glamorgan Railway Bill was further con- 
sidered. Mr. Pember, Q.C., laid stress on the fact that 
the bill was intended to divert traffic from the Bute 
Docks, although Lord Bute had been encouraged to spend 
last year 1,000,000/. in extending them. No further 
evidence was called, and Mr. Cripps replied to the whole 
of the petitioners, contending that he had proved that the 
lines were for the public benefit. The committee, after 
consulting for fifteen minutes, decided that it was not 
expedient to sanction Railways 1, 2, 3, and 5. Railways 
Nos. 4 and 6 were withdrawn. The whole scheme is, 
therefore, rejected. 


Portsmouth Docks.—Messrs. Price and Sons have re- 
ceived an intimation that the Lords of the Admiralty will 
require to be placed in possession of No. 14 dock within 
fifteen months ; and in order to comply with this order, 
it has been found necessary to put navvies on night and 
day shifts. The entrance to the dock, which is the first 
to be finished, is to be 98 ft. wide. It can only be ap- 
proached by the tidal basin, the docks, and the repairing 
basin, the openings to all of which are 82 ft. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a moderately 

uiet market last Thursday forenoon, and the tone was 
slightly better. Scotch warrants, to which dealings were 
confined, improved 1d. per ton at 41s. 9d. In the after- 
noon a turnover of about 5000 tons of Scotch warrants 
was reported, and the price was the same as in the fore- 
noon. The settlement prices at the close of the market 
were— Scotch iron, 41s. 9d. per ton ; Cleveland, 34s. 44d. ; 
Cumberland and Middesbrough hematite iron, respec- 
tively, 42s. 6d. and 41s. 3d. per ton. On Friday forenoon, 
the sales of Scotch amounted to about 10,000 tons, and 
one or two lots of Cleveland were alsosold. Prices dropped 
all round 4d. to 14d. per ton. The market continued 
quiet in the afternoon, without any material change 
of prices. Some 5000 or 6000 tons of Scotch iron 
changed hands at 41s, 8d. cash and 41s. 10d. one 
month, with buyers over at the finish, The settlement 
prices were, respectively, 41s. 74d., 34s. 14d., 42s, 6d., and 
41s. 3d. per ton. Monday’s forenoon market was quiet, 
only 7000 tons of Scotch iron were done, but the tone 
was very firm, and on Friday’s cash price an advance of 
2d. per ton was secured. There was also an advance of 
14d. on the price of Cleveland and hematite iron. So far 
as business was concerned, the market remained very 
quiet in the afternoon, but the tone was strong in sym- 
pathy with the advance made in the prices of other 
metals. About 7000 tons of Scotch iron changed hands, 
and as regards prices the close was a shade under 
the best, still Scotch made another 4d. per ton, and 
Cumberland hematite iron 1d. per ton. The closing 
settlement prices were 41s. 104d., 44s. 3d., 42s. 74d., 
and 41s. 3d. per ton, respectively. Between 5000 
and 6000 tons of pig iron, all Scotch, were sold in the 
warrant market on Tuesday forenoon, when the price 
was scarcely as steady as it was on the preceding after- 
noon, and by closing time it had dropped 4d. per ton. 
Other sorts remained unaltered in price. In the after- 
noon the market was steady, and prices were practically 
without change. The business done only reached to about 
7000 tons of Scotch. At the close of the market the 
settlement prices were exactly as on Monday afternoon. 
Business was very quiet this forenoon. Only one lot of 
Scotch was sold for cash, and two or three lots one month, 
and the price gave way ld. per ton. Prices gave way a 
little in the afternoon, when about 6000 tons of Scotch 
and a few lots of other sorts changed hands. At 
the close the settlement prices were, respectively, 
41s. 9d., 348. 3d., 42s. 6d., and 41s. 3d. per ton. 
The following are the current quotations for several special 
brands of makers’ iron: Clyde, 48s. per ton ; Gartsherrie, 
Summerlee, and Calder, 50s. ; Coltness, 52s. 6d.; Lang- 
loan, 61s.—the foregoing all shipped at Glasgow; Glen« 
garnock, (shipped at Ardrossan), 49s. ; Shotts (shipped 
at Leith), 52s. 6d.; Carron ery we at Grangemouth), 
54s. per ton. The number of blast-furnaces in actual 
operation in Scotland remains at 74, as compared with 67 
at this time last year. Four are making ic iron, 29 
are working on hematite ironstone, and 41 are makin 
ordinary iron. Last week’s shipments of pig iron from a 
Scotch ports amounted to 7398 tons, against 4182 tons in 
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tons for South America, 285 tons for Australia, 468 tons 
for Germany, 220 tons for Holland, 285 tons for China 
and Japan, smaller quantities for other countries, and 
5495 tons coastwise. The stock of pig iron in Messrs, 
Connal and Co.’s public warrant stores stood at 284,296 
tons yesterday afternoon, as compared with 284,590 tons 
yesterday week, thus showing for the past week a decrease 
amounting to 300 tons. 


Finished Iron and Steel Trades.—The position of these 
branches of trade does not, unfortunately, lend itself to 
optimiem, for in both of them producers complain of a 
Janguid inquiry and a very indifferent supply of speci- 
fications. In the steel trade the output capacity of the 
works is now so large that makers would require to book 
considerably more orders than they were in the habit of 
doing some years ago to keep their works even moderately 
well employed. The gradual substitution of steel for 
finished iron, coupled with the keen competition waged 
by German and Belgian manufacturers. is seriously 
affecting the malleable iron industry. Prices are not 
quotably worse, but they are shaded when there is a firm 
offer in the market. .There is somewbat more activity 
showing itself at a number of the steel works. 


Glasgow Copper Market.—No business in copper was re- 
ported last Thursday, either forenoon or afternoon, so 
that prices were not actually tested, nor were any trans- 
actions recorded on the following day. It was reported 
that there were some sellers about, and quotations 
hardened up to the extent of 1s. 3d. per ton. Business in 
the copper market still remained without movement on 
Monday, but in the forenoon an advance of 3s. 9d. per ton 
was recorded, and another was reported in the afternoon. 
Yesterday forenoon 100 tons were sold at the improved 
quotations, and in the afternoon 75 tons changed hands at 
381. 18s. 9d. per ton 11 weeks, the settlement price being 
397. 123. 6d. The market was very idle to-day, only two 
lots of 25 tons being sold. Prices were down a little. 


Railway Engineering Feat.—In the course of last Sunday 
a feat which is believed to be unparalled in the history of 
railway engineering was accomplished at Dalmuir. The 
North British Railway line, which terminates at present 
at Clydebank, is being extended to join the main line at 
Dalmuir, so as to form a more direct and expeditious 
route from Glasgow to Helensburgh and Balloch. The 
extension passes under the main line a short distance to 
the east of Dalmuir Station, and within the short space 
20 hours the embankment was cut through, a concrete 
arch constructed, and the F stg vas way restored to its 
normal condition for traffic. At two o’clock on Sunday 
morning Mr. Robert M’Alpine, senior partner of 
the firm of Messrs. Robert M’Alpine and Sons, the 
contractors for the line, started 200 men on the work. 
Messrs. Simpson and Wilson, the engineers; Mr. 
Andrews, the resident engineer; and Mr. Thomas 
M‘Alpine were also present taking part in directin 
the operations, As it was impossible in the limi 
space for all the men to be engaged at once, they worked 
in relays. The work done between 2 a.m. and 10 p m. on 
Sunday embraced the handling of over 2000 tons of material. 
The embankment was dug through to the extent of 36 fb. 
in breadth and length, and to a depth of 15 ft. In six 
hours 600 cubic yards of earth were excavated. A centre 
was then formed on the earthwork, and about 190 cubic 
yards of concrete were laid to form the arch, after which 
the earth was filled in and the line restored. The men 
worked vigorously, and everything passed off without 
the slightest hitch, the task being finished in two 
hours less than the time which it had been expected to 
take. 

Clyde Shipbuilding: Launches during March.—Through- 

out the month of March the shipbuilding trade of the 
Clyde was fairly busy. Some 22 new vessels were placed 
in the water, having an aggregate of 24,755 tons, as com- 
pared with 18 vessels of a total of 20,469 tons in February, 
and eight vessels aggregating 16,025 tons in January, while 
in March of last year the output amounted to 21,417 
tons—17 vessels. The output of last month included 16 
steamers, one sailing vessel, and three yachts. One of the 
steamers, the Diamond, was a vessel of 4500 tons built by 
Messrs. Scott and Co., Greenock, for the Ocean Steam- 
ship Company, of Liverpool, and another was the Cleo- 
yatra, built by Messrs. Caird and Co., also of Greenock, 
~ the Austrian Lloyd’s Company. All the other 
steamers were under the tonnages just mentioned ; all the 
three yachts—the Tara, the Greta, and the Dorris—were 
steamers ; and the sailing vessel was a ship of 1500 tons, 
the Cambusdoon, built by Messrs. Russell and Co., 
Port Glasgow, for Mesers. R. Russell and Co., Glasgow. 
A satisfactory amount of new work in process of com- 
pletion occupies the stocks, and the new orders received 
during the past month, while not so numerous as might 
be desired, show a fair average when measured by ton- 
nage. As regards the past quarter’s output, it is set 
down at 48 vessels, of a total of 61,249 tons, a total which 
has been exceeded a number of times in corresponding 
quarters within the past dozen years or so. 


New Shipbuilding Orders.—Messrs. A. Macmillan and 
Co., Dumbarton, have secured an order to build a steamer 
of 4000 tons for Messrs. R. A. Mudie and Sons, Dundee. 
Her engines are to be supplied by Messrs. David Rowan 
and Son, Glasgow.—Messrs. William Hamilton and Co., 
Port Glasgow, have contracted to build a steam screw tug 
for service on the River Thames. Messrs. David Rowan 
and Son will also supply the engines for this vessel.—The 
Blyth Harbour Commissioners have placed an order for 
a new dredger with Messrs. Fleming and Fergusson, 


Paisley. The vessel will be of the twin-screw hopper 


type. 
Shipping Laid Up on the Clyde.—While the amount of 
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ports of the kingdom is just now exceptional, it is 
stated that on the Clyde alone—in the Gareloch—ship- 
ping is lying idle to the extent of between 50,000 and 
60,000 tons. Some of the vessels are very large steamers, 
whoseiron hulls are in good condition, but whose engines 
(of the surface-condensing order), are now considered to 
be out of date. 


Aberdeen Harbour Improvements.—The Aberdeen Har- 
bour Commissioners have resolved to provide additional 
shed accommodation on both sides of the docks, and a 
new steel swing bridge, with double line of rails, to take 
the place of Regent Bridge, which at present crosses the 
east end of the oe Y dock. The work will be carried out 
by instalments. It is estimated that the cost of the new 
sheds will amount to upwards of 33,000/., while that of 
the bridge will be about 13,4007. The provision of in- 
creased shed accommodation will necessitate the widening 
of the quays, which accounts for a considerable part of 
the expenditure. 





Patent Law Rerorm.—Mr. Fletcher Moulton, Q.C., 
MP... has introduced a Bill for amending the patent laws. 
Its details are not yet known, but the matter is one which 
will require very careful consideration and full discus- 
sion, and it is to be hoped that a measure dealing with 
such important interests will not be rushed through. One 
thing with which we believe Mr. Moulton proposes to deal 
is provisional protection. So far as we have been able to 
gather we are disposed to fear that his proposals are 
such as may meet with considerable opposition. The 
subject of provisional protection is one requiring grave 


consideration, and in this connection we think that an 





tonnage laid aside as unremunerative all over the leading 


article on the subject which appeared in our issue of 











January 29, 1886, ou ht not to be lost sight of. We pro- 
pose to go more fully into the matter when Mr. Moul- 
ton’s Bill is made public. 





GreRMAN Coat Mininc.—The production of coal in 
Germany last year attained an aggregate of 76,772,659 
tons, as compared with 73,852,330 tons in 1893. In the 
total representing last year’s output the Breslau district 
figured for 20,890,387 tons, as compared with 20,705,861 
tons in 1893 ; the Dortmund district, for 40,613,373 tons ; 
as compared with 38,613,146 tons; the Born district, for 
8,593,141 tons, as compared with 7,798,934 tons ; Saxony, 
for 4,154,758 tons, as compared with 4,274,064 tons ; 
and Alsace and Lorraine, for 969,880 tons, as com- 
a with 919,400 tons. The production of lignites 
ast year in Germany amounted to 22,103,446 tons, 
as compared with 21,573,823 tons in 1893, In these 
totals the Halle district figured for 15,763,063 tons, as 
compared with 15,715,212 tons. The average value of the 
coal raised in Germany last year was 6s. 7d. per ton, as 
compared with 6s. 9d. per ton in 1893. The average value 
of the gee raised in Germany Jast year amounted 
to 2s. + per ton, as compared with 2s, 6d. per 
ton in 1893. It is curious to observe the difference 
between the working results attained by each miner em- 
ployed in the various coalmining districts of Prussia 
during the last ‘Seven years. In 1887 this average stood 
in Upper Silesia at 328 tons per man, and it advanced 
to 365 tons per man in 1889. In 1892, it had receded to 
305 tons per man ; but in 1893 it rallied to 323 tons per 
man. In Lower Silesia the ave output was only 228 
tons per man in 1887; in 1892 the average had sunk to 


197 tons per man; in 1893, it rallied to 209 tons per 
man 
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INDUSTRIAL NOTES. inet 
one great disturbing element in the industria 
on still the strike and lock-out in the boot and 
shoe trades. Various efforts have been made in the 
interests of peace, but so far without any good effect. 
And yet both parties say that they are in favour of 
arbitration. Each side, however, interprets it in its 
own way, that is to say, with certain reservations. All 
the reports as to the wavering of employers seem to 
be untrue or greatly exaggerated. In the chief dis- 
tricts affected by the strike, such 3s Leicester and 
Northampton and the surrounding districts, it rather 
appears that the non-federated employers have mostly 
joined the federation since the struggle began. In 
London the employers are standing together to an 
extent that was hardly expected. The great meeting 
at Cannon-street Hotel on Friday last indicated that 
the London employers were united almost to a man. 
One of the employers who was regarded as a ‘‘ suspect,” 
he being a prominent member of the London County 
Council, and therefore thought to be influenced politi- 
cally towards the men, cordially supported the resolu- 
tion, and denied that there were any grounds for the 
rumour that he intended to break away from the 
federation. It was stated at that meeting that the 
employers were fighting for arbitration as a principle. 
Mr. Griffin Ward, whose name is so prominently mixed 
up with the dispute, declared that the evils of the trade 
have been brought about by the Independent Labour 
Party and the Socialists having captured the executive 
of the men’s union. The men, on the other hand, 
believe that they will win in the long run, but it is 
feared that the struggle will last over Easter. Both 
sides state that they are firm in the determination to 
fight it out and not to give way. Some of the 
masters are endeavouring to extend the trade more 
and more into the villages, where they believe that 
the men will be less influenced by the union. But this 
will take time, and generally the villagers are more or 
less in sympathy with, even when not members of, the 
union. Shoemakers, as a rule, are not anti-union men, 
even when not members of the society. 





The Parliamentary inquiry into the ——- ques- 
tion is becoming somewhat wearisome to the members 
of the Committee. Some of the members rather insist 
upon extending the questions into’ matters which 
others regard as without the scope of the inquiry, 
such as questions of land tenure, the influence of allot- 
ments, &c. Some deliberations with closed doors have 
taken place, with the result, apparently, that the scope 
of the questions is not to be curtailed. Much attention 
is being given to the question of indoor versus outdoor 
relief ; to the system of relief in temporary cases, by 
the stoneyard test, and other methods, and to relief 
by the municipality or local authority, and not 
by the poor-law guardians. The necessity for an 
interim report suggesting remedies, having passed 
away, or, at least, having become less acute, there 
appears to be a desire to sift the matter to the bottom, 

‘as to be prepared for any future contingency. 
Interference with the existing law is postponed, 
which means practically that for any modifica- 
tion of the system introduced in 1834, it will 
be necessary to have recourse to legislation. But, 
within the limits of the provisions of the law, much 
may be done by a more liberal, but at the same time 
prudent, reform of the administration, which may not 
need any fresh Act of Parliament. Two systems are 
now at work side by side, under the provisions of the 
same law ; one is an extended system of outdoor relief, 
the other is almost practically no outdoor relief. Some 
of the poor-law unions in London have adopted the 
lattersystem. In this respect there is great difference 
ofopinion. In two parishes in the East End of London 
there is very little outdoor relief, it is almost done 
away with ; but the other parishes adjoining or near 
thereto complain that the poor are driven into them. 
But the real question is whether a poor man and 
his family, in need of temporary assistance, are really 
to be driven into the ‘‘house” and be thus made 
‘‘paupers,” or whether they shall be assisted to tide 
over the difficulty, and so remain without that taint. 
This is the question which the Committee must help 
to solve, or their labours will be in vain, and the 
whole subject will again revert to the House of Com- 
mons. 





Although the improvement in the engineering trades 
of Lancashire is slowin manifesting itself, yet it appears 
to be gradually, but surely, taking place, first in one 
branchand then in anothor. It seems that some fairly 
large orders inthestationary engine branch haverecently 
been given out, and the locomotive builders are busier 
than they have been for some time. The Manchester, 
Sheffield, and Lincolnshire Railway Company have given 
out orders of considerable weight in connection with the 
projected newline to London. One firm alone appears 
to have secured an order for 1000 pairs of wagon 
wheels and axles. Tolerably large orders are also in 
hand for the South-Eastern Railway Company, and also 
for India and Ceylon, Thus the railway departments 





have a prospect of a good run of work for some time 
to come. Machine-tool makers, except in special cases, 
seem, however, to be only moderately employed, and 
boilermakers also continue quiet. In the more general 
branches the improvement is even ‘less manifest, but 
with greater activity in special departments, these 
also will be pelewecter 4 The iron trade continues to be 
very quiet. In the finished branches the same dulness 
continues. The steel trade also remains quiet ; only a 
limited weight of business is stirring, but prices are 
rather firmer than they were. In the general metal 
market rather more business is reported, some branches 
having experienced a hardening of prices. 

The general condition of the textile industries in 
Lancashire is still causing a good deal of anxiety ; em- 
ployers and employed alike are feeling some dis- 
quietude. Were it not for the low price of raw cotton, 
things would be a great deal worse. The growth of 
the cotton industries in India, America, Japan, and 
some other countries, produces a feeling of uncertainty 
as to the future, which is intensified by the Indian 
cotton duties and the rates of exchange with India and 
the East generally. Employment is slack, and many 
workers are idle or on short time. 


In the Wolverhampton district there has been a 
more hopeful feeling as regards the prospects of trade 
during the current quarter. Some moderate orders 
have been booked for medium bars, hoops, sheets, and 
galvanised iron generally, and prices would appear to 
be hardening, if not actually improving. The outlook 
generally may be said to have improved in the con- 
structive branches of the iron and steel trades, such 
as bridge and girder work, and also in some of the 
engineering branches of industry. 

At the meeting of the Midland Wages Board the 
certificate of the accountant stated that as a result of 
the examination of the returns, in respect of iron 
made by the selected firms for the first two months of 
this year, it was found that the net average selling 
price obtained was 5/. 13s. 0§d. per ton, or a reduc- 
tion of 1ld. per ton. This was not sufficient to make 
any change in the rates of wages for the current two 
months. It had been feared that a reduction would 
have been suggested, but the lowering of prices in 
some of the qualities has not had that effect up to the 
present time. 





In the Birmingham district there seems to be more 
improvement as regards orders for iron, especially 
for export to India, the Cape, and Australia. But 
prices rule very low, and there is only nominal profit 
on a good deal of business. The heavier trades show 
signs of greater activity, in some branches at least, and 
generally the prospects are brighter. There are no 
labour disputes of any moment in the district, nor are 
there any questions pending likely to produce any great 
amount of friction. In the surrounding districts 
also there is an absence of labour troubles, except in 
the nail, chain, and similar branches, in which friction 
of some kind is the normal condition. 





It appears to be in contemplation by the Indepen- 
dent Labour Party and the Socialist element in the 
labour movement, to try to capture the executive 
power of the Amalgamated Society of Engineers, The 
assistant secretary is to be run by them against the 
present general secretary, Mr. John Anderson. Such 
contests are not unknown in the Amalgamated Society, 
but they have been few and far between. Mr. William 
Allan was secretary for many years, up to the day of 
his death. Mr. Burnett was secretary, until appointed 
as Labour Correspondent to the Board of Trade. The 
previous general secretary held the appointment till 
his death. But recently there has been a desire on the 
part of a section to run a more advanced man—to cap- 
ture the association, in point of fact, for the Socialists. 
Hitherto the attempt has failed, and it is not likely to 
succeed now. 

The Amalgamated Society of Engineers and the 
Vellum Binders are just now at loggerheads over the 
binding of the former’s reports. The Vellum Binders 
declare that the binding is given out to a non-union 
house, to a firm which is not on the fair-house list of 
any bookbinding trade society, and they call upon the 
members of the union to repudiate the action of their 
executive council. 





Owing to the continued depression in the tinplate 
trade, the men at the Worcester and Forest Works, 
Morriston, have decided to accept 124 per cent. re- 
duction in their wages for two months longer, rather 
than run the risk of a dispute. 


The question of the lines of demarcation between 
different classes of work was again brought under 
the notice of the Admiralty by a deputation re- 
presenting different classes of workmen, from various 
parts of the country, during last week. The depu- 
tation was introduced by Mr. Charles Fenwick, 
M.P. The chief object of the deputation was to 
obtain the assurance of the Admiralty that no final 





step should be taken without hearing what the 
workmen had to say. Mr. Robertson assured the 
deputation that the Controller’s Committee would 
hear what the engineers, boilermakers, shipwrights, 
and others had to say before any final decision was 
arrived at. 

A great meeting of Government workers in the 
arsenals, factories, and workshops was held at Wool- 
wich last week to call upon the Government to pay 
trade union rates of wages to all their employés, with 
a minimum of 24s. per week. Communications were 
read from the War Office to the effect that the matter 
was under consideration, but that no decision was as 
yet arrived at. Some of the speakers denounced ‘‘ the 
Government as sweaters on a huge scale.” The reso- 
lution demanded 24s, per week as a minimum for all 
workers, including the unskilled labourers. On the 
whole, the Government is having a lively time of it; 
every class of civil servants and workers are demanding 
better pay, reduced hours of labour, quicker promo- 
tion, better superannuation allowances, and abolition 
of classification. With all these demands the Chan- 
cellor of the Exchequer will have some difficulty in 
dealing, that is, if he hopes to give satisfaction to the 
claimants for a share in his surplus. 


As we are approaching the month of May, the May- 
day Celebration Committee are bestirring themselves 
for the demonstration proposed to be held. Hitherto, 
with one exception, those demonstrations in England 
have been held ona Sunday. The First of May Cele- 
bration Committee, in their manifesto, say, ‘‘ These 
Sunday demonstrations have done great work ; but 
they have had their day.” It is, therefore, proposed 
that the demonstration of this year shall be held in 
Hyde Park on Wednesday, May 1, at 3.30 p.m., “ to 
protest against the deadly system under which you are 
dying daily.” The object of the demonstration is the 
‘* putting forward their claims for those immediate 
political and social reforms which will lead to the 
ultimate end of the working-class movement, the 
abolition of capitalism, and the establishment of 
socialism.” English workers are told that they “ are 
rapidly falling into line with their Continental 
brethren in the great battle against the capitalist class.” 
This sounds all very well, but where on the Continent 
are the workers equally well off in comparison with 
their British comrades? All reports from friend and 
foe alike seem to show that the Continental brethren 
are very far behind, 





The sixth report of the Gas Workers’ Union repre- 
sents the society as being in a healthy and prosperous 
condition, both as regards numbers and finances, The 
report deals with the unemployed, with the eight- 
hours’ day, and other matters. As regards the former, 
the secretary does not think that fndin work here 
and there for a few men by the local authorities will 
be permanently beneficial. Even the eight-hours day 
would only bring temporary relief. 





The General Labourers’ Union has issued its 
twenty-third yearly report, The union has a member- 
ship of 4240, and a balance of over 2090/. New branches 
have been opened at several places, and last year the 
income exceeded the expenditure by nearly 186/. 





There seems to be trouble pending at the docks over 
the grain elevators. The men are opposed to the in- 
troduction of machinery, and it looks as if a strike is 
likely to result. If these men knew the history of 
strikes, they would see that strikes against machinery 
have always been failures, and now the feeling in 
favour of machinery is stronger with the general public 
than ever. 





The Builders’ Labourers’ Union reports very strongly 
against what it calls the bad faith of the master 
builders in the pending dispute. But it is hardly 
wise to use strong language while the negotiations 
are going on, for even though the last meeting did 
not promise very fairly, yet it was not final. The 
masters also complain of bad faith. In reality almost 
the whole of the difficulty arose over a demand to dis- 
miss a foreman, and also over the employment of non- 
union men, matters really outside of the agreement 
entered into between the two parties. 





Arising out of the boot and shoe trades dispute 
there have been several cases of intimidation, some of 
which have been severely dealt with. Four men were 
fined 10/. each and costs, or 21 days’ imprisonment. 
Four others were committed for trial. In one case six 
men were apprehended by warrant, being roused 
from their rom and sent, handcuffed, to Leicester, 
Those cases were adjourned, In another case eight 
men were fined 5/. each and costs. These infractions 
of the law will not help the men, and they will only 
embitter the strife. 

To make matters worse in Leicester, the building 
operatives have determined to come out on strike for 
an advance in wages, the mechanics for one penny per 
hour, and the labourers for a halfpenny. About 2000 
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operatives are affected, and about as many more will 
be thrown idle if a strike takes place. The employers 
declare that the state of trade does not warrant any 
advance. 





The coal trade in Durham is in such a depressed 
state that the coalowners are seeking a reduction 
of wages, a substantial reduction throughout the 
county. Many of the collieries are idle; at others the 
men only work short time. The matter will be dealt 
with by the conciliation board, which is now in opera- 
tion. It is probable that similar action will be taken 
in Northumberland, but it has not yet beentaken. To 
a great extent those two great coalfields are similarly 
affected ; a rise or a fall in one county is usually 
followed by similar action in the other. The Durham 
representative in the House of Commons was hurriedly 
called back to the chief office to take part in the de- 
liberations on Friday last, so as to be ready for nego- 
tiations with the employers. 

The threatened dispute in the Welsh coal trade has 
been averted, except, perhaps, for one section, which 
will, doubtless, be eettled inanamicablemanner shortly. 
At the conference between the coalowners and the 
representatives of the miners, held at the Westminster 
Palace Hotel, it was agreed, after some discussion, to 
withdraw all notices by either side, and to continue 
the sliding scale arrangement in force for 18 months 
certain. This agreement practically affects the 
whole of the South Wales coalfield, employing about 
100,000 persons, with an output of 30,000,000 tons of 
coal annually. With this settlement, the whole of the 
miners of England and Wales are brought fairly into 
line. Scotland alone is without any such arrangement. 
Perhaps this part of Britain will also come in. 

The exception spoken of above is the dispute with 
the hauliers. Their dispute is over a question of fines 
imposed for absenting themselves from work. The 
complaint is that these fines are impositions, and the 
Home Secretary’s attention has been called to the 
matter. The dispute is very unfortunate, for at the 
Plymouth collieries some 1500 men were thrown idle 
at the close of last week thereby. 





REMARKS ON STEAM PIPES.* 
By Mr. J. T. Mitton, Member of Council. 

Tur importance of having reliable steam pipes on board 
vessels cannot be overestimated. There have been a few 
cases where pipes have fractured with fatal results, which 
at the time drew attention to the snbject; but minor 
accidents occur, and serious troubles with joints, &c., 
have to be faced, in which very little interest is taken. 
For instance, since the accident to the steam pipe of the 
Elbe in 1887, there have been 15 casualties to the steam 
pipes of British-owned vessels which have been inquired 
into by the Board of Trade under the Explosions Act of 
1882. A list of these cases is given at the end of the 


2a per. 

. The object of the present paper is to bring forward 
some points of interest in connection with steam pipes, 
with a view of eliciting, in the discussion, the opinions of 
those who make and those who are responsible for the 
maintenance of these pipes, as to the best material of 
which to make them, and the best means to be adopted to 
provide for their special requirements in the way of 
expansion, draining, &c. 

With regard to material, by far the greater number of 
steam pipes have been and are being made of copper, 
but of late wrought iron has, in a few cases, been used. 
Amongst the vessels fitted with wrought-iron pipes may be 
mentioned the Campaniaand Lucania. The following list, 
showing the names of some Liverpool ships in which cast- 
iron steam pipes (and cast-iron feed pipes) have been in use 
for many years, will probably be a surprise to some of the 
members of this Institution, as it was to me when the 
information was given to me three years ago by Mr. 
McGregor, my colleague in Liverpool : 


Age of 
Name of Vessel. Steam Pipes. 
Years. 

Africano... en ses oe ae _oo' ae 
Agia Sofia eek om sce ne oo ae 
Ararat... aes wit ne ae os, ae 
Arcadia ... Le — ee ; ov ae 
Bernard Hall ... a = me |: 
Britannia se < ae +(e 
conia ... bi bite = wi sik.) oa 
Lord Clive sis ee 5 ; a ae 
Lord Gough _... Je ick oe ee 
Macedonia i. ae : = overt 
Nieta... : as oe ia son 
Nina se ae a : as won 
Palm... — ies es es a ee 
Plantain ... - re a a mS 
Roumelia = ae ee oe wi ED 
*Andean ... ro oy — ~A | 
* Australian = = te es os 
*Haytian ... ee 19 


* These vessels are now broken up or dismantled, but 
the cast-iron steam pipes were in use for the periods 
stated. 


The almost invariable use of copper for steam pipes for 
s0 many years has — the general impression that 
it is the only suitable material. It, no doubt, was origi- 


* Paper read before the Institution of Naval Architects, 


nally selected on account of its non-liability to corrosion 
on one hand, and of its great ductility on the other. As 
regards corrosion, the almost invariable use of cast-iron 
for stop-valve chests and safety-valve chests, as well as its 
frequent use for T-pieces connecting copper steam pipes, 
and its invariable use for the slide chests and doors of the 
high-pressure cylinders, shows that cast iron, at any rate, 
can be used, without misgivings on this point, in parts 
which, like steam pipes, are always subjected to the full 
pressure of the steam, while the experience of the 18 
vessels previously mentioned also bears this out. The 
experience with the Campania and the Lucania, so far as 
it has gone, and also of several other large vessels in which 
they have been somewhat longer in use, shows that 
wrought-iron pipes also give no trouble in this respect. 
It was, therefore, no doubt, mainly owing to the ductility 
of copper that it obtained, and has since maintained, the 
preference over other materials for steam pipes. 

Steam pipes have to withstand considerable changes of 
temperature, and their length is consequently liable to 
continual alterations. Their attachment to the engine 
may be liable to slight alteration in position, owing to the 
working or vibration of the engines or veseel ; while those 
to the boilers are also liable to small displacements, due to 
the contraction or expansion of the boilers from variations 
of temperatures. All these changes are generally taken 
up or provided for by the deformation of easy bends in 
the pipes, or by expansion stuffing-boxes where the pipes 
are straight. 

It is evident that whatever forces are necessary to 
produce the deformation of a length of steam pipes neces- 
sary to allow for the expansion of the pipes, or for any 
possible working of the engines in the vessel, these forces 
have to be withstood by the necks of the stop- valve chests 
or their attachments to the boilers and to the engines. 
In the case of pipes of small diameters and small thick- 
ness, if the bends are easy, a moderate force may be suf- 
ficient ; but if the pipes are thicker, even if the diameters 
and the shapes of the bends are the same, the forces 
required to be borne by the attachments will increase in 
proportion to the thickness. The same thing holds good 
of the flange joints between the different lengths of pipe. 
These have to sustain the forces brought on the end 
attachments, and it migbt, therefore, very well happen 
that a design suitable for steam pressure of 60 lb. may 
be altogether unfit for 1801]b. solely on account of the 
greater thickness required making the pipes more rigid. 

It must be remembered that the advance of engineering 
of late has not only increased the steam pressures used— 
and, therefore, the temperatures also—bubt engines are, in 
general, of much greater size and power than those used 
years ago. The steam pipes now, therefore, are, as a 
rule, larger in diameter, much thicker, and are subject to 
a changes of temperature and expansion, &c., than 

ormerly. These all make the pipes so much stiffer, or 
more rigid, that with many pipes, even when made of 
copper, their rigidity is so great that their yielding or 
altering form cannot be relied upon to relieve expansion 
strains, which have, therefore, to be provided for in the 
sume way a3 they would need to be if the pipes were made 
of cast iron. 

Concurrently with the trouble of providing for expan- 
sion, &c., with thick and large pipes, there arises also a 
difficulty in manufacturing them. The usual method of 
making pipes of large diameter is to make them, both 
bends and straights, from copper sheets, the straights, 


except in very large pipes, having one seam along the ; 


entire length, the bends having two seams along the sides, 
the saddle and back pieces being each worked up from 
one sheet. The seams are invariably brazed, the edges 
of the copper being thinned down to form a scarph. 
Now, the difficulty of satisfactorily brazing a joint of this 
description increases rapidly with the thickness. The 
heat has necessarily to be applied from the outside, and 
has to pass through the thickness of the metal to reach 
the brazing solder, and thus the risk of overheating the 
copper on the outside, and consequently burning it, is 
much greater with thick than with fairly thin copper. 
There is also a further danger of deoxidising the copper, 
both in the brazing and also in the previous annealings to 
which the copper has to be subjected. To this further 
reference will presently be made. 

All these considerations have made some of our pro- 
minent engineers look with disfavour upon copper as a 
material for large steam pipes, and to turn their atten- 
tion to iron and steel. 

Endeavours have been made to introduce seamless pipes 
of large size for these purposes to avoid the risk of braz- 
ing. These are made by several firms, and lately, I 
believe, with a certain amount of success; but amongst 
some of the earliest of those made some serious longi- 
tudinal defects, probably arising from a local defect in the 
original ingot being drawn out lengthwise in the manu- 
facture of the pipe, caused them to be looked upon with 
a certain amount of suspicion, besides which the great 
difficulty of making satisfactory bends with these large 
pipes has no doubt had some influence in preventing their 
more general use. 

While treating of bending copper pipes, it may be well 
to mention that the usual practice is to make bends from 
tubes one gauge thicker than straight pipes of the same 
diameter. This is, no doubt, correct practice, so long as 
the radius of the bend does not fall below a certain value, 
depending on the diameter and thickness of the pipes; 
but where sharp bends are made from bent tubes, a greater 
thickness ought to be provided. It is often assumed that 
in bending pipes the axis of the tube does not lengthen, 
and that the material of the saddle of the pipe becomes 
compressed to an amount about equal to the extension at 
the back of the bend. This is not the case. The com- 
pression of the material is not very great, and the pipe 
bends by extending not only at the hon of the bend, but 
also along the sides ; and if it be remembered that the 








thinning of the metal must be proportional to the exten- 
sion, it will be found that one gauge thicker is in many 
cases scarcely sufficient to provide for this. 

In vol. ii., page 431, of the Transactions of the Iron 
and Steel Institute, there is descri a method by 
means of which seamless steel boiler tubes are made in 
Germany, and it is understood that a somewhat similar 
process is in use in this country for making seamless 
— tuber. In some cases, however, these tubes are 
still made by repeated drawings from a cast pipe, in which 
case any original defect in the casting must produce a 
more serious defect in the finished tube. 

The method of manufacturing the Elmore copper pipes 
has been publicly described, and it has been claimed that 
it renders the probability of their containing any latent 
defect very remote. 

The following results of tests made by the Elmore 
Copper Company upon two tubes made by themselves, 
and on one seamless tube and three brazed tubes which 
they procured from other makers, will be of interest ; 
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Ee 3 em (2203 
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je |e ae 
in in Ib. per 


sq. in. 
Elmore de- 12.0389 .121 930 20.65 Pipe commenced 


posited to stretch at 
about 800 Jb. 
perequare inch 
Ditto .. 905 .118 1°09 | 188 Fractured at 
| flange only 
Seamless 7.25 125 1520 193 | 
drawn | 
| 15.58 On thinnest sec- 
Brazed ../12.52 From .104, 5&0 tion 
to .144 12.56 On mean section 


| 12.36 On thinnest sec- 
Ditto ..| 9.23 |From .125 750 | tion 
to .143 | (11.27. On mean section 


| | | ( 10.65 On thinnest sec- 
-.| 7.88 |From .116 750 
to .126 


Ditto tion 
| iT 1000 On mean section 
| | 
No1k,.—All the brazed pipes burst by tearing at the edge of the 
brazing. 
TABLE IT.—Showing the Results of Tests of Strips of Copper 
— the Seamless Drawn, Elmore Deposited, and Brazed 
opper. 








Dimensions of Test ae | 
Piece, ass } 
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ot ae gee 8 
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' < . Pine-d 2 Remarks. 
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Tests from Seamless Drawn. 
in in. | in. | 8q. \eq. in.) per (tns. p. tns. p.| 
| | | in. cent. |eq. in. sq. in.| 
74 | 1.496| .127 |.190 .172 | 08 | 10.5 | 21.6 | Not annealed 
7% | 1.494 .123 |.184| .165 | 25 | 18.06) 23.4 | Se 
7} | 1.497) .125 |.187, .151 | 19.8 | 4.4 14.7 | Annealed 
74! 1.495 | .125 1.187) .144 | 20.7 4.28 15.3 + 


Tests from Elmore Deposited Copper Pipe. 


9 | 1.491 | .118 ).176, .094 | 22.9 | 2.39 | 21.1 | Not annealed 
9 | 1.496.113 |.169° .082 | 25.6 2.25 | 21.2 96 

9 | 1,493 .112 |.167| .088 | 43.0 1.90 | 15.6 | Annealed 

9 | 1.496 | .115 |.172' .092 | 43.0 | 3.00 15.1 ” 

9 | 1.496 | .113 |.169 .084 | 25.0 | 2.48 | 20.9 | Not annealed 
9 | 1.496 .120 |.179, .097 | 25.0 | 2.78 20.4 ” 

9 1.495 .117 |.175, .084 43.0 | 1.49 | 15.5 | Annealed 

9 | 1.495 .120 |.179; .091 41.6 | 1.40 | 16.2 *” 

7} | 1.495 .084 |.126 .078 21.1 | 3.60 24.3 | Not annealed 
74 | 1.499 .085 |.127, .077 | 20.0 | 2.70 | 24.1 a 

7} |1.494 .085 |.127| .068 | 43.5 | 2.90 | 16.5 Annealed 

74 11.498 .088 |.182/ .066 45.6 240 | 16.2 ” 


Tests from the Copper from which the Brazed Pipes 
were made. 

9 {| 1494) .135 .200| .178 | 19.4 | 3.90 | 17.4 | Unanneale 
9 | 1.492} .133 '.198} .124 29.8 | 6.90 /| 17.8 
74 | 1.496 | .121 .181| .141 | 28.9 4.14 | 16.5 
9 | 1.495! .186 .200| .151 | 32.6 | 2.25 16.9 
9 17.2 
7 


” 





Annealed 
1.490.135 .198/ .117 | 388 | 4.10 99 
1.496 | .123 .184! .187 | 31.8 ' 3.80) 15.5! 9 


Tests from Brazed Pipes Cut Across the Joints. 


on 


9 | 1.488 110 |.16¢) 175 | 24 | 3.30 | 140 , Unannealed 
9 1490 .135 .200| 126 | 13.9 | 375 | 15.35, n 

7}, 1.492 1121 [180/144 24 | 3.88 13.06 | 

9 | 1.492 .112 |.167) 168 | 2.8 | 2.09 | 14.10 i 

9 1.490 .134 .199) 146 | 20.1 | 2.56 14.5 | Annealed 
7; 1496 .120 179) .184 1291365 126 Me 





All but last test broke at edge of brazing. The last test b:oke 
partly at edge and partly through the brazing. 


Mean Results. 


| Tons per | Extension 





— Tensile 
Strength.  SquareInch.| rer Cent. 
Elmore copper... annealed 15.85 | 43.3 
re a cee unannealed 220 | 23.3 
Seamless drawn annealed 16.0 20.07 
” ‘“ unannealed 22.5 165 
Ordinary copper annealed 16,53 34.4 
» » unannealed 17.23 26.0 
Brazed joint annealed 13.55 o 
oe unannealed | 14.10 
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ill be cbserved that the seamless drawn, and also 
Rag tubes, showed a high degree of strength, 
which indicated that they were hard or unannealed, a 
condition in which they would not be used in practice, 
as steam pipes are always left annealed, or very slightly 
hardened by planishing. To show the actual strengths 
of the copper in an annealed condition, 28 test pieces 
were cub from these pipes and tested in an ordinary ten- 
sile testing machine, some of them being annealed, 
others unannealed. The results of these tests are given in 
e Il. 
“— these tensile tests it will appear that Elmore 
copper even when hard has much extension, but that it 
commences to elongate at much less stress than annealed 
ordinary copper ; while, when annealed, its behaviour as to 
ultimate strength and extension is very similar to that 
of good commercial copper, but it appears to commence 
to elongate at somewhat lower stresses than the latter. 
While treating of copper pipes it may be well to say a 
few words as to the qualities of copper. Engineers 
generally purchase their copper sheets or tubes without 
subjecting them to rigid tests, relying upon the reputa- 
tion of the makers for supplying a good article, and not 
troubling about the chemical composition, &c , so long as 
it is found to work well. In view of the great ductility 
of copper, the working of even an indifferent sample of 
copper may not be sufficient to detect its quality, espe- 
cially when made into straight or nearly straight pipes. 
Commercial copper is practically never pure, the 
amount of different impurities found in it being pro- 
bably greater than in the case of any other metal com- 
monly used. Information on this question can be found 
in the Transactions of Mechanical Engineers No. 2, 
1893, where two papers will be found on the subject, by 
Professor W. C. Roberts-Austen and Mr. William Dean, 
respectively. An opinion is generally held by locomotive 
engineers, coppersmiths, and many others that the com- 
mercial copper of the present day, although chemically 
urer than that of years ago, is inferior in respect to its 
asting qualities, both as regards ability to resist corro- 
sive influences and also to withstand fatigue without 
cracking. Accordingly, for some purposes, what may be 
termed impurities are added to the copper for the purpose 
of improving some of its properties. The papers referred 
to, and the discussion on them, appear to show that 
arsenic up to a proportion of 4 per cent. is certainly not 
injurious, and is probably beneficial, improving both the 
tensile strength and ductility of the copper. On the 
other hand, bismuth is objectionable, even small quanti- 
ties, such as .1 per cent., being sufficient to make the 
metal absolutely unreliable when heated above the boil- 
ing point of water. The following figures, extracted from 
the paper by Professor Roberts- Austen, show these 
points : 





Percentage of 


Temperature | Tensile 
Elongation. 


» | Strength per 
of Copper. | Square Inch. 











deg. Fahr. | Ib. 
Pure copper 64 | 18,450 20 
64 19,740 85 
Copper containing 63 24,840 20 
1.2 per cent. of 266 20,470 16.6 
arsenic 435 16,460 15 
511 14,340 4 
655 14,860 10 
Copper containing 59 26,460 20 
1.5 per cent. of 64 25,400 25 to 50 
arsenic 241 23,460 26 
419 19,450 37 
500 18,360 Irregular 
586 15,030 0 
Percentage of 
Elongation in 
| 4 in. 
Copper containing 59 | 18,020 20 
-l per cent. of 214 | 11,510 15 
bismuth 324 | 5,620 0 
390 3,860 0 
525 4,940 0 


558 2,770 0 


Particulars are given in this Table for comparison 
of pure copper and of copper containing arsenic or 
bismuth, in all cases the copper being as cast, not 
hammered. 

A small quantity of lead, say under .1 per cent., does 

not appear to be objectionable, but large quantities are 
not desirable; on the other hand, it appears that nickel 
and silver are not detrimental, the samples quoted by 
Mr. Dean as containing the largest proportions of these 
elements having given satisfactory results in use. 
_ Itis rather singular that in all copper made by smelt- 
ing oxygen is required in the copper to give ductility ; 
the actual amount required in any case varies apparently 
with the proportions and amounts of the various im- 
purities present. The precise amount needed is ascer- 
tained by frequent tests made during the “‘ poling” pro- 
cess. If less than sufficient oxygen is present, the copper 
is called ‘‘ over-poled,” and is deficient in ductility, while 
if the oxygen is in excess, and the copper ‘‘dry,” as it is 
termed, ductility also is lost, When the exact propor- 
tion is present the copper is termed ‘‘ tough,” or ‘‘ tough 
pitch,” and is ductile, 

A point not generally appreciated by coppersmiths is 
that copper of the proper ‘‘ pitch,” that is to say, con- 
taining the exact proportion of oxygen to give it its 
proper ductility, can be made to give up its oxygen and 
to become in fact ‘‘ over-poled ” by heating it in a reducing 
flame; that is, a flame not fully charged with oxygen. 
On the other hand, by heating it in an oxidising flame, it 
does not appear to absorb oxygen into the body of the 
material, the oxygen remaining on its surface, combined 
with some of the copper, in the form of oxide scale. If, 
therefore, copper is aunealed or brazed, or worked in any 








way in a reducing flame, it loses its ‘“‘ pitch,” and this 
cannot subsequently be regained by reheating in an oxi- 
dising flame. This matter was strongly impressed upon 
me by Dr. Watson, of the Broughton nom Company, to 
whom I am indebted for much information on copper, 
and from experiments on this point I am of opinion 
that many of the so-called ‘‘ burnings” of copper arise 
from heating in a reducing flame, rather than from over- 
heating, or being raised to too high a temperature. 

Inasmuch as the proportion of oxygen required to pro- 
duce the proper ‘‘ pitch ” in copper varies according to the 
composition of the copper, the liability of its losing pitch 
during working will probably be much greater in some 
qualities of copper than in others. 

It has been stated that the tensile strength and duc- 
tility of copper vary according to its composition, but 
with the same mixture of metal they vary very much 
more with the mechanical treatment it undergoes. If 

roperly annealed, its tensile strength is comparatively 
ow, and its ductility is high. In comparing the qualities 
of copper, therefore, it is necessary to fix the standard 
as being thoroughly annealed. To show the effect of 
annealing and of work the following tests recently made 
may be quoted. A copper tube was drawn in one opera- 
tion from 3 w.g. to 11 w.g. (a very excessive draw, more 
than doubling its length). Jts tensile strength when 
drawn was 24.38 tons per square inch, but its elongation 
was only 3.1 per cent. in 4in. After annealing (or pos- 
sibly only partial annealing) its tensile strength was 16.66 
tons per square inch, and its elongation was 44 per cent. 
in4in. A good average result with annealed copper is 
14 tons per square inch, and 40 to 45 per cent. elongation 
in4in. Some other illustrations of the effect of anneal- 
ing on tensile strength, &c., are given in the results of the 
tests made by the Elmore Company, already quoted. 

While treating on annealing it is interesting to com- 
pare the difference in the methods adopted in tube works 
and in ordinary coppersmiths’ shops. In the former the 
tubes are annealed after every draw. They are raised to 
a temperature of from 800 deg. to 900 deg. Cent., say 
from 1500 deg. to 1650 deg. Fahr., and are kept at 
that temperature for some little time, after which they 
are quenched in water. 

The tubes are uniformly heated over their whole 
length, care being taken that the flame is clear and 
contains an excess of oxygen. In the coppersmith’s 
shop, both sheets and pipes are heated over open coke 
fires; the flame may possibly be reducing, that is, 
may have a deficiency of oxygen, if the fire is a 
thick one. The sheet or pipe is moved about over 
the fire, spot after spot being heated, generally to 
a dull red, and after the whole surface has been thus 
treated the copper is either quenched or allowed to cool 
and is considered to be annealed. It thus depends upon 
the workman’s care and judgment to insure that every 
part has been heated, and there is considerable proba- 
bility that some small part may escape full heating. 
Further, the heating cannot be uniform, nor can any 
part in general be retained at the red heat for any con- 
siderable time, nor is the temperatureat any part raised 
to the same degree as is usual in tube works. 

The influence of time upon annealing has, so far as I 
know, not been much experimented upon, neither has that 
of the various impurities, but I am informed by Dr. 
Watson that annealing may be efficiently carried out at 
lower temperatures than 800 deg. Cent., but that it re- 
quires longer time at the lower temperatures than at the 
higher. 

To show the influence of temperature upon annealing, 
the following experiments are deserving of notice. A 
sample of copper was found to be abnormal in its be- 
haviour, being brittle instead of ductile. Its composition 
was as follows : 





Copper = aie Sel 32 <s 99.693 
Nickel eke ae = aes ae .260 
Tron ... ae ee avi ts 533 .027 
Arsenic Pe ae $a aa Trace 
Silver a x2 tes se a .020 

100.000 


Six test pieces were cut off it, one was tested unan- 
nealed, and five were annealed at different temperatures, 
The following were the results : 








Tensile 
Extension 

Temperature at which Strength, so | 

Annealing was Performed. ‘Tons per P® — in| Fracture. 
|Square Inch. ¥ 

Unannealed .. =i “es 14.9 0.0 granular 
Faintly visible red, about 

525 deg. C. ase ivi 12.13 6.2 ‘is 
Dull red, about 700 deg. C. 11.78 3.1 as 
Cherry red, about 850 

GeO,  «. ve - 13.89 4.7 | we 
Bright red, about 90 

eg. 0. ae a ws 14.2 14.0 silky 

Approaching yellow, 1000 

We. 3c ce | 25.0 | i 


I am not able to say what caused the abnormal brittle- 
ness in this case, but after annealing at the high tempe- 
rature the material regained a fair amount of ductility ; 
and, after subsequent drawing or cold rolling, behaved 
in a perfectly normal manner. Annealing, however, at 
red heats left the material brittle. In this case very 
little time was allowed for annealing, the test-pieces hav- 
ing been heated in an open fire and then quenched, the 
influence of time on annealing not having been so fully 
appreciated as it should have been. 

The following figures, taken from page 310, vol. ii., 
1894, of the Transactions of the Iron and Steel Institute, 
giving the temperatures corresponding with different 
visible appearances of heated metals, are of interest ; 








Incipient redness 5: = 97 
Dull red ... “ae ies sed 7 = 1292 
Cherry red pee ee arg 850 = 1562 
Bright ,, sss en bat 950 = 1742 
Yellow ... - des aes 1100 = 2012 
Incipient white... po -- 1800 = 2372 
Bright white... Be ‘ 1500 = 2732 


That copper for large steam pipes is now being looked 
upon with some distrust is evidenced by the Admiralty 
having such pipes bound round with wire, whilst in mer- 
cantile practice some firms put iron bands round the pipes 
every few inches, and in some cases the pipes are lapped 
with fine steel wire ropes. : ; 

Turning our attention to other materials suitable for 
steam pipes, we find, practically, only three, viz., cast 
iron, wrought iron, and mild steel. 

Cast iron has the advantage that it can be made in 
any shape, straight or bent, and that tees or junctions 
can be made of it. On the other hand, if the pipes are 
of the same strength as wrought iron or steel, they are 
much heavier, 

Wrought iron and steel may both be made with a ~ 
welded joint, but, whereas welds in iron are apparently 
looked upon as trustworthy after a severe hydraulic test, 
those in steel do not appear to have the same confidence 
reposed in them, as they generally have a riveted butt 
strap fitted over them. me agra therefore, iron pipes 
are preferable to steel, unless the latter are made seam- 
less. 

With pipes of either iron or steel, manufacturing con- 
ditions appear to require them to be of such a thickness 
that either has a very large margin of strength compared 
with the pressures now being used, or even with those 
higher pressures to which marine engineering appears to 
be tending, so that there is no advantage in this respect 
in using steel rather than iron. 

The question of flanges for iron by ne is important. 
Most of those hitherto used have had forged iron flanges 
screwed on, riveted over on the face of the flange, but 
flanges are now being electrically welded to the pipes in 
some cases, and welded by machine hammers in others, 
these plans apparently giving sound results without the 
chance of leakage which screwed flanges might develop. 

Regarding provision for expansion of pipes, whether 
of copper, iron, or steel, a point sometimes lost sight of 
is that it is not sufficient to provide a faucet joint in a 
straight length of pipe, but provision must also be made 
to anchor the ends of the length of pipe for the expansion 
of which provision has to be made, and so compel the 
movement of expansion to take place in the part provided 
for it, otherwise the end pressure on the pipes, amounting 
to several tons in all but the smallest pipes, will cause 
the joint to slide in the wrong direction. This has occa- 
sionally been overlooked in pipe designs. It is always 
difficult to provide for the expansion of large bends 
without producing excessive strains, so that, as far as 
possible, pipes should be made straight. 

The only other point to which reference will be drawn 
is that of providing means of draining steam pipes, 
More than one fatal accident has been thought to be due 
to the presence of water in the pipes. In cases where it 
is the practice to always raise steam in all the boilers 
simultaneously, the stop valves on the boilers, if opened 
before steam is raised, may be the best possible drains 
for the pipes; but where there is more than one boiler in 
a vessel it may often happen that, even if all the boilers 
are invariably used for steaming purposes, one only may 
be used in port for auxiliary purposes, and in this case 
leakage from its main stop valve will find the steam 
pipes leading to the other boilers receptacles for the con- 
densed steam, which, if not drained, may be dangerous 
when opening the stop valves when raising steam in the 
other boilers. It is noteworthy that more than one of 
the serious accidents with pipes has occurred at the 
instant when stop valves were being opened. 

Too much attention cannot be paid to the provision 
for draining steam pipes, and it is considered that it is 
preferable that these should be automatic, or such as not 
to require personal attention. 





APPENDIX. 
List of Cases in which Inquiries have been held by the Board 
of Trade as to the Cause of Casualties to Steam Pipes of 
British Vessels since the Case of the S.S. ‘‘ Elbe” in 1887, 


Date of 
Casualty. | 


Name of Vessel. Casualty, Cauge, &c. 





E.in | 1888 |Wrought-iron pipe connecting top of 
water gauge to boiler corroded, and 
burst. This pipe was apparently 
20 years old. 

Intermediate stop-valve cover broke, 
attributed to the wheel for opening 
the valve being turned the wrong 


Bryn Glas és 1888 


| way. 
Main steam pipe of copper—6 in. dia- 


Springbok . 1890 
| meter, 4 in. thick—broke away 
| | from flange next the boiler stop- 
| valve, due to faulty construction 
| and to imperfect repairs. 
Jumna .. ae 1890 Main steam pipe of copper burst at the 


lap in a bent portion near the boiler 
| stop-valve, probably due to defec- 
| tive workmanship in the original 
| brazing. 

54-in, copper steam Pipe burst at the 
brazed joint of the bend near 
throttle valve. The brazing was 

—- to be defective, and the 

| accident was attributed to the pre- 
sence of water in the pipe. 

Steam pipe broke at the flange join- 
ing throttle valve. An expansion 
joint was fitted, but it was not so 

| | arranged as to take the strain off 

} the flange, 


Number Three 1891 


) 





Greencastle .. 1891 
| 














454 


ENGINEERING. 


[ApriL 5, 1895. 








Date of 


Casualty. Casualty, Cause, &c. 


Name of Vessel. 





Copper pipe, 14 in. in diameter, failed 
at the seam, which was rive 
and brazed. Accident was atitri- 
buted to an accumulation of water 
in the pipe. ; 

Copper pipe, 6} in. in diameter, 
cracked through the solid copper 
at the edge of brazed seam. Acci 
dent was attributed to the presence 
of water in the pipe, and to the exist- 
ence of old flaws in the copper. 

Branch steam pipe of copper, 8 in. 
in diameter. Accident was attri- 
buted to the impact of water in the 
pipe, set in motion by the admis- 
sion of steam from an auxiliary 
boiler. 

Main steam pipe, 6 in. in diameter, 
failed at brazed seam, after being 
in use five years. Probably due 
to the development of a latent de- 
fect, and possibly through want of 
sufficient provision for expansion, 
&e. 

Main steam pipe, 9}} in. in diameter, 
burst at a part adjacent to the 
brazed seam. Casualty was attri- 
buted to water in the pipe being 
set in motion when the stop valve 
was opened. 

Copper T-piece exploded at the 
junction of two 6-in. pipes with 
oneof 9in. Failure was attributed 


Rohilla.. ... 1891 


City of Lincoln 1891 


Shannon oe 1892 


Valean .. : 1892 


Grimsby.. i 1892 


Astrion .. ini 1892 


to the movement of the boilers and 
to the expansion joint having be- 
come set fast. 
3top-valve box (cast iron) burst. 
Accident was attributed to the 
accumulation of water in the steam 
ipe, the draining arrangements 
Loans been allowed to get out of 


Viola... - 1892 


order. 

Small steam pipe, 1} in. in diameter, 
burst by tearing away from the 
flange. Attributed to vibration of 
engines. 

Winch steam pipe broke, due to 
water in the pipe being set in 
motion when steam was turned on. 


Othello .. . 1893 


Astrakhan me 1893 





EXPERIMENTS IN CONNECTION WITH 
EVAPORATION.* 
By D. B. Morison. 


THE universal practice on steamships a few years ago 
was to supply the loss of water, due to leakage in a 
condensing engine, from the sea direct to the boilers, but 
since the introduction of triple-expansion, with its higher 
pressures and temperatures, the necessity for minimising 
the scale in boilers has resulted in the use of an indepen- 
dent apparatus, in which sea water is evaporated by 
means of steam and the generated steam, being con- 
densed, is delivered to the boilers free from all impurities. 
Apart from the necessity of such an arrangement from 
an engineering point of view, there is the commercial 
consideration of reducing the boiler scaling expenses, 
minimising the liability to accidents, and prolonging the 
life of the boiler, as, whilst it is possible for careful 
engineers of long experience to work boilers without an 
evaporator, there are few superintendents who do not 
realise the fact, that in order to obtain the greatest engi- 
neering and commercial efficiency and as a safeguard 
against accidents, an evaporator is a necessary auxiliary 
on board a modern steamship. The quantity of water 
lost depends on the design and workmanship of the 
various details subjected to steam pressure, to the 
number of appliances and arrangements for preventing 
waste, and to the care of the engineers in charge. 

The chief sources of loss in the main engines are from 
the piston-rod, valve spindle, and feed-pump glands, but 
these may be minimised by the use of automatic water 
drainers and special water-saving appliances. Careful 
attention of those in charge to all the details of the 
various steam connections is the chief factor however, as 
there is no better index of the efficiency of an engine- 
ua than the quantity of auxiliary feed water re- 

ulred, 

" The ease with which loss of water in marine machinery 
can be made up, by simply allowing it to flow from the 
sea to the hot-well, has often tended to mislead those in 
charge as to the quantity which should be required and 
the quantity actually used. The natural result is that 
there are large numbers of boats in which the loss is most 
extravagant, the engineers being either unaware of the fact 
or accepting the condition as normal. 

One of the many examples which have come under the 
writer’s notice was a steamer with an evaporator, which, 
even when coated with scale, would have been capable of 
producing four times the amount of fresh water which 
should have been necessary. The engineer reported that 
the evaporator was certainly of assistance, but he had to 
keep it going continually, clean it every day and use in 
addition a large amount from the sea. This is an apt 
illustration of the unconscious influence the old auxiliary 
supply from the sea had over the engineer, as his entire 
efforts were concentrated in endeavouring to compel the 
evaporator to produce sufficient water to make up the 
loss, he being totally blind to the fact that the amount of 
loss was both extravagant and unnecessary. An example 
of what may be considered an exceptionally high efficiency 
has been obtained on a steamer belonging to the Pen- 
insular and Oriental Company, on which facilities were 
kindly given the writer by Mr. Manuel for obtaining reli- 


* Paper read before the Liverpool Engineering Society. 





able data extending over several voyages. The engines 
are 24in., 44 in., and 72 in. by 48 in. stroke, with two 
boilers of 160 lb. pressure, steam steering gear, electric 


ted | light, and the usual machinery being fitted. 


At sea the average indicated horse-power is 2000, and 
the amount of auxiliary supply 5 tons per day. In the 
— example the indicated horse-power was about 

000 ; each boat was fitted with identical evaporators, the 
Peninsular and Oriental boat used 24 tons per 1000 indi- 
cated horse-power per day, and the other certainly not 
less than 15 tons, but probably nearer 20 tons. In order 
to allow a margin for auxiliary engines, it may be assumed 
that the consumption of water in the Peninsular and 
Oriental example is 15 lb. per indicated horse-power per 
hour, and by reference to the annexed Table it is seen 
that 24 tons is equivalent to 14 per cent. of the total feed 


water. 
Auxiliary Feed Water. 





Calculating the Feed Calculating the Feed|Calculating the Feed 
Water at 15 Lb. per | Water at 18 Lb. per | Water at 20 Lb. per 
Indicated Horse- Indicated Horse- Indicated Horse- 
Power per Hour. Power per Hour. Power per hour. 
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The consumption in the other boat would probably be 
about 18 Ib., and assuming 20 tons of auxiliary feed, the 
percentage of the total would be 10.3 per cent. These 
cases may be considered extremes, but the om test care 
is necessary in order to obtain maximum efficiency, as a 
number of very slight leakages when combined produce a 
large quantity at the end of 24 hours. The trials of the 
s.s. Iona, by the Research Committee of the Mechanical 
Engineers, may be taken as an example, as the loss 
was 6 per cent. of the total feed, although beyond a slight 
leakage at the feed pump glands during a portion of the 
trial, there was nothing apparent to the many observers 
on board which would account for such a large loss. 

The Committee on Naval Boilers recommend in their 
report that not less than 6 tons per 1000 horse-power be 
aaeed. which would be about equivalent to 3 per cent. 
of the total feed. This allowance seems very small when 
the large number of auxiliaries are considered, but pro- 
bably the estimate is made on the maximum indicated 
horse-power, which is, of course, very seldom obtained. 
It will be evident, therefore, that not only does the 
amount of auxiliary feed vary for different types of en- 
gines, but the variation may be very great in ships of the 
same class, depending entirely on the condition of the main 
and auxiliary machinery. In passenger boats, where the 
labour is sufficient to keep everything in good order, a 
safe allowance is 8 tons per 1000 indicated horse-power at 
sea, which, assuming a consumption of 15 lb. of water per 
indicated horse-power, is 5 per cent, of the total feed ; but 
in cargo boats, where the available labour is much less 
and so much attention cannot be given to details, 10 tons 
per 1000 indicated horse-power is advisable. In both 
these cases there is wre margin for contingencies, and 
if evaporators are fitted of these capacities, but still are 
not sufficient, then the waste of water is highly extrava- 
gant and altogether unnecessary. 

The arrangement of multiple evaporators working in 
series so that the generated steam from the first is utilised 
to generate steam in the second, and 80 on, although being 
the universal system for sugar refining and distilling, is 
not in use to — extent on shipboard, as it involves 
unnecessary complication and initial cost, besides en- 
tailing more attention when working; so that what is 
generally understood by a marine evaporator is a single 
vessel in which salt water is boiled away, the heating 
medium being steam. From the elementary nature of the 
apparatus the different designs are exceedingly numerous, 
as, given a vessel in which water is evaporated by means 
of steam within a tube, there is ample scope for variation 
of detail. But simple variation is of no value except 
accompanied by definite improvement, which only results 
from development based on the practical requirements of 
those engaged in the working of the apparatus at sea ; 
and it is becoming more and more recognised by designers 
that not only must all auxiliaries on shipboard be simple, 
but that the labour necessary to maintain efficiency whilst 
at work must be reduced toa minimum. There is only 
a certain amount of labour available, and the require- 
ments from that labour are ever increasing; in fact, if 
engineers at sea are ham with any detail which 
requires an undue amount of attention, then, as a conse- 
quence, something else suffers. It is, therefore, practi- 
cally imperative for success that such an elementary 
apparatus as a marine evaporator must not only be effi- 








cient from a scientific point of view, but also from 
marine engineer’s point of view, which is equivalent to 
saying that it must be simple in construction, strong, 
ro little attention when working, and the least 
possible labour in cleaning. It would be altogether beyond 
the possibilities of a paper to deal with the designa 
which have been een so the writer will refer only 
to some of those which have been adopted. Long before 
marine evaporators were introduced, Messrs. Normandy, 
Kirkaldy, and others, had been engaged in the manufac. 
ture of distillers, but it was the well-known engineer, 
Mr. Weir, of Glasgow, who showed the marine engineer. 
ing world the advantages which would result by the use 
of what are now generally known as marine evaporators. 
Mr. Weir’s first apparatus was designed in 1884, but his 
evaporator in its present form was introduced in 1887, and 
since that date Mr. Weir's lead has been followed very 
largely. ee may be divided into the following 
classes, viz., those in which— 

1. The heating tubes are connected to steam and 
exhaust chambers within the evaporating vessel, the 
means of access to the tubes for i or removal being 
through handholes in the sides of the vessel, as, for 
example, the early designs of Messrs. Kirkaldy, of Lon- 
don, and Mr. Quiggin, of Liverpool. 

2. The heating tubes are attached to the door in such a 
manner that on removal of the door the coils can be 
brought without the vessel for examination and cleaning, 
as, for example, the — by Messrs. Weir, Rayner, 
Kirkaldy (1894), and Mudd. 

3. The heating coils are attached to the base or lower 
vessel containing the steam connections, the coils being 
covered by a dome which, on being lifted, exposes the 
coils, as in Morison’s dome type. 

4. The heating coils are attached to steam and exhaust 
chambers within the vessel, such chambers being arranged 
to terminate in a trunnion, so that each coil can be 
revolved to a position opposite a door in tbe side of the 
vessel through which it can be removed, as in the design 
by the late Mr. Blair, of Stockton. 

5. The heating coils are independent of the door, and 
are arranged on arms terminating in trunnions, so that 
the entire heating surface can be swung without the 
vessel into a ition for removal or cleaning, as in 
Morison’s radial evaporator. 

The early design of Mr. Kirkaldy, the well-known 
maker of feed-heaters, distillers, &c., consisted of a ver- 
tical cylindrical vessel, within which were a number of 
spiral coils connected at their — and Jower ends to 
brass steam inlet and outlet chambers, access being 
obtained by two doors, one opposite each chamber. Mr. 
Quiggin’s early design is somewhat similar in general 
arrangement, with special features of detail which have 
rendered it a very successful apparatus. Mr. Quiggin 
also manufactures multiple evaporators of very high 
efficiency, but although multiple effects are used in some 
large steamships, the system is by no means common. 

he well-known evaporator of Mr. Weir consists of a 
horizontal cylindrical steel shell with two flanged ends, 
riveted throughout and fitted with the usual mountings. 
The heating tubes are of U-section, and are attached to a 
tubeplate, forming part of a hollow door containing the 
inlet and outlet chambers. Each tube is flanged at its 
discharge end, and the diameter of outlet reduced to a 
minimum in order to maintain the pressure within the 
tubes, and so increase she efficiency of the apparatus. 

Some very valuable experiments were made with this 
evaporator by Mr. Lang, who read an interesting paper 
on the subject before the Institution of Engineers and 
Shipbuilders of Scotland, in 1889. 

Mr. Rayner’s design consists of a vertical cylindrical 
vessel; the coils are attached to the door as in Weir’s, 
but are in the form of volutes. Two valves controlling 
the supply to and from the steam and exhaust chambers 
in the door are fixed to the body of the evaporating 
vessel, and connections are made by coincident ports in 
the flanges of the door and the vessel, so that when the 
door is jointed in position these form a continuous pas- 
sage. The arrangement is very convenient, and does not 
necessitate the removal of any mountings when with- 
drawing the tubes. The door and attached tubes are 
withdrawn from the vessel by a simple overhead runner, 
the whole forming a very compact apparatus. 

Mr. Kirkaldy’s latest design is very similar in general 
detail, the coils being in the form of volutes connected to 
chambers in the door, the volutes being in pairs arranged 
in vertical planes, and not horizontal as in Rayner’s. 
Another modification is that manufactured by Messrs. 
oy 

Mr. Mudd has also adopted the same general arrange- 
ment, except that the door is hinged, and U-shaped tubes, 
in the form of arcs, are struck from the hinge of the door 
as a centre. 

Morison’s dome type evaporator is in the form of a 
vertical cylinder, the lower part or base having attached 
to it the spiral coils arranged in pairs. The upper portion 
is in the form of adome, which on being raised is supported 
by standards, thus exposing the coils and enabling them 
to be readily cleaned. 

The evaporator designed by the late Mr. Blair is in 
the form of a vertical cylinder with a door in the side. 
The coils are spiral and mounted on a trunnion base, 80 
that each coil can be revolved opposite the door for exami- 
nation or cleaning. 

Morison’s radial evaporator, Fig. 1, e 455, comprises 
a lower horizontally arranged water vessel, provided with a 
vertical cylindrical extension forming a steam dome. The 
lower part of the vessel is fitted with a door which is swung 
by a pivoted arm, to which it is attached, into such a posi- 
tion as will enable the coils to be withdrawn. The heating 
coils are arranged in pairs, and are detachably connected 
to two horizontal tubes, forming respectively the inlet for 
steam and the outlet for the resulting water of conden- 
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sation. ach of these tubes is closed at its free end, 
and terminates at its other end in a cap mounted on a 
hollow plug, so that the tubes and the attached coils can 
be readily turned on the hollow plugs as a centre, and so 
withdrawn from the vessel for cleaning purposes, and 
afterwards swung back again, these operations bein 
effected without breaking any steam connections. Shoul 
it be desired to replace a dirty set of tubes with a clean 
set, two nuts are removed from the plugs, and the inlet 
and outlet tubes with all the attached coils are lifted off, 
and the spare set lifted on. There are no flat-sided steam 
chests or jointed tubeplates in this arrangement, all the 
parts subjected to boiler pressure being tubular, of brass 
and copper. Testing is also an —_ operation, a8 by 
opening the steam valve and closing the drain the entire 
heating surface can be examined, and all the joints being 
in front are easily accessible for adjustment. In evapo- 
rators of large size the heating surface is divided into two 
sets, each set being independently mounted on the steam 
hinges or trunnions ; the object of the arrangement being 
that each set of coils can be lifted by one man without the 
aid of any mechanical appliance. : f 
_In all the foregoing evaporators the contained water is 
simply boiled, but in the Yaryan apparatus the water is 
delivered in a fine spray through a series of tubes in 
direct connection with the condenser, and the resultin 
brine falling into a receiver is withdrawn by a speci 
pump, 








ON EVAPORATION. 





Mortison’s RapiaL Evaporator. 














2913.E. 


An evaporator being simply a boiler, the mountings are 
very similar. The diagram exhibited shows a special bye- 

ss drain cock which admits of continuous te an 
independent adjustment, which is not affected by the 
complete periodical blowing of the entire contents. Some 
makers ive the sea water to enter by gravity through a 
controlling float tank at the inlet, whilst others use a feed 
pump driven by the air pump lever. The writer favours 
the latter plan, as it renders the position of the evaporator 
in the ship independent of the sea level, which, in 


shallow boats especially, is a distinct advantage. An | be 80 


evaporator naturally requires a little supervision, and is 
consequently usually placed in a position on the lower 
platform, readily accessible by the engineers. In the 
event of it being placed in some out-of-the-way position, 
and with a view of controlling the level from the starting 
platform, the arrangement shown in l'igs. 2 and 3 may be 
adopted. This regulating device comprises a pipe con- 
nected at its lower end with the lower part of the evapo- 
rating vessel where the brine is densest, and at its — 
end with the steam space; ab the desired water level a 
branch pipe is taken to a float tank, which may be 
situated at any distance from and below the evaporator. 

In these times of severe competition, when every detail 
on shipboard is viewed from a commercial standpoint, the 
probable cost of obtaining fresh water by means of an 
evaporator is a most important consideration. There are 
several arrangements available ; as steam may be taken 





from the boiler direct, or from the receiver after having 
done work in the engine, and the steam generated in the 
a may either be led to the condenser or to the hot- 
well, In order to compare the relative economy of these 
methods, loss by radiation may be neglected, as it is practi- 
cally a constant quantity ; also, for the sake of simplicity, 
the usual Tables on the properties of steam may be taken 
as applicable to the general conditions. 

Steam Supplied to the Evaporator from Boiler, and Steam 
Generated in Evaporator Discharged to Hot-Well,—In 
considering the method by which steam is supplied to the 
evaporator direct from the boiler, and the steam generated 
in the evaporator is condensed amongst the feed- water in 
the hot-well or its equivalent, let it be assumed that the 
pressure in the evaporator is 1 lb. per square inch, and 
that the water fed to the evaporator is taken from the 
circulating pump discharge at a temperature of 80 deg. 
Fahr. Experience has shown that evaporators at sea 
should be worked at a density of from 5°; to ;';, but for 
purposes of calculation let us assume ;°;, and in order to 
maintain that density in the evaporator one-third of the 
total amount of water fed to the evaporator must be dis- 
charged into the bilge or overboard ; consequently, to 
produce 1 lb, of pure steam 1} lb. of sea-water must be 
supplied to the evaporator, of which 1 lb. is evaporated in 
steam and 4 lb. is discharged as hot brine, therefore the 
total heat required to make 1 lb. of pure steam is the sum 
of the heat in the steam and that in the discharged brine. 


The temperature of steam at 16 Ib. 
absolute... asa a ... =216.3 deg. Fahr. 
The heat in 1]b. of steam at a 
temperature of 216.3 deg. from 
water at 80 deg. Fahr. ... ae 
The heat in 4 lb. of brine at a tem- 
perature of 216.3 deg. from water 
at 80deg. Fahr. ... ne = G82 
Therefore the total heat required 
to produce 1 lb. of pure steam ... 1099.4 + 68.1 = 
1167.5 T.U. 


As the generated steam is passed direct to the hot-well 
and is entirely condensed amongst the feed water, it gives 
up the whole of its heat, so that the net cost of producing 
1 lb. of steam is (1167.5—1099.4)=68.1 T.U., or, in other 
words, the actual expenditure of heat is that due to brining. 


Steam from Boilers; Generated Steam to Hot- Well. 


1099.4 T.U. 








| | 
Received by Evapo- | Thermal! Discharged by Thermal 
rator. Units. | Evaporator. Units. 
Heat required to pro- Heat given up to a 
duce 1 lb. of steam hot-well .. «», 1099.4 
at a temperature of Balance in brine .. 68.1 
416.3 deg. above 
80 deg. os --! 1167.5 
Total .. 1167.5 Total .. 1167.5 


The value of 1 lb. of good coal may be taken at 14,500 
thermal units, and by assuming the boiler efficiency to be 
66.6 per cent., which was about the average result ob- 
tained on the trials of the Research Committee of the In- 
pat : ot 14,500 x .666 
stitution of Mechanical Engineers, we have —*-; 66. 
= 10 1b. of water evaporated from and at 212 deg. Fahr, 
per pound of coal, so that 9666 thermal units will be 
obtained from the combustion of 1 1b. of coal, and the 
amount of pure steam generated by 1 lb. of coal with 


this arrangement will be 68.1 = 141.9 lb., or the amount 


oL 
of coal required to make i ton of pure steam ia =15.7]b. 
Steam Supplied to Evaporator from Boiler, and Steam 
Generated in Evaporator Discharged to the Receiver of 
the Low-Pressure Engine.—In this case the generated 
steam from the evaporator is discharged into the low- 
pressure casing and does work upon the low-pressure 
piston before it is condensed. Again availing ourselves 
of the data contained in the report of the committee 
already referred to, we find that in economical btriple- 
expansion engines about 17 per cent. of the total heat 
in the steam is converted into work; for the sake of sim- 
plicity, however, consider the efficiency as 18 per cent., 
and assuming that the power fr wens in each cylinder 
is equal, one-third of this, or 6 per cent. of the total 
heat, is utilised in each cylinder; it therefore follows that 
82 per cent. of the heat is rejected, that the amount of 
heat entering the low-pressure casing is 88 per cent. of the 
total supplied to the engine, and, of the total heat sup- 
plied to the low-pressure cylinder, 5% 1006.82 per cent, 





is converted into work. 

Let the leone in the low-pressure casing be 7 lb. per 
square inch, and the temperature of the evaporator feed 
deg. Fahr., as in the previous case. 


Temperature of steam at 22 Ib. 
absolute... aks wea ... = 233.1 deg. Fahr. 
Heat in 1 lb. of steam at a tempe- 
rature of 233.1 deg. Fahr. from 


water at 80 deg. Fahr. ... F 1104.5 T.U, 
Heat in 4 lb. of brine at a tempera- 
ture of 233.1 deg. Fahr. from 
water at 80 deg. Fahr. ... ; 76.6 T.U. 
Heat required to produce 1 lb. of 
pure steam... ke ene we = (1104.5 + 76.5) 
= 1181 T.U. 


The equivalent weight of steam if taken from the boiler 
at 160 lb, pressure and discharged from the evaporator 
coils at a pressure of 60 lb. absolute or 292.7 deg. Fahr. 





would be : 
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The temperature of steam at 175 
absolute . = 370.8 deg. Fahr. 


Heat in 1 1b. of steam at 370.8 deg. 


of pure steam ; therefore, in producing 1 ton of fresh 
water, by employing an evaporator in this manner, there 
is a reserve balance in favour of the evaporator equal to 





Forward in the steamer are a cattle dealers’ cabin and 
comfortable accommodation for deck passengers. 








Fahr. above 292.7 deg. Fahr. .... = 933.7 T.U. 2240 _ : : . On March 26 the s.s. Haslingden went on her trial trip, : 

‘ahr. above 7 deg abr 7 os zs * 60.2 lb. of coal. This theoretical result is based She is a fine steel screw steamer of the following dimer H 

To produce 1 1b. of steam in the evaporator 933.7 — | on perfect adiabaticity, and is greater than that which | sions: Length over all, 280 ft.; breadth, 37 ft.; and & 
26 Ib is taken £ ae wierd would be obtained in practice, as a large amount of heat =, fos aoe been built by Messrs. William t 
. rte rag ob this —— pee saad through the naturally disappears by initial condensation. pen soley ee ded = — Murrell : 
engine in the ordinary manner, and taking the tempera (To be continued.) the triple-expansion type, working on three cranks. ‘They s 
Coy ee a no ee 
i . . . ba e . cylin < 

1106.4 T.U., so that if, instead of being taken to the LAUNCHES AND TRIAL TRIPS. 90 in., 314 in., and 53 in. in diameter, and the piston streko & 
eveporator it had passed through the engine in the ordi-| _THk new steamer Kaisow, which has been built by | 36 in.’ The boilers, built of steel, are of large size, and giv < 
nary manner, the amount converted into work would Messrs. David and William Henderson and Oo. for the] ,, ample supply of steam at a’ working sonnmareoti6ein 
have been 1106.4 x 1.26 x .18 = 251 T.U., and of the heat} China Mutual Steam Navigation Company, of London, | per square one a The engines were put full speed ahead, 4 
passed from the evaporator to the low-pressure 1104.5 x = ae — ee tee b poco pg 99 a running at about 80 revolutions per minute, the vescci 3 


.0682 = 75.3 are converted into work, or ‘” Bal me . 
p49) 

per cent. of the total useful heat had it passed through the 
whole engine ; therefore the available useful heat given 
off by the evaporator is 1104.5 x .30 = 331.3 T.U. To 
this must be added the heat which is contained in the 
drain from the coils and which is led to the hot-well, 
viz, (292.7 — 120) x 1.26 = 217.6 T.U 


Steam from Boilers ; Generated Steam to Low-Pressure 
Casing. 











-| breadth, 40 ft.; depth, 27 ft. 9 in. 


29 ft. 3 in.; and is fitted with triple-expansion engines 
with cylinders 26 in., 42in., and 71 in. in diameter by 
48 in. stroke. As a result of a series of runs on the 
measured mile, a mean speed of 134 knots was attained. 


On Monday, the 25th ult., a large clipper stem, spar- 
deck. screw steamer, named Lombard, was launched by 
the Blyth Shipbuilding Company, Limited, of Blyth, for 
the Lombard Steamship Company. Limited, of London. 
She is of the following 7 Pac se Length over all, 326 ft.; 
The engines will be 
supplied by Messrs. Blair and Co., of Stockton-on-Tees, 





making about 114 knots per hour. 





The Ailsa Shipbuilding Company, Troon, launched on 
the 27th ult. a screw steam yacht for Mr. Peter Coats, 
of Paisley. The following-are her dimensions: Length 
over all, 201 ft.; length on load water line, 165 ft.; breadth 
moulded, 25 ft.; depth moulded, 16 ft. 6 in. Her engines, 
which are triple-expansion, with cylinders 15 in., 25 in., 
and 40 in. in diameter by 30 in. stroke, are being fitted by 
Messrs. David Rowan and Son, Glasgow, and are de- 
signed to give a high speed. She is designed by Mr. 
G. L. Watson, who has aleo superintended her during 
construction. On leaving the ways she was named Zara, 





was — — poco oda — and are of the triple-expansion type, and of large power. ‘ ) ais tani 
a Sk et eee — ‘aere was Jaunc on 28 : 

Heat in 1.26 Ib. of Equivalent value of The s.s. Turret Crown was launched from the yard of Donald, and Wilson, Paisley, the first y, ope orhwmeray 
steam at a tempera heat utilised in Messrs. William Doxford and Sons, Limited, of Sunder- | joa destroyers which the Paisley firm are building to the 
ture of 370.8 deg. low - pressure cy- ann land, on the 26th inst., having been built to the order of | order of Her Majesty's Government. The Daren ae 
a caps yr 4 1394 Pyle “vee sa Messrs. Petersen Tate, and Co., Newcastle. ~Y ’ long, with a 19-ft. beam, and has a displacement 

ward to the hot we ; of 280 tons. Sheis fitted with two sets of triple-expansi 
well from coils .. 217.6 Messrs. William Simons and Co., Renfrew, launched | surface-condensing engines, havinwacallentirs Sasioeieer 
Balance unaccounted from their yard on March 26, complete with its dredging | of 4000 indicated. The boilers are of the usual locomotive 
for .. ie 845.1 and propelling machinery on board, a powerful stern type. They are fitted in two separate water-tight com- 
deus par Total pees well twin-screw hopper dredger. It is a duplicate of two partments, with the necessary fans for supplying forced 
supa . ds dredgers they constructed last year for the British Ad-| Graught. Her armament wiil consist of one 12-pounder 


The net cost of producing 1 lb of pure steam is, there- 

fore, the balance as above, and the amount of pure steam 
rect 

generated per pound of coal = sed = 11.43 lb., conse- 


quently the amount of coal required to produce 1 ton of 
2240 — 196 Ib. 


Steam Supplied to Evaporator from Intermediate-Pres- 
sure Receiver and Steam Generated in Evaporator Dis- 
charged to Hot- Well. 

In this arrangement steam is taken from the inter- 
mediate-pressure casing (after having done work in the 
high-pressure cylinder) and employed in the evaporator 
to produce steam ata pressure of 1 lb. above the atmo- 
sphere, the evaporator steam being taken direct to the 
hot-well and there condensed amongst the feed water. 
Let the data in this case be as follows: Steam in the 
intermediate-pressure casing at 50 lb. pressure, tempera- 
ture of evaporator feed 80 deg. Fahr., and temperature of 
the hot-well 120deg. Fahr. The heat required to produce 
1 lb. of pure steam will be the same as in the first ex- 
ample, viz , 1167.5T.U. Let the temperature of the dis- 
charge from the coils be that due to a pressure of 15 lb. 
per equare inch or (say) 30 1b. absolute = 250.4 deg. Fahr. 
Temperature of steam at 65 lb. absolute = 298 deg. Fahr. 

Heat in 11]b. of steam at a temperature of 298 deg. 
Fahr. above water at 250.4 deg. Fahr. = 953.9 T.U. 

Therefore, to produce 1 lb, of pure steam in the evapo- 


rator 1167.5 __ 1.22 Ib. of steam, which must be taken 


953.9 
from the intermediate-pressure casing, this on the bais 
explained in the second arrangement is equivalent to 


1,22 ee = 1.3 lb. of boiler steam, the total heat per 


gee above water at 120 deg. Fahr. being 1106.4 T.U. 
f, therefore, the heat contained in 1.3 1b. of steam had 
— through all the cylinders, 18 per cent. would have 

en converted into work, 6 per cent. or one-third of the 
effective heat being utilised in the high-pressure cylinder ; 
the equivalent of the total heat is, therefore, 1106.4 x 13 
x 4 = 479.4 T.U. 

There is also the heat in the condensed steam from the 
coil or (250.4 — 120) 122 = 159 T.U; and lastly, the 
steam formed in the evaporator being taken to the hot- 
well and there condensed, it gives up the whole of its heat 
above 120 deg. = 1059.4 T.U. 

Steam from Low-Pressure Casing ; Generated Steam to 

Hot- Well. 


fresh water = 








Received by Evapo- | Thermal Discharged by Thermal | passenger service of the North of Scotland and Orkney and B. 
ravor. Units. Evaporator. Units. | Shetland Steam Navigation Company, Aberdeen, went Se a 
cout ou cnt aiiehaans Soahieions soden af on her trial on the Firth of Forth on the 28th ult., and|  Exzvarep Raitroaps at Cuicaco.—The report of the : 
— S caeaeaiene Of gm yg Fo notwithstanding the strong gale and unsuitableness of the | Lake-street Elevated Railroad Company of Chicago for 4 
370.8 deg. Fahr. high-pressure cy- weather, the average speed was over 134 knots. Cabin | the 10 months ending December 31, 1894, is not a very en- 4 
above 1@0 deg. Fahr. linder .. 479.4 | accommodation is provided for 180 passengers. Se —_ revenue for the 10 —. . 
1106.4 xX 1.8.. .. 488.3 Heat carried forward was 5 ols.; the working expenses amount 
Surplus heat after to hot-well from : Messrs. Blackwood and Gordon, Port Glasgow, launched | 290,090 dols., leaving a net profit of 138,004 dols. Interest 3 
pong or een ee oa ig TO as on the 29th ult. the steel screw steamer Wicklow, built to | on bonds for the same period come out at 276,858 dols.; q 
the brine ie 59.5 - * in by the order of the City of Dublin Steam Packet Company, | and, after providing for a few other charges, the company % 
Rot-well | 1059.4 | for their cross-channel traffic between Dublin and Liver- | was left with a deficit of 146,725 dols. The line is about ES: 
— ——-—| pool. Herdimensions are: Length, 260ft. ; breadth, 34 ft. ; 64 miles long, and the company has a capital stock of 
Total 1697.8 Total .. 1697.8 | depth, 16 ft. 9 in. ; and of 1250 tons gross register. The | 10,000,000 dols., and has issued 5 per cent. bonds to the 
extent of 6,500,000 dols. There was also a floating debt 


From the above statement it will be seen that there is 





| 
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miralty, and will, like them, be employed in connection 
with the extensive dredging operations at Her Majesty’s 
Dockyard, Portsmouth. Ib is ony designed to raise 
and discharge adhesive clay. The hoppers have a capa- 
city for 650 tons of material, and the buckets work at a 
maximum depth of 46 ft. under water level. 


On March 26 there was launched from the Thornaby 
shipbuilding yard of Messrs. Craig, Taylor, and Co. a 
steel screw steamer for Messrs. A. C. de Freitas and Co. 
for their Hamburg and South Brazilian trade. This is 
the fourth vessel owned by this firm which Messrs, 
Craig, Taylor, and Co. have built. The dimensions are 
288 ft. by 41 ft. by 24 ft. 74in. The vessel will be fitted 
with propelling machinery by Messrs. Blair and Co., 
Limited, the cylinders being 21 in., 35 in., and 57 in. in 
diameter by 39 in. stroke, calculated to give a speed of 
between 11 and 12 knots. 

The s.s. Granuaile, built by the Ailsa Shipbuilding 
Company, Troon, for the Congested Districts Board for 
Ireland, has completed the usual series of trials on the 
measured mile at Skelmorlie, when she attained a mean 
speed at the rate of 10? knots per hour. Her dimensions 
are as follows: Length between perpendiculars, 150 ft. ; 
breadth moulded, 24 ft. ; depth moulded, 10 ft.3 in. She 
is fitted with passenger accommodatipn amidships, in- 
stallation of electric 7 and is also adapted for carry- 
ing fish and cattle. er engines have been fitted by 
Messrs. Muir and Houston, and are triple-expansion, 
with cylinders 15 in., 23 in., and 29 in. in diameter by 
24 in. stroke. 





The Fairfield Company, Govan, launched on the 27th 
ult. the second of the torpedo-boat destroyers building 
by them for the British Navy. 





Messrs. Scott and Co., Greenock, launched on the 28th 
ult, the handsome steam yacht Greta, for the senior part- 
ner of the firm, Mr. John Scott, C B. Dimensions: 
Length, 152 ft. ; breadth, 22 ft. ; depth, 11 ft. 6 in. ; and 
of 340 tons yacht measurement. The builders will supply 
triple-expansion engines of 500 horse-power, the diameters 
of the cylinders being respectively 12} in., 20 in., and 
32 in., with a piston etroke of 26 in. The Greta, which 
has been built to Lloyd’s highest requirements, is to be 
fitted with the electric light throughout, while her fur 
nishings and accommodation are of a highly superior 
character. 





The screw steamer St. Ninian, recently launched by 
Messrs. Ramage and Ferguson, Limited, Leith, for the 





vessel will be handsomely fitted throughout, with a saloon 
capable of accommodating 70 first-class passengers. Triple- 
expansion engines of 2750 indicated horse-power will be 


- eta | gun on conning tower, four 6-pounder quick- 
ring guns on the broadside, and one 6-pounder quick- 
firing gun on a pedestal aft. There are also two single 
revolving torpedo tubes on deck, and she is to have 
powerful electric search light. The officers’ and engincers’ 
cabins are abaft the engine-room, and the crew’s accom- 
modation is arranged forward. 





The Fairfield Shipbuilding and Engineering Company, 
Govan, launched on March 28 a steel screw steamer named 
the Keong Wai for the Scottish Oriental Steamship Com- 
pany, Limited. This is the eleventh vessel built at Fair- 
field for the same company, and she is somewhat larger 
than their previous steamers. Her dimensions are: 
Length, 290 ft. ; breadth, 38 ft. ; depth, 22 ft. 9in.; with 
a gross tonnage of about 1850 tons. The first-class pas- 
sengers’ and captain’s accommodation is situated in an 
after deckhouse, with a comfortable saloon and all con- 
veniences. The officers’ and engineers’ cabins are under 
the bridge deck, and the crew and firemen are berthed 
forward. The ’tween-deck spaces are fitted with side lights, 
and all the necessary arrangements have been made for 
carrying Chinese passengers. The vessel will be fitted 
with surface-condensing triple-expansion engines, having 
three inverted cylinders 22 in., 36 in., and 57 in. in dia- 
meter, all adapted for a stroke of 3 ft. 6in. The high- 
pressure cylinder is fitted with a piston-valve, the inter- 
mediate and low pressure cylinders with slide valves, all 
worked by the usual double eccentric link motion valve 
gear, and controlled by steam reversing gear. The crank- 
shaft is built, and, together with the tunnel and propeller 
shaft, is of mild steel, the propeller blades being of man- 
ganese bronze. Steam will be supplied by two single- 
ended boilers made entirely of steel, each having three 
corrugated furnaces, and adapted to work at a pressure of 
160 lb. per square inch, 





AMERICAN ANTHRACiTE.—The deliveries of American 
anthracite coal for ag have very greatly increased 
during the last 15 ~~ n 1879 these deliveries stood at 
26,142,689 tons. In 1884 the total had risen to 30,756,995 
tons. In 1889 it had further increased to 35,407,710 tons. 
Last year it amounted to 41,391,200 tons. 





TELEPHONY IN AuvstTRIA.—In the course of last year 
24 towns in Austria were provided with telephone ex- 
changes. As regards inter-urban communication, nine 
new lines were brought into operation during the year. 
There are now altogether 47 inter-urban telephone lines 
"ae in Austria, having a total length of 2643; 
mules, 





of 1,067,697 dols. in July, 1894. The company is about to 
extend its lines to Wabash-avenue, so that it will secure 
an entrance into the heart of the business districts of 
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a reserve of 269.5 T.U. beyond the expenditure of heat in | supplied by the builders. Special attention has been 
brining. Expressing this in coal as before, the equiva- | devoted to he facilities tee the conveyance of live stock. 

i q for th tion of 9666 _ 37.2 lb, , Five hundred head of cattle can be carried, and the space 
leek ie, RECO Eee he Senge ¢ 260.1 ° | allotted for this purpose is large and well ventilated. 


Chicago ; the extension will materially increase the earn- 
ings of the undertaking, but it appears, at the same time, 
to be greatly over-capitalised, 
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“ EERING” ILLUSTRATED PATENT 
ENGIN RECORD. 


Comprtep By W. LLOYD WISE. 


REOENT PUBLISHED 
SELECTED ABSTRACTS OF CHE ACTS 18881888, 


Where Inventions are communicated 
rommunicators are given tn ttalics. 
os Cy Speothoations may be obtained at the Patent Office 
Fale a 88, Cursttor-street, Chancery-lane, B.C., at the 
untform price 
te of the advertisement of the tance of & complete 
The date 2 oto, in oneh onth, wen after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete spectfication, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


1. F. J. Burrell, Thetford, Norfolk. Dynamo 
supports for Portable, &c., Engines with Locomo- 
tive-Type Boilers. [4 Figs.] March 16, 1894.— According 
to this invention the dynamo is mounted on the smokebox end of 
the boiler. The upper portion of the cylindrical smokebox curved 
extension plate b is extended forward for a distance sufficient to 
carry the dynamo well clear of the chimney, and to enable a 
circular smokebox door to open on vertical hinges clear of an end 
plate ¢ fitted transversely to give support to the front end of the 
extensioa. The edges of the plate b forming the extension may be 





either horizontal or curved gradually deeper from the front and 
towards the smokebox a. Instead of the above arrangement, and 
in order to apply the improvement to existing engines, the plate b 
for supporting the dynamo may be made the same radius inside 
as the outside of the smokebox a, so as to fit outside the same and 
be secured by bolts or other suitable means. The two longitu- 
dinal rails d, d, upon which the dynamo slides, are provided with 
curved feet e¢, which rest upon and are bolted to the upper portion 
of the curved plate b, and are fitted with tightening screws. (Ac- 
cepted February 27, 1895). 


6721, The National Telephone Company, Limited 
London, and C. Eggar, Glasgow. Apparatus for 
Signalling between Police] Stations and District 
Call Boxes. (4 Figs.) April 4, 1894.—This invention isa de- 
velopment of that described in the Specification of Letters Patent 
No. 20,144 of 1891. According to the present improvements the 
citizen’s key instead of operating the armature of the electro- 
magnet through a pneumatic device as described in the aforesaid 
specification, raises a short rod N which comes into contact with 
a spring switch n forming the terminals of the line L to earth 
through the electro-magnet K, and closes the circuit through the 
electro-magnet K, which thereupon acts to release the bellcrank G 
and free the sliding tube D and display the signal shade D'. The 
sliding tube D with the lamp shade D! is pulled down by a cord, 
wire, or chain O connected directly to the tube D, and the gas 
supply for the main burner O! is at the same time cut off. For 
this purpese a duplex valve seat e, e' is provided, which is formed 
on a tee-piece Q connecting the horizontal gas supply pipe Q! 











with the vertical gas - E supplying gas to the main burner 0!. 
An orifice p is formed leading into a valve casing P from the hori- 
zontal gas supply pipe Q!, and a second orifice p! leads from the 
casing into the vertical pipe E, at whose upper end the main 
burner Ol is placed. These two orifices are covered by a duplex 
valve disc p? of leather carried by a stem p?, on whose upper end 
is a spring p+ which may be encased in a tube and carried by a 
Cross-piece on the loose tube F at the lower end of the slidiog 
tube D. Or, as shown in Fig. 2, the spring may be situated be- 
tween the outside of the valve casing and a shoulder on the end 
of the stem, a projection /' being formed on a collar f2 secured on 
the loose tube F, so that when the sliding tube D is pulled down 
the gas supply is shut off ; but when it is released the valve opens 
to admit the gas supply to the burner, whilst the upper side of the 
valve disc p?, or a separate disc on the same stem, closes against 
the seat el formed on the upper side of the interior of the valve 
casing and around the valve stem. and prevents the escape of gas 
from the valve casing P. (Aczepted February 27, 1895). 


SPEOLFIOATIONS | | 


7994. E. de Pass, London. (H. Thofehrn, Paris.) 
Electrolytic Trough or Cell. [1 Fig.) April 23, 1894.— 
In this oy oe electrolytic cell the anodes and cathodes are so 
arranged that the gaseous products of electrolysis are compelled 
to mix or intermingle. Thus, if the cathode is at the lower part 
of the cell, the gases evolved on this cathode will rise through the 
iquid to meet those which are evolved on the anode. The cell is 
made in two parts, the body proper 1 and its cover 2. The cathode 
is arranged in the form of concentric rings 3 at the bottom of the 
cell. The anodes 4 traverse the cover 2 through air and water 
tight joints 5. 6 is a tube fitted tothe wall 1 and serving for the 
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introduction of the solution to be electrolysed ; and 7 is a tube 
for running off the liquid which has undergone electrolysis. 
Through this tube 7 the gases produced by the reaction are drawn 
off. An inclined screen 8 may be arranged below the tube 6 so as 
to retain a portion of the gases produced on the cathode 3 ; this 
allows of regulating the proportion of the gases intermingling in 
the vicinity of the anodes 4. The gases thus diverted from their 
ascent by the screen 8 are drawn through the tube 9. The mixing 
of the gases, which commences in the region of the anodes 4, 
continues in the upper part 10 of the cell, in order to facilitate 
such mixing. The tube 11 serves for emptying the apparatus. 
(Accepted February 27, 1895). 


545. C.M. Dorman and R.A. Smith, Salford, Lan- 
cashire. Electrical Switches. [13 Figs.) January 9, 
1895.—In all the types of switches shown electrical contact is made 
or broken by means of a contact arm or arms A1, A 2, which turn 
ona pivot B and complete the circuit between the terminal pieces 
Ci,C2. Dis the spring of a bowed or LJ or Y form, the arms of 
which have a permanent tendency to open outwards. The two 
ends of the spring E1, E2 form or are provided with bearings or 
pivots round which they can turn in the same plane or in a plane 
parallel to that in which the arm or arms Al, A2 move, One 
end E1 of the spring is pivoted either on one of the arms Al, 
A 2 or on a piece rigidly connected thereto, except-in the arrange- 
ments shown in Figs. 4and 5. The other end E 2 of the spring is 
pivoted to a fixed point at the same side of the centre pivot B as 
E', but preferably for convenience a little further from it. The part 
of the spring from which the arms radiate is unconstrained except 
by the pivoted ends, and, when the switch is moved, travels ina 











circular path round the fixed point E2. When the contact arm 
is moved into such a position that the pivot E11 lies on a line 
drawn between the pivot B andthe pivot E 2, owing to the out- 
ward pressure of the arms of the spring, the contact arm is in a 
state of unstable equilibrium. If the contact arm is moved so 
that the pivot E1 is slightly on either side of the same line, the 
spring at once exerts a pressure tending to carry the pivot E1, 
and with it the contact arm, further in the same angular direction 
round the pivot B. The best position for the pivots E 1 and E 2 
is such that at the moment when the contact arm is leaving the 
terminal pieces, the pivot E 1 is well over to one side of the line 
joining B and E2 in such a manner that the spring tends to pro- 
duce a very quick break, but when the contact arm is right home 
in or on the terminal pieces, the pivot E 1 is slightly over on the 
opposite side of the line, so that the spring has a tendency to hold 
the contact arm in or on the terminal pieces. (Accepted February 
20, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


4947. T. P. Nelson, Weaste, Lancashire. Percus- 
sive Tools for Caulking, &c. (6 Figs.) March 9, 1894.— 
These tools are actuated by fluid pressure. The cylinder or bod 
of the tool a is east in one piece with the extension a! whic 
receives the shaft f1 of the caulking chisel, drift, drill, or other 
appliance /, the other end of the cylinder being closed by ascrewed 
js b. A plate x may be inte: ed to cover in the top of the 
cylinder. Snugs cast on the cylinder carry the handle c which 

grasped by the operator. Within the cylinder a, which is of 
malleable iron or steel, there is a lining d of gun-metal, which is 
bored, and a piston e truly turned to fit this bored lining is in- 
serted therein from the top. A reduced prolongation e' from the 
piston works in the extension of the cylinder, and acts in the 
manner of a hammer upon the head of the inserted shank f! of the 
tool f. The piston ard the lining are furnished with ports and 
passages, and no valves are required to effect the reciprocation 
of the piston. The piston ¢ has passages e? cut right through its 
middle part and in line with the pressure admission port 9. 

e 43 


Those spaces in the piston communicate ( ding to p 


jectors. 


piston, and when the piston has reached about the end of its 
stroke, opposite ports ¢3 formed in the end of the piston communi- 
cate with holes leading into an annular port d? in the back of the 
lining, which annular port opens into the common exhaust orifice 
a*, The pressure at the back of the piston is exhausted ca 
these ports and passages, and at the same time the ports e? in the 
middle part of the piston admit sufficient pressure to the opposite 
end or front of the piston to constitute a cushion between the 
advancing end of the piston and the end of the cylinder. The 
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described cycle of operations is now repeated to carry the piston 
back, exactly similar ports and passages being provided at both 
ends of the cylinder. The admission of the fluid pressure to the 
cylinder is governed by means of an hy oer oan valve h placed 
in the pressure admission passage gy, and having its stem h' con- 
nected to a spring trigger i mounted on the handle c or top of 
the cylinder a. The trigger ¢ is so arranged that it can be 
conveniently controlled by the finger of the hand which grasps 
pe - con the top of the cylinder. (Accepted February 27, 
5). 


MINING, METALLURGY, AND METAL 
WORKING. 


3372. S. Z. De Ferranti and J. H. Noad, London. 
ufacture of Oxides of Lead. [6 Figs.) February 16, 
1894.—This invention has for its object an improved process of 
manufacturing litharge, andredlead. A isafurnace, B an annular 
flue, C a chamber surrounded by said flue, in which the lead oxide or 
red lead is made. Disa reservoir of melted lead, E a tube leading 
froma reservoir of compressed air or, in some cases, steam ; F' a pipe 
from | reservoir D ; G a spraying nozzle, and H a chamber for 
receiving the oxidised lead. According to this invention, molten 
lead is taken preferably from a reducing furnace, or, if the process 
be started on pig lead, the lead is melted separately, and by means 
of a blast of air or oxygen, this molten lead is sprayed in a very 
finely divided state through a heated chamber supplied with hot 
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air from avy convenient source. In some cases the gaseous pro- 
ducts of combustion, largely admixed with air or oxygen, may be 
allowed, as in Fig. 2, to pass through thischamber. During this 
spraying the lead is more or less oxidised and falls out mostly in 
the form of litharge into a receiving chamber at the other end of 
the heated chamber. The nozzle, through which the lead is 
sprayed by means of the blast, may be made in various ways. 
According to one arrangement it consists of a pipe F dipping into 
a og of molten lead D, and is formed as an ejector, as shown in 
Fig. 3. A current of air, or in some cases steam, entering by pi 
E, produces a vacuum, sucking up the lead from the pot into the 
nozzle, and spraying it out with considerable force. Five construc- 
tional variations of apparatus are shown and described in the 
specification. (Accepted February 20, 1895). 


PUMPS. 


W. Brierley, Rochdale, Lancaster. In- 
3 Figs.) October 3, 1894.—In this improved injector 
there is interposed between the lifting cone a and the delivery cone 
b, @ piece c, or ordinary combining cone d. Upon this piece c is 
mounted concentrically a’ barrel or sleeve c!, which is provided 
with clacks or flaps ¢, e! mounted on studs f, f'. These flaps are 
arranged to bear against ground seats at g, g!, thus forming clack 
or flap valves. By means of spring pieces 2 attached to the body 
of the piece cl at j, the flaps or covers are caused to press againet 
their seats, and thus aid in effectually closing the valve openings 
h, h‘, and consequently to intercept the communication between 


18,741. 





the cones and the overflow ». The operation of this arrangement 
is as follows: On starting the injector, a vacuum is created in 





of the piston) with ports d1, d2 ia the lining on either side of 
the piston. The ports d! lead to the front of the piston, while the 
ports d? lead to the rear of the piston. The pressure current 
coming through the port g being thus split, the piston is in 
equilibrium, and is not pressed unequally against one side of the 
lining, 80 that one-sided wear of the bore and piston is avoided. 
As the pressure drives the piston to the end of the cylinder, the 


the chamber / by the passage of steam through the steam cone k, and 
water is lifted from the source of supply and passes through the inlet 
orifice 7', and annular space m into the lifting cone a. Steam and 
water issuing from @ is then allowed to pass to the overflow, or 
relief is afforded by means of the valves, this continuing so long 
until a sufficient volume of water suitable to the capacity of the 
injector is lifted through the injector. When the force of dis- 
charge through the combining and delivery cones exceeds the 








fluid pressure is cut off by the covering of the passages e? in the 








pressure through the space 0, intercepting the lifting and combin- 
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ing cones, then the greater force through the cones closes the 
valves, whereby any escape at the overflow is obviated. (Accepted 
February 20, 1895). 


STEAM ENGINES, aan, EVAPORATORS, 


5956. J. Thom, Glasgow. Steam Generators. 
6 Figs.) March 22, 1804.—Referring to Figs. 1 and 2, @ is an 
upper vessel, having tubes} therein running between and fastened 
to the end tubeplates a', and constituting a combined water and 
steam vessel ; c arelower side water vessels lying parallel with a ; 
and d are upwardly arranged inclined tubes running between the 
vessels c and a, in which their lower and upper ends are fastened, 
respectively. The tubes d have water circulating through them, 
and are subject externally to the action of fire gases, while the 
tubes of the vessel a have passed through them the gases of com- 
bustion after they have left the region of the tubes d, and have 
water circulating over them externally. c' is a vessel, similar to c, 
disposed between the vessels c, and connected with them by the | 
tubes c2; d' are vertical tubes running between and connected 
with the vessel c! and a beyond the end of the gratee. fare large | 
tubes connecting the vessel a with the vessel c at both ends, and | 
serving as circulating pipes conveying the return or down current | 
of water froma toc. They also serve as supports or struts to the 


vessel a. The vessel a is made of a somewhat larger diameter | 


than the length of the tubesd and d'. These tubes are so arranged 


Figi. 








in relation to the vessel a, and the tubes /) are so arranged in that 
vessel, that the tubes d or d’ can be introduced into or withdrawn 
from within the vessel a. The combustion chamber at the back is 
formed by a walli, the roof of which is arranged just above the 
ends of the tube b. The fire gases from the grate e act first upon 
the tubes d and d', and then pass by way of the combustion cham- 
ber h into the tubes b of the vessel a, through which they pass. 
After the gases leave these tubes they are carried away from the 
generator by the smoke uptake k. In the modification shown in 
Figs. 3 and 4, the arrangement at the back end of the steam 
generator is different from that preceding. At this end, forming 
the chief part of the combustion chamber A, there is a vessel lJ, a 
horizontal vessel m, being an extension on the end of the vessel a, 
and tubes » running between and fastened to the vessels / and m. 
The vessel / consists of a short side part at either side of the vessel 
a, and a transverse curved part dipping or bending downwards in 
the centre ; and the tubes n are secured in all these parts of the 
vessel, making an enclosure h about the end of the vessel a. The 
vessel J is connected with the vessel a by tubes of large diameter. 
(Accepted February 27, 1895). 


7604. W. Keen, London. Feeding and Heating 
Water for Steam Boilers, [3 Figs.) April 17, 1894.—This 
boiler feeder consists of two chambers with valve face dividin 
the two. One of these chambers is connected to the boiler, po | 
is open to the steam and interspace of boiler, but separable by 

topceock when . A vertical slide valve works in this 
chamber, and is kept working while the boiler is in use by any 
suitable means. This valve is so arranged that when it is at the 
bottom of its travel, the communication existing between the 
chambers is cut off, but that between the supply tank and one of 
the chambers is opened, and consequently water will flow in. 
When the valve is at top, communication is opened between the 





| longitudinally as far as is necessary for the greatest width of 


and also inclosing the ports. Zisa pipe admitting steam to the 


feeder to equalise the pressure. m is the water supply pipe to 
boiler. If the valve is kept in motion no further attention is re- 
quired. No force is needed to drive the water into the boiler, as 
the oe) would be placed above the boiler. (Accepted February 
27, 1895. 


TEXTILE MACHINERY. 


5296. A. Platt-Higgins, Didsbury, Lancashire. 
Self-Acting or Hand Mules. (6 Figs.) March 14, 1894.— 
This invention relates to self-acting or hand-mules for spinning 
fibrous materials, and has for its object the detection and inter- 
ception of soft or thick places or flown ends in the spun yarn by 
means of clearing plates or other equivalent devices placed 
between the drawing rollers and the spindles, and preferably 
coming into operation, after the spindles have finished twisting, in 

| such a manner as to intercept the said thick places and flown ends, 
and prevent them being wound upon the spindles. In carrying 
this invention into effect in a self-acting mule, there is attached 
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5296 





to the counterfaller wire fs a light metal plate h which has slots 
h! formed in it at intervals corresponding to the number and dis- 
tance apart of the spindles 6. Whilst the mule carriage a is 
coming out, the yarn e es from the drawing rollers (not 
shown) to the spindles b, clear of both faller wat 2, as shown 
in Fig. 1. But when the twisting operation has been finished, and 
whilst the yarn is being wound on, the faller wires occupy the 


relative positions shown in Fig. 2, so that each yarn e pasees 
through its corresponding slot Ah’ in the clearing plate A. By 
these means any thick place in the yarn is detected and cleared 


or broken down. (Accepted February 20, 1895). 

646. J. Imray, London. (&. H. Haworth, Moscow.) 
Singeing Fabrics. [1 Fig.] January 10, 1895.—This inven- 
tion relates to apparatus for singeing fabrics so arranged that the 
fabric, instead of always moving over one part of the heated 
metal, which part is thereby more or less cooled, is caused while 
it travels onwards, to move over different parts of the metal, which 
are thus kept at the heat required for singeing. The accompany- 
ing drawing is a transverse section of apparatus according to this 
invention arranged with two singeing stoves A, A! which extend 


fabric that is to be singed. At each end of the stoves A, A! there is 
a frame E which, by means of chains passing over pulleys F or 
otherwise, can be raised or lowered in guides G. The frame E 
consists of two circular segments united, each segment having two 
circular slots L in each of which is engaged a pin I projecting from 
each of two oscillating frames H, H’. shaft B caused to revolve 
by any suitable motor has at each end of the stove structure a 














crank C, the crankpin of which is connected by a link D to the 
oscillating frame H'. Each of the frames H, H! carries a pair of 
round bars or rollers K, each bar extending from the oscillating 
frames at the other end. The stoves A, A! are covered by metal 

lates M, M! nearly semicylindrical, which are maintained at the 
glowing heat necessary for singeing. The fabric W to be operated on 
is caused by draw rollers to travel continuously over the stationary 
bars N and guide-rollers R and under the bars K by which it is made 
to bear tangentially on the hot plates M, M1, and as the frames 
H, H! oscillate to and fro the spots where the fabric tangentially 
bears on the plates are continuously changed, so that every such 
spot, after one contact of the fabric with it, has time to become 
heated again before there is another contact. By lowering the 
frames E the extent of contact of the fabric with the hot plates 











two chambers and closed against water in supply tank. The water 
then finds its level by gravity in the two chambers. If the boiler is | 
using water to full capacity of feeder, the first chamber is filled 
at every stroke, but if the chamber is not emptied, only so much 
water ag will fill it will be admitted. Thus it cannot overfill the 
boiler. a is the spindle of slide valve. 0} isthe valve with double 


ports b', b2. cis the exterior wall of feeder. c', c?, c3, c4 are ports. 
d ig the outer chamber which receives the water from the tank, 
eis the inner chamber which communicates with the boiler. / is 
a pipe in which water is received prior to its entering the feeder. 
yg isa pipe which may be employed for conveying air or waste 
i is a casing forming part of the second chamber, 





steam to tank. 





| Weighing Machines. [8 Figs.) February 22, 1864.—This 


can be increased, and by raising E it can be lessened or the fabric 
may be taken entirely out of contact with the plates. (Accepted 
February 20, 1895). 


MISCELLANEOUS. 
3840. J. H. Robinson, London. Automatic Grain- 
invention relates to means of adjustably timing the successive 


discharges of grain from automatic grain-weighing machines. A 
is a lever acted upon by a cam tooth of a wheel B which is caused 











to revolve at a uniform rate by any convenient motor, such, for 
example, as clockwork working a worm C gearing with a worm- 
wheel D on the axis of the wheel B. In order that the timing 
may be varied, several of the wheels B with various numbers of 


fitted on a rocking shaft E liel to the es, along which 
shaft it can be slid and fixed in position to be acted on by any 
one of the wheels B. To connect this apparatus to the weighing 
machine, the tipping ——— discharging valve or feed valve 
or equivalent portion of the weighing machine, is arranged to be 
caught by a detent latch, holding the receptacle or valve 
stationary, and thus preventing the machine from weighing until 
this detent is rel On the rocking shaft E is fixed a lever F 
and from it a rod or other connection G extends =f to the detent 
of the weighing machine. Solong as the lever A is kept in a raised 
position by a tooth of the wheel B revolving in the direction of the 
arrow, the weighing machine is kept out of action by the detent 
latch, but when the lever A escapes the tooth, the lever F and rod 
G descend, without withdrawing the detent, and thereupon the 
weighing machine resumes its action, until another tooth of the 
wheel B again raises the lever A, allowing the detent latch to 
engage, and thereby stop the weighing. The lever F is made 
with a slotted hole in order to vary the stroke of the rod G as 
may be required. (Accepted February 20, 1895). 


6552. J. H. Blakesley, London. Fireproof Floors, 
&c. [4Figs.] April 2, 1894.—This invention relates to improve. 
ments in fireproof floors, roofs, girders, joists, and the like. The 
fireproofing material is divided into arches or single arched blocks 
a, resting on the joists b in one piece backed up by cement or 
other suitable material. These arches end in limbs c suitably 
adapted for the abutment of the arch and for the attachment of 
other required limbs. From these arches depend limbs e which 
hold flat tiles d to form a level ceiling on the underside ; one such 
flat tiled under each joist, and other or others filling the space 
left vacant under the arch. Or the flat tile d under the joist } 
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may be obviated by enlarging the depending limbs c of the arch 
horizontally to nearly meet under the joist, and the other tiles 
may be made in one piece with the arch a. Fig. 1 is a vertical 
section of a single arched block, having limbs resting on joists 
with tiles. The dotted lines indicate a separate floor-tile, which 
may be fixed or separate. Fig. 2 shows an alternate design. In 
these figures single arched blocks a are constructed with struts, 
stays, or pendants f and projecting limbs c on each side for rest. 
ing — pe —— = oe cis constructed 
a smaller limb g to suppo es ‘or ceiling. (Accept eb- 
ruary 20, 1895). a 


5035. A. Anderson, Monkwearmouth, Durham. 
Coupling Hook. [8 Figs.) March 10, 1894.—This improved 
coupling hook is designed for coupling and releasing ships’ boats, 
railway vehicles, towing hooks, and the like. Figs. 1, 2, and 3 
illustrate the hook arranged as a boat coupling and releasing gear. 
It comprises a box 1 and a standard 2, the lower end of which 
may be secured to the boat, the upper end terminating in a double 
eye 2a within the casing. The double eye carries the hook 3. At 
4 a pin passes through lugs on the standard and through the 
extended lower portion of the casing, whereby the standard is 
made secure. On the pin 4 a tumbler lever 5 of the shape shown 
is mounted. This apparatus is to be fitted at each end of a boat, 
and the lower ends of the levers 5 are to be connected together by 
a rope so that their motions may be synchronous. In Fig. 1 the 
part 6 of lever 5 prevents the hook being tripped by the block B 
too far, while in Fig. 2the part 7 of lever 5 takes the pressure 
from the end 8 of the hook when it isengaged. The part 7 also 
prevents the hook being tripped or revolved too far in a backward 
direction (Fig. 3). In this gear it is impossible, in the case of a 
suspended boat, to disengage until the boat is water-borne, and 
the gear is released by the man in charge pulling the rope con- 

















necting the lower ends of the releasing levera. Figs. 4, 5, and 6 
show the —— of the same gear to railway coupling pur- 

es. In this gear the hook is shown working in a vertical 
instead of in. an horizontal plane, as above described. On the 
tumbler pin 12 are mounted levers 9, the pins 10 on which engage 
with the catch hooks 11 which are pivoted in the arms of the 
stirrup 13, which is hinged to an extension 14 of the casing 15. 
16 is the double eye on the end of the drawbar 17. 18 is the hook 
pivoted in the double eye, the tumbler 19 being keyed on pin 12 
above referred to. To uncouple the hook from the link 20 (Fig. 5), 
the levers 9 are pulled or drawn up in any convenient manner by 
cords, levers, or otherwise ; this raises the tumbler and puts it 
out of gear. The pins 10 raise the catch hooks and go past them 
(Fig. 6), and when the levers 9 fall, the pins 10 engage and rest on 
the catch hooks, in which position the gear will not couple. By 
pulling back the extension 21 of the stirrup by a cord or lever, or 
any convenient means, the catch hooks are freed from the pins 
10, which thus allows the levers 9 to drop down and to bring the 
tumbler into gear with the hook, as shown in Fig. 5. In this 
position the tumbler rests on the base of the casing 15. (Accepted 
February 20, 1895). 





UNITED STATES PATENTS AND PATENT PRAOTIOE. 

Deoetstions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford: 








cam teeth are fixed side by side on one spindle, and the lever A is 
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u - on Roofs and Bridges. Part III. Bridge 

aa ona =  pyaee MERRIMAN, Professor of 
Civil Engineering in Lehigh University, and HENRY 
Ss. Jacosy, Associate Professor of Civil Engineering in 
Cornell University. New York: John Wiley and Sons. 


1894, [Price 25s. ] ; 
It is . unfortunate fact that the average English 


work on bridge construction is decidedly inferior to 
those published in America, though there are ex- 
ceptions each way, and the present work of Pro- 
fessors Merriman and Jacoby will rank high even 
amongst American text-books on bridges. The 
only really unsatisfactory part of the present 
volume is perhaps the opening chapter, where a 
short historical sketch of bridge design is attempted. 
The impression carried away from a perusal of this 
sketch would be that the whole art of bridge- 
building originated in Italy and America, there 
being not a single reference to an English structure 
in the whole of this historical portion. Consider- 
ing that the art of iron bridge building without 
doubt originated in this country, a cast-iron span 
of some 150 ft. being erected over the Wear long 
before the close of last century, and this was not the 
first, it will be seen that English engineers have re- 
ceived scant justice. It is true that the theoretical 
attainments of our pioneer engineers were often 
not remarkable, but having been brought up in 
the workshops, they possessed a knowledge which 
had become almost instinctive of the properties 
and capabilities of cast and wrought iron. Even 
as regards theoretical work, however, the reci- 
procal diagram is due to Maxwell, and the best 
notation for it to Henrici. Unless we mistake, the 
earlier American iron bridge builders were civil 
and not mechanical engineers, and signs of this 
origin are still observable in the American type of 
structure. Owing to this, great importance was 
attached to the use of structures which should con- 
tain no superfluous bars, culminating some twenty 
years ago in designs in which even the connections 
between the floor beams and the main girders were 
made by means of pin joints. Though such trusses 
showed great economy on paper, they were far 
from proving satisfactory in practice, and there can 
be little doubt that in the early ‘‘seventies”’ bridges 
designed by English engineers were on the average 
superior as working structures to those produced in 
the States. Since then the differences between the 
best practice on both sides of the Atlantic have 
diminished. English engineers, though somewhat 
slowly, have recognised the fact that in many cases 
the ratio of depth of girder to span can safely be 
increased beyond the ;}; or ;45 which was originally 
so much in favour, whilst in America the value of 
rigidity to a structure carrying a heavy moving 
load has been fully recognised for some years past. 
Indeed, in the case of small spans of 120 ft. or 
less, present American practice is in advance of our 
own, as up to this limit plate girders are there re- 
cognised as the best practice, the greater weight 
of metal required being compensated for partly by 
the ease of manufacture and erection, but mainly 
by their greater rigidity, safety, and low mainten- 
ance cost. The wisdom of the short-span, open- 
web, single triangulation girders, which have been, 
and are being, erected for some of our newer 
English lines, is at least open to question. 

Passing from the historical question, which, as we 
have said, is unsatisfactory, the rest of the volume 
leaves little to be desired. The simpler question of 
statics is not entered into, having been treated 
in a previous volume, and hence the whole of 
the space has been available for the treatment 
of those practical details of construction the happy 
design of which is the most difficult part of con- 
structional engineering. The question of the most 
economical width of span is discussed at consider- 
able length. For years past a certain rule has 
been repeated in every text-book on bridge con- 
struction, to the effect that the cheapest structure 
will be obtained when the cost of the superstruc- 
ture is equal to that of the substructure. Who 
originated the rule we do not know, but it was 
doubtless obtained by one of those short cuts in 
reasoning which so often prove the longest way 
round. We have long had doubts as to its validity, 
and from the detailed examination given to the 
problem by Messrs. Merriman and Jacoby, it 
appears that the rule is far from representing the 
facts. The rule arrived at by these authors is : 


Number of spans = [Pee 





where p is the price per pound of the metal super- 
structure, b is a constant = 5 for pin-connected 
trusses, / is the span in feet, and n isthe cost of 
one pier, which is constant for moderate variations 
in the span. Of course the rule is only a rough 
first approximation. The questions of the most 
economical systems of bracing, and of the best 
ratio of depth of truss to span, are also entered 
into, and as regards this latter it is shown that the 
popular rule, that the weight of the flanges or 
chords should be equal to that of the web members 
for maximum economy is also badly based, as in 
general it pays better to have the chords lighter 
than the web members. This point cannot, how- 
ever, be treated purely from a mathematical point of 
view, as heavy chord members have practical advan- 
tages in the matter of stiffness which cannot be 
ignored, and thisthe authors fully recognise. The 
main body of the work, consisting of detailed draw- 
ings and descriptions of various types of roof and 
bridge trusses, is prefaced by a short essay on rivet 
and pin joints, and on the component parts of 
bridge members. A useful diagram is given, which 
shows at a glance the bearing and shearing stresses 
on rivets and pins. 

In discussing the design of a plate girder the 
excellent specifications of Mr. F. H. Lewis have 
been largely drawn on, The various trusses dealt 
with are all of the single-triangulation type, and 
each detail is discussed in succession, the work 
being very carefully done and fully illustrated. 
We do not, however, like the design given for the 
riveted highway bridge, as we should prefer a much 
wider top flange for the left-hand girder, as the 
method of stiffening shown is not very satisfactory. 

One great feature about the book is the attempt 
to give some idea of the cost of the work. Many 
people will and do say that it is impossible to give 
this in a text-book, and no doubt no very great 
accuracy can be expected, but unless some guide is 
given, a student will not know whether the work 
is likely to cost 101. a ton or 1001. a ton. An 
estimate which may be 25 per cent. wrong is there- 
fore of service to him. A number of excellent 
questions for students are appénded to several of 
the chapters, and many of these deal with such 
matters as the cost of works, the student being 
directed to look up the contract bids as given in 
the American engineering papers. 


A Pv.cket-Book of Marine Engineering Rules and Tables, 
By A. E. Seaton, M. Inst. C.E., M.I. Mech. E, 
M.I.N.A., and H. M. Rounruwairs, M.I. Mech. E, 
M.I.N.A. London: Charles Griffin and Co. 

There is no class of books the reviewer has brought 

before him more difficult to express an opinion 

upon than that to which the work now under con- 
sideration belongs. The exception occurs when 
the book is obviously bad. Seaton and Rounth- 
waite’s pocket-book is not one of the exceptions, but 
a most excellent book of reference. Naturally, in 
works like this, full of tables, rules, and formulze, it 
is only by long use that one can fully appreciate its 
merits and find out the percentage of errors. The 
names of the authors should, however, be a sufficient 
guarantee that the information is sound ; that it is 
well arranged, and of a nature as the marine engineer 
requires lies more on the service. The authors by 
no means confine themselves to cut-and-dried rules 
and tables, but add suggestive remarks on the 
various subjects dealt with. Opening the book at 
random we alight on the heading ‘‘ Piston Speed,” 
where, after the formula for determining it is 
given—naturally one of the simplest in the book-— 
we find the main features involved in the question 
considered in a few pithy sentences, followed by 
examples for various classes of vessels. Again, two 
or three pages back, we find the following note 
added to the rule for equivalent mean pressures, 
‘* Records of equivalent mean pressures should be 
kept, together with notes of the various conditions 
under which the trials were made (such as pressure 
of steam at high-pressure valve casing, degree of 
opening of throttle or regulation valve, amount 
gear is linked up, vacuum in condenser, &c.), as 
they supply a ready means of checking calcu- 
lations, for sizes of cylinders, cuts-off, &c., of 
proposed engines of the same type, and of de- 
termining the exact value of the factors, exact 
values, which are given in Table XIII. ;” ‘e., 
ratios of actual to theoretical mean pressures. No 
doubt the superior person does not wish to be told 
this kind of thing, because he knew it all before, 
but the average engineer will, we think, find the 
numerous hints and reminders given with the 





tables and formule exc.edingly useful ‘in the 
present days of quick despatch when one has often 
not time to think the things one knows, whilst the 
less experienced engineer or draughtsman will find 
reasons for a multitude of things he has been in the 
habit of doing without knowing why. 

The book opens with formule and tables for 
horse-powers ; efliciency, and resistance to propul- 
sion are next treated upon, there beng tables of 
relatior of powers and speeds, of indicated horse- 
power per 100 ft. of wetted surface, of times and 
speeds from 4 to 30 knots, and of two-thirds powers. 
After a comparison of triple and compcund engines 
a number of pages, 160 in all, are devoted to the 
various parts of engines and their connections, 
among the points treated being ratios of cylinders 
—with four pages of diagrams—piston speed, 
rules for calculating diameter of cylinders for 
a given power, cylinder ports, pipes, and passages, 
valves and cocks, piston clearance, stuffing- boxes, 
studs, nuts, and bolts, shafts, bearings, and the 
various moving parts of the engine. The condenser 
follows, after which pumps are treated upon. Slide 
valves of different kinds are dealt with, rules being 
given for surface, area of passages, lap, lead, &c. 
Zeuner’s diagram for the common valve motion is 
given, with an explanation for its use. There are 
also other diagrams relating to this matter. The 
subject, however, is one that cannot be adequately 
treated in the small space available in a hand-book, 
though the points touched upon may be useful as 
reminders ; and this, after all, is as much as one 
can expect from a work of this kind. After deal- 
ing with propellers, sea connections, and pipe 
arrangements, the authors treat of fuels, combus- 
tion, and evaporation, and we then come to the 
section devoted to boilers and their fittings. The 
Board of Trade and Lloyd’s rules are extracted at 
some length, after which the properties of materials 
are considered, there being a good many useful 
tables in this section. The remaining section of 
the work is devoted to tables of the usual nature 
required by engineers, and to the necessary index. 
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Sout Arrican Gotp-Min1nc.—The value of the gold 
produced in South Africa in 1892 was 4,297,610/. ; in 1893, 
the total rose to 5,187,206/., and in 1894, it further ex- 
panded to 6,960,1147. The amount distributed in divi- 
dends during the three years upon the shares of South 
African gold-mining companies was: 1892, 833,8121. ; 
1893, 1,127,2137.; and 1894, 1,530,0007. The average rate 
of dividend of the dividend-paying companies came out 
in 1892 at 26 per cent.; in 1893, at 35 per cent. ; and in 
1894, at 43 per cent. The general average dividend for 
all South African gold-mining ventures was, of course, 
reduced by the fact that some of them do not at present 
yield any dividends at all. 





Batic AND NortH Ska Canat.—The canal just com- 
pleted between the Baltic and the North Sea will be 
opened on June 20 by the Emperor of Germany in the pre- 
sence of the highest dignitaries of the German , Daviad and 
representatives of other countries. The principal nations 
will be represented by men-of-war, and it is expected that 
the pomp and ceremony of the occasion will rival the 
scene at theopening of the Suez Canal. The canal starts 
from Kiel on the Baltic, and crossing the Prussian 
frontier at Holstein joins the Elbe at Brunsuttol, below 
Hamburg. Work was commenced upon the canal in 
June, 1887, and upwards of 8600 men were employed 
during the summer months, whilein winter the total was 
reduced to 4700, The length of the canal is 53} miles, 
and its average depth is 29 ft. 6 in., its width at water 
level being 213 ft. The estimated cost was 7,488,000/., 
and these figures have not been exceeded. The speed 
allowed on the canal will be 5} miles per hour. 
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IRRIGATION IN PERU. 
(From A CORRESPONDENT.) 
(Concluded from page 396.) 
THE Cura VALLEY SCHEME. 

TURNING to the question of the sections of the 
proposed canal, Senor Vinas said that they would 
depend largely on the nature of the soil, the climate, 
and the character of the crops. In the Chira 
Valley the principal crop is that of cotton, but as 
it is at present sown where the lands are periodic- 
ally inundated, it would not be possible to obtain 
reliable data as to the amount of water required 
per hectare. In a few cases, however steam pumps 


on the margin of the desert, it is customary to give 
the plants water three times per year, each surco 
(ditch) being .90 metre wide by .60 metre deep, 
14 swicos to the acre. This gives an annual amount 
per hectare of 2268 cubic metres, or 0.072 litre per 
second. The smallness of this quantity is due, 
however to two causes, i.e., the phenomenal rich- 
ness of the soil, andthe great scarcity of water, which 
necessitates its being used most sparingly. The 
practice in the Province of Oran, where the cli- 
mate is very much like that of the Department of 
Piura, is to give 4 litre per second per hectare 
during the months May to September, which equals 
6480 cubic metres. 














Fic. 9. View or Parra, 








Fig. 10. 


were used to deliver the water to the higher lands, 
and from this experiment it was found that from 
.40 to .50 litre per second per hectare during five 
months was a safe mean to assume, the water 
being put on the land every two weeks. A pump 
able to deliver 112 5 litres per second, working 10 
hours per day during five months, and irrigating 100 
hectares, which is equivalent to 6075 cubic metres 
per hectare, will give 0.4687 litres per hectare 
per second, so that 0.4687 x ,5; = 0.1994 litres 
would represent the amount per second per hec- 
tare necessary in the case of irrigation throughout 
the year. 





PiazaA PRINCIPAL OF Paira. 





In S-chura, where there are some cotton fields 





From the above it is calculated that a constant 
supply of 0.25 litre per second isa good basis to 
establish in order that there should be no failure of 
water in the canals. Therefore, to irrigate 35,500 
hectares, 8875 litres per second will be necessary ; 
but in order to provide for filtration and evapora- 
tion, the fixed amount of 10 cubic metres per second 


RI = v2 x0,00028 (Q +: oy 


It is known that for a minimum trapezoidal 
section to convey a given flow, the sides must be 
tangents to a circle, the centre of which is on the 
water surface. Hence forsides at a slope of 1 to J 
as in Fig. 7, the minimum cutting will be obtained 
where the bottom width 1 = 0.763 the depth h. 

Applying these results to the formula of Bazin, 


RI= 0? x 0.00028 ( 1 + =) 


the velocities will be obtained. 
(Case A ) Making / = h, 




















R-_ 24 _ ~o522p. 
1+2 VZ 
As I = 0.0(04 for the canal, we have 
- 15). Q 
R=07 (1 + > v= ah?” 


Hence for a flow Q of 10 cubic metres we should 
have the following results : 
h = 232 metres 
v= 0. ” 
S = 10.76 equare metres 
This velocity, 0.93, would be enough to wear 
the banks of the canal, and yet it does not obtain 
the minimum of cutting; it is, therefore, prefer- 
able to reduce the velocity and adopt that of .80, 
which should be diminished still further in some 
cases, according to the character of the soil. 
(Case B.) Taking the case ofa canal with vertical 
banks, and adopting 


1=2h,R = . 


we should similarly have 
h = 2.347 metres 
v= 0.9 ss 
= 11.00 :quare metres 
In the above form of canal the velocity of 0.91 
could be adopted, as the ground would naturally be 
harder, and less liable to wear. With these figures 
and the Bazin formula we can adopt 
v=42,/RI1 
V = 0.84 J/R 
Calculating the dimensions of a canal for a velo- 
city of v = 0.80, 
R x_0 0004 _ 9 ooovs (a: + ~~) 
0.64 R 





R? = 0.448 R + 056, 
| from which appears 
R= 022+ 0.277 + 0.56 = 1.005 
S = 12 50 equare metres 
Pr =13:33 
From the formu’ 
S=(1+h)h_ 
P=14 2/24 
are deduced the valucs 
b= aot a 
3.656 — V3 6562 1 828 
1=P-2 J/ 2h = 8.96, 
Fig. 6 will, therefore, be the form of the canal 


= 1 23 metres 





is decided upon = one-quarter the quantity passing 
in the river during the dry season. 
For canal sections the Prony formula is : 


RI=av + br, 
but the Bazin formula was adopted for the canals 


with its two banquettes, that give a breadth B of 
12.50 metres in the mouth. 

In the case of sandy or gravelly ground the walls 
might be made vertical and closer in, and the fcr- 
mula that would be employed is 





in earth : 





RI _ 9 ooo24 (1 +). 
rd R 
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Being able to arrive at the velocity of 1.00 metre, 
we shall have 

R? = 0.6R + 0.15 

R — 0.3 + »/0.09 + 0.15 = 0.7898 

S — 10 square metres 


P = 12.66 
From the equations 
S=lh 
P=1+2h 
result : “ 
_P, /=68 _ cum 
h a x/ 16 0.925 
l= S 10.80. 
h 


In the case of passing quebradas which will have 
to be crossed, the canal would be given a rect- 
angular form in masonry, as shown in Fig. 8 on the 
opposite page, and the formula will be 

RI _ 0,00019(1 4 oot) 
v R 
R? —0.475 v? (R + 0.07) 


<4 0.47527 4. 70.475 v2 24 3955 4-2 
n= SSeS ta/( : ) + 0.08325 22, 


If v = 1.30 we shall have 


R = 0.86 
S = 7.69 
P=8:94 
A = 1.16 
l = 6.62 


If we seek in this case the section which gives 
us the minimum cube, as in case B, we will have: 


t= 2h, R= 3 ( = 10 cubic metres. 
Whence 
hk =191 
= 382 
S = 7.30 square metres 
v=1L3 
© = (266 
R = 0.955 


Thus, the velocity v = 1.37 metres, which is nearly 

that which has been selected as acceptable for 

these canals, corresponds to the maximum of the 

velocity, and gives the minimum for the width at 

the bottom of the canal. In these conditions the 

formula of Bazin corresponds to the following : 
v=70 VRI. 

Having as the width of the canal/ = 3 82, it is 
possible to cross any quebrada, always, of course, 
seeking a position in which the bottom of the 
quebrada has a higher elevation than the bottom of 
the canal by 1.90 metres. The canal would thus be 
made to pass the quebrada in a sort of tunnel, the 
top of the cut being covered by algarroba and 
masonry, so that the water in the quebrada would 
flow over the top during the period of rains. 

This proposed system of crossing the quebradas 
appears at first sight to be an effective one, but its 
efticiency is open to grave doubt when the character 
of the soil in the quebradas is considered, there 
being very great danger of undermining the covered 
canal, in which case a failure would seriously im- 
pede irrigation operations. A much cheaper way 
would be to prepare defined passage-ways for the 
water in the quebrada and carry the canal on columns 
well fendered from the effect of any extra volume 
of water. However, after visiting the site of the 
proposed canal, the writer cannot see any great 
difficulty in solving this portion of the problem, and 
the question of quebrada crossings can well be left 
over until the other part of the work is under way. 
The cost of crossing a quebrada by the system 
shown in Fig. 8 would be: 


Sols. 

Excavations, 20 cubic metres at .50 sol 10.00 
Cement and masonry, 5.32 cubic metres 

at 15.00 sols aes aes ess is 79 80 

Covering of algarroba_... aa eae 11 20 

Cost per lineal metre 101.00 


There is one great, if not fatal, objection to the 
covered crossing; that is, it prevents the canal 
being used as a navigable way. When it is con- 
sidered that at no great distance from the proposed 
inlet of the canal there are deposits of iron ore 
of exceeding richness, it can readily be under- 
stood why the irrigation scheme should be carried 
out with the view of utilising the channel for the 
transfer of this ore to the coast, or better, the 
carriage of the petroleum from the neighouring oil- 


ment of the oil to the iron district could be carried out 
at very little cost with light-draught barges of steel 
for carrying in bulk. With regard to the iron 
deposits, the writer visited the hills to the north- 
east of Tambo Grande, and collected specimens that 
look as if they had already gone through the fur- 
nace. The deposits are something enormous, and 
it is said that the English engineer, Mr. Finlay, 
has asked for the concession for a railway from 
Piura to Tambo Grande mainly on account of the 
iron, the demand along the South American coast 
being very large... 

The calculations for the different sections of the 
canal have been made with the view to its passing 
10 cubic metres per second, but, as the amount 
required for irrigation will be gradually diminished 
as the lands are irrigated along the line, three 
different sections have been proposed. 


those included in the project described. However, 
between Arenal and the coast, on the left bank, 
there is a section from which, on the investment of a 
small amount of capital, a good revenue can be 
realised. 

It is proposed to take the water from the river at 
Arenal, as shown on the plan, and conduct it by 
canal to Colan, irrigating along the line an area of 
4000 hectares (about 12,000 acres). From Colan 
the water can be conducted by pipe line or small 
canal to Paita, Figs. 9 and 10, a distance of about 
5 miles. The estimated cost of this work is about 
14,0007. ; and as the town of Paita pays 18,000 sols 
per year, or 1875]. at 25d. exchange, an interest 
on the capital of nearly 13 per cent. is guaranteed, 
leaving the revenue from the irrigation clear profit. 

With regard to the irrigation of the Piura Valley 





there have been many schemes proposed, most of 








Fie. 11. 


First line, of 45 kilometres, with section for 10 cubic 
metres per second. 
Second line, of from 45 to 754 kilometres, with section for 
8 cubic metres per second. 

Third line, of from 75} to 954 kilometres, with section 
for 4 cubic metres. 

From section 954 kilometres to Negritos, to irrigate the 
7000 hectares extra, a section for 2 cubic metres. 

In view, however, of the use of the canal for 
barges, this change of section is not likely to be 
carried out. 

In order to protect the canal from the effect of 
the increased height of water in the river during 
freshets, it is proposed to carry protection walls 
much higher up the river, so that the water can 
be taken in at any level that corresponds with the 
height of water in the river. 


Cost of Work. 





Sols. 
Principal canal to the sea ... 868,791.80 
Canal to Negritos ... ¥i 29,575 00 
Passing the quebradas 209,806.00 
Inlets and protection walls 115,720.00 
1,223, 886.80 
10 per cent. for administration ... 122,388.60 


Total Pe ...  1,346,275.40 
This, at present rate of exchange (25d.), will be 140,237/, 


In order to obtain a revenue of 10 per cent. on 
this sum solely by the sale of the water, it will be 
necessary to charge 13.46 sols per litre delivered, 
as in the foregoing calculations. Therefore, a com- 
pany obtaining a fixed sum of 15 sols per litre, and 
a certain amount of land along the line of the canal 
—an arrangement that can be made—will be able to 
pay a handsome dividend on the investment. 

In the above, only the right bank of the river has 








fields of MAncora to the iron mines. The proposed 
canal to irrigate the Jands as far as Negritos will 
end within 2 miles of the oil wells, so that the ship- | 


been considered. On the left bank there is also 
much land that can be increased in value by an 








VALLEY OF CAJAMARCA. 


which contemplate the taking of the water from the 
Chira. The one for which an American engineer 
received a concession will require a large expendi- 
ture of capital, but it is said that a company has 
been formed to carry out the work, and the prin- 
cipals are expected on the ground very soon. Asa 
cotton-growing country the Piura Valley can fairly 
rank as pre-eminent, as her products rank higher 
than any others in the markets of Europe. The 
peculiar nature of the soil and climate are such that 
if, for instance, the seeds of the Egyptian plant are 
sown, the resulting plant changes completely in time 
and produces a cotton that, mixed with wool, can 
hardly be distinguished from it even by experts. 

To show the profit made by cotton culture, the 
following figures, taken from actual experience, 
will be sufficient : 

The average production of cotton for 100 hec- 
tares is 182,000 lb., including seeds. Of this 
weight, 119,000 lb. are seeds, and 63,000 lb. cleaned 
cotton. The cotton sells as it is picked at 20 sols 
per quintal, so that the value of the total for 
100 hectares is 10,000 sols. During the time the 
cotton is growing a crop of Indian corn is obtained 
from the spaces between the plants, and this is 
valued at 1550 sols, making in all 11,550 sols. As 
three crops are obtained within 18 months, the 
total for that time amounts to 34,650 sols, The 
cost of sowing, cleaning, land irrigation, carriage, 
&c., is stated at 14,500 sols, so there is a net profit 
of 20,150 sols in 18 months. One of the large 
hacienda owners in the Chira Valley is said to have 
cleared 60,000 sols from the last crop alone, 
although the season was an unusually dry one. 

With the water in these two valleys regulated so 
as to assure a supply all the year round, they will 
become large contributors to the cotton markets of 
the world, and those who carry out the work of 





irrigation canal ; but the most important areas are 





irrigation are certain to secure a revenue that will 
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compare favourably with any investment at present | 


in the country. With the proposed railway from 
Piura to Tambo Grande, where iron-ore furnaces 
would be constructed, and the canal in the Chira 
arranged for navigation from the coast, there is not 
the slightest doubt that the Department of Piura 
would become the wealthiest of the republic, for 
it must be understood that the total amount of land 
that can be brought under cultivation in time 
reaches the enormous figure of 2,300,000 acres. It 
is not possible, however, that al] this would be 
opened up at once. The natural demand for more 
territory, when once the benefits of irrigation were 
felt, would gradually bring about the extension of 
the water supply, reservoirs would be constructed 
in the mountains so as to take advantage of every 
drop of moisture within the watershed, and the 
district would become peopled with a class of 
workers that would soon make the Port of Paita 
change places with those of Mollendo and Callao in 
point of importance. 





THE NEW NORDENFELT GUNS. 
(Concluded from page 400.) 

WE will conclude our somewhat extended notice 
of the artillery system of the Société Nordenfelt, 
with a description of the largest turret for coast 
defence designed by them, and illustrated by Figs. 
94 to 96, on pages 464, 465. This turret is intended 
to protect two 15-centimetre (5.9-in.) guns, and 
some of its leading particulars are given in the fol- 
lowing Table : 

Particulars of Nordenfelt Coast Defence Turret for Two 
15-Centimetre Guns. 
Outside diameter of cupola 3.530 m. (11 ft. 7 in ) 
Inside diameter of service cham- 

ber ae oe = ee eee ee ee 

Thickness of cupola, including 


lining plates... se .. 240 mill, (9.45in.) | 
Greatest height of cupola above 
ground .. 1.030m. (41.55 in.) 


Horizontal area of cupola a 9.8eq.m. (105.49¢q. ft.) 
Thickness of outer armour : 


Upper part in front... 320 mill. (12.60 in.) 





Lower ee Pere ee (9.45 in.) 
Upper part in rear ... | (9.45 ,, ) 
Lower ms : ——. (7.08 ,, 


) 
1.200m. (47.24 ,, ) 
3.680 m. (12 ft.) 

7 000 m. (22 ft. 11 in.) 


Height of outer armour... cas 
Inner diameter of outer armour, 
upper part ee ~ oe 
Outer diameter of outer armour, 
lower part ss ies a 
Number of turns on crank for 


complete revolution... ae 57.5 
Resistance on crank for each 

man in ah = .. 12kilog. (26.41b.) 
Time required for complete 

rotation .. - ax ss 1.5 minutes 
Number of men required to 

rotate turret... = ns 3 
Number of men required to ele- 


vate gun... ab - pac 
Maximum range of elevation 
Weight of cupola, including 

lining plates... Sa .. 23,700 kilog. (23.7 tons) 
Weight of two gun carriages ... 10,945 ,, 
outer armour ... 60,000 
* other parts of turret 37,215 ,, 
Total weight of turret without 


1 
—2to + 25 deg. 





” ” | 


{ } 
(60 ) 
(37 § 





gun a ing ee ek 
Proportion of weight of armour 
to weight of entire turret 63.4 per cent. 
Weight of two 15-centimetre 
guns an a“ tts ... 6,120 kilog. (6 1 tons) 
Weight rotated, including gun .. 70,250 ,, wo 2 
Force of men required : 
Officer ... nk de be 1 
Training gun and rotating 
turret nar Se ce 4 
Loading and handling gun 5 
Working ammunition lift ... 1 
Total men ... ; 11 


It will be seen from the section that the cast iron 
part of the armour placed below the ground is very 
shallow, the masonry pit being carried below it to 
a considerable depth. The armour is made in five 
segments bolted together wich flanges, while the 
foot is extended and fitted irto a base-ring placed 
on the masonry. The cupola is made of oil-tem- 
pered steel in three segments connected with flanges 
and bolts; it is circular in plan, and its contour 
will be understood from the two vertical sections, 
Figs. 94 and 95, which are at right angles to each 
other. The inside of the cupola is lined with two 
thicknesses of steel plates fastened by screws to the 
outer shell. It will be noticed that the upper edge 


of the outer armour is not bevelled as in the smaller 
turrets, but is rounded, the diameter of the opening | 
being larger than that of the cupola which enters | 
it, leaving a clear space all round. The cupola| 
rests on a heavy steel ring of the section shown, and 


this ring is bolted to a series of nine iron standards 
of H-section ; these standards are inclined outwards 
to a lower baseplate that forms the firing platform. 
There standards are inclosed by thick iron plates, 
so that the gun chamber takes the form of a trun- 
cated cone, covered with the domed steel top. In 
the baseplate, or firing platform, openings are made 
provided with close-fitting doors, through which 
access from the service chamber beneath is obtained. 
The platform is, of course, framed upon suitable 
bearers, attached around the periphery to a steel 
roller path. A live ring with 16 rollers is inter- 
posed between this path, and a lower ring is placed 
on the masonry curb some distance below the 
bottom of the outer armour. It will be noticed 
that the diameter of the chamber is reduced below 
this level, and that a drainage channel is formed 
around the upper chamber as well as round 
the base of the gun chamber. An embrasure is 
formed in the steel cupola for each gun, closed by 
a steel door 2} in. thick. This door is hung on a 
hinge, so that it opens at the moment the embrasure 
is required for running out the gun, and closes as 
the gun falls back into the turret after firing. The 
sighting device is placed between the two guns, as 
shown in the sections. The guns and mountings are 
placed entirely within the firing chamber, and the | 
arrangement for each is similar. The mounting 
consists of two elongated side-plates, the upper ends 
of which are fitted with trunnion bearings, while 
the lower ends are provided with a shaft that turns 





in bearings on a bracket attached to the firing plat- 
form. The lower part of the side-plates is made | 
semicircular, and toothed to engage the links of | 
a pitched chain. The upper ends of the chains are 
fixed to the semicircular part of the frames, and 
the lower ends to rods that form part of the 
recoil device. Between the two cheeks consti- | 
tuting the gun mounting, is placed an hydraulic | 


| brake, the cylinder of which is articulated to the | 


frame, while the piston-rod is free to turn on a 
pin connected to a steel collar passed around the | 
breech end of the gun. The movement of the | 
brake is eccentric to that of the cheeks in such a| 
way that the movement of the gun from the firing | 
to the loading position, shown in dotted and full | 
lines respectively in Fig. 94, corresponds with the | 





the rods working in the cylinders, constitute air 
buffers and prevent shock. For rotating the turret 
the lower or fixed ring of the roller path is cut 
into a circular rack, and the circle is divided into 
degrees and minutes. The rotating device consists 
of toothed gear on the movable platform, and 
working into the fixed rack. It can be operated 
from below, and three men can turn the turret 
through a complete revolution in 14 minutes. For 
fine adjustment in direction, a supplementary 
gear is used, consisting of a wormwheel running 
free on the shaft of the revolving winch, and 
gearing into an endless screw operated by a 
handwheel. By shifting a clutch the wormwhee] 
can be made fast on the shaft, and the more deli- 
cate movements of the turret effected. The angular 
movement is recorded by an index on the frame of 
the rotating cupola pointing against the graduated 
circle. In training vertically the device attached tothe 
elevation guide, and shown in Fig. 94, is used. A long 
screwed rod passing through the guide and below 
the floor of the gun platform, terminates in a bevel 
wheel and is supported by brackets bolted to the 
underside of the gun platform. In this bracket 
there are two horizontal shafts, one for each gun 
and both provided with a handwheel; the shafts can 
be locked together so that the same motion can be 
imparted tothe two guns together, or they may be 
worked independently. On the shafts are pinions 
that gear into the wheel on the end of the screwed 
rod, and this being turned raises or lowers a nut 
connected to the gun and carrying an index working 
on a scale. The elevating guides, as well as the 
guns, being carefully counterbalanced, there is but 
little labour involved in the various operations of 
training. The elevating screw has a very slow 
pitch, and is not affected by the shock from firing. 

The loading gear consists of an arm that is 
pivoted below the gun platform, and is formed of 
two parallel plates, which carry between them a 
half-cylinder of sheet iron somewhat greater in 
diameter than the projectiles and cartridges ; the 
half-cylinder approaches within 2 in. of the breech 
end of the gun when in its loading position. A 
table sliding in this channel raises the cartridge up 
to the breech by means of a pitched chain, and 
introduces it into the chamber of the gun. The 














full stroke of the brake piston. Elastic buffers are table can be moved aside by a lever, so that the 
placed at both ends of the travel, on the platform breech can be closed. The cheeks of the loading 
and on the cupola. On the right-hand side of the | arm are articulated at their upper end ; below they 
platform is an inclined standard which forms the are adjustable by a cable, moved by a windlass, to 
elevation guide, and in each gun a stud is attached | insure its exact position behind the breech of the 
near the breech that engages in a groove on the| gun. The loading gear is supplied with ammunition 
guide, which determines the elevation to which the | by a lift with a series of buckets on a chain worked 


gun is adjusted, and regulates the movement in 
both directions in such a manner that the gun at 
first recoils parallel to its firing position until the pro- 
jectile has left the muzzle, and then falls towards the | 
breech until it assumes the loading position shown in 

the section, Fig. 94. There is only one elevation | 


| guide in the turret which serves for both guns, each 


of which, however, is independent of the other in 
all its movements. When in loading position the 
gun falls through openings in the platform ; these 
openings are closed by doors which are operated 
automatically by the guns themselves. In the 
same way in coming to the firing position the em- 
brasure doors are opened by the guns, and are 
closed automatically as they recoil. 

The mechanism for raising the guns to firing 
position and regulating recoil, consists of the follow- 
ing parts—which are illustrated by the various | 
figures. A platform is suspended by rods from the | 
gun chamber and floor, and to both are attached 
two vertical tubes that serve as guides to powerful | 
coiled springs that are placed around them ; in the | 


section, Fig. 94, these springs are shown in the} 


compressed or maximum recoil position. <A heavy | 
crosshead is placed beneath the springs encircling 
the guide-rods and supporting two rods, the screwed 
portions of which pass through the crosshead ; the 
lower ends of these rods form plungers that work in 
air-tight cylinders that can be relieved to any desired 
degree by valves. To the upper ends of the rods 
are attached the pitched chains that terminate on 
the toothed segments of the mounting. When 
recoil commences the gun starts its movement 
without affecting the crosshead, but as this con- 
tinues, and the mounting turns round its axis, the 
pitched chains draw up the rods and crosshead. 
As soon as the recoil is completed, a friction brake 
holds the whole mechanism in loading position, 
from which it can be released by a lever, when the 





extension of the springs draws down the rods and 
pitched chain, lifting the gun; the lower part of 


by a winch in the service chamber. The floor of 
this chamber, suspended from the partition plat- 
form, has a trapdoor for the gunners, for the 
supply of ammunition, and for removing the gun 
when it has to be dismounted. 

A fan which can ventilate several turrets is 
placed in the lowest gallery ; flexible tutes carry 
the air into the service chambers up to the gun 
platform. Self-acting ventilation valves are placed 
around the body of the cupola ; they are generally 
kept open by counterweights, but close under 
pressure of gases from the outside. In order to re- 
place defective rollers in the live ring, a rectangular 
aperture, somewhat larger than a roller, is made in 
the lower racer, and is filled up by a dovetailed 
slide. Whena roller has to be replaced, the turret 
is rotated until such roller rests on the slide; this 
is then withdrawn, the nuts holding the roller are 
unscrewed, and the roller is free to be taken out 
and replaced by a spare one. 

The appliances for dismounting a gun are as 
follows: Three shackles are fixed inside the roof 
of the cupola above the guns. After removing the 
armoured door and the upper axis of the ammuni- 
tion lift, the loading apparatus chain is slackened, 
and the trapdoor in the floor of the service chamber 
is opened. The gun is brought to its loading posi- 
tion and is suspended in the chains of differential 
blocks hung in the shackles; when the weight of 
the gun is taken up by these blocks, the trunnion 
covers are opened and the gun is free to be lowered 
by the differential blocks into the subterranean gal- 
lery. A spare gun is mounted by a reverse pro- 
cedure. A separate differential block can be fixed 
below the embrasure for controlling the carriage 
while the gun is mounted. 

The guns can be fired either electrically or by 
lanyards. The arrangements for electrical firing 
are nearly similar to those ordinarily employed. 
When the lanyard is used, it is so arranged that it 
follows all the movements of the gun, while its 
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leneth always remains the same, and the end of the 
lanyard always is found within easy reach of the 
gunner who attends to the firing. In both cases 
the guns can be fired automatically on arriving at 
the predetermined elevation, or they can be fired 
by hand at word of command ; each gun can be 
fired separately, or both together, whether the 
turret be moving or at rest. : ; 

In the various figures illustrating this turret, the 
more important points are referred to by letters, as 
follows: The openings protected by doors for the 
removal of the gun are shown at aa; beneath them 
are the winches by which the loading mechanism is 
operated ; « is the door leading from the gun plat- 
form to the service chamber ; ¢ and e are the hand- 
wheels for elevating the left and right hand guns 
respectively ; fis the lever by which the springs, 
compressed after recoil, can be released and the gun 
brought into firing position; g is the handwheel 
for working the ammunition hoist ; h h are the 
small winches for introducing the charge into the 
gun; i is the handwheel for operating the fine 
adjustment for horizontal training ; k is the index 
working against the graduated circle; / is the 
automatic clutch referred to above ; m is the quick- 
action gear for turning the turret ; 1 is a brake for 
checking the movement; o is the hand gear for 
regulating the tension of the accumulator springs ; 
p, P'; p*, p> is the electric firing device; q is the 
ground-glass screen on which the image of the 
target is thrown when the gun is in position. The 
advantages claimed by the Société Nordenfelt for 
this arrangement are, briefly, a high degree of 
efliciency, reduced weight and cost as compared 
with existing types, a smaller number of men for 
serving the gun, the recoil of the latter to a fixed 


loading position, and complete ventilation of the | 


interior of the turret. 





THE INSTITUTION OF NAVAL 
ARCHITEOTS. 

In our last issue we gave an account of the earlier 
part of the proceedings at the recent meeting of the 
Institution of Naval Architects, held on Wednes- 
day, Thursday, and Friday of last week, the 3rd, 
4th, and 5th inst., the subject we then dealt with 


being Sir William White’s paper on ‘First-class | 


Battleships.” 
WarsuHip DEsIeGns. 


The next paper taken was a contribution by 
Admiral P. H. Colomb, entitled, ‘‘ The Elements 
of Force in a Warship.” 

This wasa long paper on an extremely interesting 
subject, but we fear the author has undertaken an 
impossible task. He has made an effort to reduce 
the various elements involved in the design of a 
warship to a common standard. There are few 
who have devoted more thought to this subject 
than Admiral Colomb, but the success he has 
reached, in the endeavour made in the paper, may 
be judged by the discussion. We may say that the 
problems involved are so complex, and the pos- 


a matter of opinion, almost a matter of professional 
instinct. 

Admiral Colomb professes, in his opening 
paragraphs, to look at the picture from a distance, 
but that, it seems to us, is impossible, except in 
| the way of expressing opinion. Consequently the 
paper gives a large number of figures—there are 
| over 10 pages of Tables—by the aid of which ‘‘ the 
total elements of force” found in a large number 
| of British ships are given, and an attempt is made 
| by these figures to give the proportionate value of 
| each element in each ship toa standard of 1000 tons. 
| We cannot follow the author in his many com- 
parisons, which are worked out in a manner ex- 
tremely interesting and suggestive, however barren 
they may be in practical results. Unfortunately 
he appears not to have gone toa trustworthy source 
for some of his figures. In regard to his remarks 
on the matter of speed, which, it will be seen, were 
questioned during the discussion, he said : ‘‘ Speak- 
ing broadly, it seemed to me that a lower speed on 
on the one side would compel a lower speed on the 
other ; and, within the limits of good manceuvring 
power, I did not see that either side could gain an 
advantage by ‘forcing the running.’” That was 
in relation to a supposed case put forward by Com- 
mander Sturdee, but in speaking of the battle of 
Yalu, he said: ‘‘So far was superior speed from 
assisting the Japanese, that their highest advantage 
rested upon their lowest speed. ... I think this 
kind of situation is a main feature in naval battles 
under steam, and I judge that often the lowest 
speed will win.” 

The discussion on this paper was of a very lively 
and interesting nature. The first speaker was 
Lord Charles Beresford, who made a most excellent 
and characteristic speech. He commenced by say- 
ing that he looked on the paper as a very dan- 
| gerous one in its tendency. One of the principal 
| points dwelt upon was that of displacement, which, 
|the author inferred, was getting too great. The 
| limit of displacement was a question of draught, 
and 30 ft. might now be looked upon as the ex- 
treme to which designers could go in that direction 
and at the same time make ships capable of enter- 
ing harbours, &c. In the question of large battle- 
| ships as against smaller ones, Lord Charles’s idea 
was that we had got to keep the sea. It was in 
that the British fleet had to differ largely from 
the fleets of other nations. We must be pre- 
pared to meet the enemy on his own ground, 
and for that purpose our ships must have an enor- 
mous coal endurance. . Our enemies’ ships would 
come fresh from port, and, in order to engage 
on equal terms, we must have the same force 
in armament, in protection, and other elements 
of fighting efficiency, and this we had to con- 
vey, possibly across the seas, to the enemy’s 
own waters, therefore we must have larger ships 
than those of other countries in order to give the 
additional coal endurance our peculiar circum- 
stances required. All these things could only be ob- 
tained with increased displacement. Reference had 











sibilities of modern naval warfare are so multi- | been made to quick-firing guns, and it was thought 
tudinous, that it seems impossible to classify and | that these weapons would require larger supplies of 
appraise the value of even the leading military | ammunition than the older and less rapid weapons. 
features that are included in the design of a war-|He did not see that this followed. Perhaps the 
ship. We are frequently told that a warship is a | position could be best explained by a simile. If 
compromise. That is a self-evident fact. But! two boxers were to engage, and they were of equal 
even the most accomplished naval officer, with the | strength, weight, length of reach, &c., so that the 
highest skill of the naval constructor at his com- | blows struck by each would be singly equally tell- 
mand, can only draw the broadest conclusions |ing, yet if one man could strike six blows whilst 
upon elementary features. Thus we know that a the other was putting in one, it would be evident 
ship for the line of battle should have armour and that the quick hitter would knock his antagonist 
should have guns; but immediately an attempt is | out of time, and the victory would remain with him. 
made to assign a numerical value to these two That was very much the position in regard to quick- 
rudimentary features, the designer is open to attack | firing guns of battleships. Speaking generally, Lord 
from ninety-nine different points of view, each of Charles believed that we had the best compromise 
which could plausibly be supported by possible con- |in our present battleships. One of the good fea- 
tingencies of warfare. The vital question naturally tures was the way in which they were subdivided. 
is whether the hundredth contingency, which the Bulkheads, however, added to weight, and therefore 
designer has adopted, is that most likely to prevail. |to the displacement, that must not be forgotten, 
That would be a point which only protracted ex-| but he preferred that the displacement necessary 
perience in actual warfare could decide, even ap-|for this weight should be expended in the sub- 
proximately. When we add the other main division of the hull. The gallant Admiral, in his 
elements of design (to say nothing of minor but paper, had spoken somewhat slightingly of speed, 
essential details), such as speed, radius of action, but Lord Charles thought he was quite wrong in 
ammunition supply, crew accommodation, tor- | this respect. In the old days of masts and sails, 
pedoes, ram, stores, &c., we see the subject is so| the man who could put his ship in the position in 
involved that itis evident the merest amateur, with |in which his gun-fire would be most effective, was 
but a smattering of knowledge, can always make a | the man who won a battle, other things being equal. 
plausible attack on the most accomplished naval | It was easy enough to fire off guns, but great skill was 
designer. No doubt naval men and naval con- | required in manceuvring the ship. Formerly, the 
structors together arrive at a fair compromise. But | commander who got the weather gauge would win, and 
even to the most scientific mind the whole thing is 'nowthat machinery had takenthe place of sails, speed 





was the equivalent of weather gauge. It was haid'y 
necessary to tell the meeting that a considerable 
expenditure of weight in machinery was required to 
get highspeed. In the early days of our steam Navy, 
when boilers and engines forced their way in, the 
engineer, he was sorry to say, was very little con- 
sulted. When a ship was designed it was considered 
how many guns, how many men, and how much 
stores should be carried ; what was over was given 
to the engineer, and he had to do the best he could. 
He was glad to say that was a procedure the folly 
of which was now being seen. In speaking on 
the question of speed, Lord Charles referred to the 
necessity of an equality amongst the ships of a 
squadron. He pointed out that we have now 17 
old ships of the Sultan class. If new breech- 
loading ordnance were put into them, they would 
form a formidable fleet of ships steaming at an 
equal speed. They would be valuable principally 
because they were so armoured that they would 
keep outshell fire. That wasa necessity. The new 
battleships, he considered, were as perfect as it 
was possible to make them ; still, they had a weak 
point in their unprotected ends. They had armour 
over two thirds of their length, one-third of it 
being light, but that was an improvement, for the 
ship his gallant friend, Admiral Fitzgerald, recently 
commanded, had only one-third of her length 
armoured, two-thirds being light platirg. In the 
recent designs an armoured bulkhead was put at 
each end of the belt, but the speaker questioned 
very much whether it would not be advisable to 
devote the same weight to protecting the ends, 
leaving out the bulkhead. Admiral Colomb had 
been led astray in his paper in mixing up the 
compound and triple-expansion engine, and there 
were serious errors in regard to the figures as to 
coal supply, contained in the Tables attached to 
the paper. He did not know from whence these 
results had been obtained. Admiral Colomb here 
ejaculated ‘‘ Brassey’s Annual.” ‘‘ Very well,” said 
Lord Charles Beresford, ‘‘then ‘ Brassey’s Annual’ 
is wrong.” He then proceeded to correct some of 
the figures, taking the vessels in their order in the 
Tables. The following are some of the corrections 
made : Admiral Colomb gave the coal supply of the 
Thunderer as 1600 tons. She would not carry it, 
said Lord Charles ; 1200 tons was the most she was 
allowed to stow, and now that new higher engines 
had been put in she would only take 1000 tons. 
The Empress of India was stated in the Table to 
have a supply of 900 tons. She would actually 
hold 1414 tons. The same applied to other ships 
of this class. The Barfleur was put down in the 
Table as carrying 1240 tons. The actual figure was 
1443 tons. The Magnificent was also stated to 
carry 900 tons. She would really take 1800 tons 
according to the estimate, but this would doubtless 
be exceeded by about 200 tons, bringing the total 
up to 2000 tons. Turning from battleships to 
cruisers, the Australia and the vessels of her class 
were credited in the Tables with a fuel capacity of 
900 tons. They might possibly carry 850 tons, 
but their legend was 700 tons. The (Grafton 
and her sister ships were said to have a supply 
of 850 tons ; they would actually carry 1260 tons. 
The Andromache and the numerous vessels of her 
class were said to carry 400 tons ; the figure actually 
was 570 tons. In fact, said Lord Charles, wherever 
the figures came from, they were nearly all wrong. 
At this point Lord Brassey, who had been absent 
from the room, came in and took the chair. Lord 
Charles said that as the President had come in it 
was necessary he should repeat what he had been 
saying, namely, that the figures as to coal endur- 
ance in the Annual were wrong. In any case, 
coal endurance was, as now understood, altogether 
a theoretical idea. What he would like to do 
would be to take certain ships, fill up their bunkers, 
and send them, say, to the Cape and back, and find 
out what coal they burned, and that should be a 
measure of their coal endurance, not the supposed 
requirements, based on so much coal per indicat«d 
horse-power. That had been done with the Graf- 
ton. To get 10 knots speed they required 1300 
indicated horse-power, and with that they burned 
1} tons an hour. The ship carried 1260 tons ; that 
would give her 35 days’ steaming, which would 
equal 8400 miles, whilst the Tables gave her 
an endurance of 10,000 miles with a supply 
of 850 tons. The figures worked out 23 1b. of coal 
per indicated horse-power per hour, but it would 
be understood, of course, that this includes 
auxiliary machinery. Speaking on this point later 





on, Lord Charles Beresford said that a good deal of 
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speed, coal supply, guns, &c., per 1000 tons dis- 
placement of the ship. The figures, however, were 
inconclusive. For instance, in the Table the Ajax 
was credited with 20 as the value of her guns, 
whilst the Barfleur had 31, but under no conditions 
could the comparison be made between these two 
ships, and Admiral Colomb appeared to attach the 
same value to muzzle-loaders as to breechloaders 
and quick-firing guns. Lord Charles was of the 
opinion that the only way to compare gun-fire was 
to take the weight of projectile and rapidity of 
striking force. He agreed that actions would not 
generally be fought within torpedo range. He ap- 
peared to attach very little value to the ram, which, 
he thought, in practice would not be used in action. 
Vessels would not get rammed, except through 
mistake. Supposing, for instance, an action to 
take place between two vessels, and one was dis- 
abled in her machinery. The commander of the 
other ship would probably attempt to ram the dis- 
abled vessel in the stern, so as to injure her pro- 
pellers, and thus be able to subdue her, without 
sinking her, and so make acapture. What, how- 
ever, would happen? As soon as the vessel intend- 
ing to ram the other one got within 800 yards, the 
captain of the disabled ship would fire his torpedo, 
and possibly sink his antagonist. The torpedo was 
a fatal weapon, that is to say, if it did hit, its blow 
was final. At the same time it was necessary to 
guard against overrating its value. In conclusion, 
Lord Charles Beresford said that there were funda- 
mental errors in Admiral Colomb’s paper ; to some 
of these he had referred, and it was only necessary 
to point out that the author had, in the early part 
of his paper, left out the question of weight, and 
that alone was sufficient to vitiate all the conclu- 
sions, 

Sir William White, whose absence through illness 
we have already referred to, had sent a written 
communication, which was read by Mr. Holmes. 
Sir William said that the subject treated by Admiral 
Colomb was one of such special interest that he had 
ventured to ask permission to submit some remarks 
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in writing, being unable, through illness, to take 
part in the discussion. He would content himself 
with referring to a few fundamental objections to 
the methods of comparison adopted in the paper, 
and to the materials used in framing those com- 
parisons. Admiral Colomb’s paper was a proof of 
his statement that there must be ‘‘ great difficulty 
in erecting any true standard, or even one that 
would be generally accepted,” by which ship could 





be compared with ship. The Admiraladmitted that 
he was obliged ‘‘ to leave out of his survey, toa) 
great extent, the primary element of weight.” That | 
omission, as every naval architect knew, was fatal to 
any fair comparison, and it deprived the elaborate | 
Tables, and the deductions from them, of scientific | 
and practical value. Displacement is the ship | 
designer’s capital ; with a given displacement, in| 
ships constructed for different services, there are 


the relation between their fighting force and their 
displacement. Even from this point of view his 
method did not rest upon a sound basis. For 
example, what real value attached to determining 
the proportion of the speed in knots per hour on 
the measured mile to each 1000 tons displacement 
of aship? What was important, irrespective of the 
size of a ship, was her actual speed, and how that 
speed compared with the actual speeds of other ships 
with which she might have to engage in warfare. 
The same thing might be said of coal endurance ; 
it was not a question of what this was at some 
selected speed per 1000 tons of displacement, but 
what was the actual distance which a ship’s coal 
supply would enable her to cover at that speed. 
Every one knew that in the design of warships one 
of the fixed conditions was the coal endurance at a 
given speed. Again, for acomparison of gun power, 
it was necessary to know the actual numbers and 
calibres of the guns, their ballistic properties, and 
their rates of fire, as well as their arcs of command ; 
these particulars were not represented in Admiral 
Colomb’s paper. In fact, his method did not give 
either an approximation to relative fighting values 
of the units in a fleet ; nor did it furnish even the 
roughest criterion by which to judge whether, in a 
given ship, the naval architect had done well or ill 


| in the distribution of his working capital—the dis- 


placement. Sir W. White did not doubt that 
Admiral Colomb’s surprise at the results shown by 
his Tables was genuine. But his conclusion that ‘‘all 
the elements of force decrease proportionately to 
the displacement ” was only to be accepted on the 
basis of his method of measuring increase or de- 
crease in elements of force, and it was to that 
method of measurement that Sir W. White took 
exception. He also took exception to the accuracy 
of the Tables in many respects. It was important 
for the Institution to know where Admiral Colomb 
obtained his figures for coal supply and coal en- 
durance. A hasty glance over them had shown Sir 
William many errors in detail, but he could only 
mention the fact, and ask for the source of the in- 
formation. Universal experience showed that, with 
equal skill on the part of naval architects, the ships 
of larger displacement, designed at a given date, had 
advantages in some features of fighting force over 
smaller ships designed at the same time. The re- 
sponsible authorities had to decide for every new 
ship what combination of qualities of offence, defence, 
speed, coal endurance, and draught should be ob- 
tained in that ship. It was the duty of the de- 
signer to inform the responsible authorities what 
would be the dimensions and cost of aship fulfilling 
the given conditions. These dimensions and the 
cost might be considered too large for the proposed 
service, and the governing conditions might be re- 
vised. But in deciding on the course to be taken 
he was not disposed to think that any practical 
guidance could be obtained from the method used 
by Admiral Colomb in the preparation of his com- 
parative Tables. 

Admiral Fitzgerald was the next speaker. He said 
that the paper before the meeting was an exceed- 
ingly useful contribution ; it afforded an intellectual 
exercise, of the greatest value to members, in 
trying to grasp the author’s meaning. Much that 
he (the speaker) would have said had already been 
stated by Lord Charles Beresford, so that the 
ground was cut from under his feet. He would 





necessarily very different distributions of the same point out that in omitting the question of weight, 
total weight over the several items of hull, pro-| Admiral Colomb had left out the basis of the whole 
tection, armament, equipment, propelling apparatus, ; argument. In regard to speed, he agreed with 
and fuel. Also, in ships whose designs are pre-| Lord Charles in what he had said, and he stood 
pared at widely different dates, and intended for | astounded at the author’s statement that a differ- 
similar services, say, as battleships, the later, ence between 10 and 15 knots was not a serious 
design obtains great advantages from the progress| matter. Admiral Colomb had made a good deal of 








of improvement in shipbuilding and engineering, 
as well as in the manufacture of armour, guns, 
explosives, and projectiles. Changes in naval | 
ublic opinion have also great influence on the 
eatures of offence and defence embodied in a 
design. These changes, Sir W. White continued, 
grow out of improvements in warlike matériel, 
and he did not think them either arbitrary 
or whimsical. He thought that changes in oa 
character of the attack necessarily influenced the 
nature of the defence, and this led to further varia- 
tions in the means of attack, which are always more | 
flexible than the defence. To vary the defence in | 
an existing ship involves practical reconstruction, 
and this is not often considered desirable. Admiral 
Colomb might say that all this affected the work of 
the naval architect, and that his intention was to| 
take ships as he found them, and roughly compare 











use of the operations in the East, and had quoted 
the battle of Yalu. Much duty had been done by 
this engagement, but he had never been able to 
get any value out of it. Speed, as Lord Charles 
Beresford had said, gives the weather gauge, but 
not only that, it also gave the command of attack. 
There were a good many points he might comment 
upon in the paper, but the gallant Admiral had 
already received the quick-firing projectiles of 
Lord Charles Beresford and the heavy ordnance of 
Sir William White, and it was against his principle 
to fire into a sinking ship. Some of the compari- 
sons made, however, invited criticism. For in- 
stance, there were in one Table six ships brought 
together, the Majestic at the one end of the list 
and the Grasshopper at the other, and figures of 
value were attached to various elements of design. 
Thus, in displacement, the Majestic was credited 
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with the figure 14,900—the Grasshopper 525. On 
the other hand, in the matter of speed, the 
Majestic only received 1.17, whilst the Grass- 
hopper had 36.19. Again, in coal supply the Ma- 
jestic had 60 against her name, while the Grass- 
hopper had 152. It was difficult to know what was 
the meaning of all this, but whatever it might mean, 
to Admiral Fitzgerald’s mind it was a useless com- 
parison. He found it quite impossible to under- 
standing the meaning of the Table, but he had one 
consolation, however, which was that Admiral 
Colomb himself was not prepared to say what was 
the meaning of those figures, or whether they had 
any meaning at all. 

Dr. Elgar considered the basis of 1000 tons dis- 
placement a mistaken one. Sir William White had 
pointed out that displacement was the naval archi- 
tect’s capital, but what is got out of displacement is 
ability to carry weight. Following the lines of the 
paper, Dr. Elgar pointed out that if we assumed in 
a certain ship double the displacement, and also 
assumed the power to be doubled, it was evident 
double the speed would not be obtained. 

Admiral Colomb, in reply, said that they had had 
just the sort of discussion which he had proposed 
to raise. Lord Charles Beresford had not been 
able to take the hint given at the beginning of the 
paper, and fall back, so as to take a comprehensive 
view of the picture from a distance. In place of 
this he had put his face close to the picture, and 
had seen only individual points. One matter he 
wished to speak upon was that Lord Charles had 
inferred he said that ships had not improved, but 
he had not said that, he simply gave facts. 





Lord | 


whose reputation for accuracy and official exactitude 
could hardly be exceeded. Mr. Barnes had accepted 


the official figures as the safest thing todo. He, 
agreed with Lord Charles Beresford that the best | 
test of coal endurance was to go to sea and find out | 


how much fuel the ship burned, but, failing that, 
they could only fall back on official figures. For the 
process of reform and correction the ‘* Naval 
Annual” must wait on the reform of the Admiralty 
itself. In conclusion, Admiral Colomb had been 
rammed, fired into, and torpedoed, but that was 
just what he wanted when he wrote the paper, and 
he was still afloat. 

The meeting then adjourned. 

In reference to Lord Charles Beresford’s remarks 
on the coal consumption of the Grafton, some of 
the figures relating to which, as given by Lord 
Charles, we have quoted above, we add fuller par- 
ticulars of the results of these trials : 

Results Obtained in ‘‘ Grafton” on Voyage to Cape of Good 
Hoge and Back. 
Outward. H»meward. 


Mean speed _.. ... knots 12 46 12.54 
Indicated horse- power for 
speed ... vA es 6 2590 2500 
] Making _ distance = _ 
tons 2.46 2 
a -Total, including 
| auxiliary engines 
tons 2.85 2.83 
Coal per 
indicated {Making distance 
horse- lb. 221 2.18 
power (Total ... ,, 2 63 26 
per hour 


The results obtained in progressive trials with 


Charles had also said he had left out the ammuni- | ¢pj, ship give indicated horse-power for 10 knots 
tion and the consideration of quick-firing guns. | 


Naturally he had done that, for how could he 
take a general view if he had got involved in de- 
tails? He must assume that all ships had a proper 
supply of ammunition. He had been told he had 
forgotten that the ship was a matter of compromise, 
but his paper was intended to bring home to naval 
oflicers that they could not have one thing without 
sacrificing another. With regard to what had been 
said about the tactical advantage of speed, he 
would point out that it was impossible to take a 
superior place by the aid of speed unless the captain 
of the ship was prepared to fight a stern battle. 
He musv turn his stern to the enemy to take 
advantage of highspeed. He had also been accused 
of mixing up the old with the new guns. Again 


he would say he was taking a general view, and | 
i=) Db ’ 


could not separate details. 
lied to triple and ordinary compound engines. 


The same remark ap-/ speaker on this paper. 
He} a large number of samples of copper pipe which 


to be 1300 (on passage from Devonport to Sheer- 
ness); indicated horse-power of 1350 gave 10.1 
knots. Taking the total consumption at 2.6 lb. 
per indicated horse-power, this will give 14 tons 
per hour for 10 knots. 

The annual dinner was given at the Holborn 
Restaurant on the evening of the 3rd inst., the 
President, Lord Brassey, being in the chair. 

Stream Pipes 

On the members reassembling on the second day 
of the meeting, Thursday, the 4th inst., Mr. 
Milton’s paper, entitled ‘‘ Remarks on Steam Pipes,”’ 
was first taken. This we printed in full on page 
452 of our last issue, and will therefore at once 
proceed to the discussion. 

Mr. J. H. Morrison, of Hartlepool, was the first 
He had placed on the table 


regretted Lord Brassey had not been in the room all| had given way in working or testing. He com- 


the time, as the brunt of the attack had fallen on 
him. The whole of his figures had beenchallenged, 


especially those that related to coal endurance, but! engine. 
On| of steam pipes given by the author might be multi- 


these were taken from Lord Brassey’s Annual. 





menced by saying that the paper dealt with the 
most important and the weakest part of a marine 
The list of accidents through the failure 


one point he cordially agreed with Lord Charles} plied by ten times ten without exceeding the 


Beresford, that was the necessity of kaowing what | number. 
It should} explosion of a steam pipe often meant death. 
Turning to| Cast-iron pipes 


was the actual coal endurance of ships. 
be found out by practical experiments. 


In these days of high pressure, the 


had been referred to in the 


Sir William White’s criticisms, it was stated that| paper, but they were not now considered safe, 
the omission of weight was fatal to the whole argu-|so they had to deal with steel, wrought iron, 


ment. He had omitted that in his paper, and was 
uuder the hope that what he had said would incite 
some one to give the weights, which he was not in a 
position to know. 
that the figures were not trustworthy, but he must 
leave the noble chairman to take the brunt of that 
on his shoulders. Referring to the Yalu battle, it 
was not a difficult one to understand in regard to 
the first part, and he felt sure that the diagram he 
gave in his paper represented the disposition. Those 
who criticised the Chinese tactics must remember 
that the battleships were built in 1872, when the 
opinion as to fighting line abreast was very strong. 
It was not right to blame the Chinese for taking up 
the position which their ships were intended to take 
when they were designed. 


Sir William White had also said | 


| 





and copper. As between these three he had in 
mind a case where an engineer had replaced copper 
steam pipes by iron, but incipient corrosion was 
observed. The iron pipes were taken down and 
copper ones put back. When a brazed pipe was 
made from the sheet the advantage was that it was 
possible to examine the copper sheet on both sides 
before it was formed into a pipe, but against this 
there was the disadvantage of brazing. Drawn pipes 
could only be examined on the outside. As an 
example of material that engineers had to deal with, 


he showed a sample sheet which had been sent for | 


the manufacture of a steam pipe. Tests had been 
made with it, and it was found it would not bend 
10 deg. in parts, and in no part could an angle of 
25 deg. be obtained without the metal cracking. 


In summing up the discussion, Lord Brassey said | Blowholes in the ingot were a source of trouble, 
he regretted he was not present during the whole| and sometimes ingots were cast under pressure in 


time. 
subtle thing, and if an effort were made to rough 


out this efticiency, it was necessary to throw out} 
some details and to confine attention to a few essen- | 


tial elements. 
between ships, and had found that the only safe 
rule was that in ships of even date the relative fight- 
ing efficiency varied as the tonnage. In regard to 
the Tables, if there were errors in them, he was 
prepared to take the burden on his shoulders. They 
were compiled by Mr. F. K. Barnes, whose know- 
edge of the subject could not be questioned, and 


He had tried to make comparisons | 


Fighting efliciency in a warship was a very | order to get rid of the blowholes. Mr. Morrison 


showed an example of a defect due to a blowhole 
in an ingot. In solid drawn pipes a crack may 
be due to the die. It might not be very deep, but 
the pipe would break at that part. He showed an 
example of this. Another defect to which solid 
drawn pipe was subject was the want of uniformity, 


that is to say, a pipe would be thick at one side, | 


while on another it would be thin. This was due to 
carelessness of manufacture. An example of this 
was alsoshown. This pipe had been set for use, 
but the coppersmith had thought he would give it a 


little more bend, and in doing so it had burst. If 
it had not been for the additional work put upon 
it, it would have been put in use, although, as was 
seen, it was on the point of giving way. Had it 
burst, it would doubtless have killed every man in 
| the engine-room. Mr. Morrison’s contention was 
that copper makers ought to be debarred from 
delivering such material as that shown. They had 
cut samples from one pipe, and every sample 
| would not bend to a right angle. Reference had 
been made to the presence of arsenic, which, to a 
certain extent, increased the tensile strength, but 
/it reduced the ductility. What was required for 
pipes was a copper with ductility and a fair amount 
of tensile strength also. In a discussion at the 
Institution of Mechanical Engineers, held some 
years ago, many of our readers will remember that 
this question of arsenic in copper was gone into, 
| but that was more in connection with locomotive 
fireboxes. Mr. Morrison, referring to this matter, 
said that a copper containing arsenic that might be 
good for fireboxes would not be suitable for tubes, 
| Another point he would urge was that tensile tests 
should be taken with the metal at a temperature 
equivalent to that of steam at the proposed work- 
ing pressure. In a case he illustrated, with a given 
|sample of copper, a tensile strength would, in that 
case, be reduced from 14 tons per square inch to 
11 tons. Oxygen played an important part in the 
working of copper. Some coppers appear to take 
oxygen, while some will not. He referred to an 
instance in which a copper feed pipe designed to 
stand 160 1b. pressure per square inch would not 
stand a blow from a hammer without a piece being 
knocked out. In another case a test-piece was so 
brittle that it would not even break in the part where 
the stress was greatest per unit of area, but this 
sample was improved by annealing. The question 
was, of what should annealing consist ? He showed a 
sample which required a temperature of 2000 deg. 
Fahr. before it became ductile, and it ought to be 
known that some brands of copper wanted greater 
heat than others to anneal them. Engineers 
| thought that if copper were brought to a dull red 
| heat it would be annealed, but this sample wanted 
a great deal more than that in treating it. The 
working coppersmith, who was present when the 
experiment was made, said that the gentleman was 
going to burn the copper, but it had to be heated toa 
white heat in order to anneal it. A most important 
| point in working copper was the quality of the flame, 
‘for if there was a deficiency of oxygen, it would 
naturally make a material difference. The speaker 
then showed two samples of copper, one of which 
had been subjected to a reduciog flame, the effect 
of which was shown by the difference in the depth 
of cracks that set up on the samples being bent. 
|The composition of the copper also entered into 
the question, and he showed a sample of pure 
copper which had been subjected to a very dense 
smoky flame for half an hour, and although there 
were very small cracks developed, there was nothing 
approaching that observed in a sample of copp2r 
supplied by a manufacturer. Another point to 
which reference had been made was the lapping of 
copper pipes by wire. This, it was claimed, made 
them absolutely safe, but he held that it was a 
process which should be applied to good pipes, and 
not used for making bad pipes passable. The im- 
pression he intended to convey was that they 
should get good ductile copper for the pipe, and 
‘increase its tensile strength by the use of hard wire. 
| If one wire were used, and that were to break, or 
the pipe were to split circumferentially, so tha‘, 
the wire would fall into the crack, it then would 
/become useless. He showed copper pipes lapped 
in a special manner, so that each turn locked with 
its neighbour, and if one ring of wire broke, the 
|connection would not be severed. The junction 
between the pipe and the flange he considered the 
weakest point, and a large number of accidents 
arose here. He had known of three cases of pipes 
giving way at this part in one week. In order to 
overcome this difficulty he had introduced a flange 
with projecting parts which would be brazed to the 
pipe, and thus give a larger area of connection, 
the lugs or projections being solid on to the flange. 
This had been found very successful. In one boat 
which had had the flange come away from the pipe 
on three successive voyages they had adopted this 
method, and since then there had been no trouble. 
He thought the limit of elasticity in copper was 
much lower than most engineers supposed. Mr. 
Milton, in his p.per, had said that engineers gene- 
rally purchased their copper sheets or tubes with- 
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out subjecting them to rigid tests, relying upon the 
reputation of the makers for supplying a good 
article, and not troubling about the chemical com- 
position, &c., 80 long as it was found to work well. 
In view of the great ductility of copper, the work- 
ing of even an indifferent sample might _not 
ba sufficient to detect its quality, especially 
when made into straight, or nearly straight, 
ipes. Referring to this passage, Mr. Morrison 
eaid that the Board of Trade and Lloyd’s Survey 
allow engineers to use copper without subjection to 
tests. He did not in any way wish to reflect on 
the Board of Trade or Lloyd’s, and he recognised 
that the high standard to which the marine engine 
had arrived was due largely to the action of the 
Board of Trade and Lloyd's, but the survey of 
copper was deplorably weak with these two Insti- 
tutions. If he fitted a steel pipe in a steamer it 
was tested everywhere; the material was tested 
and the workmanship was tested, but with copper 
they were free to do as they pleased, and the 
copper-maker was free to do as he pleased. Some 
time ago, his firm had informed the copper-makers 
that they would have to supply copper to the 
Board of Trade and Lloyd’s regulations. The 
makers were quite willing to do this, but they said 
they would have to charge an additional expense. 
This was no obstacle, and the copper was delivered. 
When it came to be paid for, it was only charged 
the usual price. The copper-makers’ explanation 
was that the Board of Trade and Lloyd’s did not 
make any requirements, so that they had not to 
charge any additional price. Mr. Morrison thought 
that the author’s paper appealed to the Board of 
Trade and Lloyd’s to give the attention to copper 
which it had long demanded. 

Mr. Morrison’s remarks were listened to with 
the attention they deserved, and coming from one 
speaking with his experience, will be of great value 
to the Transactions of the Institution. En- 
gineera certainly owe their thanks to Mr. Morrison, 
as it is always difficult to get people to speak of 
their failures, even though these may occur through 
no fault of their own. In view of some remarks that 
were made subsequently during the discussion, but 
which we do not report, as they did not come from 
an engineer, or one having a knowledge of the 
subject, it is perhaps as well to point out that the 
price of copper for pipes is practically a fixed quan- 
tity with all makers, only the highest-priced copper 
being used. Mr. Morrison stated, later on, that 
the samples he showed were obtained from five 
different makers. Mr. Morrison can well afford to 
neglect the remarks to which we have referred, on 
account of the high reputation for good workman- 
ship and material held by the firm he represents. 

Mr. J. G. Stewart stated that his firm had made 
during the last 20 years many thousands of tons of 
lap-welded steel and iron steam pipes to work at 
pressures up to 500 lb. per square inch. The great 
advance in steam pressure which has taken place 
during that period had not been at all a source of 
trouble to them, as the thinnest steam pipe usually 
made could be tested to a much higher pressure than 
any in use. The advance in size had caused a difli- 
culty, as makers had hesitated to construct new plant 
to make the larger sizes, owing to the fact that the 
demand for large steam pipes was not sufficient to 
keep a plant at work. The extensive use lately of 
steel pipes for water mains had enabled his firm to 
put down new plant suitable for the largest sizes of 
steam pipes which they considered were ever likely 
to be required. They had recently supplied a 
number of steamers with wrought-iron lap-welded 
steam pipes. One firm of shipbuilders alone had 
taken pipes of this kind for 160,000 horse- 
power. The speaker was informed that none 
of these had given any trouble. Examination 
from time to time had shown no signs of 
corrosion going on, nor of scaling external or 
internal. These pipes had been fitted on all classes 
of steamers, including the largest afloat, and have 
been carrying the highest pressures used. For the 
assurance of the builders and owners, Messrs. 
Stewart had carried out a great number of tests of 
these pipes, sometimes to destruction, and had cut 
strips containing the weld from them. The strips 
were broken across the weld, and the result of these 
tests was that the lowest result obtained by hy- 
draulic bursting of the pipe or by breaking at the 
testing machine showed an ultimate strength of 16 
tons per square inch. The pressures at which the 
pipes burst were in every case many times the 
working pressure, in some cases as much as 
ten times. Although wrought iron had been 





almost invariably the material used, the best 
material for steam pipes the speaker believed to 
be mild Siemens steel. The advantages possessed 
by steel over iron are greater uniformity of quality 
and more reliability. As the result of a great 
number of tests of lap-welded steel joints in pipes 
and lap-welded iron joints, Mr. Stewart had come 
to the conclusion that the steel pipe is more re- 
liable. This he knew to be contrary to the general 
opinion, but it was the result of hundreds of tests 
of steel welds. The speaker reminded the meeting 
that the method of welding a tube and rolling it at 
a high heat is more akin to cogging a steel ingot 
than to the process of welding by a smith with ham- 
mers. To test this question he recently experimented 
by breaking strips cut from across the weld of both 
iron and steel pipes. The ultimate breaking strength 
of the iron weld was from 17 tons as a maximum to 
15} tons as a minimum, and of the steel it was from 
24.5 tons maximum to 23 tons minimum. The tests 
in each case were eight strips cut from four tubes. 
Judging from past experience, this was exactly 
what he had expected, and would give the iron weld 
as only possessing 67 per cent. of the strength of the 
steel weld. The reasons why the Board of Trade 
enforce the use of the weaker and less trustworthy 
pipe, and why the Admiralty order a butt-strap to 
be riveted over a steel weld, can only be that they 
require experience and proofs of such facts. Mr. 
Stewart would have no hesitation in guaranteeing 
the strength of a steel weld, but he would be very 
chary of guaranteeing iron pipes to stand much 
more than half the pressure that a steel pipe of 
equal thickness would withstand. The butt strap 
over the weld is, he said, more than useless, as the 
pipe is weakened by the riveting, and every rivet 
may be a source of leakage. His firm had in their 
works steel steam pipes from 23 in. in diameter 
by 3’; in. thick, down to 6 in. by ,'; in. thick, 
working at 100 lb. pressure. It was hardly correct 
to say that manufacturing conditions require steam 
pipes to be so thick as to allow of no advantage 
from the use of the stronger metal. Taking the 
test pressure of iron at 7 tons per square inch 
and steel at 11 tons, proportionate to the break- 
ing strengths, it would be found that for pipes about 
24 in. in diameter to stand 600 lb. per square inch, 
the iron tube would have to be fully 4 in. thick, 
while the steel tube could withstand this test if 
31 in. thick, that is, ;5; in., not much more than 
half the weight. The weld will stand extending 
hot from 24 in. to 284 in. at one operation, or 20 
per cent. elongation. It is a matter of common 
experience that wrought-iron boiler tubes do not 
corrode so rapidly as steel tubes, but there does 
not seem to be any appreciable corrosion in steam 
pipes, probably owing to the purity of the con- 
densed water which may be in them. If any doubt 
of the steel weld is entertained, care may be taken 
to test it very thoroughly. Its ultimate strength 
should be 20 tons per square inch of section, and 
the pipes may be subjected to a hydraulic pressure 
giving a good stress on the weld. Up to 8 or9 
tons no injury can be done to the pipe. While the 
pressure is held the weld may be rapped with 
hammers f.om one end to the other. Speaking on 
the subject of joints for iron or steel steam pipes, 
Mr. Stewart said there had been a great variety. 
The riveted joint he considered the least satisfac- 
tory, as the steam cuts or wears the rivet-heads, 
and all the rivets are liable to leak. They are not 
in much use for high pressure. A cast-steel or 
forged flange, screwed properly on and riveted over 
into a slight recess on the face, formed, in his 
opinion, a better joint. Several tests which 
his firm had made of this description of 
joint, to satisfy users, had given good results, 
the pipes being burst by hydraulic pressure 
without moving the flanges. The welded-on 
flange, properly constructed, had withstood very 
high test pressures. A pipe 9} in. in diameter 
with welded-on flanges was subjected to a pres- 
sure of 2400 lb. per square inch, at which pres- 
sure the pipe burst. The pressure on the flange 
was thus 73 tons, but there was no sign of failure 
perceptible in the welding of the flange. Flanges 
can also be made solid with the tube. This flange 
ought, he said, to be satisfactory, being free from 
all objection to which any of the other flanges 
might be subject, excepting the increase of cost. 
Bends up to 22 in. in diameter have been made, 
but owing to moulding blocks being required for 
every size of bend, single bends were costly. 
Branches of almost all descriptions had been 
welded on to the pipes, and he had no doubt that 





the supply for these connections would not be 
behind that of the pipes if a sufficiently great 
demand arose to employ the special tools required 
for each size and shape. 

Mr. James Riley was the next speaker. He said 
it was with feelings of interest he listened to the dis- 
cussion now taking place. Nineteen years ago he 
introduced in that room a material which had ob- 
tained the reputation of being ‘‘treacherous.” Now, 
it seemed, the scene was changed, his treacherous 
material had been found to be trustworthy, but an- 
other material had succeeded to the réle. Copper had 
taken the place of steel. As Mr. Morrison was show- 
ing specimens of the troubles he had been through, 
he (the speaker) wondered whether mild steel would 
have caused as much difficulty. Mr. Riley had seen 
a considerable number of steam and large water- 
pipes made of mild steel, and in no case had any 
accident or difficulty arisen through their use. 
Lloyd’s Society and the Admiralty took particularly 
stringent steps in regard to the testing of steel, and 
that doubtless was largely the reason why now the 
steelmakers could supply this trustworthy material. 
He had often thought that if makers of other metals 
were treated in the same drastic manner, they 
might be brought to the pitch of excellence arrived 
at by the steelmakers. In regard to corrosion, he 
did not know of a case of corrosion in steam pipes 
made of steel. Boilers with steel shells had been 
working 20 odd years, and were running now iu 
perfect condition. Under these circumstances, he 
would ask, ‘‘Is not too much attributed to corro- 
sion?” As to branches and bends he would point 
out that large stop-valve chests were made of cast 
steel of a trustworthy nature. In fact, said Mr. 
Riley, ‘‘I do not know what you engineers would 
have done unless we had helped you with our mild 
cast steel.” 

Mr. A. E. Seaton said that five or six yeara ago 
he suggested that engineers should take advantage, 
in the manufacture of steam pipes, of the mild steel 
of which Mr. Riley had just spoken, and he also 
suggested that they should cast aside copper pipes ; 
not that the metal had been faithless in the past, 
but that they had a better friend in mild steel. He 
would appeal to Mr. Morrison’s samples as bearing 
this out. Mr. Milton in his paper had said that 
copper had been used for piping because it was 
ready to hand, but he thought the reason was that 
the metal was soft and capable of being worked by 
the appliances then available, machinery not being 
wanted for the purpose. In the early days of the 
water-tube boiler, copper had been used as the 
material for the pipes, as the manufacture of iron 
pipes was not then reliable, and often butt- 
welded pipes had to be used. Mr. Milton had 
expressed some surprise at finding steamers 
fitted with cast-iron steam pipes, but he could 
assure him that 20 years ago cast-iron pipes were 
very largely fitted, and these were put in because 
of the corrosive action of copper pipes upon iron. 
Eleven years ago a steamer was built for the Great 
Eastern Railway Company, which had cast-iron 
pipes. This had recently come into the hands of 
his company at Hull, and the pipes being found in 
good condition, were replaced after being taken 
down. When cast-iron pipes were fitted the Board 
of Trade required them to be drilled and plugged, 
in order that they might be examined. He had 
fitted ships with wrought-iron pipes, and would 
have used mild steel, but the Board of Trade 
objected to the latter metal, so he had to content 
himself with wrought iron. In attaching the flange 
he wished to use electrical welding, and had tried 
it in one case. The welding, however, was not com- 
plete over the whole surface, and the Board of Trade 
would not, therefore, pass it, although by way of 
test they had pulled the pipe to pieces before they 
could get the flange off. He had fitted iron pipes 
with flanges brazed on, when time had been press- 
ing, and his experience was that there was no sur- 
face corrosion nor erosion due to this method of 
treatment. He had experienced pitting in iron 
steam pipes, but this was only in one short length 
which was taken from the immediate neighbour- 
hood of the boiler, and though there were cavities 
of considerable size, the surface of the metal was as 
black as when it was put in. This was in iron, 
not in steel. He did not attach much importance 
to the fact. Another case which he called to mind 
was a joint made with an iron pipe to a gun-metal 
stop valve, and part of the pipe had gone away ; 
whether this was due to the asbestos used in 
making the joint he could not say, but he had 
formerly observed the same thing when using 
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asbestos with iron pipes. In regard to flanging 
the pipe on the solid, he had endeavoured for long 
to get this done, and at last the matter was taken 
up by Mr. Howell, of Sheffield, who, by a process 
of upsetting, was able to get the flange solid on the 
pipe. But this was with steel, and here again the 
Board of Trade stepped in, and, as they insisted 
upon iron pipes, the full benefit of the process was 
not obtained. In conclusion, he thought it possible 
that in the future we might have bronze steam 
pipes, but he did not hope much from that. 

Mr. J. I. Thornycroft said Mr. Milton’s paper 
proved that though copper has difficulties asso- 
ciated with its use for steam pipes, yet as more 
light is gained difticulties disappear. He was very 
glad to hear from Mr. Riley that steelmakers could 
now give a metal trustworthy in small castings. He 
had ordered some check valves for boilers of steel, 
but when these were put under the hammer to test 
them, in place of doubling up as copper would have 
done, they broke like glass bottles. This was a 
disappointment. In regard to steel pipes, if they 
could get the flanges on solid, it would be a great 
step in advance. In the engines of the vessels built 
by his firm, lapped copper pipes were used, having 
three wires, so that if one burst, two, at least, would 
be left. A lapped pipe might be said to consist of 
a pipe with a large number of transverse cracks 
extending partly through the metal. He was not 
aware how far the specimens Mr. Morrison had 
shown overcame this difficulty, but usually a lapped 
pipe meant a pipe weakened longitudinally. As to 
cast-iron pipes, he would point out that stop valves 
and cylinders of cast iron were used with great 
success. A cylinder was a large and complicated 
casting, and if an iron casting could be used in this 
position, why not ina steam pipe? In regard to 
drilling and inspection holes, he would point out 
that the hole would be a source of weakness, and 
the pipe might then be easily broken. 

Mr. Laird said he was anxious to remove any 
feeling of distrust that might exist in regard to 
mild steel. His firm had used that material for 
steam boilers, having solid drawn tubes of steel also, 
with entire immunity from accident. 

Mr. A. Langton expressed his opinion that steel 
was the right material for large steam pipes, sup- 
posing the welding were efliciently performed. 
Care should, however, be taken to see that in the 
neighbourhood of the weld the steel pipes were 
free from minute cracks. A proposal had been 
made to him to put butt-straps over the weld, but 
this would be introducing a source of weakness, as 
the rivet holes would reduce the strength. He had 
had to reject steel pipes, and in all cases the makers 
had attributed the defect to vhe steel not being 
mild enough. Another objection to the riveted 
butt-strap was that the steam would erode the 
inside of therivet. In regard to the lapped copper 
pipes, he gave an instance of a 12-in. pipe with 
metal } in. thick ; in this case, when lapped with 4-in. 
wire, the tensile strength was doubled ; with ,';-in. 
wire three times the strength was obtained. Mr. 
Langton was of opinion, however, that with the 
higher pressures now used, steel was the right 
material for steam pipes. 

Mr. Milton, in replying to the discussion, said 
that he was glad Mr. Stewart had recommended 
the very severe test of hammering the pipe when 
under pressure, for steel pipes. The test for pipes 
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had been reduced against the wish of the pipe- 
makers. As to what Mr. Langton had said about 
cracks in the neighbourhood of the weld, he would 
like to know whether the pipe had been made by 
rolling on the mandril or by hammering? He 
thought, probably, that not only would it be found 
that the steel had been hammered, but it was 
hardened by the process. 


Licut Dravcut STEAMERs. 

The next paper was on ‘‘ Light Draught River 
Steamers,” and was a contribution by Mr. George 
Rickard. The author divided vessels of this class 
into five groups. The first of these is that for 
exploration, and should be capable of going long 
distances without taking in fuel; the boiler con- 
structed to burn wood, and generally paddle wheels 
for propulsion are preferable. The second type 
should be sable to carry a small number of pas- 
sengers, some light cargo or mails, the boiler to be 
arranged for burning wood, naphtha, or petroleum 
refuse, if necessary. The third type are fitted with 
regular cabin and saloon accommodation, they carry 
more passengers and cargo; many are fitted with 
towing gear. The draught of water must be kept 
as near as possible to the 18-in. limit. |The fourth 
type is that employed on the main rivers, and 
capable of carrying a great number of passengers 
and a considerable weight of cargo in addition to 
the mails. The fifth group*contains the largest 
vessels for river navigation, and includes the dif- 
ferent types employed on the lower parts of rivers. 
They are fitted for carrying mails, a great number 
of passengers, and as much cargo as possible. Great 
strength is required, particularly when used for 
towing. The vessels above referred to are those 
employed on the Rivers Volga, Amour, and 
Dniéper ; they are generally fitted with side paddle 
wheels. On the Congo and its branches the best 
results have at present been obtained from stern- 
wheel vessels. The author next proceeded to give 
particulars of construction, but these were of so 
meagre a character as hardly to be worth quoting. 
A strong internal framing attached to the main 
parts of the engine framing is used. The internal 
framework consists of longitudinal girders and web 
frames. There are no heavy deck plating stringers 
and ties. In the smaller types the plate stringer is 
employed in the middle only. The principal de- 
pendence is placed on the continuous longitudinal 
girders on the bottom. The frames are a special 
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so that the vessel may be straight when afloat. The 
author did not state the amount of camber, but said 
that in a vessel of very light construction, 250 ft. 
long, no part of the bottom plating being more 
than } in. thick, on trial had a very small camber, 
and it was only after some years’ service it was 
lost. Good results are obtained from steel, but 
the author’s firm, the Société Cockerill, also use 
a ‘* homogeneous metal,” which can be worked hot 
or cold, and will weld. The author prefers to use 
as material for internal work, and work requiring 
much punching, also for frames and work requiring 
smithing, a steel of a strength of 26 tons per square 
inch, but for bottom and side plating he prefers 
steel of a strength of 30 tons per square inch, 
excepting at the extreme stern of vessel, where 
it is advisable to employ a softer material. The 
author has not found galvanising steel altogether 
satisfactory, particularly in hot climates ; and where 
the vessel occasionally rubs the bottom of the river 
or a sandbank, it is found that after the zinc has 
been partly destroyed, there is a very rapid de- 
struction of the metal in the neighbourhood, evi- 
dently due to the galvanic action set up. 


Side Paddle Steamers. 
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10 in. t> 14 im.) 100 0 |14 9/7 0} 12 | FE} 14| 50 
draught of water f 1385 0/15 0/7 6| 14 | 4 | 17) 70 
Group 2. | 
14 in, to 18 in.) | 135 0 |18 0 7 0/ 16 | 9 | 14) 100 
draught ..f| 145 0/24 0/7 6} 18 | 30 | 12! 100 
Group 3. 
18 in. to 24 in.)/ 110 018 0|6 8| 24 9 | 16! 125 
draught --f/145 018 0/8 6) 2 10 | 16 135 
Group 4. | 
24 in. to 36 = 175 0,25 0,8 0, 34 | 20 | 19 500 
draught ee 230 0125 0;9 0; 30 42 | 18 815 
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Up to 54 ~~ 250 0 28 0/10 0| 49 115 | 23 700 
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‘Nors.—One verst is equal to 0.66 of a mile. The tons are 
metrical tons of 1000 kilogrammes, or 1} per cent. less than 
tons English. 

Boilers of the locomotive typeare usually employed. 
Some of the smaller types have single cylinders, 
the larger have compound, triple, and quadruple 





engines. Where fixed floats are employed on paddle 
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wheels the diameter of the float centre may be 
altered by sliding the floats on the paddle arms to 
the required diameter. With oscillating floats 
this is not possible. The lifting and lowering 
sternwheel had not been adopted by the author's 
firm. Many of the tug vessels employed on 
these long rivers are very large and powerful, 
some with engines indicating 1800 to 2000 horse- 
power, and on many rivers where the speed of the 
stream frequently exceeds six knots, it is necessary 
to employ rope or chain towage. The concluding 
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paragraph contained the most pregnant sentence 
in the paper. It was as follows: ‘‘ If the result of 
this paper is to leave a record in the Transactions 
of this Institution of the ideas and practice of other 
designers and constructors, I shall be satisfied.” 

The Table on the opposite page gives the chief 
particulars of the five groups into which the author 
divided the Russian vessels. 

In the discussion on Mr. Rickard’s paper, 


‘Mr. Martell was the first speaker, and said he 


hoped that the author would interpolate some 
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Fic. 20. Gun-METAL. 


information between the lines, and make the paper 
more interesting. Hundreds of vessels of this 
type had been classed at Lloyd’s; they did not 
profess to design ships, but to class those which 
were designed. If Mr. Rickard would give 
sections and scantlings of these steamers the in- 
formation would be of the greatest use. The 
paper made reference to the use of aluminium, and 
the author had said that the firm he repre- 
sented, the Société Cockerill, had made a few 
experiments with aluminium plates and angles, 
including the effects of salt water on immersion, 
and the results were not in his (the author’s) 
opinion satisfactory. He had also said that doubt- 
less many members of the Institution could give 
valuable information respecting other metals which 
could be employed in the construction of very light 
draught vessels, and he specified the qualities 
requisite for a material which should have a great 
future in that field. The metal, he said, should 
have a tensile strength and ductility as high as 
possible, higher than that of steel as at present 
used; a low specific gravity; capable of being 
worked either hot or cold, or welded if necessary ; 
not to corrode in salt or bilge water, and capable of 
being produced at a price to compare reasonably 
with that of steel. Doubtless Mr. Rickard was 
right, but if he would be the first of the ‘‘ many 
members” he had referred to, and would give 
information of a material possessing some, if not 
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all, of the qualities he had described as desirable, he 
would be rendering an invaluable service to naval 
science. 

Mr. J. I. Thornycroft said he would speak on 
the propelling machinery of vessels of light draught. 
His firm had used the turbine propeller, which 
would work with a less draught of water for a given 
result that any paddle wheel. In an arrangement 
which they had followed, the water in which the 
propeller worked was held above the surrounding 
water level, and by this device they had been able 
to construct a steamer which would run at 14 miles 
an hour ona 10-in. draught. This was a boat built 
of ordinary mild steel, having a single engine 
and water-tube boilers. If they had used a triple- 
expansion engine they would probably have in- 
creased the speed to 17 miles an hour. 

Professer Biles said that the remarks he would 
have made had been to a great extent forestalled by 
Mr. Martell. The author had stated that informa- 
tion upon very light draught steamers was not to be 
found in the Transactions. The reason, doubtless, 
was that success with these vessels depended on 
matters of detail, which makers were not inclined 
to divulge, as they only gained the information at 
considerable expense to themselves. In view of 
Mr. Rickard’s remarks on this subject, Professor 
Biles could only suppose that he had been unable 
to complete his paper. Mr. Rickard had referred 
to the question of deformation after the launching of 
the boat and the machinery being placed on board. If 
he had given detailed information on the amount of 
sag experienced, it would be a point of great scien- 
tific interest, as the sag was a measure of the elas- 
ticity of thestructure. They had alarge amount of 
information on the elasticity of materials, but of that 
quality as possessed by a built-up structure, such as 
the hull of a vessel, they had not much to go upon. 

Mr. J. Ward, of Dumbarton, said that as a 
member of a firm possessing a large amount of in- 
formation on vessels, such as were dealt with in the 
paper, he had often been tempted to write on the 
subject for the Transactions, but he had felt a 
difficulty, which Mr. Rickard had got over in a 
modern, statesmanlike manner. He had not given 
his experience, but had rather hoped to get the 
experience of other makers. The paper asked a 
series of questions, which, if answered, would 
doubtless make the whole a satisfactory contribu- 
tion. Referring to the question of flexion, his firm 
had tried some experiments, but they found that 
results were affected not only by the placing of 
the machinery, but also by the stowage of the 
cargo. In regard to material for hull construction, 
they wished for no better material at Dumbarton 
than good mild steel. He would summarise his re- 
marks by asking a number of questions in order to 
supply the information lacking in the paper. Mr. 
Ward was not, however, successful in getting from 
the author the information he asked for. 

Mr. S. W. Barnaby said the difticulty of protect- 
ing the material of the hull was one which had to 
be considered in vessels where the plating was 
essentially thin, and, in the case of light draught 
steamers, where generally there were no docking 
facilities in the parts where they were used. Mr. 
Rickard had said that if the vessels had scraped on 
a sandbank rapid destruction of the metal followed. 
Had he meant by this that the steel or the zinc 
was destroyed? Mr. Rickard here said it was the 
steel. Mr. Barnaby, continuing, said that was sur- 
prising, as he would have thought that so long as 
any zinc remained it would protect the steel in its 
neighbourhood. Vessels sent by his firm to the 
Congo had had the advantage of a slipway upon 
which they could be hauled up. The zincing could 
not be perfect, but in no case had they found that 
the steel had suffered. 

Mr. James Riley referred to the Clyde passenger 
steamer Columbia as a successful instance of a large 
vessel of very light scantling, built 17 years ago 
and still running. The plating was } in. and ,', in. 
Mr. Rickard had laid down the conditions that 
should be fulfilled by an ideal metal, and Mr. Riley 
said if he could not supply all the conditions asked 
for, yet he could offer a metal which met many of 
them. It hada tensile strength of 36 tons to 40 


tons, ductility of 16 per cent. elongation on an| 


8-in. specimen, and a specific gravity the same as 
steel. It could be worked hot or cold. As to 
welding, he could make no guarantee. 


Mr. H. M. Napier said his firm had built many 
light draught steamers, and they would like a little 
more information on the subject. The author had 
said, in regard to the construction of these vessels, 
that the system he followed was that of making a 
very strong internal framework to be combined 
with and attached to the main parts of the engine 
framing and entablature, and then to cover this 
framing with a skin plating as thin as pos- 
sible, consistent with strength against buckling, 
but thick enough to hold the riveting necessary 
to combine the framing with the outside plating. 
That, Mr. Napier pointed out, was not the universal 
practice. It would be very interesting to know, 
with this method of construction, how far Mr. 
Rickards could go in deflection. In a large light 
draught steamer his firm had constructed, when the 
boilers were put in, the vessel hogged, and when 
the engines were put in it sagged, yet this vessel 
was able to face a gale of wind off the south coast 
of Ireland, the seas being so bad that they stove 
in the upper works, but the boat got safely back to 
harbour again. If the deflection he referred to 
took place in still water, what might they have 
expected in the heavy ocean rollers? but if the 
vessel had deflected much at sea it could hardly have 
survived. He also referred to some vessels con- 
structed by his father, which lost their shape 
entirely, and yet were run many years successfully, 
quite out of shape. 

Mr. Tritton referred to the difficulty of steering 
as one of the greatest met with in the designing of 
light draught steamers. Several arrangements of 
rudders had been introduced to overcome the dif- 
ficulty. In one case the wheel was divided in two 
parts; rudders were used, one forward and one 
aft the wheel. With the ordinary arrangement of 
rudder before the wheel, it would be easily under- 
stood how the water was drawn away from the 
rudder, and its action thus neutralised. With re- 
gard to the disposition of floats, and their depth of 
immersion, he thought the effect of the stern wave 
made by the vessel herself in her passage was not 
sufficiently taken into account. Mr. Yarrow had 
given him particulars of an experiment made with 
a sternwheel steamer, in which, when at rest, the 
floats were out of the water, so that the boat, 
naturally, could not start. She was then towed for 
some distance, by which the stern wave was created, 
the floats were immersed, and the vessel was able 
togo ahead. It was the opinion of the speaker that 
much was lost with sternwheel steamers by drown- 
ing the floats. 

Mr. J. McGregor said that the arrangement of 
rudders in the sternwheel steamer, one before and 
the other behind the wheel, described by Mr. 
Tritton, was part of his (the speaker’s) system. He 
made a sketch on the blackboard to show the diffi- 
culty of distributing weight in these vessels. It 
was usual to place engines and boilers at the end 
and the coal near the boiler at the bows; in this 
way the trim of the vessel changed as the coal was 
burned. He had got over that by placing the 
machinery in the middle of the boat, and used a 
very long piston-rod to actuate the sternwheel. 
Speaking of the steering of these boats, he ex- 
plained the reason of the inefficiency of the rudder 
placed in front of the wheel—the water as deflected 
by the rudder was afterwards taken by the wheel 
and sent straight aft, so there was no stgering 
effect. Speaking of galvanising, he referred to a 
large number of vessels built for India, which had 
passed through his hands; they had been built 
before the Mutiny with plating 4 in. thick and not 
galvanised, and they were now running. He was 
of opinion that galvanising would lead to leakage, 
as where the plates lapped there would be no cor- 
rosive action which would tend to caulk the seam. 

Mr. Yarrow, referring to the remarks Mr. Riley 
had made, said the steel that gentleman had sup- 
plied, and of which he had just spoken, had quite 
come up to the promises made for it. He was very 
pleased with the material, but it was more difficult 
to work cold than ordinary steel. As to the fol- 
lowing wave in a sternwheel steamer, to which 
Mr. Tritton had referred, it was always desirable 
to get the floats to work in the top of the wave, as 
owing to the orbital motion of the water in the 
wave, an additional efficiency for a given area of 





The corro- | 


float surface was obtained, and thus less immersion 
of the wheel was required. He by no means agreed 


sion would be half that of ordinary mild steel, and | with Mr. McGregor as to the desirability of placing 
in conclusion it would be no dearer than the latter. | the machinery in the centre of the boat ; he thought 
His firm had supplied this material to Mr. Yarrow, 
but Mr. Riley did not say of what it consisted. 


that the boiler at one end and the engine at the 
other gave an arrangement in which, by means of 





kingposts and ties, the naval architect was enabled 
to produce a hull of the greatest strength with the 
least material. Neither did he agree with Mr. 
McGregor in his remarks on the subject of leakage 
and galvanising. 

Mr. Rickard, in replying to the discussion, said 
that it would take too long to answer all the ques- 
tions put to him with regard to deflection and the 
method of construction he had described. Those 
boats which were built for Russia were constructed 
when the river was low, and floated off in the 
freshet. In a boat built with 23 in. curvature, 
when floated off the curvature came down to } in. ; 
in two years the boat was found to be perfectly 
straight. He had found that the boats frequently 
gave out at the engine-room bulkhead ; 20 boats 
built all failed in this respect. The rudder was a 
very important question. Captains of the Russian 
boats preferred very large ones, their rule being that 
the length should be half the breadth of the vessel. 
Some boats built for the Volga had three rudders, 
others for the Congo had two rudders, and they 
found no difficulty in steering. The fitting of a 
rudder at the back of the wheel they had found to 
be a perfect failure. 

A paper by Mr. D. W. Taylor, Senior Assistant 
to the Chief Constructor of the United States 
Navy, on ‘‘Stream Forms,” was next read in 
abstract by Professor Biles. It led to a brief 
discussion, after which the meeting adjourned. 

We reserve a further description of the proceed- 
ings until next week. 





AN ALUMINIUM TORPEDO-BOAT. 


Description of an Aluminium Torpedo-Boat Built for the 
French Government.* 
By A. F. Yarrow (Member of Council). 

As it seems not improbable that before very long 
aluminium and its light alloys may be available for those 
classes of construction in which lightness of material offers 
special advantages, it has been considered that a descrip- 
tion of the aluminium second-class torpedo-boat which we 
built last year for the French Government might be in- 
teresting to the members of this Institution, and I have 
now the pleasure to lay before you a few particulars. 

About two years ago the French Admiralty determined 
upon introducing second-class torpedo-boats in their navy, 
to form part of the equipment of large men-of-war, and 
they invited tenders for a — vessel of this de- 
scription, It is evident that lightness of construc- 
tion is of paramount importance in a craft of this kind, 
not only because reduced displacement secures increased 
speed, but also because the boat has to be lifted and 
lowered by the tackle on board the vessel carrying it. 
Moreover, as these boats are placed high up on deck, any 
reduction of their weight increases the stability of the 
ship to which they are attached. The conditions laid 
down by the French authorities as regards speed, sea- 
going qualities, and weight when lifted, were such as to 
render it scarcely possible to build such a craft on the 
usual plan and of the usual materials. We thought, 
therefore, it was a favourable opportunity to test the 
capabilities of a structure of aluminium, and our offer to 
build a torpedo- boat of this metal was ultimately accepted. 
The French authorities gave us an entirely free hand, 
stipulating only that when the vessel was finished it 
should give complete satisfaction and conform to the con- 
ditions laid down. 

As the result of numerous tests, we determined upon 
using for the hull aluminium plates of 50 per cent. greater 
thickness than we should have adopted had steel been 
used; and as agar = ge aluminium is, bulk for 
bulk, one-third the weight of steel, it follows that the 
weight of the hull was reduced by one-half. I believe 
experience has shown that the scantlings adopted were 
suitable. Plates of pure aluminium seem to be very de- 
ficient in strength, and although they may be greatly 
strengthened by being rolled cold and used unannealed, 
such treatment did not give all we required. Table I. 
gives the reeult of four tests of pure aluminium plates. It 
shows that the ultimate strength ranges between 7 and 8 
tons per square inch. ‘ 

We had, therefore, to seek a light alloy in order to 
secure sufficient strength, and ultimately determined upon 
aluminium with 6 per cent. of copper. The strength of 
this alloy may be considerably varied during rolling. If 
“soft rolled,” ¢ ¢., annealed after the last rolling, from 11 
to 12 tons per square inch was obtained, with a large 
amount of elongation : if ‘‘ hard rolled,” the strength was 
greatly increased, but the material was found to be 
brittle, We finally adopted the 6 per cent. alloy, rolled 
to a medium extent of hardness, giving from 14 to 16 tons 
per square inch tensile strength, combined with an 
amount of toughness, enabling the plates to be hammered 
into shape cold and to be bent to a sharp angle without 
showing signs of cracking. The framework of the hull 
consisted of angles of the same material. The plates and 
frames were all shaped cold, and we found no great dif- 
ficulty in carrying out the work in a satisfactory manner ; 
in fact, we had not a single plate or angle to condemn. 

The results of tests made upon the plates used are shown 
on Table II. I would draw special attention to the high 
elastic limit as compared with the ultimate strength. All 
those portions subject to the action of sea or bilge water 





* Paper read before the Institution of Naval Architects. 
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iv ith aluminium rivets, and the remaining 
pie apety deck, not subject to the action of sea or 
were mostly riveted with soft iron rivets, In 
the strength of riveted joints, and to judge 
of the water-tightness of the joints, we made the experi- 
mental aluminium cylinder which is here. Its dimen- 
sions are: extreme length, 12 in. ;_ outside diameter, 
143 in. The barrel was made of aluminium, having 6 per 


were 
parts, 
bilge water, 
order to test 





cent. of copper; thickness, No. 12 L.S.G. The ends 
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were of steel, flanged and riveted. The cylindrical por- 
tion was in three plates, lapped longitudinally and 
riveted to each other by two rows of aluminium rivets 
fin. in diameter. The cylinder was filled with water, 
and the pressure pumped up to 100 lb. per square inch. 
It was perfectly tight at this. We continued pumping 
up to 200 lb. per square inch, when leakage became 
genera], and upon reaching 300 lb. the longitudinal seam 
burst, due to the plate tearing away between the rivet 
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TABLE I.—ExrerxiMENts TO ASCERTAIN THE ELASTIC AND ULTIMATE TENSILE STRENGTH, &C., OF PURE 





ALUMINIUM PLATES. 
































Original. Stress. | 
a4 | Ratio of Ft at 
Description. Elastic to Extension in 10 In. 
Size Aetk Elastic per Ultimate per | Ultimate. 
—— ‘ Square Inch. Square Inch. 
aa 24 in. x 13 1.W.G. in. eq. in. Ib. Ib. per cent. in. per cent. 
Lengthways se = 1.76 x .095 .167 9,581 16,599 67.7 2.55 25.6 
Ditto, lengthways 1.76 x .004 165 9,697 16,370 | 59.2 2.48 24.8 
Mean = 9,639 16,484 58.4 a | 95.1 
= 4.3 tons =7.4tons | | 
Ditto, crossways ... a 1.76 x .095 -167 12,575 17,665 71.2 1.32 ~ | 13.2 
Ditto, crossways .. F 1.76 x .094 -165 12,727 16 533 | 77.0 0.53 | 5.3 
| flaw 
Mean = 12,651 17,099 74.1 sts | 9.2 
= 5.6 tons =7.6tons | | 

















TABLE II.—Resutts or EXPERIMENTS TO ASCERTAIN THE ELastic AND UttiMaté TENSILE STRENGTH, 
&c., OF ALUMINIUM PLATES, 6 PER CENT. COPPER, USED IN THE FRENCH TorPEDO-Boat. 





















































Original. Stress. 
Ratio of 
Description. a ; | Elastic to Extension in 10 in. 
Elastic per | Ultimate per | Ultimate. 
| Size. Area. Square Inch. | Square Inch. | 
Sin. xX 20in. x fin. | in. sq. in, Ib. Ib. | per cent, in. per cent. 
Lengthway .. ms oe --| 2.00 x .109 -218 28,900 | 32,716 88.3 0.36 3.6 
Lengthway .. ae os «-| 2,00 x .111 .222 32,430 36.117 89.8 0.38 3.8 
Mean = 30,665 = | 34,416 = 89.1 te 3.7 
13.7 tons. | 15.4 tons. 
Crossway .. “s os .-| 2.00 x .109 | 218 31,650 | 34,454 91.9 0.30 3.0 
Crossway | 2.00 x .112 | 224 33,480 | 38,156 87.7 0.30 3.0 
| Mean =| 32,565 = | 36,305 = 89.8 3.0 
14.5 tons. 16.2 tons. 
Crossway annealed |} 2.00 x .112 224 8,480 = | 26,210 = 32.4 2.09 20.9 
| 3.8 tons. 11.7 tons. 
| 
TaB1eE III. holes. As evidence that aluminium can, with proper 
_ a | Gare, be worked cold, I have here a few specimens of 
si .| 4 a. | | s articles made from it. : 
sisi|\2 A oe e | g With reference to corrosion from sea water, we have 
3s 8/3 8 28/83) gs | s tried a series of experim-nts, extending over 12 months, 
» S13 & 18 | 2 38 ss and we find, provided there is no galvanic action due to 
és gi=\ 318% Be Ba = ° other metals being in contact with the aluminium, the 
sai gsie#| 8 | 88 «s ee. || z 3 corrosion may be taken at under 4 per cent, per annum 
4 ale i ais < FJ a S for plates about 4 in. a surface — ——. 
= — —-— At the same time it must orne in mind that such a 
ee | in. | in. | knots knots | boat as I am describing should be painted, and the paint 
; po o . = i oa | pay used should be carefully selected, avoiding any that con- 
3 175/72) 12 | 94 | 28 | 59840 | 21.877 tains bodies which would have a direct chemical action 
4 175 62 113} 24 | 14 | 578.16 | 18.947 20.503 | on the plates. As further evidence of the effect of sea 
5 180 65 11 24 1} 586.80 | 21.428 water upon aluminium, I would refer to the Vendenesse, 
6 18570 124/ 25 | 13 | 591.48 | 19.565 a sailing yacht built of aluminium in Paris about 18 
Bi months ago. The report of it as regards corrosion is as 
The trial on September 20, 1894, consisted of a continuous run follows: **. . . Ib has stood very well, excepting in a 
of two hours’ duration at the estuary of the Thames, Weather, | few places where copper fittings have been fixed in direct 
calm, Number of personson board, 17, Total load on trial, 3 tons. | contact with the aluminium hull, which has produced a 
During the trial of two hours’ duration the engines made 70,948 | galvanic action. A similar action was produced when the 
rey olutions, being at the rate of 591.2 revolutions per minute, at was moored to a quay near another boat, the bottom 
eras to a mean speed during the entire run of 20.558 hi a 4 ‘Syste r 
nots per hour. The boiler made ample steam without priming, of which was coppered, bot: ing fastened to the same 
and the engines worked without any heating. The vibration was | POst by means of chains. With the above exceptions direct 
not appreciable. contact with salt water has had no deteriorating effect.” 








The two great enemies to the use of aluminium are heat 
and alkalies. This material anneals at a comparatively 
low temperature, thus losing strength, whilst the alkalies 
act very rapidly upon it. Consequently any part likely 
to be subject to a considerable rise of temperature should 
not be made of aluminium, nor should it be used for a 
condenser where soda may be required for cleaning pur- 
poses. Aluminium at high temperatures oxidises with 
exceptional rapidity. At low temperatures it does not 
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Taste 1V.—Results of Experiments to ascertain the Re- 
sistance to Deflection under a gradually Increased 
Bending Stress. Size of Bars =1In. Square. Dis- 
tance between Supports = 10 In. 





















































Stress. 3 De flection at 
ag 
23 |—- 
Ps] 
inti ] ‘ - 
Description, | me 2 _| 33 4/s|4/4 
$3 83/925 
x8) ee 30 
a" |e") a= : : g E 
lb. Ib. | p.c. | in. | in. | in. | in. 
Cast aluminium bronze ..| 4100 | 8462 | 48.5 | .030/.095/.260| .888 
4100 | 8176 | 50.1 | .039|.096| .267| .988 
Mean 4100 | 8319 | 49.3 | 031] .096| .263] .938 
Cast manganese bronze ..| 3900 | 8022 | 48.6 | .027|.110}.450).218 
3900 | 7968 | 48.9 |-024| -106| .464 
Mean .. _ ..| 3900 | 7995 | 487 |.025|.108|.457 
Cast gun-metal .. ..| 2180 | 3744 | 58.2 |.041 
2160 | 3786 | 57.1 |.045 
Mean 2170 | 97e5 | 67.6 |.043| | | 
Cast aluminium 2150 | 3069 | 70.1 |.040)} | | 
2070 | 2641 | 78.4 | 044 
Mean... 2110 | 2855 | 74.2 |.042 | oe 
Cast iron .. 3991 | 3991 |100.0 |.027; | | 
3827 | 3827 | 100.0 |.031 | 
3605 | 3605 | 100.0 |.032 
Mean 3808 | 3808 | 100.0 |.030 P| 
Cast iron 3786 | 3736 |100.0 |.049| | 
3443 | 3443 | 100.0 |.039 | 
3402 | 3402 | 100.0 | 034) 
Mean 3544 | 9544 100.0 |.08/ | | 
Mild steel .. 3550 | 6754 | 52.6 |.019|.119) 1.09 
3550 | 6696 | 53.0 |.020|.117) 1 09 
Mean 3550 | 6725 | 52.8 |.019|.118| 1.09 
’ | 
Mildsteel .. .. ~—-._ | 5570 | 9089 | 61.6 |.018).045, 07») .824 
Forged from 3-in. round | 
steel .» «| 4700 | 8068 | 68.3 | .020| .046 .418) 
Mean “| 6136 | 8568 | 59.9 |.019| .045) .248| 














TaBLE V.—Experiment to Test the Effect of Differences in 
Diameter on Percentage of Elongation, the Length of 
Test-Pieces being Constant, and Cut from the same Bar 
of Mild Steel. 





| 


Extension, |? Original 





Reduction | Area, 
P of Area at _ 
Dimensions. Area. Fracture. 
} | Maximum 
| | On 2 In. Straen. 
diameter sq. ip. percent. per cent, (tons per sq. 
in. | in. 
0.248 | 0.0488 71.6 | 24.0 24.84 
0.502 | 0.1979 67.3 86.8 24.76 
0.744 0.4347 67.0 42.0 24.50 
0.994 0.7760 67.1 47.0 24.39 








472 


ENGINEERING. 


[APRIL 12, 1895. 











FIRST-CLASS DINING CAR: 
CONSTRUCTED AT THE COMPANY'S WORKS, WOLVERTON ; 
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oxidise eo rapidly, and the film of oxide on the surface 
protects the metal from further action. 

As regards the machinery of this little vessel there is 
nothing special to note, excepting that aluminium bronze 
and manganese bronze were used wherever practicable. 
No aluminium was employed except for the low-pressure 
piston valve, for which purpose it seemed to answer well 
during the time the boat was in our hands, The engines 
were of the triple-expansion type, and indicated on trial 
from 275 to 300 horse-power. The boiler was of our 
usual type, with copper tubes. 

Our contract with the French Government was to con- 
struct a boat 60 ft. in length by 9 ft. 3in, beam, which, 
with 3 tons load on board, should have a speed of 18} 
knots during a full-speed trial of 2 hours, and which 
should not exceed 11 tons in weight, exclusive of the 
above load. The official trial took place on September 20, 
1894, the average speed obtained during 2 hours, under 
the above conditions, being 20.555 knots. The boat was 
carefully weighed and found to be 10 tons. From this it 
will be seen that a speed of 1 knots beyond that con- 
tracted for was obtained, and the weight was 1 ton below 
the agreed maximum. In comparing this aluminium hull 
with one constructed of steel, the approximate saving in 
weight by adopting the lighter material cannot be taken 
at less than 24 tons, which it must be admitted is a large 
percentage in a boat weighing, complete with its machi- 
nery, 10 tons. The machinery was found to weigh about 
40 lb. per indicated horse-power, including the water in 
the boiler and condenser. The vibration at all speeds 
was inappreciable. The details of the official trial are 
shown on Table III. I may add, from information quite 
recently received, the French authorities are so exceed- 
ingly pleased with the boat, that they have in contempla- 
tion the building of several more, on the same plan, of 
aluminium. 

With a view to render the light alloys of aluminium 
stronger and more suitable for the use of the engineer, 
there is a large field for investigation. Regarding the 
heavy alloys of aluminium, i.c., those where the aluminium 
forms a small proportion of the alloy, copper alloyed with 
aluminium stands very high, and is a formidable com- 
petitor with other bronzes. The properties of aluminium 
bronze, having different proportions of copper and alu- 
minium, are shown by Fig. 1, page 471, for which I am in- 
debted to the Aluminium Company of Neuhausen. The 
figures given are obtained from specially cast bars, and there- 
fore show a higher result than can be expected from test 
pieces attached to sand castings ; but the curve indicates 
very clearly what I wish to show, viz., that an increase of 
aluminium, up to a certain point, augme™ts the strength 
of the alloy, at the same time diminishing its elongation. 
I believe the tests demanded by many authorities for 
aluminium-bronze propellers and other castings might, 
with advantage, be modified so as to admit of an alloy 
being used having greater strength with reduced elonga- 
tion. 

Owing to the high steam pressures (and consequent 
high temperatures) now demanded, it may be of interest 
to know to what extent aluminium bronze loses strength 
as the temperature rises. The curve (Fig. 2) shows the 
diminution of strength with rise of temperature. 

Table IV. illustrates the results of experiments to as- 
certain the resistance to flexure, under a gradually in- 
creasing load, of eight different metals and alloys, the 
distance between the supports being 10 in., and the bars 
tested being 1 in. square. From this it will be seen that 
aluminium bronze at the high strains maintains its form 
exceptionally well, and consequently is specially suitable 
for some purposes. I may, however, add that the Man- 
ganese Bronze Company state they are prepared to supply 
a bronze of considerably greater strength than the man- 
ganese bronze specimen tested. Te latter was of metal 
where a considerable elongation was demanded, involving 
a weaker material. The Manganese Bronze Company 
state that they can give a material of 33 tons breaking 
strain with 15 per cent. elongation on 2 in. in test-pieces 
cut from the castings. Having in view that any increased 
percentage of elongation results in a weaker material, I 
would submit that 15 per cent. elongation in this class of 
bronzes should be the maximum asked for by engineers, 
more particularly if this material is substituted for cast 
iron, which has practically no elongation ; in fact, for 
many purposes I believe 10 per cent. elongation and a 
stronger material would be even better. 

Referring to the tests made of different materials in 
the last Table, I have had photographs taken from those 
bars and a few others ; these illustrate to some extent the 
structure of the metal. These, enlarged about 1400 times, 
will now be shown en the screen, i.¢., the image on the 












































Fig. 6. 




















screen is 1400 diameters of the original. Some of the 
photos are from the actual rough fractures, and some from 
surfaces which have been polished and then etched. For 
these very beautiful photographs I am indebted to my 
friend Mr. Haddon.* 

I would here point out a difficulty in dealing with tests 
of material. There seems to be no standard diameter, 
nor standard length, for test-pieces. Under these cir- 
cumstances it is very difficult to compare results. For 
example, if a given length of test-piece is specified irre- 
spective of diameter, the test is of little value for elonga- 
tion, because as the diameter increases the elongation in- 
creases. This is clearly shown by Table V. Four speci- 
mens were prepared from the same mild steel bar and 
turned down to }in., 4in., fin., and lin. in diameter, 
all 2in. long, and the elongations, it will be seen, are 24, 
36, 42, and 47 per cent. respectively. It will be noticed 
that the reduction of area at fracture is practically con- 
stant, and I would submit that this, in some cases, is a 
more reliable guide as to ductility than elongations, unless 
some common basis for estimating elongation is agreed 
upon. As regards calculating the limit of elasticity, no 
two authorities appear to agree upon the mode in which 
it should be estimated. I wish it to be understood, as 
regards elastic limit, I do not propose to fix a given 
standard for all materials, but for similar materials, 
possibly, some uniformity might be arrived at. Certainly, 
as it is now, there seems to be a divergence of practice 
which is very confusing. I would venture to suggest 
that it would be very convenient if a common basis for 
tests of materials were agreed upon, so that results 
might be more readily compared than is possible under 
existing circumstances. 





THE Instirution or ExecrricAL EncGingeers,—In 
consequence of the exigencies of their building operations, 
the Council of the Institution of Civil Engineers have 
been compelled to place the whole of their premises in the 
contractors’ hands, and no further meetings can therefore 
be held there for some considerable time. The Institution 
of Electrical Engineers have consequently obtained per- 
mission to hold the remaining three meetings of their 
session, viz., on April 25, May 9 and 23, at the Society of 
Arts, John-street, Adelphi. 

On THE Resutts or Evarorative Tests 1n LAnp 
Borters.—Errata.—Mr. George Carruthers Thomson 
asks us to make the following corrections in the Table of 
results given on page 194 of our issue of February 8th : 

On ~s ; trials 5, 6, and 7, for 75 ft. read 90 ft. 6 in. 


5 we »» 51,840 ,, 58,140 
ae TE » 6184 5, 5814 
” 16 ” 1 ” ” 3909.9 
gE. cuca » 673 ,, 6.37 
me ee » 843 ,, 841 


The measurement 75 ft., in line 8, was taken from the 
drawing to which the chimney was built, but an addition 
was made to it and forgotten about, and only discovered 
since the Table was published, and 90 ft. 6 in. is the 
amount as measured. Also, in the Table given in our 
issue of February 15, page 227, the following correction 
— be made: On line 29, trial 14, for 737.2 read 
787.2. 

* We reproduce the lantern slides referred to by Mr. 
—— in our engravings, Figs. 3 to 22, on pages 468 
and 469, 
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THE illustrations on this and the opposite page show 
the new London and North-Western Railway dining- 
cars running between Euston and Manchester daily. 
These cars were designed by Mr. C. A. Park, M. Inst. 
C.E., the company’s carriage superintendent, and were 
built under his supervision at the London and North- 
Western Railway Carriage Works, Wolverton. 

The extreme length is 65 ft. 6 in. over the platforms ; 
over the body, 60 ft. ; and the height from rail level 
to centre of elevated roof, 12 ft. 74in. The cars are 
carried on bogies, each with six wheels. 

Each car has dining accommodation for 20 pas- 
sengers. There are two large compartments in the 
centre, seating eight passengers each. One of these 
compartments is reserved for smoking, and the other 
four for non-smoking passengers, with two lavatories, 
accessible from either compartment. There is also a 
smaller compartment, dining four passengers. The 
other end of the car is devoted to the butler’s pantry 
and kitchen, where the cooking is done by means of a 
most compact range, heated by oil gas, which is also 
used for lighting and warming the saloon throughout. 
This system was first introduced by the London and 
North-Western Company some years ago. Adjoining 
is a well-appointed butler’s pantry, fitted up in wains- 
cot oak. 

The two large dining compartments are handsomely 
and comfortably upholstered in brown leather, which, 
with the mahogany panelling, inlaid with tulip-wood 
banding, presents a rich and effective appearance. 
The small compartment is upholstered with crimson- 
coloured leather. The ceilings are decorated with 
cream-coloured foliage on gold ground, which adds 
greatly to the general effect. The lamps are brass 
lyre-shaped pendants with opal shades, which diffuse 
an admirably soft light. Electric bells summon the 
attendants, who are always ready to attend to the 
wants of the passengers. A letter-box is provided for 
posting letters en route, so that passengers need not 
wait till the arrival at their journey’s end to rectify a 
forgotten commission. 

The engravings show the general arrangements, 
dimensions, &c., rendering a further detailed descrip- 
tion unnecessary. 








THE INCORPORATED ASSOCIATION OF MUNICIPAL AND 
County EncinrErs.—The nineteenth voluntary pass ex- 
amination of candidates for municipal surveyorships, 
carried out by this association, took place (by kind per- 
mission) at the Institution of Civil Engineers, Great 
George-street, Westminster, on the 5th and 6th inst. 
There were 25 entrances for this examination, and 19 
candidates presented themselves for the test. The ex- 
aminers were (I.) Engineering as applied to Municipal 
Work, A. M. Fowler, M. Inst. C.E. (President) ; (II.) 
Building Construction, W. Geo. Laws, M. Inst. C.E. 
(Past-President); (III.) Sanitary Science, Chas. Jones, 
M. Inst. C.E. (Past-President); (IV.) Public Health 
Law, &c., J. T. Kayrs, M. Inst. C.E. (Past-President), 
the superintending examiner. The next examination will 
be held at Manchester on the 4th and 5th October next. 
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NOTES FROM THE NORTH. 
Gtascow, Tuesday. 

Glasgow Pig-Iron Market.—The market was dull last 
Thursday forenoon, in sympathy with the quieter feeling 
generally prevailing in other business circles. Only a 
small amount of business was done, about 6000 tons of 
Scotch warrants, and a few lots each of Cleveland and 
hematite iron. Quotations were 4d. per ton lower all 
round. In the afternoon about 7000 tons of Scotch iron 
changed hands at 41s. 84d. and 41s. 9d. per ton cash, and 
2d. more one month. Cleveland and hematite irons were 
idle and unchanged in price. The closing settlement 
prices were—Scotch iron, 41s. 9d. per ton; Cleveland, 
34s, 3d.; Cumberland and Middesbrough hematite iron, 
respectively, 42s. 44d. and 41s. 3d. per ton. Dealing 
in the warrant market was nearly at a standstill on 
Friday forenoon, only 1500 tons of Scotch iron changing 
hands. Prices were unaltered. Business in the after- 
noon was also practically at a standstill, only a few 
lots being disposed of. Prices were a shade firmer. 
The settlement prices at the close were unchanged 
except that of Middlesbrough hematite iron, which 
was 14d. up at 41s, 44d. per ton. On Monday fore- 
noon dealing was very quiet in the warrant market. 
Only about 6000 tons of Scotch changed hands, but the 
price rose 1d. perton. In the afternoon business was 
still very quiet, the sales only reaching about 5000 tons 
of Scotch, but the tone was firm, Scotch making another 
3d. perton. At the close of the market the settlement 
prices were, respectively, 41s. 104d., 34s. 44d., 428. 74d., 
and 41s. 44d. per ton. The market was very strong in 
tone this forenoon, when 5000 tons of Scotch and a 
few lots of Cleveland and hematite iron were dealt 
in, and prices generally were higher. In the afternoon 
about 7000 tons of Scotch iron changed bands, and prices 
closed steady. The settlement prices at the close were, 
respectively, 42s., 34s. 6d., 42s. 9d., and 41s. 44d. per ton. 
The following are the current quotations for several special 
brands of makers’ iron: Clyde, 48s. per ton; Gartsherrie, 
Summerlee, and Calder, 50s. ; Coltness, 52s. 6d.; Lang- 
loan, 61s.—the foregoing all shipped at Glasgow ; Glen- 
garnock (shipped at Ardrossan), 49s. ; Shotts (shipped 
at Leith), 52s.; Carron (shipped at Grangemouth), 54s. 
per ton. There are now 75 blast-furnaces in actual 
operation, one having been blown in during the week at 
Muirkirk Iron Works to make ordinary iron. At this 
time last year there were 72 furnaces in blast. In Messrs. 
Connal and Co.’s public warrant stores the stock of pig 
iron last night amounted to 284,172 tons, as compared with 
284,290 tons a week ago. thus showing a decrease for the 
past week amounting to 118 tons. 


Glasgow Copper Market.—There were no dealings in 
copper last Thursday forenoon, and prices were easier, 
39]. 5s. per ton cash buyers, and 39/. 12s. 61. three 
months, thus showing losses of 1s. 3d. and 2s. 6d. respec- 
tively. In the afternoon some 75 tons changed hands at 
397. 38. 9d. per ton cash, and 39/. 103. three months. The 
market was idle on Friday forenoon, but the price was 
2s. 6d. per ton higher. In the afternoon the market was 
fairly active, there being a turnover of some 150 
tons, the quotations remaining unchanged. No business 
was reported on Monday forenoon. but the price asked 
bv sellers was raised to 391. 7s. 6d. cash buyers, and 
391. 15s. three months. A further advance was made in 
the afternoon, the cash quotation being 2s. 6d. up, and 
that for three months 3s. 9d. per ton, the total gain in the 
latter case from Friday being 6s. 3d. per ton. and in the 
former 5s. The afternoon sales amounted to 25 tons. A 
few lots of copper changed hands this forenoon, and the 
price rose 5s. per ton. The market was very active in the 
afternoon, when the turnover was between 200 tons and 
300 tons. Prices closed very firm. 


The Late Mr. William Henderson, Shipbuilder.—The 
death took place, on Sunday night, at his residence in 
Dowanhill, of Mr. William Henderson, of the Meadowside 
Shipbuilding Yard Partick, Glasgow. Mr. Henderson, 
who had been confined to bed for some time, was in his 
seventieth year, and was the only survivor of the four 
brothers Henderson, whose name is known throughout 
the shipping world. He was the chief partner of the 
Meadowside firm. His brother Thomas, who was head 
of the Anchor Line, predeceased him by a few weeks only. 
Mr. Henderson’s firm was the first on the Clyde to form 
a repairing dry dock, and on this account they had, per- 
haps, a larger repairing business than any other firm on 
the river. Nearly all the great vessels of the Anchor Line 
were built in the Meadowside yard ; and in recent years 
the firm has been widely known as the builders of several 
famous yachts, including the Valkyrie. which was sunk 
in the Clyde last autumn, and the Prince of Wales’s 
Britannia, while the new Valkyrie for Lord Dunraven is 
at present in course of construction in the Meadowside 
Yard. Mr. Henderson was of a very retiring disposition. 
and took no part in public affairs. He was predeceased 
by his wife, but leaves two sons (one of whom is a partner 
in the shipbuilding firm) and three daughters. 


The Black Rig Tunnel on the New Loch Katrine Aque- 
duct.—The closing meeting of the session of the Glasgow 
Association of Students of the Institution of Civil En- 
gineers was held last night, Mr. D. Drummond, M.I.C.E, 
president, in the chair. Mr. Robert F. Miller, Assoc 
M. Inst. C.E , read a very instructive description of ‘‘ The 
Setting out of the Black Rig Tunnel on the New Loch 
Katrine Aqueduct.” The tunnel is between two and 
three miles in length, and on the hills through which it 
is being cut, there were erected two observatory towers 
for doing the necessary external sighting; the tunnel 
itself, after being properly lined off is being cut from six 
faces, four of which are at the bottom of two shafts that 
ware sunk to the level of the water track The various 
points of the setting-out work, both above and below, 





having been carefully detailed by Mr. Miller, an inter- 
esting discussion took place, the speakers who took part 
in it including Messrs. Matheson, Waddell, Tait (of 
Edinburgh), Nisbet, Cowan, &c. Subsequently the 
business of the annual meeting was transacted. The 
chairman announced that Mr. William Crouch, M.I.C.E., 
of Messrs. Crouch and Hogg, had consented to allow him- 
self to be nominated as his successor in the presidential 
chair. He was unanimously elected, and the other office- 
bearers were afterwards elected, the new secretary being 
Mr. W. B. Ventners, B.Sc. The past session of the 
association has been a highly successful one. 


Harbour Extension at Eyemouth —The North British 
Railway Compavy have applied to Parliament for a pro- 
visional order to authorise them to spend some 60,000/. 
upon an outer harbour at Eyemouth. with the view of 
improving the fishing industry on the Berwickshire coast. 


Stirling Borough Survevorship.—The vacant office of 
master of works and borough surveyor for the town of Stir- 
ling has just been filled by the appointment of Mr. J. G. 
Holmes, principal assistant to Messrs. Wharrie, Colledge, 
and Brand, civil engineers and surveyors, Glasgow. In the 
short leet for the post there were, in addition to Mr. 
Holmes, candidates from Stirling, Glasgow, Paisley, and 
Rothesay. 

New Copper Smithy at Greenock Foundry.—Messrs. 
Scott and Co., shipbuilders and engineers, Greenock, 
have resolved on doing their own coppersmith work 
henceforth, and for that purpose they are specially fitting 
up a complete copper smithery. This new departure by 
the old-established Greenock firm is worthy of note, as it 
is said to be the first example of the kind taken by any 
shipbuilding firm on the Clyde. 


Sales of New Steamers,—It is reported that a 4000-ton 
steamer, which was laid down some time ago on specula- 
tion by Messrs. Russell and Co. in their Greenock ship- 
building yard, has been disposed of to a German firm. 
Work on the vessel will now be more rapidly proceeded 
with, and employment given to a considerable number of 
additional workmen. A new steamer on the stocks in the 
Campbeltown Shipbuilding Company’s yard has also been 
sold. It is stated that the vessel will be supplied with 
engines by Messrs. Kincaid and Co., Greenock. 


Sulphate of Ammonia.—This valuable manurial agent, 
which is now being produced so extensively at all the 
leading iron-smelting establishments in Scotland, has been 
sold at as low a price as 10/. 7s. 6d. per ton, and buyers 
are reported to be scarce, holding back for further reduc- 
tions. The shipments during last quarter amounted to 
28,779 tons, as compared with 28,576 tons in the corre- 
sponding quarter of last year. 


Board of Trade Colour and Sight Tests for Railway 
Servants.—This subject is exciting a great amount of 
interest on this side of the Tweed, especially on account 
of the fact that a number of the servants of the North 
British Railway Company, who have been put to the test, 
have been unable to meet the conditions laid down. 
Last week a conference was heid in Edinburgh between 
a committee of the directors and leading officials, on the 
one hand, and a deputation of the men on the other. 
For the present, the resolution of the directors to 
remove a number of the men from their situations is 
being held in abeyance. On Sunday meetings were 
held in Dundee and Dunfermline. of men _ belonging 
to the Amalgamated Society of Railway Servants, to 
discuss the subject, but no overt action was agreed to 
be taken in the meantime. Last Wednesday night Dr. 
Freeland Fergus, a well-known ophthalmic surgeon. and 
expert of considerable skill, read a paper to the Philo- 
sophical Society of Glasgow on the theme, ‘‘ The New 
Rules by the Board of Trade as to Colour Testing for 
Mariners and Railway Servants.” In the course of his 
paper Dr. Fergus strongly urged that if any change at all 
was required, which he doubted, the rules laid down by 
the Board of Trade were unnecessarily severe. 


New Shipbuilding Orders.—Several new shipbuilding 
contracts have just been placed with Clyde firms, and 
other orders are said to be in the market. It is reported 
to-day that the Cunard Company have placed an order 
with Messrs. A. Stephen and Son, Linthouse, for a cargo- 
carrying steamer of 7000 tons, to be used specially for 
carrying cattle.—Messrs. Barclay, Curle, and Co. have 
contracted to build three steamers, each of 2500 tons 
gross, for Messrs. Caw, Prentice, Clapperton, and Co., of 
this city.— An order has been booked by Messrs. A. and J. 
Inglis for a large steel paddle steamer, for the fleet of the 
Drogheda and Liverpool Steam Packet Company. She 
is to be 270 ft. long, and specially designed for passenger 
and cattle traffic between Ireland and Liverpool. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Tuesday. 

Municipal Engineer.—Mr. C. B. Newton, the gas 
and water engineer for the Rotherham Corporation, has 
been selected for appointment as manager of the gas and 
water works of the Carlisle City Council at a salary of 
5007. per annum. There were 43 applications for the 
vacancy. Mr, Newton has been in the service of the 
Rotherham Corporation since the beginning of 1892, and 
during that period several important works have been 
carried out under his direction. 


Enginemen and their Requirements.—A general meeting 
of enginemen and firemen has been held at Hasland 
to decide upon new principles to be secured by the Mines 
Act Amendment Bill. Resolutions were adopted, of 
which the most important were that no winding engine- 
man shall be on duty more than eight hours in any 24; 
that not more than one pair of winding engines shall, for 
the future, be allowed in one engine-house, and that 





winding enginemen be prohibited from doing any work 
outside their engine-house while men are down the mine, 
This clause, it was pointed out, was a very important 
one, inasmuch as some of their men were compelled to 
fire up and look after fan engines and other machinery, 
which necessitated the winders going out of the hearing 
of any signals which might be given by those in the 
mine. Other points insisted on were that a steam and 
foot brake should be attached to all winding engines, 
that there should be periodical examination of boilers, 
both internally and externally, and that all persons in 
charge of steam engines or boilers should be compelled to 
produce a certificate of competency. 


Manufacturers and the Files Bill. —The Sheffield 
Chamber of Commerce has resolved that a petition be 
presented to Parliament praying that the Files Bill may 
not pass into law, and that, as soon as a Committee has 
been appointed, the chairman should be informed that the 
Chamber are quite prepared to send one or more wit- 
nesses to give evidence before the Committee against the 
proposals of the measure. 


The Coal Trade.—Prices in the coal market continue to 
weiken, and owners who have attempted to resist the 
decline are now working one or two days less per week 
than their neighbours. Agents report that it is impossible 
to maintain rates, competition on every hand being very 
serious. Best Silkstones are quoted 93. to 10s. per ton; 
ordinary, 8s. 6d.; Barnsley house, 83. 6d. per ton ; seconds, 
7s. 9d.; thin seam, 7s. 3d. Steam coal does not move off 
freely, and the fact that Durham owners have entered 
into contracts ata pit price of something under 6s. per 
ton, renders it hopeless for local owners to maintain rates, 
Quotations are : Barnsley hards, 6s. 9d. to 7s. 6d. per ton ; 
seconds, from 6s, 3d.; riddled slack, 4s. 6d. to 5s. 6d., and 
pit slack from 2s. 9d. Coke difficult of sale at 8s. 6d. to 
10s. 6d. per ton. 


Iron and Steel.—Pig iron shows a slight improvement 
in price on the week, and sixpence per ton advance has 
been paid for hematites, bringing prices to 49s. per ton for 
west coast, and 51s. for north-east coast, delivered at 
Sheffield, or equal. Local-made bar is still on offer at 
5J. 5s. per ton. The recent increase in the price of Bessemer 
billets is maintained, as 51. 7s. 6d. per ton is obtained for 
guaranteed qualities. Steel manufacturers are busy on 
railway and marine material, and armour-plate rollers 
have as much as they cando. Lord Charles Beresford has 
within the past few days visited the works of Messrs, 
John Brown and Co., Limited ; Messrs. Cammell and Co., 
Limited ; and Messrs. Vickers, Sons and Co., and care- 
fully inspected the various processes connected with the 
rolling of armour-plates. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Tuesday. 

The Cleveland Iron Trade.—Yesterday, according to 
date, was the quarterly meeting of the northern iron 
trade, but quarterly gatherings here appear to be a thing 
of the past, and the market yesterday was nothing dif- 
ferent to the ordinary weekly meeting. The attendance 
on ’Change was large, and not only was the tone of the 
market cheerful, but a considerable amount of business 
was transacted in pig iron. Quotations were rather better, 
and the tendency was decidedly upwards. The market 
was beneficially influenced by the recent great improve- 
ments in shipments and the more encouraging accounts 
given of other industries. Buyers, however, still, as a 
rule, confined themselves to purchases for early delivery, 
as they are unwilling to pay the higher rates asked by 
sellers for forward delivery. Early in the day a few lots 
of No. 3 g.m.b. Cleveland pig iron changed hands at 
34s. 44d. for early f.o.b. delivery, but later in the day 
sales were recorded at 34s. 6d. At the close of the market 
the latter quotation was the least named for No. 3. The 
lower qualities were stiffer. No. 4 foundry sold at 
33s. 74d., and grey forge realised 338. 3d. No. 1 Cleve- 
land pig sold at 36s. 3d., but more was asked by some 
firms. Middlesbrough warrants opened at 34s. 54d. and 
closed very firm at 34s. 6d. cash buyers, East coast 
hematite pig iron was rather flat, the supply being greatly 
in excess of the demand. Nevertheless an attempt was 
made to raise prices. For early deliveries of Nos. 1, 2, 
and 3 as much as 41s. 9d. was asked by several firms, 
and they reported that they were able to obtain it. 
Business, however, was transacted at 41s. 6d. Rubio 
ore was firm at 12s, ex-ship Tees. 


Manufactured Iron and Steel.—A very unsatisfactory 
account must again be given of the manufactured iron 
and steel trades, They are practically in the same con- 
dition as when we last reported. Some firms report 
few more inquiries, but new work is very difficult to 
secure, and competition is very keen. he following 
prices are quoted, but orders might be placed at a trifle 
below them: Common iron bars, 4/. 15s.; best bars, 
5l. 5s.; iron ship-plates, 4/. 15s ; steel ship plates, 
4l, 12s, 6d.; iron and steel ship angles, each, 4/. 10s. ; 
and heavy sections of steel rails, 3/. 12s. 6d. ; all less the 
usual 24 per cent. discount for cash, except rails, which 
are net at works. 


The Coal and Coke Trade.—As is generally the case just 
previous to holidays, collieries are pretty busily em- 
ployed. At Newcastle best Northumbrian steam coal is 
quoted 8s. 9d. f.o.b., and steam small 4s, Gas coal is dull, 
and prices are drooping. Household coal is somewhat 
easier. Bunker coal is flat and weak, and 6s. 9d. f.o.b. 
may be taken as the medium price for unscreened 
qualities. Coke keeps firm. The local consumption 18 
large, and more is being sent to north-western blast- 
furnaces. Good blast-furnace qualities are still quoted 
12s. 3d. delivered at Cleveland works, 
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NOTES FROM THE SOUTH-WEST. 

Barry Railway.—Arrangements are being made to open 
the main line between Barry and Pontypridd for pas- 
senger traffic on June 1. 

The “ Renown.”—Although the Renown, line-of-battle 
ship, is being built at Pembroke, she is to be completed 
and prepared for commissioning at Devonport. The 
most important work left for Devonport will be the plac- 
ing on board of the vessel’s armament. There are to be 


four 10-in. 29-ton breechloading guns, worked in barbettes | ry, 


) a new type of high-angle fire mounting. The mount- 
ine arrived = Keybam from the works of Sir J. Whit- 
worth and Co., Manchester, last week, and filled 12 
railway trucks, necessitating a special train for their con- 
yeyance. For her displacement, which is 12,250 tons, 
the Renown will have an exceptionally powerful arma- 
ment, for in addition to her 10-in. guns she will be fitted 
with ten 6-in. and 22 smaller quick-firing guns. Ib is 
estimated that the cost of the gun mountings, torpedo 
carriages, and gear, will be about 61,500/., while the guns 
alone will cost 40,900/., thus making the total cost of the 
vessel’s armament 102,400/. 


Budleigh Salterton Railway.—This line is expected to be 
shortly commenced. A a agreement with the 
London and South-Western Railway Company has been 
signed, and in a few weeks tenders for the works will be 
invited. The railway must, by its Act, be completed 
within five years, but it is expected that about one-third 
of this period will be sufficient for the construction of the 
line, which, from its junction with the Sidmouth Rail- 
way ab Tipton St. John’s to its termination at Budleigh 
Salterton, will be about 64 miles long. 


The Severn.—At the request of the Severn Commis- 
sioners, Sir E. Leader Williams, the engineer for the 
Manchester Ship Canal, has reported upon the ques- 
tion whether certain proposed steam barges, designed by 
Mr. McGregor, naval architect, of London, could safely 
navigate the Severn under the Westgate bridge at 
Gloucester, Sir Edward states that there is no doubt that 
the Westgate bridge, until it is improved, will neces- 
sitate the construction of a special class of vessel, if 
trading is to be profitably carried on between Cardiff and 
Worcester. He had had an interview with Mr. 
McGregor, who gave him full information as to 
the proposed vessels. The dimensions of the barges 
are as follows: 133 ft. long by 21 ft. beam. They 
are to be built of steel to Lloyd’s Rules. The load 
draught is 9 ft., and at that draught their speed will be 
8 miles per hour, They will carry 400 tons deadweight, 
exclusive of boilers, machinery, &c., at a load draught of 
8 ft. 9in. There would be some difficulty in passing the 
Diglis Lock at dead low summer water-level, unless the 
barges were then loaded a few inches lighter, or a small 
part of the cargo was put into a lighter before passing 
the lock. Sir Kdward is of opinion that the proposed 
vessels are well adapted for the particular work for which 
they are designed. 


Cardiff.—The supplies of steam coal have been in excess 
of the demand, and sellers of large have been reducing 
their terms. The best steam coal has been offered at 
10s. 3d. to 10s. 6d. per ton, while secondary qualities 
have made 9s. 9d. to 10s. per ton. The house coal trade 
has shown increasing dulness, as was to be expected from 
the advance of the season; No. 3 Rhondda large has 
made 10s. to 10s. 3d. per ton. The demand for patent 


fuel has been well maintained. Coke has been quiet; | W. 


foundry qualities have made 15s. to 16s. per ton, and 
furnace ditto 12s. 6d. to 13s. per ton. The iron ore trade 
has shown little change; the best rubio has made 11s. to 
lls. 6d. per ton. As regards the manufactured iron and 
steel trades, there has been a good demand for Bessemer 
steel bars ; rails, however, have been generally inactive. 


The Electric Light at Bristol.—The electrical committee 
of the Bristol Town Council recommends the council to 
sanction a moderate extension of the system for supply- 
ing electric current for private lighting. 


Welsh Railways.—The North Pembrokeshire and Fish- 
guard Railway between Clynderwen and Letterston was 
opened for passenger traffic on Thursday. There will 
be five trains up each day, from 8 a.m. to 6.10 pm., 
and four trains down from 10.6 a.m. to 7.26 p.m. 





MISCELLANEA. 

Tue Cunard steamer Etruria has just completed her 
117th trip across the Atlantic at a higher rate of speed 
than she has previously attained, this passage having 
been made on the long southerly route in 6 days 2 hours 
and 10 minutes. 


The Austro-Hungarian Government have recently 
entered into a contract with Messrs. Yarrow and Co., of 
Poplar, to construct a first-class torpedo-boat of the very 
latest type. The dimensions are 148 ft. in length by 
14 ft. 9 in. beam, and the boilers are to be of the Yarrow 
water-tube type. 


The traffic receipts for the week ending March 31 
on 33 of the principal lines of the United Kingdom 
amounted to 1,379,993/., which was earned on 18,728} 
miles. For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,475,336/., with 18,522? 
miles open. There was thus a decrease of 95,343/. in the 
receipts, and an increase of 206 in the mileage. 


Messrs. Richard White and Sons, railway engineers 
and merchants, of Widnes, Lancashire, have been favoured 
by Messrs. Holme and King, the contractors for the 
Snowdon Mountain Rack Railway in North Wales, with 
the order for the whole of the permanent'way material for 
this line, including the running rails, rack bars and fasten- 
ings, steel sleepers, and all accessories. As this is the 


first railway of its kind in this country, much interest 
attaches to its construction. 


The United Asbestos Company, of Dock House, 
Billiter-street, London, have recently brought out a form 
of covering for steam pipes, consisting of blocks of 
asbestos secured by netting to a backing of asbestos cloth. 
Owing to the method of construction, this covering can 
be wrapped round a pipe about as easily as if it were a 
single layer of cloth. The blocks of asbestos, however, 
bring up the thickness of insulating material to about 1 in. 
6 material is made in long strips. and is intended to be 
wrapped round a pipe spirally. en finished, the outer 
surface is polygonal, 


The Cunard Company, in common with the White 
Star Company, get nothing from the British Govern- 
ment but 3s. per pound for letters and postcards, and 
3d. per pound for other articles, which may be looked 
upon as freight and of a fluctuating quantity. The 
British Post Office, having the fastesb vessels in the 
world, receive the fullest value for the carriage of the 
stuff, whereas the American Line alone will receive after 
October next upwards of 30001. per voyage, the recom- 
pense to the British companies being but a pittance con- 
sidering the work done. 


_ The United Kingdom section of the Imperial Institute 
is to be augmented during the approaching summer season 
by an exhibition of railway appliances and inventions. 
The International Railway Congress, which is to be 
opened by the Prince of Wales in June, has supplied an 
appropriate opportunity for displaying the capabilities of 
important branches of British industry connected with 
the railway services of the country, and the executive 
council of the Institute have undertaken the necessary 
arrangements. The exhibition will be located in special 
buildings in the south-east quadrangle of the Institute, 
and several of the leading manufacturers in the United 
Kingdom will be represented. Many of the exhibits will 
be shown in motion. 


In a series of lectures delivered before the engineerin 
students of the Cornell University, Mr. Clemens Hersche 
has thrown doubt on the accuracy of the estimates current 
as to the daily water supply of ancient Rome. Heclaims 
that the 50,000,000 cubic feet or so, asserted by Rondelet 
to have been supplied, is an enormous exaggeration, the 
more serious in that this figure has been extensively 
copied. The rate of flow has been taken as 5 ft. a second 
or more in the channels, whereas in such Roman aqueducts 
as have been carefully surveyed, the fall is only sufficient 
to give a velocity of 2ft. at most. His own estimate of 
the supply, based on a careful study of Frontinus, and of 
other data, is 60,000,000 imperial gallons delivered in the 
city itself, or about 40 gallons per head. 


The spring meeting of the Iron and Steel Institute will 
be held in London on Thursday and Friday, May 9 and 
10 next, in the rooms of the Society of Arts. The presi- 
dential address will be delivered by Mr. David Dale, and 
the Bessemer gold medal will be awarded to Mr. H. M. 
Howe, the distinguished American metallurgist, who will 
contribute a paper on ‘‘The Hardening of Steel.” Mr. 
Stead, of Middlesbrough, will contribute a paper of great 
practical importance on ‘‘ The Effect of Arsenic on Steel ;” 
Mr. Sergius Kern, metallurgist to the Russian Admiralty, 
will discuss the manufacture of armour-piercing pro- 
jectiles in that country; Mr. Herbert Scott will com- 
municate a paper on the iron ore minesof Elba ; and Mr. 

. J. Keep, of Detroit, will contribute a* paper on 
‘* Tests of Cast Iron.” 


The Board of Trade returns for the past month show a 
small increase in the movement of goods, but cannot be 
regarded as really satisfactory, because the past month 
was not disturbed by the Easter holidays, which fell in 
March in 1894. Still, the returns show some encouragin 
features. Both the imports and the exports of Britis 
and Irish produce are higher in value, the imports 
amounting to 35,980,590/., an increase of 653,553/., equal 
to 1.8 per cent., and the exports to 18,523,030, an increase 
of 424,1271., equal to 2.3 per cent. The exports of foreign 
and colonial merchandise were 4,846,599/., compared with 
5,342,886., the decrease in this case being mainly due to 
the lessened shipments of sheep’s wool. The exports of 
iron = an increase of 9398 tons in quantity, and 67,8097. 
in value. 


According to the Bureau Veritas, there were built for 
Germany in the year 1894 the following number of ships : 
In Germany—For German account, 46 steamships, with 
91,232 gross tons; for foreign account, 5steamships, with 
a gross tonnage of 5976. Abroad—For German account, 
12 steamships, with a gross tonnage of 38,652. Alto- 
gether, in 1894, there were 63 steamers, with 136,860 gross 
tons, against 58 steamships, with 97,150 gross tons, in 
1893. In Germany—For German account there were 
built 8 sailing ships, with 5043 gross tons, Abroad—For 
German account, 5 sailing ships, with 9661 gross tonnage ; 
altogether, in 1894, 13 sailing vessels, with a gross ton- 
nage of 14,704, agairst 18 sailing vessels, with 15,460 gross 
tons, in 1893. Of the foregoing 63 steamships, 22 were 
for Hamburg account, of which 50,489 gross tons were 
built in Hamburg and 28,149 tons abroad. 


In a paper by Mr. John A. Griffiths, published in the 
Minutes of Proceedings of the Institution of Civil En- 
gineers, the results of some experiments on windmill 
efficiency are given. The mills in question were used for 
pumping water in Queensland. The first has a conical 
sail wheel of 223 square feet area, with a reefing vane, and 
operates a pump having a plunger 5in. in diameter by 
6} in. stroke. With a wind velocity of 4.3 miles per hour, 
this mill developed .018 horse-power, which was in- 
creased to .098 horse-power when the wind rose to 7 
miles per hour. Another mill, with a “solid” wheel 





11 ft. ia diameter, gave .011 horse-power effective with a 





wind velocity of 5.8 miles per hour, and .025 horse-power 
with a wind velocity of 6.5 miles per hour. A third 
“solid” wheel, 16 ft. in diameter, fitted with an automatic 
rudder, gave .024 horse-power with a 6-mile wind. The 
fourth mill has a folding sail 14.16 ft. in diameter, and 
gave .065 horse-power, with a 7-mile wind ; and another 
similar but smaller mill, having a wheel 10.16 ft. in 
diameter, gave .028 horse-power effective with an 8-mile 
wind. The sixth wheel hasa 9.83 ft. turbine wheel, and 
gave .012 horse-power effective with a 6-mile wind. As 
a general result, the best efficiency of the mills was about 
12 per cent. of the total energy in the wind. 


The following promotions and appointments were made 
in the Department of the Controller of the Navy, on 
Saturday, the 6th inst. viz.: Mr. R. Barnaby, Civil 
Assistant to Admiral Superintendent, Chatham, to be 
pensioned; Mr, J. G. Wildish, Civil Assistant to the 
Admiral Superintendent. Devonport, appointed to Chat- 
ham, vice Barnaby; Mr. L. G. Davies, Chief Constructor, 
Portsmouth, promoted to be Civil Assistant, vice Barnabv, 
and appointed to Devonport, vice Wildish ; Mr. H. R. 
Champness, Constructor, Portsmouth, promoted to be 
Chief Constructor, vice Davies. and appointed to Malta, 
vice James; Mr. W. James, Chief Constructor, Malta, 
appointed to Devonport, vice Crocker; Mr. G. Crocker, 
Chief Constructor, Devonport, appointed Chief Con- 
structor, Chatham, vice Yates; Mr. Yates, Chief Con- 
structor, Chatham, appointed to Portsmouth, vice Davies, 
promoted ; Mr. W. Main, Constructor, Devonport, ap- 
pointed to Portsmouth, vice Champness, promoted ; Mr 
H. Pledge, Assistant Constructor (lst class) at the 
Admiralty, promoted to be Constructor, vice Champness, 
promoted. and to be appointed to Devonport, vice Main ; 
Mr. W. H. Whiting, Constructor, Devonport, appointed 
to Hong Kong, with local rank and precedence of a Chief 
Constructor, vice Mitchell, whose three years’ service 
abroad has expired ; Mr. T. Mitchell. Constructor, Hong 
Kong, appointed to Devonport, vice Whiting. 





Dratu or Mr. JAMES Prick.—We regret to announce 
the death, from pneumonia, supervening on influenza, of 
Mr, James Price, president of the Irish Institution of 
Civil Engineers, and formerly chief engineer to the Mid- 
land Great Western Railway Company. Mr. Price was 
well known in Westminster, and had been awarded a 
Telford medal and premium by the Institution of Civil 
Engineers. He also held the degree of Master of Engineer- 
ing of Dublin University, where he was at one time Pro- 
fessor of Engineering. Since severing his connection 
with the Midland Great Western Railway Company, 
Mr. Price has been connected with a number of large 
works in different parts of Ireland, in particular drainage 
projects, railway construction, and harbour work. At the 
time of his death he was 64 years old. He leaves three 
sons, all of whom are members of the Institution of Civil 
Engineers. 





SourHampTon Main Drarnace.—Mr. F, H. Tullock 
C.E., Local Government Inspector, held an inquiry at 
the Municipal Offices, Southampton, on the 4th inat., 
concerning the application of the corporation to borrow 
the sum of 40,600/. for works of main drainage and sewage 
disposal. The scheme as prepared by the borough engi- 
neer, Mr. W. B. G. Bennett, C.E., was fully explained 
by him. It embraces the main drainage of the eastern 
districts of the town, comprising 541 acres, with a popula- 
tion of 44,700. The object of the scheme is to prevent 
the pollution of the River Itchen, and to convey the 
sewage from its present outlet to disposal works to be 
constructed near the mouth of the river. Several miles 
of egg-shape brick sewers and stoneware tubular pipe 
drains are to be laid, also an extensive and separate 
system of surface drains, supplemented by the existing 
sewers, which will be retained as outfall sewers for the 
rainfall only, the house drainage to be disconnected from 
the same, and reconnected to the new sewers, which are 
each to be laid with gradients insuring self-cleansing 
velocities. In two low-lying districts the sewage will be 
lifted by Shone’s pneumatic ejectors, placed in brick 
chambers under the roadway. For the purpose of venti- 
lation it is intended to erect, at the heads of each new 
sewer, approved sewer gas destructors in ornamental 
cast-iron columns. The sewage, on its arrival at the 
disposal works, will pass through strainers to three direct- 
acting engines and pumps, of the Worthington type, 
chemically dosed and discharged into precipitation tanks, 
12 in number, situated at a level to permit of the effluent 
being run off at all times of the tide. Automatic chemical 
mixing and feeding machinery is to be provided and driven 
by an independent engine. The precipitated sludge will 
be drawn from the tanks through a sealed main, lifted by 
a Shone’s ejector into a sludge reservoir, further precipi- 
tated and run into iron receivers, from which it will be 
forced into filter presses and discharged in cake. Four 
new cells are to be added to the existing refuse de- 
structor, with two additional boilers inserted for the pur- 

e of supplementing the steam power which it is 
intended to use for compressing air for operating the 
Shone’s ejectors and the Worthington pumps, also for the 
filter presses. The destructor has for the past eight years 
supplied the power for working the first installation of 
the Shone’s system laid in connection with existing 
sewage disposal works of other districts. The new build- 
ings will consist of an engine and press-house stores, and 
mixing-room, &c. There was no opposition, and the 
inquiry terminated, after which the inspector viewed the 
site of the works. The corporation recently applied for 
and obtained an extension of the borough boundaries 
comprising the whole of the district of Shirley and Free- 





mantle, and part of Millbrook on the west and Bitterne 
Park on the east, thus increasing the population by 
nearly 20,000, and the area by nearly 2000 acres. 
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THE NEW PATENT BILL. 
Last week we alluded briefly to a new Patent Bill. 
It is now before us. It is backed by Mr. Moulton, 
Sir Richard E. Webster, Sir W. Houldsworth, 
Sir A. Rollit, Mr. Haldane, and Mr. E. Blake. 
This is a formidable array of names. But it by 
no means follows that the Bill is perfect, although 
it may be well calculated to serve as a base for 
useful legislation. It deals with matters that have 
been much discussed at various times, and as to 
which hasty legislation might be productive of the 
most serious and far-reaching consequences. Ac- 
cording to the memorandum, the object is to 
remedy some of the defects in our Patent Law, 
which give rise to difficulties in its practical work- 
ing. 
It is asserted that, by the existing law, an in- 
ventor loses all right to a patent if his invention 
has become known to any member of the public, 
even though it be by accident or the fraud of 
another person. This is to be remedied by pro- 
viding that no letters patent, granted to the first 
and true inventor of any invention, shall be held to 
be invalid by reason of such invention, or any part 
thereof, having been published prior to the date of 
such letters patent, provided that such publication 
was made inadvertently, or without his knowledge 
and consent, and that the matter of the same was 
derived from him ; and provided that he applied for 
and obtained protection for his invention with all 
reasonable diligence, after learning of such publica- 
tion, in case it came to his knowledge prior to the 
date of such letters patent. 
As the law now stands, a period of nine months 
(with a possible extension of one month) is allowed 


®/to an inventor, after he has obtained provisional 


protection, to develop and perfect his invention. 
During this period, however, he is liable to have 
his improvements patented by others, even though 
he is the first to arrive at them. The Bill before us 
provides that any person or persons who have 
obtained provisional protection for an invention 


3] may, at any time prior to the acceptance of the 


complete specification, file supplementary provisional 
specifications in respect of developments or improve- 
ments invented by them, or any of them, of the 


, | invention for which such protection was originally 


granted ; and any such supplementary provisional 
specification shall have the same effect, as to pro- 
tecting such inventions, as if it were a provisional 
specification of like date. To say nothing of the 
complications to which such a system must give rise, 
no such provision will meet the serious difficulties 
that arise from the present state of the law, and 
which are clearly indicated in an article by Mr. 
Lloyd Wise which appeared in our issue of January 
29, 1886 (vol. xli., page 113). Want of space 
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: renders it impossible, on the present occasion, to 


enter fully into this and other important points 
proposed to be dealt with by the Bill. Suffice 
it to say that if the law is to be altered, it should 
be done, as far as possible, effectually, and that one 


thing which, above all others, should not be over- 
looked, is the necessity of making an inventor 
safe as from the date of his application for a 
patent. This cannot be done under any system 
of provisional protection that has yet come before 
us. As it is, an inventor must remain in the dark 
for nearly a year as to the nature of pending appli- 
cations in front of his, and during that period cannot 
disclose his invention without very serious risk. 
The Bill before us affords no relief in this respect. 
The article to which we have already alluded did 
suggest a remedy, and one which, whether good or 
bad, should at least receive adequate consideration 
before our Patent Laws are altered in the direction 
of Clause 2 of the Bill under notice. 

Clause 3 might almost have been drawn expressly 
to assist fraudulent patentees, for it provides that, 
after the grant of letters patent, no objection shall 
be allowed to the validity of the same on the ground 
of disconformity between the complete specification 
and the provisional specification or specifications. 
Thus, A having filed, on January 1, a provi- 
sional specification which may have been extremely 
vague, if not even more or less incomprehensible ; B 
having filed an application, on February 1, for some- 
thing not really contemplated by A ; and the latter 
having subsequently included B’s improvement in 
his complete specification, without detection by the 
Patent Office Examiner (as frequently happens in 
actual practice) ; then A’s patent, if granted, is to 
hold good, notwithstanding that disconformity may 
be capable of proof. Presumably the patent, 
though granted, might still be upset if B could 
prove, up to the hilt, that the improvement was 
actually obtained from him by A. But that is often 
impossible. Yet there is no greater blot on our 
patent system than the facility afforded to unscru- 
pulous applicants of appropriating to themselves the 
inventions of others. 

Cases arise in which obscure and forgotten refer- 
ences in old books are cited as anticipations of 
meritorious inventions. Following the example of 
certain other countries, it is proposed that an inven- 
tion shall not be held to be anticipated unless there 
has been publication or user in the last fifty years. 
This is good in its way, but seems vague, and some 
authorities whose opinions carry great weight have 
suggested a period still shorter, as long since pro- 
posed by the Association for the Reform and Codifi- 
cation of the Law of Nations. 

The memorandum on the Bill states that, by our 
law, any flaw in a patent makes it wholly invalid, 
and the remedy by disclaimer can only be applied 
by a procedure which causes great delay and often 
heavy expense. It is proposed to remedy this by 
giving a power of immediate disclaimer in the type 
of case which is of most frequent occurrence, 
Where a complete specification contains more than 
one distinct claiming clause, the patentee is to be 
allowed, at any time, by notice in writing to the 
Comptroller, to disclaim any one or more of such 
claiming clauses, provided that no such disclaimer 
shall be made which would leave the specification 
without at least one distinct claim. Wherea patent 
is amended by disclaimer during the pendency of 
any action for infringement, or petition for revoca- 
tion, or action of interdict or reduction relating to 
such patent, the patentee is to be entitled to put 
the disclaimed specification in evidence, subject to 
such terms as the court shall impose as to costs, 
expenses, or damages. This appears to be most 
objectionable. It is calculated to encourage un- 
scrupulous patentees to make grasping claims, which 
can be used to levy blackmail from persons who 
dread litigation, still leaving the patentees in the 
full enjoyment of any legitimate claims they may 
also have. This is not only serious from a manu- 
facturer’s point of view, but also from that of those 
patentees (of whom there are not a few) whose in- 
ventions happen to be improvements upon old 
inventions for which there exist invalid patents, 
which may be improperly used to retard the intro- 
duction of theimprovements. If the proposal is to 
be pressed, we consider it important that every 
application should be subject to a preliminary 
examination as to novelty, under a system such as 
that frequently advocated by us and approved many 
years ago by the Institution of Mechanical Engi- 
neers, the Society of Arts, and other important 
bodies. 

It is proposed that the grounds of opposition 
should be (a) that the applicant has obtained the 
invention from the opponent or from a person of 
whom he is the legal representative ; (b) that the 





invention has been patented in this country on an 
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application of prior date; (c) that the complete 
specification claims an invention which is the sub- 
ject of an application made by the — in the 
interval between the leaving of the provisional 
specification and the leaving of the complete speci- 
fication, and which is not contained in the provisional 
specification or any supplementary provisional 
specification of prior date to such application. 

It is proposed that where an application for a 
patent has been abandoned, or become void, the 
specification or specifications and drawings (if any) 
accompanying or left in connection with such appli- 
cation may be thrown open to public inspection or be 
published by the Comptroller after the expiration of 
three years from the date of such application, 
but that no such publication shall be deemed 
to be a prior publication so as to invalidate any 
subsequent application for letters patent. It is not 
clear, at first blush, what is the object here aimed 
at. But it has probably escaped the notice of the 
framers of the Bill that, in their zeal, they may be 
doing serious mischief to the interests of inventors 
having patents abroad. 

The term of provisional protection is reduced to 
six months, instead of nine. This seemingly points 
to the desirability of abolishing that sort of pro- 
tection altogether. If it be advantageous at all, are 
not nine months preferable to six, especially seeing 
that the applicant can lodge his complete specifica- 
tion as much earlier as he likes, and get his patent 
sealed, so curtailing the period of provisional pro- 
tection to suit his own convenience ? 

It is provided that in any action for infringement 
of letters patent in which continuing infringement 
is alleged, the plaintiff may deliver his statement of 
claim and particulars of breaches with the writ, and 
in such case either party may enter the action for 
trial so soon as appearance is entered for the 
defendant, or at any time thereafter, notwithstand- 
ing that the pleadings are not then closed ; but that 
no such action shall come on for trial until three 
weeks after the delivery of the defence and par- 
ticulars of objections, without the consent of the 
plaintiff. 

In conclusion, whilst giving the framers of the 
Bill full credit for a sincere desire to better our 
Patent Laws, and wishing them every success in 
their endeavours to do so, we regret that their pro- 
posals should have fallen so far short of what is well 
known to be needed in order to remove the serious 
blots that at present exist. 








THE COST OF ELECTRIC ENERGY 
FOR PRIVATE INSTALLATIONS. 

Ir is sometimes a matter of doubt whether it is 
more economical, in a particular case, to obtain 
electric energy from a public source, or to generate 
it on the premises. Of course the question only 
arises when comparatively large quantities are re- 
quired. For the householder the public supply is 
far the cheaper, but for the large manufacturer and 
merchant it is not necessarily so. It is the more con- 
venient and certain, but the charge may be swollen 
by directors’ fees, by preliminary expenses, by the 
desire to pay large dividends, and the like. On 
the other hand the private installation often 
works with a very bad load factor, and does not 
receive the skilled attention that is possible with 
a large plant, so that there is greater waste. If, 
however, it is sp circumstanced that it can be 
efficiently looked after, it should be run very 
economically. Several examples of such installa- 
tions were described to the Institution of Electrical 
Engineers on the 28th ult. by Mr. W. Langdon in 
his paper ‘‘On the Employment of the Electric 
Light for Railway Purposes.” From this it appears 
that the Midland Railway Company have six electric 
installations that have been working for some time, 
besides others that are more recent, and from 
which reliable figures cannot yet be obtained. The 
annexed Table gives the cost per Board of Trade 
unit, including carbons and trimming of are lamps, 
renewal of glow lamps, maintenance, and renewal 
It will be seen that the figures vary from 2.49 pence 
to 3.9 pence, and that, generally, they are lower for 
the second half of the year than the first. As a 
basis of comparison we give details of cost of a 
few public stations, taken from the weekly figures 
published in our contemporary Lightning. 

These two Tables are not in a form that is quite 


Table I. is stated in the 


easy for comparison. 


headline to include maintenance and renewal, but 
this only refers to current renewals, which, of 
course, are not heavy in plants that have not been 


TABLE I.—Derats or Cost, Hatr-Years Enpinc Jung 30 AND DecemBER 31, 1894, INcLUDING MAINTENANCE 
AND RENEWAL. 
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* These are 10-ampere lamps, 2000 candle-powe 


TasLe II.—Cost of Electric Energy in Central Stations. 














| Repairs Average 
Total Labour 
Installation. Cost per per = | Coal. Charge 
Unit.* Unit. aa wa 
jtenance, Unit. 
d. d. d. d. d. 
Aberdeen 1.78 85 07 65 6.85 
Birmingham.. 2.07 -60 82 -98 6.38 
Bradford 2.15 1,05 37 -66 6.08 
Brighton 1.81 39 |) (£86 83 6.12 
Burnley 1.82 83 21 62 5.63 


* Does not include rent, rates, taxes, salaries, directors’ fees, 
interest, or redemption. 
laid down very long. The cost for ‘‘ material ” 
seems heavy, but probably it is largely made up of 
carbons. The total costs are considerably above 
those in the average town station, but a large 
part of the surplus may be credited to carbons, 
lamp trimming, and lamp renewals. The cost of 
the arc lighting is given in the following Table : 


TaBLE III,—The Cost of Arc Lighting. 
Dépot. Cost per Lamp 





per Hour. 
St. Pancras (Somers Town), 2000 d. 
candle-power lamps __... a 1.61 
Birmingham (Central Goods), 2000 
candle-power lamps sea ies 1.41 
Birmingham (Lawley-street), 1200 
candle-power lamps ___... ie 0.93 
Leeds (Hunslet), 1200 candle- 
power lamps 5s ae aus 1.44 
Bradford, 1200 candle-power lamps 1.19 
Total 6.58 
Average 1.316 


At the adjourned meeting for the discussion of 
this paper on the 4th inst., Mr. Langdon explained 
that although interest and depreciation did not 
appear in the Tables, they were taken into account 
in the company’s books. Depreciation was taken 
at 5 per cent., this figure being based on evidence 
given in an inquiry made by the London County 
Council in connection with a loan to the St. Pan- 
cras Vestry. In this inquiry the following periods 
were given for the life of various parts of the plant: 
Meters, 5 years ; batteries, 8 years ; arc lamps, 10 
years ; boilers and engines, 15 years ; dynamos, 20 
years ; culverts and bare mains, 40 years ; build- 
ings, 50 years. The average works out to 20 years. 
Interest was taken at 34 per cent., making a total of 
84 per cent. for interest and depreciation. As Mr. 
Langdon does not state the capital costs of the 
various plants, it is impossible to calculate exactly 
the sum per unit that would be required to provide 
for interest and depreciation. We may, however, 
make a guess that will not be very wide of the 
mark. For instance, the Derby installation, with 
its 4500 incandescence lamps of 8 candle-power, 
would probably cost not far short of 18,000/., if so 
little. Interest and depreciation on this sum would 
be 15301., or equal to 2.6 pence per unit. This 
added to 3.37 pence, would give 5.97 pence for the 
total cost. The Lawley-street installation, with its 
200 arc lamps and 400 incandescence lamps, we 
may take at 26,000/., which works out to 22101. 
per annum for interest and depreciation, or.2 7 
pence per unit, bringing the total expense, in- 
cluding carbons, lamp trimming, and glow lamp 
removals, to 5.47 pence per unit. 

Mr. W. Leonard supplied some particulars as 





to the circumstances of the lighting of the South- 


r. All others are 6.8-ampere, 1200 candle-power. 


Eastern Railway Company’s stations in London. 
Bricklayers’ Arms station was lighted by a tem- 
porary plant in 1881, and the stations at Charing 
Cross and Cannon-street in 1882. Since the 
removal of the Brush Company’s works, cur- 
rent for the Charing Cross station has been 
obtained from the Strand Electric Light Com- 
pany at 5 pence per unit (1000 watt-hours) including 
carbons. At Cannon-street thesupply isnow got from 
the City of London Electric Lighting Company’s 
mains. Theadvantage of being connected tothe mains 
is that the light can be had immediately in case of 
fog. At the King’s Cross station of the Great 
Northern Railway, according to Mr. A. H. Preece, 
the installation includes steam engines of an aggre- 
gate of 1370 indicated horse power, supplying 500 
arc lamps of 10 amperes and 5000 glow lamps of 
8 candle-power, the circuit extending five miles. 
The cost of current, since July last, works out to 
2.67 pence per unit for all charges, exclusive of 
interest and depreciation, which together amount 
to one penny per unit, making 3.67 pence in 
all, a very moderate amount. In the months 
from December to March the total cost was 
under 3 pence, of which coal cost .9 penny and 
wages .97 penny. The depreciation is worked out 
in a somewhat complicated manner, depending, in 
part, on the number of hours the machinery has 
been running ; it is between 3 and 4 per cent. The 
percentage added for interest was not stated ; 
indeed, we think that the penny referred to only 
included depreciation, and that interest was not 
taken into account. The best results yet obtained 
in any English central station are an output of one 
unit per annum for each half-crown of capital. Now 
7 per cent. (to take a low figure) on 30 pence is 2.1 
pence, and it is not probable that the Great 
Northern Railway Company has got down to less 
than half this amount. 

At Leicester the Midland Railway Company have 
put down a plant driven by gas. There are four 
Crossley gas engines required to deliver 40 horse- 
power with Dowson gas, and 50 horse-power with 
town’s gas, on the pulley of thedynamo. These 
drive three 650-light 2000 candle-power Brush 
dynamos, and one low-tension dynamo, employed 
chiefly for are lighting. Also there are two 14 
horse-power gas engines required to transmit 25 
horse-power to the pulleys of two machines feeding 
incandescent lamps. Both Dowson and town’s gas is 
laid on to the engines, which are provided with 
valves that admit of the gassupply being changed over 
at will. A four weeks’ test was made of this instal- 
lation in December, 1894, Dowson gas being used 
on week days and town’s gas on Sunday. The 
figures, which Mr. Langdon offers with reserve, 
are 1.2 pence per lamp hour for 2000 candle-power 
arc lights, and 2.3 pence per unit for glow lamps. 
These sums cover the cost of running and carbons, 
but do not include repairs or renewals. 

When the electric light is compared with gas 
for the purpose of illuminating goods sheds and 
yards, its economy is strikingly seen. At the Mid- 
land Birmingham Central goods sheds both systems 
have been installed recently, and a fair comparison 
can, therefore, be made, the units being regenerative 
gas lights of 150 candle-power and arc lamps of 2000 
candle-power nominal. The cost of the 81 gas lamps 
works out to 62 pence per hour, and that of the 30 
arc lamps to 42.3 pence per hour, as per Table I., 
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which, as we have pointed out, does not include all 
the expenses. The light afforded by the two illu- 
minants is nominally 12,300 candle-power for gas 
and 56,000 for electricity, and although a very 
large discount may be taken off the latter figure, 
still when reduced it will be considerably in excess 
of that for gas. At some other stations the lighting 


costs are : 
Candle- Pence 
Power. per Hour. 
Lawley-street, Birmingham ; 
53 arcs affording ... a 63,000 49.29 
Lawley-street, Birmingham ; 
130 gas Jamps affording ... 19,500 100.00 
Somers Town, London; 29 
ares affording ahs ae 58,000 47 
Somers Town, London; 86 
gas lamps affording 12,900 61 


The extent of the various electric lighting plants 
on the Midland Railway may be gathered from the 
following Table : 

TasLE 1V—Electric Lighting Plants on the Midland 
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The machinery includes a large number of types. 
There are simple and compound engines by Davey 
Paxman, Fowler, Marshall, and Willans and Robin- 
son; there are arc lighting machines by the Brush 
Company, and by the Thomson-Houston Company. 
Dynamos for glow lamp lighting are of the follow- 
ing types: Siemens, Edison-Hopkinson, Elwell- 
Parker, and Holmes. At Bradford and Derby 
Sayers’ automatic compensators are employed to 
counteract the fall of potential as the current in- 
creases. There are two classes of arc lamps in use, 
1200 candle-power taking 6.8 amperes, and 2000 
candle-power taking 10 amperes. In the yards 
they are all fixed at a height of 20 ft. above the 
rails, the distance between the lamps varying from 
90 ft. to 100 ft. for the small lamps, and 100 ft. to 
120 ft. for thelargelamps. In the goods sheds the 
distance is much governed by structural arrange- 
ments, but where these do not interfere, 45 ft. for 
the small lamps, and 60 ft. for the large ones, are 
convenient intervals. Inthe St. Pancras passenger 
station the 10-ampere lamps are 60 ft. apart at the 
busy portion of the platform, increasing to 90 ft. at 
the ends. The height from the platform is 14 ft. 
At Leicester the lamps are 90 ft. apart and 15 ft. 
high; on the side platforms they are 75 ft. apart 
and 13 ft. high. In the discussion several speakers 
referred to the height of the lamps, Mr. A. 
Trotter giving some valuable data as to the amount 
of illumination that falls on each square foot of 
surface with lamps at different heights. But the 
immediate interest of many of the arguments was 
discounted by the fact pointed out by several gentle- 
men connected with railways—that in sheds the 
possible height is limited, while in goods yards the 
light needs to be localised at points, while posts can 
only be erected where space can be found, and not 
at the place to which theoretical considerations 
would point. For open spaces, like docks, Mr. 
Alexander Siemens gave the rule that the height of 
the arcs should be two-thirds of the distance 
between them. This gives the maximum illumina- 
tion at a point midway between the posts. 

The general outcome of the paper and discussion 
is to show that there is not necessarily any very great 
economy in private electric generating plants, even 
when they are of a size of 200 to 300 horse-power. 
As has been pointed out again and again, it is 
the load factor that governs the cost. If the 





machinery can be kept running a greater pro- 
portion of its time than is the case in the average 
central station, then there is the prospect that it can 
be run cheaply. If it cannot be kept running so 
much, there is but little hope that it will prove 
more advantageous than the public supply. It can 
scarcely be so secure from breakdowns and stop- 
pages. The Midland installations have been laid 
down with great skill and in a most complete 
manner, with the advantage of the command of 
abundant capital. They are eminently successful 
from a mechanical and electrical point of view, and, 
as we have shown, their economical results are dis- 
tinctly favourable. The percentage of saving may 
not be great, but the amount of electric energy used 
is so large that the sum to the good is very sub- 
stantial. Mr. Langdon deserves the thanks of all 
electric engineers for the candid way in which he 
has laid the result of his experience before them. 





THE GAS-CYLINDER EXPLOSION AT 

FENCHUROH-STREET. 

THE recent explosion of a gas cylinder at Fen- 
church-street Station, following, as it does, the one 
at Bradford last year, has raised considerable 
interest amongst the public. Before commenting 
on the evidence and verdict it may be well to give 
a summary of the facts of the case as established at 
the inquest, and by some independent inquiries of 
ourown. The cylinder in question was made by 
Messrs. Stewart and Clydesdale, Limited, Glasgow, 
out of soft steel tubing, and was about 33 in. in 
diameter inside. The walls were ;%; in. thick, and 
it was designed for a working pressure of 120 
atmospheres, at which its capacity was 12 cubic 
feet. The cylinder in question had been bought 
by Dr. Kennedy only about one month before 
the explosion, and as it was only made this year, 
there was no time for deterioration to have set in. 
A certificate was given with the cylinder by Messrs. 
Newton, of Fleet-street, from whom it was pur- 
chased, stating the quality of the metal, the capacity, 
working and test pressures of the cylinder, and 
concluding with a recommendation that it should 
be re-tested and re-annealed every two years. The 
bottle having been returned for refilling, Holbrook, 
a gardener in the employ of Dr. Kennedy, was 
sent to fetch it back, and whilst it was in his 
possession it suddenly burst, blowing the un- 
fortunate man to pieces, but doing little, if any, 
other damage, not a single pane of glass being 
broken in the station. It appeared that the rail- 
way company had drawn up regulations controlling 
the carriage of these cylinders, but their servants, 
having a truer appreciation of the infinitesimal risk 
involved than their directors, had allowed these 
rules to become a dead letter. An examination of 
the cylinder shows it to have been of excellent 
quality, not a single fragment being missing when 
it ‘was picked up after the accident. A similar 
bottle tested. since the explosion gave way at 500 
atmospheres, thus showing a factor of safety of 
over 4, which may be considered ample. 

It was reasonable to conclude, therefore, that the 
explosion was a chemical one, and this is the 
conclusion at which both Mr. Kenneth 8. Murray 
and Dr. Dupré have arrived, the assumption 
being that in some way or other a mixture of 
coal gas and oxygen had been compressed into 
the cylinder. This, in itself, should not be suffi- 
cient to cause an explosion, and it is by no 
means certain that one would occur if a bottle 


P. | charged with the mixed gases was used for feeding a 


lime light, as it is quite possible that the flame would 
be unable to strike back. To cause the explosion 
some further impurity must have got into the 
cylinder ; Dr. Dupré suggests iron filings or grease. 
As regards the latter, no grease is used on the 
valves at the compressing works, but there is no 
guarantee that a customer may not himself use it to 
ease the valves. The charging in the present case 
was done by Mr. A. Clarkson, of Bartlett’s-build- 
ings, Holborn, and he has courteously permitted us 
to inspect the plant used. This consists of three 
gas pumps, one of which is used for compressing 
oxygen and nitrous oxide gas, and the other two for 
compressing coal gas. When oxygen is being dealt 
with, the pump discharges it at a pressure of about 
80 atmospheres into the top of a steel reservoir, or 
displacer, the lower end of which is connected 
through a valve with an hydraulic main. To force 
the gas into the customer’s bottle at the desired 
pressure of 120 atmospheres, an hydraulic pump is 
used, which pumps water into the lower end of the 


reservoir already mentioned, forcing the gas out at 
the top into the bottle. The water used for this 
purpose is finally run to waste. For the coal gas a 
very similar system is used. The two pumps 
deliver gas at about 30 atmospheres into the top of 
a hydrogen reservoir, the final compression, as 
before, being done by the hydraulic pump. The 
gas pipes for the coal gas and oxygen are entirely 
distinct, but the hydraulic main iscommon to both, 
and were all the valves open, and a difference of 
pressure in the oxygen and hydrogen reservoirs, it 
is possible, Dr. Dupré suggests, that gas might pass 
through this hydraulic main from one to the other. 
In order to avoid this possibility, Mr. Spurge, the 
superintending chemist, had arranged that there 
should be but a single key to the two valves con- 
necting the hydraulic main with the oxygen and 
hydrogen receivers. When any valve is opened 
the key is left on, and removed when the valve is 
shut. Unfortunately, however, it is possible to 
remove the key without closing the valve, and it is 
possible that by a temporary lapse of attention the 
man in charge, trustworthy though he was, may 
have omitted to completely close the hydraulic 
valve to the hydrogen reservoir before removing the 
key on to that belonging to the oxygen one. Such 
a mistake experience shows may easily be made 
by the most careful of men, and we remember 
a case very much in point. The manager of a 
large colliery in the north of England had long 
objected to the use of safety hooks to prevent 
overwinding, on the ground that they made the 
men careless. He told us that he chose a care- 
ful man and warned him that he would be dis- 
missed if such an event occurred, and considered 
this a far better safeguard than a mechanical 
appliance. However, a very few months after, we 
learned that the hooks in question had been adopted, 
and, on inquiry, found that his oldest and most 
trusted engineman had recently overwound the 
cage. The man, we may add, was not dismissed, 
as his general trustworthiness was unquestioned, 
It seems quite possible that a similar lapse, for 
which the attendant cannot be held seriously to 
blame, may have occurred in the present instance ; 
and, if so, with other conditions favourable, the mix- 
ture of gases would not be very difficult to account 
for. Fortunately, by very simple precautions such 
an oversight can easily be rendered impossible, 
even without going to the length of using separate 
hydraulic pumps for the coal and oxygen gases. 

The metal of the cylinder, as tested for Dr. Dupré, 
showed a tensile strength of about 30 tons per square 
inch in a longitudinal direction and about 35 tons per 
square inch transversely ; this difference being held 
by Dr. Dupré as a sign of imperfect annealing, the 
steel in other respects being of excellent quality. 
It is, however, quite possible that the variation in 
question may be due to the mechanical work done 
on the metal at the moment of explosion. The 
verdict was as follows : 

“* Accidental death, and we, the jury, recom- 
mend that all compressed gases of an explosive 
nature should be scheduled under the Explosives 
Act, that all cylinders should be tested by the 
Government periodically, that no cylinder should 
be allowed to be used or conveyed about unless 
bearing the Government stamp, that all manufac- 
turers should be licensed by the Board of Trade in 
the future, and that separate hydraulic pumps 
should be used in the apparatus in filling the 
cylinders, and we also recommend a Board of Trade 
and Railway inquiry.” 

It certainly appears to us that the recommenda- 
tions of the jury go far beyond the requirements of 
the case, and this is evidently the opinion of Dr. 
Dupré. Questioned by the jury as to whether he 
did not think the compressed gas industry should 
be regulated by the Government, he suggested that 
there was no sufficient reason for this; that 
experience showed that the use of coal gas as a 
lighting agent was attended with far greater risk 
of explosion than was the use of these cylinders, 
and yet no one thought of suggesting Government 
interference in the former matter. With this com- 
mon-sense view of the case we entirely agree. 
Experiment and experience both show that the gas 
bottles, as now made, are perfectly safe. After 
the Bradford accident, cylinders filled with gas 
were dropped a height of 50 ft. on to a stone floor 
without suffering injury. 

Were such accidents more common, there might 
be ground for Government interference, but con- 
sidering the very large numbers of gas bottles now 
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3000 per week during the winter months, there 
seems no ground for the panic into which certain 
individuals appear to have fallen. The average 
Briton can certainly not be accused of a lack of 
personal courage, when brought face to face with 
danger, but when this danger looms in the distance 
his nerves seem to suffer severely, and in almost 
inverse proportion to the degree of insecurity. He 
accepts with scarcely a murmur the fact that 
hundreds of people are run over in the London 
streets every year, and never dreams of suggesting 
any steps to reduce the number, such as limiting 
the speed of vehicles to, say, 4 miles an hour, which 
doubtless would have the desired effect. If, how- 
ever, a railway company, after spending thousands 
of pounds to render their line reasonably, or even 
unreasonably, safe, has the misfortune to kill or 
maim a passenger, the papers teem with suggestions 
for preventing such an occurrence in future, and 
the well-meaning, but not always well-advised jury, 
add a rider to the verdict demanding steps to be 
taken which may call for an expenditure of tens of 
thousands of pounds, the sole object to be gained 
being perhaps the saving of one life in 20 or 30 
years. Possibly the reason that street accidents 
are accepted with such equanimity is due to the 
fact that the juror is usually a ratepayer, and he 
feels that any improvements must be paid for out of 
his own pocket. In other cases this is not so directly 
obvious, and, happy in his vicarious virtue, he light- 
heartedly calls on the Board of Trade or Home 
Office to interfere and insist on the adoption of 
precautions out of all proportion to the danger to 
be feared. 

It would be interesting to know how many of 
those jurors who, in the verdict delivered on 
Thursday, April 4, called on the Board of 
Trade to control the gas-compressing industry, 
have kitchen boilers in their own houses totally 
unprovided with relief valves or other safety 
appliances. A proposal has been made that the 
Board of Trade should regulate these, and rightly 
so, as the average householder stands in an entirely 
different position from a large firm which has a 
reputation to keep up, and whose own pecuniary 
interests—which, after all, are, in the long run, the 
most powerful of levers in guiding human conduct 
—are involved in the adoption of every reasonable 
precaution. In the present instance there can be 
little doubt that the compressed gas business will 
suffer considerably, though Dr. Dupré’s report 
shows that very great care was taken in the present 
instance to prevent any such mixture of gases as 
that to which there can be little doubt the catas- 
trophe is to be attributed. 

As already stated, the jury recommend that the 
Board of Trade should prove and mark all bottles, 
and many of the makers seem inclined to fall in 
with this suggestion. No doubt it would make 
matters easy for them. Instead of having, as now, 
to exercise all the caution which their own experi- 
ence and discretion may suggest, they would, in 
the case of accident, be able to shelter themselves 
behind the sgis of the Board. Explosions would 
then become more common, and a renewed agita- 
tion would lead to the enactment of more stringent 
regulations, possibly going so far as to require a 
factor of safety of 8 or 10, and at the end the 
makers would deeply regret the day on which 
they invited the intervention of ‘‘ King Stork.” 
The better plan, to our mind, is to insist, in case of 
accident, that the makers shall show that they have 
exercised all reasonable precautions, and to hold 
them liable in very heavy damages if they have 
not. What constitutes reasonable precautions will 
of course vary as experience points out fresh 
dangers. We can only add that if juries are going 
to take the same exaggerated views on railway 
matters, the sooner the agitation for light railways 
is dropped, the better. 


THE PARIS EXHIBITION OF 1900. 

PRELIMINARY work on the Paris International 
Exhibition of 1900 is continued steadily, and from 
ofticial information we have received, the grouping 
and classification is now an almost completed labour. 
The details of the general arrangement of grounds 
and buildings is also in a very advanced condition. 
At the same time that these works of first import- 
ance are being persistently followed, the minor 
attractions and features in the grounds are receiving 
careful attention, especially as regards the con- 
ditions under which n sont will be installed ; this 





scope of this journal, but it is, nevertheless, of 
interest to engineers and architects, because it is 
intended that the theatres which will be built within 
the Exhibition limits are to be model examples of 
theatrical construction, both as regards their archi- 
tectural and mechanical features. It is possible 
that there will be a series of such buildings repre- 
senting international types, or there may be only 
a few in which the characteristic features of 
theatres of different nationalities will be com- 
bined ; in either case the buildings and their 
arrangements will be of great interest, more 
especially if the features be concentrated into one 
great building, in the perfection of which, engi- 
neers of various nationalities will be invited to 
participate. One of the important questions now 
receiving careful consideration, is the means of 
transporting visitors within the Exposition, as well 
as of bringing them to, and distributing them from, 
it. As regards the first, we have already said that 
it is intended that a system of electric lines shall be 
constructed, making a complete circuit of the 
grounds, with probably branches in various direc- 
tions to different centres of interest. The more 
complicated problem of conveying visitors to and 
from all parts of Paris, especially between the rail- 
way stations and the Exhibition grounds, is full of 
difficulties, which will be better understood by re- 
ference to a plan of the city. With the exception 
of the Gare St. Lazare, none of the railway com- 
panies have terminal facilities near the centre of 
the city, the stations being located almost in the 
exterior, and there exist none of the facilities which 
make circulation in London easy. The cabs of 
Paris have become, somewhat unjustly, perhaps, 
a byeword and a reproach; the omnibuses and 
tramways are fettered by a deplorable monopoly. 
In one respect, indeed, Paris possesses great advan- 
tages over London as regards passenger transport. 
The Seine is better utilised than the Thames, and 
the service of the small steamboats is admirable, 
cheap, and able to handle large numbers of persons. 
But neither this nor the cabs, omnibuses, or tram- 
ways combined will be capable, no matter how 
much they are increased, of handling the vast 
movement that may be reasonably anticipated in 
1900. The Paris omnibuses, including those of the 
suburban lines, carry about 257 millions of passengers 
a year, and the Seine steamers transport about 
244 millions. But these figures represent the 
ordinary movement of the city, and must be 
regarded by the light of the constant complaints of 
inefliciency that have been common in Paris for 
years past. During the exceptional conditions for 
an Exhibition year, these means of transport must 
be regarded as practically non-existent. The 
desirability of metropolitan railway communication 
in Paris has, of course, long been recognised, and 
that it does not now exist is not the fault of earnest 
advocates and workers ; but there have been too many 
obstacles and vested interests to permit the efforts 
made to take effect. At the present time the Paris 
omnibus system is being largely extended, but the 
utmost that can be expected from this will be a 
partial relief to normal inconveniences, the more so 
as all the lines are in the hands of one company, 
and with monopoly, competition is out of the ques- 
tion. As we just said, the difficulties of transport 
are very strongly accentuated during an Exposition 
year, and that this was so during 1889 will still be 
a vivid recollection in the minds of many thou- 
sands. There are some curious statistics bearing 
on this subject in a book just published in Paris, 
with the title of ‘‘ An Historical and Statistical 
Essay on the Means of Transport in Paris.” During 
the year 1888 the omnibus and tramway lines 
carried 242 millions of passengers; during the 
following year, six months of which was occupied 
with the Exhibition, 270 millions were transported. 
On the Seine 15 millions were carried in 1888, and 
in 1889 this number was increased to 33 millions. 
By the least sanguine estimate the visitors to the 
Exhibition of 1900 will be far more numerous than 
they were in 1889. Steadily increasing attendance 
is one of the features of all great International Ex- 
hibitions. Thus in 1855, for example, Paris was 
proud to record as a maximum of visitors on the 
most crowded day, a total of 26,000, whilst in 1867 
the corresponding number was 47,000, in 1878 it 
was 83,000, and in 1889 the maximum was 154,000. 
The great day at Chicago in 1893 brought 716,000 
visitors. 

The an 4 difficult task of improving the means of 
transport by 1900 is in the hands of M. Picard, who 





question is one which apparently falls outside the 





is now actively engaged in considering the problem. 


It is already a year since M. Picard urged on the 
Commission the pressing importance of urging the 
public authorities to take the steps necessary for 
insuring ample and rapid communication between 
the site of the Exhibition and various quarters of the 
city, particularly by the construction of connecting 
railways between the chief Paris terminals. Asa 
result of this the Department of the Travaux 
Publics prepared a project for a metropolitan line 
connecting the centre of the city with the principal 
termini, and also with the Exhibition grounds. 
Unfortunately this project appears to have been 
quite abandoned, partly, we believe, because 
it was considered that the time for completing the 
work was insufficient. The occasion, however, 
would have been an excellent one to have conferred 
on Paris the permanent advantage of improved 
transport facilities. The directors of the 1900 
Exhibition have lately prepared a general plan of 
means of communication which it is hoped will 
relieve a part of the most pressing inconveniences, 
New lines of tramways will probably be laid down, 
and these undoubtedly will be worked electrically. 
They will not extend actually to the gate of the 
Exhibition, but will be stopped some distance from 
it, to avoid inconvenient crowding. The number 
of boats on the Seine will be increased considerably ; 
they afford alwaysa popular and generally an agree- 
able means of coming to and leaving the Exhibition 
grounds. Lastly, it is expected that, though the 
project fora general metropolitan scheme has been 
abandoned, certain lines will be extended as near 
as possible tothe Exhibition. A new railway, it is 
expected, will be made, joining the Chemin de Fer 
du Ceinture with the Champ de Mars ; another 
will extend to the Esplanade des Invalides: and 
probably this will be extended as far as the 
Luxembourg station of the new underground line 
of the Paris and Orleans Company (see ENGINEER- 
ING, page 101 ante), and it is possible that the two 
stations on the east of Paris will be connected—the 
termini of the Paris and Orleans and the Paris, 
Lyon, and Mediterranée Railways. It is also in- 
tended to construct, down on the right bank of the 
Seine, chiefly beneath the Rue de Rivoli, a tubular 
railway, presumably at a low level. How far these 
schemes, and others, will be carried into execution 
by the year 1900 remains to be seen, but we have 
said enough to show that the all-important question 
of transport facilities is engaging the earnest atten- 
tion of the Exhibition authorities. 








BOARD OF TRADE RETURNS OF 
RAILWAY ACCIDENTS. 

A YEAR ago the Board of Trade appointed a Com- 
mittee to consider whether any improvement were 
possible in the shape in which returns of railway 
accidents and casualties are supplied by the railway 
companies and tabulated by the Board, and the 
result of that Committee’s deliberations has just 
been issued. The Committee consisted of Mr. T. 
Burt, M.P., Mr. F. J. S. Hopwood, C.M.G., Sir 
Henry Oakley, Mr. Llewellyn Smith, Mr. H. B. 
Simpson, Mr. G. Harvey Simmonds, with Mr. S. 
G. Spencer as secretary. 

Besides a set of 12 Tables, of which more anon, 
they make the following recommendations (not 
given verbatim) : 

1. That the railway companies report to the 
Board of Trade all fatal accidents by telegraph or 
otherwise within 24 hours of their occurrence. 

2. That non-fatal accidents be reported by post 
as early as practicable. 

3. That non-fatal accidents to railway servants 
be reported whenever they prevent the servant 
injured ‘‘on any one of the three working days 
next after the occurrence of the accident, from 
being employed for five hours on his ordinary 
1804), (quoted from the Notice of Accidents Act, 
4, That all non-fatal accidents to persons other 
than servants of the company be reported. 

5. That the instructions hitherto given by the 
Board of Trade as to the classification of accidents be 
withdrawn. 

6. That the model form of return issued by the 
Board be amended so as to contain the following 
particulars : 

a. Time of the accident, and ; 

where the person killed or injured is a servant of 
the company ; 

b. Whether he was an adult (of and above 18 
years of age) ; 





c. His regular working hours ; 
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d. Number of hours on duty when the accident 
occurred ; : 
and that a note be appended requesting the com- 
panies to give full and precise descriptions of acci- 
dents and of their causes as far as possible. 

7, That the companies should furnish annual 
statements of the number of persons employed in 
each department for publication with the returns 
made to Parliament. 

As regards the Tables, there does not appear any 
startling novelty in their form or substance. Pre- 
suming that these recommendations, &c., are 
adopted, we note that it will not in future be pos- 
sible to exactly distinguish what class of failure of 
rolling stock (wheel, axle, &c., breaking) is re- 
sponsible for injury to or loss of life of any person, 
and the same with the permanent-way failures, 
such as defects in bridges, tunnels, slips, &c. This 
we think, is a pity, especially as it was possible 
before. There still remains a difficulty in locating 
accidents to fogmen. Do they come under the 
heading, ‘‘ Whilst working on the permanent way,” 
or ** Whilst walking, standing, or crossing the line 
on duty,” or ‘‘From being caught between 
vehicles,” or what? In view of the general im- 
pression, whether substantiated by fact we know 
not, that a very large number of accidents occur 
while ‘‘ fogging,” it is unfortunate that no statistics 
of this particular class of accident are obtainable, 
especially when the data are ih the hands of the 
Board. We note with pleasure that in some of the 
returns a distinction is made between men and 
boys, the latter being all those under 18 years of 
age. Another good feature is that the companies 
have to return the time of each accident. The time 
of day, and whether it was dark or daylight, and 
the state of the weather are all important factors in 
the bringing about of accidents. There appears, 
however, to be no provision for the publication of 
such details in the Tables, though of course in the 
case of those accidents into the causes of which an 
inquiry is held all such particulars are given. 
Apropos of the publication of these reports, we find 
that there is extreme difficulty in getting hold of 
them until several months after their first appear- 
ance, when they are issued in the quarterly or 
yearly return of railway accidents. On their first 
being issued, often a very long time after the occur- 
rence of the accident, one copy is sent to the com- 
pany interested, and a limited number of copies are 
supplied to the press and a few select persons, but 
beyond that they are unobtainable. It would be a 
boon to many a railway man if they were on sale, 
and we are at a loss to know why they are not. 
Surely in inquiring into an accident the chief aim 
of.the Board is to discover what were the causes of 
the same, and having ascertained this, to recom- 
mend the adoption of certain safeguards. But how 
are railway general managers, engineers, locomotive 
superintendents, et hoc umne genus, to hear of these 
recommendations if they are jealously guarded from 
them until so late in the day as to be practically 
useless? Were it not for the technical press—and 
we ourselves have been making a special effort 
during the past sixteen months to furnish a résumé 
of them in a form suitable for railway engineers— 
these reports would be practically unknown, and 
form so much waste paper furnished at the public 
expense. Apart from the vast number of recom- 
mendations of the inspecting officers, which should 
form a long series of precedents, but which, owing 
to these officers lacking the necessary practical ex- 
perience, have often to be largely discounted, the 
details of each accident furnish valuable food for 
reflection to every railway man who has the ad- 
vancement of safe and sensible railway working at 
heart. We shall be glad, therefore, to hear that 
these and all similar reports will in future be on 
sale as soon as issued. Are not the various officers 
of the railway companies entitled to some return 
for the mass of forms and statistics which they have 
to supply tothe Board of Trade? The Board could 
scarcely plead poverty as an excuse, as the sale of 
the reports should fully, as soon as it became 
known that they were thus to be had, make up for 
the cost of printing such extra copies, or even of 
entire expense. 








NOTES. 
THE PRESERVATION OF TIMBER. 
THERE is about to be introduced into this country 
& process of preserving timber which has been for 
some years in operation in the United States, the 
details of which have been worked out by Colonel 


Haskin. Ordinarily the treatment of timber to 
obviate decay consists in the application, after 
being dried, of some antiseptic—chloride of zinc, 
sulphate of copper, bichloride of mercury, and, much 
more extensively, creosote. But Colonel Haskin 
believes that the timber in its green state has in 
itself the properties essential to preservation, and 
the process associated with his name is designed to 
utilise those properties. The wood in its green 
state is placed in a large air-tight vessel, and is there 
subjected to an air pressure, varying according to 
the timber, from 150 1b. to 200 lb. to the square 
inch; and this air is dried first, and heated by 
passing through pipes over a stove, the ultimate tem- 
perature being from 200 deg. to 450 deg. Fahr., 
according to the nature of the wood. The 
effect is said to be a chemical change in those 
compounds —albuminous, glutinous, resinous, or 
oleaginous—which constitute the sap of the tree, 
so that the fluid matter becomes insoluble, and 
coagulated in the pores, preventing decomposition. 
This result is attained in about eight hours’ treat- 
ment for, say, a mahogany log 12 in. thick, the 
time varying with the thickness. The process has 
thus the merit at least of great rapidity, but time 
alone is the arbiter of its preserving qualities. 
Several specimens are being exhibited at the com- 
pany’s office, 2 Dean’s-yard, Westminster, and they 
seem homogeneous, while some polished slabs, par- 
ticularly of pitch pine, gain in the richness of grain, 
due to the fact that the resinous compounds are 
present in all their natural richness, although, of 
course, prevented from exuding by reason of the 
process to which they are subjected, and which is 
not unlike roasting, or rather boiling an egg. 


Tur Bic Racine Currers AND THE AMERICA Cup, 


The Mediterranean yachting season is now over, 
and has proved, as was anticipated, interesting, 
and, at times, most exciting, The special feature 
was the racing of the Ailsa against the Britannia, 
and without reviewing the several matches, it may 
be said the Ailsa is quite 10 per cent. faster than 
the Prince of Wales’s cutter in light airs, but the 
advantage is not quite so apparent in strong breezes, 
owing chiefly to the Ailsa having been sparred for 
moderate weather. Still the Britannia has not 
been able to obtain any decisive advantage over 
the new cutter in what is regarded as the Britannia’s 
favourite weather. The Watson cutter, too, has 
the advantage of a thoroughly trained crew, and of 
a consummate steersman in the person of John 
Carter; whereas Captain Jay was incapacitated 
from handling the tiller on several of the matches 
by an injury to his wrist, and his crew, although 
excellent men individually, have not had the 
advantage of working together for any length of 
time. There is no gainsaying the fact that combina- 
tion meansagreat lot. There is no doubt, however, 
that they will improve in every successive race. 
Indeed, evidence of this was afforded during the 
two last races on successive days. On the first day 
the Ailsa overcarried, but on the succeeding day, 
with the same weather, the crew, profiting by experi- 
ence, had two reefs down against the Britannia’s 
single reef, and so overtook, passed, and kept the 
lead of the Prince of Wales’s boat in her favourite 
weather. Certainly the Ailsa’s sails are as fine a 
suit as ever left Rapsey’s competent hands, her main- 
sail in particular being absolute perfection. Remarks 
were made at the races on her lack of stiffness as 
compared with the Britannia ; but on this point it 
must not be forgotten that she is fitted up inside 
with great elaboration, and many of her fittings are 
made of mahogany and other heavy woods. Pro- 
bably a less proportion of her weight is in the form 
of lead keel than in any other racing cutter afloat. 
The boats are now making their way to the Thames 
races ; but the real excitement of the season will 
only commence with the debut of Valkyrie No. 3 
in the month of June. Since the Britannia so 
often proved superior to the America Cup de- 
fender, Vigilant, last season, and since the Ailsa 
has beaten the Britannia so frequently, yachts- 
men are naturally most hopeful as to the pro- 
spectsin the Cupcompetition in the autumn between 
Lord Dunraven’s yacht and the new Cup defender. 
It can hardly be doubted but that Watson will be 
able to improve considerably on the Britannia, be 
cause he has not only the experience derived from 
the performances of that craft, but also the advan- 
tage of inspecting Fife’s cutter Ailsa in course of 
construction at Inglis yard and of a further study 
of her sailings, so that there is, and will be, ex- 





citement over the competitions of the Ailsa and 


Valkyrie No. 3 on the Clyde in June. While the 
Valkyrie is the challenger’s yacht, should the Ailsa 

rove the faster boat she will be chosen by Lord 

unraven to sail for the America Cup in the States, 
and it must not be forgotten that it was due to Mr. 
Watson’s spirited endeavours that the concession 
was obtained from the Cup defenders that the fastest 
boat of the season on this side should be admis- 
sible to the contest. 


SmMoKE PREVENTION IN GERMANY. 


Some yearsago the Prussian Government inquired 
of the Central Verband der Preussischen Dampf- 
kessel Uberachungs Vereine whether, intheiropinion, 
the time had arrived for legislating on smoke pre- 
vention and for fixing definite regulations concern- 
ing grates, flues, &c. The union replied in the 
negative, but expressed their readiness once more 
to enter upon experimental research, in which 
they trusted the Government would assist them 
with funds. Some delay occurred, as the various 
bodies consulted had different suggestions to offer, 
and as the committee appointed could not agree 
uponaprogramme. In February, 1893, the tests 
were commenced by Messrs. Schneider, Caspar, 
and Tschorn, all three of Berlin. A research fund 
of 500/. had been placed at their disposal, to which 
fund the Government had contributed 1501. , the city 
of Berlin 2001. , theabove-mentioned unionof associa- 
tions for the superintendence of steam boilers 501. 
Thereportonthe work, whichappeared in April, 1894, 
was prefaced by a notification that objections had 
been raised against the publication of this report, 
as it was not in itself considered complete, owing 
to the fact that further investigations were con- 
templated, and these, we believe, are still going 
on. Moreover, it was felt that the inventors of 
the respective appliances experimented upon might 
make an undesirable use of the publication. In 
the Zeitschrift des Vereins Deutscher Ingenieure, 
Mr. R. Stribeck, of Dresden, however, gives a 
critical digest of this report. In his opinion, the 
objections were well-founded, and he does not think 
that the report, although a great deal of work had 
been done, and although curves were plentiful, 
would contribute very much to the solution of the 
problems involved. Tests were made of the grates 
of Messrs. Kowitzke, Chubb, Stauss, Kuhne, Schom- 
burg (these two are of the Tenbrink type), Ruthel, 
Donneley. If the results of the tests appeared to 
favour the one or the other of these appliances, the 
inventors would find it difficult to prove that those 
apparent advantages were due to the particular 
construction of their devices. We may deal with 
these and other tests after the work has been 
concluded. Our colleagues in Germany do not 
by any means underrate the importance of the 
smoke combustion problem. The tests of steam 
engines conducted in connection with the Frank- 
fort Electrical Exhibition dealt with this question. 
They have also been commented upon by Mr. 
Stribeck. In 1890, the Verein Deutscher In- 
genieure offered a prize of 200/. for the best 
historico-critical treatise on the smoke nuisance. 
Authors were invited to review appliances con- 
structed and tests made in different countries. At 
the end of the two years specified, six papers had 
been received ; none was adjudged worthy of the 
prize. ‘The judges did not condemn the authors, 
but declared that they were fully aware of the 
great difficulties which the task involved ; they 
raised the premium to 3001., and offered compensa- 
tion for expenses incurred in actual experiments. 
Particulars respecting this competition can be 
found in the Zeitschrift des Vereins Deutscher 
Ingenieure, 1893, page 1151. About that time 
several associations of architects and of engineers 
in Germany clamoured for legislation on smoke 
prevention. Their views, explained in a pamphlet 
of 18 pages, did not commend themselves to the 
council of the Verein Deutscher Ingenieure, whose 
declaration, signed by the director of this body, 
Mr. Th. Peters, and by the referee on the smoke 
problem, Mr. C. Bach, emphasised the contention 
that the time for further legislative interference 
had not come yet. 





Coat IN Prussta.—The production of coal in Prussia 
last year was 70,660,965 tons, as compared with 67,660,261 
tons in 1893. The number of workpeople employed last 
year averaged 267,303, as compared with 259,188 in 
1893. The most productive coal districts in Prussia are 
Breslau, Dortmund, and Bonn. The extraction effected 
in the Breslau district last year was 20,908,277 tons. The 
Dortmund district yielded 40,613,073 tons, and the Bonn 





district 8,593,229 tons. 
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EXPLOSIONS IN ELECTRIC CONDUITS. 

Tue following is the report of the Committee of 
Members of the Royal Society and the Institution of 
Electrical Engineers appointed to confer with the 
electrical adviser to the Board of Trade with regard 
to the circumstances connected with the formation in 
large quantity of an alkaline deposit on the mains of 
the St. Pancras Electric Light Supply, and the presence 
in this deposit in some cases of the alkaline metals in 
an unoxidised condition : 


‘*8, Richmond-terrace, Whitehall, S. W. 

‘* The Committee have held three meetings, and a 
précis of the proceedings at these meetings is attached 
to this report. 

‘“* After taking evidence as to the present condition 
of the mains of the St. Pancras electric lighting system, 
and after receiving from Professor Thorpe reports of 
analyses, made under his direction, of the chemical 
composition of the incrustation found on the insulators 
of these mains, and of the salts contained in the bearers 
of these insulators, the mortar and concrete of the 
conduits, and the adjacent soil, the Committee are of 
opinion that the explosions which have occurred were 
caused by the firiog of an explosive mixture of coal- 
gas and air by sparks caused by means of the above- 
mentioned incrustation. 

‘Tt has been proved thatsparks may be caused 
either by the incrustation itself acting as an imper- 
fect electrical conductor, or by moisture coming into 
contact with metallic sodium or potassium, both of 
which metals have been found to exist within the 
incrustation. 

‘* These metals have been produced by the electro- 
lytic decomposition of alkaline salts chiefly derived 
from the soil, and conveyed by moisture along the 
fibres of the wooden bearers towards the negative 
conductor. 

“To avoid a repetition of these accidents the 
bearers of the insulators at present in use should be 
replaced by other devices through which moisture is 
prevented from travelling, and it is recommended that 
the pattern of insulator in use should be changed, and 
a pattern adopted in which a longer insulating surface 
is interposed between the conductors and the bearer. 

‘« The Committee is also of opinion that it is desir- 
able that means should be provided by which the 
conduits can be inspected throughout their length, so 
far as is necessary to detect incrustation on the 
insulators. 

‘* The Committee have not thought it within their 
province to investigate the causes of the presence of 
coal gas within the electric lighting conduits, but it 
is obvious that this is the primary source of danger.” 

“*P. CARDEW. 

** RAYLEIGH. 

“T, KE, THORPE. 

** WILLIAM CROOKES, 

© R, E. Crompron, 

** ALEXANDER SIEMENS. 

** ALEXANDER B. W. KENNEDY. 

** March 22, 1895.” 





THE STRIKE IN THE BOOT TRADE. 

THE action of the employers and workmen in the boot 
and shoe trades in coming together to discuss the matters 
of difference, and to negotiate for a settlement of the 
dispute, has materially advanced the cause of industrial 
conciliation, quite apart from the particular dispute under 
consideration. The conferences which have taken place 
have been held with closed doors, but knowing the intense 
interest taken in the proceedings, the representatives 
made known certain resolutions at which they had arrived. 
These resolutions are so important that the full text is 
here given : 

‘*1, That for the convenience of this conference, all 
proposals on either side, including the seven proposals of 
the employers, be suspended curing the conference, each 
side being open to introduce any subjects affecting the 
interests of either employers or workmen.” 

**2. That it is desirable and necessary to provide 
financial guarantees for duly carrying out the awards of 
arbitration, and that Sir Courtenay Boyle be requested 
to ascertain the feasibility of the plan of depositing 
certain sums in the hands of trustees or otherwise for 
that purpose.” 

**3. This conference is of opinion that a piecework 
statement, or statements, for lasting and finishing 
machine workers, and those wo:king in connection 
therewith, is desirable. Such statements to be based on 
the actual capacity of the average workman. Any 
manufacturer to have the option of adopting piecework 
or to continue daywork, it being understood that the 
whole of the operatives working in any one department 
shall be put on one or the other system; heeling and 
sewing to be regarded as separate departments.” 

The perfect fairness of these resolutions, as a basis, is 
obvious, and it redounds to the credit of the conference 
that they should have been adopted after prolonged 
sittings and negotiations. The equity of the proposals 
will commend themselves to all. They recognise the 
importance and the necessity of clearing the table of all 
previous demands, the withdrawal of which is a distinct 
recognition of the principle that submission to arbitration 


involves the absence of all conditions likely to interfere 
with the free action of the arbitrator, or arbitrators, as 








the case may be. The institution of financial guarantees 
is a further step in the direction of equitable arbitration. 
The need for these guarantees is not great, but it removes 
the complaint that there are no penalties for the non- 
observance of the terms of award. 

In so far as the present dispute is concerned, there has 
been a distinct advance in the direction of a settlement, 
and that, too, of a more or less permanent character. 
Firstly, the necessity for and equity of a statement, or 
statements, for certain kinds of work, are both admitted. 
The arrangement of such statements will be by com- 
petent representatives on either side, subject to arbitra- 
tion in cases of difference. The basis of such statements 
has long been settled, the main difference being as to the 
details and their application. Secondly, the employers 
concede that such statement lists shall be on the basis of 
the capacity of the ‘‘average workman.” Hitherto the 
workers have complained that the statements have been 
made, or attempted to be made, upon the capacity of the 
machine as worked for a brief time by an expert of the 
firm supplying the machine, and that the average work- 
man, even of a higher grade, cannot keep up the pace 
hour after hour and day after day. Thirdly, the men 
have conceded to the employers the right of adopting 
either daywork or piecewerk as a system, the employers 
consenting that the system adopted shall apply to all 
workmen in the department affected by it. Then there 
is a recognition of the proposal of the men that the 
‘**heeling ” ard the ‘‘ sewing ” branches shall be regarded 
as separate departments. 

The operatives have now formulated the following 
demands: ‘‘That the clickers’ minimum wage of 28s. per 
week and the pressmen’s minimum wage of 26s. per week 
shall come into operation forthwith in all centres where 
the minimum wage is less than 28s. and 26s. respectively. 
The executive are prepared to withdraw the piecework 
statement submitted, on consideration that a com- 
mittee composed of an equal number of employers 
and workmen shall be appointed at once and proceed de 
die in diem to draft a piecework statement in con- 
junction with machinery, the said committee to have 
power to appoint an umpire, to whom all questions in 
dispute shall be submitted, and whose decision shall be 
final and binding on both sides. The executive are pre- 
pared to withdraw the welted statement as submitted to 
the employers at Northampton, on condition that a com- 
mittee with similar powers be appointed. Country 
Labour: That the conference of employers and workmen, 
or a special committee appointed for the purpose, shall 
lay down a system to control country labour on the lines 
suggested by Mr, Inskip in his speech at the Rutland 
Hall Rink, Leicester, on March12. That before a settle- 
ment is arrived at or an armistice arranged, all clickers, 
pressmen, lasters, and finishers now working for any firm 
affected by the lock-out shall be p Aen prior to the 
men resuming work.” 

Although much remains to be done, the prevailing 
spirit is more conciliatory. The one regret is that the 
conference could not see its way clear to arrange for 
the resumption of work pending a settlement ; but the 
wide divergence was, perhaps, an obstacle to such an 
arrangement at those earlier conferences of the parties 
interested. One of the subjects upon which there have 
been strong differences of opinion, has been labour in 
the villages; this will, perhaps, have to be dealt with 
before work can be resumed. Other questions are the 
wages of “‘ clickers” and of ‘‘ pressmen ;” then will come 
the limitation of the powers of the board of conciliation 
and arbitration ; but with so good a start it is to be hoped 
that the end of the dispute is near. 








THE STRENGTH OF COLUMNS. 
To THE EpitoR OF ENGINEERING. 

S1r,—Will you kindly help me out of a difficulty ? 
I am desirous of getting at the strength of riveted columns 
of the character shown on page 123 of the present edition 
of Molesworth’s pocket-book. 

This gives the crippling strains clearly, but, as I under- 
stand, they are for wrought iron, but I want them for use 
for mild steel I-plates and L’s as at present used for 
bridge and girder work. 

Will you kindly let me know what excess I am to 
allow on the given strength in this Table of Molesworth ? 
I am assuming that one-fourth of the given crippling 
strain would be a safe strain to work under in saad we 
Also in cast-iron columns of various sectional shapes, if a 
hollow column (A) is taken as 1, what is the propor- 
tionate strength of sections B and C? No text-book 
seems to show this clearly. 


A = O, represented by 1. 
B= + 


C = + the smallest width here equivalent 
to diameter of A. 


Reply in your next number would be taken as a great 


favour. 
Yours obediently, 
Pr. EC. 

[No exact rule can be given for the strength of struts, 
as when two, built to the same drawings and of the same 
material, are tested, one may carry a load far in excess 
of the other. An explanation of this fact will be found 
in Mr. Claxton Fidler’s ‘‘ Practica] Treatise on Bridge 
Construction.” Henze on substituting steel for iron, the 
increase in strength can only be satisfactorily arrived at 
by experience and experiment. More full-sized struts 
have been tested to destruction in America than any- 
where else, hence American practice in fixing the ouk- 
ing stresses may safely be followed. Some of the best 
American specifications allow an increase of 10 per cent. 
on the working load of iron struts, when a 24 to 26 ton 
steel is substituted for the iron, and an increase of 20 per 


cent. when ordinary mild steel of from 28 to 31 tons break- 
ing strainis used. With respect to the second question, 
the relative strengths of the three sections will depend 
on the length of the column. hus, for very short 
columns the strength will be practically the same in all, 
whilst in very long columns it will be proportional to the 
square of the least radius of gyration. Hence a direct 
answer cannot be given.—Ep. E.] 





ELECTRIC TRACTION. 
To THE EprTroR oF ENGINEERING. 

Sir,—I have not heretofore had time to answer Mr. 
Sturgeon’s letter in your issue of March 22. 

The first part of this letter requires no answer beyond 
a reference to Mr, Colam’s letter and my reply thereto, 
already published in your columns. 

Mr. Sturgeon juggles with figures, but his conclusions 
are meaningless, as all data quoted hold good for 
America, I ~~ say, in passing, that I was informed on 
good authority that it cost 150,000 dols. a mile to lay the 
cable in the conduit in Broadway, New York. 

The cost of an electric and cable car referred to in my 
last letter are of identically the same passenger capacity, 
as Mr. Sturgeon should know. Mr. Sturgeon refers to 
Chicago cars having each a capacity of 100 passengers, 
This, like most of Mr. Sturgeon’s statements, is erroneous ; 
no such cars are running in Chicago. 

I have but recently learned that Mr. Sturgeon, like 
Don Quixote, is doing his best to tilt at windmills. He 
has started a crusade against electric traction in both 
Irish and English daily papers, his arguments being both 
meaningless and fallacious. As instances: Mr. Sturgeon 
speaks of the resistance of electrical conductors being pro- 
portional to the square of the velocity of the current ; and 
alleges that this resistance will be four times as much for 
two cars as for one. He speaks of buried metal work 
losing its conductivity and the current wandering from 
service pipes into houses, &c. 

These are manifest absurdities. To quote the Electrical 
Review, “it is difficult to imagine that any one in these 
7 of cheap text-books and technical schools should be 
able to obtain such fallacious ideas; that he should pose 
as an instructor of the public is incredible.” 

Mr. Sturgeon = some data of the Chicago Cable and 
Electric Roads. I will give a few additional figures which 
may throw a different light on Mr. Sturgeon’s deductions. 
The cable line he refers to carried during 1894 54,690,808 

assengers, and ran 15,231,400 car-miles on a 15 seconds 

eadway. The track mileage is 34.77 miles. Compare to 
this the electric lines of the same company in the same 
city, which carried 9,514,816 passengers, ran 1,850,260 car- 
miles, and the mileage of which is 74.22 miles, and the 
headway of the cars from five to ten minutes. These 
figures amply maintain the statement I made in my open- 
ing articles on electric traction. To show that in certain 
cases electricity is cheaper to run per car-mile than the 
cable, I give the following figures taken from the official 
_— of the Pittsburgh Citizens’ Traction Company in 

4: 


Cable. Electric. 

Transportation per var- d. d. 

mile ... = a 2.86 2.32 
Power per car-mile ... 0.49 0.67 
Maintenance of way... 0.63 0.50 
Maintenance of equip- 

ment ... A ss 1.89 0.73 
General a eee 1.05 1.27 
Total operating ex- —- ~~ 

penses per car-mile 6 92 5.49 
Length of track 12 miles 12 miles 
Number of cars sus 68 20 
Car-miles run ... 1 838,915 589,321 
Passengers carried 11,539,649 2,365,968 


Mr. Higgins, the well-known American financial tram- 
way expert, states in his book, ‘‘Street Railway Invest- 
ments,” that great financial disaster is brought about by 
the injudicious installation of the cable, and he cites as a 
case in point an instance where a bankrupt cable road was 
transformed into a trolley line; and although in this 
instance the capital investment amounted to some 
18,0002. per mile of track, the result was that the earn- 
ings became equivalent to 4.3 per cent. on the accumu- 
lated liabilities. This line is now worked at 54d. per car- 
mile, and at 64 per cent. on the passenger income, 

It is well known that it is not the actual working 
cost of the cable that is cheaper than that of the electric 
system, but that it is the enormous car-mileage and 
traffic which causes the cable to be preferable to the 
electric system where the headway of the cars is less than 
one minute, 

As an opinion to which some of the most eminent 
members of the American Street Railway Association 
have come, I will quote the last paragraph of the report 
of the Committee on ‘ Relative Cost of Operation of 
Horse, Cable, and Electric Roads,” handed in at the 
eleventh annual meeting at Cleveland in 1892: 

‘““We believe that cable road practice has reached 
the stage where but little room is left for improvement. 
They have been developed, improved, and operated by 
the best engineering skill which the country affords. 
Nearly all are on a good dividend-paying basis ; but what- 
ever the past experiences of the two systems have been, or 
whatever the — status of the two may be, we are 
only voicing the convictions of well-informed engineers 
when we say that electric systems will continue to in- 
crease in efficiency (by which is meant earning capacity) 
until all rivals are distanced, and only one method of 
rapid transit is recognised—the electric car.” 

I am, Sir, yours faithfully, 
Puitip Dawson. 





39, Victoria-street, Westminster, S.W. 
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EXAMINATION OF PATENTS. 
To THE EprTor or ENGINEERING. 

Srr,—I beg to draw attention to the decision of the 
Solicitor-General reported in this week’s Official Journal 
(Patents), in the matter of Hedge’s application for a 

atent. From this decision it oe that patents can 
om refused for want of novelty! I was under the impres- 
sion that, under our present patent laws, this was not 
practicable (although, by-the-bye, personally I think 
there should be an official examination as to novelty). 

I may mention that I have had no connection with the 
application in question, directly or indirectly, but write 
this simply with the view of getting to know ‘‘ where 
we are.” Yours obediently, 

April 4, 1895. PATENT AGENT. 








THE REORGANISATION OF THE ROYAL 
ENGINEERS. 
To THE EDITOR OF ENGINEERING. 

Srir,—In your issue of March 22 you publish in an 
editorial article headed ‘‘The Reorganisation of the Royal 
Engineers,” certain grave charges against that corps. 
Into the charges there preferred by you, or by the many 
anonymous correspondents who so frequently wrote upon 
this subject last year, I do not now propose to enter. 
But I think it is right to quote to you a public statement 
made by one whose authority will be acknowledged by all 
civil engineers, and honoured as much for his personal 
character as for his | sbeypecente eminence, viz., Sir 
Guilford Molesworth, whose opportunities of judging as 
to the merits of this question have been probably unique. 
He said, at a lecture delivered at Chatham last winter on 
‘** Railway Eogineering,” as follows: 

‘‘T wish to say a few words respecting the relation 
between military and civil engineers. Your greatest field 
for railway engineering will probably be in India, where 
you will work shoulder to shoulder with civil engineers, 
and I trust that your relations with them will be as cordial 
as mine have been with officers of your corps. I have lately 
seen, with much pain, some letters in very bad taste in 
the public journals, tending to stir up clacs feeling and 
drawing invidious comparisons between civil and military 
engineers, and I wish to take this opportunity of assuring 
you that such emanations in no way represent the views 
or opinions of the majority of my professional brethren ; 
but, like the dead fly in the ointment, gives a bad odour 
to the whole. 

“Tn 1883, with regard to some such emanations, I found 
it necessary to address the Government of India to vindi- 
cate the character of the civil engineers in the false position 
in which they had been placed by the indiscreet utterances 
of some of the younger members of the Public Works 
Department, who, in ventilating their just grievances, had 
injudiciously stirred up a spirit of disunion and mis- 
chievous class feeling, which ought never to have been 
allowed to exist. 

““T feel sure that Major Scott-Moncrieff will bear me 
out when I say that the relations between the Royal and 
Civil Engineers in the State Railway Department of India 
have been marked with the utmost harmony and cor- 
diality, and with mutual esteem and mutual advantage. 
For myself I may say that for nearly 20 years in India I 
have been in close and constant professional relations with 
a very large number of the officers of your corps, and I 
feel that such relations have been cotangent | satisfactory, 
and, I believe, mutually advantageous, and I am glad to 
be able to reckon amongst my greatest friends many 
officers of that distinguished corps, of which England is 
justly proud.” 

I do not wish to add to the above, except, as requested, 
to corroborate what Sir Guilford Molesworth has said 
regarding the mutual relations of Royal and Civil 
Engineers. I served both under and over civil engineers 
in the Irrigation and State Railway branches of the 
Public Works Department, and it is with great pleasure 
that I bear testimony to the satisfactory relations that 
always existed between the officers of my corps and our 
brethren of the civil engineering profession. 

With Sir Guilford, I deprecate most strongly attempts 
to stir up class feeling between those whose energies ought 
rather to be given to mutual assistance in the service of 
the country. 

I have the honour to be, Sir, 
Your obedient servant, 
G. K. Scort-Moncrigr¥r, 
Major R.E., Assoc. Inst. C.E. 

Chatham, April 4, 1895. 

P.S.—I have Sir Guilford’s sanction to the publication 
of his statement. 








THE ELEMENTS OF FORCE IN A 
WARSHIP. 
To THE Eprrog or ENGINEERING. 

Str,—Not being a member of the Naval Architects, I 
did not like to say anything concerning the paper on the 
above subject read by Admiral Colomb. Ib was a very 
valuable paper, and I regret that the discussion did nob 
prove worthy of it. ; i 

Admiral Colomb has done a great thing in preparing 
this paper. Itis, I believe, the first time that any scientific 
attempt has been made to reduce the force of fighting ships 
to terms of some common unit. The task is one of extreme 
difficulty, but it is also one of the utmost importance. 
We have heard so much in the newspapers lately from 
writers whose verbosity is in the inverse ratio of their 
knowledge of the subject, who have so deluged the public 
mind by contradictory speculations, and even less reliable 
facts and figures, that the last state of John Bull must be 
worse than the first. It is, therefore, extremely apropos 


to have a basis of comparison put forth by the gallant 


By his paper, or rather by other comparisons as the out- 
come of it, we shall be able to very accurately gauge the 
progress made, both here and abroad. We shall ad be 
able to very truly determine the direction in which our 
naval policy is tending. 
To find fault with Admiral Colomb’s figures here and 
there is quite beside the point. The Admiralty clerk’s 
knowledge of statistics is doubtless as correct as the 
Foreign Office clerk's knowledge of languages. That is 
merely a detail, and does not affect the essence of the 

per. 

As one who has to advise, not only on the mere tonna, 

or armament of a proposed warship, but also on the whole 
naval policy and administration of a country, this paper 
is to me most welcome, I have so many times been asked 
as to the respective values of various ships, that I had 
prepared a comparison Table for my own use. 
_ Taking speed, coal endurance, and the other elements 
into careful consideration, I decided on comparing ships 
by the numbers and weight of the ammunition carried, 
afterwards adding or deducting according to a pre- 
arranged scale of the values of the other elements. I 
cannot take up your space by detailing the reasons of my 
choice. I should doubtless be told that quick-firing guns 
are now the criterion ; but they are of no use after the 
supply of ammunition is exhausted. 

I should like to say something about the relations of 
speed, tonnage, and coal endurance mentioned in the 
Admiral’s paper, but this letter is too long already. 

Yours faithfully, 
C. Purcett Taytor. 

2, Powis-place, Queen-square, W.C., April 4, 1895. 





LOCOMOTIVE CABS. 
To THE EpiroR OF ENGINEERING. 

Srr,—The recent collision at Binegar, which was caused 
by the driver and fireman trying to obtain shelter upon a 
bitterly cold night, when running tender first (as recorded 
in your issue of March 29, page 405), should be the means 
of obtaining far more protection for engine-drivers than 
they at present have. Unfortunately, several locomotive 
engineers appear to still hold the old opinion that ‘‘ to 
provide a comfortable cub would render the men care- 
less,” and also add to the cost of the engine. The wishes 
and requests of the engine-drivers and firemen to be 
provided with better cabs, and also that those engines 
which larly are working tender first should be pro- 
vided with weather-boards upon the tenders, seem to 
receive very little attention, for nothing has at present 
—— done to provide better protection to drivers gene- 
rally. 

In the article which appears on page 405 ante the ques- 
tion is asked ‘‘whether the new cabs on the North- 
Eastern Railway have deteriorated the capabilities of 
the drivers.” Most certainly not. The North-Eastern 
drivers have found the cabs the greatest possible boon, es- 
pecially during the recent severe winter: they have been 
able to perform their duties in comfort at a time when 
many of the men working upon engines with the ordinary 
English ‘‘ weather board” have been nearly frozen. Ib is 
also an important fact that of the men provided with good 
cabs, very few indeed have been off duty from illness, 
but on some lines upon which the engines have little or 
no protection, men have been ill and off duty to such an 
extent as to cause considerable inconvenienc; in arranging 
for men to work the trains. Probably no greater differ- 
ence in “‘ cabs ” can be seen than in the various engines 
working over the metropolitan lines, where the engines of 
one company will be found to have a complete “‘ cab” and 
shelter provided for running in either direction, but the 
engines of another company have no covering whatever 
over the men. There is no possible reason why various 
engines, performing the same service, should be so differ- 
ently constructed, nor is there any reason why the 
American engine-driver should be able to perform his 
duties in comfort, and yet that the same protection should 
be refused to the English driver. 

Yours truly, 
CiEeMENT E, Stretton. 

Leicester, April 8, 1895. 





McPHAIL AND SIMPSON’S STEAM 
GENERATOR AND SUPERHEATER. 
To THE EpiTor OF ENGINEERING. 

S1r,—I see from the notice of the Manchester Steam 
Users’ Association’s engineer’s report, in your last issue, 
an account of trials of McPhail and Simpson’s steam 
generator and superheater, but as the heating surfaces 
and other important particulars are omitted, they do not 
admit of examination and verification. It is, however, 
asserted that “The figures show that the addition of 
McPhail and Simpson’s steam generator and superheater 
to the boilers tested was attended with decided advantage 
as regards their economic efficiency.” 

A similar representation was made some time ago by 
Mr. Crossland, accompanied by elaborate detail of the 
trials he made. But as I have seen no attempt worthy of 
the name to demonstrate what I believe the principal 
claim on behalf of this apparatus amounts to, viz., the 
superior efficiency of its heating surface, used as they use 
it, to the same amount of ordinary heating surface applied 
in the ordinary way. For if this superiority is not claimed, 
it follows that the same efficiency can be obtained by simply 
increasing the ratio of the ordinary boiler heating surface 
to the heat supplied. j 

Every one knows that by increasing the heating surface 
within certain limits, the evaporation is increased, so that 
if it is increased by 50 per cent., as I understand is the 
case by the addition of this apparatus, a very considerable 
increase of evaporation must result in virtue of this 


and there is nothing whatever to show, in the representa- 
tions that I have seen in print, by Professor Kennedy and 
one or two others, that amounts to more than a confirma- 
tion of this fact ; a fact so well understood by competent 
boiler designers, that there is little difficulty in obtaining, 
in almost any kind of boiler, the degree of efficiency 
required by a suitable proportioning of the heating 
surface. 

What might have been expected from an engineering 
point of view on the part of the supporters of this appara- 
tus, was some proof of the superior aw of an scr 
boiler, plus say 50 per cent. additional heating surface by 
McPhail and Simpson’s apparatus, to the same boiler, plus 
50 per cent. applied as ordinary heating surface, but for 
~ such proof we look in vain. 

he results recorded by the principal experts cited 
might be, and most probably were, due to the simple 
increase of heating surface involved by its application to 
boilers badly proportioned for the degree of efficiency 
—* and not to any feature peculiar to the apparatus. 

here is one exception, however, to the remarks I have 
made on the results recorded of this apparatus. I refer to 
those of the elaborate experiments by Mr. Crossland, and 
which, so far as I am aware, are the only ones in sufficient 
detail to admit of examination. 

The particulars of these trials I referred to on a previous 
occasion, in a letter to ENGINFERING dated March 2, 1894, 
pointing out that the conditions were not such as to 
Insure @ proper comparison; that the recorded results 
showed a greater amount of heat absorbed per unit of 
surface in this apparatus than could actually have been 
supplied, or the original surface of the boiler must have 
been increased in efficiency by the application of the 
apparatus at the back of it, either of which conditions are 
equally difficult to understand. 

t is, therefore, apparent that the recorded results of 
these trials are quite untrustworthy, and this the author 
probably sees, as he does not appear to be prepared to 
defend them. 
In conclusion I would only again remark that this 
apparatus can only be regarded as a makeshift for in- 
creasing the capabilities of a badly-proportioned boiler to 
the work required of it. 
I remain, Sir, yours faithfully, 
JostaH McGREGor. 
78, Queen Victoria-street, London, E.C., 
April 2, 1895. 





BENHAM’S ARTIFICIAL SPECTRUM TOP. 
To THE EprTor oF ENGINEERING. 

Sir,—I have read with much interest the article on the 
above in your issue of March 22, but cannot quite accept the 
explanation contained therein, although it appears to 
have some strong points in its favour. , . 

When the top first appeared I made an obvious modifi- 
cation (shown in Fig. 1) to try and obtain a more con- 
tinuous spectrum, This was quite successful, as might 





Fig.7. Fig .2. 


be expected. The next step was to fill up the white lines, 
producing a continuous spiral band of black, as shown in 
Fig. 2, which gives a continuous spectrum. 
ow if we suppose the colours to be produced by a sort 
of chromatic irradiation of the white lines over the black, 
this latter form should have been a failure, which is not 
the case. 
I have not yet seen a satisfactory explanation of this 
form of the top, and should be much obliged if any of your 
readers could assist me to understand ib. 

Yours, &c., 

Cuas. E. Wotrr. 

39, Dairy House-road, Derby, April 5, 1895. 





CYCLES. 

To THE Epitror or ENGINEERING. 
Crr,—Having read with much interest, in last week’s 
issue of your valuable paper, the article on “‘The 
Making of a Bicycle,” and noticing that you say you are 
unaware who was the inventor of the wire wheel with 
india-rubber tyre, I should be glad if you will kindly allow 
me to say that I made a bicycle with wire spokes and 
india-rubber tyres at Kenilworth in 1868-9. 

So far as I am aware, nothing of the kind was made at 
Coventry, or elsewhere, for eighteen months after my 
machine was on the road. In fact, the Coventry manu- 
facturers spoke very disparagingly of it, and alleged that 
the spokes would be constantly breaking, and that india- 
rubber tyres would never be generally adopted. 
I rode my machine for six months, and then sold it. It 
was taken to Paris early in 1870, previous to the Franco- 
German War, and shortly afterwards, in the same year, a 
machine, with similar w eels, was sent to Coventry from 
Paris, and the manufacture of the suspension wheel (as I 
chose to call it) was begun at Coventry. 

I am, Sir, your obedient servenbt, 

EpwarpD LANGLEY FaRpon. 

Stoneleigh, Kenilworth, Warwickshire, 








Admiral. 





addition alone, especially if the original surface was small, 
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THE STRENGTH OF ROLLED JOISTS. 
To THE Eprror or ENGINEERING. 

Sir,—I notice that in some of the trade lists the 
strengths of rolled steel girders riveted up on top of one 
another are given, in some cases, as exactly double the 
strength of a single girder of same section ; and, in other 
cases, nearly four times the strength of the single girder. 
Surely the latter is wrong, as the flanges riveted together 
at centre are of no practical strength to the girder. Is 
there a formula for this? as I am requiring to know this 
truly. Reply would greatly oblige. PuzzLED. 

[In answer to ‘‘ Puzzled,” we may point out that if the 
whole of the metal of the beams was concentrated in the 
flanges, the superimposed girders would be twice as 
strong as a single girder. If, on the other hand, all the 
metal was in the webs, the strength would be four times 
as great. In this, of course, it is assumed that the 
riveting between the two beams is sufficient to take the 
shear. In practice, the working strength will range 
between two and four times the strength of a single 
beam. Experiments made in the “‘ seventies ” with such 
girders as that referred to by our correspondent failed at 
about four times the strength of a single beam, the material 
being iron. At that date, however, the webs were rolled 
much thicker than is customary now. It may be added 
that the metal in the central flanges is not entirely 
wasted, as it stiffens the beam and reduces the tendency 
to buckling.—Epb. E,] 








PORTLAND CEMENT. 
To THE EpitoR oF ENGINEERING. 

Srr,—Mr. Bamber says that there is only one point in 
our last letter which he need condescend to notice. We 
always imagined that a cerlain eminence was necessary 
before the act of condescension became possible ; but that 
is a matter of detail to which we do not desire to attach 
undue importance. As a matter of fact he condescends 
(since he insists on being permitted to condescend) to 
notice more than one point ; but that again is a matter of 
detail. We are glad, however, to see that he pays a 
tribute to the *‘ polished style of the Britannia Works.” This 
new-born appreciation of polish in style is doubtless the 
result of his late severe struggle with the Muses. At 
present it appears to have produced, as regards his own 
style, an excessive italicisation, which, however, time and 
—— may yet happily modify. 

Ve were led to believe that Mr. Bamber had a sneak. 
ing fondness for the allowability of an addition of gypsum 
to Portland cement by the following paragraph in his 
letter: ‘* Now with regard to the addition of gypsum to 
Portland cement ; all these cements contain about 1.5 to 
1.75 per cent. of sulphuric acid (SO,), and this is com- 
bined with some of the lime in the form of calcium sul- 
phate (gypsum), giving 2.55 to about 3 per cent. of gyp- 
sum in the cement, so that they already contain more 
than the 2 per cent. of gypsum proposed to be added 
to Portland cement.” We do not know what Mr. 
Bamber meant when he wrote this; but we think 
that most people would imagine he was arguing 
that, because gypsum was present as an unavoid- 
able constituent in Portland cement, therefore a further 
addition of 2 per cent. was not unreasonable. Of course, 
Mr. Bamber did not actually say that the addition was 
allowable, but he appeared to infer it. We notice that, 
although Mr. Bamber denies having said that an addition 
of gypsum is allowable, he does lavish upon the use of 
that substance the wealth of invective with which he 
favours ragstone. This resolution against the use of 
gypsum appears to be merely an academic one, not in- 
tended for the wear and tear of practical work-a-day 
existence. Certainly the body of manufacturers who 
favour the use of gypsum are exceedingly influential, 
and so it may not be wise to hint that specifications 
should be worded so as to bar their manufacture. 
Mr. Bamber says, ‘“‘I am quite aware that some other 
manufacturers are adding gypsum and other sub. 
stances to their cement to cheapen it, although they say 
nothing about it; the fact, however, of their doing so 
being known will doubtless have its ultimate effect.” Most 
things do have their ultimate effect ; the question is what 
the ultimate effect will be. The ultimate effect will pro- 
bably be that manufacturers using gypsum will, on 
account of their strong position, wealth, and influence, 
continue, as of yore, to flourish exceedingly. Is this the 
ultimate effect of their practice which Mr. Bamber has in 
his mind ? 

We are, Sir, yours truly, 
Macevoy Aanp Hott. 

Britannia Cement Works, Northfleet, March 3, 1895. 





TRADE CATALOGUES. 
To THE Eprror oF ENGINEERING. 

Si1r,—I have noticed the correspoadence upon the above 
subject in your journal, and certainly consider the sug- 
gestion of Mr. J. Walton Brown a very good one. 

I have often wondered where some manufacturers get 
the sizes of their catalogues and circulars from. 

One is received 18 in. by 12 in., and a few days after- 
wards another perhaps 6 in. by 4 in., and even less. This is 
absurd, for the filing of such papers is out of the question. 

The result of this ridiculous practice is that they 
are simply put upon some shelf in an out-of-the-way 
corner in the order as they are received, and so an accu- 
mulation of such papers reaches big proportions ; then a 
general clearance takes place, and the whole lot is burnt. 

Now, when the manufacturer of a certain article is 
wanted, the name can never be found unless the particular 
maker publishes a reasonable-sized catalogue, which has a 
place upon the book-shelf or in a file. ; 

I know this system of sending out all sizes and shapes 


in catalogues is a great annoyance to engineers, but I am 
ea ag person who suffers most is the manufacturer 
himself, if he could only see it. 

I have frequently heard the question asked by repre- 
sentatives of leading firms, ‘‘ How is it we do not get a 
share of the orders ?” 

The question is very easily answered, although to the 
person who asks it the answer may seem absurd ; in fact, I 
have heard it styled so. 

They say that they have sent two or three catalogues to 
the same office within, perhaps, a year; but where are 
they to be found? That is a question not so easily 
answered. } 
These catalogues arrive by post, are opened (sometimes 
not even that), put by on the sbelf, and are never seen 
again. The accumulation of this class of stuff gets so 
great, that it is an almost endless job to find any particular 
subject, 

ven if one takes the time to go right through the pile, 
perhaps the special subject wanted is not there, and so the 
time is wasted. 

I have frequently noticed the goods of a maker, who 
sends out a nice handy-sized catalogue which can be found 
at a glance at the book-shelf, are specified in preference to 
those of a maker who sends out an unreasonable-sized 
circular, which can be put nowhere in sight or for ready 
reference, but has to be specially looked for. 

I do not wish to say, however, that inferior goods would 
be specified simply on account of their being shown or 
illustrated in a nicely got-up catalogue ; but, ab the same 
time, it is astonishing what a lot there is even in that. 

It would undoubtedly be to the benefit of manufacturers 
generally, as well as to engineers and others who have 
occasion to use or specify certain goods, if some such 
system as suggested by Mr. Brown were universally 


adopted. 
Yours faithfully, 
CHARLES T. RUTHEN. 
Swansea, April 1, 1895, 





CYLINDERS FOR THE STORAGE OF 
COMPRESSED GAS. 
To THE EpiToR OF ENGINEERING. 

Srr,—There was only one portion of Mr. Kerr Thomas’s 
first letter (ENGINEERING, 22nd ult.) on the above subject 
with which I seriously disagreed, and that was where he 
implied that it was the custom of the trade to adopt lighter 
sections for cylinders than he advocated. In other respects, 
though I still cannot agree with his calculation based on 
Mr. Stoney’s rule, I strongly approved of his letter, and 
thank him for bringing forward this subject in your 
valuable journal. 

In his first letter Mr. Kerr Thomas speaks of 1760 lb. 
per square inch (i.¢., 120 atmospheres) as the minimum 
working pressure for all cylinders. I consider this to be 
the maximum working pressure, causing the maximum 
working stress in the metal. Z'his should be 25 per cent. 
of the ultimate strength in accordance with my inter- 
pretation of Mr. Stoney’s rule, and if p be taken in this 
sense then Mr. Kerr Thomas’s first and second calculations 
will virtually agree. 

The maximum permissible stress in the metal of a 
cylinder is undoubtedly that caused by the hydraulic 
test pressure, and if the working stress never exceeds 
8 tons per square inch in cylinders charged with gas to 
120 atmospheres, then the hydraulic test of 14 tons can in 
no way injure the most ductile metal likely to be em- 
ployed in steel cylinders, 

As far as the guarantee which I submitted in my 
previous letter is concerned, it would be a difficult 
matter to specify a maximum working stress in terms of 
the elastic limit of the metal of cylinders, for that in 
finished cylinders must always vary within fairly broad 
limits. It could, however, be done indirectly by insuring 
a relation between the maximum working pressure and 
the test pressure, and it would be an improvement in my 
guarantee to substitute for “ . . . of 3360 lb. per 
squareinch . . . ” the words “‘ - double the 
maximum possible gas pressure . . .” This, taken 
with the context, ought to insure, in a general way, the 
metal never being strained beyond its elastic limit. I 
hope, however, that the day is not far distant when it 
will be made eompulsory for all gas compressors, and 
others whose duty it is to test cylinders, to employ some 
special apparatus such as Brier’s stretch indicator, by 
means of which it can always be absolutely insured that 
cylinders are not strained beyond their elastic limit. 

With reference to the last paragraph in Mr. Kerr 
Thomas’s letter in your issue of the 5th inst., it is quite 
true that the —-y in an oxygen cylinder is much 
greater than that in a carbonic acid cylinder under 
normal conditions as to temperature, but it is well known 
that under a very high sun temperature and with ordinary 
trade allowance for expansion, a pressure is attained in 
the latter cylinders which is very nearly as great as that 
to which oxygen is compressed. Cylinders for both gases 
may therefore quite reasonably be made to the same 
specification. 

Yours truly, 
KENNETH S. Murray, 
Engineer and Manager. 
Brin’s Oxygen Company, Limited, Westminster. 





THE SovutTHeRN States.—In 1880, the Southern States 
had 20,612 miles of railroad in operation ; in 1894, the cor- 
responding length of line had risen to 46,900 miles. The 
quantity of coal mined in 1880 was 6,049,000 tons; in 
1894, the corresponding output had risen to 30,000,000 
tons, The quantity of pig iron produced in 1880 amounted 
to 392,301 tons; in 1894, the corresponding production 








was computed at 1,560,000 tons. 


LAUNCHES AND TRIAL TRIPS. 

THE 8.8. Selby, built by Messrs. Ropner and Son, 
Stockton-on-Tees. was taken to sea for a trial trip on the 
3rd inst. She is of the following dimensions, viz. : Length 
between perpendiculars, 280 ft. ; breadth, 40 ft. ; depth 
moulded, 18 ft. 6in. Her triple-expansion engines are 
by Messrs. Blair and Co., Limited, having cylinders 
21 in., 34in., and 56 in. in diameter by 36in. stroke, with 
two large steel boilers working at a pressure of 160 lb., 
and fitted with an improved evaporator. Everything 
worked in a most satisfactory manner, a speed of 104 knots 
being attained. The steamer has been built for Messrs, 
R. Ropner and Co., West Hartlepool, and is designed to 
carry 3000 tons deadweight on 17 ft. 6 in. 





Messrs. R. Napier and Sons, Govan, launched on 
March 20 a steel screw steamer named Menes, of about 
2500 tons, for the Moss Steamship Company, Liverpool. 
This new steamer is a duplicate of the prs: 5 Te Rameses, 
recently built by Messrs. Napier, for the company’s Medi- 
terranean service. Thegeneral dimensions are: Length, 
320 ft. ; breadth moulded, 38 ft. ; depth moulded, 
24 ft. 7 in.—with a topgallant forecastle, long bridge 
house, and full poop ; and while designed to carry a large 
cargo, superior accommodation has also been provided in 
the fore “psi of the bridge-house for first-class passengers, 
The machinery consists of a set of triple-expansion engines 
= two single-ended boilers for a working pressure of 


° 


The trial trip of the s.s. Gustaf Wasa, built by the 
Elsinore Iron Shipbuilding and Engineering Company, 
Elsinore, Denmark, to the order of the Steam Navigation 
Company, ‘‘Stockholm-Liibeck,” of Stockholm, took 
place on April 1 in the Sound, and was considered very 
satisfactory. This steamer is built of steel to the highest 
class at Bureau Veritas “‘ special survey,” and her dimen- 
sions are 143 ft. by 24 ft. 9in. by 12 ft. 04in. depth of 
hold. The engines are of the triple-expansion type with 
surface condenser. During the trial trip the engines in- 
dicated 435 horse-power, the result being a mean speed 
of 104 knots with a very moderate consumption of coal. 





The trial trip of the latest addition to the Cunard fleet, 
the twin-screw steamer Sylvania, took place on the 3rd 
inst. in the Firth of Clyde. Built by the London and 
Glasgow Engineering and Iron Shipbuilding Company, 
Limited, Govan, the Sylvania is to be engaged in the 
cattle and cargo trade between Liverpool, New York, and 
Boston. Although a cargo steamer, the vessel has rather 
a fine appearance. The Sylvania is 460 ft. long over all, 
49 ft. beam, 42 ft. 6 in. deep from shelter deck, and carries 
6500 tons deadweight. The vessel being twin-screw, the 
framing of the after end is carried out to meet the stern 
tubes, and ends in a massive steel casting on each side 
built into the hull. There are nine watertight bulkheads 
extending to the upper deck, and these are fitted with 
watertight doors on each side in the ’bween decks for the 
handy working of cattle or cargo. In all there are 24 
compartments for water ballast, and part of the double 
bottom under engines may be utilised for carrying reserve 
fresh water for cattle or boiler use. The bulkheads are 
so arranged that any two compartments, and in some 
cases more, may be bilged and the vessel still keep afloat. 
The entire vessel, including all the holds, tween decks, 
engine and boiler + ep and cabins, is lighted by elec- 
tricity on the double-wire system, generated by two com- 
pound wound reps pry dynamos situated in the 
engine-room. Ateach of the seven hatches there is a 
cluster of 16 Jamps of 16 candle-power. This work is 
being carried out by Messrs. m. Harvie and Co., 
Limited. The cattle fittings are on the most approved 
plan, and comprise Mr. Wm. Wyllie’s patent slingable 
fittings, which enable the whole space to be closed and 
utilised for cargo. Special attention has been given to 
the safety of the cattle, and the water pipes are so arranged 
that water may be carried to any of the stalls. Ubtley’s 
patent cowl and combination vents are liberally distri- 
buted throughout the ship. The two sets of triple-expan- 
sion engines have cylinders 224 in., 364 in., and 60 in. in 
diameter by 48 in. stroke, and two large double-ended 
boilers fitted with Howden’s forced draught. There is a 
large auxiliary boiler for winches, electric lights, &c. The 

ropellers have bronze blades, and the shafting is of 

icker’s steel. The vessel was tried both on the measured 
mile and between the lights, and proved in every way 
satisfactory—a speed of 15? knots being obtained be- 
tween the lights. This speed is considerably in excess of 
what was required by the specification. 


Messrs. Barclay, Curle, and Co., Limited, Whiteinch, 
launched on the 4th inst., a steel dle steamer, named 
Redgauntlet, built to the order of the North British Steam 
Packet Company, for their service between Craigendoran 
and Rothesay. 


Messrs. Ropner and Son, Stockton, launched on the 
19th ult. a steel screw steamer named Tiger, built for 
a Continental firm. The dimensions are : Length be- 
tween perpendiculars, 324 ft.; breadth, 46 ft. 6 in.; depth, 
27 ft. Her deadweight carrying capacity is 5000 tons on 
21 ft. The engines will work up to about 1100 effective 
horse-power, and are by Messrs. Blair and Co., Limited. 
They are of the triple-expansion type, having cylinders 
234 in., 39 in., and 64 in. in diameter by 42 in. stroke, 
steam being supplied by two large steel boilers working 
at 160 lb. pressure. 











BELGIAN GIRDERS.—In the course of last year 14,990 
tons of steel girders were exported from Belgium to Great 
Britain. The corresponding exports in 1893 were 14,639 





tons. 
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H.M. TORPEDO-BOAT DESTROYER 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND 


“ARDENT.” 
CO., CHISWICK. 
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Tue illustration above shows the torpedo-boat 
destroyer Ardent, built by Messrs. J, I. Thorny- 
croft and Co., of Chiswick. This is one of the five 
vessels of the same class which have attained such 
uniform success on their official trials. All these 
boats are similar in general arrangement, differing only 
ia detail. The threelater vessels—Ardent, Boxer, and 
Bruizer—are somewhat longer than the two earlier 
vessels, Daring and Decoy. The Ardentis 201 ft. 6 in. 
long, 19 ft. wide, and 13 ft. deep. We published a 
full description of the Daring in our issue of 
June 29, 1894 (vol. lvii., page 850), while the engines 
were fully illustrated in vol. lviii., page 575, and the 
boilers in vol. lvii., page 850. The Ardent, Boxer, 
and Bruizer had an increase in heating surface 
by a slight rearrangement of the tubes. There 
are three Thornycroft water-tube boilers in each 
vessel, and the engines have one high-pressure cy- 
linder of 19 in., an intermediate cylinder of 27 in., 
and two low-pressure cylinders of 27 in., the stroke 
being 16in. In last week’s issue (page 444 ante) we 
gave details of the trials of the last of the five vessels 
which Messrs. Thornycroft have built for the British 
Navy, so that few details need here be given. 

Means of Three Hours’ Runs. 





























| 
Steam Revolutions. 
— Pree: | | ee 
eure. | LEP: Speed 
Port. | Star. 
| as | | knots 
Daring ne os| 208 380 | 378 4409 | 27.706 
Decoy .. an e-| 190 -« | «« | Oe 27.763 
Ardent | 1954 398 394 | 4306 27.973 
Boxer .. ° --| 202 406 415 4543 29.175 
Bruizer ee --| 202 os re: 27.970 
| 
Means of Six Measured Mile Runs. 
| 
——; Revolutions. | eux | a 
= res- ‘otal | ir 
sure. aan | I.H.P. | Pres- aoa 
| Port. | Star. | | Sek s 
| ————— —— 

Ib. | in. | knots 
Daring ..| 191.5 389 | 389 | 4644 3 28.213 
Decoy ..|191.0| 366 365 | 4009 38 | 27.641 
Ardent ../ 199.0; 400 | 396 4343 23 | 27.840 
Boxer ..! 201.0 410 | 415 4487 2.6 29.080 

2 28.144 


Bruizer ..| 204.0 —- | = | -- 
| | | 





In a recent issue we referred to a consumption 
trial which was made with the Ardent on her run 
round from the Thames to Portsmouth, and we take 
this opportunity of giving a somewhat fuller account 
of the trip. The boat had been taken to Greenhithe, 
from whence she started at six o’clock on the morning 
of Tuesday, March 26. She ran to the Lower Hope, 
and made six runs on the mile to find the revolutions 
per knot at her then load draught with a speed of 13 
knots. The maximum draught was7 ft. 4 in. with 30 
tons of coal on board and a full sea-going equipment. 
It was found that with the engines giving 170 revolu- 
tions per minute, the required speed was attained. This 
was equal to 786 revolutions per mile. ‘Two boilers 
out of the three were used with natural draught. The 
contractors had to deliver the boat to Portsmouth, 
but a navigating party, under Lieutenant Youell, 
R.N., had come round, Messrs. Thornycroft send- 
ing their own engine-room staff, with Mr. George 
Brown as chief. The Admiralty was represented by 
Mr.W. J. Harding, of the engineering department, who 
has had a wide experience in connection with these 


| between the two boilers, no hand adjustment 











vessels. Mr. John E. Thornycroft represented the 
contractors. As this was an economy trial, naturally 
the best was done to get the greatest distance with the 
least consumption of fuel, and it had been found by 
experience that a speed of 13 knots was most likely to 
give this result. This point will again be referred to 
later. The fires were kept light, and a good deal of 
attention was given to their condition. The steam 
regulating valves were set to maintain a pressure of 
180 lb. in the boilers, and the engines were linked up 
as high as possible. Observations and diagrams were 
taken every half-hour. 

Lower Hope Point was left at 7.18 a.m., the wind 
being on the quarter. Lieutenant Youell determined 
to go the big ship course throughout. The wind was 
high, and a heavy sea was to be expected after round- 
ing the Foreland. There was no disappointment in 
this respect ; indeed, it was rather a trying time for 
all concerned, some even of the seasoned hands show- 
ing symptoms of the roughness of the sea in a manner 
that is more usual with landsmen than with sailors. 
It was noticeable that those who had been seasoned in 
big ships only were most sensitive in this respect, from 
which it would appear there are at least two descrip- 
tions of steamer sea-sickness. We were previously 
aware there was a distinction between the steaming 
and sailing ship varieties. It may be added that these 
boats are very popular in the service. The trial was 
finished at 6.10 p.m., when the specified 12 hours 
was concluded, the vessel being then about 52 miles 
from St. Helens. The speed was kept constant 
throughout at 170 revolutions, but the throttle valve 
was only altered four times in the 12 hours, a fact 
which speaks well for the steady steaming of the 
boilers. The automatic feed control, to which refer- 
ence was made last week, distributed the feed equally 

ioing 
required throughout the run. 

The coal was carefully weighed on this trial, an 
account being kept of that used. During the 12 hours 
4 tons 2 cwt. and 8 lb, of coal were burnt. The in- 
dicator cards, about 249 in number, were worked out 
afterwards, giving an average of 499.1 indicated horse- 
power. This comes out 1.53 lb. per indicated horse- 
power per hour. The fans were not running, but the 
steam steering engine and evaporator were in use all the 
time, about three-fourthsof atonof water being distilled. 
There was more water in the boilers at the finish than at 
the start. A similar trial had been previously made 
with the Daring, the first of Messrs. Thornycroft’s 
destroyers, but the speed then run was 10 knots. As 
both trials were for 12 hours, the Ardent naturally 
covered a greater distance. Thus the Daring made 
120 nautical miles on her run, whilst the Ardent 
covered 156 miles. The coal burnt per mile, how- 
ever, was approximately the same on both boats. 
Although the coal required per mile is the same at 10 
and 13 knots, there is an economy at the higher speed, 
as the time factor comes in with regard to auxiliary 
machinery. There is no doubt, however, that the ex- 
perience gained with the Daring gave some advantage 
to the Ardent trial in regard to the management of 
fires, &c. The economy of these water-tube boilers 
will come somewhat as a surprise to many persoons 
who look on them simply as spurting boilers of an 
extravagant nature. 

Reference has already been made to the unfavourable 
state of the weather. The wind was blowing right 
up the Channel, so that the boat met it on the run 
down. In the tide-race off Beachy Head the sea was 
very trying, but the boat behaved well throughout, 








not shipping heavy water once, or having to be eased. 
Judging by this experience it has been estimated that 
these vessels would be able to hold their own with a 
cruiser in regard to speed even in heavy weather. 
Naturally the rate of steaming would have to be 
more reduced from the highest smooth-water speed in 
the smaller vessel, but it would start at a higher figure 
than in the case of a cruiser; that is to say, the trial 
trip speed of the destroyers is much higher than that 
of the cruisers. That these little vessels would be 
able to steam at the same pace as cruisers in a heavy 
sea is undoubtedly contrary to general opinion, and to 
speak with any certainty would require vessels to be 
tried side by side. The opinion we have quoted is, 
however, that formed by those having experience in 
these matters. 

In any case there is no doubt that this Jast perform- 
ance of the Ardent was a remarkable success, no sma) 
part of which is to be attributed to the valuable assist- 
ance the contractors had from Mr. Harding in the 
conduct of the trial. In conclusion we have the 
—— of congratulating Messrs. Thornycroft and 

o. on the performances of these five torpedo-boat 
destroyers. By their production they have distinctly 
advanced the science of marine construction and marine 
engineering ; a thing which the torpedo-boat builders 
have constantly done since these still wonderful craft 
were first introduced, now about 20 yearsago. We 
await the next step in advance, 





THE PROPELLING MACHINERY OF 
H.M.S. ‘‘ MAGNIFICENT.” 

WE give on our two-page plate this week a front 
and back view, while on page 476 is an end view, of 
one of the twin sets of triple-expansion engines con- 
structed by Messrs. John Penn and Sons, of Green- 
wich, for the new line-of-battle ship Magnificent, 
floated out in December last at Chatham Dockyard, 
and now being completed at that establishment. 
As to the ship, we gave full details on the occasion of 
her floating out (see ENGINEERING, vol. lviii., page 
803). But it may here be stated that she belongs to 
the largest class yet constructed, the displacement 
being 14,900 tons, of which 10,180 tons is due to the 
weight of the hull. The length is 390 ft., the beam 
75 ft., and the mean load draught 27 ft. 6in. As 
regards the general features, already described, it is 
interesting to note that such experienced critics as 
Lord Brassey and Lord Charles Beresford have, at 
the meetings of the Institution of Naval Architects, 
expressed their approval in terms most complimentary 
to Sir William White, the Chief Constructor. The 
vessel will carry four 12-in. breechloading guns, twelve 
6-in., and thirty smaller quick-firers, 

The machinery, which has been designed by Mr. J. 
P. Hall, the managing director of the firm, is to de- 
velop 12,000 indicated horse-power with induced 
draught, and 10,000 indicated horse-power with 
natural draught, the speeds at these powers being 174 
and 164 knots respectively. The engines are somewhat 
similar to those for the first-class cruiser Crescent, draw- 
ings of which were reproduced in ENGINEERING, vol. lv., 
page 785, and in view of the great interest attached 
to weights and to the fact that the framing is so dis- 
tinctly shown in our engravings, it may be interestin 
to state that the bedplate, which is of cast steel and 
strongly secured to bearers built into the ship, weighs 
36 tons, and the standards and guides 46 tons; the 
total being 82 tons. The back columns are of cast 
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iron, while forged steel is used in the front columns, 
the motion bars being attached to the back columns. 

The engines have cylinders 40 in., 59 in., and 88 in. 
in diameter respectively, all with 51 in. stroke. The 
high-pressure cylinders are placed forward, and are 
fitted with piston valver, while the intermediate and 
low pressure slide valve are of the double flat-valve 
type. The reversing gear is of the ordinary link-motion 
type, with solid bar Jinks and adjustable work- 
ing parts. Both steam and hand reversing gear are 
fitted. The cylinder covers, pistons, and steam-chest 
doors are of cast steel. The piston and connecting 
rods are of Siemens- Martin steel, the piston-rods being 
fitted with combination metallic packing. The crank- 
shafts are hollow, of forged steel, in three separate 
pieces, the cranks being set at 120 deg. apart. 

The propeller shafting is hollow, of forged steel 

14} in. in diameter inboard, and 16 in. in diameter 
outside the ship. The propellers are of gun-metal, 
four-bladed, and are 17 ft. ia diameter by 19 ft. 9 in. 
ditch, 
P The surface condensers are made entirely of brass, 
the total cooling service being 13,500 square feet. 
The circulating water is supplied by four 10-in. cen- 
trifugal puinps, made by Messrs. Penn. The air pumps 
are entirely of brass, and are worked from the low- 
pressure piston-rod crossheads; they deliver into a 
feed tank which overflows into the ship’s fresh-water 
reserve tanks. One of Weir’s evaporators and Kir- 
kaldy’s distillers are fitted to each engine-room. They 
will make together 180 gallons of fresh water per hour; 
while the evaporators can supply 400 gallons per hour 
to the auxiliary condensers. ‘The last-named are two 
in number, and are made entirely of brass, and fitted 
to condense the exhaust steam from all the auxiliary 
engines on board, There is a Weir’s feed pump in 
each engine-room, and a Weir's auxiliary feed pump 
in each boiler-room. Electric light machinery is sup- 
plied and fitted on board. Air-compressing ma- 
chinery is fitted in duplicate at each end of the vessel. 
Powerful boat-hoisting engines will be supplied and 
titted on the upper deck. 

As to the boilers, the feature is the fitting of Martia’s 
system of induced draught into this battleship. The 
principle of the arrangement is well known, fans 
being placed in the uptake, where they tend to create 
a partial vacuum. As this is the first large ship on 
which the system is fitted—it has been tried with 
satisfactory results on the torpedo gunboat Gossamer 
—tl.e results of the speed trials will be watched with 
great interest. We shall then return to the subject, 
but meantime may say the boilers are eight in number, 
of the marine return-tube type, 16 ft. 1 in. in mean 
diameter, and 9 ft. 3 in. long, each containing four of 
lox’s corrugated furnaces 3 ft. 8in. in mean diameter. 
They are of Siemens-Martin steel throvghout, and are 
designed for a working pressure of 155 lb. per square 
inch, and a proof pressure of 245 lb. per square inch. 
The heating surface is 25,248 square feet, and the 
grate area 855 square feet. The main steam pipes are 
14 in, in diameter, and made of steel ; while all copper 
pipes of 6 in. and over are wound with copper wire for 
greater security. 

Both sets of engines are completely fitted on board, 
and are now preparing for testing, and all the 
boilers with their uptakes are in place and the decks 
and casings closed up. Satisfactory progress is also 
being made with the armoured parts of the ship, and 
great hopes are entertained of the vessel being so far 
advanced by the early summer as to enable her trials 
to be then made, 








INDUSTRIAL NOTES. 

Tu report of the Associated Ironmoulders of Scot- 
land does not indicate any great improvement in trade 
in this branch of industry. Fewer men are idle, but 
not to the extent which is usual at this time of the 
year. The condition of trade is indicated by the 
finances; during the past month the income was 
1424/. 63. 5d., while the expenditure was 2156/., or a 
loss to capital account of 731/. 133. 7d. The calls for 
out-of-work members alone for the first quarter of the 
year have amounted to 4027/.; for superannuation, 


1163/7. ; and for funeral benefit, 787/., or a total of | 


nearly 6000/. for these three benefits. The total num- 
ber of members in employment was 4136, unemployed 
1179, of whom 727 were on ben>fit, and 452 idle but 
not on benefit. This is a very large proportion of 
unemployed in a society of 6461 members all told. 
Then there were 280 on superannuation, 293 retired, 
240 in foreign countries, 263 in other parts of the 
United Kingdom, and 70 not classed. 





The general outlook in the engineering trades of 
Lancashire seems to have really improved at last. The 
tone is more hopeful in most branches. Although the 


weight of new work coming forward has not, as yet, 
appreciably increased, the prospects are regarded as 
decidedly more satisfactory than for some time past. 
Stationary engine builders generally are fairly well off 
for work ; the leading machine tool makers are also 
fairly well employed ; and most of the establishments 


| 


which have recently been only moderately off for 
orders report good prospects of further new work 
coming forward. Locomotive builders and railway 
carriage and wagon builders are in a much better 
position as regards work than they have been, but the 
boilermakers as yet are not able to report any material 
improvement. 





There is a prospect of some labour troubles at 
Sheffield in connection with the Ironmoulders, con- 
sequent upon the decision of the employers to reduce 
their wages. The men express a determination to 
oppose any reduction. Trade has been very dull for some 
time, and prices have been very low, so that with low 
prices the employers are seeking to reduce the cost of 
production in every way. 





In the Wolverhampton district merchants and 
manufacturers seem to be looking forward hopefully 
to the anticipated revival of trade, and they are ap- 
parently justified to some extent by the inquiries made 
on colonial and foreign account, as well as by home 
requirements. But the actual business done has been 
limited, and there is no recovery in prices, which are 
lower than they have been for years past for almost 
every class of iron. The principal orders recently booked 
have been only for small lots for immediate require- 
ments. The inquiries for India and Australia indicate 
greater activity, and in some cases prices have been a 
shade better. Marked bars maintain their recent 
position, but the tendency in some other qualities was 
downward. Steel is in better demand. The chief 
constructive works are fairly employed, with better 
prospects. 





In the Birmingham district things have been quiet 
in the iron and steel trades pending the quarterly 
meeting. There will then be some days’ holiday over 
Kaster, when it is expected that there will be increased 
activity. Some combinations, which were in negotia- 
tion in the iron trade, appear to be in a state of sus- 
pended animation. The general run of the local indus- 
tries are quiet, without being actually depressed. 
Labour questions are all very quiet at present. 





Another attempt is being made to organise a co- 
operative productive society among engineers, en- 
titled the General Engineers’ Co-operative Society. 
At a recent meeting it was decided to appeal 
to the Amalgamated Society and to the general public 
to support the movement. The Ouseburn Society at 
Newcastle came to an untimely end, disastrous alike 
to the founders and to those who put money into the 
concern. All wanted to be masters or foremen, with 
the result that the undertaking came to grief. Perhaps 
no industry requires more skill in direction than an 
engineering establishment. 


It appears that there is a revolt among the em- 
ployés of the London and North-Western Railway 
Company against the contracting-out clause in the 
Employers’ Liability Bill. In the recent elections 
with respect to the fund, the delegates elected are 
favourable to the clause as it stood in the Government 
Bill before it went to the House of Lords. It seems 
that when the Bill again comes before Parliament, the 
railway men generally, if not universally, will vote 
for the Bill as it originally stood. 





The inquiry by the Unemployed Committee drags 
slowly along, collecting evidence, some of which is of 
an extraordinary kind. Forexample, the chairman of 
the Clapham and Wandsworth Board of Guardians 
stated that ‘‘ the stoneyards were colleges of demora- 
lication.” A ‘‘ professional stonebreaker,” that is, a 
hired labourer in the ordinary way, could break about 
a ton a day ; whereas the average in the stoneyards 
was only about 2 ewt. or 3cwt. a day. In his opinion 
some other mode of relief than the stoneyards ought to 
befound. The chairman of the St. Olave’s Board of 
Guardians stated that they purchased 4000 tons of 
stone, of which only 2000 tons were broken. The cost 
of stone-breaking in the yards was about 7/. per ton, 
whereas under ordinary circumstances it could be 
broken at 5s, per ton. The stoneyard system was 
equivalent to an increase of 74d. per pound in the poor 
rates. 





The contest for the secretaryship of the Amalga- 
mated Society of Engineers is to be a triangular one, 
and will not be left solely as between Mr. Anderson, 
the present secretary, and Mr. Barnes, the assistant 
secretary, whose candidature has the support of the 
Independent Labour Party and the Socialists. Mr. 
Barton, the new candidate, is fighting on independent 
lines, but not as the nominee of any outside body. 


The death of Mr. Mitchell, the president of the 
Co-operative Wholesale Society, Limited, a concern 
which carries on a huge business in general trade, a 
large business in banking, and which owns a fleet of 
steamers, and has buyers in various parts of the 











world, has removed from the labour world a very 





distinguished man. But although he was the presi- 
dent of the concern, and was, in one sense, a kind of 
managing director, he was only paid a delegate’s fees 
and expenses like the rest. While some of the officers, 
such as the buyers, had salaries from 600/. to 1000/. a 
year, Mr. Mitchell’s was not 250/. a year all told, 
Yet workmen complain of bad wages. They seldom 
pay good wages, and still more seldom good salaries, 





Operatives in the building trades seem to be the 
only class of workmen, at present, who can afford 
to strike for higher wages. At Leicester the men 
are out in four or five branches for an advance, some 
for 1d. per hour, some only for 4d. At Douglas, Isle 
of Man, the painters are out for an advance. At the 
latter place efforts are being made to bring about 
arbitration, the strike having lasted five or six weeks, 
In London the dispute is quiet on both sides, but no 
nearer approach to a settlement has yet been made, 
and May is close upon us, when the notices will run 
out. 





The trades of London are marshalling their forces 
for the May-day demonstrations ; the London Trades 
Council and the Eight-Hours Committee will unitedly 
demonstrate on the first Sunday in May, but the Inde- 
pendent Labour Party and the Socialists will demon- 
strate on the first day of May. Disunited counsels 
have prevailed. But disunion is now rife amongst 
unionists, 





The appeal in the case of the Shipwrights and the 
Boilermakers has been heard. In fact, there were two 
appeals—-the Shipwrights against the decision to let off 
Mr. Knight and his colleague, the Boilermakers against 
the order for damages against Mr. Allen, their agent. 
The Court of Appeal supported the decision of the 
court, and dismissed the appeal in both cases. Here, 
then, we have the case of Temperton versus Russell 
decided by a cross appeal, the parties being one union 
against another. 





The threatened crisis in the coal trade of South 
Wales and Monmouthshire has passed away, work 
having been resumed where interrupted. A strike of 
about 120,000 men has thus been averted, not only for 
the present, but for a year to come. Considering the 
agitations of the last three or four years, the revolts 
against the scale, the patched-up arrangements, and 
the disposition of many of the men to throw over the 
scale and the association, the officers and agents of the 
miners have manifestly carried out their negotiations 
in an admirable spirit, and have come out of the con- 
test with flying colours. The associated coalowners 
have also been conciliatory, thus paving the way for 
a settlement. 

The North of England Coalowners having requested 
a reduction in the wages of the miners, the Board of 
Conciliation met at Newcastle on Saturday last, when, 
after discussion, it was mutually agreed that the re- 
duction should be 6} per cent., thus averting a dis- 
pute. The coal trade is in a depressed state, and the 
representatives of the men recognised the difficulty. 

In the Scottish coalfields things are not going on 
smoothly. At a meeting held in Glasgow at the close 
of last week, it was resolved by the coalmasters that 
the wages of the men should be reduced 6d. per day. 
This applies to all the collieries in the parts of Scot- 
land governed by the Glasgow firms. At Edinburgh 
also, on Saturday, the coalowners agreed to reduce the 
wages of the men in Fife and Clackmannan 124 per 
cent., which is about equal to the 6d. at Glasgow. It 
appears that there is a determination to reduce the 
wages to the same level throughout the whole of Scot- 
land. Whether the men will take any decided action 
to oppose the reduction is not yet apparent. They 
are in a very disorganised state; they are with- 
out funds, and they have not got over the disastrous 
strike of last year. It is stated that the recent strikes 
have caused a large number of new hands to seek 
work at the collieries, both in Scotland and England, 
hence the output increased largely last year, and it is 
now in excess of the demand. Coal is plentiful and 
prices are low, and wages are going down. 








BuckincHAM Sgwerack —The Buckingham Town 
Council, at their meeting held on the Ist inst., resolved 
to adopt a pumping scheme of sewerage for the town. 
Mr. H. Bertram Nichols, C.E., of 59, Corporation-street, 
Birmingham, was appvinted to prepare the plans and to 
carry out the work, and, owing to the difficulty with the 
Grand Junction Canal Company, Mr. Nichols has been 
requested to have his scheme completed by the 16th inst. 





Non-conpuctinc Covertnes For Steam Pripzs.—In 
the margarine factory which we described last week, the 
steam pipes are covered with a fabric made of large 
reeds laced together into mats. A layer of fossil meal is 
laid both below and over the reeds. The reeds form an 
air space in which there are no convection currents. The 
covering is being applied by Messrs. R. M. Moir and C»., 
of 1, St. Swithin’s-lane, London, E.C. 
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OUR BATTLESHIPS. 
Notes on Further Experience with First-Class Battleships.* 
By Sir Witt1AM WHITE, K.C.B.. LL.D., F.R.S., Assistant 
Controller of the Navy and Director of Naval Construc- 
tion, Vice-President. 
(Concluded from page 441.) 

A FEATURE of great interest in Fig. 2 (see page 440 ante) 
is to be found in the increased extinctive effect of bilge 
keels when the ship had headway as compared with their 
effect when she had no headway. 

Ib will be remembered that this matter was made the 
subject of experiment by M. Bertin on the Navette. 
The results have been published by M. Bertin, and re- 
produced in English publications. They are briefly as 
follows : 


Speed of Ship. Value of N. 
Nil = .0109 
4 knots ... .0123 
8 O15 


S50 os ois ae = 
To understand these figures, it should be stated that, 

according to the French authorities, the rate of extinction 

is besp expressed by the equation : 

= dé =N@ 


dw 
for angles of inclination (@) from the vertical excceding 


3 deg. 

The late Mr. Froude also drew attention to the point 
in his discussion of the behaviour of the Devastation at 
sea, although it is understood that no exact measures 
of the added extinctive effect due to headway were 
obtained by him in the course of his rolling experiments. 

The experiments with headway with the Revenge 
included only one set at each of the two speeds 
tried; the results under way are therefore probably 
not so definite as those for the ship without head- 
way. Still they are very suggestive, and confirmatory 
of the conclusion from previous experience that the 
rate of extinction is sensibly increased by headway, 
the ship entering undisturbed water while oscillating, 
and the inertia of that undisturbed water having to 
be overcome. For example, starting at 5 deg. from 
the vertical in each case, the angles of inclination reached 
after a certain number of swings were as follows: 


Speed of Ship. 


| 
| 10 Knots. 12 Knots. 











Nil. 
és = | a calls 
deg. | deg. deg. 
After 4 swings 2.95 2 35 2.2 
2 " 1.95 1.12 1.05 
ee | a 1.45 55 45 
16 .20 25 


. + ow, of | 


The experimental results are shown in a different form 
in Fig. 3, which contains “‘ curves of extinction ” obtained 
by differentiation from the corresponding curves of declin- 
ing angles shown in Fig. 2 (see page 440 ante). : : 

The equations to these curves of extinction are given in 
Note I. of the Appendix. ; 

Abscissa-values here represent angles of inclination (@) 
from the vertical in degrees; ordinates represent the ex- 


tinction value 7 , or the angle from the vertical 
n 

lost per swing. In this case also the curves are 80 easy 
of interpretation that it is unnecessary to say much re- 
specting them, but they illustrate perhaps more clearly 
than those of ‘declining angles” (Fig. 2) the enormously 
increased rate of extinction with bilge keels. Taking a 
total swing of 10 deg. (say from port to starboard) we 
have an abscissa value of 52— the mean of the angles of 
inclination to the vertical at the beginning and end of the 
swing. 

The relative extinction values possessed by the Re- 
venge, Sultan, and Inconstant are given by the following | 
tabular statement. The extinction value of the Revenge | 
at deep draught, with no bilge keels, is taken as unity tor 
purposes of comparison. 


Sultan, speed of ship, nil ... 1.4 
Inconstant, . os ese oo 2.4 
Revenge, deep draught, no bilge keels, 

speed of ship, nil ... ey M03 1.0 
Revenge, light draught, no bilge keels, 

speed of ship, nil ... eee. cent a 1,2 
Revenge, light draught, with bilge keels, 

speed of ship, nil ... ge ess ie 73 
Revenge, deep draught, with bilge keels, 

speed of ship, nil ... ee ee wes 6.0 
Revenge, deep draught, with bilge keels, 

speed of ship, 10 knots ... aes es 85 
Revenge, deep draught, with bilge keels, ae 


speed of ship, 12 knots ... 





This comparison is approximately correct for any other | 
angle of inclination within the range of the experiments, 
except for the Revenge under way. The loss of range 
per swing for moderate abscissa-values (up to 6 deg.) will 
be seen to be about six times as great with the bilge keels 
(whether at deep or light draught) as it was before they 
were added. When a ship is rolling permanently through a 
certain arc, the external forces impress upon her during 
each swing an amount of energy exactly balancing the 
energy corresponding to the work done by all the forces 
resisting her oscillation. This work is expressed an 
measured by the ordinate of the curve of extinction cor- 
responding to the extent of swing (see Fig. 3). 


= Paper read before the Institution of Naval Architects, | 


If for any ship we have two curves of extinction, one 

with and the other without bilge keels, then for a given 
ordinate value—or energy corresponding to work done by 
the external forces resisting oscillation—the respective 
abscissa valves corresponding to that ordinate on the two 
curves, will of course differ. That is to say, the abscissa 
value (or swing) for a given ‘‘ extinction” will be less for 
the curve with bilge keels than for the curve without them. 
The difference of the abscissee may be taken, therefore, 
as a measure of the probable reduction in swing from the 
vertical due to the addition of bilge keels under the action 
of external forces capable of producing the larger swing 
without bilge keels. 
_ Applying this to the case of the Revenge, and extend- 
ing upwards her curves of extinction without bilge keels 
(by using the appropriate equations), let ib be assumed 
that some external forces—say a series of regular co- 
periodic waves—could produce a permanent swing of 
18 deg. cn each side of the vertical. Then the same ex- 
ternal force applied to the ship with bilge keels would 
only produce a swing of about 6 deg. The addition of 
bilge keels, therefore, roughly speaking, would reduce the 
swing to one-third of its former amount. This ratio is 
practically constant for angles less than 18 deg., as may 
be readily seen on referring to Fig. 3. 

This is an extreme comparison for the conditions of 
maximum steady rolling, viz.: a series of regular 
co-periodic waves which are seldom met with, anddo not 
obtain for any length of time. Any slight disperiodicity 
is accompanied by a rapid decr€éase in the magnitude of 
the swings, as was demonstrated by the late Mr. Froude. 
Into this branch of the subject it is impossible to enter at 
present, and it is unnecessary for purposes of illustration 
of the great extinctive effect of bilge keels demon- 
strated in the experiments on the Revenge. The results 
of these experiments have added greatly to our knowledge 
of the subject of bilge keel resistance, but they must 
necessarily be supp!emented by much fuller investigation 
and experiment before the subject can be considered to be 
exhausted. It is proposed that this question shall be 
followed up in all its details by Mr. R Froude, in 
whose hands we may be sure it will receive most able and 
thorough treatment. 


EstiMaTEé FOR EXTINcTIVE Errsct OF BILGE KEELS 
MADE Prior TO RoLtinc EXPERIMENTS ON ‘* REVENGE.” 

In justification of the opinion which we had formed pre- 
viously to these experiments, in regard to the probably 
small steadying effect of bilge keels on a ship of the 
Royal Sovereign class, it appears desirable to add a brief 
statement. The best information hitherto accessible on 
the subject of keel and bilge keel resistance to rolling is 
undoubtedly to be found in the papers published by the 
late Mr. Froude in Naval Science (1872 74). 

In his calculations for several typical ships which had 
been made the subject of still-water rolling experiments, 
Mr. Froude had occasion to estimate the work of the re- 
sistance to a flat surface (such asa bilge keel ora portion of 
the deadwood) oscillating harmonically in’ water. For 
this he adopted, as applicable to the case in question, a 
coefficient of 1.6lb. per equare foot with a mean velocity 
of 1ft. per second. This coefficient, Mr. Froude stated, 
was based upon experiments made with a powerful pen- 
dulum apparatus carrying a plane sodeeply submerged as 
to be clear of all wave making action. The purpose which 
Mr. Froude then had primarily in view was’to authenti- 
cate the opinion that wave-making resistance was a most 
potent factor in fluid resistance to rolling. That position 
he thoroughly established. 

In his analysis of the total work represented by the 
observed extinction of oscillation in certain typical ships, 
he showed incidentally that the use of this coefficient of 
1.6 lb. per square foot for deadwood and keels, in associa- 
tion with his estimate for frictional resistance on the im- 
mersed surfaces of the ships, did not fully account for the 
experimental facts. 

On the other hand, in the case of the Sultan the agree- 
ment between Mr. Froud’s estimate, based upon the use 
of this coefficient, and the experimental facts was very 
close indeed. 

Another valuable contribution to the subject is to be 
found in the appendix to a paper contributed by Mr. 
Watts to the Proceedings of the Institution for 1883. In 
this paper Mr. Watts endeavoured to estimate the area 
of bilge keels required to secure a given rate of extinction 
in a certain ship. For this purpose he employed experi- 
mental data obtained by the late Mr. Froude from the 
Greyhound, with and without bilge keels. From the 
figures published by Mr. Froude in Naval Science, for the 
Volage, Inconstant, and Sultan, Mr. Watts obtained cer- 
tain approximate values for the coefficients of normal 
pressure on bilge keels when oscillating, on the assump- 
tion that the whole difference in the work of extinction 
between that estimated by Mr. Froude and that deduced 
from the experiments on typical ships, might be credited 
to a virtual increase in the coefficients of resistance per 
unit of surface of the bilge keels. 

Taking the Volage and Inconstant for example, 
Mr. Watts estimated that, instead of the coefficient 
1.6 lb. per square foot for a mean velocity of 1 ft. per 
second, the respective coefficients would become 8.7 lb. 
and 7.2 lb. respectively. In the case of the Sultan, how- 
ever, the coefficient thus derived from the rolling experi- 
ments was shown to be as nearly as possible 1.6 1b. The 
Sultan was fitted with duplicated shallow side keels (as 
shown in Fig. 1), and that fact probably had much to do 
with the close agreement of the estimate and the experi- 
ment. Our difficulty in dealing with the question of 


d probable bilge-keel effect on the Royal Sovereign class, 
before experiments were made, was twofold : 

(1) We did not know the character of the curve of ex- 
tinction for the ships without bilge keels. — 

(2) We were uncertain as to the coefficient to be used 





in estimating the additional resistanca due to bilge keels 
of a specified length, depth, area, and mean radius of 
oscillation. 

The first difficulty might have been met by recourse to 
model experiments. It was not considered necessary, 
however, to carry out such experiments, since the addition 
of bilge keels at a later — was a simple matter, should 
they prove necessary. oreover, on the basis of ex- 
perience with ships like the Inconstant, Hercules, and 
Sultan, it appeared reasonable to expect that the R yal 
Sovereign class, under most conditions of ssa, would be 
steady ships, apart from bilge-keel resistance. 

In regard to the coefficient to be used for estimating 
the probable extinctive effect of bilge keels, it was de- 
cided after careful consideration to adhere to the late Mr. 
Froude’s figure of 1.6 lb. per square foot for a mean 
velocity of 1 ft. per second. This, as above explained, 
had been actually found by experiment to hold good in 
the Sultan, which was the only large ship that had been 
rolled baving approximately similar form and period to 
those of the Royal Sovereign class. This action is shown 
to have been reasonable by the close correspondence since 
experimentally demonstrated between the curves of de- 
clining angles for the Sultan and Revenge without bilge 
keels (see Fig. 2). 

We next proceeded to calculate the probable extinctive 
effect due to bilge keels of about the dimensions which 
have since been added to the ships ; assuming that the 
work due to fluid resistance on the bilge keels could be 
expressed by the formula ured by the late Mr. Froude. 
Embodying the selected value of the coefficient of resist- 
ance, it was an easy matter to approximate to the pro- 
bable additional loss of range per swing which the keels 
could effect, if the ship without the keels had reached a 
certain angle of oscillation under the influence of ex- 
ternal forces. Taking an extreme case, and supposing the 
ship was rolling to 20 deg. on each side of the vertical, 
then this method of calculation showed that the addition 
of bilge keels 200 ft. long and 3 ft. deep would increase 
the extinction value by not quite 2 deg. (see Appendix, 
Note IT.). 

It may be interesting to state, in passing, what would 
be the value of the coefficient for bilge-keel resistance, if 
the whole increase of work, shown by the experiments to 
result from the fitting of bilge keels, were credited to the 
bilge keel area. For an angle of swing of about 10 deg., 
instead of the coefficient being 1.6 lb. per square foot of 
bilge-keel area, it would be about 11 1b. For a swing of 
4 deg. (when the oscillation is nearly c:a:ing), the co- 
efficient would reach as high a value as 15 to 16 as against 
1.6. The details of the calculation appear in the Ap- 
pendix, Note III. 

It will be understood that these values of the co- 
efficients for bilge-keel resistance, deduced from the ex- 
perimental data, are in no way put forward as truly re- 
presentative of the actual resistance experienced per unit 
of area on the bilge keels. They simply represent, as 
before stated, what this coefficient would be if the assump- 
tions held good—(1) that the whole of their work of ex- 
tinction was equated to the area of the bilge keel ; and 
(2) that their resistance varied as the square of the angular 
velocity. 

The curves of extinction for the ship with bilge keels do 
not follow exactly, and throughout their whole length, 
the law which the late Mr. Froude laid down for such 
curves 20 years ago, viz. : 

dé ‘ 
_ =a0+b@. 
dn . 

But excluding very small oscillations of the ship, 
curves can be drawn (as shown in Fig. 4), whose equations 
obey this law, and which closely approximate to the 
experimental curves for values of @ from about 2 deg. to 
the largest angles obtained when the ship was rolling. 
The equations to these approximate curves, and to the 
corresponding curves without bilge keels, are given in the 
Appendix, Note I. From these equations it will be seen 
that (within the limits of swing for which the equation 
approximately fits the curve of extinction) the addition of 
bilge keels involves an enormous increase in those terms 
of the fluid resistance which vary as the first power of the 
velocity. This is indicated by the greater value of the a 
coefficient. 

If the increase in the b coefficient (which is a measure 
of the work done by that portion of the resistance which 
varies as the square of the velocity) be assumed to repre- 
sent the value of the bilge-keel area coefficient, it will be 
found to be about 6 lb. per square foot, at 1 ft. per second 
mean velocity, instead of 1.6 lb. The details of the cal- 
culation appear in Note III. of the Appendix. 

Further investigation may, of course, show that this 
form of equation for curves of extinction will have to be 
definitely abandoned in some cases. But, as the matter 
at present stands, it would appear that the Revenge 
experiments point to a possibility which is also indicated 
by the results given by Mr. Froude in 1874. It appears 
that when bilge keels are added to a ship, they must 
become effective, not merely as flat surfaces oscillating 
with the ship, and experiencing direct resistance, but b 
indirectly influencing the stream-line motions whic 
would exist about the oscillating ship if there were no 
bilge keels. 

It also seems possible that the existence of such 
keels as were fitted to the Revenge, even so deep 
below the surface (see Fig. 1), may be effective in 
producing a marked increase of surface disturbance, 
and so adding to the extinction. As pointed out long 
ago by the late Mr. Froude, a wave of insignificant 
dimensions, only a few inches in height, would bo 
sufficient to account for all the work to be attributed to 
surface disturbance. Such waves might easily escape 
detection. For an estimate of the height of such a wave 
to fit the case of the Revenge, see Note IV. in Appendix. 
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The facts obtained also suggest that for the very limited 
range and mean velocity of motion which is experience 
by bilge keels, even when oscillating through arcs of 10deg. 
or 12 deg., the resistance upon them may vary, as Rankine 
and some other of the earlier writers supposed, as the first, 
and not as the second power of the velocity. In sucha} 
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case the curves of extinction, shown in Fig. 3, for the 
ship with keels would more nearly approach straight 
lines. For the Revenge, when performing a swing of 
12 deg., the bilge keels sweep through a distance of about 
84 ft. in 8 4 seconds, with a mean velocity of about 1 ft. 
per second. 
INFLUENCE OF BILGE KEELS ON STEERING AND 
SPEED. 


Independently of their steadying effect, the addition of 
bilge keels to the vessels of the Royal Sovereign class has 


d large ships have always had a good repute for handiness 


Light draft no bulge keels Speed of Shap ral 
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had a sensible influence in another direction. These 


and steadiness in steering. Their tactical diameter with- 
out bilge keels was found to be about five times the water- 
line length when both screws were going ahead, and about 
34 times with one screw reversed. Reports from the 
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large ships are necessarily unhandy and difficult to 
manceuvre. As regards the influence of bilge keels on 
speed, the practical test of actual service proves that 
"st is no sensible reduction in speed for power, or 
material increase in coal expenditure for a given speed, at 
a given draught, and with the bottom in similar con- 
dition. 
CONCLUSION. 

The facts set forth in this paper, besides their value in 
regard to a large and important class of battleships in the 
Royal Navy, will be of service to naval architects 
generally when oan with the extinctive effect of bilge 
keels in vessels of the largest size and longest period. 

The experiments made on the Revenge, with and with- 
out bilge keels, had been preceded, it is true, by others ; 
and notably by those of the late Mr. Froude on the Grey- 
hound, and of the French experimentalists mentioned above. 
Mr. Froude also worked out in the most thorough manner 
the method of model experiments on rolling, applying it 
especially to the cases of the Devastation and Inflexible. 

he Revenge experiments stand alone, however, in the 
magnitude of their scale as well as in their range of con- 
ditions, and the results are consequently of the greater 
value. For along period experiments of this kind have 
been suspended. The great principles of design as affect- 
ing the behaviour of ships at sea, which we owe chiefly to 
the late Mr. Froude, have been so thoroughly confirmed 
by experience and observation, that experimental investi- 
gations on rolling have fallen out of fashion toa great ex- 
tent. The case which has been dealt with in this paper 
indicates the desirability of fresh experiments when pre- 
cedent has to be departed from, and the renewal of inquiry 
into the problems of fluid resistance to rolling, by trials 
both with models and with actual ships. My analysis of 
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| the results has been necessarily incomplete, and to some 


extent superficial. It must suftice for the present to have 


| drawn attention to the more prominent facts and practical 


deductions therefrom. Hereafter, in the hands of Mr. 
R. E. Froude, the scientific aspects of the subject will 


| receive full treatment, and we may be sure no effort will 


be wanting to reach a sound conclusion. To Mr. 8. W. 
Furze Morrish, Assistant Constructor at the Admiralty, I 
desire to express my acknowledgments for much assist- 
ance, especially in the preparation of the Appendix. 


APPENDIX. 
Note. I.—The differentia) equations to the curves of 
extinction, shown in Figs. 3 and 4, are as follow: 
Curve C.—Revenge, light draught, no bilge keels, 


Jee = 015 @ + .0028 ¢? 
du 
Curve D.— Revenge, deep draught, no bilge keels, 
~ 49 _ 9123.9 + .0025 6? 
dn 
Curve A.—Inconstant, 
Pais = .035 0 + .0051 6? 
dn 
Curve B.—Sultan, 
do : ‘ of nt 
- = .0267 @ + .00166 6? 
dn 
For curves G and H in Fig. 4, which conserve the for 
ado wees 
~2o we 0+b80 


and which also approximate best to fit curves EK and F in 
Figs. 3 and 4, for values of @ exceeding 2 deg., the cqua- 
tions are: 


Curve G.—Revenge, light draught, with bilge keels, 


~ 49 — ogg + 01962, 
dn 


Curve H.—Revenge, deep draught, with bilge keels, 


- 29 — 0650 + .017 62. 
dn 
In the text of the paper the extraordinarily large 
variations in the coefficients of the equations with an 
without bilge keels are discussed. 
For the Greyhound, Mr. W. Froude obtained the fol- 


lowing equations : 
Period in Differential 
Seconds. Equations. 


Without bilge keels About 4.35 —% — 0449 + 008262 
dn 


With = 4.33 —49 — 9356 + 0562 
dn 


‘9 i 3.88 —49 — 9198 9 +.04626" 
dn 


In this case the bilge keels were fitted for experimental 
purposes, and were of great proportionate depth and area 
for the size of the ship. 

Note II.—Following the method of the late Mr. Froude 
(see Naval Science, October, 1872), the relation between 





ships state that since bilge keels have been added the 
tactical diameter has been reduced sensibly, and the 
steadiness in steering improved. Trials made with the 
Revenge after she was fitted with bilge keels gave a tac- 
tical diameter of 525 to 550 yards with both screws going 
ahead, or about 4} times the water-line length; and 350 
= with one screw reversed, or about 2 lengths. 

similar trials in the Resolution gave 500 yards as the tac- 
tical diameter with both screws ahead, and 300 yards with 
one screw reversed. These results are remarkable, and they 
completely dispose of the statements so often made, that 


the decrement of roll (loss of range per swing) and the 
| normal pressure on bilge keels of specified dimensions and 
| given position on a ship is obtained thus : 


W = displacement of ship in pounds. 

m = metacentric height in feet. 

T = period of ship in seconds for a swing from out 
to out. 

A = area of bilge keel in square feet. 

r = mean effective radius in feet of the normal pres- 
sure on bilge keels from the axis of oscillation. 
(It will be sufficiently correct if, at any point 
in their length, the radius be measured from 
the mid-depth of keel to the middle-line axis 
through the ship’s centre of gravity.) 
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C = coefficient of normal pressure in pounds per 
square foot of bilge keel area oscillating with 
a mean velocity of 1 ft. per second. _ 
6 = mean of the extreme angles of inclination from 
the vertical at the beginning and end of a 
swing. 4 
d6 = extinction or angle from the vertical lost per 
swing. 
Tf #2 and @n+1 be the angles of inclination from the 
vertical at the beginning and end of the nth swing, then, 


260 = 0n + On41, and d 0 = @n— On+1. 


The work of resistance of bilge keels during any swing 
can only be done at the expense of an equivalent amount 
taken from the energy possessed by the ship at the com- 
mencement of that swing, and will be measured by the 
loss of dynamical stability during the swing. : 

Hence after integrating the resistance-work function 
over, say, the nth swing, and equating this to the corre- 
sponding loss of dynamical stability, we obtain for values 
of 6 within limits for which the curve of stability is practi- 
cally a straight line— 


Wm (92, —@%n 41) = 2 7. CA? (0 + Bn 43). 
7 (8 Fn +3) = ms » 
which is approximately Sa 
Wm. 6.d0=—— 7, CAr® 6, ~ 


In estimating the loss of range psr swing (2 4) for the 
Royal Sovereign class, taking the ships under average 
conditions, 

W = 32,000,000 lb.;_ m= 3.75 ft.; T =7.75 seconds; 

y = 40.5 ft.; A = 1170 square feet (both bilge keels), 


we get by substitution in (1) above, on the assumption 
that C is = 1.61b., for the case of 6 = 20 deg, or 5 in 


circular measure, 
d 6 =.0285, or 1.63 deg. 


Where greater accuracy is desired, and in most cases 
where the angle of inclination from the vertical exceeds 
10 deg. to 12 deg., it would be better to take the value of 
G Z obtained from the curve of stability in place of m 6, 
and to measure the dynamical stability by the corre- 
sponding area of the curve of stability. 

Note JII.—To find the value of the coefficient for 
normal pressure on the bilge keels of the Revenge, on 
the assumption (i.) that the whole of the observed in- 
crease in extinction value due to their addition may be 
credited to the work of their resistance whilst oscillating ; 
(ii.) that the resistance varies as the square of the mean 
velocity. The observed increase in extinction value will 
be measured by the ordinate intercept between curves C 
and FE, or between D and F, according as ship is at her 
light or deep draught respectively. 

Assumption (ii.) implies that the bilge keel extinction 
value at any angle (@) isa term with some b coefficient, 


say, 
—dd=b,6°. ‘ : - (2) 
Combining this with equation (1) of Note II., viz., 


Wm.6.d0=!" .C. Aro, 
3T? 
we get, on substitution of (2) in (1), and reduction, re- 
membering that (2) is in degrees, and (1) in circular 
measure, ee 
b = —_* * es Seo oa 
1” 1385 Wom. T? (3) 


Hence, if at any angle (?) we take the ordinate inter- 
cept between, say, curves C and H, and divide it by 6°, 
we shall get a b, value which may be substituted into (3). 

An angle of swing of about 10 deg. corresponds to an 
abscissa value of 5 in Fig. 3, where the intercept between 
curves Cand E measures .62, and that between D and F 
.76. These divided by 25 (that is, 62) give a b, value of 
.0248 and .0304 respectively. 

From the table of particulars given in the paper (page 
440), we have for 


Revenge (deep) W = 32,750,000, m = 3.86, T = 7.75, and 
r = 40.25. 
» (light) W = 29,950,000, m = 3.29, T = 8.4, and 
= 41 


r= 41. 
For both conditions A = 1170, 
Substituting in equation (3), which may also be written 
g— 1B5W.m. Tb . (4) 
r® za r® 


C = 10.7 (deep draught), 
C = 11.3 (light draught). 


If the intercepts for an abscissa value of 2 (that is, a 
swing of 4 deg.) be similarly treated, the corresponding 
values of C will be found to be 15.3 and 16.4 respectively. 
lor a swing of 14 deg. its value will be rather less than 8. 

Instead of crediting the whole of the increased extinc- 
tion value to the bilge keel area coefficient (iii.), we may 
assume for purposes of calculation that the bilge keels 
are responsible only for that portion of the increased ex- 
tinction represented by the excess in the value of in the 
approximate equation to the curve of extinction for the 
ship with keels over the value of } in the equation of the 
corresponding curve of extinction for her with no keels. 

In the equations for the Revenge, light draught, given 
in Note I., these b values are .019 and .0028—their dif- 
ference, .0162. For the Revenge, deep draught, they are 
-017 and .0025—their difference, .0145. 

Substituting in formula (4) above, these values are 
found to be, 


we get 





C = 6.25 (deep draught). 
C=6.1 (light ,, " 

These values are, of course, constant for all angles of 
swing between those limits within which the aproximate 
equations to the curves of extinction are deemed sutli- 
ciently accurate. E 

With the first assumption made (viz., (i.) above), this 
coefficient varied with the magnitude of the swing, 
and within the range of the experiments its value varied 
from less than 8 to about 16; with the second assump- 
tion (viz. (iii.) above), its value was over 6, and constant 
up to about the largest angle reached in the ship. 

It will be understood that these results are not given as 
even approximate values of the true coefficients for bilge 
keel resistance. They are derived from certain assump- 
tions as to the values the coefficients must have, if the 
whole or part of the observed extinction were referred to 
the bilge keels. 

Note IV.—In any estimate of the extent of wave-making 
disturbance produced by an oscillating ship, we must 
equate the work of that portion of her extinction value 
(or loss of range per swing), which varies as the single 
— of the velocity, to half the total energy of the two 

alf-waves (7.e., one on each side) created at the surface 
each swing. The wave system maintained only travels at 
half the speed of the individual waves, the ship has 
therefore only to supply energy for half a wave per swing. 

Tu this case 

—dd=a0. 
The work due to loss of range per swing, as in Note II. 
= W.m.6.4d 8 foot-pounds, 
becomes, therefore, 
W m a 6? foot-pounds. 


Following the method of the late Mr. Froude (see 
Naval Scrence, July, 1874), let 


h = height in feet from hollow to crest of wave 
created, 
Z <= its length in feet, from crest to crest. 
= its width in feet along the crest. This must 
approximately equal the length of the ship. 

The total energy of a complete wave = 16/ s h? ap- 
proximately. 

Hence we must have— 

Wma@=teh? . . - (5) 
to fulfil the conditions stated above. 

The length of a wave is approximately 54 times the 
square of its period, and since the waves are created by 
swings of the ship, they will be co-periodic, that is, the 
period of the wave will be identical with the period of the 
ship for a double swing from out to out and back again. 


Hence 
t = 20.5 T2. 
Substituting in (5), we get 
W ma 6? = 164 h? 3 T? 


na 


that is 
_ 6 Wma 
= 9 Me 1:0 i oe 


From the particulars for the Revenge, say, at deep 
draught, given above, we have 


i J ; 
_ a approximately, 


8 
T = 7.75. W = 32,750,000 a = .0123(no bilge keels). 
a = .065 (with bilge keels), 
h 


= ,.640(no keels), 
h = 1.48 @ (with keels), 


In the Revenge experiments with no keels, the greatest 
angle from the vertical reached was about 13 deg., that is, 
6 = ;*, in circular measure; with keels the angle was 
about 5? deg., that is, 9 = +5. These give h = .145 (no 
keels), or .148 (with keels). For the Revenge at light 
draught the corresponding values of h are .135 and .138. 

We thus see that a wave less than 2 in. in height will 
account for the whole of the surface disturbance indi- 
cated, eveu at the greatest angles reached, by the experi- 
ments with the Revenge, either with or without bilge 
keels. 

The ‘shoring ribbands” on the sides of the ship, enter- 
ing and leaving the water with each swing, caused some 
surface disturbance which would have certainly masked, 
and so interfered with the detection of these small waves, 
less than 2 in. in height, as we see, even if it had been 
otherwise possible to observe them in open tidal waters. 
The immersion and emersion of the shoring ribbands, no 
doubt, caused some increase of fluid resistance to rolling. 
Whatever the extinctive value due to them may have 
been, these ribbands were operative throughout all the 
experiments. 


ON SOLID STREAM FORMS, AND THE 


Substituting in (6), we get— 





DEPTH OF WATER NECESSARY TO 
AVOID ABNORMAL RESISTANCE OF 
SHIPS.* 


By Mr. D. W. Taytor, U.S. Naval Constructor, Associate, 

Art the last spring meeting of the Institution I pre- 
sented a paper “On Shipshaped Stream Forms,” in 
which I discussed plane stream lines only. Since then, by 
methods similar to those used in dealing with plane 
motion, I have investigated to some extent the question 
of stream lines in three dimensions. I can thus determine 
completely the circumstances of axial flow past a solid of 
revolution, or cigar-shaped solid, immersed in an inde- 





* Paper read before the Institution of Naval Architects, 


finite mass of perfect fluid. The results have a direct 
bearing upon a question which much needs clearing up, 
namely, the influence of the depth of water upon the 
speed of ships. 

Take a point O in an indefinite mass of perfect fluid, 
and suppose that at this point fluid is introduced or created 
at a constant rate. O is called a source, and the fluid 
from it will diverge in every direction along radial lines. 
The motion being symmetrical in every direction, if we 
can determine what goes on in one plane through the 
source the complete motion will be known. It is evident 
that, as we go out from the source, the velocity in the 
fluid at any point will be inversely as the square of the 
distance from the source. So, if v denote the velocity, 
the radial distance from the source, and s a constant pro- 
portional to the “ strength ” of the source, 


While a “source” in three dimensions has many points 
of resemblance to the plane ‘‘ sources” considered in my 
former paper, there are also certain differences as regards 
stream function, &c. Thus, considering a plane section 
of a system of stream lines corresponding to a source O 
(see Fig. 1), and adopting O ~ as an initial line, or axis, 
we find that radial lines corresponding to equal differences 
of stream function value are not at equal angular intervals, 
but at intervals such that the iene between the 
cosines of their inclinations to O x are constant. Then a 
convenient graphical method of procedure is as follows. 
Describe a semicircle with O as centre, as shown dotted 
in Fig. 1; divide the diameter int> a convenient number 
of equal parts ; erect perpendiculars to the diameter at 
the points of division to intersect the semicircle. Through 
the points of intersection thus obtained, draw radials 
from O. These are the lines of intersection of the plane 
of the paper with a series of conical surfaces in space 
which radiate from the source O, and are such that the 
difference of stream function value between successive 
surfaces and lines is constant. For a uniform stream 
flowing parallel to an axis, the stream lines are straight 
lines parallel to the axis, being the intersections of the 
plane of the paper with cylindrical surfaces parallel to the 
axis. For constant difference of stream-function value, 
the difference of the squares of the dist of ive 
stream-lines from the axis is a constant quantity. A con- 
venient way of drawing a series of stream lines in a 
uniform stream at equal intervals of stream-function 
value is shown in Fig. 2, A parabola is drawn with vertex 
on the axis at A, asshown. Points 1, 2, 3, &c., are then 
set off from A along the axis at equal intervals, as shown, 
and perpendiculars erected from them to intersect the 
parabola. Horizontal lines through the points of inter- 
section thus obtained have equal differences of stream- 
function value. 

Any one wishing to examine the reasoning upon which 
is based the above methods of representing graphicall 
simple stream systems in three dimensions, should consult 
Lamb “On the Motion of Fluids,” page 117, and a 
paper by Rankine in the Philosophical Transactions for 
1871, which is referred to by Lamb. Stream systems in 
three dimensions may be compounded graphically just as 
in plane motion. Thus in Fig. 3 the simple systems of 
Figs. 1 and 2 are repeated in broken lines, and the com- 

und system resulting from their combination is shown 
in full lines. It is seen that the line A A A separates 
the fluid of the uniform stream from that which comes 
from the source. Hence, if a solid of revolution of the 
shape of A A A were immersed in a uniform stream of 
perfect fluid, with its axis parallel to the direction of flow, 
it would cause stream lines around it exactly the same as 
those outside A A A in Fig. 3, and the pressure and 
velocity at a chosen point of the surface of the solid would 
~ the same as at the corresponding point of A A A in 

Tig. 3. 

A AA may be called a ‘‘solid stream form.” To pro- 
duce such stream forms, sharp at bow and stern, it will 
evidently be necessary, as when dealing with plane 
motion, to use an indefinite number of small sinks and 
sources, spread along an axis for a distance equal to the 
desired length of the stream form. 

Fig. 4 shows a symmetrical sink and source line, 
ABOCD, 200 ft. long. It is necessary to make the 
strength of the initial source, D, zero, in order to produce 
a stream form with a — entrance. Otherwise the 
entrance would show a small round at an infinitesimal 
distance in advance of D. 

Let us consider the element of stream function at the 
point P, due to the elementary source E at station 
30. The strength of the elementary source at E is pro- 
portional to Ki I’, the ordinate of the sink and source 
ine. 

Let us denote this strength by k. EF.dz. Then 

clearly the element of the stream function at P, due to 
the source at E, is equal to k. EF.dx cosPEx= 
k. EF cos@.dz, 
It is convenient to tabulate once for all a series of values 
of cos 0, covering arange sufficient for ordinary purposes. 
This is done in Table I., where the ordinates denote 
distance from a point to the axis, and the abscisse dis- 
tance from sink or source to the foot of the ordinate. 
Absciss are reckoned positive, if the foot of the ordinate 
is to the right of the sink or source; and negative, if it 
is to the left. Thus, considering the point P, 40 fo. 
from the axis above station 80 in Fig. 4, and the source 
E at station 30, the ordinate is 40, and the abscissa +- 
50; whence, from Table I., the value of cos @ is .7809. 
In determining the total stream function at a point due 
toa given sink and source line, it is necessary first to 
determine a number of elements corresponding to a suffi- 
cient number of points upon the sink and source line. 
The stream function is then determined by summing 
these elements graphically, or by the trapezoidal rule, 
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Table II. shows the latter method applied to deter- 
mine the stream function at the point P of Fig. 4 for the 
sink and source line of the figure. It is to be noted that 
the stream function itself is not directly calculated, but 
a quantity S proportional to it. Having determined S 
at various points above a sufficient number of stations, 
the curves of S in Fig. 5 were plotted. Denoting the 
stream function due to the sink and source line by W, 
we have, at any point covered by the curves of Fig. 6, 


y, = kS, where k is an arbitrary constant measuring the | 


intensity of the eink and source line. 

If ¥2 denote the stream function due to a uniform 
stream, we have wv. = 4 v1) y*, where y is the distance from 
the axis. (See Lamb, page 118) 

Combining the sink and source line system with the 
uniform stream, and denotiog the resulting stream func- 
tion by W, we have 


Y= Wt h= kS- dry y*. 
Along the stream form which separates the fluid leaving 
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S= at .y2 = 11092; 


This parabola, by its intersection with the curves of S 
| for the various stations, gives the value of y at each 
| station for the stream form of 40 ft. beam, and hence we 
| can readily plot the stream form as shown on a reduced 
| scale in Fig. 6. ; 
| The stream lines past the stream form in Fig. 6 were 
determined by drawing in Fig. 5 the series of parabolas 
shown dotted above the inner one. Their general equa- 
tion is S + constant =.1109y*. The ‘‘constant” was 
given various values, such that successive parabolas cut 
the axis of y at equal intervals, indicating that at a 
great distance from the stream form the stream lines 
determined from the intersections of the parabolas and 
curves of S would become parallel equidistant straight 
lines. By suitable variations of sink and source lines, 
and of proportions of beam to length, solid stream 








forms or stream forms in three dimensions can be deter- 
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the sources and entering the sinks from that of the uniform 
stream, the value of the stream function is zero. hen 
for points on the stream form we have 
Y=0=kS -3w, y2. 

or 
v° ia 

y?, 
2k 
This is the equation to a parabola touching the axis of y 
Yo is arbitrary, we can 


5 


at the origin. Since the ratio 


make the stream form pass through a chosen point. 

Thus, referring to Fig. 5, suppose we wish the stream 
form to have a beam of 40ft., or a half beam of 20 ft 
Then it must pass through a point 30 ft. out along the 
curve of S for station O. 

It is found from the curve of S for station O that, at a 
point 20 ft. out (y = 20), 

S = 44,35. 

Then, to determine the relation between 7) and k, we 

have, 
44.35 = “° (20)°. 
Whence, upon reducing, 
k = 4.509 vy 5 
then, for the inner parabola dotted in Fig. 5, 














mined covering a wide range of proportions and ful- 
ress. Let us consider nexc the question of the dis- 
turbance in the water set up by the stream form. 

For a single source of strength s at a point at a distance 
from the source equal to r, we have radial velocity due 
to source 

ae 
92 
or, 8 


Now, at the same point, the horizontal velocity = 


to the point). This cosine 


= Zz 
n/a? +42 
Then horizontal velocity 
aie 4 x we sx 
x? + y® n/ x2 + y 7 (x2 + 2)? 





We can readily determine the inclination of stream 
| form or stream line at any point. Then, if we know the 
| horizontal velocity at the point, we can deduce the total 

velocity. Now the horizontal velocity is equal to the 
velocity vo of the uniform stream plus or minus the hori- 


| zontal velocity due to the sink and source line. 


Finally 








radial velocity x (cosine of the inclination of the radius | hang € 2 : “ 
| sidering the distance to which —— disturbance 


| extends we need consider only w 





the horizontal velocity due to the sink and source line js 
readily determined by applying the above formula for a 
single source along the length of the sink and sourcs 


line. 
Table III. shows the calculation for the point on the 
stream form at station 30. For this station the ordinate 
-183. For points closer to the axis, the stations used 
in the calculations should be closely spaced for 10 ft. or so 
on each side of the ordinate from the point. Having 
applied the method of Table III. at a sufficient number 
of points along the axis and stream form, we can plot Fig, 


7, which shows acurve of ” along the axis and the sur- 
Fs 
face of the stream form. In this v is total velocity, and 


vo the undisturbed velocity of an axial stream past the 
stream form. 


In general character the curve of” is seen to resemble 
v, 


such curves for plain stream forms, : In fact, the pheno- 
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mena attending stream motion in three dimensions, such 
as we have been considering, could be inferred qualitatively 
from those found in plane stream motion, and it would 
scarcely be worth while to investigate the differences be- 
tween the two, were it not for the fact that in so doing 
some needed light is thrown upon a subject of practical 
interest, namely, the influence of depth of water upon the 
speed of ships. It is necessary first to consider the dis- 
tance to which the disturbance caused by a stream form ex- 
tends. Now, in the immediate vicinity of a stream form 
the greatest changes in velocity and pressure are found 
near the ends, but at some distance from the surface the 
changes are greatest abreast the centre. Then in con- 


at happens along an 
ordinate at the centre of length of the stream form. 

The methods explained in my former paper enable the 
velocity and pressure abreast the centre of a plane stream 
form to be calculated at any distance. For solid stream 
forms the same calculations can be made by methods just 
described. 

In Fig. 8 are shown, first two stream forms of the same 
length, 200 ft., and beam 40 ft. The outer is one of the 
plane stream forms deduced in my former paper, and the 
inner is the solid stream form of Fig. 6. Inthe same 


figure are shown curves of ” plotted on a base where 


. Vo . 
abscissee repreeert distaxces out from the centre. It is 
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to be noted that the ordinate of the base line is unity, so 
that the actual ordinate above the base represents the 


past the centre being parallel to the axis, this fraction or 
distance above the base repreeents the actual velocity 
abreast the centre imparted to still water into which the 
stream form advances with velocity v,. 


| bie 

ths Fig.8. 

CURVES OF ZABREAST THE CENTRES OF PLANE AND 
SO0t10 STREAM FORMS 


CALE FOR 
wus, 
7 Tai, 
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| be smaller and extend to a leas distance in the direction 


fraction of the undisturbed velocity v, by which the speed | 
of flow past the centre exceeds v,. Also, the velocity | 


of depth than for the ship with rigid ice on the surface. 


For the ship on the free surface a greater proportion of 


the disturbance would be found near the surface. 

Fig. 8 shows very clearly why marked shoaling of water 
causes increased resistance. The disturbances in the 
water set up by the passage of the ship are enormously 
increased. The increased resistance is due, not somuch 
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TABLE I.—Vatuvss or Cos 0. 
"= Hees ae i | lie Seine a) rer ees Ce 
Liole | 0 | 5 pian 15 | 20 80 40 50 | 70 100 
Abecissae. | | 
~~ 100 — 10000 — .9985 — .9950 — .9889 | — .9806 — .9578 | — .9285 — .8944 | —.8192 | —.7071 
— 90 —-1.0000 | — .9985 — .9939 — .9864 — .97€3 — .9487 — .9188 — .8742 | —.7893 | — .6690 
— 80 — 10000 — .9981 — .9323 | —.9829 | —.9701 — .9363 | — .8044 — .8480 | — 7526 — .6247 
— 70 — 1.6000 — .9976 — .9900 — .97738 | —.9615 — .9192 | — .£683 | —.8137 | —.7071 | — .5735 
— 60 — 10000 — .9963 — .9864 —.9701 | —.9187 —_ -8944 —_ 8320 — 7682 | — .6508 | — 5145 
— £0 — 1,000) — .9950 — .9806 — .9578 | — .92-5 — .8575 | —.7809 — .7071 — .5812 — .4472 
— 40 — 1.0000 — .9923 — .9701 — .9363 — .8944 — .80c0 | —.7071 — .6247 | — .4961 | —.3714 
— 30 | — 1.000) — .9864 — .9487 | —.8914 ee 8320 — .7071 — .6000 —.6145 | — +8939 — .2873 
— 20 | — 1.€000 — .9701 — .8944 | —.8000 — .7071 — .6547 | — .4472 — .3714 — .2747 | —.1961 
— 10 — 1.0000 — .8944 —.7071 | —.5547 — .4472 — .8162 | —.2425 — .1961 | —.1414 | —.0995 
| 
0 0 0 0 0 0 0 0 0 0 0 
10 | 1.000 .8944 -7071 -5547 4472 .3162 +2425 1961 .1414 0995 
20 1.0000 9701 -8944 .£090 -7071 -5547 4472 .8714 2747 -1961 
30 | 1.0000 .9864 .9487 8944 .8320 -7071 -6000 5155 .8939 +2873 
40 1 0000 -9923 -9701 .9363 .8944 .8000 -T071L +6247 4961 3714 
fo 1.0000 -9950 -9806 .9579 9285 .8575 -7809 -7071 -5812 -4472 
co 1.0000 .9963 -9864 9701 | 9457 944 -8320 | -7682 6508 +6145 
70 1.0000 9976 -9900 9778 | .9615 .9192 .8683 8137 | -7071 5735 
80 1.0600 -9931 -9923 -9829 | -9701 .9363 8944 | .8480 | 7526 .6247 
20 1.0000 -9985 | -9939 -9364 -9763 -9487 9133 | .8742 7893 .6690 
100 1.0000 .9985 -9950 9889 | .9806 -9578 -9285 .8944 -8192 -7071 
110 1,0000 .9990 -9959 9908 | .9839 -9648 -9398 | .9104 .8429 -7400 
120 1 0000 -9991 -9965 .9923 -9864 -9702 9487 | -9231 -8638 -7°82 
120 1.0000 -9993 -9970 .9934 | -9884 .9744 -9558 -9333 -8805 .7926 
140 1.0000 .9994 -9975 -9943 .9899 9778 9615 | -9418 .8944 .8137 
1f0 1.0000 .9995 -9978 .9950 | -9912 .9806 .966 ? | .9484 -9062 -8320 
160 1 0000 -9995 -9981 .9957 | .9923 -9829 -9701 -9545 -9162 .8480 
170 1.0000 .9996 -9983 .9961 | -9932 .9848 .9734 -9594 | -9246 .8619 
180 1.0000 -9996 9985 | 9965 | -9939 -9864 -9762 -9635 | -9320 .8742 
190 1.0000 -9997 -9986 .9969 -9945 -9877 -9786 -9671 -9383 £849 
200 1.0000 .9997 -9987 -9972 -9950 -9889 -9806 .9701 -9439 .8944 
210 1.0000 .9997 -9989 .9975 -9955 -9900 .9823 .9728 -9487 .9029 
220 1.0000 .9998 -9990 9977 | -9959 .9908 -9839 -9751 -9529 -9104 
230 1.€000 .9998 -9991 .9979 | -9963 .9916 9852 -9763 | -9567 -9171 
240 1.0000 .99€8 -9992 9980 | -$966 .9923 .9864 -9790 -9600 .9231 
250 1.0000 .9998 +9992 -9982 | -9968 .9929 .9874 -9806 -9630 .9285 
260 1 0000 .9998 -9993 9983 | .9971 .9934 .9884 -9820 -9656 -9333 
270 1 0000 -9998 .9993 9985 | .9973 -9939 -9892 -9833 -9680 .9378 
28) 1.0000 -9999 9994 -9986 -9975 .9943 9910 | .9844 9702 -9418 
290 1.0000 .9999 .9994 .9987 .9976 .9947 .9906 -9855 9723 -9454 
300 1.0000 -9999 .9£95 -9988 -9978 -9950 -9912 | -9864 9739 9487 
' | 














Now, if we suppose the stream form immersed in the | 
ocean to its centre only, the surface of the water being | 
covered with a thin sheet of rigid ice, the motion below 
the surface will be unchanged. Then let us suppose a 
ship 200 ft. long, 40 ft. beam, and 20 ft. draught also sur- 
rounded by a thin sheet of rigid ice and moving with a | 
speed v, indeep water. he disturbance produced 
abreast the centre must closely resemble that shown in 
Fig. 8, for the solid stream form. Also, if the bottom 
were shoaled until the level bottom were just below the 
keel, the disturbance set up must somewhat approximate 
to that shown in Fig. 8 for the plane stream form. ile | 
the resemblance above would be less marked for the ship | 
floating on the free surface of the water, it is to be remarked | 
that the disturbance set up by a ship floating freely would | 


to change in character of the waves in shoal water, as to 
increase in the disturbances of pressure, which produce 
waves, resulting in increased wave height. 

Let us now examine more closely the extent of the 
disturbance set up by the solid stream form advancing 
into still water. It appears that the question may be 
best dealt with from considerations of energy. Consider 
a ring of fluid abreast the centre of the stream form, and 
at a distance y from the axis. Suppose the velocity of 
advance of the stream form to be wv ft. per second, and 
that the velocity imparted to the water abreast the centre 
at a distance y 18 c %, where c is obtained from Fig. 8. 
Then the energy of the ring of fluid above 


=2ry. 29 x c2y,? = 2 y x a constant, 








TaBLE II.—Calculation of S at Point P of Fig. 4 for Sink 
and Source Line of that Figure. 
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Station.| Abscisrs. er Table I. Sink and Source; Products. 
; ®. 0 











- = 40. Strength. | 

100 | ~—20 —.4472 0 0 
0 | —10 —.2425 1 — .2425 

80 | 0 0 2 0 
70 | 10 2425 3 -7275 
€0 20 4472 4 1.7888 
50 30 .6000 5 3.0000 
46 40 -7071 4 2.8284 
30 50 -7809 8 2.3427 
20 | 60 .$320 2 1.6640 
10 | 70 .8683 1 .8683 

0 | 80 8944 | 0 0 
—- 10 | 90 .9138 | —1 — .9138 
— % | 100 9285 —8 —1.8570 
— 80 110 .9398 —3 —2.8194 
— 40 | 120 .9487 —4 —3.7948 
— 50 | 130 .9558 —5 —4.7790 
— 60 | 140 .9615 -—4 —3.8460 
= ig, | 150 9662 —8 —2 8986 
— 80 | 160 .9701 | —2 —1.9402 
— 90 170 .9734 | —1 — .9734 

—100 180 9762 0 0 





Sam = — 10.815, 
Norr.—All values of S are negative, but are entered to right 


TasBie III.—Calculation of Total Velocity v past Solid 
Stream Form at Point above Station 30 where Ordi- 











nate = y = 18.3, y? = 335. 
| | . | 
x) 3 a Sink and | P 
S la. | a \at+y2 (x2+y2,2 |. 9 Source | 
8 +y ( +y , x? +2) Strength. | ducts. 
100 —70 4,900 3,235! 878,7€0 |—.000185 0 _ 
90 |—60 38,600; 3,935) 246,845 |— 000243 1 |—,00024 
80 |—50 2,600) 2,835) 150,950 |—.000331 2 |—.00066 
70 |—40, 1,600 1,935, 85,100 |—.000470 3  |—.00141 
60 |—30' 900, 1,235 43,400 |—.000691 4 |—.( 0276 
50 |—20 400 735 19,925 |—.001000 5 |—.00500 
40 —10 100 435 9,072 |—.001102 4 — .00441 
30 0 0 335) 6,131 0 3 0 
20 10 100 435) 9,072 -001102 2 .00220 
10, 20 400 735 19,925 -001000 1 -00100 
0 30 ©6900 1,235 43 400 .000691 0 _ 
— 10 40 1,600 1,935) 85,100 -000470 —l — 00047 
— 20 50 2,500 2,835; 150,950 -000331 —2 \— 00066 
- 80 60 3,600 3,935; 246,845 | .000243 —3 —.00078 
— 40 70 4,900 5,235) 378,760 .000185 —4 —.0CO74 
— 60 $0, 6,400) 6,735) 552,700 | .000145 —5 —.00073 
— 60 £0 8,100 8,435) 774,700 -000116 —4 —. 00046 
— 70 | 100 10,000) 10,335) 1,016,100 | .01.0098 —3 -.00029 
— 80 110 12,100) 12,435) 1,387,000 .000079 —2 —.00016 
— 90 12014,400 .4,735, 1,789,000 -€00067 —l (—.00007 
—10) 1380 16,800 17,235) 2,261,000 | .000058 0 0 
il | \ 
Sum — O59 
(% = 4.609 v,) Horizontal velocity due to 

sink acd source = k x sum = 4.509 v, - 

xX sum .. a ee ee ee -. =— .0703 v, 
Horizontal velocity of stream <a —=— V 
Total horizontal velocity és «. = — 1.0703 vy 
Secant of inclination of stream form = .007 
Total velocity v = 1.007 x 1.0703 v, = 1.0778 vy 
Whence ” = 1.0078 


Fig. 9 shows a curve of c? y deduced from Fig. 8 for 
the solid stream form. Evidently the area of this curve 
from the surface of the stream form outward to a chosen 
point is proportional to the energy ip wo to a flat ring 
of water 1 ft. thick, and extending from the surface of 
the solid stream form outward to the chosen point. By 
determining this area outward to a sufficient number of 
points, we obtain data to plot the curve of Fig. 10, where 
ordinates are proportional to area of curve of c? y. 

The final or limiting value which this curve approaches 
as we go away from the stream form simply indicates 
that ata great distance from the stream form the dis- 
turbance becomes ee For convenience, in 
Fig. 10, this limiting value is called unity. Fig. 10 gives 
all needful information as to the radial distribution of 
energy in an unlimited mass of fluid. But since we wish 
to gain an idea of the effect of the propinquity of a level 
bottom, we must determine a similar figure, where the 
base line, instead of representing radii, represents the 
distance from the axis to a horizontal plane below. 
Fig. 11 shows a section of the stream form at the centre, 
and of a horizontal plane 60 ft. below. Radials are drawn 
at intervals of 10 deg. 

In Fig. 12 a distance P Q is laid off, representing an 
angular interval of 180 deg., and divided for every 
10 deg. Now, in Fig. 10 lay off OT equal to O Ain 
a and draw the ordinate TS. In Fig. 12 set up 
oO <— to TS above the point O, oe to 
O Ain Fig. 11. Repeat this process for the other radiat- 
ing lines of Fig. 11 on both sides of the vertical, and 
through the extremities of the ordinates, thus determined, 
run in the curve L MN. 

Evidently the area between this curve and the base line 
P Q is proportional to the energy imparted to that portion 
of the indefinite mass of water, which is between the 
surface and the horizontal plane of Fig. 11. Also if the 
plane were at an indefinite distance below the surface, 
the curve L MN would coincide with the straight line 
LN, giving a rectangular area proportional to the total 
energy imparted to the water amidships from the surface 
to an indefinite distance down. 

Repeating the above for planes at other distances 
below the surface, I obtain data to plot Fig. 13, 

This shows the proportion of the energy amidships 
absorbed at various distances below the surface in water 
indefinitely deep. 

Let us consider next for an instant the difference 
between the solid stream form to which Fig. 13 applies 
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rigidly, and a ship of the same extreme dimensions float- 
ing on the surface of the water. 

1. The ship would be fuller than the stream form, and 
for this reason would tend to produce a greater and more 
widely spread disturbance below the surface. 

2. The ship tapers horizontally to a stem, the stream 
form tapers radially to a point. Hence, for this reason, 
the disturbance produced by the ship would tend to have 
a greater horizontal component and a lesser vertical com- 
ponent than that produced by the stream form. 

3. The surface around the ship is free. Hence the dis- 
turbance produced by the ship would be proportionately 
greater on the surface and less below. 

All things considered, it appears clear that the disturb- 
ance produced by a ship on the surface will not extend to 
such a depth as that produced by a stream form under 
the conditions of Fig. 13. 

Now itis evident from Vig. 13 that the energy of the 
disturbance produced by the stream is found practically 
all above a level 200 ft., or 10 times the draught, below 
the surface. For a larger or smaller stream form the 
energy developed would still be all developed above a 
depth equal to 10 draughts. We may conclude, then, 
that for ships the resistance will be absolutely indepen- 
dent of the depth, provided the latter is 10 times the 
draught. This is decidedly an outside limit. 

Every one is at liberty to draw his own conclusions as 
to the inside limit or point of depth at which the change 
in the disturbance set up by the ship as compared with 
the disturbance in deep water becomes so serious as to 
appreciably change the surface waves around the ship. 
It should be borne in mind that Fig. 13 applies to the 
energy developed in a plane abreast the centre of the stream 
form, and that forward and aft of the centre the disturb- 
ance is less extended. 

For my own part, I should say that a depth of about 
six times the draught was sufficient for any purpose. It 
is seen in Vig. 13 that at such a depth (120 ft. in this case), 
about 99 per cent. of the energy of disturbance amidships 
has been developed. It does not appear possible that the 
slight changes in the disturbances due to solid bottom 
being found below this level instead of water can appreci- 
ably change the wave resistance. There is plenty of ex- 
perience to establish the fact that in water only three 
times, or less, its draught, a ship is materially retarded, 
but I have been unable to discover any authentic case of 
retardation having been noted where the depth was as 
much as six times the draught amidships. It would appear 
that very broad ships would require a slightly greater 
depth of water, for the same draught, than ships of ordi- 
nary proportions, but the difference cannot be great. 

In the above I have taken no account of speed, while it 
is a matter of common experience that depth of water has 
its greatest effect upon resistance at high speeds, and that 
for a given ship the resistance at low speeds is not appre- 
ciably affected in a depth where, at high speeds, the same 
ship is materially retarded. This, however, is simply 
because shoal water produces but little effect upon any 
but the wave resistance, and at low speeds the wave resist- 
ance is such a small part of the whoie that its increase on 
account of shoal water is negligible in comparison with 
the total. But as speed increases the wave resistance 
becomes more and more important, and hence the influence 
of shoal water upon resistance becomes more and more 
marked. For example, in the case of a very fast ship the 
wave resistance may well be 10 per cent. or less of the 
total at 10 knots, and 60 per cent. or more of the total at 
21 or 22 knots. An increase of one-fifth in the wave 
resistance would then mean an increase of but 2 per cent. 
in the total resistance at 10 knots, a — too small 
to be detected under ordinary conditions. ut at the 
high speed an increase of one-fifth in the wave resistance 
would increase the total by 12 percent., a very respectable 
amount, 





INDUCED DRAUGHT. 


Induced Draught as a Means for Developing the Power 
of Marine Boilers.* 
By Mr. W. A. MARTIN. 

Inpucep or exhaust draught has been adopted in 
various forms for many years, and has been employed 
especially on locomotives from the commencement of 
railways up to the present. It is the best known means 
of promoting rapid steam generation with safety. 

The locomotive type of boilers has been largely adopted 
for marine purposes, but the system) of working them has 
been reversed with very unfavourable results. The author, 
having made a large number of experiments in steam 
generation with all classes of boilers, is enabled to place 
before the meeting some particulars that may be interest- 
ing, both on forcing and inducing draught. 

Although it has been sometimes maintained that so 
long as you create a difference in pressure between the air 
in the chimney and that in the: tokehold, it matters not 
whether you exhaust from, or blow to, the fire ; yet it will 
be seen, upon closer examination, that the characteristics 
of forcing and inducing are widely different. The forcin 
system is advantageously used for blasting down ores, an 
for iron foundry purposes, where the metal can fall below 
the blast as soon as melted ; but it is an unsuitable pro- 
cess for puddling, reverberatory and reheating furnaces, 
such as are used in iron and armour-plate making, where 
volume and steady heat are required. For these purposes 
exhaust or induced draught is used. 

The marine boiler exposes a large amount of surface to 
be acted upon, and it is of primary importance that the 
heat should be evenly distributed over it, and not concen- 
trated on particular parts. To effect this, the draught 
must have perfect control over the gases generated in the 


* Paper read before the Institution of Naval Architects. 


furnaces, as on the proper application of the draught the 
whole working of the furnaces depends. It is a tendency 
of the forced draught system, as used in the Navy, to 
concentrate and localise the heat. The initial effect of 
the draught is under the body of the fuel, and the gases 
generated are driven on without any controlling infiuence, 
whereas, with induced or exhaust draught, the initial 
effect is on the top of the fuel, and the gases evolved are 
under control of the draught until they are passed through 
the funnel. 
gases become perfectly developed and consumed before 
leaving the tubes, hence a lower temperature in the up- 
take and funnel, and comparative absence of smoke with 
induced or exhaust draught. 

The author is indebted to the Admiralty for permitting 
an extensive series of experiments upon his system, to be 
carried out on board H.M.S. Gossamer, at Chatham. 
This ship had been fitted and worked with forced 
draught prior to these experiments. There are two 
boiler-rooms identically similar, and two boilers in each, 
of the locomotive type. The forward boilers were selected 
for the application of the induced draught system, which 
was fitted in the uptake forward, —— the stokehold 
in its original condition, with the air locks and other 
forced draught fittings unnecessary for induced draught. 
The air locks and hatches, however, were left open during 
the trials, and in this respect only was there any differ- 
ence in the working of the two systems. 

The following Table gives a summary of the trials that 
were carried out. It will be noticed that the power pro- 
duced by the boilers with the induced draught system 
was far in excess of that developed under forced draught ; 
also, that in point of economy induced draught was 
greatly superior. The Table is by no means exhaustive, 
as there are other points not noted, such as the greatly 
lessened temperature both in stokehold and funnel, the im- 
munity from dust, and the freedom of ingress and egress 
in the stokehold : 





The effect of the draught is constant, the | i 


EXPERIMENTS AT CHATHAM WITH BOILERS ON BoarD H.M.S, * Gossamer.” 


boiler. The author has driven an ordinary marine boiler 
to the utmost limit that the coals would endure without 
producing the slightest injury to the tubes or any part of 
the boiler. The heat is drawn off rapidly and distributed 
over the whole surface of the tubes, observations taken 
proving that there is very little difference in temperature 
either at the front or back part of the tubes. This uni- 
formity of temperature is an important factor in generat. 
ing dry steam. Another important point in favour of 
induced ——_ is the saving in weight in comparison 
with forced draught. The ironwork involved by the 
latter for casing and air locks in a first-class battleship is 
about 19 tons. This is dispensed with by the induced 
draught system. The economy of fuel effected also tells 





in connection with weight. For instance, reverting to 
the Polyphemus trials, it is therein demonstrated that 
with the coals burnt in the 96 hours under forced draught, 
the boiler could have steamed 112} hours, at the same 
time exerting an excess of 31 horse-power. 

It will be seen that by the action of induced or exhaust 
draught the heat is drawn off without being allowed to 
expend its force locally. It should also be observed that 
the principle of induced draught renders it quite indepen- 
dent of the length of funnel. In fact, the funnel may be 
dispensed with altogether, so that in the case of a war 








| 
| 
| 


| 








system on that occasion : 
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Indicated Horse- | Revolution of £3 . |e 88 
Power. ° g S25 $2 
| ; me | a | Sak | Se 
Date of Trials. Description of Trials. = shoe ——| gag | 3 | tea Sa 
g | asf | 2 | 852 8 ea 
= Intended.| Actual. Star- /port,| 38° | 3 56 Emo 
S | Bes | § | gam sks 
-—- | = ja eh ws 
1893. | | 
March 6 and 7 Induced draught ..| 30 1250 | 1288.11 | 389 383 16.3 | 79 | 1.92 31.3 
May 1 to5.. ..|Foreed , ..| 93 750 | 710.69 | 219 «214 8979 |S 888 20.87 
1894. | 
February 7,8. and9 .. °,, ; eae 750 | 77268! ~ 810 304 9.77 | 79 | 1987 18.99 
1» 14, 15,and 16.. Induced *, ..| 48 750 825.81 | 258 263 1045 | 79 | 16R 17.56 
. 22 and 23... = 2° ‘ 24 1000 1004 04 410 426 12.709 79 1.60 20 36 
oe ao .. Forced »” i 6 1010 ~~ | Trial abandoned on t of priming 








Grate surface; 143.32 equare feet ; tube surface, 5772 square feet; number of tubes, 1728 ; length, 7 ft. 14 in.; diameter, 14 in. 


It may be mentioned that the above trials were arranged | vessel, if the funnel were shot away in action, it would 
by the Admiralty as a more crucial test, and to institute | not in any way affect the facility of steaming. The 
a comparison with experiments made some time previously | appended sketches convey an approximate idea of the 
7 re: - _ same — rien had been a out sd flow of the gases as they enter the tubes under a partial 

-M.S. Polyphemus. e following isa record of the | vacuum, in the one case, and with f i 
results of the 96-hours’ run which took place with each | other. : ‘ a 


It is remarkable that while the forced-air system results 


WITH BoiLER EX H.M.S. ‘‘ PoLyPpHEMus.” 














after trial and substituted by the forced draught system. 


It will be seen that the trials on board the Gossamer 
confirm and verify those which were made in the Poly- 
phemus boiler. In the case of the Gossamer especially, it 
was found that with forced draught the boilers could not 
be worked at anything approaching the rates attained b 
induced draught without priming taking place, for whic 
reason the final trial of forced draught had to be aban- 
doned after six hours’ run. 

It has been observed that the boilers of the Gossamer 
had been worked under forced draught previous to the 
experiments here recorded. It should also be added that 
they had been damaged and weakened to a considerable 
extent. It was, therefore, n in both the induced 
draughed and the forced draught trials to use more care 
and caution than would otherwise have been necessary, 
but the author’s experience is that. very high rates of 
steaming may be practised with induced draught with 


protected by the partial yacuum which takes place, and 
within a certain limit it may be said the greater the speed 


perfect. safety, as the tube ends and other surfaces are | pape’ 





of draught the greater the immunity from damage to the 





ao] | | 
Tempera- 7 s Pounds of | Water Evapo- » | 
ture. al 6 g Water Evapo- on ~~ rated per 6 BC 
™ . 5 . rated per Con- Square Footof © . ¢ 
; 3 (=) 2 ¢ Pound of Coal. sumed | Grate per o2is | 
Date of Descrip- Dura- 2 te a 1 per Hour. 
Trial tion of tionof ¢ . £i2fi as 5 Square ca i2is 
Trial. Trial. &§ $|8\ 48 35 lee af ae ia ls 
gs | $€ 15! 58 85 |,At | at Grate at Bele s 
en 6 1/3] — Actual 2 |; At 22/8 
os 3 | = £5 Ss |Tempe- 12 Hour face | 212 | $< | a8 
2 =| ‘| sf ; -| 3 | 
= om < cle =] rature. rature. | Deg. & 2 ie 
1890. hours Or ime ieee ake a ao we 
Aug. 5 to 9 | senna | 96 74.2 62 699 | 485 80,600 777,044) 9.64 (11.13 40.4 389.6 450.37 426 3628 1202 
Oct. 28t0 | Forced » ” 
Nov. 1 | Draught } 96 | 77.3 51 49.8 | 372 94,600 709,338] 8.03 9.3 47.3 381 | 444 395 3804 1897 
| { | 





Leng:h of tubes between tubeplates, 8 ft. 6 in.; number of tubes, 258; diameter, W in, outelde ; area of, firegrates, 20.77 
equare feet ; indicated horse-power of fan engine, 1.38 per cent. of power produced. : 
In this case both series of experiments were conducted on the same boiler, the induced draught installation being dismantled 


in diminishing economy as the blast is raised, and there 
igs @ Maximum pressure beyond which it is difficult to 
work atall, the induced system, on the contrary, gives an 
increased draught with no limit but the convenience of 
obtaining high speed of fan. The gases being drawn 
through the tubes instead of being forced are more per- 
fectly consumed, and there is no lodgment of ashes in the 
tubes. So regular is the process of combustion that the 
quantity of coal consumed does not increase in anything 
like the same ratio with an augmented rate of working. 

The action of the gases under the influence of induced 
— is best illustrated by a model which the author 
will show. 





INSTITUTION OF NavAL ARcHITECTS: Erratum —In 
our report of the discussion upon Sir William White’s 
r on ‘‘ First-Class Battleships,” page 447 ante, we 
state that Dr. Elgar said “‘ the author had frankly stated 
the matter was not entirely set at rest by the experi- 
ments.” The word “ not ’should have been omitted. 
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ELECTRICAL APPARATUS. 


3469. P. Poschmann and R. Hanisch, Dresden. 
Dynamos, &c. (19 Figs.) February 17, 1894.—In fitting a 
magnet according to the present invention, an iron core A and an 
exciting coil S p are inclosed in an iron cylinder B. C is the 
armature interposed between the pole pieces. The cores in the 
various arrangements are wound with the same number of convo- 
lutions. In the improved magnet holder (Fig. 5) the lines of force 
form circuits in the identical direction in which they were gene- 
rated in the wires; this being the case throughout the entire 
magnetic circle as indicated at a, a!, a1, so that the lines of force 
are neither dispersed nor drawn out of shape; whereas in the 
ordinary arrangements where open yokes are employed the lines 
of force are unduly stretched out in the direction of the yoke, 
dispersion of magnetic force being the result. A two-pole dynamo 
constructed in accordance with this invention, comprises a magnet 
holder, which consists of a single cylindrical casting closed at the 
top and bottom. This closed cylinder B is cast in one piece with 
its bedplate G and the magnetic core A, which rises from the bed- 
plate ; the back or reverse circuit not being liable to interruption. 
The wall of the cylinder is partly cut away or perforated at the 

oints where the armature spindle projects ; these perforations 
Gane, however, as small as possible. There is also an aperture 
provided for the insertion of the armature ; this aperture, which 








is no larger than necessary, being closed by a plate D fitting it 
exactly. The upper part E of the cylinder is dome-shaped. To 
the closing plate D there may be secured pins for holding the 
brushes, in which case the plate is mounted to rotate in order to 
facilitate the adjustment of the brushes. Or the closing pla‘e D 
may be provided with a nave F adapted to receive a ring carrying 
the pins for holding the brushes. In th’s latter case, the bru: h- 
holding ring is n ade to rotate. As the dispersion cf the lines of 
force between the magnet poles can never be avoided entirely, an 
annular bead or shoulder H is provided within the cylindrical 
¢ sting around the upper pole; the object of such bead cr shoulder 
being to intercept or absorb any lines of force which may stray 
upwards, thus neutralising part of the downward pressure cf the 
armature spindle. The lines of force, instead of starting in a 
direction at right angles to the direction of motion, as indicated 
at K1, and therehy causing sparks, follow a direction indicated by 
the line K, which, in addition to relieving the armature spindle 
from some of its downward strain, brings about a diminution in 
sparking. The core A and the top of the cylinder B, which 
serve to complete the back circuits, may have channels m mi, 
nn! extending through them, which, in conjuncticn with the 
rotating armature, serve to ventilate the interior cf the cylin- 
drical casing. (Accepted February 20, 1895). 


7148. N.S. Keith, San Francisco, Ca).,U.S.A. Go- 


through the bearing in the standard F, and is rotated by means 
of a pulley B, which isdriven by a belt from the motor. The field 
magnet N, S, K is also fastened toa shaft extending through its 
bearing in the standard F'. This shaft has the pulley C fastened 
to it. This pulley is belted to the mechanism which controls the 
admission of energy to the motor. The brushes of the dynamo 
electric governor are shown at G, G, and its commutator at H. In 
Fig. 3, P, P represent the magnetic poles of an electric motor. 
T, M, and V respectively represent the shaft, armature, and com- 
mutator of the same. D isa pulley fastened to the shaft, and 
which by a belt communicates rotary movement to B, and to the 
armature of the dynamo electric governor. 0, O are the brushes 
of the motor, which are mounted in the usual manner on the yoke 
R, the hub E of which may rotate to and fro concentric with the 
shaft T. Zi3z a spring so mounted on the shaft of the field magnet 
of the dynamo electric governor that it resists the turning of the 
field-magnet until the pre-determined speed and consequent mag- 
netic attraction between armature aon | ikem. hate been 
attained. When these are exceeded, the field-magnet, its shaft 
and pulley C, turn, and by the belt from C to E communicate 
motion to the yoke R and its attached brushes O, O, so that they 
are turned on the commutator V to a point where less electrical 
energy is admitted to the motor. Therefore its speed of rotation 
is reduced. In the case of too low speed the spring Z causes 
movement of the parts in the reverse direction, thus admitting 
more electrical energy to the motor, and therefore increasing its 
speed of rotation. (Accepted February 27, 1895). 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


6138. H. T. Reid, London. (G. B. Brayton, Boston, Mass., 
U.S.A.) Oiland Gas Engines, [11 Figs.] March 24, 1894. 
--This invention relates more particularly to improvements in the 
engines of the kind described in the Specification of Patent 
No. 11,062 of 1860, and comprises the combination, with a lamp 
OP, of a distributing device K passing through the burner of the 
lamp ; the distributor, consisting of a tube K closed at its lower 
end except for saw-cuts or equivalent fine slots K!; the modified 
distributor, consisting of a cup M adjustable relatively to a fixed 
cover, and with or without wire gauze packing, and with or with- 
out saw-cuts for directing spray to the burner ; the oil chamber 
P, with two delivery passages P*, P4, one to the lamp and the 
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other to the distributor, the former commencing with a specially- 
positioned nozzle P* ; the means for delivering and regulating the 
delivery of a small supply of air from the central cavity of the 
central plug J to the Jamp-supply pastage ; the piston E, fitted 
with an anvular valve E'; apparatus R R! T U U1 U?, controlled 
by the governor for regulating the travel of the plunger of the 
cil-feed pump S; the elastic joint E5 for connecting the piston E 
and piston-rod F, or other moving parts of the engine; the gate- 
lever W, furnished withavalve W' ; and the combination, with the 
reciprocating piston, of the parts whereby the reciprocating 
motion of the piston is converted into rotary movement of the 
crankshaft. (Accepted February 27, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


1613. J.G.and J. E. B einecker, Chemnitz, Germany. 
Manufacturing Wormwheels. (8 Figs.) January 23, 





vernor for Electric, Water, and other Motors. 
\4 Fiys.] April 10, 1894.—This invention relates to the use cf a 


| 





5.—This improved method of cutting wormwheels differs sub- 
per ean ties customary method of adjusting the wormwheel 


ter from above in the wheel to be cut, and gradually lowering 
| ft until the proper axial distance is obtained, in that the worm- 


wheel cutter isadjusted at the commencement to the proper axial 








dynamo electric machine operated by connection with the motor 
whose speed it is to govern. L is a base upon which are mounted 





distance from the wormwheel, and is displaced laterally, that isto 
say, axially towards the wheel to be cut till it is in complete en- 
gagement with the same. This method necessitates a peculiar 
arrangement of the cutting machine. Upon a common axis A are 
secured both the generating wormwheel and the wormwheel to be 


by belt gear and drives the cutter E by means of wheels corre- 
sponding insize to the number of teeth of the wheel D to be pro- 
duced. The cutter is adjustable in the vertical direction relatively 
to the axis of the wheel D and is placed before the commencement 
of the cutting at the exact axial distance from this wheel. The 
cutter E is adapted to be displaced laterally from left to right, but 
it cannot turn relatively to its driving wheel, and during the 
cutting it is displaced or adjusted from left to right (Fig. 3) 
For this purpose the cutter is supported upon a transverse slide. 
A displacement of the cutter E would occasion a destruction of 
the teeth already cut in the wheel D, if this wheel did not at the 
tame time make a turning movement corresponding to the lateral 
displacement of the cutter E. In order to render this possible, the 
wheel B must also perform the same turning movement, that is 
to say, the worm C must likewise und a displ t whose 
extent bears the same proportion to the displacement of the cutter 
E as the diameters of the wheels Band D. This displacement is 
effected by means of a two-armed lever F, one arm F! of which is 
in connection with the cutter E, and the other arm F? in connec- 
tion with the worm C. In the displacement cf the cutter, the 
lever F, by acting upon the worm C, effects a turning movement 
of the two wheels B and D fixed upon the axis A, which movement 
corresponds exactly to the displacement, (Accepted February 27, 





MINING, METALLURGY, AND METAL 
WORKING. 


6743. E. Bonehill, Marchiennes, Belgium. Appa- 
ratus for Puddling Pig Iron. [4 Figs.) April 4, 1894.— 
Mounted on columrs or on a bed of wnasonry centrally above a 
group of four puddling furnaces is a reservoir G adapted to 
receive the cast iron coming from the blast-furnace by an open- 
topped conduit L at the level of the tapping-hole and where the 
scum and other impurities may be removed. Underground are 
arranged two main flues, one, A, of which serves for the passage 
of the gases coming from the blast-furnace and is split up into 
branch flues a rising towards each of the puddling furnaces. The 
other main flue B serves for the passage of the gases coming from 
the gas producers, and conveys the same by branch flues b to the 
entry of the puddling furnaces. The gases coming from the gas 
producers are for the purpose of supplementing any deficiency in 
the gases from the blast-furnace. At the entrance to the puddling 
furnaces these gases meet hot air coming from the blast-furnace 
through pipes ¢ opening into chambers D, in which the gases 
have a tendency to ascend, whilst the air descends. This causes 
an intimate mingling, and the ignition of the gases is insured 
before their entrance into the furnaces; that is to say, the car- 
bonic oxide is converted into carbonic acid, and this produces a 
very high temperature. To insure this with greater certainty, 
refractory bricks d are arranged at the ent to the puddling 
furnaces so as to act as bsffles, and these being always at a very 
high temperature serve to ignite portions of gas that may have 

















escaped ignition by contact with the hot air. The gases ignited 
by these means pass into the puddling furnaces, and on leaving 
them escape through flues or chimneys after havirg heateda 
boiler H. Ttese furnaces are not provided with fireplaces, as in 
the arrangements heretofore eu ployed. The pipes c, by which 
hot air from the blast-furnace is admitted, are fitted with valves 
for regulating the amount of hot air to be admitted to each 
puddling furnace, in order to insure the proper combustion of the 
entering gasee. From the main flues A and B there are also branch 
ascending pipes a’, 61, which convey a portion of the gases 
into the reservcire G for the purpose cf maintaining therein a tem- 
perature sufficient to keep the cast iron liquid in the reservoir. 
Before these gases enter the reservoir they are mixed with a small 
quantity of hot air coming also from the blast-furnace, for the 
purpose of igniting the gases, but not enough to decarburise the 
cast iron. On leaving the reservoir these gases pass through a 
conduit P on their way to the chimney after having heated a boiler 
H!. The cast iron comes from the blast-furnace along the open- 
topped conduit L at the level of the tapping-hole, and passes 
directly into the reservoir G. When the reservoir is sufficiently 
charged the hole 7 is closed. When either of the puddling 
furnaces is empty the hole m leading from the reservoir thereto 
is opened, and the cast iron flows through a conduit n and 
funnel o into the furnace, and when the desired charge has been 
introduced the holes in the reservoir and in the furnace are 
stopped. (Accepted February 27, 1895). 


24,278. C. D. Abe), London. (Elektricititagesellschaft 
Gelnhausen, Germany.) Production of Metals, &c., in 
Pulverulent Form. [9 Figs.) December 13, 1894.—The metal 
to be pulverised is kept ina molten condition ina receptable a 
which is arranged within a furnace b heated by gas burners c, d, e. 
A number of branch pipes / are led from the main gas pipe J to 
the mixing chamber A to which lead also the branch air pipes h 
leading from the main blast pipe H. The mixture of gas and air 
pasees from the chamber A through pipes cl, d1, el to the burners 
c,d,e. The molten metal is led to the pulverising nozzle f1 b 
two pipes g, g. The nozzle consists mainly of a pipe f surround- 
ing the supply pipe g, the front end of which is formed into a 
nozzle f1 of somewhat larger size than the nozzle g! formed on the 
end of the pipe g, and situated just behind the nozzle f'. The pul- 
verising fluid under pressure is a to the tube / through a 
coiled pipe f? which is heated by the gas burners in order to heat 
the fluid as much as possible. The pulverising fluid surrounds 
the supply pipe g, so that the molten metal contained between 
the nozzles g! and /' is impinged upon as it issues from its nozzle 
by an annular jet of the pulverising fluid. By this means the 
fluid metal is penetrated on all sides by the pulverising fluid pass- 
ing in obliquely crossing jets through the same, and thus a very 








two standards F, Fl, The armature I has its shaft extending 


cut. The worm C engaging with the generating wheel B is operated 


fine pulverisation of the metal or material is ¢ffected. For pre- 
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venting the metal from becoming lets liquid on issuing, as also to 
impart, for the same purpose, us high a temperature as possible 
ulverising fluid, the pulverising apparatus may be 


to the 
specially heated. Inthe arrangement shown the gas pipe d is, 
for this purpcee, provided with an extension d?, passing up to 
the pulverising apparatus and provided there with a burner d?, 


Fuy.2. 
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by means of which the apparatuscan be heated at the bottomand 
sides. The interior of the receptacle a may be maintained under 
pressure by any suitable means in order to force the molten 
material with increased pres-ure or velocity through the nozzle g!. 
(Accepted February 27, 1895). 


SHIPS AND NAUTICAL APPLIANCES. 


7886. A. B. Brown, Edinburgh. Steering Ma- 
chinery. (3 Figs.) April 21, 1894.--In the figures the two 
steam cylinders A are shown placed horizontally, being bolted to 
one end of a casing B, the piston-rods and valve-rods extending 
into the casing. Within the casing B the piston-rods are con- 
nected to a crankshaft which has fixed on it a worm C, gearing 
with a wonmwheel D on an upper shaft E, which extends to the 
outside of the casing, and has on its outer end a sprocket-wheel F 
to act on a pitch chain G, the two parts of which descend to 
lateral guide pulleys H, and proceed thence round other guide 
pulleys (not shown) to a quadrant on the rudder head. The plane 
of the joint of the casing cover J may be coincident, or nearly so, 
with that of the axis of the upper ehaft E, when that shaft is hori- 





























zontal. The innerend of the shaft E has fixed to it an internally 
screwed tube K, in which works a screw-threaded part of the 
spindle L., which moves the controlling valve M of the engines. 
The valve epindle L extends through the elongated boss of a bevel 
wheel N which can turn the spindle by means of a groove and key, 


whilst the spindle can move endways through the boss of the | 
The bevel wheel N gears with a bevel wheel P ona | 


bevel whec]. 
vertical shaft. Q, which transmits motion from a steering wheel. 
When the wheel N is turned it causes the spindle L to move end- 
wa\s because of the screwing action between it and the worm- 
wheel shaft E, the spindle L being afterwards returned t> its 
neutral position by the rotation of the wormwheel shaft due to the 
action of the engine. A vertical arrangement cf the steering 
machinery is also described, (Accepted February 27, 1895). 


STEAM ENGINES, + eee EVAPORATORS, 
Cc. 


7074. A Bever, Dewsbury, York. Valve Gear for 
Duplex Engines for Pumping Purposes, &c. (4 Figs.) 
Apnil 10, 1894.—A, A are the steam cylinders, B is the casting con- 
taining the two pumps, one being worked by a rod from each of 
the steam cylinders, C, O are the piston-rods connecting the pistons 
of the steam cylinders with those of the pumps. On these piston- 
rods are twoemall crossheads, or bra kets, D, D, which are fixed on 
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and reciprocate with the rods. 
of short links E, E to swinging levers F, F working on the 
centres G,G. On these centres are also keyed short levers H, H 


They are connected by means 


which are connected by means of links I, I to the vibrating lever 
K K. This lever will therefore have a compound motion which is 
a combination of the movement of both piston-rods. The lever 
K K is coupled to the two valve spindles as shown. By this arrange- 


it by the piston-rod of the other cylinder, but the motion is con- 
trolled and regulated by that of its own piston. The moticn of 
the valve of each cylinder is retarded by the oppesite cylinder 
during the first half of the stroke, and is accelerated during the 
second half. The amount of this retardation and acceleration 
depends on the proportions given to the various levers forming 
the valve gear. (Accepted February 27, 1895). 


394A. C. A. Parsons. Newcastle-upon- Tyne, 
Supplying Forced Draught to Boiler Furnaces. 
[5 Piss.) January 8, 1894.—This invention relates to means of 
supplying forced draught to boiler furnaces when the boilers are 
used to operate steam turbines, and it is especially applicable to 
the boilers of steam vessels propelled by steam turbines. For this 
purpose the turbine or propeller shaft has mounted on it a blowing 
or exhausting fan, which may supply the furnsce with air under 
pressure by blowing, or may exhaust in the uptake when the gases 
from the furnace are not too hot. In the arrangement where the 
fan exhausts from the uptake, the furnace casing connects at its 
upper part with the trunk, and the exhausting fan placed upon 
the spindle of the turbine exhausts this trunk and discharges the 
gases up the funnel. The turbine actuates the propeller shaft 
at a high speed, and the fan being coupled to the turbine spindle 
rotates also at the high speed of the turbine. In the arrangement 
where an air jet under pressure induces a current from the fur- 
nace casing, the turbine actuates the fan at a high speed, and the 
air supply trunk admits air from above the deck to the centre 
art of the fan. This air is discharged into a casing, whence 
t flows into a trunk and discharges under considerable pres- 
sure by a jet up the funnel. The blast from the jet causes 
@ partial vacuum in the furnace casing, and so the fur- 
pace gases are discharged up the funnel, and thus a great 
amount of air is caused to flow through the firebars of the fur- 
nace. By this arrangement the small high-pressure fan is caused 
to induce a large flow of air through the boiler furnace. The air 
from the fan may also be turned into the stokehold and thus 
the air pressure raised above atmosphere. In this case the jet 
is turned into the stokehold and induced air is allowed to flow 
from the atmosphere. The air supply trunk which projects 
above the deck, is surrounded by the trunk which supplies the 
jet. (Accepted lebruary 13, 1895). 


TEXTILE MACHINERY. 


7344. J. 8. Hoyle and C. Southwell, Bury, and 
J. Lobley, Ramsbotton. Automatic Feeder tor 
Cotton or Woollen Scutchers. [1 Fig.) April 13, 1894.— 
The figure represents a hopper feeder for a scutcher with the 
improvements applied thereto, a being the hopper, b the feeding 
lattice, and c the spiked lattice. Above the feeder there is fixed a 
supplementary cistern or trunk d for cotton or wool from which 
the hopper is fed, and the upper end of which is open tothe mixing 
room above. Thecotton or woolis put into this trunk d, the lower 
end of which is connected to the hopper a. At the lower end of 
the trunk d is hung a bent sheet of iron e, or bara, forks, or equi- 
valent device connected toa valve or door /, which may be provided 








also with a spring or springs if required. When the ‘‘ feeder” is 
full and at work, the action of the lattices ) and c will caus2 the 
cotton or wool in the hopper to be constantly turned over (as repre- 
sented by the arrows) and to press backward against the sheet of 
iron ¢ or equivalent device, and operate the door f at the lower end 
of the trunk d, partially or entirely closing the same so as to reduce 
or shut off the supply of cotton or wool to the hopper. As the 
action of the spiked lattice c in feeding reduces the quantity of 
cotton or wool in the hopper, the pressure against the sheet iron or 
bara e becomes relaxed, and more cotton or wool is released and 
falls out of the trunk d into the hopper a, and thus the supply of 
cotton or wool is automatically regulated, and hence amore regular 
weight of “lap” is obtained. (Accepted February 27, 1895). 


MISCELLANEOUS. 


4126. J. Shand and D. W. Bertram, Edinburgh. 
Rag or Beating Engines. (3 Figs.) February 27, 1894.— 
The vat for containing and circulating the pulpy fibrous material 
consists of a deep dish-shaped vessel with a horizontal mid-feather 
B near thecentre of its depth dividing it into upper and lower 
compartments a, al of approximately equal area. This partition 
B, with its fixed extensions B!, B2, extends transversely from one 
side to the other of the vat A and longitudinally from near one 
end to near the other, leaving spaces a2, a3 at the ends for the 
ee “\ 
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material to pasein circulating. This horizontal partition has for 
the greatest extent of its length a part B rendered movable such 
as by having sockets B+ at the centre of its sides working over stud 
spindles B® secured in the vat frame A, so that when the vat A 
— to be cleaned out, the movable mid-feather B can be 
swivelled to any desired angle. A drum washer C is mounted over 
the vat, which is of a bulged shape at the end A2. Near the other 
end of the vat a beating roll D is mounted at a high level so as to 





at an irclined part B! projecting up from the end cf parti. 
tion B. The outer vertical shell part A! of the vat projects at 
this end up at an angle forming a cylindric] space a® above the 
angled part B2 of the partition. A screw worm E is mounted on 
an angled shaft E! within this space a* to feed the pulp upward 
and forward to the revolving beating rll D. The worm spindle 
E! carried in bearings E? at its lower and upper ends is driven 
by bevel gearing E* at its upper end from the shaft of the beating 
cylinder D. The ‘‘ stock” pulp is fed —— inclined spaces a3, gi 
at one end of vat to the disintegratir g beating cylinder D, and it 
thence circulates forward in the be gd chamber space a above the 
horizontal partition B past the washer drum C to the opposite end of 
the vat, where it passes downwards to the lower compartment a!, to 
the opposite end space a3 of this lower chamber to be again fed 
upwards by the worm E. The pipe b2 with its branches b, b! acts 
as an overflow pipe, so that should the screw worm throw up more 
pulp than could pass between the roll D and the bedplate D', this 
overflow will pass down the pipe b2 and return through the branch 
bl to the vat A. Water is admitted by the pipe b+ to the branch 
b' when om ey the finished pulp, and when filling the vat with 


dry material. (Accepted February 2\), 1895). 
7346. G. J. Moulton and J. A. Fox, Macclesfield, 
Chester. 


Centrifugal —— for Spraying 
Liquids, &c. (6 Figs.) April 13, 1894.—According to this 
invention two discs a, a! are employed, fixed upon the endsof two 
shafts b, b', which are mounted in suitable bearings in an exact 
line with each other. A series of two or more concentric rings ¢ 
are fixed to these age a, al, and connect the same together, 
These rings c may of plain metal as shown, or of corrugated or 
internally serrated metal, and are made with a number of fine 
perforations or passages (about ,', in. in diameter) formed radially 
or at similar or various angles. Or the rings may made of 
woven wire gauze ; or one or more of the rings may be formed of 
or provided with a series of small frames containing a suitable 
porous material «3 secured therein by the fixing together of the 
two discs, One of the shafts (the shaft b) is driven rapidly by the 


























pulley d, and the liquid flows through one of the shafts (the 
shaft b') ;which is tubular, into the epace formed by the discs and 
the connecting ring of smallest diameter. The rapid revolution 
of the apparatus causes the liquid to be driven by centrifugal 
force through the perforations in the smallest ring in a finely 
divided state against the next ring, and so on until it issues from 
the last ring, if three or more are used, in a state of almost im- 
perceptible spray. The apparatus is inclosed by a casing e which 
may be jacketed by a space f for cold or hot water, or steam. 
This space f may be in two compartments connected by the pipe 
J}, and having an inlet at f2 and exit at f3. The atomised liquid 
or spray collects on the inside of the casing e, whence it flows 
through an exit el. (Accepted February 27, 1895). 


7768. W. D. Allen, Sheffield. Hydrostatic Weighing 
Apparatus. [5 Figs.) April 19, 1894.—This invention has 
an to a hydrostatic or liquid weighing apparatus where 
the weight of the load to be weighed is brought to bear upon a 
closed chamber full of liquid, whence the bydrostatic pressure 
thereby created is transmitted toa gauge, and the weight of the 
load indicated. The improved apparatus comprises a cload 
chamber, rendered elastic by the use of india-rubber, thin 
sheet steel, or similar means, so that when the load is brought to 
bear upon the chamber, its elasticity permits the influence of the 
load to be felt by the liquid contents of the chamber, and the 
pressure thereby brought to bear upon the liquid may, by suitable 
connection, be transmitted to a gauge that will indicate the load. 
The chamber 1is formed between two discs 2 and 3, of which 2 is 
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of thin sheet steel and 3 is of steel plate. The discs 2 and 3 sre 
kept apart by a lead packing or joint ring 4, and sre & cured 
together so as to form a fluid-tight joint with the ring 4, by 
means of a metal ring 5 and bolts 6, a lead packing-ring 7 
being placed between the ring 5 and the disc 2. Passages 8 and 9 
in the ring 5 communicate with the chamber 1 through corre- 
sponding holes in the lead ring 7 and the disc 2 and through 
recesses in the ring 4. From the passages 8 and 9, pipes 11 and 
lla respectively lead to a pressure gauge 12 for indicating the 
weight on the chamber and to a pump (not shown) by means of 
which air can be expelled from, and liquid forced into, the chamber 
land the pipe 11. When in use, the disc 2 restson a sufficiently 
firm circular base 13 which is co-axial with the chamber 1 and is 
of sufficiently lees diameter than the chamber to allow of the 
proper bending of the disc 2 under the action of a load resting 
upon the diso 8. (Accepted February 27, 1895). 





UNITED STATES PATENTS AND PATENT PRAOTIOB. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 








ment the slide valve of each cylinder has its motion imparted to 





beat the pulp over a fixed block D' secured in a recess B? of vat 
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STATE RAILWAYS IN WESTERN 
SUMATRA. 

SumaTRA is an immense island in Southern Asia, 
in area about double the size of the Malay Peninsula, 
and extending from the latitude of Penang south- 
ward to that of New Guinea. Though constituting 
an important part of the Dutch East Indies, it has 
never been entirely settled. Of the districts actually 
administered by the Dutch, the ‘‘ West Coast 
Residency,” as itis called, is one of the most fertile. 
It consists of a narrow strip of flat coast and a 
central plateau separated by asteep and lofty range 
known as the Barissang Mountains. Up-country 
coffee-planting is extensively carried on, both by 
the Government and by private enterprise, and the 
produce commands the best prices in the home 
market. Rice, tobacco, sugar, fruit, and vegetables 
are also extensively cultivated by the natives, and 
a brisk trade is done with the independent States 
of the interior, who barter their cattle for rice, 
cotton cloth, and the cheaper luxuries imported 
from Europe. 

The country is densely populated, and the 
natives are easily ruled. They enjoy a certain 
degree of wealth, or at least comfort, under the 
matriarchal system common to all Menang Kabau 
countries, by which the family property is kept 
together, and the formation of a pauper class pre- 
vented. Any rapid development of the country, 
however, was hindered by its mountainous character, 
and the consequent difticulties of communication. 

The discovery of rich seams of coal in the Padang 
highlands in 1867, led the Dutch Government to 
consider the best means of transport to the coast. 
Attention was naturally directed first to the east 
coast, which follows for several hundred miles one 
of the trade highways of the world, namely, the 
Straits of Malacca. Difficulties, however, beset 
the Commission intrusted with the investigation, 
the discoverer of the coalfields, Heer de Greve, 
being drowned from a boat, and the entire Com- 
mission narrowly escaping massacre at the hands of 
the independent tribes of Central Sumatra. It was 
ascertained that the rivers debouching on the east 
coast were not navigable, and this consideration, 
coupled with the political conditions then obtaining 
in Central Sumatra, decided the Government to 
concentrate their attention on the west coast as the 
outlet for their coal for the present. Hopes are 
still entertained of an eventual extension of the 
railway just completed from the coalfield to the 
Straits of Malacca; and it is suggested with 
some plausibility that the pacification of Atjeh, or 
Acheen, would be moreforwarded bya comprehensive 
scheme of railway construction, including a connec- 
tion with the growing railway system of Deli, than 
by the desultory warfare which has so long been a 
reproach to the Netherlands-Indian administra- 
tion. 

In 1873 an eminent Dutch engineer, Heer Cluy- 
senaer, was appointed by Royal Commission to 
examine and report upon the best route between 
the coalfield and the west coast, which route should 
also meet, as far as possible, the administrative re- 
quirements of the local Government. After three 
years of exhaustive survey, the route shown on the 
map, Fig. 1, on page 496, was recommended, cross- 
ing the Barissang Hills and descending to what was 
then known as ‘‘ Brandywine Bay ”—now Koéning- 
inne Bay. Two years later, in 1878, as the result 
of further surveys, a considerable extension was 
recommended to Fort de Kock and Pajacombo, 
with the object of meeting the second part of the 
instruction—namely, the improvement of local 
cummunications. In spite of the most detailed 
study, it was found impossible to get over the 
Barissang range without using gradients of 38 per 
1000, and curves of 100 metres (5 chains) radius. 
It was therefore *decided to employ the rack rail 
system of Riggenbach, which was then a novelty, 
chiefly used on tourist railways in the Alps and 
elsewhere, and only just beginning to be employed 
for goods transport on main lines in Germany. 
Further study showed that even with the rack rail 
it would be impossible to make anything of the 
Barissang route, and that it would be more econo- 
mical and satisfactory to work back from Fort de 
Kock, and to effect the descent to the coast through 
the ‘*Kloof of Anei,” a steep and narrow gorge 
through which a costly mountain road had already 
been constructed by General Van den Bosch in 
1833. This route, which, with slight modifica- 

tions, has been finally adopted, is shown on the map, 
Fig. 2. After numerous applications from conces- 


sion hunters, the Dutch Government decided to 
construct the line as a State railway, and to work 
the coalfield. The abandonment of a projected 
extension of the State railway system in Java 
placed at their disposal a highly-trained staff and 
a large body of skilled workmen. A commence- 
ment was accordingly made in September, 1887, 
upon the harbour works at Kdéninginne Bay, 
Heer Izerman being appointed engineer-in-chief 
of the whole line with very full powers. The 
scope of these works is clearly shown on the 
chart, Fig. 4, on page 497. The coaling station, 
which is kept separate from the commercial port, is 
placed at the north-east corner of the bay. An 
unexpected difficulty presented itself at the very 
outset. The bottom consists of coral, and, accord- 
ing to general experience, coral usually rests upon 
a continuation of the shore formation. 

In this case the volcanic rock formation of the 
coast descends at a precipitous angle, and affords no 
support for the shore reef. Borings to a depth of 
24 metres (79 ft.) showed that the coral reef is 
300 metres (1000 ft.) wide, and rests upon a sub- 
stratum of clay or mud mixed with coral débris, 
forming a bed from 2 to 7 metres (64 ft. to 22 ft.) 
thick, and passing into a clay formed from the de- 
composed andesite rocks of the district. This 
lower clay varies in stiffness, being firm in some 
places and soft in others. Test piles showed that 
the coral reef is not strong enough to bear con- 
centrated loads, and it was suggested by Mr. Ruys, 
the engineer in charge, that the foundations should 
be carried down to the lower clay, which had already 
undergone considerable compression from the weight 
of thesuperincumbent coral reef. The latter was, 
therefore, dredged away, and the jetties were built 
on screw piles driven into the clay. The blades of 
the screws were 1.20 metres (4 ft. 6 in.) in diameter, 
and were screwed down to a depth of 16 metres 
(52 ft.) below low-water level. 

The buildings were founded on the coral reef 
itself, strengthened by a covering of sand, and 
before proceeding with the superstructure the 
foundations were carefully tested by loading. 

The space between the wharves and the old 
beach is being filled in, to prevent stagnant water 
from accumulating and so rendering the place un- 
healthy. 

A slight but uniform subsidence of the whole 
surface of the coral reef has been observed under 
the load of the buildings. 

In place of masonry quays, stone-pitched slopes 
with screw-pile jetties were substituted, and light 
iron buildings for the substantial stone warehouses 
which had originally been intended (Fig. 5). In 
the case of the breakwater the difficulty was got 
over in the following way. Bags were filled 
with light porous coral and sunk to form the 
mole up to the level at which the action of the 
waves would begin to be felt ; the remaining por- 
tion was then carried up in masonry, the stone 
coming from the quarries at Batu Pilek (Figs. 6 
and 7). The combined structure was thus very 
light, and yet perfectly substantial. No important 
settlements havetaken place. It will be seen from 
the map that the inner harbour, known as Emma- 
haven, is sheltered from the north-east monsoon 
by the high hills on the landward side ; from the 
westerly winds by the smaller breakwater on 
P. Passir Kechil; and from the south-west monsoon 
by the larger breakwater, 898 metres (2963 ft.) in 
length. The minimum depth of water in this 
sheltered area is 7.5 metres, and the tidal range only 
0.46 metres and 1.10 metres at neap and spring 
tides respectively. The fairway is well buoyed by 
day, and is lighted by night by a fourth order re- 
volving white light in an iron tower on S, Bramei, 
and by a red harbour light on the end of the break- 
water. Arrangements have been made to enable 
large steamers to take in 600 tons of coal during 
the twenty-four hours, and colliers as much as 
2000 tons. 

The harbour offers ample accommodation for as 
many ships as are ever expected to use it at the 
same time. Four steamers of the largest tonnage 
can discharge simultaneously. The central and 
western sides are intended for mail and cargo boats, 
Passengers, on landing, find the railway station close 
to the jetties, and the Custom House close by. 
Spacious sheds, constructed entirely of iron, afford 
storage accommodation for goods in transit, and 
portable steam cranes are available for discharging 
cargo. 

The eastern end of the harbour is reserved 





for the coal trade, Owing to the unreliable 





nature of the foundations, there was some difficulty 
in deciding upon the system of coal tip to be 
adopted. After careful consideration, the spout 
system was chosen. A depth of 9 metres (29% ft.) 
at low water was considered necessary under the 
spouts, and the bottom of the harbour had to be 
dredged to that depth. The soft nature of the 
ground made it inadvisable to place any heavy 
structure near the edge of this deep basin; the 
spouts were therefore placed at the outer end of a 
cantilever 40 metres (132 ft.) long. 

From the harbour the railway proceeds through 
a deep cutting to the River Padang, which is crossed 
on a fine iron bridge in three spans (two of 20 metres 
and one of 60 metres), and enters the town of Padang 
onthe level. The station is a plain but neat building, 
economy being the main consideration on this line. 
Directly opposite is the head office of the State 
Railway Department, which is organised on a very 
complete scale, and forms part of a range of 
buildings built in the form of a horseshoe round a 
large yard, where the various portions of the 
railway equipment, sent out from Europe, are 
stored until they can be forwarded up-country. 
An extensive smithy, locomotive shops, carriage 
and wagon shops, joiners’ shops, painters’ shops, 
&c., with a well-organised store, complete the semi- 
circle. Carriage and wagon bodies are built here, 
the ironwork and underframes only being imported; 
the woodwork of all station buildings and staff 
quarters is also prepared here, teak alone being 
used. It is imported from Java in huge balks, 
and cut up in the sawmill. Chinese carpenters and 
painters are chiefly employed, and turn out most 
creditable work. 

There is a short branch line from Padang prorer 
to the trade quarter of the town, which calls for no 
remark, At 2 kilometres from Padang the River 
Jati is crossed by a parabolic bridge of 20 metres 
span ; at 5 kilometres, the River Ujong Karang, by 
a bridge in two spans of 40 metres each ; then the 
River Tarong with a 20-metre span, and the Pand- 
jalinan by two spans of 40 metres each, close to the 
first station, Tabing, 16 kilometres. The next station 
is Lubok Buaya, 20 kilometres ; then, passing the 
Kassang bridge, where the foundations gave infinite 
trouble, we come to Duku station, 26 kilometres. 
As far asthe River Anei, the formation level of the 
embankment is kept 1 metre above the highest 
known flood level, and serves to prevent the brack- 
ish waters of this river from flooding the plain be- 
tween the railway and the hills. The River Anei 
is next crossed by a three-span bridge (one of 
40 metres and two of 50 metres), and we arrive 
at Lubuk Alang station, 40 kilometres. A little fur- 
ther the Tepakis is crossed by a bridge in three spans 
of 15 metres each. About half a kilometre before 
the bridge is reached, the steepest gradient on this 
district commences, namely, 12 per 1000, fora length 
of 2400 metres (Fig. 3.) The next station is Parit 
Malintang, 46 kilometres, and then, after crossing 
the River Ulakan by a single span of 50 metres, we 
come to Sie Chinchin station, 53 kilometres, beyond 
which the line first eficounters the spurs of the 
Barissang range, and after several smaller bridges 
of 15 metres span, we reach Kaju Tanam, 60 
kilometres, and 144 metres above sealevel. This is 
the end of the low-country section, and from here 
onwards frequent use is made of the rack rail. The 
longitudinal section, Fig. 3, shows the different 
stations, with their heights and distances from 
Padang, the maximum gradients against and with 
the load, and the minimum radius of curves on 
each section. 

On arrival at Kaju Tanam the trains are broken 
up, as they are too heavy for the severe gradients 
on which the rack rail is used. Advantage is taken 
of the delay to make this a refreshment station. 
The rack begins just outside the station, and as 
the system is now pretty well known, it is only 
necessary to describe the entrance length. ‘To pre- 
vent the teeth of the cog-wheel from being broken 
when the engine comes over the rack, the entrance 
length is placed upon volute springs, and is hinged 
where it joins the ordinary length, which latter is 
fixed to the sleepers in the usual way. To assist 
perfect gripping, the bars or teeth of the rack are 
spaced a shade wider apart on the entrance length 
than on the rest of the rack. As the trains are 
pushed up the gradient to prevent serious accidents 
from the couplings failing, and as the locomotive 
must grip the rack perfectly before its full power is 
required, the rack rail must be laid for a full train 
length plus the entrance length before the begin- 





ning of the gradient. Its position is indicated by a 
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fixed disc signal. In descending gradients the loco- 
motive resumes its usual position, and holds back 
the train. Except that the speed is slower, and that 
the train comes to a standstill much quicker than on 
the low-country line, the difference on entering the 
rack-rail portions is hardly perceptible to passengers. 
The cost of the rack rail laid complete and includ- 
ing spare parts is said to be 18,0U0f. per kilometre 
in Sumatra. The rack rails and cog-wheel locomo- 
tives were supplied by the Maschinen-Fabrik Ess- 
lingen, of Esslingen, Wiirttemberg, and have given 
great satisfaction. The locomotives weigh 24 tons, 
and have four wheels coupled. The cog-wheel and 
its train are of Krupp’s “‘ Ziegelgupstahl,” and this 


and side cuttings with slopes 50 metres long, were 
required, whilst below, stone revetments 18 metres 
high protect the line from the scour of the river. 
A view of the Kloof of Anei, showing method of 
forming embankments, is given on the two-page 
plate (Fig. 8). At one part the River Puteh is 
turned bodily out of its bed, and a fresh channel 
has been cut in the rock for it. Figures alone will 
convey any correct idea of these works. 

In November, 1887, the survey was commenced. 

In June, 1888, the earthworks were begun. 

In February, 1890, plate-laying was begun from 
Kaju Tanam, and on January 16, 1891, the work- 
ing train got up to Padang Panjang. There were 





special gear entails an extra cost of about 1750f. 
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overand above the cost of a similar locomotive for 
ordinary rails. 

From Kaju Tanam the line is laid out with 
gradients from 23 to 51 per 1000 as far as Kandang 
Ampat, 65 kilometres, and 305 metres above sea- 
level. A little further on we come to the most inter- 
esting portion of the line, the ‘‘Kloof of Anei,” 
known as “‘the Kloof,” which enjoys a wide notoriety 
on account of.the weariness of the old mode of 
travelling through it in small country carts with 
worn-out ponies. Strings of bullock carts used to 
creak up and down the steep and difficult road 
night after night, carrying up “ trade ” and bringing 
down produce, and taking two whole days to do 
the 15$ kilometres. The scenery in the kloof is 
of rare beauty, but, owing to these very picturesque 
qualities, it had to be most elaborately surveyed 
and the limiting gradient increased from 70 to 80 
per 1000. ‘The river is crossed no less than seven 
times by bridges of 30, 40, and 50 metres span, of 
which the most important is that near the con- 
fluence of the River Puteh, where the Anei is 
spanned by a bridge of 56 metres at a height of 
36 metres above its bed. Heavy cuttings 17 to 30 
metres deep, embankments 25 metres in height, 








842,000 cubic metres of cutting, of which 285,000 





and the fort was surrounded. After a brief defence 
the provisions began to run short, and the garrison 
resolved to evacuate the fort by night and to seek 
way through the hills to the low country, leaving 
behind them three wounded comrades. These un. 
fortunate men dragged themselves to the powder 
magazine, and when the natives swarmed into the 
fort at daybreak, imagining it to have been aban- 
doned, blew up the fort and all within it. 

From Padang Panjang there is a branch line to 
Fort de Kock, which is somewhat remarkable. The 
distance between the two stations is 19.4 kilo. 
metres (12 miles), and the difference of level 146 
metres (480 ft.), but to get from one to the other 





the railway has to pass through a saddle between 
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cubic metres was rock which had to be blasted out 
with dynamite. 

In the abutments of bridges, 6725 cubic metres of 
masonry were put in; thirteen stone river walls, 
aggregating 1030 metres in length, were built, re- 
quiring 11,000 cubic metres of quarried stone ; a short 
tunnel 68 metres long was driven, and a number of 
iron bridges and temporary wooden bridges were 
built. The rack rail is employed over a_ total 
length of 12,650 metres in a distance of 15,725 
metres between Kaju Tanam and Padang Panjang. 

As an example of the urgent need for better 
communications, it may be mentioned that in one 
month during construction 40,000 natives paid 
0.50 f. each to be allowed to ride up to Padang 
Panjang in the ballast trucks. 

Padang Panjang (‘‘ the long plain”) is the chief 
centre of inland trade ; it boasts of a neat hotel, a 
club, and a large military encampment. On the 
racecourse behind the camp there stands a plain 
stone column, marking the spot where Fort Guggug 
Malintang once stood. Though it has no connec- 
tion with the railway, the following brief incident 





is so characteristic that it may be excused. In the 
year 1841 an insurrection broke out unexpectedly, 





Mount Merapi and the twin volcanoes Tandikat 
and Singalang. This saddle is 1154 metres (3808 ft. ) 
above sea level, so that to pass over it involves a 
rise of 381 metres (1257 ft.) from Padang Panjang, 
and a descent of 234 metres (772 ft.) to Fort de 
Kock. Gradients of 80 per 1000 (1 in 123) are con- 
sequently unavoidable, and the rack rail is used in 
lengths of 3768, 2799, 1189, and 277 metres re- 
spectively. Passing Passar Reto (989 metres above 
sea level), and crossing the River Kaleh on a very 
high bridge of 25 metres (83 ft.) span, the summit 
level is reached at Kota Bharu station, 1154 metres 
(3808 ft.) above sea-level. 

Skirting the shore of a small lake, and passing 
through a sulphur lake, the line descends in rack 
sections to Padang Luar (‘‘ wide plain’’), and thence 
by ordinary rails to the terminus of the branch, 
Fort de Kock. 

The twin volcanoes were supposed to be extinct 
when this railway was projected; in February, 
1889, however, signs of renewed activity were 
observed, and on the night of the 19th Tandikat 
broke into eruption, subsiding after a few days into 
its former tranquillity, but still showing a snow- 
white plume of steam. 
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Fort de Kock is a place of some importance as 
the head-quarters of the local administration ; and 
owing to its almost European climate, a large mili- 
tary force is stationed there. For the same reason 
there are schools for European children, and bun- 

alows for visitors using the place as a sanitarium. 

Returning to the main line at Padang Panjang, 
the route descends rapidly and continuously to the 
plain of Solok, which is reached at Batu Tebal 
station ; the maximum gradient being 50 per 1000 
(1 in 20), with five rack sections of 609, 1670, 3577, 
805, and 1120 metres respectively. For some dis- 
tance the line skirts the shore of the beautiful 
lake of Singkarah, a fine sheet of water 21 kilo- 
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river has had to be trained between substantial 
dams. Deep cuttings and high banks alternate 
with each otheras the railway cuts through the spurs 
of the adjacent mountains, in curves of 200 metres 
(10 chains) radius and maximum gradients of 20 per 
1000 (1 in 50). At Si Lungkang station the valley 
contracts, the sides become steeper, and the radius 
of curves has to be reduced to 150 metres (74 
chains). Crossing the River Kalaban twice on 


bridges of 40 metres (132 ft.) span, the line descends | 


to the plain of Muara Kalaban (221 metres or 
729 ft. above sea-level), This station was the official 
terminus of the railway until the extension to 
Sawah Lunto was authorised, and will hereafter be 
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metres long by 7} kilometres broad (13 by 
4% miles), lying in an immense crater 880 ft, deep, 
and discharging its surplus waters into the River 
Ombilieu. The track is a succession of reverse 
curves, between which it was often a troublesome 
matter to work in the compulsory 30-metre straights. 
Several considerable viaducts are required to cross 
the so-called ‘‘ gravel beds.” As arule, these are 
quite dry, and lie in many cases higher than the 
post road ; but during heavy rains they assume the 
character of rivers of mud moving towards the 
lake ; ample bridge openings had, therefore, to be 
left in the railway embankments to prevent these 
moving masses from heaping up behind. At Sing- 
karah station the line leaves the lake and follows 
the River Sumani to Solok, crossing it twice by 
bridges of 40 metres (132 ft.) span. Solok lies in 
the midst of an extensive plain, which, being a dead 
level and badly drained, is very swampy. This 
plain would appear to have originally formed part 
of the lake, as old beaches have been traced at a 
height of 70 metres (240 ft.) above the present water 
level, and as it lies 26 metres (85 ft.) above the level 
of the lake, there must once have been 44 metres 
(145 ft.) of water where Solok nowstands. At that 
height the lake would have discharged by the valley 
of the Lassi as well as the Ombilieu. The excava- 
tions for foundations have furnished ample evidence 
that the plain is an old lake bottom which has been 
gradually levelled up by the successive eruptions of 
the neighbouring volcanoes. 
From Solok the line passes over into the valley 

of the River Lassi, a wide flat valley in which the 


Sea Side 


of great importance as the point from which the 
eastern extension to the Straits of Malacca will be 
commenced. 

The original estimates give 641,000 cubic metres 


THE INSTITUTION OF NAVAL 
ARCHITECTS. 

In our last issue we carried our report of the 
| recent meeting of the Institution of Naval Architects 
|to the end of the discussion on Mr. Rickard’s 
|paper on ‘‘ Light Draught Steamers,” read on 
Thursday, the 4th inst. We now continue our 
| account of the proceedings. 


| RESISTANCE OF SHIPS AND DEPTH oF WaTER. 
| 


| The next paper was by Mr. D. W. Taylor, senior 
‘assistant to the Chief Constructor of the United 
| States Navy, and was ‘‘On Solid Stream Forms and 
the Depth of Water necessary to Avoid Abnormal 
Resistance of Ships.” We made brief reference to 
this paper in our last issue, and as we also published 
it in full in the same number (vide page 489 ante) 
we may at once proceed to the discussion. 

Mr. R. E. Froude pointed out that this paper 
was the complement of a contribution by the same 
author of last year, which contained an explanation 
of a new method of explaining the stream-line 
theory. This solution, which the author had in- 
troduced, was valuable because the explana- 
tions hitherto put forward were out of reach 
of those who were not practised mathema- 
ticians. It was not so much that the sub- 
ject was abstruse in itself, but all former 
treatises were couched in language which only the 
practised mathematician could grasp. Mr. Taylor 
had struck out a line of technical treatment which 
could be mastered by any one with a rudimentary 
acquaintance with mathematics. The speaker's 
father had, it was true, givena popular explanation 
of the stream-line theory, but this was not mathe- 
matical at all, and was not intended for technical 
ite Frou There was a point, however, on which 





Mr. Froude wished to speak, as Mr. Taylor had not 
dealt with it in the paper. The relation between 
‘draught of water of the ship and the depth of 
| water in which the vessel was progressing was put 
forward by the author as a chief factor in the pro- 
| blem of resistance, but the size of the wave set in 
/motion by the vessel was also an important con- 
| sideration, and the size of the wave was influenced 
| by the speed of the vessel. He had much pleasure 
in proposing a vote of thanks to the author for his 
valuable contribution. 

Mr. 8. W. Barnaby, in seconding the vote of 
thanks, said that at no part of the meeting had 
/members so much reason to regret the absence of 
| Sir William White, for no one could speak with 
| greater authority than he on the influence of depth 
| of water on the speed of ships. The discussion on 
such a paper as that before the meeting was generaily 
brief, but that was not because the paper was n ot 
valued, and he was sure that friends in America 
would not think Mr. Taylor’s contribution was not 
received with gratitude because it was not more 
largely criticised. The point touched upon by 
Mr. Froude, in regard to the magnitude of the 
wave made by the vessel in her passage, was one 
which he thought Mr. Taylor might have dwelt 
upon more fully with advantage. His (the 2 esangh 





(838,441 cubic yards) as the quantity of earthwork 
between Solok and Muara Kalaban—13 kilometres, 
or 8 miles; and as an instance of what can be done 
with Javanese labour, it may be mentioned that in 
March, 1892, 133,000 cubic metres (173,967 cubic | 
yards), or 4500 cubic metres (5886 cubic yards) a 

day, was done on this section alone. 

From Muara Kalaban the line rises to a tunnel 
825 metres (907 yards) long through a steep 
spur, as shown on Fig. 9 on the two-page plate. | 
The driving of the heading was done from both | 
ends simultaneously; the breaking down and widen- | 
ing was let on contract to a Chinaman at per cubic 
metre. His men worked two shifts of four hours 
each per day, so that three gangs were enough to 
keep the work going on day and night. He was 
paid a bonus for every metre driven beyond the | 
stipulated 30 per month, and by sharing it with | 
his men had always plenty of recruits for this | 
hard and unhealthy work. In one month &0 
metres (88 yards) were driven. The formation is 
hard greenstone, in blasting which, dynamite, 
gelignite, and blasting gelatine were used ; and as | 
the work was done without boring machinery, and 
by Chinese coolies new to the work, the above rate 
of progress is very creditable. The headings met | 
on January 25, 1892, just fifteen months after com- | 
mencement. 

{To be continud.) 








own experience on this question had chiefly of 
late been gained by running torpedo-boat de- 
stroyers on the Maplin mile. On that course the 
depth shoaled suddenly from 10 to 7 fathoms, but 
he had not been able to detect much variation 
in speed due to that cause. Of late there had 
been a good deal said about phenomenal speeds 
obtained at the mouth of the Mersey, when 
running trials of torpedo-boat destroyers in 
the narrow sballow channels which were found 
there at low water. 

The subject referred to by Mr. Barnaby is one 
of the greatest interest, and it would be to the ad- 
vantage of naval science if some one would give 
full details of the results obtained. We have our- 
selves observed phenomena very much of the same 


/nature as those here referred to, but the data in 


regard to them are not sufticient to be of any scien- 
tific value. 

The vote of thanks to Mr. Taylor, on being put 
to the meeting, was carried by acclamation. 


CYLINDER CONDENSATION. 


A paper by Professor Thurston entitled ‘‘Method 
of Initial Condensation and Heat Wastes in Steam 
Engine Cylinders,” read in abstract by Professor 
Cotterill, was the first taken at the sitting on 
Thursday evening, the 4th inst., when Mr. Henry 
Morgan occupied the chair. This paper we shall print 
in full ina future issue. Professor Cotterill said it 
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was a question of the greatest importance whether 
the theory of the best ratio of expansion as gene- 
rally known and followed was true as applied to 
the marine engine as at present constructed. No 
doubt it was true of engines in general, but was it 
true of the marine engine of the present day ? 

Mr. Macfarlane Gray moved a vote of thanks to 
the author. He said it was unnecessary to discuss 
the question, as the whole matter had been put 
forward so lucidly in the admirable abstract given 
by Professor Cotterill. There was no opportunity 
for differing from the author, and it was to be hoped 
there would be as much harmony in regard to all 
questions sent from across the Atlantic to this 
country. Professor Thurston was a very eminent 
man, his work being highly esteemed both here and 
in America. 


An Atuminium Torrepo-Boat. 


Mr. A. F. Yarrow next proceeded to read his 
paper on ‘‘An Aluminium Torpedo-Boat built for 
the French Government.” The paper was listened 
to with great interest by a large audience which 
filled the little theatre of the Society of Arts to its 
fullest capacity. In our last issue we published this 
contribution in full, together with the micro-sections 
of test-pieces. These were shown at the meeting 
by means of the lantern. 

Mr. B. Martell opened the discussion. He said 
he should only be expressing the general opinion of 
the meeting by referring in the highest terms to 
the pleasure all had derived from the paper and the 
artistic manner in which the author had put for- 
ward the matter he had to communicate. There 
were one or two practical questions which arose in 
connection with the subject. Mr. Yarrow had 
asked him what he thought of this beautiful 
material. He thought it was excellent compared 
to the old material, iron, of which ships were 
formerly built. It had ductility, which was a most 
valuable quality for ship construction. He had 
had a striking example of the advantages to be 
derived from ductility only that morning. A ship 
had been driven on a coral reef off the coast of 
Java, and the bottom had been dented up. _ If the 
material of which the ship was constructed had not 
possessed great ductility, it would have cracked. That 
Mr. Martell put forward as an example of the virtue 
of ductility ; for, naturally, the ship was not con- 
structed of the material Mr. Yarrow had used in 
the French torpedo-boat. But though the material 
of which the boat under consideration was con- 
structed was so beautiful, when Mr. Martell learnt 
that aluminium had but one-fifth the tensile strength 
of steel, he concluded he would prefer mild steel for 
ship construction, and that aluminium was not to be 
compared to it on the present scantlings. Mr. 
Yarrow had said that the method of testing required 
reform, and that the tests should be read so that 
the elongation should be considered in terms of the 
diameter of the test-piece, and, further, that unless 
the diameter were mentioned the tests amounted 
to nothing. Yet he noticed that Mr. Yarrow quoted 
tests of elongation made on specimens no longer 
than 2 in. The speaker did not believe in 2-in. 
test specimens. He thought that elongation 
records obtained from them were thoroughly mis- 
leading, and that 8-in. specimens should be taken. 

Protessor Roberts - Austen followed. He said 
the paper showed that in these matters it was 
now impossible to take a step forward without call- 
ing in the assistance of the analytical chemist and 
examining the material used on a scientific basis. 
lt was exceedingly important to know what was 
the best alloy for any purpose, and engineering 
knowledge alone would not determine this. His 
experience was rather of gold than of iron and steel. 
Alloys of gold had a tenacity of 17 tons to the 
square inch, and he supposed, therefore, a good 
torpedo-boat could be made ot that material, though 
he did not expect it to come into use for the pur- 
pose. Mr. Yarrow had said he would not go into the 
chemistry of the subject, but it was impossible to 
deal with these matters without some one study- 
ing the chemical side of the question. The Forth 
Bridge was a good instance of this. If the steel of 
that structure had contained one-tenth of 1 per cent. 
more or one-tenth of 1 percent. less carbon, thedesign 
adopted could not have been carried out. It seemed 
that what was the best alloy of aluminium for boat- 
building had not yet been determined. Mr. Yarrow 
used 6 per cent. of copper, but was this the best 
alloy for use in salt water in view of the question 
of corrosion? Probably not; but there was good 
evidence to show that 2 per cent. of the rare metal 








titanium, or 2 to 3 per cent. of the less costly metal 
nickel, would give a better result than the 6 per 
cent. of copper. It appeared to him that corrosion 
was the great difficulty that had to be faced, and in 
this the nickel alloy was better than the copper 
alloy, whilst the titanium alloy was better still. It 
was gratifying to him to come to a meeting of 
naval architects and marine engineers and see 
adopted one of the most recent means used by 
metallurgists for inquiring into the properties of 
metals. He referred to the micro-sections which 
Mr. Yarrow had thrown on the screen. He would 
repeat that engineers must have recourse to 
chemical methods of investigation ; they could not 
rely wholly on their mechanics. Mr. Martell had 
referred to the influence of length in test-pieces, 
and what he had said about the 2 in. length 
was well known in regard to reduction of area, the 
results obtained with short pieces often being ex- 
treme. Though Mr. Martell had so praised the 
present mild steel now used in shipbuilding, the 
metallurgists had not said their last word on the 
manufacture of that material. Englishmen might 
be well content to leave naval architecture in the 
hands of such able men as Mr. Yarrow, and the 
metallurgists would strive to produce the best 
material for their use. 

Mr. P. R. Parsons said he had listened with 
much interest to Mr. Yarrow’s paper, which 
seemed to mark a new departure in the applications 
of aluminium, in this country, at least. In the 
second part of the paper, the author had referred 
to two special bronzes, in which strength was the 
main quality aimed at. One of these materials was 
manufactured by the company he represented, and 
he wished to say a few words on the point 
especially referred to by Mr. Yarrow, namely, that 
of tests. The author deserved the thanks of manu- 
facturers for bringing the matter forward. The 
speaker entirely agreed with the suggestions made 
in the paper. The recent rapid developments in 
the metallurgy of bronzes had not given much 
opportunity to those interested to introduce a 
uniform system of testing, but it seemed time this 
was done, as, without such uniformity, manu- 
facturers could have no opportunity of comparing 
results. Mr. Parsons would suggest that a con- 
siderable step towards uniformity would be made 
if the various Government departments, in addi- 
tion to specifying an ultimate strength and elon- 
gation per cent., would also specify a diameter 
and Jength for the test part of the specimen, 
having in view the power of existing testing 
machines and convenience of manufacture in 
respect of size. Further, if, as had always seemed 
to him, the determination of the elastic limit of a 
material, when it has one, is of practical value, it 
would be well that some uniform system of 
measuring this feature should be introduced. He 
had lately obtained particulars of the practice in 
four different cases. They all varied in the per- 
centages of permanent elongation allowed to take 
place in the test length of the specimen before the 
elastic limit was considered to have been reached. 
The question, the speaker said, presented some 
difficulties ; amongst others, the following: 1. 
Whether experts in the testing of metals are agreed 
as to the exact definition of the expression ‘‘ elastic 
limit.” 2. Whether it is possible to determine an 
elastic limit by an arbitrary amount of permanent 
set. 3. Whether certain very minute permanent 
sets which appear to take place at an early point of 
the loading of some materials should be treated as 
indicating elastic limit or not. 4. How to deal 
with the great difference in the nature of different 
metals. Notwithstanding these difficulties, he 
would submit that a uniform amount of permanent 
set for the determination of the elastic limit in 
specimens of uniform dimensions, might be fixed, 
at least for materials of the same class, such as 
bronzes, in which a maximum strength is the object 
aimed at. Even although such a permanent set 
might not in all cases be an exact measure of the 
elastic limit from a purely scientific standpoint, it 
would enable comparisons to be made much more 
easily than at present. Finally, in regard to the 
amount of elongation, Mr. Parsons ventured to 
think that the adoption of Mr. Yarrow’s suggestion 
of an elongation of not less than 15 per cent. as a 
maximum, and, say, 10 per cent. as a minimum, 
would result in a more efficient material being 
obtained for the various purposes where strong 
bronzes, having a high tensile strength, were 
adopted. 

Mr. Haddon pointed out that it was generally 





supposed that aluminium would not oxidise at 
ordinary temperatures ; but the process of soldering 
rather went to show that surfaces were coated with 
a thin coating of alumina at ordinary temperature, 
It was also known that aluminium, blown throuch 
the flame of a bunsen burner, would give out ‘as 
much light as magnesium. Mr. Yarrow’s remarks 
on the etched surfaces of different materials were 
exceedingly interesting. 

Professor Lambert said that Mr. Yarrow had 
shown how Lloyd’s specifications could be got round 
by altering the diameter of the test-piece, so that 
if the shipbuilder found he could not get the 
required elongation with one size test-piece, he had 
only to take another. Whatever might be the case 
in other places, in the Royal gun factories they 
were more careful, as they had certain very rigid 
rules governing the size of test-pieces of steel for 
guns. These regulations were as follows: Each 
specimen, at first cylindrical and 4.5 in. long b 
lin. in diameter, has to be heated to 1500 deg. 
Fahr. and then plunged into rape oil having a 
temperature of about 65 deg. Fahr. In this oil 
bath it has to remain until cold. It is then turned 
to the testing dimensions, the operative parts 
having a uniform diameter of 0.533 in. for a length 
of 2 in. Before testing, each specimen is sub- 
jected to a tensile stress of 21.5 tons per square 
inch, and, on the removal of this load, the length 
of the specimen is measured. The permanent 
elongation produced by the above-named load 
must not exceed 0.02 in. The specimen is then 
subjected to a breaking load, and, to be satis- 
factory, it must have a breaking stress of not less 
than 34 tons and not more than 46 tons per square 
inch. The elongation also must, in the case of 
circumferential specimens, be not less than 14 per 
cent., and in the case of longitudinal specimens, 
not less than 17 per cent., before fracture. These 
regulations were strictly enforced, and he did not 
think any charge of laxity could be brought against 
the ordnance factory officials in this respect. 
In regard to the metal used by Mr. Yarrow, he 
would be glad to know whether it could be 
forged. 

Mr. Rickard thought Mr. Yarrow had forgotten 
to mention some of the defects of aluminium. He 
(the speaker) had had to consider the suitability of 
this material for a cargo boat of light draught, and had 
obtained specimens from possibly the same makers 
as had supplied Mr. Yarrow. He placed specimen 
plates partly in sea-water which covered about 1 in. 
of the plate. These plates were produced at the 
meeting. It was not so much the immersed surface 
that suffered, as that just at the water line, 
or between wind and water. In 14 days there 
was an appreciable result. The material had 
a tensile strength of 14 tons to the inch, and was 
one-third the weight of steel. It wss possible to 
forge it. The question of the employment of 
aluminium was, however, chiefly one of cost, and 
when they had to pay 8 francs per kilogramme for 
plates, 10 francs for angles, and 12 francs for rivets, 
it was not a material likely to come into use for 
cargo boats. In his experiments he had fourd 
that the plates buckled a little between the rivets, 
and he had, therefore, put in more rivets. 

Mr. James Riley wished to bear testimony to the 
admirable way in which Mr. Yarrow had prepared 
the paper, especially in regard to the photographs 
of fractures and etched surfaces ; but he would 
point out that the greatest care was oe in 
taking these photographs, as so much depended 
upon the way in which the light was thrown on 
the object. An example of one of Mr. Yarrow’s 
propellers, cast solid in manganese bronze, was 
shown in the room. He would like to know how 
much manganese the alloy contained ; but in any 
case it was three times the cost of steel, and only 
gave the same strength. He should be glad to 
know whether there was any particular reason why 
three times as much should be paid for the man- 
ganese bronze as for steel. Mr. Riley went on to 
refer to the question of the size of test-pieces. He 
preferred a longer test-piece than 2 in., especially 
when dealing with elastic limit. He would echo 
what Mr. Yarrow had said, and would be glad if a 
standard could be set up, and also that the exact 
meaning of the term “ elastic limit” should be 
defined. He found that what would please one 
person would be quite unacceptable to another. 

Mr. Rounthwaite suggested that the Council of 
the Institution should confer with the authorities 
of other institutions of a kindred nature, and arrive 
at some decision as to what should be the recog- 
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‘sed conditions of testing materials. He would 
ames that the length of the test-piece should be 
proportionate to the diameter. ue 

Mr. W. E. Smith pointed out that the position 
of the Admiralty in regard to testing material was 
different to that of Lloyd’s Society, as the former 
were purchasers, whereas Lloyd’s had to make 
regulations governing other people’s purchases. 
The Admiralty had, therefore, a freer hand in making 
hard and fast regulations. 

Mr. J. Milton said it was well to remember in 
discussing the question of test-pieces that testing 
was usually carried out for practical purposes, and 
not as a matter of scientific investigation. The 
test for plates, for instance, would not be applicable 
to that for bars. The length of 8 in. was originally 
selected, because it conformed most closely to the 
standard used in France, where the conditions fol- 
lowed were first laid down. In regard to plates, 
he did not see that it made much difference whether 
the strips were lin. or 2 in. wide, supposing the 
length were 8in. In the matter of forgings it 
would often be intolerable if specimens 8 in. long 
had to be taken from them, and he thought for 
small forgings 2 in. was an admirable length, but 
he agreed with Mr. Yarrow that in that case the 
diameter must be specified. 

Mr. F. C. Marshall said that in the testing of 
copper for pipes pieces very different in size 
were taken, and thus varied results were obtained. 
He hoped the outcome of the paper would be to 
bring about uniformity in test-pieces. 

Mr. H. Morgan, who was presiding, said that 
when Mr. Thornycroft surprised every one so much 
by the production of his small high-speed boats, 
the question arose how far such thin plates could 
be trusted to withstand corrosion, and the main 
object was to find out how to preventit. Messrs. 
Maudslay built a torpedo-boat of brass, but that 
was not a success, as the material was not suffi- 
ciently rigid. The question now to consider was 
how far this aluminium alloy was to be considered 
as good as steel in resisting corrosion. That Ports- 
mouth Dockyard would be able to test. He would 
be glad to know if any experience had been gained 
as to fouling. As to the point raised in regard to 
testing, he would take care that the suggestion 
made as to a conference should be brought before 
the Council of the Institution. As chairman of 
the meeting he could promise that, but, of course, 
he could not say what the action of the Council 
would be. 

Mr. Yarrow, in replying to the discussion, said 
that the remarks of speakers had turned largely on 
one point mentioned in his paper, namely, the size 
of test-pieces. Mr. Martell had only credited 
aluminium with one-quarter to one-fifth the strength 
of steel, but the alloy referred to had a tensile 
strength of 14 tons to the square inch. When he 
spoke of standard lengths of test-pieces he was re- 
ferring to machinery, and not to hulls. It was 
very confusing to users when different companies 
referred to tests made in different ways, so that 
the figures given were not comparable. It was 
satisfactory to hear Professor Roberts-Austen’s re- 
marks, because they gave hope that the position 
aluminium now stood in might be the same as that 
coupied by mild steel 15 or 20 years ago. Professor 
Lambert asked if the metal could be forged, in 
reply to which he exhibited specimens worked in 
that way. The way in which they made tests as 
to the safe temperature to which they could bring 
the alloy was by pressing a piece of hard wood upon 
it. When that began to char they knew they must 
not go further. Mr. Rickard had not been for- 
tunate in his test as to corrosion, but before pass- 
ing judgment on that he would like to know 
exactly of what alloy the specimen plates were 
made. Some alloys were far better than others in 
this respect. He agreed that rivets should be 
pitched closer. As to cost, it must be remembered 
that the light draught vessels referred to had often 
to be carried in sections to the interior of a wild 
country where there were no roads. Very often 
the parts had to be taken by negroes, and then the 
question of weight became one of high importance. 
Mr. Riley had referred tothe propeller shown, asking 
why the high price should be paid for manganese 
bronze, when the same thing could be obtained in 
steel at a third the cost. Mr. Yarrow was very 
glad to hear that Mr. Riley could supply in steel 
such a casting as that which the Manganese Bronze 
Company had produced, and which was shown in 
the room, It was the sort of thing he had been 
looking for for 15 or 20 years. Speaking of the 








test-pieces again, he quite agreed with what had 
been said in regard to the same size test-piece not 
doing for both engine and ship work. Mr. Morgan 
had asked whether aluminium was more liable to 
fouling. On that point he had no exact informa 
tion, but he did not anticipate trouble in that 
direction. 

The meeting then adjourned until the next day. 


THE VIBRATION OF STEAMERS. 


The morning sitting of the last day of the meet- 
ing, Friday, the 5th inst., was almost wholly 
taken up by the reading and discussion of three 
papers on the interesting and important subject of 
the vibration of steamers. 

The first paper was by Herr Otto Schlick, and 
was entitled ‘‘On Vibrations of Higher Order in 
Steamers and on Torsional Vibrations ;” this we 
print on page 524 of our present issue. The second 
was by Mr. W. Mallock, entitled ‘‘ On the Vibra- 
tions of Ships and Engines,” which we also print 
in full on page 522 of our present issue. The third 
paper was contributed by Mr. Mark Robinson and 
Captain H. Riall Sankey, R.E. (retired), and was 
entitled ‘‘On a Method of Extinguishing Vibrations 
in Marine Engines;” this we propose to publish in 
extenso in an early issue. 

The discussion on these papers was of a long and 
interesting nature. It was appropriately opened 
by Mr. Froude, who referred to the value of the 
three contributions. Mr. Mallock had brought 
forward an ingenious and very complete system for 
computing the unbalanced forces in any given 
engine, and determining the weights which would 
counterbalance them. The author’s methods might 
appear complicated and difficult to understand, but 
it would be within the knowledge of most persons 
who are accustomed to inquiries of this nature that 
systematic computations are more difficult to de- 
scribe than to perform. He thought anybody who 
tried to work the method out carefully would find 
it simpler than it appeared. A minor point, but 
one worthy of note, was the comparison made 
between the force of inertia and steam pressure. 
Mr. Mallock had shown that the two were quite 
comparable with each other. Mr. Schlick had 
brought forward a novelty in the shape of tor- 
sional vibrations. It appeared from what he 
said that all sensible horizontal vibrations are 
really torsional. The speaker, however, did 
not quite see why so sweeping a rule should be 
laid down. No doubt in some cases there were 
torsional vibrations in the hull, because there were 
torsional stresses in the engine which would tend 
to produce them, but there were also horizontal 
unbalanced forces which would produce horizontal 
vibrations. The speaker’s experience told him 
that there were very marked horizontal vibrations 
about the mid-height of a ship, a point at which, 
according to Mr. Schlick, there should have been 
no motion, supposing the vibrations were purely 
torsional. Another important matter that had 
been brought forward was the shortness of the 
connecting-rod, which they had hitherto been told 
was a matter that might be disregarded. Mr. Mal- 
lock and Mr. Robinson now both told them that it 
was a point of very great importance. There 
were two principal ways of reducing the vibra- 
tion of a ship—one to balance the engine, and the 
other to place the engine in the ship so that the 
vibrations in the vessel would not synchronise 
with the beats of the engine. Naturally the 
first course is the most desirable, but, in many 
cases, it would involve either additional weight in 
the ship or weights which did not contribute to the 
power of the engine, and therefore it would be 
unadvisable ; further, it might involve an arrange- 
ment of the engines not the most efficient. The 
only alternative remaining would be to insure that 
the engines should be so placed with reference to 
the nodes of vibration that the ship would not 
respond to their action. It was of primary im- 
portance to be able to determine beforehand what 
would be the periods and position of the nodes. 
Mr. Schlick admits that for higher periods of vibra- 
tion he has not been able to determine constants ; 
but Mr. Mallock, with his model, had shown 
how, by the simple construction of a plank with 
a series of strips of lead, the positions of the 
nodes might be determined quite easily by 
experiment. There could be no doubt as to 
the importance of the question. When vibration 
was considered inevitable, we put up with it with 
the best grace we could, but, considering the critical 
duties naval officers had to perform, and the neces- 





sity of having all their attention devoted to these 
operations, such as measuring off distances on 
charts, and also the influence of vibration in using 
binoculars, it appeared to the speaker that there 
was hardly any condition except the fire of the 
enemy which was more calculated to interfere with 
the performance of naval duties. 

Mr. J. I. Thornycroft said he felt great pleasure 
in adding his testimony to that of Mr. Froude as 
to the importance of the subject. Mr. Robinson 
had brought before the meeting in a very practical 
way the difficulty of balancing engines, and had 
shown that by means of two cylinder engines 
placed symmetrically, almost perfect balance could 
be obtained. No doubt in the case of electric 
lighting where power could be taken from each 
end of the shaft, this arrangement was very suit- 
able. Engines had been made in which one 
could not hear them running in the room they 
were in, yet at some distance the effect of vibra- 
tion was experienced in surrounding buildings. 
The speaker was of opinion that Mr. Froude 
had most justly said that Mr. Mallock’s appa- 
ratus is one which enabled the probable work in 
the ship to be ascertained. There was a connec- 
tion between the model apparatus and the investiga- 
tions of the late Mr. William Froude, by which the 
performance of the ship itself was able to be fore- 
told. Now by Mr. Mallock’s labours ship designers 
knew where to place the engines so as not to sub- 
ject passengers to the disagreeable effect of vibration. 
Mr. Thornycroft knew from his experience that 
there were very great difliculties in the way of 
making perfectly balanced engines, and the pro- 
posal to put bob-weights through the ship’s bottom, 
which was jokingly suggested by Mr. Robinson, 
nevertheless illustrated one of the difficulties which 
surrounded the subject. He was of opinion that 
all three papers deserved the highest commendation. 

Mr. B. Martell also referred to the importance 
of the subject under discussion and the value of the 
papers. But the Institution was particularly in- 
debted to Mr. Schlick for continuing his laborious 
investigations on this important subject. The 
papers reminded him of the wonderful coincidences 
that occurred in researches of this nature. Every 
one remembered that Mr. Adams, the great mathe- 
matician, who had recently died, calculated the 
position of Neptune. At the same time an eminent 
French mathematician was, in his own country, 
calculating the same thing from another point of 
view, though both arrived at the same result at the 
same time without knowing of the labours of each 
other. In the same way Mr. Schlick was quietly 
investigating this subject, whilst Mr. Mallock was 
doing the same thing, and it was really wonderful 
what a coincidence there was in the results obtained 
and now put before the meeting. Further, Mr. 
Robinson was investigating the same subject at 
the same time, and as a practical outcome he had 
suggested a form of engine, and had communicated 
his suggestions to those interested in the engine. 
Coincidently some other gentleman had sug- 
gested the same arrangement, and the letter 
informing Mr. Robinson of the fact crossed 
Mr. Robinson’s letter containing his sugges- 
tion. Mr. Froude had said that naval officers 
were put to some inconvenience by the vibration of 
their ships ; he (the speaker) could only say that 
their inconvenience was nothing in comparison with 
what he had to endure in consequence of this fea- 
ture. People were constantly coming to him and 
saying ships vibrated because they were too light, 
therefore he was to increase the scantlings, to insist 
on ships being made more rigid, and then vibration 
would disappear. Mr. Martell had resisted this 
very strongly, and it was therefore additionally 
gratifying to him when he saw Mr. Schlick’s beauti- 
ful illustration supporting the action he (the 
speaker) had taken. Mr. Martell went on to give 
an illustration of the result of vibration. He had 
been invited to go down to look at a yacht belong- 
ing to the Trinity House. She was a new vessel 
and had just carried the Elder Brethren round 
the coast, as she did once a year. Mr. Sydney 
Webb and his friends had gone to the north in 
this yacht, and their families were in great 
distress because they received no letters, thinking 
something serious had happened. The explanation 
was simple. The vessel had vibrated to such a ter- 
rible extent that no one on board could write. It 
was necessary to state that the vessel was not 
classed at Lloyd’s. When he examined her he 
found she was built ‘‘like an accordion ;” the top 
and bottom parts were hardly connected at all, 
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there being only three pillars in the whole length, 
and no keelson. If the builders of the ship had 
had the result of the investigation now before the 
meeting at their command, they would not have 
fallen into an error which put the Elder 
Brethren of the Trinity Board to so much incon- 
venience, and plunged their families into such dire 
distress of mind. Mr. Martell continued that he 
thought injustice would be done to one of the 
most valued members of the Institution if no 
reference were made to the most interesting 
paper which was read before the Institution 
by Mr. Yarrow. By this contribution, which 
was produced in the year 1892, the question of 
vibration was first brought before the notice of the 
Institution, 

Dr. Elgar pointed out, though the papers had a 
very theoretical and mathematical appearance, they 
were none the less of the highest practical value, 
and likely to lead to substantial results. It had 
been said that if Mr. Mallock’s apparatus could be 
brought into use the result would be very valuable. 
For his part he did not think there was any ‘‘if” 
in the case, as any shipyard draughtsman, able 
to make ordinary calculations, could perform 
the operations necessary to make Mr. Mallock’s 
plank model. The method suggested by Mr. Mal- 
lock was not only an extremely ingenious one, but 
it represented in a very beautiful and complete 
way just what takes place ina ship in regard to 
vibration. It would be a pity that any one should 
suppose there was doubt as to its being easily 
applied to practical work. 

Professor Biles said that Mr. Mallock’s method 
appeared to be founded upon the investigations of 
Mr. Schlick, which had already been put before 
the Institution, and it brought naval architects to a 
position in which they could determine the locus 
of the node in any given ship. It was also possible 
to determine the amount of vibration, and it further 
enabled the designer to place the engines exactly 
over the nodal point, and thus completely get clear 
of vibration. He was afraid, however, that the 
method of arriving at this result was not quite so 
easy as appeared on the face of it. Doubtless it 
was simple enough to make a plank, the breadth 
of which should represent the stiffness of the vessel, 
supposing the weights and the dimensions of the 
vessel had been worked out in detail, and the stiff- 
ness in this way determined. This being done, the 
position of the node and the period of vibration 
vould be ascertained, and the designer was then 
in a position to fix the place of his engine in 
the ship, and arrange for the number of re- 
volutions at which it should run. A good deal 
of work of that kind had already been done, 
and it was known that the determination of the 
stiffness was dependent upon the moment of inertia 
of the section. There was a great deal of data 
accumulated upon the moments of inertia of the 
cross-sections of ships, especially amidships. The 
sections towards the end were not ditticult to 
calculate. The weight curve in ordinary strength 
calculations also gave the disposition of weights. 
There was, therefore, very much of the data 
necessary to putting Mr. Mallock’s theory into 
practice, already at the disposition of the naval 
architect, and the leaden weights that were placed 
upon the plank could be exactly determined by the 
weight curve, supposing the thickness of the plank 
to be uniform throughout. Further, the moment 
of inertia scale of the section gave the breadth of 
the plank. In this way a large amount of the work 
that was necessary to make Mr. Maliock’s experi- 
ments would be already done. It was to be hoped 
that shipbuilders would put the suggestions of Mr. 
Mallock to practical use, and much information 
would be accumulated on the position of nodes in 
different types of vessels. In 1893 Mr. Schlick 
strongly recommended that four -crank engines 
should be adopted in order to check vibration in 
vessels of light scantling. He would give a prac- 
tical illustration on this point. He had designed a 
light draught high-speed vessel, which had the same 
length as a previous steamer in which vibration 
was unpleasantly prominent. This form of vessel 
had had three-crank engines, and heavier scautling 
than could be applied to the new vessel, in which 
lightness was a necessity. He had, therefore, 
adopted the four-crank engine with cranks set 
at 90 deg., with the result that vertical vibration 
was entirely absent, excepting at the fore side of 
the boiler-room, right amidships. But this vibra- 
tion was not so serious as that which had existed 
in the former ship. It seemed to him that 
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this local vibration was due to inequality of 
loading where the heavy machinery was placed 
amidships. The latter was a point that Mr. Mal- 
lock’s system did not appear to take into account. 
A third vessel was built, also having four-crank 
engines and twin-screws ; the dimensions were the 
same as of the former ship, excepting that the 
depth was increased ; naturally stiffness being gained 
inthis way. Crank balance-weights were put on the 
engines on trial, and it was found that there was no 
vertical vibration at all, but there was a_hori- 
zontal vibration of a marked character. In reference 
to Mr. Robinson’s paper, he would remark that the 
method described by the author for reducing vibra- 
tion was an exceedingly interesting one, and the 
investigations were most valuable. At the same 
time, the arrangement of engines suggested was not 
applicable to twin screws, because the engines 
with them must be disconnected. 

The meeting then adjourned for lunch, and 
on resuming, the first speaker was Mr. David 
Joy. He said he had always taken a great interest 
in the question of vibration, but he thought the 
right way to set to work was to avoid producing 
vibration, and to do this he would reject the parts 
of the engine that tended most to produce that 
result. Hts endeavour had been to take a small 
part of the machinery—the link gear, for instance 
—and he had been utterly at fault in attempting to 
balance the various gyratious of the different parts. 
He had, therefore, given up the attempt, and had 
adopted a single eccentric with a single rod leading 
directly up to the valve. The eccentric could be 
balanced so that no vibration would be produced 
from it. He had commenced with small dynamo 
engines, which ran so fast that if the parts are un- 
balanced there is a great amount of vibration. 
Though they do not require to be reversed, they 
wanted a good cut-off with extreme range of expan- 
sion and rapid control. He had been able to get 
perfect results in these respects, and an almost 
entire absenceof vibration. From small work he had 
proceeded to larger engines, and was now completing 
a set of 1500 horse-power, whilst he hoped to adopt 
the system in steamships of 5000 horse-power and 
10,000 horse-power. He did not interfere with 
connecting-rods or cranks, but confined himself to 
the valve gear itself. 

Mr. A. Morcom, managing director to Messrs. 
G. E. Belliss and Co., wished to confine his re- 
marks to the paper of Mr. Robinson and Captain 
Sankey. The engine referred to by Mr. Robinson 
was said not to have been successful in a central 
station, in the matter of vibration. The speaker was 
obliged to Mr. Robinson for his very courteous re- 


| I 
| i 





marks as to the working of the engine in itself, 


TM Mn 








y. 
Tam, 
— 


r 


which he said was by no means unsuccessful, It 
now appeared from the diagrams Mr. Robinson 
had shown, that the general arrangement was not 
altogether novel, but, by a modification of their 
Crescent type engine, with single valve, placed 
centrally between the high and low pressure cy- 
linders, they had also balanced the valve gear as 
well as the other working parts of this three-crank 
engine. The high-pressure cylinder was placed 
equally between two low-pressure cylinders and two 
slide valves, the weights being arranged to balance 
perfectly the working parts vertically and for rock- 
ing couples. This design was suggested by Mr. 
Yarrow’s experiments, shown at a previous meeting 
of the Institution. It would be remembered that 
a model was shown of a three-crank engine ona 
platform mounted on springs. By balancing the 
rocking couples by means of bob-weights, vibration 
was reduced from very large dimensions to very 
small dimensions. With regard to the obliquity of the 
connecting-rod, no doubt the general opinion was 
that the differences in acceleration and retardation 
had produced vertical pressures that were unimpor- 
tant. Even after what had been said, Mr. Biles had 
attached small importance to this feature in the 
case of a four-crank engine which he put forward 
as being absolutely balanced. Electric light prac- 
tice showed that there was a great difference 
between engines placed on a solid concrete foun- 
dation and those placed in a ship. Mr. Yarrow’s 
experiments proved that, in marine engines, simply 
doing away with the rocking couple made an 
enormous improvement in the working of the 
engine. In this three-crank engine, although the 
rocking couples were entirely removed, and there 
remained only the vertical pressures due to the 
obliquity of connecting-rods, yet there is no doubt 
that the residual vibrating effect is considerable on 
a concrete foundation. The matter was, however, 
still under investigation, but the reasons which 
governed it were not yet apparent. Vibration is 
started at so many points inan engine where steam 
pipes, exhaust pipes, &c., are attached to the build- 
ing, that it was impossible to say precisely what 
was happening. The position of the engine itself, 
moreover, might influence the result. Mr. Robin- 
son had said it was not possible in a three or four 
crank engine to make a perfect balance, but he 
would show that this was possible in their arrange- 
ment (similar to that which Mr. Robinson shows in 
Fig. 6)* with three cylinders. The rocking couple 
was, as already explained, entirely done away 


* The paper of Mr. Robinson and Captain Sankey, 
with the illustrations, will be published in an early 
issue. 




























sR i eae eae OETe 
Se Rare ee eS 



























4 
2 


mitiioiias 


Saar 


ete 


Pere oes 








ApriL 19, 1895. ] 


ENGINEERING 


501 











——— 


— 


REUSE'S CIGAR-MAKING MACHINE. 


(For Description, see Page 506.) 


Fig.1. 











with. The matter was tested very carefully by 
placing the crank on knife-edges, and the balance, 
so far as the up and down parts went, was also exact. 
The only point remaining was the disturbance due 
to the obliquity of the connecting-rod, and he had 
no doubt that was a more serious thing than many 
people supposed. His firm was continuing the 
experiments to obtain a perfect balance without the 
application of bob-weights. It was proposed to 
introduce a return connecting-rod with an under- 
neath guide for the central (high-pressure) engine. 
In this way the vertical parts were balanced, and 
there was no rocking couple, and as the con- 
necting-rod was going in exactly the opposite direc- 
tion to the two low-pressure rods, which were 
collectively of the same weight, the effect due to 
obliquity would be entirely done away with. In 
this way there was obtained a mathematically exact 
balance, which was not got by Mr. Robinson with 
his six-crank engine, for, in the latter case, there 
were still the vertical pressures due to the obliquity 
of the rods, Captain Sankey here said that would 

















be 11b. Mr. Morcom said he had worked 
the matter out, and although he could not quote 
the exact figures, he thought he would be safe in 
saying it would be something considerably in excess 
of what Captain Sankey had stated. The Willans 
engine, however, was an exceedingly ingenious 
engine, and acted admirably with the exquisite 
work put into it by the Thames Ditton firm. He 
thought, however, that a good many engineers 
would look more favourably on an engine that 
had three pistons and three cylinders, rather than 
upon one that had 24 cylinders and 24 pistons. 
In this number he was including the compression 
pistons. In conclusion, he would say that he 
hoped the mathematically perfect balance he pro- 
posed would be approved, as it, in a three-cylinder 
engine, did away with even the small residuum 
‘‘ referred to by Captain Sankey as 1 lb.,” which 
was still there, due to the obliquity of the connect- 
ing-rod in the 24-cylinder engine. 

Professor Greenhill said Mr. Macfarlane Gray 
had just shown him a geometrical construction 


which he had invented, and which solved the 
same problem as that discussed by Mr. Mallock 
in his paper. The geometry employed by Mr. 
Gray was of equal elegance to that of Mr. Mallock, 
but it proceeded on entirely different lines. It 
would be desirable that Mr. Gray’s solution should 
appear, so that a comparison could be made be- 
tween the two methods employed. 

Our readers will remember that Mr. Gray con- 
tributed to the discussion on Mr. H. A. B. Cole’s 
paper on “‘ The Tripling of Compound Engines,” 
read at the spring meeting of the Institution in 1886, 
the graphic solution of the problem of the un- 
balanced forces. This will be found on page 421 of 
the forty-first volume of ENGINEERING. That solu- 
tion, as also the exact formula, will be found to be 
similar in results—as far as it goes—to the results 
obtained in Mr. Mallock’s paper; but in the 
formula trigonometrical signs are replaced by ex- 
pressions more suitable to drawing-oflice use. We 
understand that Mr. Gray’s new extended diagram, 
although simpler, is also identical with Mr. Mal- 
lock’s in its results. 

Mr. Mark Robinson said that though his col- 
league, Captain Sankey, would undertake the duty 
of replying upon their joint paper, he should be 
glad to contribute a few words to the discussion. 
In the first place, he objected to much which had 
been said about Mr. Robinson; it should have 
been said about Captain Sankey. This little col- 
laboration was one of the many cases which showed 
the enormous value to engineers, as practical 
business men, of a command of the higher mathe- 
matics. He had by chance been the first to suggest 
the form of the vibrationless engine, but the sug- 
gestion could never have been made but for Captain 
Sankey’s unexpected demonstration of the complete 
immunity of the three-crank engine from one main 
cause of vibration, and of the reason for that im- 
munity. With regard to the engines which had 
been tried, with the couple balanced, he had had 
no wish to identify them, and still less any wish to 
speak against their success as steam engines, apart 
from the particular question they were designed to 
try ; he could only say with how much pleasure he 
had listened to Mr. Morcom’s references to this 
subject. It had been pointed out in Mr. Schlick’s 
paper that engines necessarily tended to vibrate by 
angular motion upon the crankshaft as a centre ; 
such motion was probably small, but in a twin- 
screw ship it was easily extinguished (the screws 
being of opposite hand) by tying (and strutting) the 
two engines together at the top, and at the bottom. 
He thought there had been rather a disposition to 
treat the six-crank engine as interesting, and per- 
haps as having made out its case, but as unpractical. 
He asked them to consider well before coming to 
this conclusion. In the first place, they had 
arrived at four cranks already, with good results, 
and the six-crank engine might, after all, as was 
pointed out in the paper, be a five-crank engine. 
One extra crank was not a great deal to differ 
about. They had, in fact, six cranks already, 
driving each screw in certain large warships of this 
and other countries. On the question of strength 
in the crankshaft, that was but a matter of calcula- 
tion ; as regards weight, he much doubted whether 
they could not save weight by having smaller, 
because more numerous, cylinders. The smaller 
the parts the higher the permissible revolutions 
per minute, which was another source of lightness, 
as well as of steam economy, and of advantage 
through getting the propellers, owing to their 
smaller diameter, more deeply immersed. Six 
small cylinders did not, it must be remembered, 
occupy 50 per cent. more length than four large 
ones, and much might be done to save length by 
arranging the valves differently, and perhaps driving 
them differently. He could not but believe that 
if there proved to be good reason for using six (or 
five) crank engines, the difficulties in the path 
would soon disappear. He thought the warmest 
thanks of the Institution were due to Mr. Schlick 
and to Mr. Mallock, as to their predecessor Mr. 
Yarrow, and though he believed that the most 
important thing of all was to get engines from 
which vibration was absolutely excluded, and that 
such engines could not be produced by any system 
of counterweights; yet he felt sure that there 
would always be enough vibration from the pro- 
pellers, and even from the waves, not to mention 
imperfection in the engines themselves, to insure 
that the question of how to neutralise its action in 
the ship’s own structure would always be one of 





primary importance. 
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The President said that Herr Schlick, having 
some difficulty in replying in English, would com- 
municate his remarks in writing. 

Mr. Mallock said that he would like to say a few 
words on Mr. Schlick’s paper. There was only 
one point in which he was at issue with Mr. 
Schlick, and that was the question of torsional 
vibration. A formula was given of torsional vibra- 
tion which involved a certain quantity referred to 
as C ; this represented the speed of torsional vibra- 
tion through the material of which the ship was 
made. In the case of steel that speed was enor- 
mous, as it would travel along a steel bar at 
12,000 ft. asecond. The torsional vibration shown 
in the diagram was 150 ft. per second. It was the 
speaker’s opinion, therefore, that the slow speed 
at which vibration travelled in the latter case 
proved that it could not be torsional vibration, but 
must be lateral vibration of some kind. He thought 
that the slowest torsional vibration possible in a 
ship of 250 ft. length would be nearly 1000 ft. per 
second. In other respects he entirely agreed 
with the remarks of Mr. Schlick. He would like to 
add a note to the particulars he had given on the 
forces of the couples dealt with, whose axes were 
at right angles to the axis of the shaft. He did 
not deal with couples having a tendency to twist a 
ship longitudinally, and having a manifold origin. 
In addition to all the vibrations spoken of during 
the discussion, there were couples tending to rock 
the engine, due to a treble turning moment on the 
engine when there is a harmonic couple tending to 
make the engine throb. Steam pressure was an 
important element in this. The turning moment 
varies from nothing to its maximum effect twice 
in every revolution. This has a tendency to make 
the engine rock about the shaft, and was an exceed- 
ingly important question. In many cases there 
were important couples which were capable of being 
balanced by bob-weights. Mr. Mallock next referred 
toa report he had made to the Admiralty upon a ship 
in the year 1892. Init, it was stated that the ratio 
of the frequencies of the various vibrations observed 
were as follows: Oscillations in the vertical plane 
of the first order were 125 per minute ; in the second 
order there were 226 per minute ; in the next order 
there were 450 per minute; inthe next 770 per 
minute ; in the next 1420 per minute, and finally 
1950 per minute. Two sets of horizontal vibrations 
were observed, one at a frequency of 200, which 
was to be compared to 123 of the vertical period, 
and the next at 373. The ratio of 123 to 200 is 
exactly in the ratio of the lateral and vertical 
moments of inertia in the ship. This proved con- 
clusively that it was really lateral vibration, and not 
torsional vibration. Mr. Robinson’s paper was 
quite right in regard to all the forces, but he had 
said that it was impossible to balance a two-cylinder 
engine by bob-weights. He had shown that the 
obliquity of the connecting-rod brings in a force 
which tends to lift the engine twice per revolution. 
The speaker believed that all could be balanced by 
placing balancing rods away from the centre of 
gravity of the moving parts, in a manner he ex- 
plained by the means of the blackboard. In speak- 
ing of the subject of vibration in connection with 
torpedo-boats, he was sure that any naval ofticer 
would be willing to stand a considerable amount of 
slow vibration, but the thing that was most dis- 
tressing was the very rapid vibration which made 
charts walk about on the table and prevented writ- 
ing or anything of that kind. When that was con- 
tinued for days together, it was exceedingly trying. 
The vibration that occurs at 120 or 130 revolutions 
of the engine per minute one would not mind very 
much. The only way to get rid of these tremors 
was by thoroughly balancing the engine, and thus 
eliminating the cause of them. He believed that 


any extra weight required for this purpose would be | 


paid for over and over again in the comfort of those 
on board. In the report he had already referred 
to he had said that the most annoying vibration 
would be felt when the acceleration due to the vibra- 
tionapproached gravity in magnitude. Astherapidity 
increased, so the amplitude which produced that 
effect would decrease. In a diagram shown the 
amplitude of the vibration by which the acceleration 
was equal to gravity was at present at 300 revolu- 
tions per minute, and the radius of oscillation 
would have to be 5 in. to make things jump on the 
table. At 1000 revolutions there would only be 


about 3}, in.; at 1300 to 1400 revolutions per 
minute it would need only ;}, in. in order to make 
the acceleration equal to gravity, so that things 
would be all afloat. 


There was a good deal of 





trouble in a steamer in keeping the charts on 
the table; to get over this would be a most desir- 
able thing. 

Captain H. R. Sankey, R.E. (retired), in reply- 
ing to the discussion on the joint paper by Mr. 
Mark Robinson and himself, said that he had not 
been able to sufticiently follow the arrangement de- 
scribed by Mr. Morcom to be able to speak positively, 
but he was afraid it would not fulfil the object in 
view for marine purposes. Mr. Morcom had said 
that the vertical pressures were still considerable in 
a three-throw engine; he could, however, assure 
Mr. Morcom that this was not so if the weights were 
equal ; thus, in an engine of 300 indicated horse- 
power running at 350 revolutions per minute, the 
range of unbalanced vertical forces was about 1 1b., 
as against not far short of 5600 Ib. in a two-throw 
200 indicated horse-power engine with equal weight 
of parts, and running at 350 revolutions. From 
Mr. Morcom’s remarks it might appear that there 
was an idea of putting six-crank Willans engines, 
each crank having three cylinders in tandem, into 
steamships—but there was no such intention ; Wil- 
lans central-valve engines were, of course, not 
suitable for driving large steamships. He was toa 
certain extent in agreement with the remarks Mr. 
Mallock had just made on the use of bob-weights so 
far as they went, but he would point out that the 
ratio of crank to connecting-rod for the bob-weights, 
that Mr. Mallock said was necessary, would mean 


in practice a ratio of about + which he thought 


was an impracticable ratio, and would, he felt sure, 
lead to grave difliculties in design. He pointed out 
that Mr. Mallock, in his paper, spoke of Mr. 
Schlick’s engine as being perfectly balanced, 
although Mr. Schlick in his paper and his patent 
specification stated that the effect of the angle of 
the connecting-rod had not been taken into account. 
But further on in his paper Mr. Mallock said that an 
engine would hardly be said to be even approximately 
balanced unless this effect was taken into account, 
which was precisely the contention of Mr. Robinson 
and himself. To verify this point he had drawn 
out a diagram of the inertia forces of an engine 
designed in accordance with Mr. Schlick’s specifica- 
cation, and found, as might be expected, that the 
vertical sum of the inertia forces balanced at all 
points of the stroke when the angle of the connect- 
ing-rods was not taken into account. But when 
this effect was allowed for, it appeared that these 
forces were by no means balanced, as was exhibited 
in Fig. 10 of hisand Mr. Robinson’s paper ; it would 
seem, in fact, that the variation amounted to no less 
than 16 tons in an engine of 5300 indicated horse- 
power, or little less than in the three-crank engine of 
equal powershown in Fig.5 of his and Mr. Robinson’s 
paper, in which no balancing had been attempted. 
Mr. Mallock had shown, by his beautiful instru- 
ment, that the nodes for the first order of vibration 
were at .324 of the ship’s length, and vibration of 
this order would be most likely to be produced by 
an engine having a couple, owing to the longer 
period, but the node for vibration of the second 
order was at .206, and such vibration, being of 
double frequency, would be more likely to be caused 
by engines with a vertical force, as the frequency of 
vibration due to the vertical force was double that 
due to the couple. Hence, in general, it would be 
advantageous, if other things allowed, to place a 
three-throw engine which had a couple and no 
vertical force, at .206 of the length of the ship, and 
engines balanced on the Lowrie principle, or rather 
upon Mr. Schlick’s modification of it, which have 
no couple but a vertical force, at .324 of the length, 
or thereabouts. 

In summing up the discussion Lord Brassey said 
it was to be regretted that Herr Schlick had been 
unable, as he stated in the paper, to get information 
from owners of mercantile vessels. He (Lord 
Brassey) had been recently a traveller in one of two 
important ships in which this question of vibration 
was, at one time, one of great difficulty, but which 
had been removed. He spoke of the Campania 
and Lucania. It was found that by running the 
engines slightly slower the difficulty was removed, 
and there was no appreciable loss of speed. The 
case was one which had received thorough scientific 
investigation, and the solution of the problem was 
a matter of great public advantage. 

It should be stated in regard to the Campania and 
Lucania, Professor Elgar had informed Lord Brassey 
that Mr. Schlick had written to the Fairfield Engi- 
neering and Shipbuilding Company for certain par- 
ticulars, dimensions, weights, &c., of these ships, 








in order that he might test their vibration by his 
method of calculation. Dr. Elgar had sent Mr. 
Schlick all the particulars he had asked f. 
and had told him he could have more if he 
required them. Mr. Schlick had calculated what 
the period of vibration would be in comparison 
with other vessels, and had sent the result to Dr, 
Elgar. 

There was one other point upon which Lord 
Brassey dwelt. He thought that all present 
would be deeply impressed by the fact that an 
eminent professor, a Fellow of the Royal Society, 
and one in the public service (he referred to Pro- 
fessor Greenhill), should get up to tell the meeting 
that a gentleman sitting by his side, who, like him. 
self, was a public servant, had something of great 
value which he could communicate to the meeting, 
but which he was precluded from communicating by 
arule of the Board of Trade. Lord Brassey said he 
would be the last to encourage officers of the public 
service in doing anything which would constitute a 
breach of discipline. He would ray that so long as 
an officer is in the public service he is precluded 
from public criticism of his department, or from 
saying anything which would imply a want of 
respect and deference to superior authority ; but in 
dealing with a matter of pure science, his Lordship 
felt bound to say it could not be for the public 
advantage that a gentleman, because he happened 
to be in the employment of the State, should be 
precluded from giving any information which it 
greatly concerned the public to know. That narrow 
limitation is not applied to persons serving other 
departments of the State, as members of the Insti- 
tution well knew. Most valuable contributions to 
the Transactions came in the shape of papers read 
at meetings from Admiralty officials. The Presi- 
dent hoped that the same generous and liberal 
spirit would be found hereafter at the Board of 
Trade. 

SrTaBILITY OF O1L-CaRRyYING SuHIPs. 


Mr. W. Hok next read a paper ‘‘On the Trans- 
verse Stability of Floating Vessels containing 
Liquids, with special reference to Ships carrying 
Oil in Bulk.” ‘This paper we shall publish in full 
shortly, with the illustrations. A very brief dis- 
cussion took place on this paper, and the meeting 
then adjourned. 

InpucEeD Draveut. 


The only paper set down for reading at the last 
sitting of the meeting, that held on the evening cf 
Friday, the 5th inst., was a contribution by Mr. W. 
A. Martin, entitled ‘‘ Induced Draught as a Means 
of Developing the Power of Marine Boilers.” This 
paper we published in our last issue. 

At the conclusion of the reading of the paper, 
Mr. Martin showed the models to which reference 
had been made, and, by their aid, carried out 
certain experiments with the view to proving 
induced draught was superior to forced draught. 
He first took a model representing a small cylin- 
drical boiler having a tubeplate and tubes for 
the flame to pass through. The boiler was con- 
nected with an uptake containing a fan, the latter 
being worked by an attendant. He placed in con- 
tact with the tubeplate a disc of paper perforated 
with holes corresponding tothe positions of the tubes. 
A bundle of tapers having been lighted, the flame 
from them was drawn into the tubes by the action 
of the fan, but the paper was not consumed or even 
blackened by the flame. Whether he considered 
the paper would have fared equally well had the 
tubeplate in the model formed a part of the firebox 
of an actual boiler, Mr. Martin did not inform his 
audience. He afterwards removed the paper from 
the model, and burnt it in the flame of the taper ; 
for some one had unkindly suggested it might be 
asbestos. Mr. Martin next placed his finger across 
the end of one of the tubes, partially obstructing 
the entrance, and then caused the flame to enter 
that tube by working the fan. It is hardly neces- 
sary to say that his finger was not burnt, but again 
we did not gather that Mr. Martin had tried the 
same experiment with an actual boiler in ordinary 
service. The next experiment consisted of taking 
a 6-ft. tube and attaching it to the fan, by which a 
current of air was drawn through the tube. A 
cylinder of paper was inserted in the end of the 
tube, and when the flame was drawn through the 
paper was not burnt. That, of course, was but a 
variation of the former experiment. Thermometers 
were inserted in the tube at intervals along its 
length, and, when the flame was ‘‘ induced ” into 
the tube for a considerable time, the temperatures 
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they denoted gradually rose. The first thermo- 
meter, which was placed very near the fire end, re- 
gistered far less than the second, placed about the 
middle, and the second less again than the third, 
near the end. Mr. Macfarlane Gray gave the 
readings, which finally were 75 deg., 102 deg., and 
114 deg. respectively. Mr. Martin interpreted 
these results as proving that induced draught is 
advantageous because the heat was conveyed to the 
water, not so much through the metal of the tube- 

late, and the tube end in the immediate vicinity 
of the tubeplate (which would be the case with 
forced draught), as through the whole length of 
the tube. He added that with marine boilers 
using induced draught the stoking was not a fine 
art, and the number of stokers required was less. 
he experiments with the Polyphemus’s boilers 
had proved this, and also that much less ash and 
clinker is produced by induced draught as com- 
pared to forced draught. With the latter, fire- 
doors were speedily destroyed. In one case, 16 
fire-doors had been required inone month. When 
induced draught was applied, the fire-doors stood. 
With induced draught the stokers were not in such 
fear of explosion as with forced draught. With 
the former any one could go into the stokehold 
dressed as he (the speaker) then was, but if 
he went into a forced draught stokehold he would 
come out asweep. Finally, Mr. Martin was sur- 
prised that forced draught had ever been used at all. 

Mr. A. J. Durston, Engineer-in-Chief to the 
Royal Navy, was the first speaker. He referred 
to the experiments narrated by the author, and 
said that only a certain number of trials had 
been selected, but the conclusion they had come 
to at the Admiralty, from the whole number of 
experiments, was that there was an economy in 
the use of induced draught. He was, however, 
of opinion that Mr. Martin’s illustrations did not 
prove that the use of induced draught would afford 
greater protection to tube ends than forced draught. 
The working of the fire and the duty of the stokers 
was easier with induced draught; and also less 
clinker was formed. He thought that the results 
obtained with the Polyphemus’s boilers may have been 
influenced by damage originally done to the tubes 
when the boilers were in the vessel. There were 
two vessels being fitted on the new system at Sheer- 
ness, the boilers and engines being made in the 
dockyard. These were the Alert and the Torch, 
which would each have 1100 horse-power with 
natural draught, and 1400 horse-power when the 
fires were urged by the fans. One of these ships 
would have induced draught and the other forced 
draught. They had ordinary cylindrical boilers of 
the usual Admiralty pattern. With these two ships 
competitive trials would be made. A still larger 
experiment would be carried out with the big battle- 
ships Magnificentand Majestic. The former, built at 
Chatham, was being engined by Messrs. Penn, and 
would have induced draught; whilst the latter, 
under construction at Portsmouth, would have the 
ordinary closed stokehold. Here again results 
could be compared. The machinery in the two 
ships was by different contractors, and Messrs. 
Penn were also putting the engines into the Illus- 
trious, another battleship, and this vessel would 
have forced draught. 

Mr. F, C. Marshall said he had for many years 
taken an interest in the forced-draught system of 
working marine boilers, but induced draught had 
only been brought before him within four or five 
years. His firm had fitted induced draught to 
steamers having boilers with Serve tubes. His 
experience confirmed that of the author as to the 
action of forced draught and induced draught, as 
explained by the diagrams. The action of forced 
draught on tube ends was well known, the diffi- 
culties that followed sometimes leading to loss 
of life. He had always contended that the first 
square foot of heating surface in a tube was worth 
all the rest, and this arose from the intensity 
of the heat on the tubeplate and the tube 
ends. Mr. Martin’s experiments had shown the 
action of heat in entering the tube. It had 
been said that the heat entering the tubes was as 
great with induced as with forced draught, but the 
experiments they had seen showed that with induced 
draught the heat was more distributed over the 
whole area; indeed, the tube was hotter at the 
part furthest from the fire. No doubt some action 
may have been due to cold air, and that might affect 
the result. Reference had been made to the trials 
with the Polyphemus’s boilers, but they were 
some time ago, whilst the trials made with the 


Gossamer were more recent. In this ship the 
intended indicated horse-power was 1250, but with 
induced draught 1288 indicated horse-power was 
actually obtained; with forced draught it was 
intended to get 750 indicated horse-power, but 
only 710 was obtained. The Table quoted by the 
author states that the coal per indicated horse- 
power (per hour) was 1.92 lb.; with forced draught 
it was 2.32 lb. 

Although we have already printed Mr. Martin’s 
paper it may be convenient if we here point out that 
in both cases the grate area was 79 square feet, and 
on the induced draught trial the rate of consump- 
tion was 31.3 Ib. of coal per hour, whilst with 
the forced-draught trial the rate of combustion 
was only 20.87 lb. per hour per square foot of grate. 
Perhaps the best comment we can make with regard 
to these figures is that they show what an untrust- 
worthy thing indicated horse-power is by which to 
measure the efficiency of boilers, especially when one 
trial (that. with induced draught) lasts 30 hours, 
whilst the other (the forced-draught trial) extends 
over 96 hours. On another pair of trials the pounds 
of coal per indicated horse-power per hour were 
1.87 for forced draught, and 1.68 for induced 
draught. These figures we take from Mr. Martin’s 
paper, but this was with very low power, only 
about 18 lb. of coal being burnt per square foot 
of grate per hour. It will be evident that they 
are inconclusive as boiler trials, at any rate as 
quoted. 

To return, however, to the remarks of Mr. Mar- 
shall. He stated that the Table was a very con- 
vincing one, and he failed to see, after the 
experiments referred to in it were made, why 
forced draught should be applied to any steamer. 
He would have thought that forced draught had 
seen its last days, and, judging from his own ex- 
perience, he anticipated that not many more 
forced-draught boilers would be used. He did not 
say that Serve tubes would come in, but he held 
that induced draught would be applied when an 
economical boiler was required. 

Mr. J. Milcon was sorry that he had to state he 
entirely disagreed with the last speaker in the 
remarks he had just made. He had been so closely 
connected with Mr. Marshall in the past, and had 
such regard for him, that it was with the greatest 
regret he had to express so entirely: contrary an 
opinion. He had also a great regard for Mr. 
Martin, who had devoted much attention to 
the study of combustion, and had produced a 
furnace door which had never been surpassed for the 
purpose of a marine boiler. He had also been 
very successful in the arrangement of firebars. He 
was sorry, therefore, to see he had fallen into a 
fallacy. A naval architect would explain wherein 
this fallacy existed by an illustration taken 
from the stream line theory. He would make 
a sketch on the blackboard to render his 
meaning clear. Mr. Martin had put a lighted 
taper in front of the tubeplate, and, by the 
action of the fan, had drawn the flame into the 
tube by the partial vacuum formed in the chimney. 
The paper he had put on the tubeplate very 
naturally had not caught fire, for the simple reason 
that, while the flame was being drawn in, cold air 
was being drawn in also around the flame. The 
experimental conditions were altogether different 
from those that would exist in the case of a fire- 
box and tubeplate in actual work, for, in the latter 
case, the cold air was not there. For a like 
reason, the finger was not burnt when held in front 
of the tube. The same thing held good with the 
thermometer experiments. The first thermometer 
was almost wholly in the cold air ; when the next 
thermometer was reached the air had become more 
heated ; and at the third, the mixture of hot and 
cold air was more complete still. In regard to what 
Mr. Martin had said about the fears of stokers, he 
protested against the statement that the men want 
a place to run away to. There was no such thing 
as fear and trepidation with forced draught any 
more than with natural draught; indeed, the 
stokers preferred the fans to be running rather 
than having natural draught. There had been 
accidents with forced draught, and they would 
also have occurred with induced draught under the 
same conditions of steaming. A bad feature in 
induced draught for warships was that the fans 
had to be placed in the base of the chimney, where 
a shot might reach them, and so be fatal to further 
expectation of high speed. With forced draught 
the fans were in a position in which shot and shell 





eould not reach them. 


Mr. J. P. Hall thought Mr. Martin had not done 
himself sufficient justice in his paper, and he there- 
fore asked certain questions. These Mr. Martin 
repeated in his reply, where they will be found, 
with the answers. The Gossamer trials, in Mr. 
Hall’s opinion, had not proved anything. The 
1250 horse-power was not sufficient for a crucial 
test, when 1500 or 1800 horse-power might have 
been attained ; whilst working at 750 horse-power 
was not forced draught at all, as the funnel draught 
alone would have burnt the coal, or nearly so. In 
reference to Mr. Milton’s remark, he would state 
that in the Magnificent the fans were under the 
armoured deck and well protected. 

Mr. Rounthwaite said that the author had shown 
some very pretty experiments, and Mr. Milton had 
explained the phenomena ; but neither the experi- 
ments nor the explanations seemed to touch on the 
question of the relative merits of the two systems 
of draught. If Mr. Martin had reversed the ex- 
periments and driven air through the tube by in- 
closing the apparatus in a box and blowing into the 
box, exactly the same result would have been 
obtained. 

Mr. Gross fully agreed with the statements made 
by the author of the paper. Five years ago those 
who would have declared for suction draught might 
have been counted on the fingers of one hand, but 
their number was now continually increasing. Mr. 
Milton had said that there was nothing in the 
author’s explanations, but if that were so, how was 
it there had been in constant use for 90 days a 
boiler burning 30 1b. of coal per square foot of grate, 
and yet no difficulty was experienced? Every one 
was acquainted with what Mr. Milton had brought 
forward, but if they looked into the combustion 
chamber of a boiler, they would see just the same 
action going forward as was shown by Mr. Martin’s 
experiments. With the induced draught system 
the tube-ends and tubeplate were not over- 
heated, and that was why the system was so 
successful. 

Mr. Allen said he had been invited by Messrs. 
John Brown and Co. to visit their works at Shef- 
field. His firm had applied induced draught to 
several boats with success. Lately they had fitted 
two water-tube boilers with the Ellis and Eaves 
system of induced draught. This was the same in 
principle as the Martin system, but the air passing 
to the furnace was previously heated. They had 
adopted this system because their works were near 
the river, and it was undesirable to erect a tall 
chimney. They found the system worked well, 
and he did not see why it should not answer on 
board ship. 

Professor Biles had designed some steamers 
which worked with induced draught, arranged in 
the same way as was devised by Messrs. Brown. 
They made three voyages, and 18 indicated horse- 
power was obtained per square foot of grate, the 
consumption being 1.8 lb. of coal per hour per 
indicated horse-power developed in the main 
engines. The coal required for auxiliary purposes 
should be deducted to give the absolute result. 
These were quadruple-expansion engines. They 
were a great success and exceedingly clean. 

Mr. Martin, in replying to the discussion, said 
he did not get his theory of induced draught from 
the model he had shown, but from watching a back- 
end tubeplate in a return-tube boiler, hollow stays 
being provided for the purpose, so that he could 
see into the combustion chamber. In experiments 
made in a room, so that an audience could see them, 
he could not help cold air coming in, but he did 
his best. He had travelled miles on the foot- 
plates of locomotives, and had seen the flame leaping 
into the centre of the tubes exactly in the manner 
shown in the experiment. ‘‘It was,” the speaker 
said, ‘‘like a lot of serpents leaping into the tubes,”’ 
which showed at once why the tube-ends and tube- 
plate were not destroyed. The boilers on loco- 
motives were used for years without taking damage. 
It was impossible to overdrive a locomotive boiler. 
You could heap on the coal as fast as possible, and 
in any manner. There was no art in firing a loco- 
motive with its induced draught, and there was 
always abundance of steam in a short time, because 
it worked with induced draught. With forced 
draught it would be very different. It was im- 
possible to produce flame from the chimney with 
induced draught ; the combustion was too perfect. 
Mr. Hall had asked whether they had made the 
96 hours’ trial with perfect ease, only stopping 
20 minutes per day to clean fires? The reply to 





this was yes. The second question was whether, 
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in the case of forced draught, they could only run| occasion he would have to support him a worthy 
for six hours, after which fires had to be drawn representation of the Institution of Naval Archi- 


and relit? The answer to this was yes. 


Mr. Hall | tects, who would do credit to British shipbuilding 


also asked whether fires were banked at night. and marine engineering. He next referred to his 


The answer was, they went on night and day. 


own retirement from the Presidency of the In- 


Lord Brassey, in proposing a vote of thanks to stitution, a step which had been forced upon him 
the author, said it was clear to the untutored mind by the public duties he had undertaken in Victoria. 
that with induced draught good results in regard to It was a source of pleasure to him, however, that 
economy were obtained, and he was in favour of | he would be able to attend one more meeting of 


induced draught. 


the Institution, and he hoped he should, when he 


In bringing the meeting to a close, Lord Brassey | said farewell in Paris, do so toa large and repre 
referred to the Paris meeting, which commences on | sentative gathering of the Institution. 


June 11 next. He was quite sure that on that} The proceedings then terminated, 
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ELEOTRIO TRACTION.—No. XIV. 
By Purp Dawson. 
DovusLeE TROLLEY SysTEM. 

Tue double trolley or all metallic system has been 
adopted at Cincinnati. The telephone company were 
so powerful when the railway company applied for 
their franchise that they were forced to adopt this 
system to avoid as far as possible any interference 
with the telephone circuits. The principal diffi- 
culties encountered were the overhead crossings and 
switches to prevent short circuits at the crossing 














Fig. 6. 
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of positive and negative wires. These have been 
overcome, as shown in Figs. 146 to 151. At turn- 
outs a second set of wires have been provided for 
one track, and the conductors on entering some of 
the curves have to transfer the trolley poles to a 
different set of wires. The cars pass the dead 
points in the branches by momentum, the current 
being carried past these points by insulated cables 
above the frogs. This system works satisfactorily, 
but it necessitates an enormous and most objec- 
tionable increase in the number of aerial wires. It 
also seems impossible to insulate the line properly. 

If one of the trolleys be taken off the line and 
connected to the rails, sufficient current will flow 
to light up all the lamps in the car, although not 
enough to move the car. 

Figs. 152 and 153 are views of the double trolley 
system as carried out in Cincinnati. 

A word may be said in connection with the ap- 
pearance of overhead conductors. Undoubtedly 
some aerial lines have been put up with an utter 
disregard of appearances, and inexperienced or 
careless constructors have erected webs of trolley 
strain and feeder wires which were most obnoxious. 
This is especially true of many hastily built Ameri- 
can lines, pushed through at high pressure, and at 
the smallest possible expenditure. Now that the 
first rush is over, and the tramway operator, the 
manufacturer, and the contractor have had time 
to take breath, the weight of public and press 
criticism has had its effect, and no pains is spared 
to perfect the entire plant and apparatus. A 
carefully designed and erected line, with sub- 
surface feeders, handsome poles, &c., has but few 
objectionable features, and in the great majority of 
cases public convenience is so largely benefited 
by the numerous advantages that closely follow 
upon the introduction of improved and more rapid 
transit facilities, that opposition to the extension 
of a trolley line is now almost unknown in the 
United States. 

Morors. 


As in this series of articles it is proposed to de- 





scribe only the predominant forms of apparatus, 
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and the most recent practice, and as their scope is 
neither historical nor mathematical, we will not 
touch upon obsolete types or enter into long calcu- 
lations for designing motors. Existing text-books 
have fully treated these subjects. 

The motors used in the early days were all of the 
double-reduction type of gearing, and the waste of 
power in a double transformation of the high arma- 
ture speed to that of the car axles was very great, 
an efticiency of 60 per cent. being rarely obtained. 

At the present time, good design, workmanship, 
and materials have so changed the situation for 
the better, that 80 per cent. efticiency is usually 
attained under most conditions, that efficiency re- 
maining constant with widely varying loads. 

When the application of electricity as a means for 
propelling street cars was first practically under- 
taken, the effort of the designers really was to 
apply the existing stationary motor to existing run- 
ning gear. Connection between motor and axle 
was maintained by means of belts, sprocket chains, 
friction clutches, and other mechanical devices, all 
of which, with few exceptions, have now been aban- 
doned on account of the great expense of their 
maintenance and their low efliziency. Doub!e- 
reduction spur-gearing was first introduced on the 
experimental line at Woonsocket, RI., j>iatly 
equipped in 1886 by the Thomson-Houston and 
Bentley-Knight Companies, and the advantage of 
a specially-constructed and self-contained motor 
truck were there demonstrated. 

The high speed and comparatively cumbersome 
construction of motors at that time, necessitated a 
double reduction in gear between armature and 
axle of about 9to 1. This required an armature 
speed of about 1500 revolutions per minute, with a 
car speed of about 15 miles per hour. 

The later types of double-reduction motors, of 
which a great many have been employed both in the 
United States and Europe, have given excellent 
service ; but as time passed and competing com- 
panies struggled for favour in the traction field, 
more advanced designs were developed. The 
electric motor having demonstrated its ability to 
do the required work, the next problem was to so 
improve it as to make operating expenses as small 
a3 possible. This was practically effected by im- 
proving the design of the double-reduction motor, 
and to a much greater extent by the introduction of 
single-reduction gearing. Single reduction having 
proved successful, there was a rush for still further 
improvement in the design, and motors mounted 
directly upon the axle to be driven, and free of all 
gearing, were developed. These, however, have 
never gone into practical use for street car service, 
on account of their increased weight, and rapid 
deterioration owing to their having no spring sup- 
port, and receiving consequently all the shocks due 
to the comparatively rough track always encoun- 
tered on street railways. This increase of weight 
and deterioration, and consequent increase of 
original cost and maintenance, has prevented their 
competing on even terms with improved single- 
reduction street railway motors. 

The perfection of the design of single-reduction 
motors marks a distinct epoch in railway motor 
construction. The practical experience of several 
years has proved them reliable and efficient, and 
they have fairly fulfilled the essential require- 
ments of a street railway motor, which are : 

1. The motor must be as light in weight as pos- 
sible, having due regard to thoroughly strong and 
simple mechanical and electrical construction. 

2. It must be completely closed in and protected 
from outside substances, such as dirt, water, (c. 

3. The capacity of the motor must be ample, and 
it should be able to run continuously for at least 
two hours at its rated capacity without undue heat- 
ing, say beyond 50 deg. Cent. Itshould be capable 
of developing at least 50 per cent. more than its 
rated capacity, without injurious sparking or other 
damage, and the starting torque must be very 
great. 

4, All the external and internal parts of the 
motor must be thoroughly accessible, and easily 
taken apart. 

That motor is the best which costs least to 
operate (cost of operation including fixed charges 
as well as running expenses). 

The relation between weight of motor and ex- 
pense is very forcibly shown by the maintenance of 
way on various roads at present operated. 

A motor entirely protected from dirt, water, &c., 


It is obvious that if a motor does not keep within 
a certain limit of heating and sparking, renewals of 
parts will become numerous and costly. 

Non.accessibility of parts means higher rates for 
maintenance and labour. 

More than one reduction in gearing between axle 
and armature means too high speed of the arma- 
ture, and consequently too great wear in the teeth. 
Any decrease in number of parts and bearings de- 
creases maintenance. Large teeth must be used, 
and the gears must be run in grease. 

To appreciate the conditions which have made 
the designing of efficient street railway motors a 
far from easy task, let us examine the sort of work 
which they have to do. The diagram (Fig. 154), 
for which we are indebted to the courtesy of Mr. 
A. H. Babcock, chief engineer of the General Elec- 
tric Company at San Francisco, represents the 
plotted results obtained from ammeter and volt- 
meter readings taken every 10 seconds on one of 
the steepest grade electric roads in America—the 
San Mateo Electric Railway at San Francisco. 
Fig. 155 gives profiles of the steepest parts on this 
road. 

As will be at once noticed, the variations of load 
on the motors are very great, the average load for 
the run being 47.7 electrical horse-power, whilst 
the maximum electrical horse power expended is 
91.14. The length of the run is 5} miles under 
the ordinary working conditions. The equipment 
of the car tested consisted of two ‘*W. P.50” 
single-reduction motors by the General Electric 
Company of America (Thomson-Houston system), 
rated at 25 horse-power each. From this it follows 
that a street railway motor, while being as light as 
possible, must have an efficiency which remains 
near the maximum efficiency over a very large 
variation of output, and must be able to stand for 
a short time very heavy overloading. 

Mr. H. F. Parshall, in a paper read before the 
American Institution of Electrical Engineers, 
brings this out clearly. 

He states that the average horse-power exerted 
by a street-car motor at the car wheel, probably does 
not exceed 20 per cent. of the maximum power it is 
expected to exert in starting the car under the 
various conditions encountered. To get the best 
efticiency out of such a motor, it is necessary to 
have its point of highest possible efficiency at that 
horse-power at which the greatest amount of work 
is to be done; it is not so much a question of 
reducing the resistance of the armature and mag- 
nets, as it is of minimising the constant loss 
through hysteresis, eddy currents, and friction. 
To minimise these losses, and at the same time 
obtain the required torque, it became necessary to 
put the maximum number of turns on the arma- 
ture compatible with good running and absence of 
heating and sparking. The brushes on a railway 
motor must run without appreciable sparking at 
all loads, and without shifting. To insure this it 
has been found necessary to use very heavy mag- 
netic inductions, such as 100,000 C.G.S. lines of 
force per square inch in the yoke, 60,000 C.G S. 
lines of force in the air space, and 80,000 C.G.S. 
lines of force in the armature core. 

Carbon brushes are universally used with the 
best results, the commutators always keeping in 
excellent condition. A very vexed point, and one 
which for a very long time remained undecided, 
was whether a gramme ring or drum armature 
was the best suited for street railway motors. It 
seems now to be nearly universally admitted that a 
drum, wound with the ‘‘ Hickemeyer ” type of wind- 
ing, which prevents coils with different potential 
crossing each other, is the most advantageous. The 
coils composing the armature winding are all made 
separately on forms (Fig. 156 shows such a coil and 
armature), and then laid in wedge-shaped grooves 
cut in the face of the armature core, in which they 
are kept in place by wooden wedges and steel 
binding wires. The armature core uf the motor is 
composed of laminated soft iron discs which have 
been heated, so that their surface is covered with a 
black oxide which suffices as insulation to prevent 
the formation of Foucault currents, the use of paper 
between each disc having been discarded. The 
slots in which the windings are laid are punched 
out with the individual discs, and after the discs 
have been assembled on the shaft and the core is 
formed, they are filed out by machinery so as to 
present perfectly smooth surfaces. The insulation 
used should be as nearly non-inflammable as_pos- 
sible, and the armature coils, besides being insulated 


separated from the iron of the armature by thin 
sheets of mica. When an armature is wound, both 
its sides are generally protected by sheet - iron 
guards, and a waterproof and fire-resisting canvas 
which is wrapped and securely fastened round the 
whole armature. 

For this purpose, the American companies almost 
universally use the ‘‘ P. and B.” motor cloth. Great 
care must be taken in the construction of the motor 
commutators. Fig. 157 shows a section throuch 
a type of commutator much used in America, and 
which has given very good results ; it is self-expla- 
natory. Owing to the almost universal use of slow- 
speed motors, most of the standard forms have four 
or more poles, the armature winding being cross- 
connected so as to require the use of only two sets of 
brushes. 





FOUR-HEAD MILLING MACHINE. 

THE special milling machine, which we illustrate on 
page 500, is constructed in the form of an ordinary 
planing machine, but with two milling heads on the 
cross-slide, with vertical spindles, and one on each side 
upright with horizontal spindles. The machine is 
arranged for milling pieces 8 ft. long by 6 ft. 6 in. 
wide and 3 ft. in height. It comprises a strong bed 
4{t. 6 in. wide, having double box sides and fitted 
with a table 8 ft. long by 5 ft. 9 in. wide over all. To 
the sides of the bed are fixed two box uprights extend- 
ing down to the floor, and securely tongued and bolted 
to the bed. The uprights are tied together at the tcp 
by a cast-iron cross-stay with a deep flange at each 
end where connected to the uprights. The cross-slide 
is a hollow box casting, and carries two cutter hea 
each driven by worm gearing with phosphor-bronze 
wormwheels and cut steel worms. Each head can be 
traversed on the cross-slide either by hand or power, 
There is a variable traverse by a three-speed cone. 
The cro:zs-slide can be adjusted to any height either 
by hand or power; it is provided with worm and 
wheel gear and square thread screws driven by a belt 
pulley on the wormshaft. On each upright is also 
fitted a cutter head with a horizontal spindle driven 
by worm gearing similar to the foregoing. The hori- 
zontal spindles are adjusted by hand only in vertical 
and horizontal directions, the horizontal adjustment 
having a range of 6 in. Each vertical spindle can he 
adjusted vertically by hand only from the working 
end of the cross-slide, and each adjustment is 
independent. All the spindles are arranged to 
run in conical bearings with adjustments to take up 
wear, and each having an adjustable tail-pin to take 
the end thrust. The spindles are of steel, and run in 
phosphor-bronze bearings. The table is arranged to 
work self-acting or by hand in either direction by 
means of a square thread steel screw ; there is a slow 
traverse in the forward direction against the cross- 
slide, and a quick-return traverse by power operated 
by a clutch and a hand lever. The machine is arranged 
to be driven by a three-speed cone pulley, each speed 
being 5 in. wide. The table has planed T-slots 
in the top, as in the ordinary planing machine, to 
fix work to. With the machine are included four 
cutter heads in forged steel, with conical shanks, each 
interchangeable with the four spindles and arranged to 
take #-in. square steel cutters ; the cutters are put in 
at an angle, so as toonly require grinding on ends, and 
to obviate forging, 





CIGAR-MAKING MACHINE. 

A NEW machine, the invention of Mr. Jean Reuse, 
a Belgian, is about to be introduced into this country 
for the manufacture of cigars, and many cigar mer- 
chants have seen it in operation at the offices of the 
Honduras Government Banking and Trading Com- 
pany, Limited, 13 and 14 Abchurch-lane, London, 
E.C. The mechanism has been worked out with great 
care, and can be worked as easily as a sewing machine, 
which it resembles in several respects—in size, in 
being worked by a treadle or motor underneath, and 
in the feeding of the tobacco leaf. The aim has been 
to do by mechanism the same process as is accom- 
plished by the deft hand of the cigar-makers, mostly 
girls, and thus the essential feature is a series of 
semicircular pincher moulds representing 30 or 40 small 
fingers which, mounted on two shafts, may be said 
to have a partly reciprocating and partly rotary 
motion, so that the tobacco leaf is shaped and the 
wrapper carefully wound. The machine, of course, 
completely finishes the cigar. 
The details of the machine will be appreciated from 
the illustrations on page 501. The mechanism is 
mounted on two upright frames, and may be driven by 
a motor direct, or by belting with the pulley at the 
right side of Fig. 1. Keyed to either end of the shaf« 
driven by this pulley are two toothed wheels, each 
gearing into two wheels on either side of the main 
gearing wheel as shown in the section (Figs. 2 and 3). 
These wheels again have rods A parallel to the main 








needs far less repairs, aud so decreases the cost of 
operation, 


by their cotton covering and taping, are generally ! 





shaft, and are mounted on the wheels eccentrically as 














ApriL 19, 1895.] 


ENGINEERING. 





597 











shown. The rods each engage freely in a cavity on 
levers pivoted to the main framing as shown in the 
sections, and the eccentric movement contributes to 
these levers an oscillating and rotary motion. To the 
levers again are fixed rods B, which, however, do not 
rotate, and on these rods the brass moulds C for form- 
ing the cigar are screwed as shown in Fig. 1 and on the 
sections. The moulds consist of a series of tongues 
hollowed on the inner side to suit the shape of the 
cigar desired. The spaces between the tongues is such, 
that those on the one lever work between those of the 
corresponding lever, and means are adopted for in- 
creasing or lessening the space. The alternating 
curvilinear motion of the rods constituting the fulcra of 
brass moulds produces alternate opening and closing of 
each pair of tongues. The closing motion of each pair 
coincides with the upward motion of one set of tongues 
and the downward motion of the other. Hence, when 
one of the pairs of manipulators opens, the other closes 
and clasps the cigar, causing it to turn slightly. Of 
course the mechanism is covered over with a table for 
feeding on a level with the manipulator tongues. 

When the lever to the left on Fig. 1 is turned one 
quarter of a revolution, it operates the eccentric out- 
side the right standard. In the periphery of this eccen- 
tric there is a helicoidal groove into which works a lever. 
By this means the machine is thrown out of gear. 
Upon the same shaft as this grooved eccentric are two 
partially toothed wheels D, which are better shown on 
the sections. These gear into cam plates close to both 
standards E. The movement of the hand-lever, there- 
fore, turns these cam plates. By means of a slot F in 
the cam plates engaging the rods on which the mani- 
pulating teeth are fixed, the first result is to hold 
these teeth stationary, a further turning resulting in 
the same rods being lowered (Fig. 2), so that the teeth 
are opened to allow: the cigar to be extracted. A 
small lug on the periphery of the cam plate raises a 
lever H fixed on a sleeve on an independent shaft, and 
by this means a pair cf small levers extending under 
the manipulating teeth raise the cigar out of its posi- 
tion when finished. The returning of the lever reverses 
the action, ultimately setting the machine at work 
again, This returning motion is facilitated by the 
spring shown in the sections J. The necessity for the 
rotation of the engine stopping absolutely has required 
a special provision in connection with the belt pulley, 
but this need not be described. 

The operating of the same lever cuts the cigar. On 
the shaft to which the lever is attached there is loosely 
mounted a sleeve carrying a knife, as shown by K 
on the section (Fig. 2). Alongside it is a cam-shaped 
sleeve, with a curved pawl partly surrounding it. 
When the crank handle and the shaft are turned to 
throw the belt pulley out of gear, as already de- 
scribed, the whole sleeve rotates, the knife cutting off 
the excess of tobacco at the thick end of the cigar, but 
the prolongation of the free end of the pawl, as shown 
at L in Fig. 2, abuts against the top of asleeve on a bar 
between the two standards, and this contact releases 
the pawl, while the shaft continues to rotate, so that 
the knife with the sleeve flies back into position, being 
assisted thereto by a spring shown at M to the right 
of Fig. 1. As to the other, the pointed, end of the 
cigar, the levers which give the curvilinear motion to 
the teeth manipulators is utilised to operate a small 
knife which works constantly up and down. The 
mould for the pointed end of the cigar is shown at N 
and O on Fig. 1, and by means of a lever this pointed 
mould may be slightly altered so as to vary the uature 
of the point and insure a satisfactory smoking cigar. 

There is a small pump fitted in front of the machine 
for supplying gum for the pointed end of the cigar. 
The pump barrel has an elliptical section, as shown on 
the sections, and the piston has a corresponding shape, 
so that when the rod rotates, the piston, being unable 
to turn with it, will move forward or backward upon 
the rod according to the direction of rotation of the 
latter. A conduit is provided to the pointed end at 
the manipulating teeth, and the ratchet wheel at P at 
the bottom of the left standard, is keyed upon the end 
of the rod, and this wheel is turned by levers which 
can be manipulated by the operator when a gum 
supply is required. 

_It is calculated that the labour cost, including super- 
vision, will be 5d. per 100, whereas the manufacturer 
has to pay the hand-worker 2s, 3d. per 100, and this 
does not include supervision or any other charges. 








DOUBLE-GEARED BREAK LATHE. 

Tne illustration on page 509 represents a powerful 
donble-geared self-acting sliding and surfacing break 
lathe of 18-in. centres, constructed by Mr. W. As- 
quith, Highroadwell Works, Halifax. The gearing is 
machine cut, and is so arranged as to give 12 changes 
of cutting speed, the cone being suitable for a 5-in. 
belt. The bed is arranged to slide by power to 
form break. It is of improved contruction, the 
guiding slides being right-angular. The carriage 
is fitted with gibbed strips, working with less friction 
and torsion than with the ordinary form of guiding 
surfaces, The sliding feed motion is positive, and can 


be stopped or started immediately by a lever on the 


front of the carriage. The lathe is also fitted with a 
very useful self-acting arrangement for driving the 
compound slide rest in any position, a valuable arrange- 
ment for external and internal taper turning. The 
lathe is capable of taking finishing cuts at the rate of 
1 in. travel per revolution of spindle, producing the 
highest class of work, and its weight as illustrated is 
10 tons, 





POWER STAMPING AND COINING 
PRESSES. 

THERE are illustrated on pages 508 and 509 several 
presses for coining and stamping manufactured by the 
Ferracute Machine Company of Bridgeton, New 
Jersey, a company which has made a specialty of this 
machinery. 

The power double-crank press, shown by Fig. 1, has, 
as its name implies, double cranks and pitmans, which 
adapt it for very large work without danger of the ram 
being tipped to a position out of parallel with the bed. 
It has a composite frame of a construction allowing 
great variety of sizes and shapes of rams and beds, 
with the same columns and other smaller parts, thus 
enabling them to be changed much more quickly and 
in greater variety than would be the case were the 
frames cast in one piece. There is a very long adjust- 
ment of ram operated by two worms mounted upon a 
diagonal shaft, which engage respectively in two worm- 
gear nuts mounted upon heavy slides, which are 
— to pitmans with solid metal joints, these nuts 

eing split part the way through that they may be 
firmly clamped on to the threads of the above-men- 
tioned slides by means of conical sleeves which contract 
them by being forced down upon them. This device 
can be operated with one hand, even while the press is 
in motion if desired, and insures perfect parallelism 
between ram and bed, which can be maintained inde- 
finitely, in spite of wear, by the adjusting screws pro- 
vided. 

Fig. 2 illustrates a geared power drawing press 
with a cast-iron A-frame. ‘Lhe flywheel, 44 in. 
in diameter by 7 in. face, and making 180 revolutions 
per minute, is keyed toa 3 %-in. steel back shaft run- 
ning in solid bearings. To this shaft is keyed a cut 
pinion with 15 teeth, 14 in. pitch, which gears into a 
epurwheel with 90 teeth. The spur is keyed to the main 
cam shaft; this shaft is 4!5 in. in diameter, and runs 
in split cast-iron bearings. The main slide is worked 
by a cam thrown in contact with 6-in. cast steel rollets 
of 44 in. face, moving in phosphor bronze. bearings in 
a roller bracket which is bolted to the ram working in 
the main slides. The drawing ram is worked by a 
crank with 8-in, throw, with bearings 7 in. in dia- 
meter by 7 in. wide, it being a round slide in the main 
ram. A spring bolster, actuated by four studs, is placed 
on the table for facility in setting the dies. There 
are the same points as in the press shown by Fig. 3, 
omitting the inclinable feature and the stay-rods, and 
adding the feature of back gearing, which, by the way, 
may be applied to almost any of the company’s presses, 

The drawing press illustrated by Fig. 3 has a frame 
so mounted upon its legs as to be quickly inclinable to 
any desired angle by a convenient elevating screw, and 
proper clamping nuts for securing the same. Its con- 
struction is unusually heavy and strong, and has very 
carefully proportioned parts, especially in regard to 
large shaft diameter, very long cam and roller bear- 
ings, short distance bridged by shaft between its bear- 
ings, kind of steel used in cams and rollers, method 
of ram adjustment, plunger adjustment, automatic 
lifting of ram, &c. It is claimed by the makers 
that these details avoid difficulties inherent in, and 
objections incident to, cam presses as heretofore 
made. Experience has shown that presses of this 
kind are simpler and more durable than those in 
which the ram and plunger are driven from the 
shaft through the intervention of more complicated 
devices, providing the precautions above mentioned 
are carefully taken. It is true that many cam presses 
have been weak and “springy,” but this has probably 
been due to imperfect designs rather than to the prin- 
ciple involved. ‘here is a spring ram-lifter arranged 
with an equalising lever, so that the lifting is prac- 
tically equal all the way up, together with a positive 
lifting device connected with pitman, so that the cams 
cannot leave the rollers in case the spring lifter should 
fail. A ram is fitted with a very large hole for deep 
punches to gass up into, and yet with solid metal 
whereto upper dies may be fastened by the hooked 
clamps provided, together with a plunger having a 
large and long hole for shanks of punches, with a lock- 
ing arrangement which moves them positively up and 
down, but allows sufficient play, so that they may 
enter their dies accurately and centrally, while at the 
same time leaving room to put in bushings to fit various 
odd punches which may be required. There isa bolster 
with a deep and heavy truss extending down into the 
bed of the press, so that it may remain perfectly flat, 
and yet can be tipped slightly out of level at its dif- 
ferent corners by four sliding wedges driven by screws 





and nuts, while at the same time its thin and elastic 


edges are firmly clamped to the bed of the press, thus 
enabling dies to be accurately aligned to each other to 
prevent wrinkling of work. A pair of stay-rodscan be 
quickly inserted in the frame, thus making the press 
nearly as stiff as a straight-column press, upon certain 
occasions where great rigidity is required, and where 
it is not necessary to pass long sheets through side- 
wise, as is usually done in throated presses. 

Fig. 4 is a general view of a power stamping and 
coining press, while Figs. 5 to 7, on page 509, show 
the details of the machine. The power is transmitted 
by a 5-in. belt to the flywheel, and from thence 
through a cup spurwheel and pinion to the toggle 
lever, The press is massive in construction, a cast- 
iron base and head being connected by two 5-in. 
tension-rods. 

A positive clutch operated by small rods and a pedal 
is used for working the press, the pedal being de- 
pressed to make each stroke. The spurwheel has a 
large boss, into which four steel pins 2} in. in diameter, 
standing out }} in., are fixed; these are ranged 3} in. 
apart, and have four hardened steel pins 1} in. in 
diameter placed between them, these latter being held 
out from the face of the boss bysprings. A concentric 
collar on the shaft carries a sliding-pin 1,), in. in dia- 
meter, held towards the boss by a V-shaped spring. 
A swinging plate fastened to the main casting, but on 
a shaft, carries the clutch lever used for withdrawing 
the pin. In its normal position the clutch is latched, 
and the pin has to be withdrawn to stop the auto- 
matic running of the press. 





ROYAL METEOROLOGICAL SOCIETY. 

At the ong of this Society on Wednesday evening, 
the 17th inst., which was held at the Surveyors’ Institu- 
tion, Westminster, Messrs. F. .C. Bayard and W. Mar- 
riott communicated a paper on ‘*Zhe Frost of January 
and February, 1895, cver the British Isles.” The cold 
period, which commenced on December 30 and terminated 
on March 5, was broken by a week’s mild weather from 
January 14 to 21, otherwise there would have been con- 
tinuous frost for 66 days. Temperatures below 10 deg. 
Fahr., and in some cases below zero, were recorded in 
parts of England and Scotland between January 8 and 13, 
while from the 26th to the 3lst, and from February 5 to 
20, temperatures below 10 deg. occurred on every day in 
some part of the British Isles. The coldest days were 
February 8 to 10. The lowest temperatures recorded 
were —17 deg. at Braemar and —11 deg. at Buxton and 
Drumlanrig. The mean temperature of the British Ieles 
for January was about 7 deg., and for February from 
11 deg. to 14 deg., below the average, while the mean 
temperature for the period from January 26 to February 
19 was from 14 deg. to 20 deg. below the average. The 
distribution of atmospheric pressure was almost entirely 
the reverse of the normal, the barometer being highest in 
the north and lowest in the south, the result being a con- 
tinuance of strong northerly and easterly winds. 

The effect of the cold on the public health was very 
great, especially on young children and old people. The 
number of deaths in London due to diseases of the re- 
spiratory organs rapidly increased from February 2 to 
March 2, when the weekly number was 1446, or 945 above 
the average. Rivers and lakes were frozen, the ice being 
more than 10 in, thick. 

The frost will long te remembered for its ¢ffect on the 
water pipes all over the country, in many cases house- 
holders being without water for more than nine weeks. 
As the result of inquiries, the authors find that mains 
have frozen which have been laid as low as 3 ft. 6 in. from 
the surface of the ground to the top of the pipe. It 
appears, however, that the nature of the soil had far more 
to do with the depth to which the frost penetrated than 
the intensity of the frost itself. 

From a comparison of previous records, the authors are 
of opinion that the recent frost was more severe than any 
since 1814. 

Mr. Birt Acres also read a paper on ‘‘Some Hints on 
Photographing Clouds.” 





Tue Latz Mr. Georce THompson, ABERDEEN.— Mr. 
— Thompson, of Pitmedden, Aberdeenshire, founder 
and head of the well-known shipping firm of Messrs. 
George Thompson and Co,, Aberdeen and London, died 
at Aberdeen at an early hour on the 11th inst. Deceased, 
who had reached the advanced age of 91, started business 
in Aberdeen as a shipowner, insurance broker, and timber 
importer, and gradually built up a large connection be- 
tween this country and Australia. He started a line of 
traders to the colony, and his vessels were amongst the 
first to make regular trips between the two countries. He 
was also among the first shipowners in the country to 
adopt the clipper type of sailing vessels, and for long the 
‘clipper bow” of the Aberdeen Line was a well-known 
feature in Australian ports. The story of the magnifi- 
cent sailing of the Thermopyle and the other China 
tea clippers is well known, In 1850 Mr. Thompson was 
— in partnership by his son-in-law, Sir William 

enderson. A London house was opened four years 
later, and the partnership bad since been extended by the 
admission of three of Mr. Thomypson’s sons, and after- 
wards of three of his grandsons. Of recent years the firm 
have substituted steam vessels for sailing ships, and it is 
to their credit that they first succeesfully introduced into 
the merchant service the triple-expansion engine, which 
was fitted by Messrs. Napier into the Aberdeen. The 
Aberdeen Line to Australia is still well and favourably 
known ; the late Mr. Froude paid it a high compliment 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 4, 1895. 
THE iron trade is weaker in crude iron under the 


anxiety of large producers to quickly realise. The 
production is a little in excess of present demands. 
Quite a number of large buyers closed contracts for 
enough iron to last until July 1, partly actuated 
thereto by the threatened advance over higher coke. 
Large sales have been made of southern iron. Forge 
iron holds up well. Bessemer is unsettled. Billets 
average 15 dols, at Pittsburgh. As a rule, larger 
orders are being placed for finishing material, but 
there is still a very conservative feeling shown. Com- 
petition for large orders is practically forcing prices 
to cost. Steel rail orders for April fell behind ex- 
pected sales, but sales of girders were better. Bridge 
iron is active and urgent ; buyers now find quotations 
slightly higher. A vast amount of work is being pro- 
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jected, and it certainly looks as if the iron and stee 
makers would have a year of activity. The poverty 
of the agricultural classes is the cause of the depres- 
sion. The natural remedy, the diversification of 
labour, is being applied, but slowly. Railroad build- 
ing is looking up. There are 371 roads whose total 
projected mileage is over 20,000 miles, A stimulus to 
production may come at any time, and when it comes 
it will find the country at large well prepared for it, but 
the individual buyers badly prepared. 


April 10. 
The increased activity in the iron trade has not 
made much, if any, impression on pricesas yet. Large 
contracts are being made for ore, pig iron, steel billets, 
and structural material, The upward tendency of 
prices in northern pig-iron markets is opening up 
opportunities for southern iron, and already several 
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large deals have been closed. Production is not being 
increased, though this course will soon be adopted if 
orders continue to come in freely. Steel rails are in 
better demand, recent contracts providing for supplies 
to lay during the year about 400 miles of track. Rail- 
makers express the belief that railway managers will 
soon adopt a wiser and more liberal policy with regard 
to repairs and extensions of needed short lines. Steel 
billets have advanced nominally 50 cents per ton, be- 
cause of higher coke. Bessemer iron has been largely 
bought ahead. Bar-iron mills are doing a fair business. 
The silver agitation is assuming an interesting phase, 
especially to the professional politicians, who are 
somewhat perplexed at the popular expressions of 
favour to this proposition for free coinage. The con- 
trolling political influences are keeping quiet, watching 
this agitation, but not yet actively counteracting it. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig iron warrant market 
was quiet last Wednesday forenoon, when only some 
5000 tons of Scotch iron were dealt in, the price being 
firm at 4d. per ton advance. Cleveland was marked 
down 1d. per ton, Only a small amount of business was 
done in the afternoon, about 3000 or 4000 tons of Scotch 
iron changing hands. Cleveland again fell 1d. per ton, but 
other sorts were firm at previous prices. The closing settle- 
ment prices were—NScotch iron, 42s. per ton; Cleveland, 
34s. 44d. ; Cumberland and Middesbrough hematite iron, 
respectively, 42s, 74d. and 41s. 44d. per ton. Thursday’s 
forenoon market was very quiet, the turnover not exceeding 
5000 tons of Scotchiron. Prices remained firm, and Cleve- 
land was marked up 1d. at 34s. 6d. per ton sellers. In 
the afternoon only a few lots of Scotch were dealt in, but 
prices left off very firm and a shade dearer. The settle- 
ment pricesat the close were respectively 42s, 14d., 34s. 6d., 
42s. 74d., and 41s. 44d. per ton. Friday and Monday 
were both close holidays in the iron *‘ ring,” and when the 
market reopened on Tuesday forenoon a fairly good 
business was done, between 10,000 and 12,000 tons of 
Scotch iron changing hands. Prices were strong in 
sympathy with the buoyancy of the stock markets, and the 
advance in the price of copper. Scotch touched 42s. 5d. 
cash, but closed with sellers 4d. less, being 3d. up from 
last Thursday. Other sorts gained from 4d. to 2d. per 
ton. Business was quieter in the afternoon, but prices 
closed very firm, an advance of 4d. to 1d. per ton being 
made. About 5000 tons of Scotch, 2000 tons of Cleveland, 
and 500 tons of hematite iron were dealt in; and thesettle- 
ment prices at the close were 42s. 44d., 34s. 74d., 
428. 104d., and 41s. 6d. per ton respectively. A fair 
amount of business was done this forenoon, close on 
10,000 tons of Scotch iron changing hands, some of the 
dealings being of an optional character. The market was 
firm at first, but Scotch and Cleveland fell off 2d. per 
ton. Prices were a shade harder in the afternoon, 
and the settlement prices were, respectively, 42s. 3d., 
34s, 6d., 42s. 104d., and 41s, 6d. per ton. The follow- 
ing are the current quotations for a few special 
brands of makers’ iron: Clyde, 48s. per ton; Gartsherrie, 
Summerlee, and Calder, 50s. ; Coltness, 51s. 6d.—the fore- 
going all shipped at Glasgow ; Glengarnock (shipped at 
Ardrossan), 49s. ; Shotts (shipped at Leith), 52s. per ton. 
There are still 75 blast-furnaces in actual operation in 
Scotland, as compared with 72 at this time last year. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 8215 tons, against 7239 tons in the corre- 
sponding week of last year. They included 100 tons for 
South America, 111 tons for India, 980 tons for Aus- 
tralia, 2330 tons for Italy, 295 tons for Germany, 200 tons 
for China and Japan, smaller quantities for other coun- 
tries, and 3827 tons coastwise. The stock of pig iron in 
Messrs. Connal and Co.’s public warrant stores stood at 
283,914 tons last night. 


Steel and Iron Trades.—Shipbuildiug steel is in very 
poor demand, and prices are inclined to droop. The 
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malleable iron market is also very dull, but founders 
report a rather better inquiry. 


Glasgow Copper Market.—At the forenoon market last 
Wednesday 100 tons of copper were svld, but the price 
was ls. 3d. per ton easier than at the close on the pre- 
ceding day. At the afternoon market only 25 tons were 
dealt in. Prices were sgain easier, the cash quotation 
dropping 1s. 3d., and the three months’ price 2s, 6d. per 
ton. The market was idle on Thursday forenoon, but the 
price showed an advance of 2s. 6d. perton. In the afternoon 
the market was strong, quotations advancing 5s. per ton, 
or 1s. 3d. better than the London price. Only one lot 
was dealt in, Yesterday forenoon market was likewise 
very firm, in response to the advance of 124 points in New 
York on Monday. Only 50 tons were dealt in, but the 
price left off 33. 9d. per ton better than on Thursday. 
Prices remained unchanged in the afternoon, when the 
sales were 50 tons. The closing settlement price was 
40/. 53. per ton. There was a strong tone this forenoon, 
but the market was idle, Only 25 tons changed hands, 
but quotations showed arise of 3s. 9d. per ton. Tn the 
afternoon prices were a shade easier, there being one or 
two sellers about. ()uotations fell 1s. 3d. per ton. About 
75 tons were operated in. 


The New Caledonian Underground Railway in Glas- 
gow.—The Caledonian Railway Company, it is un- 
derstood, anticipate that they will be able to run goods 
and mineral trains from their main line at Rutherglen to 
Stobcross, Glasgow, vid the new Central Underground 
Railway, by June next, as thecontractors, Messrs. Brand 
and Son, hope to have one line of rails through the 
Central low-level station completed by that time. The 
remaining portions of the line are all but completed, and 
later in the season it is expected to open the line partially 
for passenger traffic between Bridgeton and the city. 
With the adequate corporation tramway service, the 
numerous ’buses, and an efficient underground railway 
accommodation, Glasgow will thus have ample means 
of cheap and expeditious transit. When the low-level 
station at the Central is completed, there will be 
excellent accommodation for the large passenger traffic 
that is certain to be developed there. The station 
is to consist of two island platforms, with the usual 
accommodation and hoist conveniences, and an in- 
stallation of electric light. There will be four lines 
of rails running through the station, and provision is 
being made for the Dumbarton and Loch Lomond trains 
standing the necessary time for receiving the extra luggage 
inseparable from coasting and summer traffic. The open- 
ing of the line, it may be said, has been delayed through 
the extra work and increased accommodation necessary 
at this station consequent upon the construction of the 
Dumbartonshire line, which entailed the demolition of 
much property in Argyle-street. The Glasgow Cross and 
Bridgeton Cross stations are being pushed forward, and 
it is expected that within 12 or 18 months the whole 
undertaking will be in full working order. 


Mining Institute of Scotland.—The eighteenth annual 
meeting of the Institute was held in their hall at Hamil- 
ton last Thursday evening, Mr. George A. Mitchell, 
president, in the chair. The council’s report for the past 
year showed substantial progress, the membership being 
487, against 481 last year. The expenditure had exceeded 
the income chiefly owing to unexpected calls from the 
federation. The balance on hand was 127/. 193., as against 
155/. Jast year. The office-bearers, as nominated at last 
meeting, were elected, and the President returned thanks 
for his re-election, and delivered an address, in which he 
dwelt on the importance of the Institute in the discussion 
of mining matters. He referred to the loss since last 
meeting of Mr. Archibald, Cambuslang, a member of 
council, and a memorial minute to be sent to deceased’s 
widow was approved of. Mr. James Wallace, Wester 
Gartshore Colliery, Kirkintilloch, was nominated as his 
successor for election at next meeting. The President, 
instead of delivering a formal address, read a paper 
entitled ‘ Electric Coal Cutting at Glenclelland Colliery.” 
The discussion of the paper was adjourned. Brief dis- 
cussions took place on papers read at a former meeting 
by Mr. A. M. Grant on “‘ Winding Engines,” and Mr. 
J. G. Barclay on ‘*The Barclay Crown Valve Exhaust 
Gear” and an “Overhanging Beam Pumping Engine,” 
and were adjourned. The eecretary, in the absence of 
the author, Mr. Dugal Baird. read a paper on ‘*Pump- 
ing Engine Velocity Diagrams.” The discussicn was ad- 
journed, 


The Late Charles Jopp, Civil Engineer, Edinburah.— 
We have to record the death of Mr. Charles Jopp, an 
engineer of note in Scotland. Mr. Jopp was educated at 
the Edinburgh Academy and the University of Edin- 
burgh. After finishing his education, he elected to 
become a civil engineer, and to this end served a pupilage 
of six years with the late Mr. Miller, of Leithen, after- 
wards becoming one of his principal assistants. Mr. 
Miuler’s practice was mainly confined to railways, and 
Mr. Jopp was in charge of the construction of the greater 
portion of the original North British Railway system— 
the Stirlieg ard Dunfermline—the Devon Valley, and the 
Forth and Clyde Junction Railways. On the retirement 
of Mr. Miller, Mr. Jopp became the chief engineer of 
the North British Railway Company, and designed and 
carried out various extensions of their system, including 
the Border Union Railway from Hawick to Carlisle, 
which completed the Waverley route to the South. Mr. 
Jopp had frequently to appear before Parliamentary 
Committees in support of the schemes of his employers 
and in opposition to competing lines. Mr. Jopp became 
a member of the Institution of Civil Engineers nearly 
forty years ago, and at his death was one of the oldest 
members of the profession in Scotland, and one of those 
who were intimately associated with the laying out and 
construction of the railway system in Scotland. Since 


his retirement he interested himself in various matters 
outside the profession. Latterly, his health had not 
been good, and the end came quietly on the afternoon of 
April 1. He was then in his 75th year. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Miners and the Labour Problem.—In the course of an 
address to a mass meeting at Normanton, Mr. E. Cowey, 
President of the Yorkshire Miners’ Association, said 
many miners grumbled at the arrangements made to 
sacrifice 10 per cent. until August, 1895. This arrange- 
ment had, however, proved to be the salvation of the 
federated miners, and it was the best thing they could 
have done under the circumstances. Wales he had no 
hope for. It was doomed. The working men of Wales 
had no stamina to fight for their own subsistence. Dur- 
ham owners also had now made immense contracts at 
rates lower by 1s. 9d. per ton. All this meant that these 
countries were driving the federation districts to do 
something they did not want to do—to drive them back 
to the time before they had a living wage. He wished to 
assure those who objected to miners having their hours 
reduced that there was an ability to produce 40,000,000 
tons more annually. hey produced as much now in 
four months as in a year a quarter of acentury ago. In 
every trade machinery was displacing men, and these 
went to the mines. The more men seeking work the 
lower the work could be done for. He urged miners to 
rally round the Association to help them to meet these 
changing conditions. 


Iron and Steel.—The majority of the works have been 
idle for four days, and some establishments have made a 
week of the holiday. The business done, however, shows 
that little improvement may be looked for at present in 
the iron trade, Lincolnshire forge pig being on offer at 
36s. per ton and bar at 5/. 5s. For finer qualities of 
wrought iron the call is still very slow. In the heavy 
steel trades prospects are, however, considerably better, 
as there aresome good inquiries for railway material from 
India, and also from one or two of the home companies. 
Bassemer agents look to increased activity, but annual 
stocktakings are interfering with business. Guaranteed 
Bessemer billets are realising 5/. 7s. 6d. per ton, and 
Siemens-Martin 5. 178, 6d. to 61. The demand for 
ordinary going marine material is rather slack so far as 
the private yards are concerned, but ordera on Govern- 
ment account are heavy in some departments. Armour- 
plate houses are very busy on all steel sections, and this 
department is sure to be fully employed for a considerable 
time to come. 


Engineering and Heavy Trades.—There is more work 
in the hands of the engineers, as is usually the case at 
this season. Many of the firms engaged on agricultural 
machinery and traction engines have good orders on the 
books, both for home deliveries and shipment, with 
better prospects. A moderate demand has set in 
for wire, mostly heavy gauges, but about one-third 
of the men are still only partially employed. A 
gradual improvement is noted at the foundries, both 
iron and steel, and the number of the unemployed 
in this department is being gradually reduced. At the 
present time there are not many spare hands. Makers of 
patent tubes are very busy indeed, and the business 
appears to be on the increase. There is rather a falling 
off in work amongst the boilermakers, and a considerable 
number of men are on short time. The file trade is fairly 
brisk, those who turn out a first-class article holding the 
bulk of orders. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—The Easter holidays have, 
as usual, considerably interfered with business. Several 
of the habitués of Change are still out of town. Opera- 
tions were suspended here until to-day, when the Ex- 
change was once more opened. Several people put in an 
appearance, and the tone of the market was pretty cheer- 
ful. Inquiries were rather numerous, and quotations had 
an upward tendency, but the amount of business trans- 
acted was not large. Buyers still confined themselves to 
purchases for early delivery, not caring to pay the higher 
rates asked by sellers for forward delivery. As a rule 
34s. 6d. was mentioned for prompt f.o.b. delivery of 
No. 3 g.m.b. Cleveland pig iron, and several lots were 
disposed of at that figure. Forward prices varied very 
considerably. Middlesbrough warrants were steady and 
firm, opening at 34s. 5d. and closing 54s. 54d. cash buyers. 
There were sellers of No. 4 foundry at 33s. 9d., and of 
grey forge at 333. 3d.—both for early delivery. East 
coast hematite pig iron was very abundant, and quota- 
tions depended a good deal on the state of makers’ order- 
books. Some producers have a good few contracts on 
hand, but others are rather badly off for work. About 
41s, 9d. may be regarded as the price for early delivery of 
mixed numbers. Spanish ore firm. 


Manufactured Iron and Stecl.—Nearly all the estab- 
lishments have been closed during the past few days, and 
operations now have at some works been only partially 
resumed. It is very difficult to Jearn anything new at 
present in connection with the manufactured iron and 
steel trades. (Quotations keep low, and new orders are 
anything but plentiful. Most firms would readily accept 
the following prices: Common iron bars, 4. 153. ; best 
bars, 5/. 5s. ; iron ship-plates, 4/. 15s. ; steel ship-plates, 
4l. 123. 6d. ; and iron and steel ship angles each 4/, 10s. ; 
all less the usual 24 per cent. discount. for cash. Heavy 
sections of steel rails remain nominally at 3/. 12s. 6d. net 





at works f.0.t. 


The Coal and Coke Trades.—Coal fairly steady, and the 
demand is rather better. At Newcastle best Northum- 
brian steam 8s. 9d. f.o.b. Steam small scarce and realis. 
ing 43. Gas coal somewhat weaker, as is also household, 
Bunker coal a little steadier. Coke in pretty good request 
and prices are well maintained. ; 





NOTES FROM THE SOUTH. WEST. 

Cardif,—The demand for steam coal has been inactive, 
and prices have shown a downward tendency. The best 
descriptions have made 103. 3d. to 10s. 6d. per ton 
while secondary qualities have brought 9s. 91. to 10s. 
per ton. The demand for household coal has, of course 
become less active with the advance of the season; No. 3 
Rhondda large has made 10s. to 10s, 3d. per ton. The 
demand for patent fuel has also fallen off. Coke has been 
inactive ; foundry qualities have made 15s. to 16s. per ton, 
and furnace ditto 12s. 6d. to 13s. per ton. The iron ore 
trade has shown little change; the best rubio has made 
11s. to 11s. 3d. per ton. As regards the manufactured 
iron and steel trades, no important orders for steel rails 
has been received. Deliveries of tinplate bar have been 
however, somewhat larger than usual, : 


North’s Navigation Collieries—The seventh ordinary 
general meeting of this company was held on Tuesday, 
at Winchester House, Old Broad-street, E.C., Colonel 
J. T. North presiding. The chairman, in moving the 
adoption of the report and accounts, said that the share- 
holders would see that the directors recommended a 
dividend of 34 per cent. perannum. He was sorry they 
could not pay more, since, as he held 23,769 ordinary 
shares, his interests and those of the shareholders were 
identical. The main mine, which ought to be returning 
@ great profit, was not working at present, owing to there 
being a dispute as to whether the company had got the 
6-ft. seam. The selling price of coal during the latter 
half of last year was less than during the first half of the 
year ; and, in addition to this, an increased rate of wages 
was paid to the colliers under the sliding scale agreement. 
It would be seen from the report that the profits of last 
year were also debited with 8477/. for the reopening of 
the Pars Slip Colliery, where they had had the accident, 
and that amount was equal to 2 per cent. on the capital 
of the company. The completion of the Vale of Gla- 
morgan Railway in about 12 months would enable the 
company to get coal to Barry Docks, Cardiff, at a consider- 
able reduction. The Port Talbot Railway and Docks 
were also in course of construction, and when completed 
the company would be in a position to ship coal at that 
port and also at Swansea at reduced cost. He had taken 
about 15,0002. interest in an energetic company which had 
started a line of steamers to take North’s coal to the West 
Coast of South America, and to bring back nitrate; this 
would be another outlet for the company’s coal. The re- 
port was adopted. 


The ‘‘ Renown.” —The rudder of the Rsnown was suc- 
cessfully shipped on Monday last under the superintend- 
ence of Mr. J. E Pigott, chief boatswain of Pembroke 
yard. It weighed 184 tons, and is the heaviest rudder 
yet fitted to any war vessel. 


Neuport.—A Bilbao coal contract has been secured by 
Messrs. Partridge, Jones, and Co. The steamship Farn- 
Rae ig has discharged a cargo of iron ore at Blaina 

arf. 


Cardiff Tramways.—A special meeting of the tramways 
committee of the Cardiff Town Council was held on 
Tuesday, when it was resolved ‘‘ That, in consequence of 
the conditions insisted upon by the Provincial Tramways 
Company being considered exorbitant, the consideration 
of the question of purchasing the Cardiff tramways (under 
No. 1 Scheme (that is, by amicable arrangement) be no 
further proceeded with, and that the committee proceed 
to consider the desirability of purchasing under No. 3 
Scheme (that is, by compulsory powers). 


The ‘‘ Majestic.” —Satisfactory progress continues to be 
made with the Majesticat Portsmouth. All the machinery 
and boilers have been delivered by the Barrow-in- Furness 
Shipbuilding and Armaments Company. The engines 
are in place, and the decks closed, and the eight cylin- 
drical return tube boilers will be placed in position during 
the week. The two masts have been erected, and con- 
siderable progress has been made with the bridges, conning 
towers, and barbettes. A large quantity of Harveyed 
steel armour for the barbettes has also been received from 
the manufacturera, Messrs. Vickers and Son, Sheffisid. 





CaTALoGuES.—Tweddell’s Modern Hydraulic Machines, 
Tools and Appliances, form the subject of a catalogue 
issued conjointly by Tweddell’s System, Limited, of 
14, Delahay-street, Westminster, and Messrs. Fielding 
and Platt, Atlas Works, Gloucester. It commences with 
illustrations and descriptions of pumping engines of 
various sizes and designs, for hydraulic pressure work, 
mine pumping, water works, &c. Next come intensifiers 
and accumulators, fixed and travelling, both weight and 
steam loaded. Bolt-driven and geared pumps form the 
nextsection, and then come hydraulic riveters of innumer- 
able varieties. These are followed by forging and weld- 
ing presses, drawing and stamping presses, shell and cart- 
ridge presses, flanging presses, tube-drawing presses, 
punching and shearing machines of many kinds, plate 
benders, buckle presses, wheel-making and spoke-bendin, 
machines, tin bundling presses. The volume ends wit 
hydraulic cranes and winches. It forms quite a com- 
—— of this class of machinery, showing to what a 
arge number of uses hydraulic apparatus can be applied 





with advantage. 
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MISCELLANEA. 
At the ordinary meeting of the Civil and Mechanical 
Engineers’ Society, held on Wednerday, April 10, a paper 
was read on ‘‘ Laundry Machinery ” by Mr. H. Coward. 


The Britannia Company, Colchester, are opening an 
electrical department at 100, Houndaditch, London. 
Both electric lighting and power transmission will be 
undertaken by the firm. 

The Times Atlas, now being issued serially, is not quite 
up to date in railway matters, as in the map of Scotland, 
issued this week, they have not marked the West High- 
land Railway, of 100 miles, opened last summer. 


The anniversary dinner of the London Association of 
Foremen Engineers and Draughtsmen will be held on 
Saturday, April 27, in the Great Hall, Cannon-street 
Hote!, at6 p.m. The chair will be taken by the Right 
Hon. H. Campbell-Bannerman, M.P., whilst Mr. Alex- 
ander Siemens, M. Last. C.E., will occupy the vice-chair. 
Tickets, price 7s. 6d., may bs obtained from the secretary, 
Mr. William Powrie, 34, West-square, S.E. 


Besides the three first class cruisers and the torpedo- 
boat destroyers which are to be given out to contract, it 
has been decided to build by contract a large tug steamer 
for Devonport similar to that constructed by Messrs. 
Barclay, Curle, and Co., for Portsmouth, the total cost of 
which was 27,929/. It is cf 680 tons, with engines of 
1250 indicated horse-power. There are, in addition, to 
be built by contract a large steamer for mooring service 
at Portsmouth, a tank lighter for the Cape of Gocd Hope, 
a lighter for service in connection with the Royal Clar- 
ence Yard, a coaling lighter for Esquimault, and a moor- 
ing lighter for service at Hong Kong. Although these 
are small jobs, they absorb over 100,000. 


The seventh general meeting of the present session of 
the Newcastle-upon-Tyne Association of Students of the 
Institution of Civil Engineers was held on Wednesday, 
the 10th inst., in the Durham College of Science, New- 
castle on-Tyne, Mr. G. H. Sheffield, A. M. Inst. C.E., 
in the chair, when Mr. A. A. Ashworth, B.A., A. M. Inst. 
C.1., read a paper on ‘‘ Evaporative Tests of Boilers.” The 
author took, as an example, the testing of an ordinary 
Lancashire boiler and economiser, and, after describing in 
detail the necessary preparations and apparatus, went on 
to deal with the mode of conducting the tests and gas 
analysis. The tabulation of results and preparation of 
the thermal balance-sheet concluded the paper. 


It may interest our readers to have the folowing further 
particulars regarding the s.s. Sylvania, built and engined 
for the Cunard Company by the London and Glasgow 
Kngineering and Shipbuilding Company, Limited, the 
trial trip of which was reported in our last issue, on page 
484. The boilers, on Howden’s system, are two in number, 
each 15 ft. in diameter, by 20 ft. 3 in. long, and having six 
furnaces 3 ft. 74 in. in internal diameter. The working pres- 
sure is 180 lb. per square inch. The total heating surface 
is 9610 square feet, and the grate surface 229 square feet. 
The indicated horse-power developed is 5570, which 
is equal to 24.3 indicated horse-power per square foot of 
tiregrate, and 1.72 square feet of heating surface per indi- 
cated horse-power. After trial the vessel proceeded to 
her loading berth. 


The Admiralty having decided on utilising the resources 
of Chatham Dockyard for the manufacture of the engines 
and boilers for vessels of war, it has been found necessary 
to enlarge the engine and boiler shop in the dockyard. 
This work is to be carried out ata cost of 2000/., while a 
similar amount is to be expended in enlarging the torpedo 
stores. The largest engines now under construction in 
Chatham Dockyard are those for the new second-class 
cruiser Minerva, 11, 5600 tons, 8000 horse power, which 
vessel is being rapidly completed for launching. The 
engines for the first-class battleships Victorious and Illus- 
trious, under construction in Chatham Dockyard, are 
being manufactured by private firms, the machinery for 
each, which is of 10,000 horse-power, being too large for 
being made in Chatham Dockyard. 

Preparations are being made at Sheerness Dockyard for 
commencing the construction of the first of two new third- 
class cruisers which are ordered to be constructed at that 
establishment. The proposed vessel, which has not yet 
been named, and is at present known as No. 1 third.class 
cruiser, will be laid down on the slip from which the 
Charybdis was launched two years since, and which has 
since been unoccupied. She is the first of a new type, 
and in point of length will be the largest third-class 
cruiser ever built for the Royal Navy, while in point of 
speed she will also be superior to any vessel of her class at 
present borne on the books of the Royal Navy. She will 
have a length of 300 ft.. a breadth of 36 ft. 6in., and a 
displacement of about 2100 tons. Her engines are to be 
of 7000 horse-power, propelling her at a speed of 20 knots, 
and she will be armed with eight 4-in. quick-firing guns 
and eight 3-pounder quick-firing guns, together with a 
strong torpedo equipment. 


A meeting of the Manchester Association of Students 
of the Institution of Civil Engineers was held on Wednes- 
day, April 10, in the room of the Manchester Society of 
Chartered Accountants, when Mr. E. . Bowdon, 
Stud. Inst, C.E., read a paper on the ‘‘ Outfall Sewage 
Works of Moss Side,” Manchester. Mr. Bowdon com- 
menced his paper by pointing out the relative position of 
the district with the sewage farm land, describing briefly 
the line of sewer, and then described in detail the 
outfall sewer on concrete foundations where above 
ground level, and the brick and steel pipe syphons under 
the South Junction and Midland Railways. He also 
described the timbering, and the difficulties met with in 
constructing the oval sewer, and passed on to an account 


of the flushing appliances, penstocks, and storm overflow | 








chamber at Brook’s Bar. The author next mentioned the 
various works at Urmston, including the tanks, chambers, 
and storm-water reservoir, efHuent drain and under-drain- 
age, concluding with a description of the engine-house 
and sewage-pressing plant. 


We note a hopeful sign about Lieutenant Colonel 
Yorke’s report to the Board of Trade on the recent acci- 
dent at Wood Green. Hitherto, in these reports, a more 
or less amateur engineer has usually proceeded to teach 
practical railway men their own business. In the present 
instance, however, the inspector frankly accepts the posi- 
tion that no one was to blame for the accident, which 
could not have been prevented by any reasonable precau- 
tions, since it was due to, a concealed flaw in the leading 
axle of the engine. No practicable method of detecting 
such flaws has yet been perfected, though it has been 
claimed that their presence could be detected by the use 
of Professor Hughes’ induction balance. Until some 
reasonably simple means of locating such flaws have been 
devised, accidents of this nature must be expected from 
time to time, and accepted as one of the risks inseparable 
from the working of a railway. The frequency with 
which they occur is, of course, reduced enormously by the 
great care taken nowadays in the process of manufacture, 
so that the danger to the public is infinitesimal. 


Judgment has been delivered in the Court of Appeal in 
the Cassel Gold Extracting Company’s case, which has 
been followed with such excitement in mining and 
financial circles. The Cassel Company’s patent was for 
the extraction of gold from the residual ‘‘ tailings” or 
washings of quartz and other compounds by a solution of 
cyanide of potassium. The Cyanide Gold Recovery 
Syndicate made use of a similar process, which they ulti- 
mately admitted to be an infringement of the Cassel 
patent, if it were valid. But this latter assumption they 
denied, contending that the Cassel patent was not novel 
or useful, and that it was also invalid by reason of 
‘* variance” between the two specifications and undue 
‘* width” in one of the claims. Mr. Justice Romer held 
that the patent was not novel, and had been anticipated. 
The Court of Appeal has now held that it was novel and 
useful and had not been anticipated, and that there was 
no variance. But they also came to the conclusion that 
one of the claims was too wide, and thus on a single 
technical point (as in the Lane Fox case some years ago) a 
patent judicially proved to be novel and useful has been 
invalidated. There will probably be an appeal to the House 
of Lords. But, in apy event, this case will raise the 
question as to an amendment of the law in regard to flaws 
in patent claims. 


The Brighton and Rottingdean Seashore Electric Tram- 
road Company hopes to be able to open its newline during 
the summer. The chairman of the company is Mr. E. O. 
Bleackley, and Mr. Magnus Volk, an _ experienced 
electrician, is managing director. The railway, when 
completed, will be unique in this country, and the only 
other similar line in existence is that at St. Malo. There 
are two jetties—one at Paston-place, Groyne, and the 
other at Rottingdean Gap—and at its farthest distance 
the car will be 300 yards from the shore, but in other 
parts lees than half that distance. The wheels will run 
on four rails, 20 ft. apart, and placed £0 securely on con- 
crete blocks that it is calculated by experts that no wind 
pressure such as in living memory has been known on the 
south coast will have any effect on the car. The car will 
be raised on a gantry 25 ft. in height, so that at high tide 
it will still be able to run a safe distance above the water. 
The car will be decked shaped, and there is to be a saloon, 
with upper deck, so that at high water it will have the 
appearance of a ship moving slowly along the shore. The 
car will carry about 130 passengers, and the fare, it is 
understood, will not be more than sixpence each way. 
The landing stage at the Brighton end is approaching 
completion. It will have all modern conveniences. 


The Duke of Westminster has decided upon construct- 
ing at Eaton a narrow-gauge railway upon the lines of 
that which has been laid down on the estate of Mr. A. 
Percival Heywood at Duffield Bank, near Derby, and 
Mr. Heywood has undertaken, at the request of the Duke, 
not only to lay out the course of the intended line from 
Balderon sidings on the Great Western Railway, near 
Chester, to Eaton Hall, a distance of some 3 or 4 miles, 
but to superintend the laying down of the permanent 
way, and, moreover, to construct a locomotive exactly on 
the same principle as his own and to build the wagons of 
the same class, and the work has already been begun 
On a fair calculation the railway when completed, in 
about nine months’ time, will allow of a 20,000-ton 
haulage per annum if worked anything like full time. 
The cost of the line, when fully equipped, will be about 
12007. per mile. A cattle railway, 3? miles in length, 
has been constructed across country in Derbyshire by a 
private firm to the town of Derby, traversing the country 
from the village of Stanley and paesing through the inter- 
vening parishes of Morley and Chaddesdon. If 600 tons 

er day were carried it is estimated that the cost in 
abour, including repairs of the road, would not exceed 
1d. per ton for the whole distance. This is one of the 
longest cable railroads in England, and was constructed 
under the personal supervision of Mr. W. H. Sankey, 
C.E., of Morley Hall, near Derby. 


The French Northern or Channel Squadron is to be recon- 
stituted, and will presently become a far more homogeneous 
and powerful force than it has ever been before. At the 
present time the squadron consists of the Suffren (flagship 
of Vice-Admiral Alquier), a wooden ship of 7782 tons, 
dating from 1870; the Victorieuse (4700 tons), also of 
wood, launched in 1875; the coast-defence armourclads 
Requin and Furieux (7200 tons and 6000 tons), the new 
second-class cruiser Jean Barb, the third-class cruisers 
Surcouf and Coétlogon, the gunboats Salve and Lance, 





and three seagoing torpedo-boats. The old Suffren is 
about to be replaced by the powerful modern battleship 
Hoche (10,650 tons), one of the strongest elements in the 
French fleet, which, if she loses something of her for- 
midable appearance, and slightly in her offensive power, 
gains in seaworthiness by the removal of one of her fight- 
ing masts. The squadron is also to receive three of the 
new coast-defence armourclads—the Bouvines, Jemmapes, 
and Valmy—the first of 6610 tons, and the others of 6590 
tons. These are most formidable vessels, heavily ar- 
moured, and carrying each two 13,3 in. (in the case of the 
Bouvines 11 8 in.) guns, besides a large quick-firiug arma- 
ment. Admiral Besnard, Minister of Marine, in speak- 
ing upon the Navy Estimates recently, described the 
division, which will be constituted of these armourclads, 
as the most homogeneous and formidable that can be met 
at sea, adding that they are specially adaptec to the use 
of the ram, and would deal heavily with avy vessels 
possessed of less manveuvring power. Another very 
powerful element that is to take its place in the French 
Channel Squadron is the triple-screw cruiser Dupuy de 
Léme (6600 tons), a vessel which has had an unfortunate 
experience with her boilers. She is now provided with 
those of the Admiralty type, and it has been decided that 
a speed of 19 knots shall suffice instead of the anticipated 
21. Asa fighting craft, the Dupvy de Lome is protected 
by a practically complete coat of armour, and by both 
armoured and splinter-proof decks, and she has a very 
powerful armament, consisting of two long 7.4-in. guns, 
and 18 quick-firers, besides machine guns. She will be 
joined by the Latouche-Tréville, a smaller armoured 
cruiser (4660 tons) of similar type, and one of the most 
interesting vessels in the French Navy. The behaviour 
at sea of this cruiser, which carries an armament little 
less powerful than that of the Dupuy de Lome upon a 
much smaller displacement, and is the first cf a type 
which includes also the Charner, Chanzy, and Bruix, 
will be watched with great interest. At her final official 
trials the Latouche-Tréville attained, with satisfaction, 
a speed of 18.16 knots with 8450 horse-power. An un- 
usual feature of her armament is that all her guns are 
worked by electricity. Finally, the sister second-class 
cruisers Chasseloup- Laubat and Friant (3722 tons) are to 
join Admiral Alquier’s flag. These vessels are wholly 
armed with quick-firers, but it has been found necessary 
to cut down their fighting masts, and to remove certain 
of their torpedo tubes, in order to increase their stability. 
The new vessels described, taking the place of some of 
the older ships of the Northern Squadron, will give it a 
very formidable character. Ib is from this force that the 
vessels which are to visit Kiel will be taken, and it seems 
probable that the Dupuy de Lome and Latouche-Treville 
will be selected. 








BESSEMER STRELIN THE UNITED States.—The quantity 
of Bessemer steel ingots made in the United States last 
year was 3,579,101 tons, as compared with 3,215,086 tons 
in 1893. In last year’s output the production cf Penn- 
sylvania figured for 2,335,998 tons; that of Illinois, for 
581,540 tons, that of Ohio, for 362,812 tons ; and that of 
other States, for 298,751 tons. Bessemer steel rails were 
made in the United States last year to the extent of 
1,014,834 tons, as compared with 1,129,400 tons in 1893, 
showing a decrease of 115,366 tons last year. 





H.M.S. * Macniricent.”—It should have been stated 
in the description of the machinery of the Magnificent 
(page 485 ante) that Normandy distillers were fitted, and 
it may be added here that these are also fitted to the 
sister battleships Majestic, Mars, Victoria, and Cvesar. 
On the cruisers Venus and Diana there are to be two 
evaporators and two distilling condensers, which are to 
work separately or coupled together, so as to work com- 
pound. On H.M.SS. Powerful and Terrible there are to 
be four evaporators and two distilling condensers, divided 
into two sets, consisting of two evaporators and one 
distilling condenser in each set. 





MANCHES':: 28, SHEFFIELD, AND LINCOLNSHIRE RAILWAY. 
—The Manchester, Sheffield, and Lincolnshire Railway 
Company is pushing on its extension to London with all 
possible rapidity. At Nottingham a large quantity of 
house property is being purchased, and the company’s 
advisers are endeavouring to acquire the workhouse. The 
Nottingham Joint Stock Bank, too, is threatened, the 
railway company having purchased the building, and the 
bank company having consented to temporarily remove 
to premises hard by. Arrangements are being made for 
the speedy pulling down of all such properties as will 
admit of a clear line being run from Canal-street to 
Narrow Marsh. When this has been done a road will be 
open for the contractors right through Nottingham. 





CovERINGS FoR StkAM Piprs.—We have recently re- 
ceived from Mr. 8S. Simon, of 2, Townfield- lane, 
Liscard, Liverpool, a sample of a new fabric for covering 
steam pipes to reduce the loss of heat. The new material 
is made up in sheets, which are wrapped around the pipe, 
and then bound firmly into place. Next the pipe comes 
a net made of asbestos cord. This provides an air space 
divided into small lozenges in which the air is confined in 
minute quantities, and prevented from setting up convec- 
tion currents. Over the netting, and partly inclosed within 
it, are layers of asbestos fibre, slightly felted on the outer 
surface to hold them in position. These layers are in 
narrow strips to enable the covering to be bent readily 
round the pipe. Outside of all comes a backing of 
asbestos cloth, to which the inner layers are attached. 
The fabric is very readily and rapidly applied, and 
should form an efficient non-conductor of heat, 
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NAVAL WORKS. 

Tue Naval Works Bill, which was read a second 
time in the House of Commons last week, is a laud- 
able endeavour on the part of the Government to 
more adequately provide for what appears the 
most pressing need. We are not disposed, like the 
professional political antagonists of the present Go- 
vernment, to inquire too curiously into the causes 
which led to the Bill ; how far the Chancellor of 
the Exchequer resisted, and who insisted. It is 
sufficient for us that the Government has done the 
right thing, so far as the Bill goes. The measure 
is short, but very elastic. 1t proposes to put a 
million sterling at the disposal of the Admiralty, to 
be spent during the current year in furthering the 
completion of certain works which were included in 
the estimates of 1894-95, and which are specified in 
a schedule to the Bill. But the Admiralty have 
the power, with the consent of the Treasury, of 
spending on one object an amount in excess of the 
provision in the schedule for that object, if a corre- 
sponding saving be made in any other object. So 
long as the million pounds is not exceeded, the 
Admiralty and Treasury between them can do as 
they like with the money, within the limits of the 
Bill. It will be convenient to give the heads of 
proposed expenditure as set forth in the schedule. 
A sum of 285,000/. is to be spent on the en- 


and Portland against torpedo attack. Of this sum 
90,0001. goes to the home port for addition to the 
breakwater, and the rest to Gibraltar in the follow- 
ing proportions: For the completion of the present 
mole 30,000/., for the extension of the same 80,0001. ; 
fora detached mole 75,000/., and for deepening 
the harbour 10,000). The First Lord has already 
pointed out the necessity of protection for the 
eastern side of Portland Harbour by a permanent 
breakwater on the line of the present dolphins. 
This will give more complete defence than would 
be provided for by the dolphins alone ; although 
the latter are being completed as originally designed, 
and will form part of the permanent breakwater. 
It is considered that this work will afford absolute 


a like result at Gibraltar it is proposed still further 
to prolong what is known as the new mole by an 
additional 3200 ft. This extension will take the 
form of a detached mole which will extend along 
the front of the town and will enclose the anchorage. 
There will be an opening 600 ft. wide between the 
end of the new mole, as extended, and the detached 
mole. The latter will run north until level with 
the old mole, which is to the north of the town. In 
this way the northern side of the harbour thus 
formed will be left open; but it will be protected 
by dolphins and booms ; unless a coaling pier for 
merchant vessels should be constructed by the 
colony. It will be remembered that the Admiralty 
formerly refused to accept what certainly appeared 
a most advantageous proposal from outside—and 
that on the most ridiculously inadequate grounds 
—in regard to dock accommodation at Gibraltar ; 
but it is probable they will not have the same 
opportunity of rejecting a good offer of the like 
nature again. The most reasonable course would 
appear, on the face of it, to continue the old mole 
westward, or to sweep the detached mole round to 
the eastward until it joined the old mole. The new 
works proposed will give a fine artificial harbour, 
with protection against the elements. Its value, 
from a military point, will largely depend on the 
attitude of Spain towards us. The point, however, 
is outside the scope of our present article. The 
extension of the mole by 750 ft. is being carried 
out by contract; but the further extension of 
1600 ft. is being executed by local labour under 
the superintendence of Admiralty officials. The 
construction of the dock is also progressing in the 
same manner. 

For adapting naval ports to the present needs of 
theF leet, which formsthe next head in the schedule, 
a further sum of 610,000/. is to be spent in the 
following proportions : For deepening the harbours 
and approaches of Portsmouth, Chatham, Devon- 
port, and Haulbowline, 300,000/. ; for dockyard 
extension at Keyham, 80,000/. ; for docks at Ports- 
mouth, 150,000/. ; and for a dock at Gibraltar, 
80,000/. The third head is ‘‘ Naval Barracks, &c.” 
New naval barracks at Chatham are to cost 50,0001. ; 
an extension of the Royal Marine dépét at Walmer, 
20,000/.; and an extension of the Engineers’ College 
at Keyham, 20,000/. If to these sums be added 
15,000/. for superintendence and miscellaneous 
charges, it will be found that the specified million 
is exactly reached. 

All this money is to be raised on loan from the 
Consolidated Fund, to be all repaid within 30 years. 
The denouncers of the Naval Defence Act justify 
their present borrowing on the score that works— 
dredging, for example—are permanent, whilst 
ships are transient. Of such nature are the guile- 
less subterfuges with which the ingenious parlia- 
mentarian observes the conventions of party war- 
fare. That, however, is by the way. If one plays 
a game, one should abide by the rules; and one 
of the rules of the parliamentary game is always 
to have an excuse, however childish and trans- 
parent. 

It will be remembered that in the ordinary esti- 
mates the sum of 547,000/. is taken under Vote 10, 
which is for ‘‘ Works, Buildings, and Repairs, at 
Home and Abroad.” This is to provide for the more 
usual contingencies; the million to be borrowed 
being an extra sum. 

The fundamental defect of this Bill is that, 
though it provides a large amount of money 
for carrying on these necessary works, no 
provision is made for their continuance. The 
Act will only deal with the expenditure of the 
present year. It is held by some that this is the 
right procedure, that one Parliament should not bind 
those that will succeed it. This is the argument 
of purists. In the first place, it is always open to 
an existing Parliament to annul the enactments of 
its predecessors, but were it not so, there is not an 
Act passed which does not bind succeeding Parlia- 
ments. Itis held that a distinction should be made 
in regard to a money -Bill, because, in that case, 
the power of the purse passes from the exclusive 
control of the Commons. However that may be, it 
is plain that if the million now to be spent in the 
partial construction of the works specified is not 
followed up by further expenditure, the money will 
be all but wasted. If we can judge sufticiently of 
the future to know it is wise to commence these 
works, we can also judge sufficiently to know it 
will be wise to complete them. Such matters 
should be put beyond the reach of party tactics. 
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construction of which the million now asked for is 
to be devoted, is estimated at 8,581,000. Thus 
the completion of the present mole at Gibraltar 
is to cost 63,0001., 20 that this year’s Bill finds 
money for less than half the work remaining to be 
done. The extension of the present mole, for which 
80,0001. is provided in the Bill, will involve an ex- 
penditure of 310,0001. The detached mole will 
cost 585,000/., or more than half a million in excess 
of the money now asked. Deepening the harbour 
will cost in all 48,000/. (10,0007. now taken) ; whilst 
for dolphins another 48,000]. is wanted. These 
sums, it will be understood, do not, in all cases, 
comprise the total cost of the work. Thus money 
had been voted for the completion and extension 
of the present mole previously to the Bill being in- 
troduced. The other works here referred to are, 
however, fresh proposals. Putting the figures 
together, we find that the Bill asks for 195,000/. out 
of a total remaining to be spent of 1,054,000/. on 
Gibraltar alone. On the Portland breakwater the 
Bill asks for 90,00C/. out of a total of 650,000/. The 
works on Dover Harbour are not scheduled at all in 
the Bill; so that the 50 years’ waiting will not come 
to an end this year, in spite of the statement of the 
First Lord of the Admiralty that : ‘‘ As the Downs 
cannot now be used in time of war as an anchorage 
for the Fleet, a protected harbour at Dover would be 
of great service to the Royal Navy.” It is proposed 
that the scheme of 1844 shall be carried out, and 
1,920,000/. are to be spent on it—some day. It is 
held by some that the money could be far better 
spent at Dungeness ; but that, again, is a question 
into which we need not enter now. All these items 
come under the head of ‘‘ Enclosure and Defence 
of Harbours against Torpedo Attack.” The total 
required to complete the work is 3,624,000/ , out of 
which the present Bill asks for 285,000/. 

Passing to the second head, ‘‘ Adapting Naval 
Ports to the present Necds of the Fleet,” we have 
already given the items contained in the schedule 
of the Bull, and need, therefore, only state what 
are the totals required for each item, including the 
amounts in the schedule. They are as follows: 
Deepening harbours and approaches, 855,000I. ; 
Keyham Dockyard extension, 1,920,0C0/. ; Ports- 
mouth Docks, 239,000/. ; Gibraltar Dock, 361,000/. ; 
Hong-Kong Dockyard extension (not scheduled), 
290,000/. By taking the sum of these, and deduct- 
ing the provision in the schedule, it will be seen 
that the Bill provides for an expenditure of 
610,000/. out of 3,665,000. required to complete 
the proposed work under this head. 

The third head, ‘‘ Naval Barracks, &c.,” will 
include sums amounting in all to 992,000/. Of this 
70,0001. is provided in the Bill. The fourth head, 
‘*Superintendence and Miscellaneous Charges”’ is 
to be 300,0C0/. in all. 

The discussion of the Bill in the House of 
Commons was not of a very instructive character ; 
but that isin the nature of the matter. Even if 
all the members were thoroughly competent to 
discuss the question—which would presuppose they 
were all engineers and naval strategists—the House 
of Commons would not be a fit place for the purpose ; 
the necessary limits of debate are too narrow. 
Captain Bethell was the first speaker, and made a 
good point by referring to the danger to Plymouth 
from the long distance between the two ends of the 
breakwater and the shore. The Government may 
fairly say that they cannot do everything at once— 
at least, the country won't find the money for doing 
everything at once. Though torpedo-boats in peace 
time, and during the manceuvres, have got inside 
the breakwater and torpedoed ships, in time of 
war Plymouth Sound would be very like a hornets’ 
nest to hostile vessels. After all we must trust some- 
thing to vigilance and defensive power of ships and 
their satellites. Captain Bethell also gave the pre- 
ference to the harbour at Gibraltar being placed on 
the east side of the Rock. That is a big proposal, 
and would involve not only a far larger expenditure, 
but a recasting of the entire scheme of arrangements 
at Gibraltar. We do not say that is a reason fatal 
to the proposed change. The improvements in 
ordnance have been so great of late years that it is 
necessary to reconsider the strength of many 
hitherto «ll but impregnable positions. With 
Spanish territory only five to six miles to the north 
of the new harbour it is certainly an open question, 
so faras public knowledge goes, whether so much 
money should be spent on enclosing a space which 
is commanded by foreign guns. Lord George 
Hamilton, as might be expected, devoted a large 
part of his attention to the financial aspect of the 








Bill. The leading lights of the present Govern- 
ment, when in Opposition, so mauled his own Naval 
Defence Act, that it was natural he should hit 
back vigorously when he found the enemy’s nose 
within range of his fist. The Chancellor of the 
Exchequer had practically no defence. To continue 
our pugilistic simile, he ‘‘ wentdown.” Sir Edward 
Harland added a useful note by reminding the 
Admiralty that the Gibraltar Dock should be of a 
length adequate to meet the ever-growing dimen- 
sions of ships. This dock is to be 580 ft. long, 
94 ft. wide at the entrance, and to have a depth of 
water over the sill at ordinary spring tides of 354 ft. 
These dimensions do not satisfy Sir Edward, as he 
considers 580 ft. ‘‘absurdly short.” Mr. Robert- 
son, on behalf of the Admiralty, said that any re- 
presentation on this head would receive con- 
sideration. 

Many of the speakers referred to the desirability 
of ‘‘ pushing on with the work,” and much edverse 
criticism was uttered because Dover is not to be 
taken in hand this year. We most cordially echo 
these remarks. It is of the greatest importance 
that the work should be pushed on vigorously ; but 
in fairness to the present Administration it should 
be pointed out they are doing more for the Navy 
than has been done for a long time past. The Navy 
Estimates this year amount to a net total of 
18,701,C00/., and in addition to this we have a 
Naval Works Bill proposing a further expenditure 
of a million pounds; that makes close upon the 
round 20 millions in all. We do not say this is 
enough, but that is not the question. The thing to 
find out is, Will the country pay more ? 








THE NEW PATENT BILL. 
Amoncst the honourable members who have 
backed this Bill are gentlemen who, needless to 
remark, are eminently qualified to promote legisla- 
tion for the improvement of our patent laws ; and it 
is because we desire to aid them in so doing that we 
criticise their proposals and offer suggestions. Un- 
fortunately there is in these days a strong feeling 
that it is hopeless to attempt to get any com- 
plete measure through the House. A not un- 
natural ccnzequence of this state of things is 
that we now have before us a proposal we 
are constrained to regard as one for merely 
tinkering with our patent laws, instead of placing 
them on a thoroughly satisfactory footing. Such 
piecemeal legislation as contemplated, however, 
so far from mending matters, is calculated rather to 
create difficulties and conduce to litigation. 

Three things are much needed—(1) reliable pro- 
tection from the date of application for a patent ; (2) 
reasonable facilities for amending the specification 
and economically protecting developments of the 
original invention ; (3) a much more expeditious 
and economical process of determining questions of 
validity and infringement. 

As the law stands, when an inventor has applied 
for a patent his hands are practically tied for, 
approximately, a twelvemonth, inasmuch as he has 
to risk all the time and money he may devote to 
his invention, as well as, to some extent, the inven- 
tion itself, because he necegsarily remains in doubt, 
until publication of the specification of every com- 
pleted application for a patent in front of his own, 
as to whether some other person has applied before 
him (it may be months or only a day or so) 
for a patent in respect of the same invention, or 
of one so far like it as to prevent him from 
working his invention without a license from the 
earlier patentee. As if this state of darkness 
and doubt were not a sufficient drawback, the 
unfortunate inventor is, furthermore, in many 
cases practically compelled, as a matter of pre- 
caution, to abstain from using or showing his 
invention during the period of provisional pro- 
tection, because every earlier applicant there may 
be in respect of any invention of similar class, 
who has lodged only a provisional specification, 
has the right toa patent (if unoppused) based upon 
a subsequent complete specification, but dating back 
to the date of filing his provisional specification. 
As the object of provisional protection is to give 
an inventor an opportunity of developing his in- 
vention, he is naturally allowed considerable latitude 
when his complete specification comes to be com- 
pared with his provisional specification, especially 
as the provisional specification is required to describe 
only the nature of the invention, and not (as the 
complete specification must) also the manner of 
performing it. Hence it is not surprising that, 











as is well known, provisional specifications are 
often vague, sometimes unintelligible. 

Under the Act of 1883 it was provided that if, 
after an application had been made, but before a 
patent had been sealed, another application was 
made accompanied by a specification bearing the 
same or a similar title, the examiner should report 
whether the specifications appeared to him to com- 
prise the same invention; and the Comptroller 
was empowered to determine, subject to an appeal 
to the law officer, whether the invention comprised 
in both applications was the same, and, if so, to 
refuse to seal a patent to the second applicant. 

By the Act of 1888 this provision was repealed. 
Why? In principle it was sound and its aim was 
just. Why then, we repeat, was it repealed? The 
answer is, simply because it was found to be un- 
workable. The reason is not far to seek. So im- 
possible was it to determine, on a comparison of 
two provisional specifications, or of a provisional 
with a complete specification, whether the game in- 
vention was comprised in both, that in practice 
notices of interference were constantly sent in 
cases when in fact no interference existed, and 
perhaps as often there was failure to send notice 
when the circumstances were such as to call for it. 
Here, then, we have a very strong argument against 
continuing the practice of granting protection, as 
from the deposit of a provisional specification, in 
respect not only of what is described in that docu- 
ment, but also for something that the provisional 
specitication does not describe, but which is alleged 
to be comprised within the four corners of that 
sometimes unintelligible document. The number 
of cases in which opposition is successful on the 
ground that the complete specification describes or 
claims an invention other than that described 
in the provisional specification and that such 
other invention forms the subject of an appli- 
cation made by the opponent in the interval 
affords additional evidence in abundance to support 
the contention of those who say that the system of 
dating back is a direct incentive to fraud, is calcu- 
lated to retard progress, and should be forthwith 
abolished. Those in favour of the system may 
protest that the inventor requires time to perfect 
his invention, and that he cannot safely make ex- 
periments, and so forth, until he has applied for a 
patent. We freely admit all this, with the impor- 
tant addition that (as already indicated) he cannot 
even rely on his provisional protection. By all means 
give to the inventor protection as from the date 
of application in respect of everything disclosed in 
the specification then filed. But, in the interests 
alike of the honest inventor and of the public at 
large, we object to the plan of keeping the first 
specification secret for many months, and then 
allowing priority as from the date of that specifi- 
cation, but on the basis of a later specification 
from which features contained in the first specifica- 
tion may be omitted, and in which features not 
contained in the first specification may be, ard 
usually are, included. Why should this later 
specification be allowed to date back to the date of 
filing of the earlier one? Why not require that the 
first specification shall describe and claim the in- 
vention fully so far as the applicant is then 
able to describe and claim it, so that the world 
may know definitely and clearly what it is to 
which he is entitled as from the date of appli- 
cation: and let him file as many subsequent 
specifications as he likes, omitting therefrom what 
he wishes to get rid of, and includirg whatever 
improvements he desires to add? What reasonable 
objection could there be to this, if each speci- 
fication so filed were treated as superseding all the 
earlier ones, and none of the latter were allowed to 
be urged as anticipating what was claimed in the 
specification last filed? To us it appears that, in 
this way, the bond fide inventor would be more 
effectually protected than is now the case, and the 
fraudulent practice, frequently resorted to by 
unscrupulous persons, of so construing an incom- 
prehensible provisional specification in a subse- 
quent complete specification having a retrospective 
effect as to deprive a later applicant of his own 
invention would be stopped. At any rate, the pro- 
posal is one we deem so far deserving of full con- 
sideration as to justify further notice in our 
columns on a future occasion. 

Of course, there are alternatives. Some may 
prefer certificates of addition or patents of addition 
or of improvement on some such linesas obtain, for 
example, in France, Germany, Belgium, and Italy. 
Whatever might be the plan adopted, it would need 
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to be extremely bad if it were not preferable to our 
existing system. 

As regards the trial of Patent actions, it is hardly 
too much to say that our present system is such as, 
in many cases, to amount practically to a denial of 
justice. No doubt, this is true with respect to 
many other classes of cases besides those relating 
to patents. But it should be borne in mind that 
the object of the patent laws is to stimulate people 
to exercise their ingenuity in order that improve- 
ments may be introduced for the public benefit, 
but in such a way, nevertheless, as not to be mis- 
chievous to the State, by raising prices of commo- 
dities at home, or hurt of trade, or generally incon- 
venient. This being so, surely it follows that a 
thoroughly efficient system should include facilities 
for two things to be done, without necessitating the 
grievous risk to those concerned of having to incur 
what may be to them ruinous outlay, viz., (a) it 
should be made easy for the owner of a valid patent 
to enforce his rights ; (b) like facilities should be 
available to every member of the public of defending 
himself against unjustifiable attack. 

Now, so far from this being the case, the actual 
state of things is such that none but the wealthy 
can contemplate with equanimity the being party 
to a patent action. The costs are, to persons of 
moderate means, simply enormous, and the delays, 
uncertainties, and consequent anxiety are such 
as can be appreciated only by those who have 
actually suffered such an experience. Uncer- 
tainties there must always be, to some extent 
at least, because opinions do and presumably ever 
will differ; so much so, indeed, that eminent 
lawyers do not invariably regard even a unani- 
mous judgment of the House cf Lords as good 
law. But, many as are the objections to the 
German patent system, it is, we believe, a far 
casier and less costly matter to arrive at a deter- 
mination of any dispute with reference to a patent 
there than it isin this country. Of course German 
authorities differ in opinion; but so do English 
judges. It is notorious that what one judge will 
regard as a patentable invention, or as an infringe- 
ment, another will not. But it must be admitted 
that the machinery available here for trying ques- 
tions of validity and of infringement is needlessly 
cumbersome, dilatory, and costly. As in cases of 
other descriptions, there is practically no limit to 
the number of counsel and expert witnesses that 
may be retained, although the bulk of the practice 

tlimited to a comparatively few gentlemen having 
special experience in this particular branch, and 
whose professional services can in many cases be 
monopolised by wealthy litigants under the system 
of general retainers. Counsel and experts fre- 
quently have engagements simultaneously in two or 
more places, so that at a critical moment a leader 
may be absent. Particulars are sometimes allowed 
as sufficient which do not convey to the opposite 
party a definite idea of the exact case he has to 
meet. Cases in the list for a particular day are 
frequently not only not reached on that day, but 
sometimes not till weeks or months afterwards, thus 
causing to all parties concerned most grievous in- 
convenience, annoyance, and often ruinous expense. 

These are some of the evils attending our present 
system. Howtoimprove uponitis a largeand difficult 
question. A special court and limitations as to 
number of counsel and expert witnesses might do 
much, although it cannot be forgotten that a special 
court might be liable to work in a certain groove. 
Again, there are some objections to having outside 
experts to sit as assessors. But onthe whole it is 
worthy of consideration whether it might not be 
advantageous to establish in connection with the 
Patent Office a court for dealing with cases of in- 
fringement and revocation. The Comptroller him- 
self, or by his deputy, determines in the first in- 
stance whether, in an opposed case, a patent shall 
be granted or not, and whether or not an amendment 
shall be allowed, and there is an appeal to the law 
officer, whose decision is final. In this respect the 
court of first instance works more satisfactorily 
than that of appeal. We do not suggest that the 
Comptroller, whose hands are already full, should 
himself be saddled with the additional duty of deal- 
ing with cases of infringement and revocation, nor 
that the law officers should sit in appeal in such 
cases. But there should be no difficulty in finding 

amongst members of the Patent Bar gentlemen who 
would be far better qualified than an average judge 
to adjudicate in patent cases ; and if the right of 
appeal were limited to a second court also in con- 
nection with the Patent Office, we feel assured the 








result would be an appreciable improvement upon 
the present state of things. The matter is one 
that would, of course, require careful development, 
and in this connection it should be borne in mind 
that the same courts might have jurisdiction not 
only in regard to opposition cases (in which the 
parties should still be allowed to appear by them- 
selves or by their authorised agents), but also to 
trade mark and other matters that now go to the 
ordinary courts. 





THE RAILWAY RATES DECISION. 

THE important decision given last week by the 
Railway Commission in the case of the Mansicn 
House Association and the London and South- 
Western Railway Company goes a good way to 
clear up one of the most complex points in the 
very vexed problem of railway rates. The charge 
of *‘ favouring the foreigner” is one which is very 
often brought against railway companies ; and, in 
the application made to the Commission in this 
instance by the Mansion House Association, a very 
strong primd fucie case of this character was made 
out. The complaint was that whereas a charge of, 


in most cases, 6s. per ton is made for certain | 


articles of foreign merchandise, such ss bacon, 
butter, cheese, fresh meat, hops, and hay, from 
Southampton Docks to London, a distance of 76 
miles, a charge ranging from 13s, 1ld. per ton 


from Southampton Town, also 76 miles, to 83. 4d. | 


per ton from Woking, 23 miles, is made for the 
conveyance of home merchandise of the same 
description. Of course, it is not difficult to see 
that the main cause of the great inequalities in 
these rates is the almost total absence of com- 
petition in the case of the local traflic, and its pre- 





with regard to the five others, the South-Western 
Company have been able to furnish a good answer 
to the charge so often made against railways, that 
wantonly, from sheer anti- patriotism, they encourage 
foreign at the expense of home trade, and they were 
also able to teach British agriculturists what it is 
to be hoped will prove a useful lesson as to the very 
superior way in which their colonial competitors 
carry on their business. 

The defence ultimately made by the railway com- 
pany to justify the admittedly higher rates for home 
over foreign produce rested on the broad com- 
mercial fact that the conveyance of the former is on 
a wholesale and of the latter on a retail scale, and 
that consequently great economies are secured in 
the one class of business which are absent in the 
other. The low dock rates are charged for traffic 
consigned in full truck loads, arriving at regular 
times in large bulk, and packed in such a manner 
as to minimise the risk of injury and to facilitate 
handling. The home consignments, on the other 
hand, are very small ; they are irregular in time, 
are very loosely packed, or not packed at all, and 
have to be loaded into ‘‘ pick-up ” trains which are 
very expensive to work as compared with the fast 
trains which run through fully loaded to London 
from the docks. The result, asshown in figures by 
the South-Western Company’s goods manager, is 
that notwithstanding the low rates, the dock trains 
earn generally about twice as much per mile as the 
“pick-up” trains. Therefore, argued the railway 
company, the ‘‘ services” rendered in the two cases 
are not ‘‘the same or similar,” and the proviso to 
the section of the Act, which has been quoted above, 
does not apply. To this defence the retort of the 
traders, or rather the London Dock Company’s 
advocates, was twofold. Firstly, they said, the 


sence in great intensity in the case of the import | word ‘‘ services” in the Act means what is done by 


business. The railway company offer the 6s. rate 
from Southampton Docks becaure, if they charged 


the railway company for the goods—their carriage, 
loading, unloading, and so forth. These services 


a higher rate than this, the traffic would not come | are clearly the same in each case ; that they cost 
cn their rails at all, but would go direct to London | more to the company in the one case than in the 


by cea. In other words, the rate from Southampton | other is not relevant. 
| 


Docks to London on import goods is governed by the 
through rate from the port of origin of the goods to 
the port of London. ‘That this was so was brought 
out strongly by the fact that it was owing to the 


| 


But, secondly, supposing it 
is relevant, supposing the cost of working to the 
company may be taken into account, the company 
has not shown that the econcmy they secure in this 
way is anything like sufficient to justify the great 


keen competition between the two ports that the | difference of charge in the cases specified. 


application to the Railway Commission was made. | 


Nominally, the case was brought by an association 
of traders acting on behalf of the farmers of Hamp- 
shire, but really it was launched and maintained, as 
the applicants admitted, by the London Dock Com- 
pany with the object of getting, not the local rates 
reduced, but the import rates raised, so that the 
latter traffic might be diverted to their docks. 

But although this factor of competing through 
rates is undoubtedly the most important one in de- 
termining the amount that can be charged by a rail- 
way company on dock traffic of this character, the 
South-Western Company found thatit was not a con- 
sideration that could be effectually urged in point 


of law to justify the admitted difference of charge | 


in favour of foreign merchandise. The case was 


brought under Section 27 of the Railway and Canal | 
‘large consignments of goods at regular intervals 


Traffic Act of 1888, and a proviso to that section 
expressly states that ‘‘no railway company shall 





make, nor shall the Commissioners sanction, any | 


difference in the rates or charges made for home 
and foreign merchandise in respect of the same or 
similar services.’’ What object precisely the Legis- 
lature had in view in inserting this proviso it is 
hard to say, and even after the present judgment 
the question is still unanswered ; but Mr. Justice 
Collins, in his elaborate celivery on this point, 
clearly decided that, whatever else it may or 
may not mean, the proviso at any rate means 
this, that the fact that goods are foreign goods and 
the fact they have already traversed a long distance 
before reaching the United Kingdom does not entitle 
them to a lower rate than home produce on the 
ground that the portion traversed in the United 
Kingdom is part of a through route. Thus dis- 
lodged from the position they first took up, the rail- 
way company had to fall back on a second line of 
defence. In other words, as Lord Cobham said, 
they had to take in hand the difficult task of 
justifying by one set of considerations rates 
which had been mainly determined by another. 
In this task, as is not surprising, they were 
not entirely successful, for in the case of three 
of the articles named in the application, viz., hops, 
hay, and fresh meat, the Commission has ordered 
some readjustment of rates to be made; but 
partially with regard to these articles, and wholly 





Thus, in giving judgment on the case, the C.m 
mission had to answer two main questions, the one 
a question of law, and the other a question of fact. 
The question of law was whether a lower rate for 
foreiyn as against home merchandise can be justi- 
fied by a railway company on the ground that the 
foreign merchandise is presented to them in a form 
which secures great economy in carriage and 
handling, and less liability to damage. Now in 
cases of alleged undue preference, where the goods 
in both cases are home goods, this matter of com- 
parative cost of working to the company has long 
been recognised as one of ‘‘the considerations 
affecting the case” which the Commissioners may 
take into account in deciding whether the dif- 
ference in rate amounts to an undue preference or 
not. Ifa home trader offers to a railway company 


carefully packed, it is admittedly legitimate for a 
railway company to give him a lower rate than 
another trader who fulfils none of these conditions. 
Does the Act allow this when the preference 
is between home traders and disallow it when 
the case is one between home and foreign? Yes, 
urged the complainants ; that is the clear effect of 
the proviso, which expressly declares that no dif- 
ference of rate is to be made between home and 
foreign merchandise at all. No, said Mr. Justice 
Collins in effect ; this is adopting the letter of the 
proviso only, and not its spirit. The real purpose 
which the Legislature had in view was to strike at 
any difference of treatment between home and 
foreign goods. Tosecure this, the same considera- 
tions that are allowed to condone a preference 
when the goods in both cases are home goods must 
be given equal weight when the goods in the one 
case are foreign. To allow the mere fact that the 
lower-rated goods are foreign to turn a difference 
into an undue preference is not only not to carry 
out the intention of the proviso, but it is to go 
directly contrary to its spirit. 

The question of law having been decided in 
favour of the railway company, the question of fact 
followed to be considered. Granted that a differ- 
ence in rate between foreign and home produce 
may be justified by urging the different conditions 
of the traffic, are these conditions sufticiently dif- 
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ferent in the particular cases under complaint to 
account for the very great discrepancy in the 
charges? On thisissue the Commissioners came to 
the conclusion that the railway company had made 
out its defence as to five of the articles mentioned 
in the application, viz., bacon and hams, butter, 
cheese, lard, and wool. As to fresh meat, Sir 
Frederick Peel thought that sufticient evidence had 
not been produced to account for the whole of the 
difference in the rate, and accordingly an order is to 
be issued directing that the home and foreign meat 
is to be carried on equal terms ; but Lord Cobham 
stated that a very slight alteration in the rates 
at present in force would probably consti- 
tute a safticient compliance with this order. 
As to the two remaining articles, hops and hay, 
the foreign hay is hydraulic or steam pressed, 
and can be loaded 4 tons to a truck to 24 tons of 
English hay, and the foreign hops are packed in 
square bales, which are easier to handle and give 
a better load per truck than the round bales of 
English hops. But in other respects the services 
rendered in each case by the railway company are 
similar ; and, after making due allowance for the 
less cost of conveyance of the foreign goods, the 
Commissioners came to the conclusion that an 
undue preference had to some extent been given 
in these two cases, and they will therefore issue an 
order for this to be rectified in the future. 


THE WASTE AND SUPPLY OF 
SHIPPING. 

ReceNnty we had occasion to refer to the fact that 
the doctrine of the survival of the fittest was 
operative alike in the shipping and shipbuilding 
trade (see page 285 ante), and that the tendency 
to build was largely due to seductive tenders by 
builders, and to the desire to have the fittest, in 
other words, the most modern, ship. But this pro- 
cedure must in the end aggravate the difliculty, for 
over-production brings its effects to owner and 
builder. That there is over-production is easily 
proved. Lloyd’s returns just issued show, on the 
one hand, that the vessels removed from their list 
during last year by reason of mishap or by being 
broken up, aggregate 660,379 tons, the measurement 
of 1034 vessels, while, according to another return 
from the same registry, the tonnage of merchant 
vessels now building makes up a total which is 
remarkably near to this waste—656,318 tons. This 
latter figure, however, is made up to the extent of 
96 per cent. by steam tonnage, whereas of the 
ships lost, &c., barely one-half are steamers, 
so that the carrying capability of the tonnage 
now under construction is at least 66 per cent. 
greater than that removed. But beyond this con- 
sideration is the fact that the 656,318 tons now 
building, represents only, at most, some eight 
months’ work of the establishments in the country, 
and therefore the clamouring for work may find 
even a nominal surplus of 300,000 tons, or an 
actual surplus, as measured on the basis of carrying 
power, of quite 600,000 tons. The increment to 
our foreign or coasting trade does not necessitate 
this addition, so that the shipowner has only the 
prospect of a stiffer fight. Of course, the losses 
borne by other registry societies—the British 
Corporation particularly—may reduce this surplus ; 
but their losses are scarcely appreciable, since con- 
siderably over 90 per cent. of the vessels flying the 
British flag are registered with Lloyd’s, although 
the new vessels going the way of White Lion-court 
bear a smaller percentage to the total than here- 
tofore, the past quarter’s return showing 87 per 
cent. of vessels in British yards as building under 
Lloyd's supervision. That there is a great surplus, 
however, is undoubted. 

The waste is about the normal. Lloyd’s quarterly 
returns show 660,379 tons, while in 1892 the total 
was 625,224 tons, and in 1891 649,946 tons. One 
finds, however, a growing terdency to break up 
ships, for while in 1891 the tonnage thus meeting a 
natural end was66,445 tons, and 110,067 tons in 1892, 
it reached 130,465 tons in 1894. Thus the number 
of vessels accidentally demolished shows a less total 
than in the preceding years. Wrecks still count for 
a great proportion, nearly one-half, as in former 
years ; and this is not surprising. Last year 495 
vesselsthus met their end, these representing 302,713 
tons. Small sailing ships are most largely repre- 
sented, there being 385 vessels averaging little over 
500 tons, while the number of steamers was 110, 
and the tonnage 134,046. Vessels abandoned, and 
vessels never heard of after sailing, represent much 








too large a proportion of the losses. Under the | 
former category come 112, of 61,066 tons, only six | 
being steamers, of 13,336 tons. This is about an | 
average result, Again, of 81 vessels no tidings have 

been heard, either in the case of ship or crew. 
It is difficult to conceive why, if well built 
and well found, 67 sailing ships of 37,565 tons | 
should never have reached their destination or, at | 
least, have left some trace, but more difficult still to 
account for the 14 steamers of 21,877 tons. Even 
although disaster overtook them, life-saving ap- | 
pliances should surely have been sufficient and 
effective, Collisions during the year destroyed | 
90 vessels, totalling 56,947 tons, 42 of these, 

of 38,000 tons, being steamers. That is what | 
one would expect, for deference is always given to | 
a sailing ship, so that, as a rule, two steamers are | 
involved, and never, or hardly ever, two sailing | 
ships. The vessels that have been burned number | 
37, and measure 23,789 tons, two-thirds being sail- | 
ing ships, while vessels that have foundered make 
up 21,894 tons. The 14 steamers included measure | 
12,012 tons, while the 28 ships average only 
350 tons. The remaining 8 vessels, of 4063 tons, 

included in the total, were lost from other causes. | 

Not only does the total seem fairly constant, but | 
the losses from the several causes may be said, | 
therefore, not to vary much from year to year. | 
Britain’s rate of loss is only about 5 per 1000, while 
in the case of most other maritime nations—Norway, 
Germany, France, and Holland—it is quite double | 
that rate. This is not high, and from the general | 
result it can scarcely be said that one can expect 
much relief from this side of the balance-sheet. 
No one hopes for waste ; greater losses cannot be 
expected ; the prospects of great increment of 
oversea commerce are not over-brilliant ; and yet 
shipbuilders must have work. They regard every | 
means as fair in competition, and their tendency to | 
regulate the prices by the supply and demand cry, | 
might merit for some of them that term of imprison- 
ment which some one has regarded as a fit solution | 
of the problem of over-production. A corner in| 
ships is impossible, but it is immoral as well as | 
suicidal to submit tenders at a price which will 
not admit of genuine work and fair remuneration | 
to the worker. We have heard of cases of ships | 
being built or tendered for at a price little higher 
than the cost of material, and under such conditions | 
owners may be willing to have ships, although their | 
employment at an early date may be uncertain, and 
their capability of fighting the elements perhaps 
only less uncertain. This, however, is met by de- 
ferred payment, extending in some cases over five 
years. Such procedure is not business. It might 
be called charity, if it did not involve deferred 
misery to most concerned. 

Again, the cheapness of shipping has given im- 
petus to a most iniquitous system of shipowning, 
which might even be classed with the confidence 
trick. A young man having spent a few years in 
the office of a large shipowning firm, thereby 
secures a connection, and determines to set up 
business for himself, the main idea being to do 
well by himself. With an offer from a builder, 
liberal alike as regards the first cost of the ship or 
steamer, and as to the deferred payment, the 
embryo owner can easily paint a rosy picture of 
large dividends, and thus secures capital. The 
arrangement is that he secures his percentage for 
management on the gross income, and this makes | 
him almost indifferent as to the freight rate, and, | 
therefore, the net profit, while the interest from | 
those who ‘‘store ” the ship is an additional item | 
to his income. As oftenas not they are companions 
in the venture. As for the shareholders, they get | 
a dividend for a year or two when the ship or| 
steamer requires no repair. It is easy, especially | 
when no renewal fund is kept. Ultimately the | 
returns cease, and the time comes when the ship 
is only worth selling at a small portion of its first | 
cost, and if the shareholders get even a portion of 
the capital back they are lucky. The managing | 
director begins de novo, but, as a rule, with new | 
shareholders. There are always willing capitalists, 
and not infrequently these are women who are 
influenced by the big dividends promised. 

In view of this state of affairs, we are rather in- 
clined to regard as satisfactory the slight decrease 
in the tonnage under construction throughout the 
kingdom. The total is 656,318 tons, plus some 
116,000 tons of warships still onthe stocks in pri- 
vate yards. This is about 10,000 tons in the aggre- 
gate less than three months ago ; but if merchant 
tonnage alone be considered, the total is as low as. 





affairs. 





it has been for 18 months. The highest for 2} 
years was a year ago, when the tonnage was 725,208. 
Then 8.5 per cent. were sailing ships ; now only 4.1 
per cent. of the tonnage will depend on the wind 


|for propulsion. There has been a decreasing ratio 
|in this respect for four years, and it is now the 
|lowest since steam attained the ascendancy ; this 


is really but another instance of the doctrine of 
the survival of the fittest dominating shipping 
Three years ago one-fourth of the ton- 
nage building was sail, two years ago it was 13.9 per 
cent., last year 8.5 percent., and now 4.1 per cent. 


| Again, the number and tonnage of vessels in the 


initial stage of construction shows a falling off, indi- 
cating that fewer vessels have lately been ordered, and 
the result is distinctly satisfactory. The total is 
the lowest for two years, being 127,904 tons, 
whereas a year ago it was the highest for four 
years, or 271,308 tons, but since then it has been 
decreasing. Here, also, the declining proportion 
of sail tonnage to total is very marked. The ratio 
of tonnage in the initial stage to the total tonnage 
is lower than it has been for a long time, being 19 
per cent., while a year ago it was 37.6 per cent., 
so that, all things considered, the shipbuilding 
industry is in a more depressed state than for some 
time. Therein, probably, lurks the hope of the 
future. Fruition may come with two or three 
cases of public insolvency; overdrawn bank 
accounts and mortgages do not count. 

A word may be said as to the state of affairs in 
the several districts. Belfast, with 13 vessels, of 
85,088 tons, is better off than it has been for some 
time, and may be said to be busy. Barrow and 
district, too, are fairly well engaged, although their 
merchant tonnage (14,349 tons) is less than for some 
time. Still, with one first-class and two second- 
class cruisers, and two torpedo-boat destroyers, 
they are favourably situated. The Clyde continues 
to maintain a fairly steady total of 204,000 to 
210,000 tons, plus 60,000 tons of warships, but a 
year ago they had 250,000 tons of merchant shipping 
and the Government work, so that with them, as 
with other districts, the charity we have referred to 
may yet lose some of its charm. So also with 
Hartlepool and Whitby, where about 50,000 tons 
are under construction. The Tees firms have 
60,497 tons, a slight decrease on recent returns. 
The Wear shows a large decrease, having but 
91,086 tons, while the Tyne figures for 115,524 tons, 
15,000 to 20,000 tons below recent averages. The 
Mersey drops from Lloyd’s list, and if this means 
that the builders there prefer to depend on Govern- 
ment work or repairs rather than engage in ruinous 


| competition, they are to be congratulated. 





THAMES BRIDGES.—No. IX. 
16.—Batrersea BripcE. 


THE present handsome arched bridge at Batter- 
sea was built to replace the old wooden viaduct 
which had been in use for nearly a century and a 
quarter, and which, in its time, had replaced a 
ferry that had been in existence for at least 250 
years, and had proved, presumably, sufficient to 
accommodate the traffic, which must have been 
slight, for though Chelsea was, early in the 
eighteenth century, an important suburb of Lon- 
don, Battersea, on the opposite shore, was, save 
for its old Manor House, the church of St. Mary, 
and its asparagus gardens, a locality of small im- 
portance. But, so long ago as the period of (Queen 
Elizabeth, Chelsea was the favourite and most 
convenient district — thanks to the highway 
of the Thames— for the country residences 
of the nobility, and the Royal Manor House, 
settled by Henry VIII. on Catherine Parr at the 
time of her marriage, was one of the many im- 
portant buildings that beautified the river bank. 
The Bishops of Winchester, too, had a palace close 
by, and they resided there from 1663 to 1820. 
Beaufort House, famous as the residence of Sir 
Thomas More and the frequent and prolonged 
visits of Erasmus, was another of the conspicuous 
houses. It was in Chelsea that Sir Hans Sloane, 


| whose memory is still kept green in the neighbour- 


hood by the names of streets and places, made his 
famous natural history collection which afterwards 
formed a nucleus for the British Museum. Lindsay 
House, built by Sir Christopher Wren in 1674 for 
the Earl of Lindsay, Lord High Chamberlain, was 
built on the site of an older house that had belonged 
to Sir Theodore Mayerne, physician to Henri IV. 
and Louis XIII. of France, and to James I. and 
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Charles I. of England. Famous in its day was the 
Chelsea Botanic Garden, still in existence, and 
owned by the Apothecaries’ Company. It was 
established by the same company in 1673, and the 
direction of its development lay in the cultivation of 
medicinal plants ; ‘‘ Jesuit’s bark” or quinine was 
grown there. ; 
Cheyne-walk belongs to about the same period, 
and has been made famous by the residence of 
Turner and Carlyle, to say nothing of a host of 
lesser celebrities. So does Chelsea Hospital, of 
which the foundation stone was laid by James II. 
in 1681, Sir Christopher Wren being the architect. 
Thus, while one bank of the river was enriched 
with noble buildings and stately gardens, with a 
great public institution and a river terrace, the 
opposite shore remained a comparative wilderness, 
even at the time the Act of Parliament was obtained 
in 1776, though it may be assumed that there was 
sufficient traffic to justify the venture from a com- 
mercial point of view. The construction of the 
bridge was remarkable for the shortness of time 
occupied. It was commenced in 1771, and opened 
for traffic during the same year. The bridge was 
the freehold property of 15 adventurers, who be- 
tween them subscribed the sum of 20,000/., the 
contract price of the work. The length was about 
660 ft., and as will be seen from the sketch 
annexed, the openings were very numerous, 





of a block of concrete 75 ft. by 36 ft. and about 
17 ft. deep, the surface of the concrete being 18 ft. 
below Ordnance datum. The concrete is inclosed 
within a rectangle of sheeting piles 14 in. square, 
and driven well into the clay below the concrete, 
the inclosed space being cleared down to a sufli- 
ciently good material to afford proper foundation. 
On the concrete blocks the brickwork of the piers 
was commenced, the largest dimensions of footings 
being 73 ft. by 27 ft. 6 in., reduced to 67 ft. 6 in. 
by 17 ft. at the top of the footings ; the dimensions 
of the piers beneath the eapping course are 65 ft. by 
14 ft. 6 in., the batter throughout being uniform. 
Above the footings the piers are granite-faced in 
courses 2 ft. deep and from 3 ft. to 3 ft. 9 in. deep. 
The capping is 2 ft. 11 in. deep, and is of granite laid 
in stones 4 it. and 4 ft. 9 in. wide alternately. The 
tcp of the pier is finished with a course of granite, 
and the spaces between the iron skewbacks that 
meet over the centre of the pier are also filled with 
granite and a brickwork hearting. Above the skew- 
back level the piers are carried up with brick walls 
faced at the ends with granite, the size being 10 ft. 
by 4 ft. 6in. Below the level of the skewbacks the 
piers are finished with rounded ends. The abut- 
ments are constructed in a way similar to the piers, 
and the granite-faced brick walls are backed by 
masses of concrete. The spaces between the piers 
are spanned by a series of cast-iron ribs, seven to 

















although at a later time they were reduced in 
number, and the span widened by the employment 
of iron girders, for the sake of improving the 
navigation. The width of the platform was 28 ft. 
It is worthy of notice that lamps were placed on the 
bridge in 1799, when it was the only wooden bridge 
over the Thames enjoying such a privilege. In 
1821 the wooden hand-railing on the west side was 
replaced by one of iron and 4 ft. high, and in 1824 
a similar railing was placed on the eastern side. 

It is a curious fact that besides holding the bridge 
as a freehold property, the 15 proprietors enjoyed 
each a special vote for the counties of Middlesex 
and Surrey. The annals of Battersea old bridge 
appear to be as commonplace as was the structure 
itself, and it was swept away by the Metropolitan 
Board of Works, without regret from any quarter, | 
least of all from the representatives of the 15, 
original owners, who were compensated for the loss | 
of their property. 

Old Battersea bridge had long been _ ill 
adapted for the traflic that passed over it, and was 
moreover rapidly falling into decay, so that the 
construction of a new and suitable structure was a | 
work of necessity. This work falling within the | 
province of the Metropolitan Board of Works, a 
design was prepared by Sir Joseph Bazalgette, | 
which was carried into execution by Messrs. | 
Williams and Wallington, under the active direc- | 
tion of Mr. Edward Bazalgette. The old bridge 
was removed in 1886, and the new one opened in | 
the summer of 1890. As will be seen from the illus- | 
tration on page 512, it is an arched bridge of five 
spans ; the width between parapets is 40ft., divided 
into a 24-ft. roadway and two side-walks of 8 ft. 
each. Two tracks or tramlines are placed in the 
roadway, one adjoining each curb of the footpath. 
The width of the central span is 163 ft. ; of the two 
adjacent ones, 140 ft. ; and the two land spans are 
113 ft. 6in. wide. The rise in the centres above 
springing is 18 ft., 13 ft., and 8 ft. 6 in. respectively ; 
and the springing level is about 2 ft. above high 
water. The foundation for each of the piers consists 
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each opening ; they were cast in five lengths making 
together a segmental arch 5 ft. 6 in. deep; the 
various sections are fastened together by bolts 
passing through flanges at the ends. The two 
outer pairs of ribs are placed 3 ft. apart, and the 
others are 5 ft. 9 in. apart. The ribs are braced 
together transversely by light diagonal bracing at 
15 points in each span, the depth of this bracing 
corresponding to that of the ribs. At short inter- 
vals, vertical members are taken from the back of 
the ribs to beneath the roadway, where they are con- 
nected by the top member of the spandril framing. 
A complete system of horizontal and transverse fram- 


| ing is introduced between these spandril fillings, and 
‘the foundation of the roadway consists of wrought- 


iron bent plates connected to the upper part of the 
spandrils. The footway on each side is carried on 
cantilevers bolted to the outer girder, and support- 
ing similar floor-plates. Beneath, the cantilevers 
are concealed by cast-iron casings. The fence is of 
cast iron, interrupted over the piers by recessed 
granite parapets. The exterior spandril filling is of 
cast-iron plates, relieved by mouldings, but of 
great simplicity. The roadway is of granite pitch- 
ing, laid over the concrete upon the floor-plates, and 
the side-walks are of concrete covered with asphalte. 
The cost of the bridge was about 145,0001. 


17.—Tuer Wrst Lonpon Extension Raltway 
BripéeE At BATTERSEA. 


An Act of Parliament was passed in 1859 
authorising the construction of a line under the 
title of the West London Extension Railway, the 
chief object of which was to connect the Great 
Western and the London and North-Western Rail- 
ways with Victoria Station in order to provide 
those systems with terminal accommodation in the 
south-west of London. The principal engineering 
work upon the line was the bridge crossing the 
Thames at Battersea, of which an illustration is 
given on page 512 ; it was commenced shortly after 
the project received the Royal assent ; and was 
opened for traffic towards the end of 1862. The 





river is crossed somewhat on the skew by five seg- 
mental arches of 144 ft. span and 16 ft. rise; 
besides these, the approaches are quite con- 
siderable, consisting, as they do, of six brick 
arches on the Middlesex side and four arches on 
the Surrey side, all of 40 ft. span and 10 ft. rise. 
The length of the whole structure is therefore 
1270 ft. The maximum headway is 22 ft. above 
Trinity high water, the rail level being 4 ft. higher, 
and the foundations are carried to a depth of 14 ft. 
below the bed of the river, or 36 ft. below Trinity 
high water. The angle of skew is 75 deg., and, as 
the width of the river at the point of crossing is 
706 ft., the distance between the faces of the 
opposite abutments is 775 ft. The width of the 
piers decreases from 17 ft. above the footings to 
12 ft. below the capping course at the springing ; 
and the length on the springing level is 35 ft. 6 in., 
increased to 53 ft. 6 in. at the capping course. 
The piers were all built in cofferdams, formed of 
piling driven to a depth of 15 ft. below the bed of 
the river, in two walls, the inner one spaced 5 ft. 
from the outer, the intermediate space being 
packed with clay. The abutments were also built 
behind puddle dams, so far as was found necessary. 
The excavation having been carried down to a 
suflicient depth, the foundation was laid with a bed 
of concrete 2 ft. thick, and of such dimensions that 
it extended 3 ft. beyond the lowest course of 
footings ; the area inclosed by the dam was larger 
than that of the concrete foundation; and the 
space, of course, increased as the pier was built ; 
this space, as the work proceeded, was filled with 
well puddled clay to a height of 3 ft. above the bed 
of the river. On the concrete was laid a course of 
York landings 1 ft. thick, and upon this, brickwork 
in cement was carried up to within 2 ft. of the river 
bed ; at this level, a course of stone 2ft. deep was laid. 
Up to the capping course beneath the springing, 
the piers are of brickwork faced with Bramley 
Fall stone in courses 3 ft. 6 in. and 2 ft. 6 in. 
alternately, one course being carried through the 
pier about midway of its height. The capping 
course consists of two thicknesses of Bramley Fall, 
the lower 12 ft. wide, and the upper 13 ft. 3 in. 
wide, the maximum length being 54 ft. 9 in. 
Above the capping course are placed the stone 
skewbacks, and over them the upper part of the 
pier is carried to the rail level, with a length of 
35 ft. and a width of 10 ft.; this part of the work 
has a brick hearting with dressed stone facings. 
A parapet 3 ft. 6 in. thick by 10 ft. long forms a 
finish to the pier, and conveniently breaks the 
handrails of the several spans. The abutments 
which form the piers for the brick land arches, 
were built in the same way, and conform to the 
same design as the piers. The brickwork is faced 
with Bramley Fall on all sides except that of the land 
arches ; they are about 31 ft. deep on the centre 
line of the bridge, and 45 ft. 6 in. wide, the sides 
being carried up parallel from the footings. This 
brickwork is lightened by two voids, one 17 ft. 
by 8 ft., and the other 14 ft. by 8 ft. ; these voids 
are filled with closely packed gravel to a height 
of 3 ft. above the springing level of the ribs. 
Each of the spans is crossed by six wrought-iron 
girders arranged in pairs, the webs of each 
pair being placed 2 ft. 6 in. apart. The inner 
curved ribs are 39 in. deep at the springing and 
24 in. deep at the crown; they are made with vertical 
webplates % in, thick, with plate and angle iron 
flanges. The horizontal member of the girder is of 
similar construction, parallel, and 24 in. deep ; it 
dies into the arched rib near the centre, and makes 
the total depth of each girder at that point 48 in. 
It may be mentioned that the depth of the outer 
ribs on each side of the bridge is 30 in. at the 
centre and 39 in. at the springing; on the outer 
face all rivets, except those securing the angle- 
irons, are countersunk, and there are no cover- 
plates introduced, so that the exposed surface is 
quite smooth and unbroken, presenting a very ex- 
cellent effect and finish. The spandril filling con- 
sists in each case of a lattice composed of }-bars or 
double T-irons. As already said, the main girders 
are secured together in pairs ; this is done by series 
of light lattice girders, seven in each half-span, set 
at equal distances apart to within 10 ft. of the 
crown ; the several pairs of arched ribs are con- 
nected by a system of open braced frames that 
commence near the haunches of the arch, and are 
extended to the centre. The horizontal girders of 
the main ribs are connected by the cross-bearers 
that carry the roadway ; these are placed at inter- 
vals of 4 ft., and consist of plate webs 10 in, deep, 
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with top and bottom angle-irons. On these bearers 


the bottom flange of the buckle-plates that consti- 
tute the floor, are placed. 
of diagonal bracing is introduced throughout the 
various spans. Cast-iron bearing plates with care- 
fully planed surfaces are attached to the ends of 
each arched rib, and these rest in cast-iron shoes, 
which in turn are recessed into the masonry of 
the pier. Contraction and expansion are provided 
for asfollows: ‘‘ Cast-iron standards are bolted to 


the stonework of the piers and united by a cast-iron | 


frame, secured by bolts and nuts. These standards 
have recesses to receive the ends of the horizontal 
girders and secure them in position, and at the 
same time allow for horizontal motion. A bed and 
bearing plate, planed perfectly parallel, are fixed 
under the ends of the horizontal girders, upon 
which they slide.” The platform of the bridge is 
50 ft. in width, and provides for a double line o 
rails, which are laid on longitudinal bearers resting 
on the cross-girders. A cast-iron moulding and 
plinth are attached to the horizontal face girders on 
each side, and above is an ornamental iron parapet. 
The cost of this bridge was 104,000/., equivalent to 
21. 103. per square foot. The following are par- 
ticulars of the materials employed, and the cost 
incurred in the construction of the bridge : 


2000 cubic yards concrete 585 


1100 a brickwork 11,000 
130,000 cubic feet stone... 19,500 
2160 tons wrought iron 46,500 
366 ,, cast iron 4,500 
Cofferdams, &c. ... cae 20,000 
Timber in platform, &c. 1,500 
Sundries = sive 415 

Total .. 104,000 


The tests to which the bridge was subjected 
were severe : before being opened for traftic two 
trains, of 150 tons each, were run over the platform 
in the same direction, at a speed of 40 miles an 
hour ; under these conditions a deflection of { in. 
was recorded. 

The bridge was designed by Messrs. Baker 
and Bertram, the chief engineers of the Great 
Western and London and North-Western Rail- 


way Companies; the contractors were Messrs. | 


Brassey and Ogilvie; most of the iron work was 
supplied by Messrs. Calvert and Co., of York. 


The bridge was opened for traflic on March 2, | 


1863; it is somewhat remarkable for the rapidity 
with which it was completed, only 15 months 
having been occupied by the contractors after the 
first stone was laid. Of course when originally 
constructed the old broad gauge of the Great 
Western was in use on the West London Extension, 
but this has long been a thing of the past. 

We should mention in conclusion that Mr. 
William Lawford, M. Inst. C.E., erected the bridge 
for the contractors, and it is to that gentleman we 
are indebted for the information we have given 
above. 





NOTES. 
Novet ANTISEPTICS. 

Severat of our most powerful and popular anti- 
septics, e.y., carbolic acid and nitrate of silver, lose 
part of their effect when admixed with substances 
containing albumenoids, because they coagulate 
the albumen and are precipitated withthem. The 
result is that we have to apply an excess of the 
antiseptic, which means waste, and which may be 
objectionable in so far as such more concentrated 
solutions may prove corrosive or toxic. Under 
these circumstances a discovery made by the 
Chemische Fabrik auf Aktien, late E. Schering, 
Berlin, has a wider interest. There are certain 
organic bases, in themselves poisonous to the 
lower organisms, which, when combined with 
these antiseptics, prevent coagulation of the 
albumen, and, moreover, render the agent more 
effective. These bases, ethylenediamine and its 
derivatives, contaia compounds derived from 
the chlorohydrines, &c., are all highly alkaline, 
and capable of dissolving the membranes of some 
bacilli, hence their increased efficiency. The mode 
of preparation is simple. About 10 lb. of the base 
are dissolved in 500 1b. of water, and the antiseptic, 
freshly distilled cresol, for instance, gradually 
added. Creosote and other antiseptics require a 
little more of the base. To prepare the silver 
compounds, we proceed in a similar way, starting 
from phosphate or nitrate of silver, or other organic 
silver salts, or even the chloride of silver, These 


A very complete system | very convenient for use. 
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novel silver compounds dissolve mucus, and may be 
diluted according to requirements ; they are thus 
Among the antiseptics 
| which may be treated in this manner are carbolic 
acid, cresol, thymol, naphthol, guajacol, creosote, 
&ec., and further silver compounds. 


| THE Propuction oF StraicHt EvGes. 
| Inthe Journal of the Franklin Institute Mr. F. 
L. O. Wadsworth gives an account of the method 
adopted for correcting the guides of the instrument 
| used by Professor Michelson in his comparison of 
the length of the meter and the wave length of 
light. It is theoretically possible to get a perfect 
straight line by means of linkages, but we do not 
know whether this method has ever been used 
save in parallel motions for steam engines, where 
great accuracy is not essential. It is, however, 
| probable that owing to the bending of the links by 
their own weight, and to defects in workmanship, 
|the theoretical possibilities of the method woul 
| not be attained. In the case of Professor Michel- 
son’s instrument, a form of Jathe bed was employed 
| with four very accurate guiding edges of hardened | 
steel. These edges were prepared in the first | 
| place by an American firm having a high reputation 
| for this class of work, but on test they were not 
| found to be as true as was required, possibly from 
tempering strains, aud when clamped in place their 
|form was still further altered, Some method was 
then desired by which they could be trued up 
when firmly clamped in their final position. For 
this purpose each edge was compared with a 
| ray of light. A short slide carrying a mirror was 
|mounted so as to ride on the bar to be tested. 
| Light collected by a telescope fitted with cross 
| hairs, and adjusted for parallel rays, was thrown 
on to a fixed mirror of unsilvered glass, and re- 
flected thence to the movable mirror. From this it 
was thrown back on to the unsilvered glass, and 
passing through, it was observed on a second tele- 
| scope fitted with micrometer hairs. Then matters 
were so adjusted that in beginning the test of the 
bar coincidence was established between the image 
of the cross hairs of the first telescope and those of 
the micrometer telescope. A series of observations 
was then made by shifting the mirror to other 
| parts of the bar, and taking micrometer readings of 
|the displacement of the image. The shape of the 
|bar edge could then be readily calculated from 
these readings, and on plotting it down it became 
evident where the bars wanted correction. This 
| correction was effected by grinding with an iron 
jlap and emery of different degrees of fine- 
|ness. Considerable trouble was experienced from 
\changes in the shape of the bar owing to in- 
| ternal strains during grinding, but nevertheless 
‘four practically straight edges 52 in. long were 
'thus prepared in from 10 to 12 hours each. One 
important advantage of the method is that there 
|is no limit to the length of edge which can be thus 
| rendered straight, and the edge can be trued up in 
its final position. Mr. Wadsworth thinks that there 
| would be no difficulty in thus obtaining edges 10 ft. 
| long true within sa 600 in. There is also this further 
| advantage to be considered, viz., that the error of 
| the bar, such as it is, is known, and can, if neces- 
|sary, be allowed for. For horizontal edges Mr. 
| Wadsworth suggests that a delicate level might be 











London Bridge are more than five minutes late to 
the extent of only 35.85 per cent., to Cannon- 
street about 40 per cent., and to Charing Cross 62 
per cent. August is the worst month; July is 
about 10 per cent. better, and June 20 per cent. 
better asarule. When wecome to the extent of 
the lateness of this large proportion of trains, we 
| find that, so far as August is concerned, the Victoria 
|and Holborn lines come out worst, with the Great 
| Western and the Brighton Company’s London 
| Bridge lines next. We may give the exact figures 
for August in alphabetical crder : 


Percentage of Trains Late (August). 








‘ 
20 to Over | Total 


| 5to | 10 to 
— | 10 | 20 | 30 | 20 | rai 
| Min. | Min. Min. | Min, | 74208. 

—— | 

Brighton, Victoria .. .. 18.€9 30.28 14.47|18.18| 1313 
os L: ndon Bridge .. 23.53 20.82 8.19; 8.00! 1513 
Chatham, Victoria .. .. 16.98 24.13 9.84) 6.83) 630 
» . Holbern . 19.53 28.81 15.07/1225|) 64 
Great Western. .. =. -:23.58 | 26.42 11.62) 7.02) 1196 
South-Eastern, Charing Croes 29.49 21.04 7.08 | 3.49 944 
South-Western .. | 22.78 | 19.48 10.33 | 1242 


5.79 | 





In June only 15 to 25 per cent. of the trains were 
more than 10 minutes late, the highest being the 
Brighton Company’s Victoria line, 27.56 per cent., 
and the Great Western 27.26 per cent., the others 
ranking about 15 per cent., of which about 4 per cent. 
were between 20 and 30 minutes late, and 14 per 
cent. over 30 minutes. The Brighton had 2.33 per 
cent. over half an hour late. The July return, on 
the other hand, shows 25 to 40 per cent. more than 
10 minutes late. The Chatham Company’s Holborn 
line comes first with 61.55 per cent., of which 16.80 
were between 20 and 30, and 10.5 per cent. more 
than 30 minutes late. The Brighton Company’s 
Victoria line comes next with 39.88 per cent., of 
which 6.44 per cent. were over 30 minutes, and 
8.74 between 20 and 30 minuteslate. The Chatham 
Company’s Victoria line had 36.35 per cent., of which 
9.92 per cent. were between 20 and 30, and 6.82 over 
30 minutes late. The Great Western has 33 per cent., 
only 3 per cent. being beycnd the half-hour ; the 
South-Western 263 per cent., only 1} being beyond 
the half-hour ; the Brighton Company’s London 
Bridge line 24.79 per cent., of which 4.98 per cent. 
were between 20 and 30 and 4.11 per cent. over 30 
minutes late. The South-Eastern are under 24 
per cent., with only 2 per cent. more than half an 
hour late at any of their stations. We have given 
the August returns complete. They show that 
from 35 to nearly 60 per cent. of the trains were 
over 10 minutes late in arrival, and assuming that 
all the excursion traffic is included, the percentage is 
too high. 





THE ARTIFICIAL SPECTRUM TOP. 
By Cuarires BENHAM. 

Some years ago, when I was experimenting with 
compound pendulum vibrations, I was very anxious 
to see a little-known instrument, invented by a Mr. 
Benjamin W. Betts (formerly of Auckland, in New 
Zealand), and called by him thechromoscope. I wanted 
to ascertain whether, with this chromoscope, which, I 
understood, revealed the production of colour by 
revolving cards of various forms, it would not Le 
possible to make the curves produced by the sympal- 
mograph also yield colour. An opportunity at last 





| 


used instead of the optical device. 


Tur Unruncruauity or Raitway Tras. 

| A Board of Trade return just issued gives some 
‘indication of the unpunctuality of railway trains 
into London from lines to the south and west ; 
but unfortunately only trains travelling at least 50 
miles are included, so that the suburban trains, 
'which are probably most consistent in their incon- 
stancy, escape. We commented on this omission 
when the return was ordered ; but probably those 
responsible for the return thought that the public 
were already convinced of the hopelessness of 
making the railway companies realise the desir- 
ability of greater promptitude. Again, trains to 
time are included with those which are not more 
than five minutes late. But withal we find that in | 
August half of the trains are over 10 minutes late | 
—surely too large a proportion. Over 76 per cent. 
of the Brighton Company’s trains to Victoria are | 
more than five minutes late, and 60 per cent. to 
London Bridge ; 57.78 per cent. of the Chatham 
Company’s trains to Victoria, and 75 per cent. to 
Holborn ; 68.64 per cent. of the Great Western 
jtrains; 58.38 per cent. of the South-Western | 
| trains ; while the South - Eastern _ trains to) 





| was in my hands for some weeks. 
| of somewhat remarkable philosophy, in which are 


presented itself, and Mr. Betts’s remarkable invention 
Mr. Betts is a man 


strangely mingled science, astrology, and a species of 
mysticism. He has worked out a very singular theory 
as to flower forms and the geometrical laws which 
govern them. In carrying out his investigations he 
was led to expect that by rotary motion his geo- 
metrical diagrams ought to show the colouring of 
leaves and flowers, and in experimenting with this 
end in view he actually realised his expectations, and 
found that the cardboard discs which he employed— 
discs of various shapes with mysterious slits and 
loppings in accord with his strange Fichtean doctrines 
—when set revolving against a dark background gave 
distinct colouring effects. 

I was much astounded at the instrument, and set to 
work with my compound pendulum curves to see if 
they could be adapted to the principle of the chromo- 
scope. I soon found that they could, and I followed 
up these experiments with innumerable others, with a 
view to solve the mystery if possible. 

After trying every imaginable variation of form and 
arrangement, I at last hit upon the simple idea of a 
top with concentric lines of black on a disc half black 
and half white. The effect was better than Betts’s 
chromoscope, and the form of the discI found to be more 
effective than any other I was able to devise, As, how- 
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ever, I amstill frequently being asked whether I have 
tried such and such modifications—white lines on black, 
shorter lines, thicker lines, coloured lines, &c., I may 
take this opportunity of saying that I think there can 
hardly be any arrangement of this sort that I have not 
tested carefully. 

When I had finally satisfied myself as to the most 
suitable form of the disc, I protected it by registering 
the copyright, and the tops have since been sold by 
Messrs. Newton and Co., of Fleet-street, and have 
evoked a considerable amount of interest and specula- 
tion. More recently my rights have been disposed of 
to Messrs. Pears, through whom no doubt the top will 
soon have a much wider fame. 

There is nothing new under the sun, and I have 
recently learned that some years ago a Mr. Jewsbury 
hit on to a very similar discovery, though he pushed it 
no further, and there is no connection between his 
experiments and mine, With regard to the problem 
which the top offers, a great deal of initial error has 
been fallen into by one or two ingenious theorists for 
want of recognising the purely physiological nature of 
the phenomena. The top consists of a revolving disc, 
half black and half white. On the whi‘e half are short 
concentric arcs of black. When the top revolves close 
under a bright lamp these arcs appear not as grey 
lines, as might be expected, but as lines of colour. To 
most eyes the effect is as follows : 

1. When the revolution is such that the black line is 
preceded by the black half of the disc and followed by 
the remainder of the white it appears red. 

2. When the direction of rotation is reversed it 
appears blue. 

3. When the lines are on the central portion of the 
white (so as to have equal white immediately on each 
side) the colour is green. 

4, Intermediate positions give approximately the 
intermediate colours of the spectrum. 

A few people see the colours differently, and one or 
two people, by no means colour-blind, can see no colour 
at all. Curiously enough, I know of two people who 
are somewhat colour-blind, but can see the colours on 
the top very well. 

That the effect is physiological is proved, because, 
according to Mr. Jewsbury, photography proves there 
is no difference of actinic power in the bands revolved 
the red way or the blue way. Farther, with a bright 
sodium flame, though practically monochromatic, the 
colours are very distinct. 

We have therefore not to look for the explanation 
in any dispersion of the incident light or absorption of 
part of its constituent waves. We need not expect to 
tind that any ethereal waves of the length correspond- 
ing to certain special colours pass from the top to the 
eye. All we have to consider is why the retina 
vibrates as if responsive to such special wave lengths 
when they are not there. There is evidently a periodic 
retinal vibration equivalent to that evoked by ethereal 
waves of definite lengths. The problem is, How can 
the retina be stimulated to vibrate in certain periods 
without corresponding ethereal waves? The answer, 
though I do not claim to give it fully, is, I feel sure, 
to be found in the fact that the persistence images of 
white and black are at work upon the retina simul- 
taneously, the one causing it to vibrate, the other 
tending to stop it from vibrating. Ia some way the 
differential action of this simultaneous stimulus and 
anti-stimulus brings down the rate of vibration to that 
of various colour periods. But why, it may be asked, 
should we not always get the same colour whatever 
the position of the lines, and whichever the direction 
of rotation? A little consideration will, I think, make 
it clear why this should not be so. Take the case in 
which red is produced, in which the black line is pre- 
ceded by black and followed by white, when the top 
has turned, say, 4 in., we have on the retina, where 
the image of the black line originally fell, a persist- 
ence image of that line, together with a real image of 
the white. Now take the case of a green band, i.e., 
where the line has equal white on each side of it, when 
the top has turned 4 in., we have, in place of the 
original image of the line, an after image black and a 
real image white, as before, but in this case the 
amount of white to succeed the line is a much smaller 
proportion of the white half of the disc than before. 
We shall thus have a varied differential action on the 
retina in thiscase. In the third case of the blue band, 
when the line is followed by black there will be no 
simultaneous images of black and white till the disc 
has revolved half-way round. Accordingly, while we 
find that the red colour comes into view almost the 
very moment the top begins to turn, it is not so with 
the blue. The black half of the disc more or less 
wipes off the retina at each revolution a previous cycle 
of differential action, though, in the case of the blue 
band, it cannot, of course, do this until the end of 
the first revolution. If the top revolves more quickly, 


the persistence images are not so completely cleared 
off the retina by the appearance of the black half, 
and consequently we get changes of colour resulting 
from new resultants of differential action, and if the 
top goes fast enough differential action is so far brought 
to an equilibrium that no colour is seen. 


I find it exceedingly difficult to express this view 
intelligibly, but I trust such accounts as I have been 
able to give above will render my meaning to some 
extent clear. 

The mystery is by means completely solved, but I 
believe that the above suggestions afford at least a 
clue, and, as far as they go, correctly state the general 
principle of this production of what, I hold, is aptly 
called an artificial, rather than a merely subjective, 


the cost for current. Werecurrent obtained from an out- 
side source, very many of these charges would still arise. 

Reverting to the question of ‘‘ depreciation,” it may of 
course be advanced, and with reason, that a day will come 
when existing machinery, &c., will have to be replaced by 
that of an improved character. Presumably any such 
change would carry with it some economy. Ib is quite 
questionable whether any charge for such improvements 
should not go to the economies effected rather than be a 
burden upon the current costs. 





colour sensation. 





THE COST OF ELECTRICAL ENERGY FOR 
PRIVATE INSTALLATIONS. 
To THE Eprtor or ENGINEERING. 

Srr,—In your issue of the 12th you do me the honour 
to refer toa paper recently read before the Institution of 
Electrical Kogineers, ‘‘On the Employment of the 
Electric Light for Railway Purposes,” and in your con- 
cluding remarks you express an opinion that ‘‘the 
general outcome of the paper and discussion is to show 
that there is not necessarily any very great economy in 
private electric generating plants, even where they ara of 
a £ize of 200 to 300 horse-power.” 

There can be no question but you have arrived at this 
conclusion from the absence of data as to the actual cost 


The inclosed statement may pore of interest. I am 
sorry I was not in a position to place it before you earlier. 
Tam, Sir, faithfully yours, 


W. Lananon, 
Derby, April 15, 1895. 





FORCED v. INDUCED DRAUGHT. 
To THE Epiror OF ENGINEERING. 

Srr,—The relative value of induced versus forced blast 
can be settled without reference to any isolated tests in 
which errors may creep in to destroy the value of the 
comparison, : 

Let Mr. Martin reply to the following question : 

In order to produce a given effect of combustion per 
unit of grate surface, what are the relative weights of air 





of the installations for which I am, in a measure, re- 
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sponsible. Several of these generating plants, although 


now working for some time, are still incomplete, and it 
is almost impossible to say what the cost will be till the 
order for the work. is closed. This is so with one of the 
installations, viz., Lawley-street, taken by you as an 
instance on which to calculate the cost of interest and 
depreciation. A glance at the figures will show that the 
high ultimate charge per unit produced by you is due to 
these charges, which, in the case of Derby, you place at 
2.6d. per unit, and in the case of Lawley-street, which you 
give as 2 7d. per unit. 
The cost of the Derby installation was less than 
1£,0)0/., and the amount provided for Lawley-street is 
less than 16,000/., a goodly portion of which has not yet 
been spent, some portion of the work not having yet been | 
carried out. | 
Applyiog the sum named for interest and depreciation 
to these amounts, instead of those set dowa in your 
article as ths probable cost of the work, will largely | 
reduce the charge per unit ; but beyond this, in the case | 
of Lawley-street, at all events, we have yet to look for a/ 
considerable increase in the output, which will neces- | 
sarily reduce the ‘‘ per unit” cost. | 
Quite independent of this, however, I have contended, 
and still do so, that with electric lighting machinery there 
is no room for depreciation. The entire service must 
always be in firat-rate order, and renewals or repairs, as 
they arise, must be dealt with. If the charge for these. 
repairs, or replacements, is carried to the current ex- 
penses, as is the case in the figures rendered by me, the 
plant is always in order, and a renewal fund is unneces- 
sary. If a depreciation fund is to be provided, then, | 
whatever ib may be, the working expenses should be | 
reduced by that amount. In adopting 5 per cent. in the | 
case in point, I do so purely as a mode of comparison, in | 
extension of the comparative statement rendered in the 
paper of the cost of lighting three sheds by gas and by 
the electric light, it having been pointed out by me that 
the s‘atement did not include interest or depreciation, 
my object being to show that, placing the electric light in 
its worat possible position in relation to cost, and gas in 
its best, the cost of the former is considerably less than 
that of the latter. 

It is also desirable to bear in mind that the charges 





rendered by me covercarbons, lamps, &c ; it is not merely | 





At 8} per Cant., viz., 34} per Cent. Iaterest and 5 per Cent. 


and chimney gases that have to be drawn through the 
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Comparative statement showing cost of the electric light employed for lighting the ground floors of the following sheds, including 
all working charges, repairs, cleaning, &o., with 6 per cent., viz., 3 per cent, interest on capital and 24 per cent. for future 
replacement of apparatus, in the one instance ; and 84 per cent., viz., 3} per cent. interest on capital and 5 per cent. for replace- 
ment ; as against the cost of gas—being for the gas burnt only—making no allowance for depreciation or replacement of gas 
apparatus, pipes, lamps, &c., or for interest on outlay, rapairs, cleaning, &c. 


At 6 per Cent., viz., 3} per Cent. Interest, and 2} per Cent. Replacement. 
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Notrt.—The above statements d2 not include rates and taxes, iaterest on value of land, or carriage of coal. 


steam generator by the blower, or exhauster, as the case 
may be ? 

It is presumed that Mr, Martin understands the influ- 
ence of the law of Charles, and has realised the enormous 
weight of gases in a highly dilated state that have to be 
disposed through the induction fan, over and above the 
cold air, necessary to be impelled by a pressure fan. }'rom 
— grounds the induction system is bad in prin- 
ciple, 


April 17, 1895. 


Yours very truly, 
INFLATION, 





To THE Epiror oF ENGiNggRING, 

S1r,—It isa pity when the Admiralty permitted Mr. 

Tartin to make ‘‘an extensive series of trials upon his 
system to be carried out on board H.M.S. Gossamer at 
Chatham ” (I quote from his paper recently read before 
the Institution of Naval Architects) that they did not 
stipulate those experiments should have been made on 
approved engineering lines, so that some sure light might 
have been thrown on the subject. I was present during 
the reading of Mr. Martin’s paper, and was surprised that 
no one criticised the figures. Mr. Milton effectually ex- 
posed the futility of the experiments which he had just 
witnessed, but I should judge he had not read the paper, 
otherwise the fallacies suggested could hardly have 
escaped s) competent a critic. As I was prevented from 
speaking at the meeting, I will ask permission to say a few 
words in your ever hospitable columns. 

Referring to the Table of Gossamer experiments 
made at Chatham (and I refer only to these as they are 
put forward as the “‘more crucial test”), we find a pair of 
runs placed tegether as a means of forming a comparison 
between the respective merits of induced and forced 
draught. In the very first column there is a difference 
of trial conditions sufficient to vitiate the whole result, 
for the induced-draught trial was for 30 hours, whilst the 
forced draught trial extended over 96 hours! By the next 
column we learn that the indicated horse-power de- 
veloped by the engines on the induced-draught trial was 
1288.11, whilst with forced draught it was bub 750! 
The coal burnt per equare foot of grate was 31.3 lb, 

er hour with induced draught, and 2087 lb. with 

orced draught! The coal burnt per indicated horse- 
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power per hour was 1.92 lb. with induced draught, 
and 2.32 lb. with forced draught. It is on these figures 
that Mr. Martin founds his statement ‘‘ that, in point of 
economy, induced draught was greatly superior.” 

These are boiler trials, and it should have been the 
endeavour of those who planned them to eliminate all 
disturbing elements; but here on one trial we have 
engines that will give off, as a maximum, 3600 indicated 
horse-power, working but to no more than 750 indicated 
horse-power! No engineer will be surprised, therefore, 
that when the greater power was produced a better fuel 
economy was obtained, quite irrespective of anything 
due to the way the boilers were operated. 

Two more trials are next detailed in the Table. Trial 3 
is with forced draught, and Trial 4 with induced draught. 
Here an endeavour was made, with but partial success, 
to get the same indicated horse-power (750) on both trials. 
The fuel efficiencies in this case came much nearer than 
before, the coal burnt per indicated horse-power per hour 
being 1.87 lb. and 1.68 lb. respectively; the advantage 
being with Mr. Martin’s system. It is, however, by a 
comparison of the two forced draught trials, Nos. 2 and 3, 
that we get a measure of the value of the figures submitted 
tous. In Trial 2, with forced draught, the duration was 
96 houra;in Trial 3, induced draught, it was 48 hours. 
With the fans running 216.5 revolutions per minute in 
Trial 2, 20.87 lb. of coal were burnt per square foot of 
grate per hour. With the fans running 307 revolutions in 
Trial 3, the consumption was only 18.29 lb. per hour. On 
Trial 2 the indicated horse-power was 710.69; on Trial 3 
it was 772.64. We have, therefore, this result: When 
the fans ran faster less coal was burnt; when less coal 
was burnt more power was developed ; when more power 
was developed there was less coal burnt per indicated 
horse-power. Now we all know that within reasonable 
limits the easier one works a boiler the bevter the evapora- 
tive efhciency, but we also know that running engines 
much below the designed power leads to an extravagant 
use of coal, and the above figures seem to bear this 
out. Thus, taking Trials 2, 3, and 4, with 710 indi- 
cated horse-power, we have a coal consumption per 
indicated horse-power of 2.32 lb. per hour—the lowest 
power and highest consumption; with 772.64 indicated 
horse-power the coal figure comes down to 1.87 lb.; with 
825.81 indicated horse-power it is further reduced to 
1.68 lb.; and on a fifth trial (with induced draught), when 
1004 indicated horse-power was developed, the coal burnt 
touches the lowest point of 1.60 lb. per indicated horse- 
power per hour. In the latter case 20.36 lb. of coal 
burnt per square foot of grate per hour. It 


were 
will be noticed that I have left out Trial No. 
1 from the latter comparison. Those inclined to 


criticise me might say, ‘‘ You fail to notice this trial 
because it upsets your argument, for if the reason- 
ing you put forward held good, No. 1 Trial, when 
the greatest power of all was exerted, should give, not 
1,92 lb. of coal per indicated horse-power per hour, but 
something under the 1.60 lb. obtained with the 1000 
indicated horse-power.” To those inclined to take this 
view, I would point out that, in Trials 2 to 5 inclusive, 
the rate of combustion is quite moderate, ranging between 
17 lb. and 21 1b. ; but in Trial 1 it goes up to 31.3 1b., or 
50 per cent, in excess of the highest figure in any of the 
other trials. 

The data given are so insufficient that it is impossible to 
arrive at quantitative results; but to me the evidence 
seems to point to the conclusion that, on Trials 2 to 5, the 
difference in coal per indicated horse-power resulted from 
varying engine efficiency alone, the boilers working at a 
constant efficiency, whether with induced or forced 
draught; but that in Trial No. 1 the furnace gases were 
taking away an undue proportion of heat by way of the 
chimney. In other words, if the proper engineering 
method of estimating boiler performance by water 
evaporated, and not by indicated horse-power, had been 
followed, induced draught would have come out at the 
tail of the list; and this from no fault inherent to the 
system, but simply because the boiler was being over- 
driven. 

Induced draught may possess all the virtues claimed 
for it, but, excepting in one or two minor points, I fail to 
see that its advocates have brought forward any explana- 
tion of its alleged superiority, whilst the childishness of 
the experiments shown at tae Institution of Naval Archi- 
tects inclines me to believe they are incapable of doing so. 

It is to be hoped that Mr. Thornycroft and Mr. 
Yarrow, who probably know more about high rates of 
combustion than all the rest of the engineering profession 
put together, will give us their views on the subject. It 
is to be regretted they wera neither at the meeting. 

Yours obediently, 
Ark Lock. 








FRENCH RAILWAYS AND THE STATE. 
To tHE Eprror or ENGINEERING. 

Srr,—Without wishing to enter into any discussion on 
the conclusions contained in your article under the above 
heading, and which you published on the 29th ult., on the 
financial régime of French railways, I would like to point 
out some inaccuracies of fact regarding the Eastern Rail- 
way of France, inaccuracies contained in the source whence 
you drew your information. 

1. The amount of our guaranteed debt to the State has 
never exceeded the value of the security affected towards 
its repayment. The figures which you gave for the year 
1882 are those contained in a Parliamentary report by M. 
Pelletan ; they show an error of 96 millions of francs, as 
we have pointed out to the author of the report. 

2. The guaranteed account, so farasour line is concerned, 
is no worse to-day than it was in 1882. On the contrary, 
the value of the securities on December 31, 1894, exceeds 
by about 180 millions of francs the amount of our in- 
debtedness, 





3. Our concession does not expire in 1935, but on Nox 
vember 26, .1954; the term of the concession of the 
Western Railway has been fixed for December 31, 1956. 

Thanking you in advance for the publication of this 
letter, 
; I remain, yours faithfully, 

BARABANT, 
Director of the Eastern Railway 
Company of France. 
Paris, April 11, 1895. 





ASSISTANT ENGINEERS FOR THE NAVY. 
To THE EpiToR OF ENGINEERING. 

S1r,—I have noticed the letter of Mr. Cripps under the 
above heading in yonr issue of the 29th ult., and should 
bs pleased if you can find me space for a reply. 

In the first place it appears that Mr. Cripps is not well 
informed on the subject he writes about : The Admiralty 
proposes to enter this year 40 assistant engineers for 
temporary service (to be confirmed and placed on per- 
manent list on subsequently passing the necessary exami- 
nations) who have not been pupils of a technical college, 
So much for “ boycotting,” &c. If the Admiralty 
wanted draughtsmen they would probably go the same 
way to work to get them as other large employers do. 

I think, Sir, all your readers will agree that candidates 
for the position of commissioned naval officers should be 
educated gentlemen. The only guarantee for this that 
the Admiralty are asking for in the advertisement in 
question, is that candidates should have been one year 
at a recognised engineering college, surely a small enough 
requirement. There is no educational test whatever in the 
examination beyond that involved in the professional sub- 
jects. I may remark that candidates for direct entry to 
commissions in the Army must be graduates of a university 
or college-trained men, also that gentlemen wishing to 
enter the commissioned ranks of the Royal Navy, other 
than as engineer officers, must be college-trained men. 
Why should the naval engineer start from a lower basis? 
Surely no one knowing the service and having the best 
interests of the profession at heart, would wish it. 

The fact is that the Admiralty, in their difficulty to 
obtain candidates for the position of naval engineer 
officers, have so reduced the standard of examination that 
naval men look at the probable result with great anxiety, 
and would gladly see an increase in the educational and 
professional requirements insisted on; but this appears 
out of the question, unless the Admiralty make the 
appointments in question worth competing for by good 


men, 
Yours faithfully, 
April 2, 1895. S, E. 





To THE EpIToR or ENGINEERING. 

Srr,—The attention of the so-called assistant engineers 
for temporary service, as well as of intending candidates, 
should be called to the following opinions respecting 
them in the ‘‘ Naval Notes” of the oldest London evening 
paper of April 2. ‘‘ The weakness of the engine-room de- 
partment has long been notorious, and the Admiralty 
intend to partially remedy this by the introduction of 40 
temporary service assistant engineers,” if they can catch 
them. I sincerely hops that they will not succeed in 
their aim, for temporary men here certainly do more 
harm than good in the service ; they will probably be, at 
best, about the same stamp of men as the engine-room 
artificers, and how can you expact sub-lieutenants, or even 
— assistant engineers, to sit down to dinner with such 
people ? 

To be inveigled into the service by false pretences is 
sufficient without insult being added to injury. 

I am, Sir, yours, &c., 

April 8, 1895. 8.1 








BENHAM’S ARTIFICIAL SPECTRUM TOP. 
To THE EprToR OF ENGINEERING. 

Srr,—I have tried the modification of the Benham top 
described in the letter of Mr. Charles E. Wolff on page 
483 of your last week’s issue. Fig. 1, with concentric 
arcs, which the eye‘can hardly believe to be concentric, is, 
practically, justthe Benham top with smaller steps, and 
the spectrum is similarly produced. Fig. 2, with the 
white lines blacked out, does not, in my experience, show 
what is a ‘“‘spectrum ” in the same sense that Benham’s 
top ‘does. Remembering Benham’s, what is seen on 
the Fig. 2 top spinning before me might be called the 
spectre of a Benhamspectrum. The only rings of distinct 
but faint colour are those which coincide with portions of 
the spiral margins, which are most nearly circular. The 
marginal diffusions are as those of circular arcs similarly 

laced, and the intensity of the tint seems, to my eye, to 
exactly proportional to the length of circular compo- 
nent in the outline producing them, according to the 
hypothesis of explanation put forward by me. 
Yours, &c., 
J. MacraRLANE GRAY. 
April 16, 1895. 





THE NOTATION OF STRESS DIAGRAMS. 
To THE EpiTor oF ENGINEERING. 

Srr,—-In a review of Professor Merriman’s ‘‘ Text-Book 
on Roofs and Bridges,” at page 459 of ENGINEERING, 
occurs this statement: “‘ the reciprocal diagram is due to 
Maxwell, and the best notation of it to Henrici.” 

A notation founded upon the reciprocity of a frame 
and its diagram of stresses is one that might be expected 
to occur to many minds, and probably Professor Henrici 
regarded it in this light, since it appears he sent no 
description of his notation for publication ; and his refer- 
ence to it at the meeting of the London Mathematical 











Society on April 13, 1871, proved as unproducti 
result as seed thrown on pre soil. <i ii 

Shortly before publishing, in October, 1873, the 
‘Economics of Construction,” I corresponded with Pro. 
fessor Clerk Maxwell, and he regarded my notation, then 
and afterwards, as original. Now, surely he would have 
had knowledge of Professor Henrici’s invention had that 
been effectively published. 
_ But the question of what constitutes a sufficient pub- 
lication is one on which there will always be much 
difference of opinion. 

Yours faithfully, 


; Ropsert H. Bow, 
7, South Gray-street, Edinburgh, April 15, 1895. 





LAUNCHES AND TRIAL TRIPS. 

THE launching of the new American liner St. Paul 
which stuck on the ways at Philadelphia shipyard a fort: 
night ago, owing, as experts declared, to the inferior 
quality of the soft soap used for “‘ greasing ” purposes, hag 
proved a very costly piece of work. The vessel had to be 
raised at the stern and again slung into position. This 
has entailed enormous labour, but the builders had their 
reward on the 10bh inst. in seeing the St. Paul gliding 
gracefully into the water without any further hitch. The 
St. Paul need not_here be described, as she is exactly 
similar to the St. Louis, launched last November, and de- 
scribed in ENGINEERING, vol. lviii., page 634. The St. Louis 
will make her first voyage in June next, 





H.M. torpedo boat destroyer Lightning was launched on 
the 11th inst., from the Jarrow yard of Messrs. Palmer's 
Shipbuilding and Iron Company, Limited. The vessel has 
been built to a model and design supplied by the builders, 
and is the second of three of the same class being built at 
Jarrow for the British Navy. Her dimensions are: Length, 
200 ft.; breadth, 19 ft. 9 in. ; and about 280 tons displace- 
ment. Her armament consists of one 12-pounder quick- 
firing gun forward on the conning tower, four 6-pounder 
ditto on the broadside, and one 6-pounder on a platform 
aft. There are also two revolving torpedo tubes on deck, 
arranged to fire on either broadside. She also has a 
powerful electric search light. The officers’ and engineers’ 
cabins are arranged abaft of the engine-room, and forward 
there is accommodation for about 40 men. The builders 
have guaranteed a speed of 27 knots per hour, and the 
machinery, which has also been designed by them, con- 
sists of two sets of triple-expansion engines, in one 
compartment, of a special design to suit the high rate of 
speed, Steam is supplied by four of Reed’s patent water- 
tube boilers, constructed by the builders, fitted in two 
separate water-tight compartments, with the necessary 
fans for supplying air under forced draught. 





The new sheathed sloop Alert, built at Sheerness Dock- 
yard, has been officially reported to the Admiralty as 
ready for her steam trials. Orders have been issued 
directing her to undergo a full power basin trial after the 
Easter holidays, and if the results are satisfactory she is 
to be dispatched to the North Sea to carry out trials 
under natural and forced draught. The Alert has been 
fitted with machinery made from Admiralty designs in 
the Steam Factory at Sheerness Dockyard, and her 
engines are estimated to indicate 1400 horse-power under 
forced draught, with a speed of 13.25 knots; and 1100 
horse-power under natural draught, with a speed of 12 25 
knots. The Alert is under orders to be ready for com- 
mission by June 30, but it is doubtful whether she will be 
completed by that date, on account of a delay in the 
delivery of her six 25-pounder quick-firing guns. The 
Alert is the firat of a new type of sloop intended for 
service on foreign stations. 


On Saturday, the 6th inst., Messrs. Edward Finch and 
Co., Limited, of Chepstow, ran a tria] trip of the screw 
tug Mendello, built by them to the order of the St. Vin- 
cent Cape Verde Islands Coaling Company, Limited, of 
4, Fenchurch-avenue, London. ‘The tug, which is 55 ft. 
by 12 ft. 6 in. by 7 ft. 6 in., is fitted with compound sur- 
face-condensing engines, with cylinders 11 in. and 22 in. 
in diameter by 16 in. stroke. She is to ba used at the 
dép6t for towing barges alongside steamers for coaling. 
Messrs. Finch and Co. are supplying 20 large barges to 
the company for this purpose. 


Messrs. R, Napier and Sons, Govan, have launched 
a steel screw steamer of about 700 tons, named 
Paknam, for the Compagnie Messageries Fluviales de 
Cochinchine. Length, 210 ft.; breadth, 27 ft. 10 in.; 
depth, 14 ft. 9 in.; with a topgallant forecastle, long 
bridge, and full poop. The machinery consists of a set of 
triple-expansion engines capable of indicating 600 horse- 
power, with two single-ended boilers for a working pres- 
sure of 144 lb. 





Messrs. Scott and Co., Greenock, have launched the 
steel steamer Diomed for the Ocean Steamship Company, 
Liverpool. The Diomed isa sister ship to the Orestes 
and the Dardanus, built and engined by Messrs. Scott 
and Co. for the same firm. She is a vessel of 4384 tons 
gross, with a carrying capacity of 6500 tons, and the 
builders will supply triple-expansion engines of 2500 
horse-power indicated. 





Messrs. Russell and Co., Port Glasgow, launched 
a steel paddle saloon steamer to the order of 
Captain John Williamson. The dimensions are: 
Length, 190 ft. ; breadth, 21 ft.; depth, 74 ft. Messrs. 
Rankin and Blackmore, Greenock, will supply compound 
surface-condensing engines and a locomotive boiler. e 
vessel is named Glenmore, and a speed of 14 knots is 
expected, 
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THE WILBRANT ARC LAMP. 

Tue arc lamp illustrated on this page is the inven- 
tion of M. H. Wilbrant, of Brussels, and is remarkable 
for the simplicity of the mechanism by which the 
carbons are fed and regulated, there being an entire 
absence of gearing, cords or chains. The lamp consists 
of a frame of two stout brass rods, terminating in flat 
plates top and bottom. The lower plate supports a 
small electro-magnet, through the core of which passes 
the shank of the lower carbon-holder. When no 
current is passing through the lamp this holder and its 
armature are forced away from the magnet by a spring, 
thus bringing the lower carbon into contact with the 
upper one. When a current passes through the 
lamp, the magnet pulls the holder down against 
the resistance of the spring, striking the arc. The 
feeding is regulated by a second electro - magnet 
affixed to the upper crosshead. This magnet is 

















also tubular, and the upper carbon-holder could 
pass freely through it were it not locked in posi- 
tion by the armature of the magnet. This armature 
is in the shape of a disc, with a hole through it 
for the carbon-holder to pass. It is kept awa 

from its magnet by a spring, the strength of whic 

can be adjusted to suit requirements, and is also forced 
against the carbon-holder by a second spring, which 
tilts it slightly, causing it to bind on the carbon- 
holder. The electro-magnet is arranged as a shunt to 
the lamp circuit, and normally the current passing 
through it is not powerful enough to draw down the 
armature in opposition to the spring holding the latter 
up. If, however, the length of the are becomes too 
long, thus increasing the resistance in the lamp circuit, 
more current passes through the electro-magnet, the 
armature is then drawn down, carrying with it the 
earbon-holder, and re-establishing the are at its proper 





length. The current through the magnet then falls 
again below the point at which it is able to attract the 
armature, and the latter flies back, but is unable to 
carry with it the carbon-holder, as the weight of the 
latter is opposed to the motion. 

Mr. Henry Chapman, of 69, Victoria-street, is the 
English agent for the makers. 








INDUSTRIAL NOTES. 

THE great labour struggle in the boot and shoe 
trades does not appear to make any rapid progress 
towards a settlement. At the adjourned conference 
proposals were submitted on either side, which rather 
tend to complicate matters than to solve difficulties. 
They seem, indeed, to be in the nature of ultimata, 
upless they are intended merely for the guidance of the 
arbitrators, or arbitrator, as the case may be. To take 
the employers’ proposals first, they appear to be, in 
essence, as follows: (1) Where a minimum wage has 
been fixed and is in operation, the question of advanc- 
ing or reducing the same shall not be referred to 
arbitration for two years from December, 1894, unless 
an umpire has first decided that the matter shall be re- 
opened and so referred. (2) The statement for welted 
work, submitted at Northampton, to be withdrawn, a 
joint committee to be formed to draft a statement, based 
on Rule III., namely, ‘‘on the actual capacity of the 
average workman,” this committee to be appointed on 
completion of the piecework statement for machinery, 
employers to have option of paying day wages or by 
piecework. (3) Manufacturersin any centre tobe treated 
alike in regard to wages and conditions established or 
amended by the board of arbitration for such centre. 
(4) Subject to the foregoing, all questions of wages, 
hours of labour, and conditions of employment which 
cannot be mutually settled shall be referred to arbitra- 
tion in the districts where such disputes arise. (5) 
With this object local boards of arbitration shall be 
immediately formed in each centre. (6) All questions 
relating to engagement and discharge of workpeople, 
internal management of factories and workshops, the 
arrangement of operations therein, the adoption of 
either piece or day work wages, where both are sanc- 
tioned, the introduction of machinery, manufacture of 
goods, wholly or in part, in any town or place (pro- 
vided the recognised wages in such town or place are 
paid), are within the sole province of the employers, 
and shall not be made subjects of dispute, and no 
question thereunder shall be dealt with by the arbitra- 
tion board. The men allege that these resolutions, 
especially the last one, embody all the worst features 
of ‘“‘the Kettering resolutions,” and they decline to 
accept them as the basis of settlement or of arbitra- 
tion. The men’s representatives say, ‘‘ We absolutely 
decline to accept No. 6 in its present form,” and they 
go on to submit a basis of their own, which is No. 6 
of their proposals. 

The workmen’s representatives also submitted six 
resolutions, as follows: (1) That the ‘‘seven com- 
mandments” be withdrawn, that is, the Kettering 
resolutions. (2) Clickers’ minimum wages to be 28s. 
per week, and pressmen’s minimum wages to be 26s. 
per week, to come into operation forthwith where the 
wages are less than above, in either case respectively. 
(3) The executive to withdraw the piecework state- 
ment, on condition that a joint committee be ap- 
pointed to draft statement ; the committee to appoint 
umpire to whom all questions shall be referred, and 
whose decision shall be final, (4) The executive are 
prepared to withdraw welted statement on the same 
conditions as put forward in ‘‘claim 3” above. (5) 
The conference of employers and workmen, or special 
committee appointed for the purpose, shall lay down a 
system to control country labour on the lines sug- 
gested by the union secretary. (6) That before a 
settlement is arrived at, or an armistice arranged, all 
clickers, pressmen, lasters, and finishers now working 
for any firm affected by the lock-out, shall be dis- 
charged prior to the men resuming work. It appears 
that the sting is in the tail of both sets of resolutions, 
No. 6 in either case. The last resolution of the 
men is quite as peremptory, and as much in the 
nature of an ultimatum, as that of the employers. 
During an adjournment the men considered the six 
resolutions of the employers, with the following 
result: No. 1 was objected to on technical grounds, 
but it was agreed to submit to the umpire whether 
clickers and pressmen were entitled to the advance 
claimed. First part of No. 2 was agreed to, but a 
clause for the piecework statement was insisted upon 
in respect of machinery. No. 3 objected to. No. 4 
to be submitted to arbitration. No. 5agreedto, No. 6 
refused. One of the union delegates also presented a 
new resolution on behalf of his colleagues to this effect : 
That the time has arrived when the employers should 
find all materials necessary to the production of their 
goods, including grindery for lasters, finishers, and 
machinists, in addition to the present rates of wages. 
Thus the conferences so far have rather raised diffi- 
culties than removed them. 

Sir Courtenay Boyle, as chairman of the conference of 
employers and workmen in the boot and shoe trades 





dispute, handed in the following resolutions at the 
close of the last conference, with the request that both 
sides would consider them prior to the next meeting of 
the conference: (1) ‘‘ That the various local boards of 
arbitration be reconstituted, and that the rules be at 
once revised by a joint committee, with the view to 
greater uniformity. Pending the completion of this 
revision, the former rules to remain in force; but only 
questions of classification and other minor local ques- 
tions not involving matters of principle be entertained 
in the meantime.” (2) ‘‘That it be an instruction so 
to draw up the rules as to allow of the least inter- 
ference in the management of a factory consistent 
with the right of workmen to safeguard the conditions 
under which they work.” If these resolutions can 
be carried out, in conjunction with the resolutions 
carried at the first conference, there seems yet to be 
an opportunity of some arrangement, though, in any 
case, the two parties must abate some of their respec- 
tive claims. 

Each seems to calculate on the other’s weakness, 
or the strength, as the case may be. But there 
is a newer element in the fight, namely, the influence 
of the leather merchants, all or nearly all of whom 
seem to have sided with the employers, as against the 
firms who have not locked out their men. The supply 
of leather is stopped on the one hand, as the supply of 
labour is stopped on the other. Employers have, it is 
said, a large stock of boots and shoes, so that some of 
the larger employers could hold out for six months. 





The situation in the building trades of London is 
causing a great deal of anxiety, for the chances are 
that a strike and lock-out may ensue after May 1. 
If that does not actually take place, the men will again 
be without working rules, unless some arrangement 
can be come toimmediately. To some extent the case 
hinges upon the question of sub-letting or piecework, 
but this is not the only matter in dispute. The other 
is the right of employers to employ whom they like, 
whether in the union or out of it. The men, on the 
other hand, have been striving to compel all non-union 
men to join the union. It was this latter point which 
gave rise to the friction, and led to the notice by 
the employers to terminate the agreement. 





“e 

A fiirther improvement is manifest in the engineer- 
ing trades, as indicated by the returns of branch 
officials of the Amalgamated Society. The reduction 
in the number of unemployed is not great, but the 
movement is in the right direction, and it has been 
continuous of late. The gradual improvement is re- 
garded as indicative of more prosperous times as the 
year advances, the weather becomes settled, and other 
trades improve, especially those more or less associated 
with engineering. The total number of members in 
the union is now nearly 77,000, the exact number 
being 76,925. Of these 5117 were on donation benefit, 
3042 on sick allowance, and 2563 in receipt of super- 
annuation. There was a total on the funds of 10,652, 
costing 4512/. 9s., or 1s, 54d. per member, per week, 
while the full contributions are 1s. 6d. per week, so 
that the income more than covers the expenditure. 
The decrease of members on donation was 266 in the 
month, and as compared with this time last year the 
decrease is 885, The members are reminded that a 
still further reduction could be effected if efforts were 
made to obtain situations for those who are out ot 
work, The saving on the expenditure has been equal 
to 1d. per member per week. The benevolent levy of 
6d. per member has been carried by a majority of 
10,754. A levy of 6d. per member is being charged 
for the emergency fund, owing to a dispute with the 
boilermakers in Scotland over the demarcation of work. 
The members have voted for continued representation 
at the Trades Union Congress by a majority of 5252, 
but only 6546 voted. The society will send seven 
representatives from seven groups of districts. The 
nominations for delegates have to be sent in by May 1. 
The council have replied to the adverse comments in 
the press with respect to the allegations of the vellum- 
binders, by defending their position and the contract. 
It appears that the real complaint is that some of the 
work of the firm in question is done at Luton, where 
rent, rates, and wages are lower than in London, and 
the council further say that nine-tenths of the machi- 
nery used in the printing trades are produced under 
similar conditions. It appears that negotiations are 
pending which are likely to settle satisfactorily all 
matters in dispute at the Dockyards with respect to 
the demarcation of work. The only objection raised, 
it appears, is by some of the unorganised shipwrights, 
that is, the non-union men. Trade in the Australian 
colonies is still unsettled, being rather on the decline. 
In America and Canada things are a little better, but 
still far from active. On the whole, the branches 
in those countries regard the outlook as more pro- 
mising. 





The Ironfounders report but little change in the 
state of trade, but the tendency is towards improve- 
ment. The reports from America as regards this 
branch are said to be very encouraging, so that hopes 
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are entertained that the activity in America will con- 
siderably benefit this country, and that, too, at an early 
date. The total number of members is 15,201; of 
these 1711 were on donation benefit, 581 sick, 709 on 
superannuation, 167 on other trade benefits, and six 
only on dispute allowance. The totalon the funds was 
3174, at a cost of 1070/. 3s., or about ls. 5d. per 
member, per week. Th2 balance in hand stood at 
17,406/. 6s. about. The voting on the question, ‘‘ Are 
you in favour of the Government finding remunerative 
work for the unemployed ’” has been answered thus : 
For, 3992; against, 752; total votes, 4744, out of 
15,200 members. The report contains a brief review 
of labour legislation in America, in which it is stated 
that many of the States have admirable laws restrict- 
ing the employment of children in mines, factories, and 
workshops ; but they are seldom enforced. The same 
is true as regards sanitary regulation ; the laws are all 
right, but they are not enforced. It further states 
that the laws as to trusts and monopolies, the eight- 
hours day, inter-State commerce, &c., are not enforced. 
The laws are passed, after considerable agitation, and 
then, when passed, are allowed to become a dead letter 
—‘‘dead wind cumbering the statute-books,” the 
writer eays. 





The report of the Amalgamated Carpenters and 
Joiners calls attention for the first time to the fact that 
there is an indication of a struggle in the building 
trades for the maintenance of the existing working 
rules, and all members are requested to keep away from 
the metropolis, pending a settlement of the dispute. 
The society has 43,280 members, of whom 2632 were 
unemployed, 1507 on sick benefit, and 512 on super- 
annuation allowance. Disputes are pending in several 
towns, but in two instances, Worksop and Dundee, 
the employers have conceded the demands of the men. 
Negotiations are on foot to effect settlements in other 
cases, but in some places there are strikes, one being 
at Bingley against piecework. The men generally are 
reminded that the severe weather has caused a large 
amount of destitution, and large demands on the funds, 
and therefore every effort should be made to insure 
peaceful settlements of all disputes wherever prac- 
ticable. But the union will fight where deemed to be 
necessary, in order to obtain a just recognition of the 
claims of labour. 





The ergineering trades in Lancashire have been quiet 
during the holidays, but the prospects appear to be 
better all along the line, the tone generally being 
hopeful. An examination of the detailed reports of 
the secretaries of the Amalgamated Society of Engi- 
neers discloses the fact that the term ‘‘ bad ” is applied 
to all the Manchester and Salford branches, without 
exception, and also to those in the vicinity. The same 
is true of Oldham, but at Bolton two out of six report 
trade as moderate, and four as bad. Employment has, 
in fact, been somewhat irregular in some branches of 
engineering for some time past, so that there is no 
reliable gauge by which to test the actual prospects in 
the near future. Ironfounders also report trade to be 
bad in most of the centres. There is a steadier tone 
and more hopeful feeling in the iron trade, both as to 
output and price. But in the finished brauches there 
is very little change. Thereis more inquiry for manu- 
factured steel than there has been for some time past. 





In the Wolverhampton district there have been indi- 
cations of increased activity by reason of tle inquiries 
by consumers, merchants, and agents, although the 
actual quantities that have changed hands recently 
have not been of great weight, cither of crude or 
finished material. The chief inquiries have been for 
bars, sheets, hoops, and angle iron, both for home 
markets and abroad. But, asa rule, very low prices 
are offered, touching in some cases the lowest point 
since 1876. The steel trade is more active for bars, 
billets, and sheets, but competition keeps down the 
— Engineers and constructive machinists are 

etter employed, only about 24 per cent. being now 
out of work. Bridge and girder builders, boilermakers, 
tank and gasholder erectors are well employed ; and 
toolmakers and machinists generally have fewer unem- 
a Pa Generally the outlook is better, and when the 

olidays are well over, thinys will, it is believed, 
brighten up in most departments. 





In the Birmingham district business has been quiet 
in the iron and steel trades, In the engineering 
branches generally things are bad. Smiths and 
strikers are similarly bad, many being on short 
time. Patternmakers are quiet, only two firms 
being busy. Railway work is busy as a rule, the 
wagon and carriage builders showing some improve- 
ment. The general run of smaller staple trades are 


quiet rather than busy, while some of the manufac- 
turing iron and steel trades are hopeful of improvement. 
There are no serious labour troubles pending in any of 
the above large districts in so far as the iron and steel, 
evgineering, and cognate industries are concerned. 
This is a hopeful sign in all respects. 


Mr. Asquith received three important deputations | 
last week with respect to the Factory Bill—two from 
the bakers and one from the textile trades. The first 
was from the Bakers’ Union, and was attended by 
many members of Parliament. The men asked for a 
uniform eight-hours day, for better sanitary conditions, 
and the abolition of underground bakehouses. The 
claim for an eight-hours day was urged because many 
worked 60, 70, 74, and up even to, in some cases, 100 
hours per week. Mr. Asquith elicited that there was 
nominally a ten-hours day in London and many other 
cases, and an eight-hours day in Liverpool, but mostly 
the hours were very irregular. The men had not 
enforced the ten hours where conceded, and the mem- 
bers of the union had so dwindled away that the entire 
number was only about 5000, or equal to what there 
were in London alone five years ago. He gave no 
encouragement to the idea that he could deal with 
their working hours. On the subject of sanitation he 
reminded them that the enforcement of the Acts was 
in the hands of the local authorities, and the men did 
not appear to take any trouble to keep these authori- 
ties up to the mark. As regards underground bake- 
houses, he thought they might be prohibited in future. 
At the employers’ deputation better sanitary condi- 
tions were urged by the Home Secretary, and also the 
abolition of underground bakehouses, and also some 
regard to the hours of labour and conditions of employ- 
ment. The master bakers seem disposed to assent to 
some amendments in this direction. 

The deputation from the textile trades had reference 
to the question of half-timers. It appears that Brad- 
ford had hitherto been strongly opposed toany alteration 
of age, but through the efforts of the Bradford School 
Board, the sanitary inspectors, and medical officers of 
health, there was a general consensus of opinion in 
favour of the change from 1] to 12 years of age. In 
the cotton districts the operatives were less friendly 
than the millowners, but the opposition was weaker 
than ever b2fore. Several members of Parliament 
from the textile centres favoured the change, and it is 
believed that Parliament will assent to an amendment 
to alter the age to 12 years. Several instances were 
quoted of trades where no such early age was allowed, 
and it was felt that there was no real injury to parents 
in keeping children away from the mill or workshop 
until they had passed 12 years of age. 


The triennial election of secretary for the Amal- 
gamated Society of Engineers has resulted in the re- 
election of Mr. John Anderson as secretary by a 
majority of 1123 votes. Mr. Anderson was first elected 
three years ago, on the death of Mr. Austin. Only 
four men have held the post in a period of 45 years, in 
this the largest trade union in the world, the elections 
being annually until recent years. 





The steelworkers at Morriston have offered to accept 
a reduction of 10 per cent. in wages if the owners will 
restart the works. It is stated that some 9000 persons 
are idlein the district, and there is much distress. 





The strike of carpenters and joiners at Leicester 
continues, this being the third week, with no prospect 
of any settlement so far. The employers have de- 
clined to reopen negotiations, while the men have 
publicly resolved to continue the struggle. The em- 
ployers have withdrawn the offer previously made, but 
state that they are prepared to submit the whole matter 
to arbitration. 





The workmen employed at the Dockyards and 
Government factories have had to submit to a deduc- 
tion from wages of Saturday last, but are paid for 
Good Friday and Easter Monday—the latter being 
Bank Holiday. The deduction for the Saturday is 
under the new regulations with the 48 hours per 
week, without the option of working overtime to 
make up for lost days through holidays. 


The large contracts for coal entered into by the 
North of England coalowners are for a long period at 
much lower prices, the average being about 1s. per ton 
less than has hitherto prevailed. It is stated that 
these contracts will necessitate a lower wage for the 
miners. The enormous output of last year, the large 
number of new men employed, and the consequent 
keen competition of merchants and owners, and of 
miners, seem to point to lower rates, both in the Jarge 
northern counties and in Scotland. But in the fede- 
ration districts the rates are virtually settled for some 
time tocome. The recent decision in the South Wales 
and Monmouthshire districts will also leave undis- 
turbed the rates of wages for some time. For the 
present any dispute in Durham and Northumberland 
will be settled by the board of conciliation or the 
joint committee respectively, as the case may be. 





AMERICAN PeTROLEUM.—The exports of refined petro- 
leum from the United States in 1894 were 726,726,689 
gallons. The corresponding exports in 1893 were 705,674,982 








ON THE VIBRATIONS OF SHIPS AND 
ENGINES.* 
By A. MALLock. 


At the spring meeting of this Institution last year [ 
was asked to contribute a paper for the present occasion 
on the subject of the vibrations of stenmekipa. 

_The most important points, however, concerning the 
vibration of the ships themselves have been so well treated 
by Mr. Yarrow and Mr. Schlick in papers which the 
members of the Institution will have fresh in their minds 
that, instead of recapitulating results already known, I 
shall, I think, better employ your time in dealing with 
another branch of the same subject, namely, the deter- 
mination of the direction and magnitude of tho forces and 
couples which arise from the unbalanced moving parts of 
marine engines. 

I will add a few remarks and experiments on the deter- 
mination by means of models of the actual period of any 

roposed ship when loaded in any given manner ; though 
if marine engine builders su in producing perfectly 
balanced engines, the knowledge of a ship’s period be- 
comes a matter of little importance in this connection. 

Something may be done towards balancing an engine 
by ths proper disposition of the pistons, connecting-rods 
and cranks ; but it does not seem practicable to produce a 
complete balance in any ordinary type of engine without 
having recourse to counterbalance weights, and, in order 
to determine what weights are required, I will now give a 
sufficiently general geometrical construction by which, 
with the aid of arithmetic only, the resultant force and 
couple due to the unbalanced moving parts of any engine 
may be determined. 

In order to simplify the process, it will be assumed 
that all those parts which move in straight lines do so 
according to a simple harmonic function of the angular 
position of the crankshaft, an assumption which is equi- 
valent to supposing the connecting-rods very long com- 
pared with stroke. The error in the results due to the 
finite length of the connecting-rod will be subsequently 
considered. 

The first thing to be done is to get the weights and 
travel of all the moving parts, together with some other 
measurements, the whole of which may be conveniently 
put in the tabular form given below : 


TABLE OF WercnHts, &c. 


n Columns. 


Weight of piston and piston- 
rod, or valve + }link 
Weight of connecting-rod o 
valve-r és - ns 
Weight of crank or eccentric 
Radius ” *” 
Radius of centre of gravity of 
crank oreccentric .. ie 
Length of connecting - rod 
or eccentric-rod ae . 
Distance of centre of gravity 
of connecting-rod or eccen- 
tric-rod from end of piston- 
rod orlink .. mS a 
Angle between the direction 
of stroke of sliding part in 
column land column m .. 
Angle made by radius of 
crank or eccentric m with 


+. Pm 
an 
fm 
Tm 


a, 
r 
a 
4 


bin 


In 


1 qm 


a) (= 0) Am 


B m 
dn 


ditto .. ss wid .-| 8, (=9) 
Distance measured along the 
shaft from 1 to m -|d@, (=0) 

















The columns refer to the various cranks, eccentrics, &c , 
taken in the order in which they are placed on the shaft. 
We now require the quantities— 


TmOms = Tm Amy and ¢n bing from 
m 


m=l1tom=n;3 

and, having obtained these, we may for the present take 
leave of arithmetic, and proceed to geometrical construc- 
tion. 

(1) Draw nellipses, the mth ellipse (Fig. 1) fulfilling the 
condition— 

Semi axis major = fm Pm + fm Am + bin Cm 3 


pm , 


semi-axis minor = bm ¢m + = Tm Am « 


Angle made by major axis 
with major axis of ellipse, m = 1 
(2) About the centre of each ellipse, draw a circle with 
the minor axis as the diameter. 4 
(3) In each circle draw a radius O P, making, for the 
mth circle, an angle (6, + Bm) with the major axis of the 
ellipse (m = 1), where 6; issome arbitrarily chosen angles. 
(4) Through the end of O P draw a straight line (P P’) 
parallel to the major axis of the ellipse. / 


— 


Join O P’. 

Then this last-mentioned line, which I will call pm, 
gives the direction and magnitude of the resultant force 
which the moving parts corresponding to column m of the 
Table exert on the shaft when the latter has turned through 
an angle 6, from the major axis of ellipse (1). The proof 
of this is so simple that it need hardly be stated, but 
I give it in a footnote.t 





© Paper read before the Institution of Naval Architects. 
+ If w is the angular velocity, the force due to the re- 


volving parts is 
“~. (<2 +2 a) 
iin ees 





gallons. 
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Take the resultant of all the lines pm, as shown in 
Fig. 2. The line joining the extremity of px and the 
centre gives the resultant force due to all the moving 
parts for the position of the shaft defined by 6). 

(It will avoid confusion if each ellipse is drawn sepa. 
rately, and a reference line added making an angle am 
with its major axis. The resultant of the forces can then 
be obtained by tracing.) _ ‘ 

(6) Repeat these operations with two other values for 0, 
of which one may be 0 and the other 90 deg., and 
through the ends of the resultants so obtained draw an 
ellipse with their intersection as a centre. Neel: 

(7) Describe a circle with the minor axis of this ellipse 
as diameter. Then the complete resultant force due to all 
the moving parts of the engine when the shaft is in the 
position defined by @ is given by the radius of this ellipse 


(5) 


Fig.1. 
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drawn to the intersection of the ellipse with a line parallel 
to its major axis, and cutting the circle at @ from refer- 





in the direction of 7. That due to the parts moving in a 
straight line is 





7 w2 


—— (p + a) cos 4, 
if @ is the angle which the radius of the crank makes with 
the axis of the cylinder at the time. Resolving the force 
in the direction of r, parallel and perpendicular to the 
motion of the piston, we have for the components of the 
total force 

rw 


ptat %) cos 


rei(ss +4 «) sin 8, 
g9 \r l 
which are the components given by the construction. Ib 


is convenient, for the purpose of interpreting the force 
diagram, to take 


and 


g 


Then the unit length on the diagram is a force equal to 
the unit of weight employed, 


w? 1 








ence line parallel to the major axis ellipse (1). There is a 
simple construction due to Maclaurin for drawing a conic 
through five arbitrarily chosen points which will facilitate 
the construction of the resultant ellipse, and though we 
have only found three points through which the curve is 
to pass; yet, knowing the centre, we can immediately 
find three others by taking points equally distant from it 
in the opposite direction, and, taking “ five of these, an 
ellipse drawn through them must pass through the sixth. 

Let A, B, C, D, E (Fig. 3) be the five points chosen. 
Join AB, BC, CD, DE. Through A draw any line 
cutting C D in P, and through O (the intersection of A B 
and D E) draw O P, cutting BC in Q. JoinQE. Then 
the intersection of Q E and A P is a point in the required 
ellipse. In this way a sufficient number of points to 
define the curve can be very rapidly found. 


A 


ii Fig..2 
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Having now determined the resultant force, we proceed 
to the resultant couple. Jor this purpose find the point 
where the perpendicular from the centre of gravity of the 
moving parts meets the shaft, and take the moments of 
the axes of the n ellipses of force about this point. These 
will be the axes of 7 ellipses of moment, and the resultant 
of their radii, taken in the same way as the resultant of 
the ellipses of force, gives an ellipse representing the re- 
sultant moment.* 

The axis about which the moment tends to turn the 
whole mass is at right angles to radius of the resultant 
ellipse. Hence to represent the couple in the ordinary 
way, z.e., by a line in the direction of the axis of the 
couple, the resultant ellipse of moment must be turned 
through 90 deg. Some convention must be made as to 
the sign of the angles between the successive cranks, and 
of the signs of the couples. 





* Pumps or other moving parts whose directions of 
motion do not intersect the line parallel to the shaft 
through the centre of gravity of the moving parts, will 
give rise to couples with axes parallel to the shaft in 
addition to those here considered, but these have no im- 
portance in connection with the present subject. Such 
couples, however, which correspond to a variable turning 
moment on the shaft, are of immense importance in 
balancing some classes of engines, and have their origin 
in various sources, 





With regard to the first, let the angle be positive when 
reckoned in the direction of the motion of the hands of a 


clock by an observer looking along the shaft from the end 
corresponding to m = 1; and, with regard to the couples, 


let the couple be positive which tends to turn the shaft in 


| the direction of the hands of a clock, the observer being 


supposed to look towards the shaft in the axis of couple, 


‘and to have the end of the shaft corresponding to m = 1 


on his left hand. Then if the line giving the resultant 
couple lies between the observer and the shaft, it will 
tend to turn the shaft clock-hand-wise; but, if on the 
further side, the direction will be the opposite to this. 

We have now got all the information necessary in order 
to assign the magnitude and direction of the force and 
couple which will completely balance the engine, and, if 
the force could be applied at the centre of gravity of the 
moving parts, it would merely remain to decide what 
weights should be used to produce the required effect. 
In general, however, the construction of the engine will 
make this inconvenient, if not impossible, and other 
positions for the counterbalance weights must be found. 

Let A and B (Fig. 5) be the positions chosen on the 
shaft for the counterbalances, and O the centre of gravity 
of the moving parts, 

Let R and S be the resultant ellipses of force and 
couple, and OR, OS be a pair of radii of these ellipses 
corresponding to the position @ of the shaft. The force 

R may be replaced by two parallel forces f, and f; at A 
and B, acting in the same direction where OA f, = OB 
to and f, +f2=OR, 

The couple OS also may be replaced by two parallel 
forces f’, and f’s, acting at A and B at right angles to 
OS, and in opposite directions fulfilling the conditions, 

OAS’, + OB’: = OS, 
OAS’, = OBf's. 

In this way, instead of an ellipse of force and an ellipse 
of couple at the centre of gravity, we shall get two ellipses 
of force at A, and two similar ellipses at B ; and forming 
the resultant for the pair at each of these positions, we 
have two ellipses whose radii, taken in the way before 
mentioned, but with the sign changed, represent in direc- 
tion and magnitude the forces which must be applied at 
A and B to balance the engine. The force represented 
by the semi-axis minor of the ellipse can be balanced 
with a weight revolving on the shaft, while the half dif- 
ference between the major and minor axis must be given 
by a weight moving in a straight line parallel to the 
major axis, and worked from the revolving weight by a 
connecting-rod. The proper length for this connecting- 
rod will be referred oo leas. 

At present we have only determined the forces re- 
quired to produce a balance, and these may be developed 
either by large weights moving through short paths, or 
by smaller weights with a larger travel; but having 
decided on the radii at which to place the revolving 
weights, we have for the weights themselves : 


we = minor axis of resultant ellipse at A + 2 = ’ 
Vs = ’ ’ + Be 
wWw.= difference of major and minor axis at A+2R,, 
WwW, = ms i re A+2 Rs. 
The description of the process probably will appear 


more complicated than it really is, but the number 
of independent quantities to be dealt with neces- 
sarily make it rather oe aa It would have been 
possible, of course, to give the result in symbols, but the 
length of the algebraical expressions involved would, I 
think, make it more troublesome, except in a few special 
cases, to compute the values of the quantities we require 
than to obtain them by the mixture of arithmetic and 
drawing I have here made use of. 

We may obtain some useful information as to the 
general character of the forces developed in ordinary 
engines by considering the revolving weights alone. The 
ellipses in this case all become circles, and supposing for 
simplicity that the weights and the radii at which they 
wok are the same in each case, and that they are uni- 
formly spaced along the shaft, the construction at once 
leads to the following results : 

Let w, r, and d be the weight, radius, and distance mea- 
sured along the shaft between the weights ; then, if and 
W are the angles which the resultant force f and axis of 
the resultant couple s make with the direction of 7, the 
following Table gives the values of f, ¢, s, and : 





f @ | » v 
One weight only wrx o wrd x 0) — 
Two weights with radii 2 Arey 
atgOdeg. .. ..| “2 45deg.| v/2 45 deg. 
Three weights with 3 
radii at 120 deg. es 0 = v= 120 ,, 
Four weights A, B, C, 2 
D, with radii at 90 
deg. : | 
— sy i a ‘ | oe J2 x 
Case (2) weights i+ 3 
order, A, C, B,D rag] RS ea NE —45 ,, 
Case (3) weights in a 1 
order, A, D, BC on mere 2,/5 tan—1 r 














Mr. Schlick pointed out in his paper last year that with 
a four-cylinder engine perfect balance might be obtained 
without the use of additional counterbalance weights, 
if the angles between the successive cranks were properly 
chosen, and perhaps the simplest way of seeing that this 
is so is to take a two-cylinder engine and find the neces- 
sary counterbalance weights for it. Then, evidently, it 





is possible to put these weights into the shape of two 
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pistons with their cranks, &c., and the combination will 
be a perfectly balanced four-cylinder engine. 

The arrangement which this leads to is not symmetrical, 
and it seems to me doubtful if in practice it would not 
cause more inconvenience in construction than balancing 
by separate weights, but this is a practical question which 
can hardly be answered except by experiment. 

I referred above to the effect which the length, or rather 
the shortness, of the connecting-rod has on the accelera- 
tional forces. To find what the acceleration due to this 
cause amounts to, let (Fig. 7) 

r = radius of crank. 
l = length of connecting-rod. 
0 = angle Q OP. 

Then if P/ be the position which the piston would have 
had if its motion had been expressed by r cos 6, and P 
the position it actually occupies 


PP =1-/t?-9? sin? 6. 
Expanding the quantity under the root, we have, 
2 4 
PP’ =1-14+4~ sin? o- 7 sin‘ +, &c. 
l 81 
Retaining only the firat term of the expansion, we have 
approximately 
Pr=%} - sin? 0, 
which may be written 
r2 
4l (1 — cos 2 6). 
If the shaft revolve uniformly, the variation of this 
quantity with respect to time is 
see 
21 sin 24 
And this represents the acceleration of the piston due to 
the connecting-rod having a length / instead of infinity, 


and corresponds to the force which would have to be 
exerted to cause the piston and crank to move with a 


stroke of ; times the actual stroke at twice the actual 
number of revolutions. 
The ratio 7 in modern engines lies between ! and 4, so 


, 


that 21 


tion varies as the square of the angular velocity, the effect 
of the length of the connecting-rod will be to introduce 


lies between ,', and 4. Hence, since the accelera- 


forces which may vary according to the value of r from 


2 to % of the force due to the primary acceleration 
Hence, it will be seen that unless the length of the con- 
necting-rod be taken into account, the engine can hardly be 
said to be even approximately balanced. The unbalanced 
force, however, will not in this case reveal itself by causing 
vibration in a ship whose natural frequency is the same 
as the number of revolutions at which the engines are 
running, since the frequency of the force is equal to twice 
that number. These forces may be balanced either by 
weights working at twice the speed of the shaft, or, 


better, by making ; for the sliding counterbalances equal 


to > for the engine. 


It is worth while to compare the actual accelerational 
forces in engines with the weight of the moving parts 
themselves and with the steam pressures on the pistons. 

If w is the effective weight of the piston, &c., and r, as 
before, the radius of the crank, and ¢, the time of one re- 
volution of the shaft in seconds, the maximum force due 
to acceleration is 

r= wanir. 
"a 
but it will be convenient to give this force in terms of 
piston speed and the number of revolutions of the engine 
per minute, 

If V ba the piston speed in feet per minute and N the 
number of revolutions per minute, we have maximum 
speed of piston in feet per second : 


Jt ey 
2 60’ 
and revolutions per second— 
n= oy 
also 
2Qrr 1 
v t ’ a= t? 
therefore 
pa” 27r Qr + a mVN 
ve? es” 6 g * 36009’ 
or r , 
F=w i. near! 
= ’] = € Po, 
11,600 "PY 


At the present time V, for engines running at full 
speed, varies from 800 to 00, and N, say, from 100 to 250. 
So, according to the value of V and N, F will vary from 
seven to 19 times the weight of the moving parts. To 
compare the force with the steam pressure on the piston 
we may take the weight of the piston, c., to vary as the 
cube of its radius, say 

w= Ap, 


If p is the steam pressure per square inch, the pressure 
on the piston 
P= 7p p, 
therefore 
e #9 
w Ap : 


If wis stated in pounds and p in inches, A will be 
somewhere about .5; therefore 
P _ 2p 

w p 


If we take p= 120 lb., and put F = 19, it will be 
found that it would take an 80-in. cylinder to make the 
force due to acceleration as large as the steam pressure. 
I do not suppose there is any existing engine with a high- 
pressure cylinder of this size, but in the low-pressure 
cylinders of many engines the acceleration force must 
considerably exceed the steam pressure. The account of 
the process of finding the balancing weights just given is 
necessarily condensed; but I think that any one who 
wishes to undertake the practical calculation of such 
weights will find that all the necessary information is 
contained in the text. 

Turning now tc the vibrations of ships, I wish to show 
experimentally how the frequency of any ship, loaded in 
any manner, can be found by the use of models, and 
that all the data for shaping these models can be readily 
obtained from curves which would, as a matter of course, 
be in the hands of the ship designer. 

Suppose, in the first place, that an exact copy of the 
ship was made on a very small scale, exactly proportional 
in all dimensions, and identical in material ; we know by 
theory that the frequency of the vibration of model and 
ship will be inversely proportional to their lengths. 

Now let us replace this model by an exact copy on the 
same scale made of some other material—wood, suppose 
—the frequency of the new mode! will differ from that of 
the former in the ratio 


» about, 


qs Pm 
qm Ps * 


where gn, Gs » Pm, and ps are the respective elasticities 
(Young’s Modulus) and densities of the wood and the 
material of the ship. 

Again, let us replace the wooden model by a plank of 
the same wood of uniform thickness but variable breadth, 
the breadth being such that the stiffness of the plank 
against bending, at every cross-section, is proportional to 
the stiffness of the model at the corresponding position, 
or in symbols; if K?,,#,,is the moment of inertia of a 
cross-section of the model, and K2, w, the corresponding 
moment of inertia of the plank. Let 

K?, w, = AK?nwn. 
Also, let weights be fixed to the plank, such that the 
weight at any cross-section of the plank is proportional 
to the weight of the corresponding section of the model ; 
that is, leb- W, = B Wm. 

Then the frequency of the plank compared with that of 
the wooden model will be 


lA * 
V3 
Putting these results together, if 
Np = frequency of plank, 


N’, = frequency of wooden model, 
N,, = model of same material as the ship, 
N, = model of ship, 
we have 
Ny = N'm A= Nn ds Pu A _ 
B qups B 
N, Is qs Pm A 
lp din Ps B’ 


Ip afm Ps B 
a . 

. Ys Pm A 
I have here an apparatus for exhibiting the vibrations 
of planks of this kind. 

he plank, as you see, is supported by two rollers, 

which are slung from two similar rollers of the same 
dimensions, resting on an overhead railway. The cord 
by which the rollers are slung passes round them ina 
figure of eight, the effect of this arrangement being that 
when the upper roller is rolled along the top of the rail, 
the lower roller keeps pace with it, rolling on the under 
surface of the plank. Thus the position of the points of 
support can be varied without touching the plank, or 
altering any other adjustment. I have here also a small 
magnetic apparatus by which the plank can be kept in 
vibration as long as is desired, and a uniformly revolving 
paper cylinder on which one pen records the vibrations 
and another marks seconds. In this way the frequency 
of the vibration can readily be measured. Wherever the 
rollers support the plank, there, of course, there are 
nodes ; but it is only when the rollers are at the positions 
which the nodes would have if the plank was free from 
all constraint that the frequency of tbe plank will be 
related to that of the ship by the formula before given. 

The natural nodes may be found by varying the position 
of rollers until the frequency is a maximum for the type 
of vibrations under consideration. I need not go into the 
reason of this now, but to illustrate the fact I have 
shown in a diagram the frequencies, determined by 
experiment, of the vibrations of a plank of uniform 
section, uniformly loaded, when the supports are in the 
neighbourhood of the true nodes for free vibrations 
of the first and second types, that is, for the types with 
two and three nodes. I have chosen a uniform section, 


* It is practically convenient to make é a@ small quan- 


tity, or, in other words, to load the plank heavily, as, by 
so doing, the —— of the plank itself can be neglected 
in considering the distribution of the load, and also, 
because the vibrations are slower, counting them is ren- 
dered easier, 








because for this case the positions of the nodes are known 
from theory, so that the diagram affords a means of judg- 
ing of the accuracy of the method. Of course, finding a 
maximum of the dependent variable is not the most satis- 
factory way of determining the particular value of the in- 
dependent variable corresponding to it ; but here what we 
are chiefly concerned with is the frequency itself, and a 
small error in the position chosen for the nodes is rela- 
tively unimportant. As a matter of fact, however, as 
will be seen from the diagram, the actual positions of the 
nodes are almost precisely indicated, and agree with that 
assigned by theory. 

I will now set vibrating the plank which is resting on 
the rollers—a plank of uniform section throughout and 
loaded uniformly throughout—the rollers are now placed 
under the natural nodes, and you will observe that these 
are at .223 on the scale from either end. This second 
plank which I now hold in my hand is the equivalent of 
a ship of a cruiser type, and before placing it on the 
apparatus I may call your attention to the general shape 
of the plank and lead weights which it carries. Both 
curves must be familiar in form to shipbuilders, the 
profile of the plank being a curve of moments of inertia, 
and the profile of the loads a curve of areas. 

I now place this equivalent of a ship on the supports, 
and move the latter into the position found by experiment 
for the nodes. There are two points which are worth 
notice now that the plank is in vibration, one of which is 
visible to the eye, namely, that the nodes are much farther 
from the ends than they were in the case of the plank of 
uniform section. The second, which can only be found 
by measurement, is that, whereas with uniform section 
the ratio of the frequencies of the first type of vibration 
to that of the second is as 1: 2.73, in the ship equiva- 
lent plank the ratio is reduced to 1:2 very nearly. The 
curves give the position of the nodes and the fre- 
quency for the first and second type of vibration for 
this case, 

The method just described of ascertaining the vibra- 
tional frequency of a ship by experiments on models re- 
quires that the elasticity and density of the wood of the 
plank and the material of the hull of the vessel should be 
known. The elasticity of a well-riveted steel structure 
is not far inferior to that of steel itself, and may be put 
down as about 30,000,000 lb. per square inch; but it is 
best to determine the elasticity of the wood by experi- 
ment.* 

q for the plank now used is g = 1.45 million pounds per 
square inch, 

As an example, I will suppose that it is required to 
find the frequency of a ship of the type represented by 
it, - ft. long, and of 2800 tons displacement, This 
makes : 


I» _ 1 

i 62 
and for the load now on the plank 

B=3.2. 


The thickness of the plank is .201 in., and its breadth 
5.8 in., from which it appears that in this case 


1 
nearly : 
gs Dearly 
I’, for the two-node vibration is 410, 
Therefore 


A 
2 


— 1, [145 x 7.4 x 855, 
7k 30 x 72 a! 
or 
F, = 129 about. 
Experiments with an actual ship of the same type gave 
¥F, = 126. 





ON VIBRATIONS OF HIGHER ORDER IN 
STEAMERS, AND ON TORSIONAL VIBRA- 
TIONS. } 

By Herr Orro Scniick, Member. 


My paper, ‘‘ Further Investigations of the Vibrations 
of Steamers,” which I had the honour to lay before the 
Institution of Naval Architects at last year’s spring meet- 
ing, referred chiefly to vibrations of the first order, viz., 
such oscillations of the longitudinal axis of a ship ina 
vertical direction as have two nodular points. Vibrations 
of this kind deserve foremost attention, because they 
occur more frequently, and are more violent, than those 
of higher orders. 

My investigations have shown that the position of the 
engines, in reference to the nodular points, is of the 
highest importance, and may be so chosen as to avoid 
vibrations altogether, or at least to reduce them to a 
minimum. It would be, therefore, very desirable to be 
able to ascertain the position of the nodular points of a 
ship before it is built. In steamers with engines running 


* This may readily be done by the measurement of the 
frequency of a plank of uniform section of the same wood ; 
from which, and from its dimensions and density, the 
elasticity may be found by the formula : 

42 
q = .236 p! ed , 
where / is the length of the plank, and d its thickness. 
p the density of the wood, is the weight of the unit 
volume; and since we are using inches and pounds as 
units, p is the weight in —— of a cubic inch of the 
wood g in inches per second. - 
+ Since in this formula the ratio only of the elasticities 
and densities occurs, it does not matter what units are 
employed to express them. 





+t Paper read before the Institution of Naval Architects. 
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ab a comparatively great speed, vibrations of a higher 
order are sometimes observed, viz., such as have more 
than two nodular points. The close investigation of these 
vibrations will certainly be of interest. In the case of a 
ship, however, this question cannot be treated directly in 
a satisfactory manner ; and it will be, therefore, necessary 
in the first place to have recourse to the mathematical 
investigations of the vibrations of an elastic, prismatical 
rod. Such investigations have, however, already been 
made by great authorities, and I need, therefore, only 
quote here the results arrived at. Let 
N = Number of vertical vibrations per minute. 
I’ = Area of section of rod. 
T = Moment of inertia of this section for an axis 
lying in the centre of gravity, and vertically 
to the plane of vibrations. : 
‘y = Weight of the unity of volume of material. 
E = Coefficient of elasticity. 
g = Acceleration of gravity. 
L = Length of rod. 
n = Number of nodular points. 
k = Coefficient. 
The number of vibrations will then be given by the 


formula— me | 
Na 30H Pe A > ee 
T ge 


The value of k may be found approximately by the 
formula— 
t= (2n—1) — ; ‘ « & 
k= (2n—1) 57 ; (2) 


from which it follows that, for vibrations of higher orders, 
the number of vibrations is nearly proportionate to the 
squares of the odd numbers, as shown in the following 
Table : 


30. 7.8622, — Tr 
N= (M28 yee), / 
( 7 v9 G.L?’ () 


For vibrations of the third order, n being here = 4— 


-17 Pe 


Tv 
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elasticrod. The material and weights in a ship not being 
— or distributed uniformly, the moment of inertia 


will also differ for each section vertical to the longitudinal 
axis, and when the ship is fitted with a poop and fore- 
castle, or with a bridge-deck, the moments of inertia will 
change very abruptly. The formule for the number of 
vibrations and the nodular points of a prismatical elastic 
rod in their application to a ship must therefore be modi- 
fied, and will naturally vary with the type of ships. 

In my last year’s paper I have already given the co- 
efficients for ascertaining the number of vibrations of the 
first order by means of the formula (3). The correctness 
of these coefficients has been satisfactorily proved by ex- 
periments carried out by me since that time. I regret, 
however, that I have not succeeded as yet in ascertaining, 
with equal correctness, the coefficients for the number of 
vibrations of the second order. 

As regards the position of the nodular points of vibra- 
tions of the first order, I have found that in a ship they 
are at a greater distance from the ends than in a vibrating 
prismatic rod. This is explained by the fact that, in com- 
parison with a symmetrical, prismatic rod, the ends of a 
ship are considerably less weighted than the middle. This 
is especially the case for the fore-end of a ship, and there- 
fore the fore nodular point is generally nearer to the 
middle of the ship than the after one. 

For ships with very sharp lines—viz., for fast cruisera 
and despatch boats—I have found that for vibrations of 
the first order the distance of the after nodular point from 
the after perpendicular is 0.231 to 0.253 times the length 
of the ship. The distance of the fore nodular point from 
the fore perpendicular varies from about 0.310 to 0,365 
times the length. 

I regret that I have not been enabled as yet to ascertain 
these coefficients for the nodular points of ships of other 
types, and especially as regards vibrations of the second 
and higher orders, an opportunity for carrying out ex- 
It is still more 
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hy = 8.017 7 = £700, 
2 L 
and for vibrations of the second order, with three nodular 
points— 
— 7.852 
L°: 
The correct values for the number of vibrations of the 
first and higher orders are, therefore— 


. 
rg = 4.999 
ky 4.999 9, 


Vileutios First Second Third Fourth Fifth 
ts rations of Order. Order. Order. Order. Order. 
Number of 

vibrations... 9.10 24,99 49 81 121 


From formula (1) we find for vibrations of the first 


order the number of vibrations per minute— 
N, = 90. 4. 739 g.E.T 
aL? 7.F 
The weight of the rod being expressed by 
Y¥.h .¥=G, 
we have 
N, = Oe a fi 


Barna ace it J =) x i 
™ . age 

The values under the square root outside the brackets 
vary with the dimensions of the rod, while the factor 
within the brackets remains constant for all rods of the 
same material. 


Tor vibrations of the second order, we find in an equal 
manner 
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Tn a simiJar manner we find the formule for vibrations 
of still higher orders. 

The position of the nodular points is found by the fol- 
lowing formule. Suppose 

L = length of rod, 

n = number of nodular points, 

X = distan x of nodular point from the end of the rod, 
the distance of the first nodular point from the end of 
the rod is 


_ 1.322 
a -)” 
of the second nodular point from the end of the rod 
yo = 982 
" 4(n—4)' 
of the third nodular point 
9 0007 
= Teh 
of the mth nodular point 
Xn = 4m-3. 
4(n — 4) 


The positions of the nodular points of a freely vibrating 
rod for vibrations of the various orders are shown in the 
Figs. 1 to 6. 

It is evident that the vibrations of a ship’s body will 
be of a vastly different nature to those of a prismatical 
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In my last year’s paper I showed, for instance, that an 
ordinary engine with three cylinders cannot produce 
vibrations of the first order when the moving weights of 
the cylinders are in such proportions to each other that 
the products obtained by multiplying these weights by 
the distance between the axis of the cylinder and the 
next nodular point are the same for all three cylinders. 
It is, therefore, evident that the same engine will produce 
vibrations of the second order, when the number of the 
revolutions increases accordingly. The new nodular 
point, moving away from the engine, causes the moments 
of the moving weights to-be no longer equal to each other. 
Therefore, when the number of revolutions of the engine 
approaches that which will produce vibrations of the 
second order (which will be the case with lightly built 
war-vessels, fitted with powerful engines), the moving 
weights, viz., pistons, connecting-rods, cross-heads, 
piston-rode, &c., must be so chosen and arranged that their 
moments respecting the nodular point for vibrations of the 
second order will be equal. 

In that case, no vibrations of the second order, but only 
such of the first order, can be produced, as soon as the 
number of revolutions is reduced accordingly. It will, 
therefore, be necessary, as the nodular points can, as yeb, 
only be determined after the ship is completed, to correct 
the moving weights of the engines, principally the pistons, 
in such manner that their moments respecting the 
nodular point are made equal to each other. The vibra- 
tions will thus be considerably reduced, if not entirely 
avoided. : , 

I also showed last year, by experiments with my model, 
that an engine with three cylinders, having pistons of 
equal weight, will not produce vibrations of the first order, 
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when placed in the middle of the ship at equal distance 
from the two nodular points. When, however, the 
number of revolutions is so increased as to produce vibra- 
tions of the second order, such vibrations may become of 
a very violent character. These vibrations of the second 
order will, however, be avoided when an engine with 
three pistons of equal weight is placed exactly equidistant 
from two nodular points of the second order. This ex- 
plains the fact why, in the case of torpedo-boats fitted 
with such engines, placed somewhat abaft the middle of 
the boat, sometimes no vibrations were produced. The 
simultaneous occurrence of vibrations of the first and 
second orders, as sometimes observed, may also be ex- 
plained by the foregoing remarks. I would call attention 
to the fact that in the case of a prismatic rod, the number 
of the vibrations of the second order is three times that 
of the first order. With a ship the proportion of these 
numbers is sometimes only 1 : 2. é , 

Now suppose the number of revolutions of the engine 
be nearly equal to that which would produce violent 
vibrations of the first order, and also that the ship is fitted 
with a two-bladed propeller. The latter, when not im- 
mersed very deeply, will at each revolution “p the ship 
two thrusts, acting at the extreme end of the ship, and 
therefore produce simultaneously violent vibrations of the 
eecond order. The same remarks yf be applied to three- 
bladed propellers, supposing that the number of vibra- 
tions of the second order is nearly three times that of those 
of the first order, which is, however, not frequently the 
case. As regards a four-bladed propeller, a production of 
simultaneous vibrations of the first and second order is not 
possible. This will partly explain the well-known fact that 
of all usual propellers the four-bladed type works the most 
quietly, although this is also largely attributable to other 
causes. Besides the vibrations of the longitudinal axis of 
a ship in a vertical direction, other vibrations, apparently 
in a horizontal direction, may be observed, but these 
consist in reality only in a twisting action on the ship’s 
axis. This can easily be proved by the apparatus (named 
pallograph) constructed by me for the purpose of register- 
ing vibrations. One of these instruments is placed on 
deck, and another in the bottom of the ship near the keel. 
The time indicators, viz., the pens, which make a mark 
every second, being made to act simultaneously by means 
of electro-magnetism, it will be found that the horizontal 
oscillations indicated by the two instruments are in an 
exactly opposite direction to each other. 

At a certain height above the keel no horizontal oscilla- 
tions take place at all, and this is therefore the locus of 
the axis of torsion. Inthe case of ships with only one 
propeller the horizontal vibrations that may occur are 
mostly produced by the turning moment of the engines 
acting on the screw propeller. one of the now existing 
engines impart their power to the screw propeller in a 
steady manner. This can especially be said of the two- 
cylinder compound engines formerly in use. Engines 
with three cranks are preferable in this respect. 

The amplitude of the oscillations caused by the turning 
moment during one revolution is mostly dependent on the 
distribution of the steam. Generally it may be asserted 
that in the case of engines with two or four cranks, stand- 
ing at right angles to each other, two, and in the case of 
those with three cranks, three maxima and as po | 
minima of the turning moment will take place at eac 
revolution; the maxima and minima succeeding each 
other alternately in nearly equal spaces of time. 

At the moment when a maximum takes place the engine 
will have the tendency to tip over in an opposite direction 
to the direction of revolution of the screw, and this tipping 
over force will be imparted, through the bed of the engine 
first of all to that part of the ship on which the engine 
rests, and then gradually to the other parts, towards the 
ends of the ship, thus causing torsion. However, as soon 
as a minimum takes place the above described action will | 
be reversed, causing finally, when this play of forces is 
regularly repeated, vibrations which have the character | 
of torsion or twisting strains on the ship’s body. These | 
oscillations, or vibrations, resulting from torsion are like | 
those resulting from the bending of the longitudinal axis | 
of the ship, of a periodic nature, and have likewise their 
nodular points ; that is to say, there are under these con- | 
ditions “eed in the ship that are not affected by these 
torsional vibrations. | 

To arrive at a better understanding of the nature of | 
these vibrations it will necessary to investigate them 
first on a prismatic rod. For the sake of the closest pos- | 
sible analogy, it is necessary to start with the supposition | 
that the section of the rod consists of two parts, viz., one | 
to resist twisting, producing the torsional strength of the | 
rod, and the other, which not only contributes to the | 
strength, but also partakes in the torsional vibration. 

The first part is represented, in the case of a ship, by | 
all material which makes up its longitudinal strength, | 
while the second part comprises, besides the above | 
material, all weights carried on board, the cargo, deck- | 
houses, &c., which all partake of the vibrations. Suppose 


= moment of inertia of all particles resisting torsion 
relative to a longitudinal axis through the 
centre of gravity of the cross-section. 

T = moment of inertia of the whole material of the 
rod relative to a longitudinal axis through the 
centre of the cross-section of gravity. 

= coefficient of elasticity. 

= coefficient of contraction, which may be fixed at 

0.333. 

P = period of vibrations in seconds of time. 

c = speed of progress of vibrations. 

\ = wave length of torsional vibrations 

g = acceleration of gravity. 

= weight of the unity of volume of rod. 


Then 


~ 
| 











a0.K (7) 


S=AsZ © oo eee - 
T'y.2(1+2) 
g.E (8) 


Y=e.P=P.A/*., 
. V% y.2(1 +4) 


_ "  fy.20 +4) ’ 
pert jar . | 

When the whole section, and not only a part of it, 
resists torsion, then will ¢ = T, and, therefore, / * =1, 
viz., this quantity will fall out in the above equations. 

When a rod is free at both ends, as is the case with a 
ship, any vibrations of such half wave-length that forms 
an aliquot part of the length L of the rod may take place. 
The longest period of vibration per second of time is 
therefore et. 


c 


In this case only one nodular point in the middle of 
the rod wil! be formed, and a straight line drawn on the 
surface of the rod parallel to its longitudinal axis, and 
representing the wave line of vibration when in equili- 
brium, will take the shape represented in Fig. 7, when 
the vibration has reached its maximum. These vibrations 
may be called torsional vibrations of the first order, and 
se — of vibrations per minute is found by the 
ormula : 


r (10) 


: 30.¢ 
aie i oe (11) 

For torsional vibrations of higher orders the number of 
vibrations is 

— 30.¢ 
a F . . . 

n being the number of nodular points that are formed. 
_ The distance of the nodular points from each other is, 
in the case of a prismatic rod, always equal, and the dis- 
tance of the extreme nodular point from the end of the 
rod is always : 


2n 
Figs. 8 and 9 represent such vibrations of torsion of the 
second and third order. 


(12) 


It will be seen from the formule (11) and (12) that the | 


number of vibrations is proportional to the velocity c, | #mounts of capital are coming into the market for invest- 





experiments is rarely offered. The best way would, per- 
haps, be that all such information and results of experi- 
ments with different ships should be collected and treated 
by professional gentlemen conversant with this subject ; 
and I would herewith suggest that, in my opinion, the 
Institution of Naval Architects is best qualified to take 
this matter in hand. 





FOREIGN AND COLONIAL NOTES. 

Blast-Furnaces in the United States.—The production of 
pig in the United States appears to have once more sus- 
tained a check. The number of furnaces in blast at the 
commencement of March, 1895, was 173, their regate 
weekly productive capacity being 156,979 tons. The cor- 
responding number of furnaces in blast at the commence. 
ment of February, 1895, was 179, their aggregate weekly 
productive capacity being 163,391 tons. At the com- 
mencement of September, 1894, the number of furnaces in 
blast was 171, their aggregate weekly productive capacity 
being 157,113 tons. At the commencement of March, 
1894, the number of furnaces in blast was 133, their aggre- 
gate weekly productive capacity being 110,166 tons. At 
the commencement of September, 1893, the number of 
furnaces in blast was 125, their aggregate weekly pro- 
ductive capacity being 83,434 tons. At the commence- 
ment of March, 1893, the corresponding number of 
furnaces in blast was 255, their aggregate weekly pro- 
ductive capacity <y' 176,976 tons, The stocks of pig 
held in the United States at the commencement ot 
March, 1895, were 177,972 tons, as compared with 718,073 
tons at the commencement of February, 1895, and 645,455 
tons at the commencement of January, 1895, 


American Locomotive Building.—The Schenectady 
(N.Y.) Locomotive Works have already received this 
year orders for more engines than were turned out during 
the whole of 1894, 


Pacific Tclegraphy.—It is stated that the International 
Pacific Cable Company, which failed to get a Federal 
charter from the last United States Congress, will proce d 
with its plans for connecting San Francisco, Honolulu, 


|and Yokohama by cable, operating under a State 


charter. 
Building at New York.—A revival of activity has been 


| apparent in building circles in New York during the past 


with which the vibration travels through the rod; c is | 


known from the formula 
oe A/ t _9.E 
Ce NY 97.80 s+ ay 
Substituting a ship’s body for the prismatic rod, it will be 
found that the quantity c remains constant for similar 


ships, viz., ships ‘of the same type, that vary not too 
greatly in size, and also that the number of vibrations for 


| 
| 


torsional vibrations varies in an indirect proportion with | 


the length of the ship. 

Torsional vibrations are likewise only produced when 
the revolutions of the engines have reached a certain 
number. When the revolutions are increased above that 
number these vibrations will diminish and disappear, 
but be produced again as soon as the number of revolu- 
is increased to twice, three times, four times, &c., that 
number at which the vibrations started. This was ob- 
served while experimenting with torpedo-boats, and it is 


| therefore most likely that these vibrations have been of a 


torsional character. 

The torsional vibrations are generated quite indepen- 
dently of the vertical vibrations of the longitudinal axis. 
This is proved distinctly by the diagrams representing 


| the vibrations registered by my apparatus on board a ship 


of the German Navy (see Figs. 9 and 10). At 114 re- 
volutions of the engines the vertical vibrations reached 
their maximum, but no torsional vibrations could be ob- 
served. However, at 150 revolutions the torsional vibra- 
tions gained their maximum, while their vertical vibra- 
tions were considerably reduced, 

In the diagrams which I had the honour to lay before 
you in the year 1893, the vertical vibrations and the 
torsional vibrations were always produced simultaneously. 
One of the principles found in investigating the in- 
fluence of the position of the engine, viz., that engines of 
special construction will cause no vibrations, if placed 
just above the nodular point, is also true for torsional 
vibrations. 

_ The difference in the system of engines does not much 
influence the torsional vibrations, and it is not possible 
to avoid these vibrations by applying balance-weights to 
the engines, in the case of steamers with one screw only. 
But with twin-screw steamers fitted with two engines 
side by side, it is possible to reduce torsional vibrations 
nee engines. For this, I refer to my paper of 


The best way to avoid torsional vibrations in ships 
with one screw is to make use of steady-working engines, 
and a propeller with all blades of exactly the same pitch, 
Although, according to my observations and experience, 
the torsional vibrations have never a great amplitude 
measured on the upper deck, yet —— are disagreeably 
affected by them. I am also of opinion that they are 
— more destructive to the hull than the vertical vibra- 

ions. 

It appears highly desirable to gather further details 
from experiments with steamers, in order to determine 
for new ships with sufficient accuracy the position of the 
nodular points of the vertical, as well as of the torsional 
vibrations, and thus enable us to choose the most favour- 
able system of engine, when the position of the latter in 
the ship is given. 

Unfortunately, an opportunity for carrying out such 








few weeks. Real estate men report that unusually large 


ment in new buildings, a marked feature of the situation 
being the projection of plans for important structures to 
take the meee of old-fashioned buildings in the district 
between Canal and Fourteenth streets. 


German Transatlantic Navigation.—The Havel, of the 
North German Lloyd Company, made ten trips in 1893, 
with an average of 7 days 7 hours and 38 minutes for a 
distance of 3080 miles from the Needles to Fire Island. 
In 1894 she made nine trips, with an average of 7 days, 
7 hours and 24 minutes. The Fiirst Bismarck, of the 
Hamburg Line, made nine trips in 1893. Her average 
for the year for a voyage of 3080 miles was 7 days and 15 
minutes, In 1894 she made six trips, and her average 
was 7 days and 54 minutes, 


American Steam Yachting.--The Cramps, of Phila- 
delphia, have a contract for a 20-knot steel steam yacht. 
Her dimensions are 174 ft. on the water line and 200 ft. 
over all, with 23 ft. beam and 11 ft. draught. Her 
burden will be 247 tons. 


Austrian Electric Railways.—A netwirk of electric 
railways has been mapped out for Prague. The extent 
of the proposed lines is altogether 234 miles. 


African Telegraphy.—Negotiations between the Eastern 
Telegraph Company Limited, and the South African 
Governments have just terminated. As from April 1, 
1895, the tariff is to be reduced to 6s. per word. <A con- 
vention concluded upon the subject is to continue for ten 

ears. Between 1899 and 1904 the Governments interested 
nave aright to retire from the agreement, upon giving one 
year’s notice of their intention to do so. The Cape 
Government grants an annual subsidy of 15,000/. up to 
December, 1899; the subsidy is then to be reduced to 
6000/. per annum. The new tariff agreed on is to apply to 
all the provinces of South Africa which are either under 
English or Dutch jurisdiction, 


French Railways.—The length of new railway opened for 
traffic in France last year was 276 miles. The aggregate 
length of line in operation at the close of December, 1894, 
was 27,181{ miles, 

Pig in Germany.—The production of pig in Germany in 
January amounted to 489,575 tons, as compared with 
426,418 tons in January, 1894. The total of 489,575 tons, 
representing the production of January, was made up as 
follows: Puddling and spiegel pig, 153,950 tons; Bes- 
semer pig, 33,166 tons; Thomas pig, 226,649 tons ; and 
casting pig, 75,810 tons, 

Coal in France.—The extraction of coal in France last 
year amounted to 27,459,137 tons. In 1893 the output 
amounted to 25,650,981 tons ; in 1892 to 26,178,701 tons; 
in 1891 to 26,024,£93 tons; in 1890 to 26,083,118 tons ; in 
1889 to 24,803,509 tons ; and in 1888 to 22,602,894 tons. 





Tron MINERALS IN France.—The imports of iron 
minerals into France in the first two months of this year 
amounted to 276,147 tons, as compared with 205,834 tons 
in the corresponding period of 1894, and 186,441 tons in the 
corresponding period of 1893. In these totals German 
iron minerals figured for 196,519 tons, 127,422 tons, and 
111,091 tons respectively; and Spanish minerals, for 
58,439 tons, 75,392 tons, and 58,390 tons respectively. 
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‘“‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFIOATIONS 
UNDER THE ACTS 1888—1888, 
mber of vii ven in the Specification a ts stated 
Mis uachcss; where none are mentioned, the Spetiotion 
illwst . 
Po alag ace are communicated from abroad, the Names, 
be. of the Commmnteates osechantnad of the Potent: Oftes 
eZ o% street, Chancery-lane, E.C., at the 
Le ie caeertlament of the aceptance  & comple 
Mipectcation is, 4n each ease, Bp Bag Poe x ract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
: errtapery vy Ans Office of ostinato the grant f @ 
Ce er en ony of the greunlle in the Act. 


ELECTRICAL APPARATUS. 


1,323. W. P. Thompson, Liverpool. (C. L. Cojin, 
Dat wich, U.S.4.) Apparatus for Welding Eiec- 
trically. [5 Figs.] November 6, 1894.—This invention relates 
to an improved machine for welding flanges electrically, The opera- 
tion of this machine is as follows: In welding a flanged head into a 
cylinder. the cylinder (not shown) is clamped at its lower end in 
clamps Q, Q', and the flanged head put in its place on the end of 
the cylinder. The flange is inserted in a slot s of the furnace G, 
and in tetween squeezersj and k. An arc being now formed in 
the furnace between the carbons in the carbon-holders ¢, c', that 
portion of the flange within the furnace becomes heated to a weld- 
ing heat, and when in that condition is moved around between 
the squeez’rs j andk by means of the shaft 7, journalled in bear- 
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ings b, b on frame A, and carrying a bevel wheel R! engaging 
with wheel R. The shaft ¢ may be turned either by the lever S 
provided with an ordinary spring pawl device t, or by any o‘her 
suitable source of power, until the heated part is biought between 
the squeezers j and k. Then the end of the cylinder and fiinge 
of the head are squeezed together by the squeezers while another 
part is being heated. As the intense heat of the arc rapidly 
brings the parts within the furnace to welding heat, the operation 
is very rapid, and almost continuous. Both the furnace and the 
squeezers are adjustable both vertically and laterally, so as to 
euable them to be readily adjusted to the work, or removed 
thercfrom. (Accepted March 6, 1895). 


1544, E. D. Lewis, Savona, N.Y., U.S.A. Electrical 
Conductors. (5 Figs.) January 22, 1895.—This invention 
relates to an improved construction of insulator for the overhead 
electrical conductors of trolley lines. A is the main line of con- 
ductor which is preferably elongated in cross section. The lower 
edge upon which the contact wheel D is designcd to travel is 
grooved at a! to insure a seat for the edge of the contact wheel, 
and the upper edge is provided with a head a to be gripped by 
the suspending and insulator attachment devices. The insulator 
B incloses the conductor on three sides and has its edge portions 
b extended beyond the fourth side to constitute guards. This 
insulator cons:sts usually of a strip formed of layers of ducking 
and rubber combined, and folded over the conductor and secured 
thereon. Spring clips C are made to conform to the conductor 
so as to firmly clasp the insulator thereon. By this means the 
insulator can be readily removed for purposes of repairs. Thefree 
lower edges of the parallel side-portions b, b of the insulator are 
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inclined out at about right angles to the vertical planes of the side 
portions. By this construction all moisture which falls or settles 
upon the insulator is prevented from running down the side por- 
tions b and freezing in the centre at the lower ends, thereby 
interfering with the contact wheel D. The moisture falling upon 
the insulator B will run down its sides and out to the diverged 
edges of the outwardly inclined extended lower edges b!, b' of the 
insulator, from which it will drip to the ground. The holder com- 
prises two right-angled brackets E, which have their vertical 
members bolted together near the horizontal branches at e?, and 
have oppositely curved parts ¢ to receive the conductor or its head 
a. The horizontal members may ba secured toa support, and 
terminate in loops e’ to receive supporting wires. The contact 
wheel D is sufficientiy thin for a short distance from its peripheral 
edge to enter between the guards b and make electrical contact 
with the conductor A, and is mounted on a trolley arm in the 
usual manner, 80 as to convey the curren thereto. (Accepted 
February 27, 1895). 





GUNS AND EXPLOSIVES. 


14,044. R. Parry, Holyhead. Torpedoes, [4 Figs.) 
November 5, 1894.—According to this invention the improved 
torpedo is fired out of a smooth-bore gun without spiral motion 
by an explosive charge in the same manner as a projectile is fired 
out of an ordinary gun. At the middle part of the improved 
torpedo the diameter is abruptly reduced by a fall from A to C, 
from whence it tapera evenly to jin. at the tail end D. Ata 
distance of } in. from the fall, towards the head, two expansion 
rings E are placed in grooves. Within the fall C there are three 
irlets F at equal distance from each other. These reach under 
the expansion rings E, causing them to expand and £0 prevent the 
escape of gas and avoid fric-io». On each side of the head there 








isa fin G tapering upward to a point and reaching to within } in. 
of the explosive trigger. The fins have a sliding scale H at the 
upper end to find the elevation. When the elevation is decided 
upon, they are permanently fixed. The fins G are made of har- 
dened steel in order to destroy torpedo netting. On the tail end 
within } in. to D there are two parallel fins I tapering towards the 
fall. These fins are to regulate the plunging. There are also two 
vertical fins Jand K on the tail within 1 in. of the tail end D to 
direct the course. The top fin K is to be painted red to guide the 
gunner when placing it in the gun. The projectile is in two 
parts for the purpose of putting the explosive charge in, and is 
joined together at the fall by screwing the tail part to the body 
part. (Accepted March 6, 1895). 


25,327. E. Turpin, Colombes, France. A Projectile, 
(33 Figs.] December 31, 1894. (Date under International Conven- 
lion, Juue 4, 1894.)—This invention relates to a gyroscopic pro- 
jectile composed of a shell and a cartridge adapted for receiving, 
before its discharge, a rapid movement of rotation on its axis. 
This movement of rotation is produced by means of any suitable 
motor independent of the projectile, or is determined by a force of 
propulsion caused by the commencement of the combustion of 
the charge of the cartridge. The projection of the projec:ile takes 
place when it has attained a velocity of rotation suitable wiih 
regard to its weight and to its position of projection. The annexed 
figure represents in section a shell and its case K with a frame 
Q composed of three | h When this projectile O K rests 
on the ‘tube cannon,” a motor (such as, for example, a dyaamo 
or petroleum engine) causes it to revolve on its frame, and when 
it is fired, the necessary velocity of rotation haviag been acquired, 


























which is shown at each instan‘ by a speed indicator, the frame 
carried by the projectile slides in the guides, and the whole leaps 
into space whilst preserving its initial direction and taking its 
position on its trajectory. The frame Q of three branches is 
mounted on rollers G at its kase, which roll in a groove a made in 
the base. Fig. 2 is a section of the shell in the plane of the rollers 
G. The apex of the shell revolves as an axle in a bearing P formed 
hy the frame Q. The back of the base is provided with exit holes 
b toallow the escape of the gases. In order to keep up the move- 
ment of rotation of the projectile a screw may be provided in 
the interior of the bise to receive the direct action of the gases. 
In this projectile a time fuze is arranged at the base of the shell 
O between the shell and its cartridge. A screw-stopper s is solid 
with the tubular steel leader ¢ containing at its base a charge of 
black powder. j! is a fulminate detonator, R is a tubular fuze 
rolled in a groove formed in two discs of wocdu,u. (Accepted 
March 6, 1895). 


LIFTING AND HAULING APPLIANCES. 


8119. J.. Green, Ilkeston, Derby. Hauling-Rope 
Clips. [2 Figs.] April 24, 1894.—Each ciip consis's of a pair of 
plates 1 slotted at the centre, and each plate has a projection 2 
at the back edge through which a pin 3 is passed. A second pin 4 
is passed through both plates near the front top corner. These 
pins hold the plates together. The bick top corner of one plate 
projects upward and backward, and carries an axle-pin 5 on which 
a hook 6 rocks. From the front of the lower end of the hook an 
arm 7 projects, and rests upon the front holding pin4. Above the 
arm a pin 8 lies, projecting from the longest sideplate. A second 
tapered pin 9 is driven into holes on the same sideplate and hook 
above the axle-pin 5. When in use the hcok 6 is hooked into one 
end of a drawbar secured to the bottom framing of a wagon or 
corve. The lower .nds of the plates 1 are grooved on the inside 
and fitted with plutes 10 riveted to them which clip the hauling 
rope. In the slots of the plates 1 a bolt 11 slides, having a T- 
shaped head at each end. These heads lie on the sides of the 
plates 1, causing the inner plates 10 to forcibly clip the J 
rope 12 when the bolt 11 is driven down. The arm 7 of the hoo 
lying between the upper ends of the plates 1 holds them apart 
when in use, but upon the wagon or corve leaving the rails the 





pressure upon the armed hook causes it to bend up or shear off 
one or other of the pins 8 and 9 in the sideplate, and allows the 


























arm to be lifted.clear of the sideplates 1, which then close at the 
top and open out at the bottom, releasing the clip-plates 10 from 
the hauling rope 12. (Accepted February 27, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


7733._F. Smith, Halifax, York. Wire, Rod, and 
Tube Drawing Machines, (3 Figs.] April 19, 1894.--The 
object of this invention is to facilitate the operation of wrapping 
the wire, &c., on to the successive drawing-thi ough rollers without 
removiog the dies from their positions in the ma:hine. A collar 
orannular rib A is formed round each drawing-through roller B 
at or about mid-length, and on this collar A is fiited a grooved 
clip C, the free ends of which are turned up to form ears D, D1 
through each of which is cut a slot. A metal link F is passed 
through the slots. In a hole at each end of the liok F is 
fitted a stud G, G!, upon which is secured eccentrically a disc H, 
H1, These eccentrics H, H! serve to clamp the clip C on to the 
roller B and to draw the wire-into the machine in the following 
manner: The first eccentric H is furnished witha handle I, by 
moving which the larger portion of the eccentric H is brought 
against the ear D, thereby causing the clip C to grip the rotating 
roller B slightly, but not sufficiently to cause the clip to rotate 
with the roller. To the eccentric H! at the other end of the link 
Fis riveted at or about mid-length a bar K which has a hook at 
each end. The wire to be drawn has a point made upon it, it is 
then passed through the first die and its end is placed and tightly 
gripped in the jaws of a clamp L. When the clamp L is by a 
short chain L! hooked on to one end of the hooked bar K, which 




















is in line or thereabouts with one series of the dies, the sesond 
ec ceatric H! to which it is secured turns upon its stud G! and 
brings its larger eccentric portion against the second ear D! of 
the clip C. This is sufficient to set the clip ia motion, and the 
resistance it encounters in drawing the wire through the die acts 
on the bar K and draws it into such a position as to increase the 
pressure of the eccentric H! upon the ear D! in proportion to the 
amount of resistance which the clip C has to overcome, thereby 
causing the clip to close firmly upon the drawing-through roller 
B and rotate positively with it, thus drawing the wire forward and 
wrapping it on to the roller for the desired number of times. A 
bar is then laid across the frame and pushed toward the clip, and 
as soon as the handle I comes int» contact with the bar the 
handle is knocked back, thereby turning the eccentric H away 
from the ear D and releasing the clip C. The action of the c'ip 
being thus <> the wire is released by opening the jaws of 
the clamp L, the end of the wire is reduc d and the point passed 
through the second die and int» the clamp L on the clip C on the 
second drawing-through roller B, the drawing-in action being 
repeated as described above, and so on in like manner util the 
wire final'y reaches the winding-on dium or bobbin, and the 

tion of continuous drawing proceeds. (Accepted March 6, 





1895). 
MINING, METALLURGY, AND METAL 
WORKING. 


979. J. W. McGranahan, New York. Furnaces, 
(4 Figs.) January 15, 1895.—A is the grate fed with coal through 
the fire doors. From the grate the combustib'e giees go through 
the flues B, B, following the course of the arrows and reaching 
the furnace by th» centrally disp»sed flue C in which the several 
gis flues unite. Toe air eniers by flie openings D, D, and in the 


Fig.1. 















reheat E, E is pelled by the diaphragms and walls to tike 
a sinuous course up and down through the heaters and finally by 
the flues F, F to reach the perforated bridge wall G, where it is 
admitted to the fire chamber. The gases to be delivered t> the 
fire chamber enter it by a flue or upsast H, reachiog up through 
ite floor. The air for the combustion of the gases reaches the fice 
chamber through a similar flue perforated to permit the outflow of 
the air, and so arranged as t> cons‘itute a bridge wall. As the 
hot gases rush into the chamber through the upcast H they are 
met by a stream of air from the flue or perforated bridge wall F. 


528 





ENGINEERING. 


[Aprit 19, 1895, 











Combustion takes place, its intensity being greatly increased by 
the heating of the air. The result is a very pure flame absolutely 
void of all ashes and solid matter. The dravght of air may be 
accelerated, if desired, by the use of a blower, or a chimney of the 
ordinary construction may be used to maintain the necessary 
current through the heater and connecting flues. (Accepted 
February 27, 1895.) 


1470. W. Neilson, Cambuslang, Lanark, N.B. 
Rolling Steel Bars. (6 Figs.) January 22, 1895.—This 
invention relates to apparatus for rolling steel bars of channel 
section with side wings, to produce bars of railway chair or like 
section having a longitudinal channel whose sides are inwardly 
bent or,bevelled or inclined to the base, and from which railway 
chairs are formed by cutting the bars transversely. For this 
purpose a sectional mandril is secured between the rolls, which 
are so cut as to roll or press down in the rolling operation the 
vertical sides of the channel bar upon the mandril whose section 
at a point between the rolls corresponds to the desired internal 
shape of the channel. The top roll Aof the pair A, Al is grooved, 
avd the mandril B, B! is carried through the groove a and 
secured at its ends to the housings o: framework C of the rolling 
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mill, its ends being bent upwards to permit of the winged channel 
har being easily entered between the rolls and freely leaving the | 
mandril. The mandril is composed of two strong side pieces or | 
supports B, B, and a central removable acting part B!, secured | 
between them. It is only on this latter part, which may be | 
readily changed when worn out or injured or for another of dif- 
ferent section, that the rolls press down or shape the sides of the 
channel bar. This part B' of the mandril is made of slightly 


STEAM ENGINES, oe aaa EVAPORATORS, 
Cc. 


7595. W. Heywood, Halesowen, Worcester. Econo- 
mising Fuel and Consuming Smoke in Steam 
Boiler Furnaces. [4 Figs.) Apzii 17, 1894.—An endless belt 
of bars A formed of a number of short firebars a' which are 
jointed together by round rods b passed crosswise through holes 
a? in the underside of the ends of the firebars, is made of suitable 
width and length according to the firegrate area required by 
placing the requisite number of short bars a' in each row side by 
side alternately with the bars in the next row, and jointing 
them together, and made to extend from the front of the 
fireplace as far as required underneath the boiler. This 
endless belt of bars A passes over a roller C' at the front of 
the furnace and a similar roller C2 at the back of the furnace, 
these rollers being shaped to engage with the downwardly pro- 
jecting lugs a of the firebars, and respectively mounted on suit- 
able shafts o!, d? carried by fixed bearings e. The ends of these 
shafts d!, d? are by preference carried through the brickwork 
sides F of the furnace, and are geared together by a light endless 
chain g passing over chain wheels /!, h* fixed respectively on the 
projecting ends of the shafts d', d2, so that both of the shafts 
d', d2 will turn together. Fixed on one or each cf the shafts is 
a bogs ¢ made with holes 7! into which a bar J can be inserted, to 
as to act as a lever to turn the shafts and rollers C1, C?, and thus 
move forward the upper side of the endless belt of bars A with 
the fuel thereon towards the back end of the furnace. The empty 
firebars pass back underneath the furnace towards the front, and 
then come up t? the top of the front roll«r C! where the charge 





































smaller size than the opening between the jaws of the finished 
chair, so that the bar passes through the rolls with but little 
friction on the mandri!l. To form the railway chairs the 
winged channel bar after its passage through the rolls is cut | 
transversely by a series of saws or cutters acting simultaneously 


and suitably spaced to cut the desired width of chair. (Accepted 
February 27, 1895.) 
PUMPS. 
21,337. O. Imray, London. (/'. Sylbery, Stockholm.) 


Diaphragm Pumps. [i Fig.) November 6, 1891.—1 is a 
boiler, 2 a steam pipe leading to the chest 3, in which worksa 
slide valve 4 that controls the inlet 6 to the chamber under the 
diaphragm 5, as also the outlet 7. The latter communicates by 
the pipe 8 with the upper end of a water-cooled coil 10. The 
pump works in the following manner: When there is no pres- 
sure of steam on the underside of the diaphragm 5, this sinks 
under the action of the weight 17, and water is sucked in through 
the suction pipe. At the same time the rod 22 rises, carrying 
with it the lower tappet 24* that strikes against the arm of the 
lever 26 above the tappet, which arm is lifted. The toggle joint 
27, 30 is thereby made to pass the centre line, and no sooner has 
it done so than the spring in the case 29 throws the other end of 
the lever 26 against the lower edge of the groove in the slide-valve 
rod 41, when the slide valve is rapidly drawn down and opens the 
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inlet 6. Steam from the boiler 1 enters the chamber under the 
diaphragm, driving the latter upwards, and forcing the water 
out through the pipe 32. The rising of the diaphragm also causes 
the rise of the rod 18 and the weight 17 and the sinking of the 
rod 22. Then the plunger 23 forces the water into the boiler, and 
the upper tappet 24 of the rod 22 reverses the slide valve as pre- 
viously described, so that the slide valve places the chamber 
under the diaphragm in connection with the outlet channel 7. 
The steam under the diaphragm now passes through the re- 
frigerating coil 10, and is condensed. The weight 17 then presses 
down the diaphragm and the water is sucked in by the pipe 31, 
while, at the same time, the plunger of the feed pump which 
sucks in the condensed water collected in the vessel 14 through 
the p'pe 12 is raised, and the lower tappet 24* on the rod 22 re- 
verses the slide valve at the proper moment, so that the steam is 
again admitted under the diaphragm, when the action is 
repeated. (Accepted Feb: wary 27, 1895). 
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of fresh fuel is placed, the ashes and clinkers meanwhile being 
emptied off the firebars into an inclosed ashpit Q at the back end. 
K isthe firing door. In order to support the weight of the upper 
side of the belt of firebers A and the fuel thereon, there are 
longitudinal bars / running along from the roller C! to the roller 
C2, and along which the belt of bars travels, these longitudinal 
bars being supported by crcss-bearers m underneath built into the 
side walls of the furnace. At each side of the belt of firebars A 
there is a deadplate 1! n2 also carried by the bearers m, and 
arranged to slant down from the sides of the furnace to the upper 
surface of the bars A. The lower or empty side of the belt of 
firebars A is supported by rollers o', 0°. The firebridge P is 
arranged far enough above the top of the belt of bars A to allow 
of the ashes and clinkers passing underneath, where they are 
discharged into the ashpit . Back draught under the bridge P 
is prevented by the swinging shutter r, which at the top is 
jointed to the back of the bridge P and rests upon the belt of 
bars so as to be lifted by the ashes and clinkers as they pass 
down into the asbpit @. When the furnace is at work, the fresh 
fuel is fed on to the front part of the belt of bara.A, and the 
smoke and gases from it are effectually consumed by the fresh 
air which has been heated by passing through the bars at the 
back part of the furnace where the fuel is consumed at a red heat. 
As the fuel burns away, the stoker by means of the lever J turns 
the shafts d', d?, and moves the belt of bars A through a 
short space so as to bring the fresh fuel irto the hotter part of 
the furnace. (Accepted February 27, 1895). 


MISCELLANEOUS. 


811. M. Arendt, Berlin. Improved Manufacture 
of Mantles for Incandescence Gas Burners. [1 Fig.) 
January 12, 1895.—Over the burner a of a Bunsen lamp A is 
arranged a hollow body c of the shape which it is required to im- 
eed to the mantle d, and which is carried by supports b from the 

urner stem. The hollow body ccan be made of metal or any 
other heat-resisting material; over it is fitted a hood e, also of hea’- 
resisting material, and of such a size as to leave a certain space 
between it and the body c. The hocd is made to rest with its lower 








edge in an annular trough /, formed on the lower end of the hollow 
body ¢, so that by introducing pulverulent refractory material, such 
as powdered fireclay or graphite, into the trough, the joint can be 
made air-tight. The supports 0 carrying the body cf are fixed 
to asleeve g secured to the burner stem by means of a screw h. 
For effecting the carbonisation of a mantle, the hood e having been 
removed, the fibrous mantle d is fitted over the body c, which con- 
stitutes the mould for imparting tothe mantle the exact shape 
required. The hood is then replaced and fi'ted air-tight, after 











which the lamp is lit so as by the moderate heat produced (about 
500 deg. Cent.) to carbonise the mantle d, such carbonisation 
taking place in an at phere composed mainly of the gases 
evolved by the carbonisation of the fibrous material. By thus 
€ ff: cting the carbonisation at a moderate temperature under the 
influence of the said gases, with exclusion of the atmosphere, the 
fibrous material is made to swell to a spongy consistency, thus ob. 
taining a carbonised material which is almost as flexible as the 
uncarbonised fibre. The mantle thus obtained, after removal from 
the mould is then saturated with the metal salt solution, ard 
after drying it is subjected to the action of an oxidising flame in 
the usual manner, thereby producing a network mantle of a 
cohering oxide hody, the form of which is the seme as that of the 
original carbonised mantle, because during such oxidation no 
appreciable distortion can cccur. The sudden evolution of 
gases such as occurs with the direct burning of the saturated 
fibrous mantle, and which prejudical y »#ffects the cohesion of the 
varticles of the oxide body, is obviated by the preliminary car. 
bonisation of the mantle. (Accepted Febvuary 25, 1895). 


1615. A. P. Brown, Rock Falls, Ill, U.S.A. Ma 
chines for Reducing Paper Stock to Pulp. (6 Figs.) 
January 23, 1895.—In one of the sides of the tank A are vertical 
slots @ through which passes the shaft b of a beater roll B. The 
shaft b is journalled in boxes c that are carried by beams C, each 
of which is pivotally supported at one end by an upright D and at 
the other end by an upright E through the medium of 
an adjusting mechanism. L is a second roll which is similar 
in construction to the beater roll. These two rolls are so 
geared that they revolve in opposite directions but at different 
surface speeds, the beater roll proper having preferably three times 
the surface spced of the revclving bedplate roll L. These two 
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ro:ls act to pull the stock apart, rather than to cut or grind it, and 
this peculiar action produces a fibrous pulp very much superior 
in quality to the pulp that is produced by a revolving beater roll 
acting in conjunction witha fixed bedplate. Within the tank is 
& partition or mid-feather R which terminates at one end in 
proximity to one of the rolls, and terminates at the other end some 
distance from the end of the tank, so as to leave between them a 
sufficient space for circulation. This mid-feather is located above 
the bottom of the tank, and below the water line, so as to divide 
the tank into two passages, located one above the other, for the 
circulation of the material. In the figures two of these mid- 
feathers are shown, both being'horizontal and located between 
the horizontal planes of the top and bottom peripheries of the re- 
volving bedplate. (Accepted February 27, 1895). 

1259. C. Link, Schirpitz, Germany. Screw:down 
Valves, [1 Fig.) January 18, 1895.—The improvements relate 
to the particular constructicn of the meeting surfaces of the valve 
and its seat, designed to prevent the abrading and unequal wearirg 
of the surfaces. In the improved construction of valve, the 
inserted valve-seat A is made of hard material (such as red brass), 
and upon its upper side it is provided with an annular projecting 
bead A! to eerve es a meeting face for a leaden ring 6 which is 








dovetailed into the body Bof the valve. The latter on account of 
the pressure exerted thereon is likewise made of hard material, 
with the softer meeting surface inserted. To renew the sur- 
face it is only necessary that the body of the valve be taken 
out and heated to the melting point of the lead. The surface of 
the lead ring after it bas again cooled down may be freed from any 
unevenness by the aid of a scraper, or new lead may be run into 
the annular groove. (Accezted February 27, 1895). 





UNITED STATES PATENTS AND PATENT PRAOTIOB. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand. 








Marine Gas Enctnrs —A new type of steam vessel for 
river traffic has been introduced at Havre, in which the 

wer for the propeller is obtained from a gas engine. 
a Idée, one of the first of these boats, is of 350 tons 
burden, and she is driven by a vertical gas engine of 40 
horse-power. The smallness of the room taken up by an 
engine, and the ease of manipulation, are the principal 
recommendations of gas engines on ship A French 





syndicate has been formed for building marine gas engines, 
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NEW DRAINAGE WORKS IN PARIS. 


bearing strata has of late years received consider- 
able extension, and it may fairly be claimed for 
English engineers that they not only took the 
initiative in this very difficult class of work, but 
that they have up to the present time maintained 
the lead, although some admirable work of the 
same kind has been successfully carried out by the 
engineers of the United States. Hitherto but 
little work of this nature has been carried out in 


|time to abolish the separation practice. 


beneath the Seine, forms a part of this scheme. 


plan of dealing with the sewage of Paris, the main | small sewers into which all these impurities were 


| object being to utilise the whole of the sewer dis- | collected ; but their usefulness was limited by the 
THE construction of long tunnels through water- | charges instead of allowing them to pass into and | 


fact that they discharged their contents into the 
pollute the waters of the Seine, and at the same river, which was thus horribly defiled as it flowed 
This | through the city. An improvement in the original 
system is known in France as ‘tout A l’égout,” situation was, indeed, introduced as early as 1854 ; 
and provides, as the name implies, that all the the sewers were made to discharge into collectors, 
sewage is discharged into the sewers. The tunnel, and the flood was then brought to Asnitres, where 
or rather the syphon, which has been constructed it was allowed to flow into the Seine; this im- 
It | proved the condition of things so far as the city of 
is commonly known under the name of the Berliez| Paris was concerned, but it did not in any way 
syphon, after the engineer in charge of the work. | mend matters below, either for the river itself, or for 
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Fic. 2. TUNNEL SYPHON at CLICHY. 











France, not, of course, from any want of ability on 
the part of French engineers, but because the 
necessity of such work has not been pressing. 
Recently such a necessity has arisen, and has been 
met in the way we propose to describe in the fol- 
lowing article, which deals with important improve- 
ments now in progress in the sanitary condition of 
Paris. The construction of a tunnel beneath the 
Seine by means of a shield as employed in this 
country, is quite a novelty in French engineering, 
and for that reason it has attracted much atten- 
tion. The tunnel in question forms a part of 
the extensions in progress of the Paris drain- 
age system, and although this system is well 
known, it may be useful to recall its leading features 
before referring in detail to the tunnel itself. Im- 
portant changes are being introduced into the old 











Fic. 3. Pree Sypnons at AcHERES. 


M. Berliez is well known in France by his system 
of pneumatic sewage collection, largely and success- 
fully in use. He has recently submitted a project 
for a low-level tubular metropolitan railway for 
Paris, which would be operated electrically. We 
have said that the tunnel recently completed in, or 
rather near, Paris, for it is located at Clichy, formsa 
part of the improved sewage system of Paris, and 
it will be used for the conveyance of a large propor- 
tion of discharge from the city. 

As every one knows, from time immemorial all 
the impurities of Paris—house slops, mud, soiled 
surface water, &c.—found their way into the 
Seine, either by natural soakage or by means of 
drains and gutters. Between 1850 and 1890 the 
great sewage works of Paris were carried into 
execution ; they consisted of a system of large and 














the towns past which it flows on its way to the sea. 
Moreover, it was evident that a vast amount of 
fertilising material was wasted. 

This arrangement was, however, only con- 
sidered as a provisional one, and in 1865 M. 
Belgrand, the engineer who devised and carried 
out the system we are now referring to, made 
a series of experiments in order to ascer- 
tain whether the sewage-laden water brought to 
Asniéres could be profitably employed for agricul- 
tural purposes. In 1869 the irrigation of market 
gardens with the sewage water, was commenced at 
Gennevilliers. The trials were at first made only 
on about 15 acres of land, and in the face of violent 
protests, it being considered by the cultivators that 
their ground would be poisoned. At the same 
time a pumping station was established at Clichy, 
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for the purpose of delivering a portion of the sewage 
that would otherwise flow into the Seine, across 
the river and upon the plains of Gennevilliers, the 
mains through which the sewage was pumped 
being carried on a light bridge constructed for the 
purpose. Very gradually the market gardeners 
and other cultivators found that their feara were 
not realised, and that, so far from their produce 
being poisoned, it was improved in quantity and in 
quality. The result has been that while in 1872 
there were only 130 acres under cultivation, there 
are at the present time no less than 1900 acres 
irrigated by the sewage discharge, and the amount 
thus absorbed is always increasing ; in 1892 the 
quantity distributed was more than 42 millions of 
cubic yards, and this was increased to about 45 
millions the following year. At the present time 
the sewage water is brought to Gennevilliers by 
three lines of mains, and thanks to the porous cha- 
racter of the soil and the absorption by vegetation, 
the eftluent which falls into the Seine is of a satisfac- 
tory nature. Repeated tests have shown that only 12 
parts of the impurity remain in the effluent after, 
as compared with 20,000 parts, before it is treated ; 
or put in another way, there are, on an average, 
only 860 microbes in each cubic centimetre of the 
purified water, instead of 292,000. But though 
this system is satisfactory as far as it goes, the 
proportion utilised by agriculturists is only a small 
one of the total quantity, amounting to about 33 
million metres out of 140,000 millions discharged 
through the sewers. It is estimated from careful 
observations that the Seine receives on an average 
360,000 cubic yards of the sewage water daily ; the 
condition of the river is always unsatisfactory, and 
grows worse with the increase of the population. 
Twenty-five miles above Paris, at Corbeil, the 
water is practically pure, though immediately be- 
low it, the contamination commences by the sewage 
discharge from various small towns; after flowing 
through Paris as far as Asniéres, which is just 
opposite Clichy, the contamination is always ap- 
parent, and onward the river becomes, at least on 
the right bank, little better than an open sewer. 
It is at this place, or somewhat below it, that the 
three great collectors before mentioned, and the 
positions of which are marked on the plan (Fig. 1), 
discharge their contents into the Seine. 

The inevitable results have followed the pollution 
of the river; banks of foul mud, commencing just 
below the collectors, extend down the river for 
miles, and in so great a volume as to render it im- 
possible to remove them by dredging. The pollu- 
tion of the river is evident for at least 50 miles, 
and the sewage mud is met with far below, and 
nearer to the mouth of the river every year. It is 
indeed high time to take steps to remedy this de- 
plorable condition of things, and to prevent any of 
the water from the collectors entering the river 
without being treated. To do this it is necessary 
that the whole volume should be employed for 
irrigation, a large undertaking, considering how 
slight a percentage is utilised in this manner at the 
present time. The dimensions of the problem are 
indefinitely increased by the resolution to adopt 
for Paris the ‘“‘tout a l’égout” system. This 
means the abandonment of the separation system, 
with its attendant nuisance of cesspool and re- 
ceiver emptying, &c., and the discharge of all 
sewage into the sewers. This change was indeed 
prescribed by a law passed in 1889, but laws of this 
nature are much more easily prepared than acted 
on. Still the change is being effected, and a far 
larger quantity of heavily sewage laden water will 
henceforth have to be dealt with. Such a develop- 
ment has involved the carrying out of the very 
extensive works under consideration. 

The sketch plan annexed gives an idea of the ex- 
tent of the undertaking ; it will be readily under- 
stood that the plains of Gennevilliers are not of 
suflicient area to receive the whole discharge, 
and a larger and more remote district had to be 
selected, This has been found at Achéres, on the 
north-east of the Forest of ‘St. Germain en Laye, 
close to a bend of the Seine. An aqueduct is in 
course of construction to convey the sewage to this 
place, and if found necessary, extension works will 
be carried out to a more remote locality. No less 
than 31 millions of francs are being expended on 
this enterprise. The works commence at Clichy, 
where, as we have said, the main sewers terminate 
in the two great collectors. The old pumping 


station at Clichy has been enlarged and its arrange- 
ments modified, the work that will have to be done 
here being much more extensive than when the 


' station was erected to pump the sewage to Genne- 
| villiers. The installation formerly consisted of three 
| groups of pumps collectively of 1100 horse-power. 

At the present time this power is being increased 
| by the addition of some Farcot engines, the pumps 
_of which will draw direct from the collectors shown 
on the plan. The delivery main from the station 
commences with the Berliez syphon, the most 
interesting work on the undertaking. 

On the other bank of the Seine the syphon is 
connected to the aqueduct and traverses the Genne- 
villiers peninsula, as is indicated on our plan ; it is 
9 ft. 10 in. in diameter, and is built of dressed 
stone in cement, the masonry of the sides being 
11.8 in. thick. This form of construction is fol- 
lowed for 5000 yards, when the Seine, on the fur- 
ther side of Gennevilliers, is met with. Here is 
another pumping station, that of Colombes, which 
raises the sewage to a higher level. This station 





piles were driven into the bed of the river on each 
side, and a staging was erected on these ; the pipes 
were then towed out into the stream and brought 
immediately over the trench ; in this position they 
were secured against the guide-piles, and loaded 
with rails until they sunk and rested on the bed of 
beton made in the bottom of the trench. The pre- 
cautions taken were so complete that a fair bearing 
was obtained along the whole length of the syphon. 
When this had been done, divers were sent down 
to remove the rails, water having been previously 
admitted into the pipes. The final operation was 
to fill up the trench with beton, so that the pipes 
were entirely protected. The work was completed 
with entire success, and is interesting from the fact 
that it was finished in three days. 

We may now pass on to consider the other and 
much more important work—that of the tunnel at 
Clichy. After having been pumped at the Clichy 





will contain four groups of pumps and engines, each 


station, the sewage water falls down a vertical 
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of 300 horse-power. The height of the lift will be 
115 ft. The pumps deliver into four pipes 43.3 in. 
in diameter, built of steel plates; these pipes are 
taken across the Seine under the girders of a road 
bridge. On the other side of the river, the four 
pipes are reunited in a chamber, whence the water 
passes into a channel 17 ft. high and 10 ft. 11 in. 
wide ; the conduit is built of cement concrete set 
in a steel framing ; this method of construction, in 
which the iron framing forms a skeleton sur- 
rounded by the cement, is largely used in France 
and Belgium for a variety of purposes, and with 
extremely good results. The water does not flow 
through the gallery itself, but in two iron mains of 
70.8 in. diameter laid within it. 

The levels are such that a point is soon reached 
where the gradients fall, and for a certain distance 
the gallery is changed into a masonry conduit 10 ft. 
in diameter ; this latter is practically an elongated 
chamber terminating in two iron pipes, each of 
39.37 in. diameter ; this type is extended as far as 
Herblay, where there is another crossing of the Seine. 
Onthe opposite bank is Achéres, which will constitute 
the irrigation area, for the present, at all events. 

This large undertaking is well advanced ; on the 
present occasion we shall not refer to it in detail, 
but shall confine ourselves to two of the most in- 
teresting features, the syphon at Herblay, which 
consists of the double line of pipes just referred to, 
and the tunnel beneath the Seine at Clichy. The 
former consists of two pipes, 39.37 in. in diameter, 
built of steel plates .71 in. thick, placed parallel to 
each other, and 20 in. apart, connected at intervals 
of 10 ft. by braced framing. The total length of 
each pipe is 668 ft.; the pipes, of course, are not 
laid horizontal, but are curved to follow the bed of 
of the river. Before setting them in place, a channel 
13 ft. wide was excavated in the river bed, and a uni- 
form bearing was made in the bottom of the trench 
with beton. The double syphon complete weighed 
259 tons, and as the length was very considerable, 
the operation of getting them into place was a 
difficult one, more especially as the navigation could 
not be suspended during the work. The pipes 
built up and connected, were placed on a floating 
stage moored alongside one bank of the river. The 
ends of the pipes had been previously closed, so 
that ample flotation was secured. It should be 
mentioned that before placing the pipes in the 
water their tightness was tested by subjecting them 
to a pressure of 90 lb. to the square inch. Guiding 








Pian or SEwaGE IRRIGATION WORKS. 


shaft 84 ft. in depth, which has been sunk 
within the pumping station. It then passes 
beneath the same through a gallery 1520 ft. in 
length, which commences at the bottom of the 
shaft, and on the other side of the river is continued 
by the conduit that extends to the Colombes pump- 
ing station. The tunnel is driven at a depth of 
50 ft. 9 in. below the bed of the Seine. It may be 
mentioned that M. Berliez undertook the construc- 
tion of this work entirely at his own risk, and after 
giving a guarantee of success. The French De- 
partment of Mines shows the general characteristics 
of the bed of the Seine where the syphon crosses 
it. The information given, however, is very mis- 
leading, and the ground is described under the 
somewhat vague designation of marl. More de- 
tailed information on the subject was that furnished 
some time ago by M. Belgrand, who made a 
number of soundings on both banks of the river ; 
while ten years since the foundations of a neigh- 
bouring bridge, sunk by means of compressed air, 
also afforded other indications. But none of these 
showed the exact nature of the ground on the line 
of the syphon, which it was found by a costly ex- 
perience, to be of a peculiarly complicated and 
treacherous character. The river, in forming its 
channel, had, at this particular spot, cut deep 
fissures, which afterwards had been filled up by 
débris of all kinds. The nature of the ground 
changed constantly ; muddy alluvial deposits were 
found blended with seams of sand; marl mixed 
with limestone ; green and yellow sands, conglome- 
rates, and clay. It was necessary to blast through 
beds of limestone and pudding-stone, composed of 
flints agglomerated by a hard natural cement. At 
one point of the tunnel it was necessary to remove 
a large block of limestone, which made a fissure in 
the river bed and inundated the tunnel. The marl 
itself was compact, and allowed no water to pass 
through, but it possessed a number of faults filled 
with loose sand through which water flowed abun- 
dantly. At several points quicksands were met 
with, and caused great trouble. Naturally the 
work was carried out with the help of compressed 
air and a shield after the English method. 
Operations were commenced by boring a vertical 
shaft 78 ft. 9 in. deep and 11 ft. 6in. in diameter ; 
this shaft was lined with cast-iron rings 39 in. in 
height, and 1.18 in. in thickness, each cast of a 
single piece and made with flanges through which 
the various sections were bolted together. The 
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of this shaft was a somewhat long 
operation, although it does not appear to have 
presented any special difficulty. After it was 
finished, elevators were placed within it to be used 
for the removal of the ground excavated in the 
tunnel. This latter has, as we have said, a 
length of 1518 ft. and a diameter of 7 ft. 6 in. ; 
it is made with two gradients, the first pass- 
ing under the river with a slope of 7 per 
1000; a second, rising beneath the left bank 
with a gradient of 80 per 1000; this latter slope 
brings the tunnel almost to the ground level. In 
plan the line of the tunnel is made with two tan- 
gents connected by acurve of 328 ft. radius. The 
tunnel is composed of a series of cast-iron rings 
connected by bolts and flanges ; each ring is 19.69 in. 
long and .98 in. thick ; the rings are built up of six 
cylindrical segments, one of which, narrower than 
the others, forms a key; the outer surface of the 
ring is smooth, while the interior is strengthened 
by flanges which also serve for the bolting together 
of the various parts. The compressed-air plant 
was in all respects of the ordinary character. The 
shield was 8ft. 2.6in. in diameter, or somewhat larger 
than the gallery ; in front there was an ordinary 
circular knife of the usual type, and in the centre 
of the head was a door through which the material 
excavated was brought into the working chamber. 
The length of the shield was 47.24 in., and it was 
extended at the back by a cylindrical portion of 
8 ft. 4 in. inside diameter, or large enough to sur- 
round the foremost ring of the syphon ; this part of 
the shield formed a protection within which the seg- 
ments of the ring could be bolted together. The 
air lock was constructed at a point 114 ft. 9 in. 
from the commencement of the tunnel : it was 
built in masonry set in cement and was 19 ft. 8 in. 
in length; the air pressure never exceeded three 
atmospheres. Attention may be called to the fact 
that the dimensions of the Clichy syphon corre- 
spond very closely with those of the Southwark and 
Vauxhall Water Works Company’s main beneath the 
Thames ; in each case, the segments are almost of the 
same size ; the joints between thesegments are made 
tight by means of interposed strips of white 
wood. : 

The shield was pushed forward by means of five 
hydraulic presses, fixed to the periphery. The 
head of each piston, provided with a large cast-iron 
shoe, took its bearing against the face of the rings 
already in place ; as soon as the shield had been 
forced forward in this manner for a distance of 
19.70 in., the hydraulic plungers were withdrawn 
into their cylinders, and a new ring was added. 
The displacement of the cylindrical extension of 
the shield left a space around the syphon of about 
1.18 in. in width, and this was filled by injecting 
under pressure fluid cement, which thus formed a 
casing around the ironwork. The detail of carry- 
ing out this part of the work was somewhat 
ingenious. An iron tank filled with the cement, 
which was kept in movement with a stirrer, was 
connected to a pipe supplying air compressed to 
three or four atmospheres. A flexible pipe extend- 
ing to the bottom of the tank, and provided at the 
other end with a nozzle, furnished the means for 
projecting the mixture behind the rings; a hole 
was made in every one of the cast-iron segments 
through which the nozzle was passed. In all cases, 
this operation was commenced at the bottom of the 
tunnel, the hole in each segment being plugged as 
soon as the space behind was filled. It will be 
seen from the foregoing description that English 
practice was followed in almost every detail in the 
execution of this work. The inside of the tunnel 
was lined with cement, so as to present a con- 
tinuously smooth surface for the flow of the water. 
Two years were occupied in its completion, and the 
work appears to have been very satisfactory, as not 
the slightest trace of infiltration has been seen. 
The contract price of the work was 44,000/., 
subject to various penalties. The conditions of 
this contract have been very severely criticised, 
but this is a matter which has but little interest 
for English readers. 

The Municipality of Paris has now commenced to 
apply its new programme of the utilisation of the 
city sewage ; there can be no doubt that when this 
is completed, the sanitary conditions of Paris will 
be greatly improved. We should add, in conclu- 
sion, that the works we have described were carried 
out under the direction of M. Bechmann, engineer- 
in-chief, and of M. Launay, assistant engineer ; we 
are indebted to both these gentlemen for the 
information contained in the preceding article. 
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ELEOTRIO TRACTION.—No. XV. 
By Pure Dawson. 
Motors. 

Ir is now a nearly universal practice to make the | 
yoke and framework of railway motors of mild cast | 
steel and entirely boxed in, so that neither water | 
nor dust can reach the armature, brushes, or gear- 
ing, and the latter runs in an oil bath. 

Table XLIV., compiled from data furnished by 
the Walker Manufacturing Company, gives the 
average horizontal effort in pounds exerted by two 
single-reduction motor equipments of 25 and 30 
horse - power corresponding to various speeds. 
Table XLV. gives the current consumption for the 
same equipments corresponding to the horizontal 
efforts given in the preceding Table. The total 
car equipment in the tests made in compiling these 
Tables weighed 74 tons, and was mounted on a four- 
wheeled truck of 6 ft. wheel base. The horizontal 
effort and corresponding current are functions of 
the speed. With the aid of these data it is easy to 
work out what would be the current consumption 
at a given speed on a given road. Table XLVI., 
also from actual tests, gives the average power con- 
sumed by motors under various conditions. 

We will now describe some of the most impor- 
tant and most recent types of motors manufactured 
by the large American and European firms. 

Edison Motor.—A motor which may be said to 
have been one of the best of its day was the Edison 
single-reduction motor built by the Edison General 
Company in 1891 (Fig. 158). This motor is running 
very successfully on many American lines at the 
present day, and is still manufactured by the 
General Electric Company of America. In many 
of its electrical details it resembles very much the 
latest type of street railway motor. It is a four- 
pole motor ; two poles only are wound with coils, 
the two in the veitical plane being consequent 
poles of opposite polarity. The whole frame is of 
mild steel, cast in halves and bolted together. The 
armature is a Gramme ring with ‘‘ Pacinotti” 
teeth. In the interior of the armature core there 
are four grooves 90 deg. apart, into which aluminium 
bronze spiders are forced by hydraulic pressure ; 
two spiders are employed for each core, bolted 
together in the centre. The winding consists of 
140 sections put on in one continuous length of 
wire. A german-silver tap wire connects each 
section to the corresponding commutator sections. 
The armature winding is not cross-connected, and 
four sets of brushes have to be used. 

The ‘*G, E. 800” motor is manufactured by the 
General Electric Company of America, and the 
several ‘‘ Thomson-Houston”’ companies control- 
ling the same patents in Europe (see Figs. 159 to 
165). 

The trade name under which the motor is known 
indicates its ability to exert a horizontal effort of 
800 lb. through a 33-in. wheel continuously in 
ordinary street railway service. This rating is 
more accurate than that customarily employed ; 
adopting the usual method of rating in horse- 
power, it is a 25 horse-power motor. It is a four- 
pole motor of new design. Its principal charac- 
teristic, and the one that recommends it especially 
for street railway work, is that it is claimed to be 
the lightest motor for a given output. Reduction of | 
weight has been carefully studied, with a view of | 
meeting the demands of the continually growing 
street railway business. Preservation of the per- 
manent way is of great importance to every elec- 
trical street railway company, and this has created | 
a demand for a motor light enough to reduce the 
wear and tear of track toa minimum. This motor 
is no less than 660 lb. lighter than the old single- 
reduction (‘‘S. R. G.”) 15 horse-power motor, and 
some 200 lb. or 300 lb. lighter than the waterproof 
(‘* W. P.”) 15 horse-power, formerly manufactured 
by the same company (see Table XLVII.). 

Working parts are more easily accessible than in 
any of the former types. The aperture necessary 
for the purpose of inspection, cleaning, &c., is so 
designed that, when closed, those parts which 
could be damaged by water—the brush-holders, 
commutator, armature, and field spools—are so en- 
tirely inclosed in a water-tight box that it is said 
the entire motor could be immersed in water, and | 
still operate under normal conditions. This advan- 
tage is one which can be easily appreciated by 
those engaged in the practical operation of electric 
railways, since it renders the motor of equal value 
in either summer or winter service, in either bad or 
good weather. 








| facility. On opening the lid over the commutator 





This closing of the motor so as'to make it water 
and dust proof has been rendered possible by its 
modern design and the liberal use of copper and 
the best grade of steel in its construction, whereby 
the heat generated in the motor has been materially 
reduced. The motor, closed up as it is, runs quite 
cool. It can be taken apart with the utmost 
facility. The top frame is hinged on to the lower 
frame, and with its proper parts, weighs 350 lb. 
On the removal of two bolts this frame can be 


|thrown back completely out of the way of the 


armature (see Fig. 159), or by the removal of 
TABLE XLIV.—Azle Speed per Car with Double-Motor 














Equipment. Revolutions per Minute. 
| 
| Average of several Types of 25 H.-P. Motors. 
Diameter of Horizontal Effort, Pounds. 
Wheels. saa 
100 200| 400! 600 800 100011200] 1400 | 
in. | 
30 308, 253) 195 170 153 141) 131 Ln | 
33 300: 248 189 165 149 136) 126! 119 
Average of several Types of 30 H.-P. Motors. 
Horizontal Effort, Pounds. 
100 , 250 | 500 750 | 1000) 1250/1500 201.0 25¢0 s0cc 
— ee | eet | cee | oe —— 
30 282, 240) 202) 173) 163) 189) 130) 117, 107 100 
33 95 


272, 262) 194) - 148) 134) 125) 113 103 
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TasLE XLV.—Current Consumption per Car-Amperes. 


Two 25 Horse-Power S. R. G. Motors. Horizontal 

















Diameter Effort, Pounds. 
of Wheels. | 
| | \ 
| 100 | 200 | 400 | 600 800 |,000| 1200! 1400 | | 
in. jamp amp amp amp amp amp lamp amp 
30 25.8 |32.8 44.6 54.6 63.8 |72 6 |32.6 92.0 
33 26.6 |34.0 47.0 57.6 67.4 |77.€ | 38.4 98.2 J 
Two 30 Horse-Power S. R. G. Motore. 
100 | 250 | 500 750 10901250 1500 2000 ; 2500 | 3000 
amp amp amp ampampampamp amp | amp | amp 
30 28.6 |38.8/51.4 68.0. 73.2 84.2 93.4 111.8 | 130.0 147.6 
33 29.4 eo 65.8 77.0 ‘oo 98.8 | 119.2 | 188.4 158.0 
| | ' 











TaBLe XLVI.—Electric Power Consumed by Various 
































Cars. 
oo; -] a £ fn 
3s |8& |3. (38 | 3 
. ag a5 |e. 
Style of Equipment. | S SH le ry n 
Za |$8ei28 \o-. | & 
2 |b2%) Sy gee) § 
> > 
8H gen| Bo ga! & 
Two Westinghouse motors on 
car, onetrailer .. ..| good | 0.43} 74 | 1.001} 86 
Two Westinghouse motors 0 
car, two trailers .. oo] Gy 0.40} 74 | 1.497| 6.4 
Sperry bevel gear, one motor, 
notrailer .. aa es + 0.60 | 6 1.160 | 10.0 
One Westinghouse motor, no 
trailer.. ame = - | greasy | 0.30) 64 | 1.202] 7.8 
Two Westinghouse motors, 
notrailer.. oa as Pe 0.80 | 74 | 1.283] 12.0 
Two General Electric Com- 
papy’s motors, no trailer..| dry 0.31 74 | 1019) 10.0 





Table XLVII.— Weight of Motors made by the General 
Electric Company, Limited. 











Name of Motor. — Weight. |" on 
h-p. Ib. Ib. 
Old type Thouson-Houston | 
double reduction 10 1472, | 
Ditto 15 2096 =| 1222 
Ditto 20 2818 
Single-reduction Edison .. 20 1600 
it 80 2270 
Single-reduction Thomson-Hous- 
ton Waterproof .. (W.P. 30) 15 1735 987 
Ditto -. (W.P. £0) 25 2395 | 1807 
General electric single reduc- | 
tion.. -. (G. E, 800) 25 1455 715 


On the single-reduction motors the pinions have 14 teeth and 
4% in. pitch diameter ; the gears have 67 teeth and 22} in. pitch 
diameter, and the speed reduction is 4.78, 


the hinge pins the top frame can be lifted into the 
car. By moving the noseplate forward the motor 
can be swung upon the ring axle as a hinge, 
so as to be accessible from the pit, the top 
field then being swung on its hinges still lower 
into the pit, in which position the armature 
and the two field spools can be easily removed. 
By the removal of the top of the gear case and 
two axle caps, the motor can be lowered as a 
whole into the pit. The armature is short, and 
can be lifted through an ordinary trapdoor. It 
will be seen that the motor can be handled either 
inside the car or from without with almost equal 
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easy access is had to the whole width of the com- 
mutator and brush-holders, the latter being of a 
very simple construction, and easily operated with 
one hand. There is plenty of space to permit of 
the pit of the motor being reached. The bottom of 
the armature is 2 in. above the pit of the motor, so 
that it is not liable to be injured by articles falling 
inside of the motor frame. The armature is made 
both in the Gramme ring and in the drum form. 
A thorough trial has demonstrated that the drum 
winding of this motor can be relied upon, and 
that it is free from the danger of burning out 
at the ends. The Gramme armature and drum 
armature are interchangeable. The resistance of 
the standard type of armature when cold is 0.38 
ohm, and 0.5 ohm when hot. 

Connections to the commutator are made by 
short leads of flexible cable joined to the bars by 
solid cups ; this is done to absorb the vibrations and 
prevent rupture of the wires at this point. Two 
tield coils are employed ; although it is a four-pole 
motor, as two are consequent poles. These coils are 
wound on forms and wrapped with waterproof and 
fire-resisting material. To reduce the danger of 
grounding, the field spools are connected on the 
ground side of the circuit. The resistance of the 
tield when hot is 0.8 ohm. 

All the bearings are lined with babbit. Under 
each of the armature bearings is a canal leading 
outside the frame, which carries off the overflow of 
grease. In addition to the grease cups, the axle 
bearings have oil wells underneath. If not pro- 
vided with oil, it has often been found that 
even although running perfectly cool, the bear- 
ings cut. 

There are two ways in which the motor is hung 
from the truck, one called ‘‘ nose suspension ” and 
the other known as ‘‘side bar” suspension. In the 
former method one end of the motor rests on the 
axle through its bearings, the other being hung by 
a crossbar and springs from the truck (Figs. 160 to 
162). An advantage claimed is that the gear wears 
more evenly. The latter, although the older, 
seems still the method most adopted. 








In the ‘‘side-bar” suspension the weight is 
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nearly wholly taken off the axles (Figs. 163 to 165). plan, has not proved the success anticipated, and 
A side frame resting entirely on springs, carries the the first, or ‘‘ nose suspension,” is still one much 
motor by two lugs, one on either side, which are so in use. The motors are provided with lugs, so 
placed that the motor is suspended from its centre | that either mode of suspension can be used. 

of gravity. This, although apparently a very good| Diagram Fig. 166 is very interesting and instruc- 
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tive. It represents the efficiency curves of two of the 
most recent types of ‘‘G.E. 800” motor constructed 
for American country and city (high and low speed) 
service. Fig. 167 shows the corresponding horizontal 
pull in pounds on a 33-in. wheel and speed in revo- 
lutions per minute. The curves are taken for the 
full field strength and for two-thirds of the full 
field strength, attained by the use of a shunt of 
1.2 ohms in one case, and by putting the field 
windings in parallel in the other, the motor in 
either case being constructed for a line voltage of 
500 volts. 

We can draw some interesting conclusions from a 
study of the efficiency curves. We see that the 
average efficiency of the slower motor is greater 
than that of the faster one. In both cases the 
efficiency with full field is at first the highest. At 
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a third of the maximum power for the slow-speed, 
and at nearly half its maximum power for the high- 
speed motor, the weak field gives the highest effi- 
ciency. 

It will also be observed that the slow-speed 
attains its full efficiency more rapidly than the 
high-speed motor. At the normal rate the current 
ranges from 20 to 40 in the slow-speed, and from 
25 to 50 amperes in the high-speed motor, at which 
rate the efficiency is 80 per cent. This may be con- 
sidered very high for traction work. In looking 
at the torque and speed curves, the difference of the 
two motors is very noticeable. In the slow-speed 
the torque curve increases much more rapidly than 
in the high-speed, or, in other words, a greater start- 
ing current is required in the use of the high-speed 
motor to effect the same pull in pounds on the 
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periphery of the wheel than with the slow-speed 
motor. There is also a great difference between the 
torque and speed curves for the full and weak field 
in the two motors. For instance, it would take to 
produce a pull of 700 lb. on the periphery of the 
wheel, respectively 364 and 46 amperes for the full 
field at speeds of 9 and 11 miles an hour, and 42 
and 55 amperes for the weak field at speeds of 11 
and 15 miles an hour correspondingly for the slow 
and high speed motors. But at a speed of 20 miles 
an hour we find 10 and 13 amperes for full field 
corresponding to a pull of 50 1b. in both cases, 
and for the weak field 16 and 26 amperes cor- 
responding to a pull of 801]b. and 190 lb. for 
the slow and high speed motors respectively, 
this being distinctly in favour of the high-speed 
motor. From this we deduce that for the slower 
speeds to suit English lines, higher efficiencies still 
will be attained, and, therefore, operating expenses 
will be cheaper, as not only less energy will be con- 
sumed, but a greater efficiency will be attained. 
From the torque and speed curves it is easy to cal- 
culate the effective horse-power at various current 
consumptions and speeds. To do this it suffices to 
find the horizontal effort in pounds on the wheel 
for a given speed or current for either the whole or 
the weakened field. Multiply this figure by the 
horizontal distance in feet covered by the car at 
that speed in one minute, and divide by 33,000. 
As we know the efficiency of the motor, we divide 
the figure thus found by the efficiency in hundredths, 
and we have thus the corresponding electrical horse- 
power taken off the line. 





MODERN FOUNDRY PRACTICE. 

Tue ironfounder and the mechanical engineer 
are necessarily bound together by the most inti- 
mate trade relationship. They have learnt separate 
handicrafts that differ in many respects widely from 
each other, and yet both belong eminently to the 
same great group of trades that constitutes in a 
general sense the business of engineering. An 
engineer can hardly account himself a well-educated 
man in his profession unless his knowledge of 
founding, in its various forms, is to him something 
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more than traditional and superficial ; and yet it 
must be owned that if engineers of the present day, 
who have charge of works, were subjected to an 
examination on the arts of moulding and founding, 
a very large majority would come very badly out of 
it. And this is not altogether surprising. Few me- 
chanical engineers have eithertime or opportunity for 
making themselves thoroughly acquainted with what 
goes on in the foundry. They seldom know what 
treatment (other than very bad treatment) their pat- 
terns receive at the hands of the moulders—whether 
these patterns have been made in the best possible 
way for insuring good work, and at the same time 
meeting the moulder’s requirements. They do not 
usually know whether the moulder gives their 
patterns the best chance of reproduction in metal 
in the best possible way—whether care is exer- 
cised in the selection or appropriation of the most 
suitable mixture of metal for particular purposes, 
or whether the ironfounder simply fills his mould 
with any metal that he happens to have in his 
cupola—metal that may have been compounded for 
casting another, and it may be, quite a different 
class of goods. Now this is hardly as it should be. 
Iron, brass, and steel castings enter so largely into 
the construction of all kinds of machinery, it is im- 
portant that the managing engineer should be able 
to exercise an intelligent supervision as to the pre- 
paration, and evolution, so to speak, of those parts 
while in the cruder stages of their progress. 
Iron-founding, when carried on in conjunction 
with what is more commonly called engineering— 
in its restricted sense of machining and fitting 
together of the component parts of an engine or 
machine—holds such an important place in the 
economy of engineering that little excuse is needed 
from any one who makes an attempt to popu- 
larise the subject as much as possible for those 
who devote themselves to this business. The 
general manager of a factory which turns out its 
own iron, brass, and steel castings has need to 
be a man of many accomplishments if he is to 
superintend efticiently and successfully all the de- 
partments. Life is too short to afford time for 
apprenticeship in all the branches ; but there is no 
reason why any young engineer, who aspires to 
be something higher than a mere artisan, should 
not be well acquainted, not only with the nature of 
all the materials he has to deal with, but also with 
the leading stages of the processes which these 
materials have to undergo. It is not quite neces- 
sary that he should work for a term as a practical 
moulder. However desirable that might be, it is 
seldom within the range of practice. But he 
ought to kuow, with something of a founder’s 
craft, how an article should be moulded, and how 
the pattern for that article should be made in its 
best and most economical form—the form that will 
be most economical for the patternmaker, and; 
when made, most convenient and most conducive 
to economy in the hands of the moulder. A 
manager needs not to be a specialist in every 
handicraft appertaining to his business ; that is an 
ideal qualification, however, to which he should 
strive to approach as nearly as possible, to enable 
him to direct in a masterly way all the operations 
which are going on around him. If he does not 
‘“*know” beyond doubt or question, then his 
ignorance will frequently be imposed upon. He 
will be told that certain things ‘‘cannot be done ” 
in the way he wants them, because it suits the 
craftsman to proceed with it in some other and 
probably inferior way. His knowledge should 
enable him to lay down the law imperiously and 
autocratically, and to insist upon its being carried 
out without deviation or cavil. When workmen 
discover that the ruling head ‘‘knows” what can 
be done, and what is unnecessary to be done, they 
give up scheming how to shirk this or that diffi- 
culty by some technical quibble. The manager 
should feel actually as thougl he were capable of 
giving his foreman moulder precise instructions as 
to how the process of moulding a specific piece of 
machinery should be gone about in all its details. 
It may not be necessary or desirakle he should 
exemplify this. He ought, at least, to be able to 
say to the patternmaker what part should be upper- 
most in casting ; to the founder what mixture of 
metal ought to be adopted ; what parts should be 
kept free of ‘‘chaplets,” ‘‘ stangies,” or spikes, or 
other expedients used for keeping cores in their 
place, and to indicate what other means are avail- 
able to avoid such a thing; how the casting is 
likely to be affected by cooling and contraction, by 
‘‘drawing” of the masses; and what methods 





should be adopted to neutralise or minimise the 
strains set up in contraction. And in the case 
where castings are made outside by a separate 
establishment, unless the manager knows how his 
patterns ought to be moulded, he will not know how 
best to make the patterns that are to be given out 
so that his castings may be executed in the cheapest 
and best manner. If he does not know, and trusts 
to the honesty of the founder, he will quickly find 
that he labours under a disadvantage. It would be 
too sweeping to say there are no honest founders. 
Doubtless there are a few, but human nature is 
fallible, and men are but too prone to profit by the 
ignorance of their fellows. 

It is with the view of giving some useful hints to 
engineering foremen and managers, as well as to 
patternmakers and draughtsimen, that the follow- 
ing series of papers on moulding and founding are 
written. The descriptions will be illustrated by 
sketches and drawings, so as to convey, as clearly 
as possible, a full conception of the moulder’s ways 
of working, and the reasons for doing certain things, 
which reasons are not always clear to the working 
moulder himself. In saying this, the writer has no 
inclination to underrate the intelligence of the 
moulders as a class, but he has often noticed that 
many of them, of the older school perhaps, do 
certain things in the process of moulding, not be- 
cause any theory they have tells them these are 
necessary, but because they have seen such things 
done before under similar circumstances. If asked 
the reason for certain precautions, it will be found 
their knowledge of the theory is somewhat hazy, and 
their ways of working often purely empirical. In all 
fairness, however, this cannot be said with so much 
truth of the rising generation of moulders. A 
better education has animated them with a spirit 
of inquiry, and much more intelligence is now 
brought to bear on this very difficult art of 
moulding and founding. The patternmaker may 
have a good idea of the form of the article 
which he is to put into wooden shape, and 
may see his way clearly to accomplish that 
form ; but unless he knows how it is likely or 
possible to be moulded, he may go very far wrong in 
the fabrication of his pattern. This does not refer 
merely to the almost imperceptible taper which 
certain parts of every pattern should have to 
enable it to be drawn easily out of the sand. Every 
apprentice patternmaker learns that quickly enough ; 
but it is not always so easy to form a correct 
opinion as to which side should be up in the casting 
process—how to divide the model into such parts 
as may best suit its handling and withdrawal, and 
at the same time allow the moulder access to the 
various parts. Long experience in the foundry is 
necessary to render that clear to his mind. To 
enable him to form his judgment as to what is in- 
dispensable, and what might be advantageously 
omitted, a patternmaker ought to see as much as 
possible how the pattern is dealt with in the 
foundry. If it were possible for every pattern- 
maker to have a two years’ training as a moulder, 
it would be of incalculable advantage to him. Such 
good luck does not often fal] in his way. Let us 
hope that the following papers, by a practical 
moulder, will help in some measure to supply some 
information that might otherwise be difficult to 
obtain. 

Every founder who lays himself out for pro- 
ducing all descriptions of castings that may be 
offered for execution, requires to carry on at least 
three kinds of moulding. These are called ‘‘ green- 
sand,” ‘‘ drysand,” and ‘‘loam” moulding ; and 
this refers to casting in steel and brass as well as 
iron. This is hardly the place to allude to ‘‘ open- 
sand” moulding, which is the roughest and sim- 
plest of all kinds. It is seldom wanted for any- 
thing but the rough foundry appliances which will 
be adverted to in their proper place. It is hardly 
necessary to say that greensand moulding is the 
most generally used for every pattern that is 
of moderate dimensions and of simple form. It 
is the cheapest process, and for that reason 
every engineer aims at having his castings 
made in greensand as far as practicable; al- 
though, as will be shown further on, it does not 
usually produce the best work. It is called ‘‘ green- 
sand,” not because the sand is of that colour, but 
because it is always kept in a raw or damp condi- 
tion, so as to admit of its kneading properly, and of 
retaining well the impression that is given to it ; 
and the liquid metal is poured into the mould 
while the latter is in this damp condition. In 
the drysand process the moulding sand differs 











in its constituents from greensand, and is dried 
only after the mould is formed. While being 
manipulated it is used damper even than green- 
sand ; but after the pattern is withdrawn from the 
sand, and the mould properly repaired, and the 
‘‘sleekers” have gone over its surface, it is baked 
for some hours in an oven or chamber heated for 
that purpose ; and when it is thoroughly dried and 
fitted with all its cores and duly ‘‘ closed,” it is 
ready to receive the metal. 

Many things are cast in drysand simply because 
they could not easily be made by any other 
method. The liquid metal puts a pressure upon 
every mould by the well-known law of hydrostatics, 
and the head of pressure, of course, increases 
with the depth of the mould. It often happens 
that a pattern is of such deep dimensions that 
the soft damp mould of greensand would not 
bear the pressure of the molten metal at the 
lowest part of the mould without yielding more 
or less. If the sand were rammed sufficiently hard 
to resist the pressure, then the gases formed in the 
casting process would not escape through the hard 
mould, as they do when the sand is in a lightly 
rammed state. The consequences of that would be 
that the metal would boil and bubble with the 
gases working up through it, and this commotion 
would continue until the metal had set. The cast- 
ing would be worthless, for it would be full of air- 
holes. The drysand mould, on the other hand, 
being dry and hard, bears the pressure easily ; and 
if thoroughly dried, there will be no steam, and 
but little gas, formed in the filling of the mould 
with molten metal—little that does not easily 
escape through the porous though hard sand of 
which the mould is composed. The composition 
of the sand will be considered further on. 

Many things are made in greensand which ought 
to be made in drysand, even though the engineer 
should have to pay a higher rate per hundredweight. 
For this simple reason: the drysand casting would 
be sure to be much lighter, and its true proportions 
preserved, so much so as often to save him the 
difference in cost. The writer remembers an in- 
stance of a casting which he sometimes allowed to 
be made in greensand to save time, and where, 
perhaps, it was not so convenient to have it made 
otherwise. He had to pay 1s. per hundredweight 
more for the drysand casting than for the other. 
But did he save this? He soon found his error. 
The drysand casting weighed regularly 50 cwt. 
—its correct weight — while the greensand cast- 
ings weighed each about 58 cwt. more or less. 
Consequently the latter cost, on the total weight, 
about 6s. more than the former. In the dry- 
sand casting he had the satisfaction of seeing 
it properly proportioned, with a smoother and 
cleaner surface. The other and dearer casting 
had a rough surface, and was swollen all over, 
but the swelling was so gradual and so well dif- 
fused as to be almost imperceptible to the eye. 
This was a lesson worth remembering ; and it may 
here be observed that nearly all greensand castings, 
if more than 1 ft. in depth, are sure to be swollen 
more or less, and invariably are thicker in the 
lower parts than the pattern. It is natural that 
the moulder should prefer to err on the side of 
“swelling” rather than have too hard a mould. 
The latter is apt to cause ‘‘ scabbing ”—a very bad 
fault—and the metal is ‘“‘honeycombed ” with the 
gases that could not escape through the hard sand. 

There is another distinctive difference in these 
two systems of moulding. This has regard to the 
‘* readiness” of the one system over, the other. 
Most patterns that are mouldable in greensand 
can be embedded at once among the prepared sand 
that forms the floor or ground level of the casting- 
shop. Founders that confine themselves to some 
speciality, such as railway chairs, pipes, or ‘‘ hollow 
ware,” have a special system with labour-saving 
machinery, and requiring but little skill on the 
part of the workmen, who are not trained moulders. 
But a regular jobbing founder, who takes patterns 
of machinery of all kinds, cannot avail himself of 
any such appliances for cheapening the work. A 
pattern that can be moulded in greensand is 
generally embedded at once into the sand which, 
to a depth of 4 ft. or 5 ft., forms the ground-floor 
of the greensand moulding- shop. The only 
moulding-box required to take the impression of 
the upper part of the pattern isa ‘‘ plain top part,” 
many of which are made of different sizes and kept 
for that purpose. Most of these are square, a good 
many are oblong, and a few are octagonal for cir- 
cular objects, such as wheels. The larger top 
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parts, from 7 ft. to 10 ft. square, are made from 
6 in. to 7 in. deep, a mere grating of bars on edge 
about ?in. or § in. thick, the inner bars usually 
being notched on the lower edge, as shown in Figs. 1 
and 2. These notches ought to be square, as shown 
at A A; they hold the sand better than angular 
notches. Smaller sizes are made from 4in. to 
5h in. deep, the bars being not more than } in. 
thick. These have handles cast on two of the 
sides for attaching the crane chains to, and a few 
square projections to form corners for the stakes. 
Thus it happens that if a pattern is of moderate 
dimensions, a man can mould it and cast his mould 
on the same day on which he has taken the job 
on hand. Drysand moulds, on the contrary, 
require some time to dry—usually from two to 
four days, according to the size of the mould; 
and drysand moulds must be portable to admit of 
their being moved on iron carriages into the drying 
stoves; to allow, also, of being turned up ‘‘on 
end,” when by doing so the extra pressure thus 


the part of the foreman or manager of a foundry 
when patterns of unusual form or dimensions are 
presented for moulding. It is not unfrequently a 
doubtful question with him whether it would be 
more economical to make a box and dry in a stove, 
or mould without a box, and dry on the floor. In 
box moulding the pattern can be turned over ; its 
lower side uppermost is then quite accessible, and 
can be easily and effectually rammed. When one 
side is so rammed, the box can be turned again, the 
top part laid on, and the other side of pattern is 
rammed in like manner. Thus the box greatly 
facilitates the moulding process as well as the 
drying, and insures much better work. It also 
admits of the mould being set in any posi- 
tion for casting, up or down a slope, or on 
end, and bears the pressure of casting with 
perfect safety. A manager will usually have a 
preference for making a special box, under certain 
contingencies, when he can see that the box is 
likely to be suitable for other purposes ; for he has 





can be employed for the production of such cast- 
ings ; and then only some bits of patterns are re- 
quired, bits that are of unusual form, and not cir- 
cular or coming within the scope of the loam board. 
And the moulder puts these bits in their proper 
place at the proper time. We purpose describing 
the operation of loam moulding fully in due course, 
and then, among other things, the moulding of a 
large steam cylinder will be described in detail. 


(To be continued.) 





THE GLASGOW IRON AND STEEL 
COMPANY’S WORKS, WISHAW. 
(Continued from page 429.) 

For ten years the basic process of manufacturing 
steel in Bessemer converters was carried on at the 
Wishaw Works, which were well equipped for con- 
ducting this process. The plant was satisfactory, 
and the situation convenient, there being an in- 


clined railway for conveying the hot metal from the 
adjacent blast-furnaces direct to the Bessemer 
vessels. But withal success did not attend the 






































venture, the reason probably being that the raw 
materials were not quite suitable for the making of 
basic pig iron, and in this connection it may be 
stated that the company had at starting some 
thousands of tons of cinder, and their decision to 
make basic steel was probably in part due to the 
desire to convert this into a marketable product. 
The Thomas-Gilchrist process was at that time 
before the public, and the directors and managers 
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given to the lower parts will be advantageous for 
the soundness and density of those parts. These 
moulds must therefore be ‘‘ flasked,” or completely 
inclosed in moulding boxes. Many such boxes, 
capable of taking in patterns of different sizes, must 
be kept among a founder’s stock. This isa cause 
of expense that is avoided, to a great extent, in 
greensand work. Hence the facility and cheapness 
with which castings of ordinary figure and dimensions 
can be obtained in greensand. 

In the case of a pattern of extra large dimen- 
sions, from which perhaps only one casting is 
to be taken, it is not always advisable to 
make a moulding box sufficiently capacious to 
inclose it. It would not pay to do so when only 
one or two castings are wanted. If it must be 
made in drysand, then the only way to avoid the 
expense of a box is to mould it on the floor, but 
in drysand fashion, ramming it up hard with the 
special sand used in that process, and with a top 
part which, when removed, can be dried in a stove. 
After the pattern is withdrawn and the mould 
finished, the ‘‘drag,” as the lower part is called, 
must be dried where it is formed by fires kindled 
around it and suspended over it until the mould 
is dried through a considerable depth. This is 
called ‘‘ drying on the floor,” and will be referred 
to more in detail further on. It is attended with 
much inconvenience ; the smoke and dirt caused 
by drying in this way often interferes seriously 
with other work that is going on in its neigh- 
bourhood. This mode of carrying on a large 
mould is only resorted to under those special 
circumstances when the article is too deep to 
admit of casting in greensand, and when it is 
too large in dimensions to be easily inclosed in 
a box, the cost of which would not be incurred un- 
less a great many castings from the same pattern 
were wanted. Here it may be remarked that con- 
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consulted Mr. Gilchrist on thesubject. The result 
of the joint consideration was the belief that the 
cinder and the iron ore of the district could be 
easily made into basic iron at the blast-furnaces, 
and then converted into basic steel by putting 
down a Bessemer plant adjacent to the blast- 
furnaces. This was the origin of the Bessemer 
steel works at Wishaw. 
_ It was, however, found difficult to make with this 
cinder a basic pig-iron adapted to meet the require- 
ments of making basic steel by the Thomas-Gilchrist 
process. The proportion of phosphorus was too low 
in the one case, and the silicon too high in the other. 
To meet these objections other brands of basic pig 
iron had to be bought in. This, along with the 
heavy loss in blowing, made the Bessemer basic 
steel process too expensive and unremunerative. 
It really could not be carried on, except at a loss to 
the company. Basic steel, moreover, did not find 
poy favour in Scotland, either for shipbuilding or boiler- 
making —— Engineers, shipbuilders, and 
boilermakers had a dread of it, owing to various 
to set against the cost of the box, the greater | circumstances that had transpired at other places, 
facility of moulding, the saving of time in doing so, | and inspectors looked upon it with doubt and sus- 
the saving of coals in drying, the avoidance of | Picion, knowing that the material wassometimes irre- 
smoke, and other inconveniences that moulding on | gular in hardness, on account of the uncertainty in 
the floor involves, with the greater certainty of thoroughly eliminating the phosphorus and sulphur 
turning out a good casting. during the conversion process in the vessels. The 
Loam moulding, which shall be dealt with in tendency to loss in manufacture, and the fact 
extenso by and by, is another method which can be | that there was little demand for this quality of 
adopted when the article is of unusual dimensions, | Steel, while inquiries and large orders were given 
and when the cost of a box would outweigh its ad-| out for Siemens steel at this same time, determined 
vantages. But loam moulding is a still more ex- the company. The only alternatives were to stop the 
pensive process, and is not often resorted to when | works, or have them reconstructed and converted 
a complete pattern is supplied. The principal ad- | on the lines of the Siemens open-hearth process. 
vantage of loam moulding is that a pattern in| The directors naturally decided to adopt the 
many cases is not necessary at all, or at most only latter alternative, and they arranged at the same 
a few parts of patterns, or a mere skeleton form | time to put down two of Head and Pouft 8 new gas 
of the article wanted. A drawing is often all that regenerative horse-shoe steel melting furnaces. 
the moulder requires. Plain drawings, or sections, | These, however, were subsequently departed from. 
sometimes the full size, but not necessarily so, are | Mr. Thomas Williamson was at that time appointed 
sent to the founder, the ‘‘ cast sizes” being figured, |engineer and manager of the steel works at 
i.e., the sizes the castings are to be when cold. | Wishaw; and, in compliance with the request of 
Such drawings are shown in Figs. 3 to 8, and are | the directors, drew up a new set of plans with a 
all that are necessary to the loam moulder to in- | view to the extension of the Siemens process and 
struct him as to the making of such circular rolling mill departments. The general plan was 
articles as these. For example, a plain cylinder | approved of by the directors, by whom instructions 
such as shown in Fig. 3, or a cylinder cover| were given to Mr. Williamson to have the work 
(Figs. 4 and 5), can be made entirely without a | carried out with despatch. Specifications of the 
pattern, because these can be swept or “‘strickled ” | machinery required for the reconstruction were 
from a centre by an outer and inner loam board cut | prepared, the aim meanwhile being to utilise, as 
to the form of the outline of drawing. A large | much as possible, the old plant and the original 
piston (Figs. 6 and 7) in like manner can be swept up | machinery, along with the whole of the existing 
with loam boards. Only plain pieces of wood, the | superstructure, which was to be kept intact. In 
shape of the radial arms with snugs at end, are the new arrangement this system has been adhered 
needed, and these may be in any number required. |to in nearly every respect, except where some 
Fig. 8 shows the only drawing required for a junk | modifications were found necessary, to meet the 
and packing ring. In the case of a steam cylinder of | requirements of the new machinery, foundations, 
intricate form and of large dimensions, with perhaps furnaces, &c. __ ; 
a steam jacket or receiver all round and over one The plan, Fig. 22, on page 536, shows the 
end, and perhaps some awkwardly-formed brackets | arrangement as drawn up by Mr. Williamson, and 
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siderable skill and judgment are often demanded on 





cast on, loam moulding is the only process that it may here be stated that it is only separated from 
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AND STEEL COMPANY’S WORKS AT WISHAW. 


REFERENCE LETTERS. 


B. Steam boilers. 

C. Chimneys. 

P. Gas producers. 

F. Melting furnaces. 
P. Casting pit. 

8S. Hot bloom shears. 
M. Bar cogging mill. 
M. Plate cogging mill. 
82. Hot saws. 

M. Bar mill. 

M. Plate mill. 

M. Large plate mill. 
Ss 

Cc 
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Prete RROorako m 


. Plate shears 

}. Basic converters. 
S. Bar shoot. 

. E. Blowing engines. 
P. Soaking pits. 
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H. A. Hydraulic accumulator. 
. L. Casting ladle. 
. P. Casting pit. 
. 8. Roller shop. 
e. Engines (various). 
E. Mill engines. 
. P. Heating pits. 
. E. Pumping engines. 
. F. Sand furnace. 
. D. Feed donkey. 
W. Weighs. 
. W. Wagon weighs. 
. C. Derrick crane. 
. P. Pulpit platform. 
S. Crop shears. 
. S. Round straightener. 
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GLASGOW IRON AND STEEL COMPANY’S WORKS. 
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the blast-furnaces described in our previous article 
by the main line to Glasgow of the Caledonian 
Railway. The two works are connected by an 
underbridge as shown on the plan, and through 
this bridge there runs a railway connecting the two 
works, and specially arranged for conveying the 
hot metal to the converters used in the Bessemer 
process. This railway has an inclined way over 
the converters ; otherwise the railway system in the 
steel works has been rearranged to meet the new 
requirements. There are, for instance, seven 
railways, all at different levels, in connection with 
the melting furnaces and the gas-producers. A new 
railway is being made by the Caledonian Company. 
It will join the semicircular railways shown in 
the plan. This will give the steel works a new 
road for bringing in their coal and ore, with ample 
accommodation for despatching all their material. 
It really means a great addition to the loading and 
siding railways, as they were formerly much ham- 
pered for siding room. The railway runs through 
a piece of ground which the Steel Company has 
acquired lately with the view to the subsequent 
extension of the works. This extends to about 
30 acres. The new railway is of considerable extent, 
branching off the main Caledonian line at Shield- 
muir, and is quite likely to open up the land for 
other works. 

A general description of the works may first be 
given; the index to the plan will make this the more 
clear. The Bessemer steel-making plant is near the 
entrance gate at the eastern end of the works, with 
a railway overhead from the blast-furnaces north 
of the Caledonian Railway, the blowing and hy- 
draulic engines necessary being placed immediately 
behind the three 7-ton converters. In front are 
several hydraulic jib cranes for transferring the 
ingots from the casting pits into the soaking pits, 
whence they pass to the bar cogging mill 
close at hand. There is thus the minimum 
of handling, and it is all done mechanically. 
Along the southern side of the works are arranged 
the melting furnace in connection with the Siemens 
system, with the gas producers on a low level 
behind. There is a high-level railway behind for 
charging the furnaces, with a low-level railway 
close to the producers. The chimneys and the 
installation of steam boilers are still further to the 
south, with high and low level railways, as shown. 
In front of the melting furnaces is a low-level rail- 
way, on which the 7-ton ladle travels to the casting 
pits close by. A portable steam crane conveys the 
ingots in this case to the soaking pits, whence they 
are withdrawn, as in the case of the Bessemer steel 
ingots, by portable travelling cranes, and swung on 
to the lowering cradles, thence to the live rollers of 
the bar cogging mill. Beyond it, as shown, isa bar 
mill, then a plate cogging mill, and finally a series 
of plate mills, the four with separate driving en- 
gines, and the necessary ingot and waste heating 
furnaces, and shears, saws, &c., all of which we shall 
describe and illustrate presently. 

The only further remark as to the general arrange- 
ment which may be made, is that the 24-in. bar 
mill is retained in its old position, the bar cogging 
mill being shifted nearer the soaking pits, and a 
new engine installed for driving it. Thus the ingot 
passes direct from the casting pits through first the 
cogging, and then the rolling, mills, so that the 
finished bar is completed with the initial heat 
when cast. At the end of the hot saw live rollers 
is a set of three hot rollers for straightening round 
steel bars up to 7 in. in diameter. As they come 
from the hot saws they are passed through the 
straightening rolls and delivered on tothe hot bank 
ready for loading. 

A new plate mill for roughing and finishing has 
been laid down for merchant, boiler, and ship plates. 
It is arranged on the same lines as the bar mills, and 
the ingots pass direct from the casting pit, into soak- 
ing or heating furnaces constructed alongside, thence 
through the slab cogging mill, being afterwards re- 
heated in the floor furnaces, and passed on to the 
plate mill, where it is finally rolled. This process 
is also completed in the initial heat from the cast- 
ing pits. Subsequently a large plate mill was put 
down at the western end of the works for dealing 
with the largest boiler-plates, and of the engine for 
this mill we give a two-page engraving this week. 
The plate mill loading bank is semicircular, 
having a low-level railway of two lines for loading 
up trucks from the high-level loading bank, upon 
which there is a single railway which runs round 
the inside of the embanking wall. A portable crane 
travels along stacking plates and loading them 
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up when they have been passed by the various 
inspectors. ; 

The cogging and bar mills are capable of dealing 
with 100 to 120 tons of finished bars per shift, or 150 
tons of bars and billets, representing a weekly make 
of from 1000 to 1300 tons of finished bars, allowing 
for changing rolls, or from 1100 to 1600 tons 
of billets. This would require a supply of ingots of 
about 1700 tons per week. The plate mill is estimated 
to make from 100 to 120 tons of plates per shift, 
or about 1100 to 1300 tons of plates per week, 
requiring about 1300 to 1700 tons of ingots per 
week. The maximum quantity of ingots required 
is therefore 3400 tons per week. The 25-ton melt- 
ing furnaces, it is calculated, when they are all 
constructed, will give 3500 tons per week, and when 
with one of the furnaces under repair the supply 
from the three Bessemer converters producing from 
100 to 120 tons of Bessemer acid steel per shift, 
or about 1000 tons per week, the mills can easily 
be kept constantly in use. In the event of the 
company making rails, the Siemens steel furnaces 
would be used for the plate mills. The steel works 
would thus be capable of manufacturing about 
130,000 tons of Siemens open-hearth steel and 
about 30,000 tons of Bessemer acid steel, or a 
total of about 160,000 tons of steel, per annum. 
It is further proposed to use the Bessemer steel 
for railway wheel tyres and axles. 

The company, it may be here stated, intend to 
build a new laboratory and testing house, which 
will contain all the latest improvements for getting 
through a quantity of work with speed and accuracy 
to suit all the requirements of the Board of Trade, 
Lloyd's, British Corporation, Bureau Veritas, and 
other such corporations. Other branches of the 
works have been projected in connection with the 
steel works, but will remain in abeyance until more 
prosperous times. Meanwhile the works will 
produce steel practically in all its forms, with 
Mr. T. Williamson as manager. The descrip- 
tion of the works at once testifies to his ex- 
perience and resourceful energy ; but it may be 
here worth while indicating the source of these 
qualities. He commenced his training as an 
engineer in 1857 with the then firm of Messrs. 
Tulloch and Denny, at Dumbarton, and _ has 
since served in works well known—Neilson Rail- 
way Works, Diibs’, Rowan’s Marine Engineering 
Works ; he has had a connection with the railway 
and locomotive and carriage works for India, 
and joined the service of the Steel Company of 
Scotland, in 1875, as works manager at Newton, 
assuming a similar responsible position at Bloch- 
airn when these works were acquired by the 
company. He reconstructed the works for the pro- 
duction of steel instead of iron, and has subse- 
quently designed and superintended the erection of 
various works—including those at Clydebridge in 
1886, and the new steel works of Messrs. John 
Spencer and Sons, Limited, as well as the Wishaw 
Works, and in so doing has originated several im- 
provements ia plants. 

Mr. James Riley, at the beginning of the year, 
accepted the position of general manager of the Glas- 
gow Iron and Steel Company’s works, including also 
the coal, &c., mines, and the malleable iron works 
at Motherwell and Wishaw. Mr. Riley’s career is 
well known, so that we may pass from this personal 
question to our detailed description of the plant, 
with the simple remark that all the auguries point 
to activity for the company under the new r¢yime. 

The Bessemer steel making plant is situated near 
the entrance gate of the works. Through the 
underbridge shown there is a railway leading from 
the blast-furnaces, so that the hot metal can be run 
direct from the blast-furnaces to the converters in 
7-ton ladles and carriages. These are drawn up the 
incline by chain haulage by a stationary engine at 
the top of the incline. The ladle and carriage being 
stopped opposite one of the vonverters, the latter is 
turned down to receive the metal, the hydraulic cylin- 
der by which the metal is emptied being placed 
vertically on the top of the main girders. On the 
crosshead are attached two side-rods, which hang 
down on either side of the ladle and are hooked on 
to it at the bottom. When the ram rises it lifts 
the ladle at the back, the front being hinged. The 
ladle being tipped, the hot metal runs into the 
vessel, which is then itself turned up and the 
blowing commenced, This latter lasts for 25 to 
30 minutes. There is no after-blow with the 
Bessemer acid process. When the metal has been 
sufliciently blown, the vessel is again turned down 
and emptied into a ladle’on a hydraulic crane, 








which is then swung round. The Bessemer pit 
is set with ingot moulds ready to receive the hot 
metal ; when the hot metal has sufficiently set, the 
ingots have the moulds stripped from off them, and 
they are then ready to be transferred to the floor 
vertical heating and soaking furnaces. 

The Bessemer plant, which was made by Messrs. 
Miller and Co., Coatbridge, consists of three 
7-ton converters, which are made of steel shells 
lined with ganister or silica bricks. The vessels 
are manipulated by horizontal hydraulic cylinders, 
each ram having a toothed rack working into a 
pinion fixed on to the end of the trunnion at one 
side, while on the other end the blast pressure is 
taken through and led into the blast box on the 
bottom of the converter. The trunnions are cast 
on toa strong cast-steel blast belt secured to the 
sides of the converter. The blast pressure is from 
25 lb. to 30 Ib. to the square inch, and is supplied 
by a pair of blowing engines made by Messrs. 
Walker Brothers, Wigan. The engines are horizontal. 
The steam cylinders are 42 in. in diameter, and the 
air cylinders 54 in. in diameter, with a stroke of 
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in. ; the air valves are of the most modern type, | 






arranged so that further economy may be obtained by 
forcing air heated by the waste heat from the melting 
furnaces into the bottom of the gas producers along 
with thecold air, by asteam jet blower. These gas 
producers are illustrated on page 536, Figs, 26 to 
32, while in Figs. 33 to 35 on the present page, the 
general arrangement of four producers with flues, 
&c., is clearly shown. The chimney which passes 
through the centre of the four producers is shut off 
by a damperatthe foot of thestack, while branch flues 
are built to the producers. Each is provided with 
a separate damper for shutting off the passage to 
each of the gas producers. Into the producer a 
throat-pipe, belled at each end, is fixed as a blower, 
A steam jet with regulating valve is attached to the 
throat-pipe in the usual manner. The bottom end 
of the throat-pipe is bent in the direction of the 
passage of the gases underneath and into the gas- 
producer grate, and thus the steam blower forces air 
heated by the waste heat from the melting furnace 
flue, along with fresh air, up through the grate-barsof 
the gas producer, thus giving a supply of mixed hot 
air to the gas producer, instead of cold air, as is 
usually the case. The chimneys are 100 ft. high by 
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and work gently with little or no jar. There are 
three receivers, built up of wrought-iron plates, for 
storage. From these the air is conveyed in a large 
main to the Bessemer converters alongside the blow- 
ing engines ; and in the same house isa pair of hori- 
zontal hydraulic pumping engines. They are double- 
acting pumps—one at back and front of each of the 
steam cylinders, which are 26 in. in diameter by 
36 in. stroke. Each of the four plungers is 6 in. in 
diameter and 36in. stroke. They pump into an 
accumulator 24 in. in diameter by 15 in. stroke, and 
are loaded to a working pressure up to 700 lb. per 
square inch. These pumps supply all the hydraulic 
power required throughout the works. 

When working from the Bessemer casting pits, 
the hot ingots are transferred by five hydraulic jib 
cranes of the usual Bessemer type, three for strip- 
ping and transferring the hot ingots and moulds, and 
the other two for putting the ingotsinto the soak- 
ing floor furnaces. They are withdrawn by a 
portable travelling crane from the floor furnaces and 
swung on tothe lowering cradle, which lays the 
ingots on to the live rollers of the bar cogging mill. 
Themills we shall describe later. 

Now as to the Siemens process: nine melting 
furnaces are shown on the plan, but another, making 
10, will be arranged for. These melting furnaces 
are illustrated in detail on page 537, Figs. 23 to 25. 
Their position in the work is shown on the plan, 
Fig. 22. They are nominally of 25 tons capacity, 
but capable of working up to 35 tons per charge. 
They are built on Siemens’ original plan, except 
that the gas chambers, which are underneath, are 
placed inside, while the air chambers are outside, 
and arranged, as shown on the sections. 

The hot gases leaving the furnaces and regenera- 
tors, pass out through the reversing valves into 
the main chimney flue. These flues have been 








5 ft. 6 in. in outside diameter, plated, and lined 
inside with firebrick; each is provided with a 
damper at the bottom of the stack, also with fire- 
doors and manhole doors at intervals in height, 
for repairs, and has projecting ladder steps to the 
top. They arestayed by light wire ropes. 

The melting furnaces, as shown on page 537 
(Figs. 23 to 25), are 24 ft. long by 11 ft. 4 in. in the 
bath, with great depth of blocks ateach end. There 
are the usual three charging doors, and two at the tap- 
ping side, so that pig iron may be thrown in from 
both sides simultaneously, in order to facilitate 
time in charging. For this purpose the level of 
the platform is the same at both sides of the 
furnaces. The furnaces are plated, and bedded on 
transverse double channel girder frames. These, 
again, are carried on longitudinal girders, bedded 
on the side walls, the whole being braced by 
trussed channel girders, and tied longitudinally 
and transversely by strong bolts 2 in. in diameter 
over screws, clamped with steel washers, instead 
of cast iron, to prevent them splitting. The 
charging platform over the valve pit is carried on 
double-channel girders stayed and jack-arched with 
brickwork, levelled up with concrete and covered 
with cast-iron plates. 

The valve pit is large and roomy for a railway to 
run through it, besides allowing plenty of space for 
the gas and air valves. 

There are 14 gas producers, made at the Glas- 
gow Iron and Steel Company’s works at Mother- 
well, These are placed behind but parallel with 
the melting furnaces, as shown on the plan on page 
536, and in sets of four, Fig. 33. There are 10 dry 
bottom producers, as illustrated on page 536 (Figs. 
26 to 29), and four wet bottom producers on Duff's 
patent (Figs. 30 to 32). They are 14 ft. deep and 
10 ft. 6 in. outside diameter, and 8 ft. 6 in. inside 
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diameter, all fitted with cleaning-out doors, poker- 
ing holes, and charging boxes, plated and lined 
with firebrick. They are likewise provided with 
steam pipes and jets, also water pipes in the usual 
manner. A low-level railway runs alongside for 
loading up the ashes for the ash-tip. The gases 
from the producers are taken off in main tubes, 
each having a mushroom valve and gasbox, whereby 
any producer may be shut off during repairs, or 
when not required. The coal-charging platform is 
slightly below the level of the melting-shop floor, 
and is separated from the valve pit under the 
charging platform by a large brick flue, collecting all 
the producer flues into it. From this brick flue all 
the gas valves for the melting furnaces are connected 
in the valve pit. The top walls of this flue carry 
the pig-iron railway to the meltingshop. This rail- 
way is made and arranged so that the hot metal 
from the blast-furnaces may be run up alongside in 
a ladle and carriage and emptied into the melting 
furnaces direct, in order to save time in charging 
and melting. There is a high-level railway over 
the gas-producer coal platform, whereby the coals 
are discharged direct to the producers through 
hopper-bottom or open-ended wagons. They may 
also be made to discharge the washed coal into self- 
acting mechanical feeding hoppers direct to the 
gas producers. It is expected that these producers 
will be able to work with a very low consumption 
of inferior fuel per ton of steel made. 

The casting pit runs along side and under the tap- 
ping platform of the melting furnaces, and is sufli- 
ciently deep and wide for a set of double or single 
ingot moulds. The ladle for conveying the hot metal 
from the taps to the moulds is mounted on a steel- 
framed carriage, and is 7 ft. deep and 7 ft. wide at 
top, with single and double nozzles for emptying 
into moulds. The carriage has four steel wheels, 
with double flanges, one on each side, to prevent the 
carriage getting off the rails. It is pushed by a 
bar attached to the portable steam crane along the 
rails which are fixed on the coping of the casting 
pit. The ladle covers each ingot mould alternately 
as pushed along. A spout at the top side of the 
ladle allows the slag to run into large slag-boxes in 
the pit. The boxes are drawn off the slags, when 
they are loaded on to bogies, and are discharged at 
the tip or slag hill. 

The pits are set with ingot moulds, and the 
bottoms for the casting of molten steel. The 
moulds are stripped by a strong 15-ton portable 
steam crane, which travels alongside the ingot 
casting pit. This is a powerful crane, made by 
Messrs. Flemming, Marshall, and Jack, Mother- 
well. It has steel boiler, steel gearing and 
framing, with heavy cast-iron carriage frames. It 
has a pair of engines 6 in. by 9 in. stroke, geared 
to lift, travel, or slew witha load of 15 tons at a 
radius of 12 ft. 6 in., or 8 tons at a radius of 
22 ft.6in. This crane strips the ingots from the 
moulds, lifting and putting the ingots into the 
soaking furnaces to get them ready for the rolling 
mill. 

Having described the plant for Bessemer 
and Siemens processes, we may now turn to 
the rolling mills and machine tools uesd in working 
the steel to the finished products. There are four 
mills: a bar cogging mill, with rolls 34 in. in dia- 
meter by 8 ft. long, the mill having been supplied by 
Messrs, Miller and Co., Coatbridge, and the engines 
by Messrs. Lamberton and Co., Coatbridge ; a bar 
finishing mill, with rolls 24 in. in diameter by 6 ft. 
and 5 it. 6 in. long, manufactured by Messrs. Miller 
and Co.; a cogging mill, for slab-making, with rolls 
40 in. in diameter by 8} ft. long, made by Messrs. 
Lamberton, with engines by Messrs. Crow, Harvey, 
and Co., Glasgow ; and a large plate mill with rolls 
38 in. in diameter by 8 ft. long, by Messrs. Lam- 
berton, with engines by Messrs. D. Stewart and Co., 
Glasgow. While deferring our illustrations and 
descriptions of these mills and the machine toole, 
&c., we give in our two-page plate this week an 
engraving of Messrs. Stewart’s plate-rolling mill 
engines. 

hese engines are massive in design. The 
cylinders are 52 in. in diameter by 60 in. 
stroke, and the engines are geared in the 
ratio of about 2to 1. The large spur and pinion 
wheels are made of steel, and have straight teeth 
covered over with a neat, serviceable, plated hood 
fitted with steps and handrail. The engines are 
fitted with piston valves and reversing straight- 
link motion. The eccentric-rods have adjustable 

brasses for taking up the wear. The valve motion 


pressure cylinder of the most modern type, having 
steam and handling gear worked from the platform. 
The engines are also fitted with a reservoir oil tank 
fixed on the platform, from which pipes are con- 
ducted to each of the main shaft bearings. Steam 
can also be turned into the oil pipes to clean them 
out should they get choked at any time. Sight-feed 
lubricators are also provided. The engine bed- 
plates are strong and massive, having a large base 
for fixing down to the foundations, which are of 
concrate. The main stop-valve is fitted with a 
screw-stop by-pass valve, so that the engines can 
be started or stopped without opening the large 
valve. Disengaging gear is fitted to the main 
shaft, so that the clutches can be thrown out when 
required. With the engraving before the reader, 
it is scarcely necessary to say that the engines are 
neatly finished, and as we intend in our next article 
to illustrate by detail drawings one of the other 
mill engines, evidences will then be afforded of the 
ample strength specified by Mr. Williamson for all 
the engines and mills. 


(To be continued.) 





TRIPLE-EXPANSION VERTICAL ENGINE. 

WE illustrate on page 544 a triple-expansion 
vertical engine constructed by Messrs. Robey and Co., 
Limited, of Lincoln, and intended for coupling direct 
toadynamo. The general features of the design have 
been arranged with a view to simplifying the construc- 
tion as much as possible, and all details are of such a 
form that they can be easily made or repaired. The 
engine, it will be seen, is of the marine type, and 
being open-fronted all parts are very accessible. The 
cylinders are 8}in., 14 in., and 20 in. in diameter 
respectively, the stroke being 9 in. The designed 
speed is 310 revolutions per minute, at which the indi- 
cated horse-power is 120, the initial steam pressure 
being 150 1b. per square inch. Being designed for such an 
unusually high speed, special attention has been paid 
to the bearings. These are of gun-metal, and are of 
large area, whilst every attention has been given to 
lubrication, which can be easily and efficiently effected 
when the engine is running at fullspeed. The question 
of balancing has also been carefully considered, so that 
the engine runs very smoothly and quietly. A shaft 
governor is used to control the speed; it acts directly on 
the slide valve, and has proved both economical and effi- 
cient. The cylinders are all jacketed, and are fitted 
with drain and relief cocks. A sight-feed lubricator 
insures the easy working of the internal parts. The 
crossheads are of steel, and are fitted with a gudgeon 
having a conical head at one end, and secured with a 
conical split nut and collar at the other. The piston- 
rod is connected to the crosshead by cotters and back 
nut, and hence the removal of the piston is an easy 
matter. Where possible, steel has been substituted for 
cast iron in the columns and frames. 








20-TON ELECTRIC TRAVELLING CRANE. 

WE illustrate on this page and on pages 540, 541 an 
electrically worked travelling crane recently constructed 
by the Yale and Towne Company, Stamford, Con- 
necticut, U.S.A. A special feature of the design is 
the importance which has been attached to lateral 
stiffness. This matter requires particular attention in 
cranesof largespan, since it is difficult to drive both ends 
uniformly, and thus if the framework is flexible hori- 
zontally, the flanges of the wheels are liable to grind 
against the rails on which they run. At the sume 
time horizontal stresses of considerable intensity are 
liable to arise from the inertia of the load both 
in stopping and starting the traversing motion 
of the crane. Inthe present instance these horizontal 
stresses are provided for by subsidiary lattice girders 
placed horizontally, as shown in Figs, 1 to 4. The 
main girders carrying the rails on which the winch 
runs are of the plate type. It will thus be seen that 
the body of the traveller may be said to consist of 
two boxes, rigidly coupled together at the ends, and 
spaced sufticiently far apart for the convenient working 
of the crane chains between them. Three sides of 
each box are of open lattice-work, whilst the third is 
constituted by one of the main plate girders. An 
extremely rigid structure is thus secured, and 
hence the risk of trouble from uneven motion of 
the ends is minimised, whether it arises from unequal 
wear of the wheels, flexibility of the connecting shaft, 
or from imperfections in the track. The horizontal 
stresses on the winch trolley are of less importance, and 
hence its frame has been constructed out of channel 
irons, as indicated in Figs. 5 to 8. The chain sup- 


porting the hook has four falls, two of which are 
wound up simultaneously, being coiled in right and 
left-handed spiral grooves cut in the chain barrel, as 
shown in Figs. 5and6. This barrel is of sufficient size 
to take all the chain required in a single wrap. 





1s reversed by a steam cylinder, with regulating oil 





The motor for traversing the crane is fitted near the 


centre of the span, and drives the traversing shaft by 
means of spur gearing. This shaft is of very stiff 
section considering the work it has to do, as in this 
way the tendency of one end to overrun the other is 
minimised. The adhesion between the wheels and the 
rails on which they run is relied on for traversing the 
crane, racks not being provided. The motors for 
turning and for traversing the trolley are mounted on 
it, the operating switches being, however, all grouped 
together on the attendant’s platform, shown to the left 
of the crane in Fig. 1. The whole of the motors are 
series wound, and rheostats are provided for regulat- 
ing the current through the armatures. The hoist- 
ing gear is ne teat with koth an electrical and a 
mechanical brake, the electrical brake being located 
near the centre of the trolley, and the mechanical 
brake at the left-hand side, as shown in Figs. 5 
and 6. The electrical brake consists of a strap brake 
of ordinary construction applied to the second shaft of 
the hoisting train and provided with a weighted lever 
which tends always to apply the brake. The outer 
end of this lever carries the armature of an electric 
solenoid, which is in circuit with the electric motor 
operating the hoisting gear. Whenever the current is 
turned on to the latter it therefore passes first through 
the solenoid, the effect of which is to raise the weighted 
end of the brake lever and release the strap brake, 
thus leaving the train of gears free to revolve, 
Shutting off the current instantly interrupts the action 
of the solenoid, whereupon the brake is automatically 
applied by gravity and quickly acts to bring the train 
of gears to rest. A change of speeds, by means of back 
gearing, is provided, and is shown (see Fig. 6) on the 
second shaft of the hoisting train, intermediate between 
the electrical and mechanical brakes. A positive or jaw 
clutch engages this shaft with either of the two spur- 
wheels, the clutch being operated by a pair of small 
solenoids provided for this purpose and conveniently 
controlled from the operating cage. 

Details of the automatic mechanical brake are 
shown in Figs. 9 and 10. As already stated, this is 
located at the extreme left-hand end of the second 
shaft, on the opposite end of which is the electrical 
brake. Referring to these figures, the shaft A carries the 
hoisting pinion B, which engages with the shaft as a 
nut by the square-threaded screw, but is otherwisa 
loose. The hub of the pinion carries the follower C to 
which it is keyed. On the end of this follower is a 
projecting quadrant B*. The follower C carries 
by means of four steel keys, a series of friction 
discs X X X, which are driven readily by the 
keys, but are free to rlide longitudinally thereon. 
On the outer end of the shaft A is the fixed follower 
D keyed to the shaft by the key D', and having on its 
inner end a projecting quadrant D? corresponding to 
the quadrant B? of the pinion. The end motion of 
the follower D is limited by the adjusting nut E 
screwed to the end of the shaft, and prevented from 
unscrewing by the pin E!. Surrounding the two fol- 
lowers and fitting accurately but freely thereon is the 
ratchet ring I’, carrying on its internal periphery four 
keys engaging with the second series of friction discs 
Y YY. The longitudinal relationship of the several 
parts is preserved by the follower ring G suitably 
bolted to the ratchet ring. Their action will be under- 
stood from the following : 

When the shaft A is rotated for hoisting, the re- 





action of the load opposes the rotation of the 
pinion B, which remains stationary until the rota- 
tion of the shaft within it causes the screw to move 
the pinion longitudinally on the shaft, carrying with 
it the follower C and compressing the discs between 
the followers C andD. The greater the resistance due 
to the load the greater the pressure on the discs, the 
two series of which are thus frictionally engaged until 
all of the parts B, C, and D become practically united 
and move in unison. This continues so long as hoist- 
ing is maintained. When the motion of hoisting 
ceases or is reversed, the backward rotation of the 
ratchet ring F is prevented by suitable pawls, thus 
also preventing backward motion of the friction disca 
Y Y. Theshaft A being positively driven in the re- 
verse direction by the motor, while the pinion B is 
held from rotating by the reaction of the load, the screw 
now acts to move the pinion in the contrary direc- 
tion to that in which it moved during the act of 
hoisting, or, in other words, to unscrew the pinion on 
the shaft, and release the pressure on the follower C, ” 
ing to force the two sets of friction discs into 
engagement. When this unscrewing of the pinion has 
proceeded to a point which reduces the pressure on the 
discs below the amount required to hold them in fric- 
tional engagement, the follower C begins to rotate in 
the same direction in which the shaft A has been 
moved, or, in other words, to follow it, this in turn 
permitting the pinion to move in the same direction 
and to the same extent. This backward rotation of 
the pinion B and follower C being produced by the re- 
action of the load, and therefore tending to accelerate, 
quickly overtakes the motion of the shaft A, the effect 
of which is precisely the eame as that produced in 
hoisting when the shaft A rotates in the other direc- 





tion and the parts B and C are stationary. In 
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other words, the effect of this overtaking is to 
lock the friction discs together by end 
In point 
of fact this does not occur, for the reason that the shaft 
is continuously moving backward, thus tending always 
to again unscrew the pinion and release the pressure 
The effect of 
these opposing forces is, theoretically, to produce a 
series of alternate engagements and releases of the two 
series of friction discs, but this action takes place with 
such rapidity as to be imperceptible to the senses, the 
actual result being a smooth, uniform, and steady 
lowering of the load, which continues so long as the 
shaft A is rotated backward by power, but which 
automatically ceases at the instant when the shaft A 
The device 
works with perfect quiet and smoothnees. The 
function of the projecting quadrants B* and D° 
is to compel prompt coincidence between the move- 
When the shaft A 
carrying the follower D is reversed by the action of 
the electric motor, its movement is so quick that the 


again 
pressure, and to bring the load to rest. 


of the follower C on the friction discs. 


comes to rest, or its motion is reversed. 


ment of the several parts. 


pinion B, being dependent upon gravity to move it, 
acts more slowly. 


the pressure on the discs too much and too quickly. 


This is prevented by the action of the two quadrants, 
that on the follower D engaging with the one on the 
pinion B when the shaft has moved through an angle 
of about 90 deg, The engagement of these projecting 
quadrants enables the follower D to positively rotate 
the pinion Bin the same direction, thus putting the 
latter quickly into motion, after which, the force of 
gravity supplied through the load causes the pinion to 
rotate backward in substantial coincidence with the 


backward rotation of the shaft A, as above ex- 
plained. 

To prevent the unpleasant noise which would ensue 
if the pawls working in the ratchet F were permitted 
to click during the act of hoisting, an ingenious de- 
vice is added whereby they are rendered silent. This 
consists in prolonging the pinion shaft A, and in provid- 
ing on its outer end a light spurwheel with cut teeth of 
small pitch. This in turn drives a smaller wheel keyed 
to the shaft on which the pawls are swivelled. From 
this it follows that whenever the shaft A rotates in 
the direction for hoisting, the pawl shaft rotates in the 
contrary direction, and tends by frictional effect to turn 
the pawls in a direction which leaves them outof engage- 
ment with the ratchet wheel. When this motion is re- 
versed the contrary effect follows, and the pawls are 
thrown into engagement with the ratchet wheel. Each 
of the pawls is provided with an internal bronze fric- 
tion block, behind which is a spring pressing the block 
against the shaft, the pressure of this spring being 
adjusted by suitable nuts. Each pawl is counter- 
weighted, so that it tends always by gravity to engage 
with the ratchet wheel. The friction block, however, 
produces sufficient effect to compel the pawl to en- 
deavour to move with the shaft on which it is 
mounted, in whichever direction the latter revolves, 
During hoisting, therefore, both pawls are held out of 
engagement with the ratchet wheel, but when lower- 
ing occurs are instantly thrown into engagement 
therewith. The pawls are differential in length, so 
that the ratchet ring cannot move backward more than 
one-half the pitch of its teeth. 





THE TABOR INDICATOR. 

We illustrate on this page an indicator of American 
origin, which is now being introduced into this country 
by the Globe Engineering Company, 38, Victoria- 
buildings, Manchester, and is specially intended for 
use with high-speed engines. A special feature of the 
instrument is the means by which astraight-'ine motion 
is obtained for the pencil point. As will be seen, this 
is carried at the end of an arm coupled at its other end 
by a link to the body B of the indicator cylinder, and 
at an intermediate point by a second link to the top of 
the piston-rod. A little roller running ona pin screwed 
into the pencil arm works in a cam groove, as shown. 
This groove is so shaped that the pencil point has a 
perfectly true right-line motion, and, as will be seen, 
the weight of the moving parts is very small, so that 


there is little or no distortion cf the diagram by inertia, | 


even at high speeds. The device works with very 
little friction, which no doubt is largely due the excel- 
lent workmanship expended upon the rubbing sur- 
faces. Another interesting point about the instru- 
ment is the reducing motion for driving the barrel. To 
this end a wormwheel is attached to the bottom of 
the barrel, and gearing with it is a many- 
threaded worm. A series of pulleys of different 
diameters can be mounted on the stem of this worm, 
on which, however, they run loose, By means of a 
small clutch operated by the milled head A these 
pulleys can be coupled up with the worm stem. A 
line is wrapped round the pulley and coupled direct to 
the crosshead of the engine. By slackening the nut 
shown at the bottom of the indicator barrel the whole 
of this reducing gear can be removed, and a cord 


The effect of this would be to 
permit considerable unscrewing of the pinion on the 
shaft before the latter began to rotate, thus releasing 


THE TABOR 





INDICATOR. 


























teeth 2-OS pitch 


pulley and guide of the usual type substituted. The 
pressure of the pencil against the barrel is regulated 
by the screw stop C, which can be brought into con- 
tact with the fixed stop D, and adjusted so that the 
pencil lightly touches the paper. A guard nut is pro- 
vided to prevent slacking back. The springs used are 
|of the duplex type, and can be very easily put in 
place. Their accurate working is provided for by 
connecting the piston-rod to the piston by means of a 
ball-and-socket joint. The piston itself is exceedingly 
light, and its tightness is secured by turning four 
grooves round it, past which any escape of steam has 
to leak. The cylinder in which the piston works has 
a double wall. The outer, being of stout metal, is 
intended to prevent damage to the inner wall, inside 
of which the piston works. This latter is only attached 
to the outer cylinder at its lower end, and so can 
hardly be injured even by severe blows to the outer 
| jacket. The leakage past the piston escapes into the 
|annular space between the two walls, and thence 
through suitable holes into the outer air. The whole 
instrument is beautifully made, and is packed with its 
accessories into a walnut box fitted with a handle for 









































convenient carriage. An excellent treatise by Mr. 
A. G. Brown, explaining the use of the instrument, is 
also published by the Globe Engineering Company. 





Souru Arrican Coat —A discovery of coal is reported to 
have been made upon the Roodeport farm. The spot is 
midway between Bloemfontein and Kimberley. 





Lean’s Royat Navy List.—A new issue of this most 
serviceable list has just been issued, and although 
directories do not, as a rule, provide interesting reading, 
the perusual of the list here recalls, in the recurrence of 
names of famous sailors and ships, many brilliant feats in 
history, while appended to the book are notes of merito- 
rious service for which reward has been granted. But the 
great majority of those who consult the book will doso for 
mere utilitarian purposes, and in this connection it would 
greatly add to the the interest, if not also the utility of 
the list, if sone information were given as to salaries or 
wages. This need only be given separately in the case of 
the heads of depart ts, chief assistants, &c., while the 
range of wages for each class of officer might be indicated 
at the head of the list of such officers, 
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20-TON ELECTRIC TRAVELLING CRANE 
CONSTRUCTED BY THE YALE AND TOWNE MANUFACTURING COMPANY, STAMFORD, CONN., U.S.A. 
(For Description, see Page 539.) 
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Nove. ANTISEPTICS;: ERRATUM.—In the Note, ‘* Novel 
Antiseptics,” in our issue of last week, page 518, read : 
‘These bases, ethyline-diamine and its derivatives, com- 

unds derived from the chlorobydrines,” &c., instead of 
‘ derivatives contain compounds.” 









































Bere1an Stream SHIPBUILDING.—The Jobn Cockerill 
——— has launched from its Hoboken yard a mail 
steamer built for the Belgian Government, and intended to 
be employed in the Ostend and Dover mail service. The 
steamer, which has. been named the Rapide, is 300 fb. 
long, 30 ft. wide, and 22 ft. deep. The engines of the 
Rapide can develop a force of 6500 horse-power. The 
: John Cockerill Company is now completing in its Hoboken 
sail yard a steamer for the Congo, another for the Dnieper, 

gt two for the Volga, and four for the Amour, 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—The warrant market was 
steady but very quiet last Thursday forenoon, only some 
5000 tons of Scotch iron changing hands. The only altera- 
tion reported in prices was 1d. of a gain in Cleveland iron. 
In the afternoon the market remained very steady, with 
but few sellers about. The turnover was between 5000 
and 6000 tons, again entirely confined to Scotch warrants, 
which, after being done at 42s. 4d. and 42s. 43d. per ton 
cash, left off, as in the forenoon, at 42s. 34d. buyers. At 
the close of the market the settlement prices were—Scotc 
iron, 42a. 3d. ; Cleveland, 34s. 6d.; Camberland and Middes- 
brough hematite iron, respectively, 42s. 104d. and 41s. 6d. 
per ton. There was more business doing on Friday fore- 
noon, and the tone was strong. About 15,000 tons of 
Scotch iron were dealt in, some of it being for ‘‘ bear” 
covering purposes, and the cash price advanced 2d. per 
ton. Cleveland was idle, but quotably 1d. per ton 
dearer. Several lots of Cumberland hematite iron changed 
hands, and the price rose 1d. per ton, and, in sympathy, 
Middlesbrough hematite iron advanced in price 14d. per 
ton. A good business was also done in the afternoon, 
the turnover reaching nearly 20,000 tons, of which 
15,000 tons were Scotch. Prices advanced further—from 
1d. to3d. per ton. The settlement prices at the close were, 
respectively, 42s. 74d., 34s. 9d., 433., and 41s. 104d. per ton. 
On Monday forenoon a fair amount of business was done. 
From 7000 to 8000 tons of Scotch and 2000 to 3000 tons 
each of Cleveland and hematite iron were dealt in, prices 
showing an easier tendency, the losses from Friday 
ranging from 4d. to 2d. per ton. In the afternoon a 
moderate amount of business was done, the turnover 
amounting to about 10,000 tons, of which 6000 tons were 
Scotch iron. Scotch closed, as in the forenoon, at 
42s. 54d. cask buyers, but other sorts were 1d. to 
14d. down in price, and the settlement prices were 
42s. 6d., 34s. 74d., 422. 104d., and 41s. 74d. respectively. 
While business was still very quiet on Tuesday foranoon, 
the tone of the warrant market was good. About 6000 
tons of Scotch and 2000 tons each of Cleveland and 
hematite iron changed hands, and at advancing prices, 
from 4d. to 3d. per ton. A large amount of business was 
done in the afternoon, the turnover being at least 20,000 
tons, all Scotch, the cash price of which rose to 42s. 10d. 
per ton. The closing settlement prices were, respectively, 
423, 9d., 343. Yd., 433. 14d., and 41s. 74d. per ton. Business 
was very quiet this forenoon. Only a few lots of Scotch 
iron—about 2000 tons—were sold. Prices were a shade 
higher. Business was quiet in the afternoon, and on 
Scotch iron being somewhat ostentatiously offered, the 
price fell to 423. 94d. sellers, The settlement prices were : 
423. 9d., 34s. 104d., 43s., and 41s. 9d. per ton, respectively. 
The following are the current quotations for some of the 
special brands of No. 1 makers’ iron: Clyde, 48s. per ton; 
Gartsherrie, Summerlee, and Calder, 50s. ; Coltness. 51s. 6d. ; 
Langloan, 61s.—the foregoing all shipped at Glasgow ; 
Glengarnock (shipped at Ardrossan), 493.; Shotts (shipped 
at Leith), 523.; Carron (shipped at Grangemouth), 54s, 
per ton. There are now 74 blast-furnaces in actual opera- 
tion in Scotland, one having been temporarily blown 
out at Carnbrae Iron Works. Four are making basic 
iron, 30 are working on hematite ironstone, and 40 are 
making ordinary iron. At this time last year there 
were 67 furnaces blowing. Last week’s shipments of pig 
iron from all Scotch ports amounted to 8695 tons, as 
compared with 4588 tons in the corresponding week 
of last year. They included 250 tons for Canada, 
200 tons for South America, 455 tons for Australia, 
775 tons for Germany, 585 tons for China and Japan, 
smaller quantities for other countries, and 6032 tons coast- 
wise. The stock of pig iron in Messrs, Connal and Co,’s 
public warrant stores stood at 283,754 tons yesterday after- 
noon, against 283,914 tons yesterday week, thus showing 
a reduction for the week amounting to 160 tons. 


Finished Iron and Steel.—There is a fair number of 
inquiries in the market for unbranded qualities of finished 
iron for the Kast, but makers here cannot success- 
fully compete with Belgian manufacturers, who are 
quoting 1s. to 1s. 6d. per ton below Scotch makers. The 
steel trade is still in a most unsatisfactory condition. 
Prices are weak, and as low as 4/. 12s. 6d. per ton for 
plates, less 24 per cent., is said to have been accepted. 
It is said, however, that a more hopeful feeling is arising, 
and it is thought that the settlement of terms of peace 
between Japan and China may have an improving effect 
on these two branches of industry. 


Glasgow Copper Market.—Copper was not much in de- 
mand last Thursday forenoon, but prices were firm at 
the previous night's figures. One lot (25 tons) brought 
40/. 16s. 3d. per ton three months. There was more doing 
in the afternoon, when 100 tons changed hands. The 
quotations were firm but unaltered. Friday’s forenoon 
market was active, the turnover being estimated at 300 
tons. There were one or two selling orders on the 
market, but all that was absorbed, and prices were firm 
at an advance of 1s. 3d. per ton. In the afternoon other 
100 tons were dealt in, and the close was unchanged for 
cash, but the three months’ price gave way 1s. 3d. One 
lot of copper was sold on Monday forenoon at 40l. 23. 6d. 
cash in 21 days. In the afternoon a fair amount of 
business was done, 150 tons being dealt in at round 
401. 53. per ton for June 27. Forcash the price fell 2e. 6d. 
per ton, and for three months 1s. 3d. per ton. The 
market was firmer yesterday forenoon, when 50 tons 
changed hands abt 40/. 1s. 3d. per ton cash, the close being 
401. 22. 6d. per ton buyers—a gain of 3s. 9d. No business 
was reported in the afternoon, but the closing quotations 
were 40/ 3s, 9d. per ton cash buyers, and 40/. 12s. 6d. three 
months, making an advance on the day of 5s. per ton, At 
both sessions the copper market was firm and steady, and 
the sales amounted to 100 tons, 





Royal Scottish Society of Arts.— The eleventh meeting 
of the present session of this Society was held last Monday 
evening, Mr. William Taylor, president, in the chair. 
Mr. Alex. Fraser gave the second part of a communica- 
tion ‘‘ Ona Graphic Method of Recording Weather Obser- 
vations.” Mr. Wm. Penman, C.K., described a method 
of adapting the Welsbach incandescent gaslight for 
ordinary optical lantern work as improved by special 
oxygen supply attachment. 


West of Scotland Iron and Steel Institute.—The closing 
meeting of the third session of this Institute was held 


h|lasb Friday evening, the president, Mr. James Riley, 


occupying the chair. Very favourable reports by the 
secretary and treasurer for 1894-95 were submitted and 
unanimously adopted, and then the annual election of 
office-bearers took place. Mr. A. Humboldt Sexton, 
M.I.M. and M., Professor of Metallurgy in the Tech~ 
nical College, was elected president in succession to Mr. 
Riley, and the new vice-presidents were Messrs. George 
Baird and Thomas Williamson. An interesting dis- 
cussion followed on a paper read at the preceding 
meeting by Professor W. H. Watkinson, the subjact of 
which was, ‘‘The Application of Blast-Furnace Gases 
to Gas Engines.” Then followed a discussion on Mr. 
Andrew Lamberton’s paper on “Suggested Improve- 
ments in Handling and Shearing Steel Plates.” A paper 
by Mr. George Ritchie, F.C.S., on ‘‘ Water-Gas,” was 
held as read, so that ib might be published in the new 
volume of the Institute Journal. The author chiefly 
dealt with what he had seen in the way of using water- 
gas as fuel in Germany. The Institute isin a very healthy 
state, and has good prospects. 


New Shipbuilding Contracts. — Messrs. James and 
George Thomson, Limited, Clydebank, have contracted 
to build a large twin-screw steamer for the Russian 
Volunteer Fleet. The vessel is to be similar to the 
Vladimir, which was recently launched by Messrs. Wil- 
liam Denny and Brothers, Dumbarton.—Messrs. Thom- 
son and Mackie, Govan, have closed an order to build 
a steel screw coasting steamer of 600 tons for Messrs. 
R. B. Ballantine and Co., Glasgow. The engines, which 
are to be of the triple-expansion type, will be supplied by 
Messrs. Muir and Houston, Glasgow. 


New Shipping in Hands on the Clyde.—It is estimated 
that the work on hand in the various shipbuilding yards 
on the Clyde amounts to about 299,000 tons, compared 
with 264,000 tons at this time last year. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
large attendance on ’Change, the tone of the market was 
cheerful, and a good deal of business was done. Makers 
were very firm in their quotations, and as there is not 
a great deal of pig in second hands, buyers in several 
cases had to pay producers’ prices. The continued ex- 
ceptionally heavy pig-iron shipments beneficially in- 
fluenced the market, and information from other iron- 
producing centres was of such a character as to have a 
favourable effect upon affairs here. Inquiries for for- 
ward delivery were pretty numerous, but not much 
business ahead was transacted, buyers not being pre- 
pared to pay more for delivery over the next six months 
than for prompt delivery. Sellers, however, would 
not listen to such terms. Several makers who are fairly 
well sold were not at all anxious to enter into further 2on- 
tracts, believing that by waiting a little while they will 
be able to obtain better prices than rule at present. At 
the opening of the market No. 3 g.m.b. Cleveland pig 
iron changed hands at 34s. 9d. for prompt f.o.b, delivery, 
but later on 34s. 104d. was pretty freely paid, and at the 
close 25s. was generally asked by sellers. Few, if any, of 
the makers would quote below the last-mentioned price. 
No. 1 was 36s. 9d. Sellers asked 34s. for No. 4 foundry 
and 33s. 6d. for grey forge. Middlesbrough warrants 
opened 34s. 8d. and ciosed 34s. 9d. cash buyers. Local 
hematite pig was a little better, but the supply was 
very plentiful. For early delivery of mixed numbers 
42s. was the sellers’ price. To-day there was no change 
in prices for makers’ iron. Middlesbrough warrants sold 
at 34s. 104d. and closed 343. 94d. cash buyers. 


Manufactured Iron and Steel.—Although several people 
connected with these two important branches of the staple 
industry opine that the tone is somewhat better, and that 
an improvement is at hand, it is really very difficult to 
discover substantial grounds for such belief. An impres- 
sion prevails that the conclusion of the China-Japan war 
will benefit this district by sending orders here, and the 
general improvement in other trades is expected to favour- 
ably influence finished iron and steel. There is said to be 
a little more inquiry for plates. At present, however, 
some firms find it no easy matter to keep their establish- 
ments going, in spite of the continued low prices. Quota- 
tions are pretty much the same as those last mentioned, 
viz. : Common iron bars, 41, 15s. ; best bars, 5/. 5s.; iron 
ship-plates, 4/. 15s.; steel ship-plates, 4/. 12s. 6d. ; iron 
and steel ship-angles, each, 4/. 103. ; and heavy sections of 
steel rails, 37. 123. 6d. net at works, all less the customary 
2 per cent. discount for cash, except rails, which are net 
at works. 

The Coal and Coke Trades.—The coal and coke trades 
alter very little. On Newcastle Exchange best North- 
umbrian steam is quoted 8s, 9d. f.o.b., and small steam 
varies from 33. 9d. to4s, Gas coal is said to be in rather 
better request at about 63. 6d. f.o.b., but we understand 
that another contract for gas coal for Leyden has gone to 
Germany. Manufacturing coal keeps quiet. There is an 
abundant supply of bunker coal a prices are weak. If 





anything, coke is firmer. Local consumption is large, a 











good dealis being sent to north-west users, and there are now 
inquiries for the Baltic. For good blast-furnace qualities 
delivered here 123. 3d. has to be paid, and odd trans.- 
actions have been recorded at an even higher figure, 





NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday, 

Death of an Eminent Engineer.—The death is announced 
of Mr. Joseph Mitchell, of Bolton Hall, engineer and 
colliery proprietor. In his earliest manhood he was 
chiefly engaged in mechanical engineering, and was carry- 
ing on the Dearne Steel Works, Worsborough Dale 
when the Swaithe Main Colliery, of which his brother 
was in charge, fired. This was on December 6, 1875 
and 140 lives were lost. The shock of this caused 
the death of deceased’s father, who was then sink. 
ing the Mitchell Main Colliery, and the son con- 
ducted the operations to a successful conclusion, be- 
coming managing director of tae company, a position he 
held to the day of his death. Deceased was eminently 
successful as a mining engineer, and was consulted on ail 
hands in the South Yorksbire and other coalfields ; and 
asan arbitrator in mining disputes, and a Parliamentary 
witness in mining, railway, and trade matters, was much 
esteemed. Deceased was connected with many scientific 
and mining institutes. A member of the Midland In- 
stitute of Mining, Civil, and Mechanical Engineers from 
the beginning, he became its secretary and treasurer in 1879, 
and succeeded in placing its finances on a sound footing. In 
1890 he resigned his post, and was succeeded by his son, 
Mr. T. W. H. Mitchell. Twice subsequently deceased 
was elected president of the Institute, and at all times his 
part in the discussions had a marked influence. Deceased 
was M. Inst, C.E., F.G.S., a member of the Iron and 
Steel Institute of the North of England and other mining 
institutes, and a vice president and member of the 
Council of the Federated Institute of Mining Engineers. 
He was 54 years of age, and leaves a widow and family of 
three sons and a daughter. 


Strike at North Gawber and Woolley Collieries. —The men 
employed at these collieries have brought out their tools, 
having worked out their notices to leave their employment. 
The hands, some 1000 in number, have for a long time 
past complained of various grievances, no one of which 
appears to be very serious, though in the aggregate of con- 
siderable importance. The men have frequently asked 
for the consent of the Yorkshire Miners’ Association to 
strike, and they no sooner got it than they acted upon it. 


The Future of the Heavy Trades.—Major Stoddart, 
J.P., managing director of the Parkgate Iron and Steel 
Company, Limited, in the course of an address on Satur- 
day, asked what was the cause of the present depression 
of trade at Parkgate. They had lost many markets. In 
his time the principal countries which took material from 
those works were Norway, Sweden, Holland, Denmark, 
Germany, and Russia. To-day they did not send a soli- 
tary pound abroad. As to steel, the probability was that 
if there was a demand for rails in England, America 
would not hesitate to send steel rails over the seas. In 
Great Britain the railway system was practically com- 
pleted, and for years there had been no extension sutti- 
cient to create a large demand for material. Steel was 
rapidly replacing iron. Seventy-five per cent. of the out- 
put of the Parkgate Works was in steel, and only 25 per 
cent. in iron, as against a total output in iron formerly 
existing. As to the present outlook, it seemed to him 
that they were going in for a long psriod of depression. 
If the depression should_last for a series of years, it was 
difficult to say what was going to become of them all. 
To his mind it would ba a case of the survival of the 
fittest, and he thought a large number of the works must 
shut up. There is no improvement to note in the iron, 
steel, or coal tradés. 





NOTES FROM THE SOUTH. WEST. 

Cardiff.—Steam coal has been less active, and sellers 
have reduced their terms both for immediate and forward 
shipments; the best descriptions have been obtainable 
at 9s. 9d. to 10s. 3d., while secondary qualities have 
brought 9s. 6d. per ton. Milder weather has had a de- 
pressing effect upon the household coal trade; No. 3 
Rhondda large has made 10s. to 10s. 3d. per ton. Coke 
has been dull ; foundry qualities have made 15s. to 16s. 
per ton, and furnace ditto 12s. 6d. to 13s. 6d. per ton. Tron 
ore has shown little change; the best rubio has made 
lls. to 11s. 3d. per ton. As regards the manufactured 
iron and steel trades, Bessemer steel has been in fair 
— and the tinplate outlook has somewhat im- 
proved. 


New Tug for Devonport,—In order to meet the require- 
ments of the fleet at Devonport, the Admiralty have de- 
cided to provide an additional tug. Thenew vessel, which 
has been designed by Sir W. H. White, K.C.B., Director 
of Naval Construction, will be an improvement on the 
Dromedary, recently delivered at Portsmouth. Although 
she will be co smaller than the Dromedary, it is 
intended, if possible, to give the Devonport tug engines 
capable of developing 1500 indicated horse-power, or 250 
horse-power more than can be attained by the Dromedary. 
The approximate dimensions of the new tug will be: 
Length, 140 ft.; breadth, 27 ft.; mean load draught, 10 ft. ; 
displacement, 650 tons. The tug will have bunker capa- 
city for 80 tons of coal. Her total cost will be about 
27,0007. She will be built by contract. 


The ‘‘ Renown.” —The line-of-battle ship Renown, which 
has been in course of construction at Pembroke Dockyard 
since January, 1892, will be launched on May 8. The 
Renown is a twin-screw armourclad 380 ft. in length, 72 ft. 
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— eadth, and 26 ft. 9 in. draught, her displ t 
: dth, an . 9 in. draught, her displacemen 
in 2,448 tons. She is sheathed with teak wood from 
the keel to above the water line. The launching arrange- 
ments are well advanced, and the engineers have fixed in 

Jace the after length of shafting and two of the propeller 
blades on the starboard side. They are awaiting the 
arrival of the necessary shafting to complete the work on 
the port side of the ship. It has been thought desirable 
to fix two blades only on each side before the launch, soas 
to reduce to a minimum the possibility of the propellers 
getting entangled in the mooring chains at the pier and 
elsewhere. 

The Electric Light at Cardiff.—A meeting of the light- 
ing committee of the Cardiff Town Council was held on 
Tuesday. The committee agreed to extend the mains i 
Newport-road, as far the corner of Castle-road, throug 
West-grove to Mr, Howell’s new house at the lower end 
of Richmond-road, and throvgh Charles-street to the 
baths in Guildford-crescent. The estimate for the New- 
port-road section was 1500/., and for the Charles-street 
section 3607. Mr. Alderman Lewis remarked incidentally 
that the electric light in Cardiff was the weakest he 
had seen, and this he attributed to opaque lamps. The 
Mayor said the opaque lamps were considered the best. 
Clear glasses had been tried in the Hayes, and were a 
failure. Besides, Major Cardew, R.E., who came down 
in connection with the telephone wires, and was an 
expert on electricity, stated that the lamps and street 
lighting ab Cardiff were as good as any in the country. 


Bristol and London.—The last a report of the 
Great Western Railway Company showed that a new 
through route from London to the west of England was 
about to be established, and some fear has been expressed 
that this new line may deprive Bristol, to some extent, of 
the excellent passenger service which the city ab present 
enjoys. It is understood that the new route will branch 
off at Durston, and run thence over the Yeovil line at 
Langport, from which station a short line is to be made 
to Castle Cary to connect with the present Weymouth 
line, over which traffic will be carried as far as Westbury, 
whence a new line will be constructed to a point about 
three miles above Devizes; trains will then run over the 
present line vid Hungerford to Reading, and so on to 
London. It has been publicly stated by a prominent 
local official of the Great Western that in all probability 
the present railway facilities enjoyed by Bristol will not 
suffer in the slightest degree, but that, on the contrary, 
it is quite possible that the accommodation, both as 
regards passenger and goods traffic, may be considerably 
increased when the new route is opened. Plans are bein 
prepared with a view to the purchase of the lands ee om | 
for the section between Stert and Westbury, and to the 
letting of a contract for the necessary works. Applica- 
tion is being made to Parliament in the present session 
for a revival of lapsed powers as regards the Langport 
and Castle Cary section ; the doubling of the line between 
Hungerford and Stert is to be commenced immediately ; 
and preparations are being made for doubling the line 
between Langport and Durston, advantage being taken 
of this opportunity to raise it above flood level. 


South Wales Institute of Engineers.—The annual meet- 
ing of the South Wales Institute of Engineers was held at 
Park-place, Cardiff, on Thursday, under the presidency 
of Mr. A. J. Stevens. Mr. T. Evans, M. Inst. C.E., 
Cardiff, and Mr. H. K. Jordan, F.G.S., Newport, were 
elected vice-presidents, while the following members were 
elected on the council: Messrs. T. Jones Price, B.A. 
¥.G.8., Neath; J. T. Green, Clifton; J. R. Bennett, 
sristol ; W. D. Wight, Ystrad-Rhondda; G. W. Wil- 
kinson, Risca; and H, T. Wells, Pontypridd, Mr. R. 
Jordan replied to certain strictures on his paper on ‘‘ Coal 
Screening,” which was read at a previous meeting. Mr. 
Deakin, Mr. J. Barrow, and others took part in the dis- 
cussion which followed, Mr. Barrow stating that he 
was favourably impressed with Mr. Jordan’s screen. 
A long discussion took place on Mr. M*‘Murtrie’s 
paper on the variation in pressure in Oornish and 
other pumps, in connection with which another paper 
by Mr. E. H. Hann, M.I.C.E., on an outburst of water 
and the means of dealing with it, was considered. A 
paper by Mr. J. Parry on the chemistry of iron and 
steel was discussed at considerable length. The only new 
point raised was by Mr. E. P. Martin, who desired to 
know how the quality of the metal was affected by 
hydrogen. Mr. Parry was not prepared to answer this 
question on the spur of the moment, and suggested that 
it was a good subject for a paper. 


Talcen Maur.—Lord Penrhyn has decided to remove 
Talcen Mawr, a high rocky pinnacle in the centre of his 
slate quarry. The rock has been rendered unsafe by the 
action of the weather, and it is proposed to remove it to- 
morrow (Saturday) by exploding 7 tons of gunpowder. 


Newport Dry Dock, &e., Company.—The accounts of 
this company for the half-year ending March 31 show a 
profit of 7807. Out of this sum the directors recommend a 
dividend at the rate of 44 per cent. a annum, leaving a 
balance of 182/. to be carried forward. 


Bristol Docks.—Bristol dock revenue for 1894 amounted 
to 112,168/., as compared with 95,933. in 1893, 94,8117. in 
1892, and 95,7611. in 1891. Last year’s revenue exhibited, 
it will be observed, the substantial increase of 16,235/. 
The dock extension at Avonmouth has been completed, 
and the timber ground has been largely used. 








More Exurpitions.—A movement has been started at 
Montreal for holding a World’s Fair there in 1896. Ib is 
also proposed to hold an international mining exhibition 
at Denver during the summer of 1896. 


MISCELLANEA. 
THE Board of Trade have sanctioned the application of 
the cable system of traction to the Newcastle-on-Tyne 
tramways. 


Effort is being renewed to awaken public interest in 
Swansea and district with the long-entertained proposa. 
to canalise the River Tawe, which, it is believed, would 
result in great gain to the port of Swansea. 


Satisfactory progress is being made in the construction 
of the railway to the summit of Snowdon, and the engi- 
neer expresses the opinion that the line will be in opera- 
tion during the greater part of the tourist season this 
year. 


The traffic receipts for the week ending April 14 on 33 
of the principal lines of the United Kingdom amounted 
to 1,522,1791., which was earned on 18,728} miles. For 
the corresponding week in 1894 the receipts of the same 
lines amounted to 1,434,326 , with 18,522} miles open. 
There was thus an increase of 87,853/. in the receipts, and 
an increase of 206 in the mileage. 


To facilitate the building operations now in progress 
in Great George-street for new premises for the Institu- 
tion of Civil Engineers, it has been found desirable to 
abridge the session, so that before the recess only the 
special meeting on May 2 and the annual general meeting 
on May 28 will be held, and these at the Royal United 
Service Institution. 


The London Chamber of Commerce are informed that 
it is officially announced in Bordeaux that the Bordeaux 
International Exhibition will be opened to the public on 
and after ae May 4, next, and intending exhibitors 
who have already had space allotted to them, but have not 
yet sent their goods to Bordeaux, are reminded that. if 
exhibits are not received at Bordeaux in due time, the Ex- 
hibition authorities will consider themselves at liberty to 
dispose of such space otherwise. 


The New South Wales Minister for Works has just 
published another annual report, copiously illustrated 
with large and beautifully-executed photo-engravings, 
plans, and maps, showing the remarkably substantial 
character of the leading public works under his control, 
and enabling persons resident in the United Kingdom 
and elsewhere to form some adequate idea of the practical 
manner in which the public funds of the colony are ex- 
pended in this direction. 


The annual meeting for the election of officers of the 
Leeds Association of Engineers was held on April 11 in 
the lecture-room of the association. The following now 
constitute the executive: President, Mr. Sam Thoraton ; 
vice-president, Mr. James Bowers; committee, Messrs. 
Alfred Atkinson, T. Craister. B. Dean, J. C. Jefferson, 
Robert Lupton, and Joe A. Tempest; librarian, Mr. W. 
H. Drake; auditors, Messrs. W. J. Dickinson and 
Charles Porter; treasurer, Mr. William Sheldon; 
honorary secretary, Mr. George W. Blackburn. 


Sir John Lubbock has given notice that he will move 
an instruction to the Committee of the London Water 
(Transfer) Bills to inquire and report whether it would 
not be expedient to substitute a system of control of the 
water companies by representatives of the consumers for 
that of actual purchase, as proposed by the Bills, and Mr. 
James Stuart proposes to move that the Chelsea Water 
Bill, in which the company ask for power to raise further 
capital to carry out additional works, shall be referred to 
the same Committee as the Transfer Bills. 


The extensive cold stores and chill rooms recently 
erected by the Manchester Corporation were opened on 
the 23rd inst. by the Lord Mayor of Manchester, in the 
presence of a large company, who were afterwards enter- 
tained at a banquet in the Town Hall. The stores will 
accommodate about 100,000 frozen sheep and about 1200 
sides of beef. They are complete with every modern 
appliance for the rapid handling of goods, and they are 
refrigerated by means of four Linde machines, supplied 
by the Linde British Refrigeration Company, Limited, of 
London. The refrigerating installation is said to be the 
largest in this country. 


In a communication to the Revue Générale des Chemins 
de Fer, by M. Euverte, some information is given as to 
the methods most in vogue for preserving sleepers in 
different countries. Sulphate of copper is now little used, 
although it is cheap, costing only about a halfpenny per 
sleeper. Chloride of zinc is still largely used in Germany, 
Austria, and Russia. In England. Belgium, and France 
creosoting is most used. On the French State Railways, 
a mixture of 31 parts of zinc chloride to 46 parts of creo- 
sote in 1000 parts of water has been adopted, the sleepers 
being immersed in the mixture till thoroughly saturated. 


A canal is to be constructed from Marseilles to the 
Rhone, a distance of about 35 miles. The most important 
feature of the work will be a tunnel 44 miles long. The 
depth of water is to be 6 ft. 6 in. between the Rhone and 
Port de Bouc, and 10 ft. thence to Marseilles. The width 
will be sufficient for two paddle-boats 46 ft. wide over the 
boxes to pass, boats of this character being largely used 
on the Rhone. The cost is estimated at 80 million francs, 
one-half of which will be borne by the State, and the 
remainder by the Marseilles Chambre de Commerce, with 
the exception of a subvention of 134 million francs from 
the department of the Bouches du Rhone and the town 
of Marseilles. 


The advantages of automatic continuous brakes in the 
case of engines running off the line have been repeatedly 
demonstrated in this country, where the parting of the 
couplings has automatically applied the brakes, and 
saved the rest of the train. Even when the train does 








not a company, many accidents have been avoided 
by the great retarding power in the hands of the 
driver in the case of an emergency. An additional 
instance of this comes from Warragul, Victoria, where 
the driver of a passenger train, on approaching some 
points at high speed, observed them to be partly open. 


1} He immediately applied the Westinghouse brake, and, 


though the engine and tender were flung off the rails, the 
latter being cocked up in the air, no serious injury was 
caused to the passengers, though one or two complained 
of shock. The condition of the points, it is stated, was 
only noticed at some 40 yards before they were reached, 
and as the train was travelling 30 miles an hour, the 
result is an excellent testimonial to the effectiveness of 
the brake, and even more credit is due to the driver for 
his prompt action. 


At a recent meeting of the Socicté de 1’Industrie 
Minerale at Saint-Mtaine, M. Petit gave a description of 
the sinking of a pit shaft through water. bearing strata at 
bole by means of the freezing process. Borings showed 
nearly 330 ft. of water- bearing strata. It was determined 
to sink two shafts, one to be 16 ft. in diameter and the 
other 12 ft. Asa preliminary, boreholes were driven in 
a circle 22 ft. in diameter around the site of the large 
shaft, and in one of 17 ft. diameter around the site of 
the small shaft. Twenty holes, in all, were sunk in the 
first case and 16 in the second. These holes were carried 
down on to the impervious rock underlying the water- 
bearing strata. They were lined with iron tubing 4} in. 
in diameter, and inside this a second tube 14 in, in 
diameter was introduced ; about 23,000 ft. of tubing was 
used in all, A solution of calcium chloride cooled to 
14 deg. Fahr. by a Linde machine was caused to circulate 
down each of the inner tubes and up to the surface again 
through the annular space comprised between the outer 
and inner tubing. The supply is about 175 gallons per 
minute, so that a comparatively large plant is required. In 
fact, an engine of 200 indicated horse-power has been used 
for the work, and the freezing machine would be capable 
of producing 4 tons of ice per hour. In this way a solid 
wall of ice has been formed around the site of each of 
the ——— shafts, inside of which the excavators have 
been able to work without trouble. 


The Admiralty have transmitted to Chatham Dock- 
yard further particulars of the new second-class cruiser 
which is to be constructed at that establishment. Like 
the Forte, Fox, Flora, Hermione, and Charybdis, second- 
class cruisers lately completed in the Royal Dockyards, 
she is to be 320 ft. in length, but, whilst their breadth is 
49 ft. 6 in., the breadth of the new vessel will be 57 ft. 
Her draught of water will be 22 ft. against 19 fb., and 
her displacement 5750 tons as compared with 4360 tons. 
The vessel will practically be a new type, as her imme- 
diate predecessors, the Kclipse, Minerva, and Talbot, 
second-class cruisers, which are still in the builders’ 
hands—two of them, in fact, having yet to be 
launched—are 350 ft. in length and 53 ft. 6 in. in 
breadth, with a mean load draught of 20 ft. 6 in. 
and a displacement of 5600 tons. ‘‘Second-class cruiser 
No. 2,” as the vessel is officially termed pending the 
selection of a name for her, is to be built of steel, 
and will have a thick steel deck extending her whole 
length, to protect the engines, boilers, magazines, &c. 
Unlike the other second-class cruisers referred to, her 
bottom will not be sheathed with wood and copper. The 
armament will consist of 6-in., 4.7-in., and 12-pounder 
quick-firing guns, arranged as in other recent second-class 
cruisers, e 6-in. guns will have a fore-and-aft fire, 
while the 4.7-in. and 12-pounder guns will be on the broad- 
side. It is understood that the other three second-class 
cruisers to be built in the Royal dockyards will be of a 
similar character. 


At a recent meeting of the Society of Engineers a paper 
on Portland cement was read by Mr. D Butler. The 
author stated that the chief chemical components of a 
good cement ranged as follows: Silica from 20 to 28 per 
cent., average 24 per cent. ; oxide of iron and alumina 
from 8 to 14 per cent., average 11 per cent.; lime, 5% to 
65 per cent.; average 61.5 per cent. These ingredients 
constituted about 96 per cent. of the whole, the remainder 
being made up of small proportions of magnesia, sul- 
phuric acid, alkalies, &c. ith respect to soundness 
the usual test is the moulding of a thin pat with a mini- 
mum of water. This pat is allowed to harden on a glass 
slab, which it should do without cracking. This, the 
author states, is not altogether reliable, as he had known 
cases where, though the pat remained sound at the end of 
seven days, it went to pieces later on. He, therefore, 
advocated Mr. Faija’s test, which consists essentially 
of subjecting a freshly-gauged pat to a moist heat of 
100 deg. Fahr. until set, and then placing it in warm 
water at 115 deg. Fahr. for 24 hours. A pat which stood 
this test without blowing showed a reliable cement. 
The edge-runner mills, which were now being largely 
substituted for stones, did not, he considered, give so large 
a proportion of the impalpable powder which is the essen- 
tial part of the cement, so that a cement ground by stones, 
and leaving a 10 per cent. residue on a 50 by 50 sieve, was 
equal in cementitious value to one ground in an edge- 
runner mill, leaving but half as much residue on the same 
sieve. From a number of experiments Mr. Butler con- 
cludes that the time of setting is less the higher the tem- 
perature. Some of the samples tried, when mixed at 
80 deg. Fabr., seb in half the time required at 40 deg. 
Fahr., and with other specimens the difference was even 
greater, and the result was of the same character whether 
the specimens were tested for initial set or for set hard. 








Tue Danuse.—The Danube Navigation Company gives 





its shareholders a dividend of 1/. 8s. per share for 1894. 
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TRIPLE-EXPANSION VERTICAL ENGINE. 
CONSTRUCTED BY MESSRS. ROBEY AND ©O., LIMITED, ENGINEERS, LINCOLN. 
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COMPOUND REVERSING ENGINES FOR PLATE ROLLING MILL§G! 
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LLOYD’S EXPERT COMMITTEE AND 
THE BOARD OF TRADE. 

THE constitution of the Board of Trade has often 
been the subject of severe criticism. The word 
‘* agitation ” might have been used were it not that 
engineers are too practical to recognise the possibi- 
lities of the methods of the politician. But withal 
the most pronounced of anachronisms remains. We 
hear, however, of a new effort being made, and all 
the portents encourage hope. The necessity of re- 
form is so widely admitted that little need be said on 
that score—indeed, the ways of the Board are often 
so inscrutable as to suggest that the Archbishop of 
Canterbury, one of the members, had been laying 
down the law on some highly scientific question. 
The difticulty is to get the department to agree 
upon any reform. The simplest and most direct 
solution lies in the appointment of a technical 
committee, and it is whispered that those in high 
places are not unfavourable to this idea. Certainly 
all objections should be overruled by the success of 
such a committee at Lloyd’s. There the symptoms 
were the same, though perhaps not so aggravated, 
so that the success at the Board of Trade should 
be equal, if not greater. The dignity of the staff at 
Lloyd’s has not been prejudicially affected, the sense 
of responsibility has not been decreased, while the 
authority of the surveyor with the shipbuilders and 
engineers has been enhanced. Advantage has un- 
doubtedly accrued to the Registry as well as to the 
industry, so that it is not at all surprising that on 
the expiration recently of the first, the probation- 
ary, term of office, the expert committee was re- 
appointed quite as a matter of course. 

The story of the inception, procedure, and result 
of Lloyd’s Committee so fully meets the case of the 
Board of Trade, that it may here be briefly narrated. 
Its formation was due to the suggestion of the 
late Mr. Robert Duncan, of Port Glasgow, a ship- 


1| builder well known for his early appreciation of 


scientific method in the design and construction 
of ships, and for the excellent use he made of the 
meagre technical education available in his day for 
the student of naval architecture. The idea was 


2/ first broached by him, about the end of the year 
2|1887, to the Clyde District Association of Em- 
2) ployers, a union formed for trade purposes mainly, 


but which can be used and is made effective in 
other directions. A committee was formed in 
January, 1888, to take up the matter with the Com- 
mittee of Lloyd’s Register. Mr. James Muirhead, 
solicitor, Glasgow, acted as secretary to the com- 
mittee, and to that gentleman’s knowledge and 
perseverance the success which ultimately attended 
An address to Lloyd’s 
was drawn up, setting forth the reasons for claim- 
ing representation at their board, and the nature 
and extent of that representation. The signatures 
of 42 leading shipbuilding and marine engineering 
firms were obtained to this address. After numer- 


ous meetings and consultations among members of 





the committee and others interested, a deputation 
waited upon Lloyd’s Committee on November 14, 
1889, Mr. Duncan, the instigator of the move- 
ment, having died in the meantime, to the great 
regret of his colleagues. 

It cannot be said that the registry society readily 
admitted the claims for representation which were 
urged upon them. On the contrary, the reception 
of the deputation was cold, if not actively hostile, 
but the earnestness of those charged with the duty 
of urging the shipbuilders’ views upon the authori- 
ties at White Lion-court had, in the course of time, 
its effect, and it was conceded that an expert com- 
mittee of 12 persons would be received at those 
meetings where proposed additions to a modifica- 


w., tion of the rules for construction were to be 


discussed. This arrangement was made in January, 
1891, and shortly thereafter the members of the 
new committee were elected, four by the Institution 
of Engineers and Shipbuilders in Scotland, four by 
the Institution of Naval Architects, and four by the 
North-East Coast Institution of Engineers and 
Shipbuilders. A better qualified electorate could 
hardly be chosen, and there is, of course, no diffi- 
culty in finding representatives possessing the 
necessary qualifications. In fact, there is rather 
an embarras de choix. 

The first joint meeting was held at the offices of 
the Registry early in 1891, and the effect of the 
innovation was immediately apparent. Under the 
former réyime the proposed changes were subjected 
to very little criticism at the hands of the com- 
mittee on rules. The undeniable scientific and 
practical ability of Mr. Martell, Mr. Milton, and 
the permanent expert staff, was relied on so com- 
pletely that modifications of their proposals were 
seldom ventured upon. It was but natural that a 
technical sub-committee would deal with these 
proposals in a very different manner, and subject 
them to a keen and searching criticism, their effect 
on efficient construction, and no less their bearing 
on the cost of production, being minutely examined. 
Prolonged and animated discussion took the place 
of formal ratification, and the net effect is now 
recognised to be that no new requirement, and no 
relaxation of any existing rule, can be enforced or 
permitted without exhaustive consideration by a 
body of men esteemed competent by three of 
the leading technical institutions in the country. 

We understand the procedure to be : (1) The sub- 
mission by Lloyd’s of the proposed changes to the 
technical sub-committee one month before the 
meeting for discussion ; (2) a conference among 
the members of the technical sub-committee ; 
and (3) finally, a meeting of the whole com- 
mittee, the chief surveyor and his staff being 
in attendance. It would be difficult to devise a 
more thorough manner of dealing with the impor- 
tant matters brought before the committee, or 
one more likely to insure the best results. The 
term of four years for which the original sub-com- 
mittee was elected having expired, a new election 
took place in February, but the membership is 
practically unaltered, except by the filling up of 
vacancies caused by death. The expert members 
are now welcome guests at White Lion-court, and 
it is acknowledged on all hands that the strength 
and usefulness of Lloyd’s Registry have been mate- 
rially enhanced by their presence, the responsibility 
and anxiety of Mr. Martell and his staff consider- 
ably lessened, and the interests of shipowners and 
shipbuilders alike greatly promoted. 

In strong contrast to this open, straightforward, 
and businesslike manner of carrying out an im- 
portant duty is the mysterious working of the 
Government mechanism for the regulation of ship- 
building and marine engineering—the marine de- 
partment of the Board of Trade. The chairman 
and members of Lloyd’s Committee are well-known 
men, selected for their business capacity and know- 
ledge of the various branches of the complicated 
business of shipowning. The oflicials are conspicu- 
ous figures in every assembly of scientific men, and 
the valued friends of every shipbuilder and marine 
engineer in the country. Their accumulated ex- 
perience is set forth in the bulky volume containing 
the rules, which can be read of all men and under- 
stood by most. Lest they should yield to the ten- 
dency to petrifaction which is characteristic of 
monopolies, they have agreed to the admission to 
their board of men actively engaged in the indus- 
tries they supervise, and thereby are in a position 
to assimilate improvements in practice as soon as 
they emerge. 

The Board of Trade, on the other hand, is with- 
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out form, and void, an influence, often sinister, 
always intangible, unapproachable. Its chief tech- 
nical advisers are not, in most cases, recognised 
as authorities; are, in fact, unseen, unknown, 
but not therefore taken pro maynifico. Its regu- 
lations are addressed only to its surveyors, as a 
rule the most unwelcome visitors in shipyards 
and engine works. Its requirements are in- 
scrutable, difficult of ascertainment, and often 
supported by nothing but the dictum of the in- 
visible tribunal. No remonstrance or argument 
can reach it. Occasionally, the decree of a law court 
brings about a climbing down from high places, but 
not every business man cares to invoke the law as 
a diversion from the daily burden his vocation 
brings him. The marine department is meddle- 
some and obstructive without being at all effectual 
in insuring first-rate mechanical practice, and it is 
doubtless largely owing to its inadequacy in that 
direction that Lloyd’s Registry has advanced to the 
position it now occupies. 

Is it too much to hope that in the interest of the 
public at large, of shipowners and shipbuilders, 
and even of the Board of Trade officials them- 
selves, some such adjunct as that to Lloyd’s Com- 
mittee will be called into existence? It is acknow- 
ledged everywhere outside of Board of Trade 
officialdom that the need for reform is clamant. 
An easy way to it has been shown ; the necessary 
Parliamentary sanction would be accorded as a 
matter of course. It would be better if the move- 
ment were spontaneous and from within rather 
than in response to pressure from without. 





STANDARD SCREW 
THREADS. 

Tue Société d’Encouragement pour 1’ Industrie 
Nationale has long been agitating for the adoption 
of a standard thread in France. Hitherto, there 
has been a multiplicity of threads ; the navy has 
one, each large railway company has another, and 
many manufacturers have prided themselves that 
nuts produced by their rivals would not screw 
on to the bolts they turned out. It seems, how- 
ever, as if the end of this confusion were in sight, 
for the Minister of Marine has formally notified the 
Society that he has decided to adopt in principle 
their system of screw threads. He has also ad- 
dressed a circular to the vice-admirals, maritime 
prefects, and directors of establishments, enjoining 
the use of the new system. According to this cir- 
cular the thread of a mechanical screw is formed by 
the truncation of a triangle whose base, parallel to 
the axis of the screw, is equal to the pitch of the 
screw. The male and female screws have in prin- 
ciple the same thread, but, to provide a working 
clearance, both male and female screws are cut 
away below their theoretical profiles ; in other words, 
the reduction to provide clearance is applied to the 
threads both of the bolt and nut, and not to 
either one alone. The amount of play or clear- 
ance is not set forth, each constructor being left 
to use his own judgment in the matter accord- 
ing to the conditions under which he works. The 
thread is an equilateral triangle. he base and 
the apex of the triangle are cut off by two lines 
parallel to the axis of the screw, and situated one- 
eighth of the height of the triangle from the base 
and apex respectively. In this respect the new 
screw follows the existing French marine practice. 
The circular explains that aithough the angles of the 
threads are theoretically sharp, yet in practice they 
prove to be more or less rounded, according to the 
degree of finish in their execution. 
however, must not cause either the male or female 
screw to exceed the common surface limit fixed by 
the rule above. The diameter of a screw is 


FRENCH 


marine practice of assuming the diameter to be 
equal to that of a cylinder inclcsing the points of 
the threads, supposing them not to be cut away. 
The following Table gives the standard screws 
adopted by the French marine; it includes the 
series got out by the Société d’Encouragement with 
certain others intercalated to meet the requirements 
of the service : 
Table of Standard Screws (Systeme Francais. 8. F.) 


Diameter. Pitch. 
Millimetres. Inches. Millimetres, Inches, 
6 -236 1 -0394 
8 .815 1 -0394 
10 .893 1.5 -059 
12 .472 1.5 .059 
14 .551 2 .O787 





Diameter. Pitch. 
Millimetres. Inches. Millimetres. Inches, 
16 -629 2 .0787 
18 -708 2.5 0984 
20 -787 2.5 .0984 
22 .866 2.5 .0984 
24 -945 3 1181 
26 1.023 3 1181 
28 1.102 3 1181 
30 1.181 3.5 -1378 
32 1.260 3.5 .1378 
36 1.417 4.0 1575 
42 1.654 4.5 1772 
48 1.899 5 .1969 
56 2.205 5.5 .2166 
64 2.520 6 -2362 
72 2.835 6.5 -2559 
80 3.150 7 -2756 
88 3.465 7.5 -2953 
96 3.779 8 .3150 
106 417 8.5 3347 
116 4.56 9 .3443 
126 4.95 9.5 .3740 
136 6.35 10 .3937 
148 5.82 10.5 -4133 


If it becomes necessary to make a screw of an 
intermediate size, it must be of an even number of 
millimetres in diameter, and of the pitch of the 
principal screw immediately below it. 

The bodies of screws and bolts are rather larger 
in diameter than the screwed part. The limit of 
this excess is as follows : 

.5 mm. for screws from 6 to 14 mm. in diameter. 
” ” 16 to 48 ,, ” 

Bios » Morethan 48 ,, ‘e 
Nuts and the heads of bolts of usual forms, hexa- 
gonal and square, are inscribed ina circle whose 
radius is equal to the diameter of the screw. The 
inclination of conical heads is 9 horizontally to 10 
of height, which corresponds to a summit angle 
of about 84 deg. The thickness of the head is not 
definitely fixed, but the usual thickness equals the 
diameter of the screw. Further, the dimensions of 
capstan pin holes, union nut notches, and screw- 
driver gates are variable; it is recommended to 
make the width of the gates and the diameter of 
the holes twice the pitch of the thread, and 
the width of the notches entire multiples of the 
pitch. 

Watchmakers’ screws are not included in the new 
regulations, but the série dite Thwry, adopted in 
several countries upon the suggestion of the 
Société des Arts de Genéve, is recommended in 
cases where choice is possible. The Minister of 
Marine has decided that, from January 1, 1896, 
orders for machines of all kinds will specify that 
the screws, bolts, &c., shall conform to the French 
system as adopted by the marine. This will oblige 
all manufacturers who desire to obtain orders for 
the navy to conform to this standard, and will 
have the effect of rapidly introducing it, 





A TECHNICAL PRESS SUMMARY. 

In our issue of October 26, 1894, page 557, we 
referred to what has almost become the most 
important department of applied science — the 
indexing department. We had occasion to lament, 
with everybody else, the impossibility of keeping 
au fait, and the drudgery which every investigator 
has to undergo when anxious to hunt up the 
literature of a subject. That lamentation may, or 
may not, be repeated for some time ; that remains 
to be seen. But the difficulty will unfortunately not 
be removed within a period that may fairly be 
reckoned by months. The reason of our recur- 
ring to this great bugbear is that our attention 
has been drawn to another index, which, though 
now in its fifth year, and although compiled on 


| behalf of the Verein Deutscher Ingenieure, and in 
| connection with the journal of this well-known in- 


This rounding, | 





stitution, has been overlooked by us, as this tech- 
nical index is not issued simultaneously with the 
journal. After a somewhat heated discussion, this 
institution agreed in 1889 that a register of tech- 


measured over the points of the thread after they | nical literature, so far as it concerns mechanical 


have been truncated. This is a departure from the | 


engineering, would be valuable if published severai 
times a year. The limitation to the province 
of engineering proper was a necessity ; chemical 
and electrotechnical sciences, moreover, had already 
their well-compiled and much-appreciated reviews. 
The members of the institution were by no means 
in accord as to the best means by which the object 
could be obtained. There was Biedermann’s 
‘*Repertorium der Journalliteratur,” dealing with 
all branches of applied science, edited at that time 
already, we believe, by Dr. Rieth ; there were the 
various publications of the German patent depart- 
ment, and others. But the majority decided in 
favour of a new summary, which has from the first 
been edited by Professor Zeman, of Stuttgart. It 


since 1893 appeared as a quarterly. The general 
plan has remained unaltered. The title is ‘‘ Inhalt 
der Mechanisch-Technischen Zeitschriften,” which 
we may render by ‘‘ Descriptive Index.” It deals with 
German, French, English, American journals, &e., 
gives the titles of the chief articles, not always as 
they appeared, but in an enlarged, explanatory 
form, or abridged, and adds the’number of pages, 
illustrations, &c. Abbreviations are largely made 
use of. But as they are explained in every number, 
the first two pages of the publication, which is 
slightly smaller than this journal, being devoted 
to such explanations and to a list of the most 
important journals, these abbreviations will hardly 
be objected to. Thus 54 T means text of 54 pages 
or columns ; V, paper read before some society ; 
E, discussions; B, digest of article; Taf., large 
plate illustrations ; 11 {"], 11 figures in orthogonal 
projection; 5[ ], five perspective views; Di, dia- 
gram, &c. The list of journals states the number 
of yearly issues, offices of publication, and price. 

The whole matter isgrouped according tosubjects. 
An alphabetical index of authors, inventors, &c., 
would, in our opinion, greatly enhance the utility 
of the work. A great many cues are used to facili- 
tate the perusal ; but with all that it may be difti- 
cult to find what one is looking for. It may not 
strike one at all, for instance, unless a regular 
reader, that improvements in dyeing material will 
be under ‘‘ Appretur.” The comments and the 
headings are in German, the titles in the original 
language. <A perfect summary of this type should 
cover all nationalities, which is, of course, im- 
possible, and not feasible, again, for another reason. 
Group headings are somewhat akin to geographical 
terms, which are not rarely unknown in their own 
countries. Few people master a foreign language 
so fully as to be able to consult quickly and profit- 
ably a subject-matter index, written in a language 
not their own. Not a few publications, we fancy, 
go too far in grouping and subdividing; the 
thing may be under so many different headings 
that we despair of finding it. 

Professor Zeman certainly deserves commendation 
for his work. The number before us, issued this 
February, deals with the first three months of the 
year 1894, and condenses into 29 pages a really sur- 
prising amount of information. To the subscri- 
bers the compilation will, no doubt, have proved 
most useful. Owing to illness, the editor is one 
quarter behind with this number. A summary of 
this kind should be as much up to date as possible. 
That we consider an alphabetical index of names, 
say once a year, at least—better, though, in every 
issue—indispensable, we have said already. It is 
very hard for the editor to decide what to accept, 
what to reject. Strictly scientific papers have in 
this index been left out altogether. Even with the 
limitations pointed out, the register is, of course, 
constantly swelling. If the coming new century 
be not initiated by an intellectual breakdown, 
a relapse into medizeval darkness to be succeeded 
by another age of rediscoveries, our technical 
journalism will have to be radically reformed, 








MECHANIOS AT THE ROYAL SOHOOL 
OF MINES. 
Tue Science and Art Department have now an 
opportunity for carrying out an important reform 
at the Royal School of Mines. The classes in 
mechanics there have long been unsatisfactory, 
whilst those in chemistry and physics have left 
little to be desired. The reason for this has pro- 
bably been that when the course was instituted the 
importance of mechanics was not fully appreciated, 
and it was made a mere adjunct to mathematics, 
one professor filling both chairs. Naturally, 
under these circumstances, the man_ selected 
was a mathematician and not an engineer, and 
the result has proved most unsatisfactory, in spite 
of the efforts of some excellent demonstrators. 
Unless a professor knows such a subject as applied 
mechanics thoroughly as an engineer knows, and 
at first hand, he is naturally dependent very largely 
on text-books, and his lectures are liable to lack 
spontaneity. Students under these circumstances 
consider them a waste of time, concluding that 
they might just as well purchase the text-books 
which are used, and study them at leisure. The 
lectures, therefore, degenerate to a farce, and not 
unfrequently under such conditions they become 
scenes of disorder, though the same men would 
form diligent students if the chair was occupied 
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by a teacher whose attainments they could respect. 
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This is particularly so at such a place as South 
Kensington, where a large proportion of the classes 
in mechanics consist of men who have spent several 
years in engineering workshops, and who natu- 
rally feel a contempt for a lecturer having, as they 
consider, but a second-hand knowledge of me- 
chanical details perfectly familiar at first hand to 
the majority of his class. 

This state of affairs reacts again on the teacher, 
who becomes afraid of the superior knowledge of 
many of his students, and hence is more concerned 
in avoiding detection in a slip than in endeavouring 
to keep up the progress of mechanical science. 
The well-worn track he feels to be the safest 
for him. 

In some such way only is the conservative ten- 
dency shown in the examinations of the Science and 
Art Department in steam and applied mechanics to 
be explained. The easy and direct road to pass 
these examinations with distinction has been to 
purchase the examiner’s text-books, and learn them 
pretty well by heart. 

In fact, it has been quite possible for a man to get 
a first-class in the honours section of the examina- 
tion in applied mechanics, with a most imperfect 
knowledge of the solution of simple problems in 
practical statics, and we know of one case in which 
this was done by a candidate who was unable to take 
out the bending moments in a beam supported on 
two points and uniformly loaded. As for questions 
on elasticity, and the physical properties of mate- 
rials, they have been practically unknown. 

It is thus easy to understand the dissatisfaction 
which has been pretty freely expressed by certain 
of the students in letters contributed to our 
columns, and the only satisfactory remedy will be 
in the appointment of an engineer to the chair of 
mechanics, which should at once be separated from 
that of mathematics, as it is certainly a subject 
of sufficient importance to justify this step. 
That this course would be effective may be judged 
from a perusal of the papers in the mechanical 
engineering examination of the City and Guilds of 
London Institute for the Advancement of Tech- 
nical Education. It is an ancient truism that in 
this country private effort obtains better results 
than those reached by the best endeavours of a 
Government department, and nowhere is this more 
evident thanin the work done under very similar 
conditions by the City Guilds and by the Science 
and Art Department. A candidate who passes 
the examination in mechanical engineering 
above referred to, may congratulate himself 
on having obtained a certificate which is of some 
value, as a very fair knowledge of practical 
mechanics is essential to his success. The test is 
yearly becoming more stringent, so that now con- 
siderably greater acquirements are requisite than 
would have enabled one to pass with flying colours 
ten years ago. This is quite right, as the facilities 
for acquiring knowledge have increased even more 
rapidly than the demands made by the examiners. 
Ten years ago the engineering laboratories of the 
country were not more than three or four in 
number, whilst now there is scarcely a town of any 
considerable pretensions which is not well equipped 
in this respect. The teaching, too, has im- 
proved. In the old days the instruction was 
generally given by one of the draughtsmen 
employed by some local firm, whose know- 
ledge was seldom extensive. Nowadays, the 
teachers, with equal or greater experience in prac- 
tical work, are also excellently equipped on the 
theoretical side, and the student benefits accord- 
ingly. In the midst of all this advance, however, 
the Science and Art examinations in steam and 
applied mechanics have remained practically’ in 
statu quo, and now that the opportunity for reform 
has arisen, it is to be hoped it will be seized by the 
department. 





THE NEW PATENT BILL. 

As our readers will remember, it is, in the new 
Patent Bill, provided that any person or persons 
who have obtained provisional protection for an 
invention may, at any time prior to the acceptance 
of the complete specification, file supplementary 
provisional specifications in respect of developments 
or improvements invented by them, or any of them, 
of the invention for which such protection was 
originally granted; and any such supplementary 
provisional specification shall have the same effect 
as to protecting such inventions as if it were a pro- 
Visional specification of like date. This suggestion 








would seem to be based, to a certain extent, but in 
an extremely objectionable form, upon Mr. Lloyd 
Wise’s proposal contained in the article which 
appeared under his name in our issue of January 29, 
1886. But, be it noted, the framers of the Bill not 
only contemplate retention of the provisional pro- 
tection system, with additional complications, and 
with all the highly mischievous consequences in- 
cidental to antedating, but they even go farther, 
and propose that after the grant of letters patent 
no objection shall be allowed to their validity 
on the ground of disconformity between the com- 
plete specification and the provisional specification 
or specifications. 

Perhaps no case could be more usefully cited to 
prove the eminently unsatisfactory state of our 
law at the present time, than a recent one in which 
the leading promoters of this Bill were profes- 
sionally engaged. We allude to the Cassel Gold 
Extracting Company, Limited, v. the Cyanide Gold 
Recovery Syndicate, Limited, and others. That 
case is an important one and extremely interesting, 
not only when considered in connection with various 
provisions contained in the new Patent Bill, but also 
as bearing upon what wesaid last week when urging the 
desirability of some more economical machinery for 
determining questions of validity and infringement. 
Now in the case under notice the three Queen’s 
counsel whose names are most familiar to the public 
in connection with patent cases, viz., Sir R. E. 
Webster, Mr. J. F. Moulton, and Mr. W. R. Bous- 
field, all appeared (as well as Mr. A. J. Walter) for 
the plaintiffs, in addition to the following formid- 
able array of experts, viz., Professor James Dewar, 
Professor W.C. Roberts-Austen, Lord Kelvin, Pro- 
fessor E. J. Mills, Dr. Robert R. Tatlock, Mr. George 
Gore, F.R.S., Sir Henry Roscoe, Mr. Louis Janin, 
Professor William Crookes, Mr. J. S. MacArthur 
(one of the patentees), and Mr. Charles McCulloch 
(chairman of the African Gold Recovery Company). 
The counsel for the defence were Sir Edward 
Clarke, Q.C., Mr. Neville, ().C., and Mr. Goodeve, 
with the addition, in the Court of Appeal, of Mr. 
Wright-Taylor, and the experts Mr. Claude Vautin, 
F.C.S., Mr. R. H. Hardland, F.C.S., Mr. Edward 
Riley, F.C.S., Mr. J. Mactear, F.C.S., Professor 
J. Attfield, F.R.S., and Mr. T. G. Bowick (a de- 
defendant), for thedefendants. Obviously, litigation 
on such a scale is, and ever must be, hopelessly 
beyond the reach of persons of moderate means, 
and even to those who are comfortably off may 
mean something akin to ruin. 

It was at one time hoped that the London 
Chamber of Arbitration might facilitate the ad- 
justment of many minor cases; but this is not 
likely to happen whilst the rules inconsistently 
preclude patent agents from appearing for their 
clients ; a state of things the more absurd seeing 
that such practitioners are recognised by the 
Chamber as qualified to act as arbitrators, and not 
only by the Patent Office (in first instance), but 
also by the law officers of the Crown (on appeal) in 
cases where the grant or refusal of patents is at 
stake, and which involve matters often of a highly 
technical and difficult nature, questions of fraud, 
the preparation and weighing of evidence, cross- 
examination of witnesses, and so forth. Such 
persons qualified to deal with such matters before 
the leader of the Bar for the time being, sitting as 
a court of final appeal involving the grant or 
refusal of a patent, must be competent to act for 
their clients before an arbitrator having to deter- 
mine whether or not a patent has been infringed, 
regard being had to prior knowledge. Perhaps 
this is a digression, but it all has an important 
bearing on matters it is proposed to deal with, 
more or less, in the new Bill. 

To return, now, to the cyanogen case: Need- 
less to remark, a vast mass of evidence was 
taken, which it would obviously be impossible 
to notice in detail within the reasonable limits of 
an article such as the present. But it will pro- 
bably suffice for our purpose to give a brief indi- 
cation of the facts, which we will endeavour to 
do as fairly as possible. The case was first tried 
before Mr. Justice Romer, and afterwards went to 
the Court of Appeal. The patent was for a pro- 
cess of extracting or recovering gold from the 
tailings, and had been put largely into practice, par- 
ticularly in South Africa. Between 600,000 oz. 
and 700,000 oz. of gold, representing 2,500,0001., 
had, it was said, been successfully extracted by the 
process, and 117,000/. of royalties paid. Hence 
the patentees would be in a strong position calcu- 
lated to cause any one to hesitate long, before 





doing anything that might come within the terms 
of their patent, no matter how convinced he might 
be of his right to do certain things, regard being 
had to what had been previously known. 

According to the provisional specification, the in- 
vention had principally for its object the obtaining 
of gold from its ores or other compounds, but it 
was also applicable for obtaining silver from its ores 
or compounds, and it comprised an improved pro- 
cess which, whilst applicable to ores or compounds 
generally, was effectual with ores and compounds 
from which gold or silver had theretofore not been 
easily obtainable. 

In carrying out the invention the ore or other com- 
pound in a powdered state was to be treated with a 
solution containing cyanogenora cyanide(such as the 
cyanides of potassium, sodium, or ammonium) or 
other substance or compound containing or yielding 
cyanogen, till all or nearly all of the gold and the 
silver were dissolved ; the operation being conducted 
in a wooden vessel or a vessel made of or lined with 
a material not acted on to any considerable extent 
by the solution or substances contained therein. 
The solution was then to be drawn off and the metal 
or metals recovered by any suitable process, and 
the cyanogen, cyanide, or substance containing or 
yielding cyanogen might be regenerated. The 
cyanogen or substance containing or yielding 
cyanogen might be used as such, or such materials 
might be taken as would by mutual action form 
cyanogen or substances containing or yielding it. 
It was added that under certain circumstances it 
might be found desirable to conduct the operation 
under pressure, in which case a closed vessel must 
be employed, and in any case if found advisable 
such operation might be carried on under varying 
conditions of temperature. 

Nothing beyond what has been above stated was 
disclosed in the provisional specification. In parti- 
cular, it is to be noted that there was no indication 
that what was to be effected was the taking out of 
the gold without attacking the baser metals, and 
that for this purpose the invention consisted in the 
use of a dilute solution of cyanide of potassium. 
Long before the date of the plaintiffs’ patent it was 
known that a solution of cyanide of potassium 
would solve gold, though no one had, in this 
country, prior to the plaintiffs’ patent, commercially 
used such a solution to extract the fine gold from 
the powdered ore. 

According to the complete specification, the 
patentees had found that the best results were 
obtained with a very dilute solution, or a solution 
containing or yielding an extremely small quantity 
of cyanogen or a cyanide, such dilute solution 
having a selective action such as to dissolve the 
gold or silver in preference to the baser metals. 
In preparing the solution they proportioned the 
cyanogen to the quantity of gold, or silver, or gold 
and silver, estimated by assay or otherwise to be 
in the ore or compound under treatment, the quan- 
tity of a cyanide or cyanogen-yielding substance or 
compound being reckoned according to its cya- 
nogen. 

In dealing with ores or compounds containing, 
per ton, 20 ounces or less of gold, or silver, or gold 
and silver, the patentees, according to this specifi- 
cation, generally used a quantity of cyanide the 
cyanogen of which was equal in weight to from one 
to four parts in every 1000 parts of the ore or 
compound, and dissolved the cyanide in a quantity 
of water of about half the weight of the ore. In 
the case of richer ores or compounds, whilst in- 
creasing the quantity of cyanide to suit the greater 
quantity of gold or silver, they also increased the 
quantity of water, so as to keep the solution dilute. 

These were points of high importance, as tending 
to differentiate subject-matter contained in the 
complete specification from what was well known 
prior to the date of the patent. The complete 
specification contained two claims, viz. : 

**1, The process of obtaining gold and silver from ores 
and other compounds, consisting in dissolving them out 
by treating the powdered ore or compound with a solution 
containing cyanogen or a cyanide or cyanogen. yielding 
substance, substantially as hereinbefore described. 

**2. The process of obtaining gold and silver from ores 
and other compounds, consisting in dissolving them out 
by treating the powdered ore or compound with a dilute 
solution containing a quantity of cyanogen or a cyanide 
or cyanogen-yielding substance, the cyanogen of which is 
proportioned to the gold or silver, or gold and silver, 
substantially as hereinbefore described.” 

It was contended by the defendants, inter alia, 
that there was disconformity between the pro- 
visional specification and the complete specification. 
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Mr. Justice Romer held that, looking to what was 
known and published at the date of the plaintiffs’ 
patent, there was no invention in their discovery ; 
and, secondly, that they were anticipated, and the 
action was dismissed with costs, except the costs 
of the issue of infringement, which were given to 
the plaintiffs. 

The Court of Appeal held that the plaintiffs’ 
invention, as claimed by their second claim, had 
novelty, invention, and utility ; it had not been 
anticipated, and it had been infringed. 

The following extracts from the judgment of the 
Court of Appeal will be of interest : 


**Upon the true construction of the plaintiffs’ specifica- 
tion, have they or not claimed for the use of any cyanide 
of potassium in solution, no matter what, for the ex- 
traction of gold from its ore? If they have, we agree 
with Mr. Justice Romer that the patent is bad, and it is 
upon this that the learned judge has, as it appears to us, 
mainly based his judgment; for it is then aclaim, not 
only to apply a well-known substance to another well- 
known substance without stint or limitation, and thus to 
deprive, during the continuance of the patent, the public 
from using what they were theretofore entitled to do; but 
it is also a claim for that which is of no utility, for, as 
before stated, unless cyanide of potassium be used in the 
limited manner the plaintiffs, by their specification and 
second claim, state it is to be used, it brings into solution 
the baser metals conjointly with the gold, and no bene- 
ficial result is attained. If in the specification there had 
but been the second claim alone, i.e., for the dilute solu- 
tion containing the small quantity of cyanide of potassium 
as therein substantially described. there would not, in our 
judgment, have been any real difficulty in this case, and 
we should have been of cpinion that this was a gi 
patent. 

“*Sir Richard Webster argued that claim 1, with the 
words at the end ‘ substantially as hereinbefore described ’ 
limited that claim to the quantity of cyanide of potassium 
to be used in the solution to be applied to the ore in the 
same way as claim 2 did, and he argued that claim 2 was 
inserted as being only applicable to the richer ores men- 
tioned in the specification, and that in neither claim was 
the use of any solution of cyanide of potassium, i.¢., 
cyanide of potassium at large, claimed. We cannot read 
the specification in this way. We would if we could, but 
we cannot do so. It appears to us that claims 1 and 2are 
independent claims, having application to the whole 
specification, the first making claim for the use of any 
cyanide of potassium in solution irrespective of amount, 
substantially as therein described, and the second makin 
claim for the use of a dilute solution containing ape | 
quantity of cyanide of potassium, substantially as therein 
describsd. It appears to us impossible to discard either 
the one or the other, or to hold that both mean the same 
thing, or that claim 1 applies to one part of the specifica- 
tion and claim 2 to another, for this, in our judgment, is 
not the true construction of the specification as framed. 
If the first claim had been omitted or disclaimed, we 
should not have been faced with the difficulty we are; 
bub, as it is in the specification, we are unable to read it 
as the plaintiffs desire to do, and for this reason, and for 
this alone, we must with reluctance give judgment for the 
defendants, and dismiss this appeal with costs.” 


This part of the judgment may be considered 
interesting as bearing upon the objections urged in 
our issue of the 12th inst. to those provisions of the 
Bill which would afford to a patentee facilities for 
succeeding on a good claim, in an action commenced 
at a time when his specification contained also un- 
tenable claims. We pointed out how such pro- 
visions were calculated to encourage unscrupulous 
patentees to make grasping claims. 

But what we regard as, froma public point of 
view, by far the most serious feature in the judg- 
ment, is that part having reference to the question 
of disconformity ; and although we have already 
given some rather lengthy quotations from the 
judgment of the Court of Appeal, we are constrained 
to add one other : 

“The plaintiffs, in their provisional specification, state 
the nature of their invention as being that they treat the 
powdered (i.¢., crushed) ore with a solution of cyanide of 
potassium till nearly all the gold is dissolved. In a pro- 
visional specification no claim is ever made by the 
patentee ; he has not to state therein what he claims, or 
how he carries out his invention, but he must state its 
nature in such a way that the law officers may see what it 
is, and so that the identity of its subject matter with that of 
the complete specification which is to come thereafter may 
beascertained. In the complete specification the patentee 
has to do much more. Not only has he to state therein 
what his invention is, but he must particularly describe 
how his invention is to be carried out and performed, and 
what he claims, and then comes the time, applying this 
rule of law to the present case, for the plaintiffs to state 
the proportions in which they find that the cyanide of 
potassium is to be used in the solution to carry out their 
invention, and that is what they have done. We cannot 
hold that there is any disconformity as argued by the 
defendants, assuming the specification to be read as the 


plaintiffs desire that it should be.” 

If the law really be in accordance with our 
understanding of the judgment of the Court of 
Appeal, the sooner it is altered the better. 


If in 





these days, when improvement rapidly succeeds 
improvement, it be not necessary that a provisional 
specification should indicate the pith and marrow 
of the invention for which a patent is to issue, 
what is to prevent fraud? what is to protect an 
intermediate applicant? Of course, no question 
whatever of fraud of any kind arises on the case 
before us. What we are now discussing is the 
state of the law as it would appear to be from 
the judgment of the Court of Appeal in that 
case. The pith and marrow of the invention, as 
indicated by the provisional specification, would, 
seemingly, have been taken to be the use of 
cyanide as it had been proposed to use it long 
before the patent was applied for ; on the other 
hand, the feature essential to success, and which, 
therefore really constituted the pith and marrow 
of that for which the Court of Appeal considered 
the plaintiffs might have had a patent on the basis 
of their provisional specification, was not heard of 
till the complete specification was lodged nine 
months after the provisional. Then was disclosed, 
for the first time, the use of a solution so dilute 
that it would dissolve the gold and leave the baser 
metals. In the name of all that is fair and reason- 
able and expedient, what excuse can there be for 
thus giving to an applicant priority in respect of an 
invention, as froma date at which he had notdisclosed 
it and had not proved that he had even conceived 
it? The more such a system is looked into, the more 
unjustifiable and impoliticdoes it appear. If regarded 
in a plain, straightforward way, avoiding all pre- 
varication, what it involves is this : that if, between 
the filing of Messrs. McArthur and Forrest’s pro- 
visional specification (which did not contain the 
pith and marrow, i.e., the dilute solution) and the 
filing of their complete specification (which did 
contain the said pith and marrow) an independent 
inventor, B, had applied for a patent for the use of 
the dilute solution, then, on the strength of their 
earlier provisional specification, which did not con- 
tain the dilute solution, Messrs. McArthur and 
Forrest would have been entitled to cut the ground 
from under the feet of B, although he was the first 
to disclose it to the Patent Office and to ask for a 
patent in respect of it, and his application was not 
fraudulent. We are not ignoring the fact that there 
is a ground of opposition applicable to such cases, 
but applications often escape opposition, a circum- 
stance that necessarily adds complication and does 
not dispose of the difficulties and uncertainties in- 
separable from the provisional protection system. 

Now the suggested changes to which we invite 
attention, and which were put forth in the article 
that appeared in our columns over nine years ago, 
as already mentioned, have for objects to give every 
applicant real protection for that which he has 
actually invented, as from the date of his applica- 
tion for a patent; at the same time affording him 
ample opportunity of incorporating in his specifica- 
tion, from time to time, every modification, im- 
provement, or addition he may devise in carrying 
out his original idea. 

Briefly, the proposal may be stated thus: Pro- 
visional specifications to be abolished ; the appli- 
cant for a patent to file in the first instance a com- 
plete specification, ending with a statement of the 
invention claimed, and accompanied by drawings 
if required; on this document protection for a 
limited term to be allowed (the stamp duty payable 
on application might be 1l/., as at present); the 
applicant to be at liberty to give notice to proceed 
with his application for a patent within a specified 
time (at which stage a further sum of 3/. might be 
payable, making the fees for the first four years 
the same as at present) ; should the applicant not 
give notice to proceed, the application to be re- 
garded as abandoned, and the specification and 
drawings (if any) not to be made public ; the notice 
to proceed tu be advertised, and opportunity 
afforded for opposition ; the applicant or patentee 
to be at liberty to apply, from time to time, for 
leave to amend the specification, claims, and draw- 
ings, not only by way of disclaimer, correction, or 
explanation, as at present, but also by way of 
addition ; and no objection to be raised on the 
ground of the specification, as amended, claiming 
an invention substantially larger than, or substan- 
tially different from, the invention claimed in the 
specification as it stood before amendment ; every 
application to amend to be subject to a moderate 
stamp duty, and to be advertised, and opportunity 
afforded interested parties to oppose ; any one who, 
prior to the application for leave to amend, had 
actually commenced the manufacture or use, on a 











commercial scale, of anything described but not 
claimed in the original specification, to be entitled, 
on petition within a certain time (say, for example, 
when opposing), to a free license to continue to 
work and use such parts of the invention not 
originally claimed as he might prove having really 
commercially used prior to the amendment ; every 
case of infringement, or of application for revoca- 
tion of a patent, to be decided upon the specitica- 
tion as it stood at the time of the alleged infringe. 
ment or of the petition for revocation. 

Such a system would afford to the inventor much 
greater facilities than he now enjoys for completely 
and economically securing his invention under all 
the modifications it might assume, besides obviating 
the risk he now runs of having it appropriated by 
an earlier applicant, between the date of applica- 
tion for and the date of sealing of the patent. 

An advantage of being able to lodge a_ provi- 
sional specification under the existing system is 
that such a document can be prepared more readily 
and with less deliberation than a complete specifi- 
cation. But with ample powers of amendment, 
such as above suggested, any defects, arising from 
comparatively hasty preparation of the original 
specification, could be afterwards corrected. In 
many cases the patentee would get protection for 
improvements without incurring the cost of new 
letters patent, and of course every improvement 
from time to time added to the specification by 
way of amendment, would become public property 
on the expiration of the original term granted by 
the patent ; hence the community would benefit as 
well as the patentee. Where the patentee preferred 
a longer term of protection for his improvement, he 
could, as at present, take out a separate patent, 
instead of amending, by way of addition, the 
specification of his original patent, always assuming 
such improvement to be capable of supporting an 
independent patent. It might be desirable to con- 
tinue the practice of keeping the specification 
secret for a moderate time, to meet the views of 
those who contend that the inventor should have a 
preferential opportunity of perfecting his invention 
before it is disclosed to the public, and also to afford 
reasonable time for the preparation and filing of 
applications for patents abroad. 

Now, in order to illustrate, in a rough and 
ready way, how such a system would work, we will 
take the cyanogen case, and deal with it by way of 
example. We, of course, have not had an oppor- 
tunity of perusing the evidence given in that case, 
and therefore we must take the specifications as we 
find them, and we will assume that the provisional 
specification gives all the information that the 
patentees were prepared to give at the date of ap- 
plication. 

Under the suggested system, the first specifica- 
tion (which we will call for distinction No. 1) might 
read thus: 


**TNo. 1.] This invention has principally for its object 
the obtaining of gold from its ores or other compounds, 
but it is also applicable for obtaining silver from its ores 
or compounds, and it comprises an improved process 
which, whilst applicable to ores or compounds generally, 
is effectual with ores and compounds from which gold or 
silver have hitherto not been easily obtainable. 

‘*In carrying out the invention, the ore or other com- 
pound in a powdered state is treated with a solution con- 
taining cyanogen or a cyanide (such as the cyanides of 
potassium, sodium, or ammonium) or other substance or 
compound containing or yielding cyanogen, till all or 
nearly all of the gold and the silver are dissolved, the 
operation being conducted in a wooden vessel, or a vessel 
made of, or lined with, a material not acted on to any 
considerable extent by the solution or substances con- 
tained therein. The solution is then drawn off, and the 
metal or metals are recovered by any suitable process, 
and the cyanogen, cyanide, or substance containing or 
yielding cyanogen may be enerated. The cyanogen, 
or substance containing or yielding cyanogen, may 
used as such, or such materials may be taken as will, by 
mutual action, form cyanogen or substances containing 
or yielding same. : 

‘** Under certain circumstances it may be found desir- 
able to conduct the operation under pressure, in which 
case a closed vessel must be employed, and, in any case, 
if found advisable, such operation may be carried on under 
varying conditions of temperature. 

‘*Having now particularly described and ascertained 
the nature of the said invention, and in what manner the 
same is to be performed, we declare that what we claim is : 

‘The process of obtaining gold and silver from ores and 
other compounds, consisting in dissolving them out by 
treating the powdered ore or compound with a solution 
containing cyanogen, or a cyanide, or cyanogen-yielding 
substance, substantially as hereinbefore described.” 


Having discovered the peculiar advantages of 
using a very dilute solution, and still believing the 
above broad claim te be tenable, the patentees 
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might file a second specification, entirely super- 
seding No. 1, as follows : 


‘No. 2.] This invention has principally for its object 
the obtaining of gold from its ores or other compounds, 
but it is also applicable for obtaining silver from its ores 
or compounds; and it comprises an improved process 
which, whilst applicable to ores or compounds apn i is 
effectual with ore and compounds from which gold or 
silver have hitherto not been easily obtainable because 
of the presence of various other metals or their com- 
pounds, or because of the physical or chemical condition 
of the gold or silver in the ores or compounds. 

‘Tn carrying out the invention the ore or other com- 
pound in a powdered state is treated with a solution con- 
taining cyanogen or cyanide (such as cyanide of potassium, 
or of sodium, or of calcium) or other substance or compound 
containing or yielding cyanogen. In practice we find the 
best results are obtained with a very dilute solution, or a 
solution containing or yielding an extremely small quan- 
tity of cyanogen or a cyanide, such dilute solution having 
a selective action such as to dissolve the gold or silver in 
preference to the baser metals. In preparing the solution 
we proportion the cyanogen to the quantity of gold, or 
silver, or gold and silver, estimated by assay or other- 
wise to be in the ore or compound under treatment, the 
quantity of a cyanide or eyanogen-yielding substance or 
compound being reckoned according to its cyanogen. We 
mix the powdered ore or compound with the solution in a 
vessel made of or lined with wood or any other convenient 
material not appreciably acted on by the solution. The 
process is expedited by stirring the mixture of ore and 
rolution intermittently or continuously, for which pur- 
pose any convenient mechanical agitator may be fitted to 
the vessel. When all, or nearly all, the gold or silver is 
dissolved, the solution is drawn off from the ore or undis- 
solved residue, and is treated in any suitable known way 
—as, for example, with zinc—for recovering the gold and 
silver. The residuary cyanogen compounds may also be 
treated by known means for regeneration or reconversion 
into a condition in which they can be used for treating 
fresh charges of ores or compounds. 

“ Any cyanide soluble in water may be used, such as 
ammonium, barium, calcium, potassium, or sodium cya- 
nide, or a mixture of any two or more of them; or any 
mixture of materials may be taken which will by mutual 
action form cyanogen or a substance or substances con- 
taining or yielding cyanogen. 

“In dealing with ores or compounds containing, per 
ton, 20 oz. or less of gold or silver, or gold and silver, we 
generally use a quantity of cyanide, the cyanogen of 
which is equal in weight to from one to four parts in 
every 1000 parts of the ore or compound, and we dissolve 
the cyanide in a quantity of water of about half the 
weight of the ore. In the case of richer ores or com- 
pounds, whilst increasing the quantity of cyanide to suit 
the greater quantity of gold or silver, we also increase the 
quantity of water so as to keep the solution dilute, In 
using free cyanogen, the cyanogen obtained as a gas in 
any well known way is led into water to form the solution 
to be used in our process ; or any suitable known mode of 
setting cyanogen free in solution may be employed. 

‘In some circumstances, it may be found desirable to 
conduct the operation under pressure in a closed vessel ; 
and a higher than the ordinary temperature may be used 
if found desirable. 

‘Having now particularly described and ascertained 
the nature of the said invention and in what manner the 
same is to he performed, we declare that what we claim 


‘*1, The process of obtaining gold and silver from ores 
and other compounds, consisting in dissolving them out 
by treating the powdered ore or compound with a solution 
containing cyanogen or a cyanide or cyanogen-yielding 
eubstance, substantially as hereinbefore described. 

‘*2, The process of obtaining gold and silver from ores 
and other compounds, consisting in dissolving them out 
by treating the powdered ore or compound with a dilute 
solution containing a quantity of cyanogen or a cyanide 
or cyanogen yielding substance, the cyanogen of which is 
proportioned to the gold or silver, or gold and silver, 
substantially as hereinbefore described.” 


Later on, arriving at the conclusion that the 
patent could not be supported with claim 1, a third 
specification might be lodged, corresponding in the 
main with No. 2, but altered in its opening and 
concluding parts somewhat as follows : 


“No. 3]. This invention has principally for its object 
the obtaining of gold from its ores or other compounds, 
but it is also applicable for obtaining silver from its ores or 
compounds ; and it has reference for these purposes to an 
improved process which, whilst applicable to ores or 
compounds generally, is effectual with ores and com- 
pounds from which gold or silver have hitherto not been 
easily obtainable because of the presence of various other 
metals or their compounds, or because of the physical or 
chemical condition of the gold or silver in the ores or 
compounds, 

‘In carrying out the invention the ore or other com- 
pound ina powdered state is treated with a dilute solu- 
ticn containing a quantity of cyanogen or a cyanide 
(such as cyanide of potassium, or of sodium, or of calcium) 
or other cyanogen-yielding substance or compound the 
cyanogen of which is proportioned to the gold or silver, 
or gold and silver, and which dilute solution has a selective 
action such as to dissolve the gold or silver in preference 
to the baser metals which it leaves. In preparing the 
solution...” 

“Having now particularly described and ascertained the 
nature of our said invention, and in what manner the 
same is to be performed, we declare that we are aware 
that for the purposes of extracting gold and silver from 





their ores it has been proposed to use cyanide of potassium 
in connection with the electric current ; also that it has 
been proposed to use a solution a cyanide of 
potassium and carbonate of ammonia, with or without 
chloride of sodium, for the same purposes ; but, so far as 
we are aware, no method has heretofore been proposed by 
which the precious metals can be successfully removed on 
@ commercial scale from their ores or compounds and the 
baser metals be left, as by the process hereinbefore de- 
scribed, and what we claim is : 

‘* The process of obtaining gold and silver from ores and 
other compounds consisting in dissolving them out by 
treating the powdered ore or compound with a dilute solu- 
tion containing a quantity of cyanogen or a cyanide or 
cyanogen-yielding substance, the cyanogen of which is 
proportioned to the gold or silver or gold and silver, sub- 
stantially as hereinbefore described.” 

Specification Nos. 1 and 2 are respectively ac- 
cording to the provisional (with claim 1 added) and 
complete specifications of the cyanogen patent, 
and No. 3 roughly illustrates what might be done 
under the system we advocate, and is not, of course, 
to be taken as a maturely considered amendment 
of the specification against which the Court of 
Appeal pronounced. 

It is to be noted that, under the proposed system, 
although the invention claimed in No. 3 was not 
contained in No. 1, the patentees would be en- 
titled to priority in respect of it, as from the date 
of filing specification No. 2, but they could not 
enforce their claim to it until, by filing specifica- 
tion No. 3, they had got rid of claim 1. 

But under our existing system, if the pith and 
marrow of an invention claimed ought (as we con- 
tend it should) to be contained in the provisional 
specification, then in the case under consideration, 
assuming claim 1 to be expunged, claim 2 would be 
bad on the ground of disconformity. Of course it 
is not for us here to question the judgment of the 
Court of Appeal, but we may remark that there 
may be many analogous cases in which the 
patentees would be less fortunate than (as it would 
seem) that court considered the plaintifis in the 
cyanogen case would have been but for claim 1 not 
having been got rid of. 


(To be continued.) 








NOTES. 


Gotp In Russia. 

RusstA holds the third place among gold-pro- 
ducing countries. Gold is only found in large quan- 
tity in the Ural Mountains and East and West 
Siberia ; the very limited output of washed gold 
in Finland is not of any importance. The 
production fluctuates considerably ; during the de- 
cade 1880-1890 it was greatest in 1880, when the 
output reached 43,277 kilogrammes (= about 43 
tons), gradually sinking to 33,020 kilogrammes 
(83 tons), and subsequently again rising to 39,405 
kilogrammes in 1890 (over 39 tons). The de- 
cline in the beginning of the decade was 
owing to the emaller yield of the gold mines in the 
Olekminsk and Jenniseisk districts in East Siberia, 
which were at one time amongst the richest gold 
mines in Russia. The subsequent increase of the pro- 
duction is not owing to the discovery of new 
mines, but to improved methods of extraction. 
The output of gold in the Ural Mountains and 
in West Siberia appears to be steadily increasing, 
while there is a falling off as regards Eastern 
Siberia, with the exception of the Amur district, 
where the output is rapidly increasing. According 
to the official statistics, the output for the year 
1890—ofticial reports are generally years behind in 
Russia—was for 


Kilogrammes. 
West and East Siberia ies we 28,865 
Ural oes ae fis ae 10,5244 
Finland ... ad eh 174 


This was the outcome of 23,000,000 tons of 
gold-carrying sand and ore. In the period from 
1834 to 1892 East Siberia alone has yielded over 
1000 tonsof gold. The question as to what percentage 
of gold in the ore is considered necessary to make 
the process of extraction pay, is answered very dif- 
ferently in Eastern Siberiaand in the Ural district. 
| One of the largest gold-mining companies in the 
| Amur district does not consider it advantageous to 
work mines in which there is less gold than about 
| 3.5 grammes (2.26 dwt.) per ton of sand, whilst in 
| Ural a minimum of 0.7 gramme of gold per ton of 
| sand is considered sufficient to make the process of 
| extraction remunerative. The natural consequence 
‘is that deposits, which are thought worth work- 
ing in Ural, are left entirely unworked in the 
| Amur district. This is no doubt caused by the 





distant situation of the latter locality, where labour, 
food, machinery, transport, &c., are very expensive 
It is only natural that the Russian Government 
should do all in its power to advance the gold-mining 
industry. Its plan is to train up a staff of mining 
engineers, and to let these experts visit North 
America, South Africa, and Australasia. It is also 
proposed to attempt a second extraction of gold 
from some of the vast quantities of residues, &c., 
in the various mining districts. 


THE InstitUTION OF MECHANICAL ENGINEERS. 

The usual spring meeting of the Institution of 
Mechanical Engineers commenced on Wednesday 
evening last, and will be continued this evening. 
In consequence of the rebuilding of the premises 
of the Institution of Civil Engineers, the meeting 
was held in the theatre of the new building of 
the Royal United Service Institution, which had 
been kindly lent for the purpose. On the members 
assembling, Professor Kennedy, the President, 
occupied the chair, and after the usual for- 
mal business had been transacted, the ad- 
journed discussion on Captain Sankey’s paper on 
**The Governing of Steam Engines by Throttling 
and by Variable Expansion,” was resumed, This 
occupied the whole of the evening, Messrs. Long- 
ridge, Allen, Bryan Donkin, David Joy, Mark 
Robinson, Druitt Halpin, Clarke, and others, 
taking part in the proceedings, We shall give 
a detailed report of this discussion in our 
next issue ; but it may be stated that the general 
conclusion to be drawn from the remarks of various 
speakers appeared to be that both systems of govern- 
ing had their respective places; that a combined 
system offered advantages at times over either 
method used separately ; whilst under certain con- 
ditions either system might be used impartially. 
Mr. Joy gave a striking instance of the latter fact 
taken from practical work. He said that, in the 
case of a certain railway, premiums were paid to 
drivers, after the usual custom, for effecting 
economy in the consumption of fuel. The drivers 
were allowed to work their engines as they chose. 
Some preferred linking up to reduce the power, 
whilst others would work almost wholly by the 
regulators. There was the keenest rivalry among 
the men, and the results were watched with the 
greatest interert. It was found, on an average, that 
there was no appreciable difference, whether 
linking up or throttling was used. Captain 
Sankey, who is to be commended for the unbiassed 
attitude he has assumed in the controversy, finally 
summed up the discussion. Yesterday the annual 
dinner took place at the Freemasons’ Tavern, and 
this evening the third report to the Alloys Research 
Committee will be read by the author, Pro- 
fessor W. C. Roberts- Austen, when it is 
anticipated there will be a full attendance, as 
some of the very beautiful and interesting ex- 
periments and _ illustrations with which the 
author’s name is so closely associated will be brought 
forward. There are two other papers, which take 
theform of appendicesto Professor Roberts-Austen’s 
report, on the agenda—one by Mr. Allan Gibb, 
dealing with the elimination of impurities from 
copper ; and another by Mr. Alfred Stansfield on 
the pyrometric examination of the alloys of copper 
and tin. 


Tue TELEPHONE IN THE UnitTED States. 

The American Bell Telephone Company has just 
reported progress for 1894, At the close of last 
year the number of instruments under rental was 
582,506, as compared with 566,491 at the close of 
1893, 552,720 at the close of 1892, and 512,407 at 
the close of 1891, The number of exchanges last 
year was 867, as compared with 838 in 1893, 812 in 
1892, and 788 in 1891. The number of branch 
offices was 572 last year, as compared with 571 in 
1893, 539 in 1892, and 509 in 1891. The length of 
wire on poles owned by the company at the close 
of last year was 232,008 miles, as compared with 
214,576 miles in 1893, 201,259 miles in 1892, and 
180,139 miles in 1891. The length of wire on build- 
ings owned by the company last year was 14,525 
miles, as compared with 16,492 miles at the close 
of 1893, 14,980 miles at the close of 1892, and 14,954 
miles at the close of 1891. The length of under- 
ground wire owned by the company last year was 
148,285 miles, as compared with 120,675 miles in 
1893, 90,216 miles in 1892, and 70,334 miles in 
1891. The length of submarine wire owned by the 
company last year was 1856 miles, as compared 
with 1637 miles in 1893, 1336 miles in 1892, and 





1029 miles in 1891. Altogetherthe company owned 
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last year 396,674 miles of wire, as compared with 
353,480 miles in 1893, 307,791 miles in 1892, and 
266,456 miles in 1891. The number of circuits last 
year was 212,074, as compared with 205,891 in 
1893, 201,322 in 1892, and 186,462 in 1891. The 
number of employés last year was 11,094, as com- 
pared with 10,421 in 1893, 9970 in 1892, and 
8376 in 1891. The amount derived by the company 
last year from telephone rentals was 2,502,992 dols., 
as compared with 3,513,711 dols. in 1893, 3,303,753 
dols. in 1892, and 3,127,783 dols. in 1891. The 
company has also large investments in other under- 
takings, and the dividends derived from these 
sources last year amounted to 1,937,657 dols., as 
compared with 1,824,432 dols. in 1893, 1,422,048 
dols. in 1892, and 1,320,646 dols. in 1891. After 
adding sundry miscellaneous items of revenue, and 
deducting expenses (including interest and taxes), 
the net revenue of the company last year was 
3,123,785 dols., as compared with 3,925,486 dols. 
in 1893, 3,411,676 dols. in 1892, and 3,126,820 
dols. in 1891. The amount paid away in dividends 
last year was 3,000,000 dols., as compared 
with 3,339,156 dols. in 1893, 2,919,090 dols. 
in 1892, and 2,725,000 dols. in 1891. The 
total investment in telephone property in the 
United States is 77,500,000 dols. The principal 
long-distance construction of 1894 was a line from 
Pittsburg to Chicago vid Indianapolis, and a line 
between Erie, Pennsylvania, and Norwalk, Ohio. 
The metallic circuit system has grown rapidly in 
favour, and at the close of 1894 the stations of 
54,680 exchange subscribers were furnished with 
the equipment required for this improved class of 
service. Subscribers make a steadily increasing 
use of the exchange service. Onan average, each 
subscriber throughout the United States now uses 
his telephone upon calls made and received 17 
times per day. During the last six years the num- 
ber of subscribers has increased 42 per cent. ; 
within the tame time the average daily use of the 
exchange service of each subscriber has increased 
40 per cent., and the number of employés engaged 
upon exchange work has increased 76 per cent. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 18, 1895. 

Hicgittr priced ore and coke have sent billets and 
Bessemer, and two or three finished products, a little 
higher, enough to strengthen the demand for them. 
The expectation is that an improving demand will set 
in for nearly all finished products. Railroad traffic 
earnings are still unfavourable, and railway ex- 
penditures for repairing and extension require- 
ments are therefore light. Western iron centres are 
more active than eastern, but a cautious course will 
be pursued until crop assurances are satisfactory. 
Large orders are in sight for locomotive, car, and 
boat work. Plate and structural mills keep full. The 
feeling is steadily improving, but still the funda- 
mental conditions are unfavourable. The next poli- 
tical issue will be on the remortisation of silver, and 
American sentiment outside of newspaper offices is 
overwhelmingly in its favour. The character of this 
year’s business in iron and steel depends upon the 
extent to which work on the newly-projected enter- 
prises will be undertaken. Girder rails are active, and 
tramway work is being prosecuted with exceptional 
vigour. 





THE NEW PATENT BILL. 
To THE EpiTor oF ENGINEERING. 

Srr,—With many of your criticisms of this Bill, the 
majority of your readers will doubtless agree; but the 
attempt which is now made to deal with one of the most 
serious evils underlying our whole patent practice seems 
to call for fuller consideration than it has received. 

The most important clause of this Bill is, I submit, 
Clause 3, which provides that, after the grant of letters 
patent, the validity of the same shall not be questioned 
on the ground of disconformity between the complete and 
provisional specifications. Clauve 2 merely indicates the 
means whereby this object is sought to be attained. 1 
have long regarded the object aimed at as a most de- 
sirable one, not only in the interests of patentees, but in 
that of the public ; for I hold it to be to the public advan- 
tage that inventors should be afforded every reasonable 
encouragement to patent and to procure the introduction 
of their inventions. To afford them this encouragement, 
no pains should be spared to make our patent law as 
perfect as possible ; and the public are, I feel sure, grate- 
ful to Mr. Moulton, Sir Richard Webster, and the other 
eminent gentlemen who are bestirring themselves to effect 
improvements. The marvel is that a nation with the 


practical and common-sense characteristics of the British 
should so long have tolerated such a slipshod system as 
has hitherto prevailed, and must continue to prevail so 
long as a patent is procurable based on an application 
accompanied by a provisional specification, which may 





be interpreted to cover things which the applicant had 
never dreamt of, but which, subsequently to the date of 
his application, he may have cribbed from some other 
applicant, who vainly imagined himself to be the grantee 
of protection of some kind. 

In your article of last week you enumerate three things 
as being much needed, the first place being given to 
‘Reliable protection from the date of application for a 
patent.” Protection for what? If you mean for what 
the applicant has invented, I am entirely with you ; but, 
if you include what he may subsequently invent or become 
possessed of, I regard that as nothing short of legalised 
fraud. Take, as an example, the case where A lodges a 
provisional specification describing certain means, which I 
will call x, for accomplishing a particular object. On 
carrying out experiments, he finds the means proposed 
unsuitable, or at any rate unsatisfactory, and, he proceeds 
to devise other mears, which I will call x'. In his com- 
plete specification, he describes and claims x and (as 
alternative means for carrying out his invention) <!. 
Meanwhile B, independently working in the same field, 
discovers z', the preferable—and, for practicable purposes, 
the only useful—mode of carrying out the invention, B’s 
application being filed shortly after A’s. A anticipates B, 
but in regard to x! can it, in common justice, be main- 
tained that A “‘is the first and true inventor ”? The third 
ground on which opposition may be founded (section 11, 
as amended) is designed to meet cases of this sort; but it 
is sometimes very difficult to determine what a vague 

rovisional specification does and what it does not cover. 
cg there may have been nothing to attract B’s 
attention, and A’s application may slip through un- 
noticed. 

The difficulty is not, however, confined to cases where 
concurrent applications overlap and interfere with one 
another. Indeed, those cases are, comparatively speaking, 
the exception. The every-day case is that where some 
departure from the provisional specification has been 
made, and the applicant desires to know whether or to what 
extent he may include in his complete specification such 
additional matter. Now these casesare of all shades. In 
some, the departure is so great as to make the invention 
substantially different from that adumbrated in the pro- 
visional. In other cases, the additional matter may not 
amount to more than the requisite directions for the 
proper carrying out of the invention. But there are many 
gradations between these two types, in which there is 

lenty of room for doubt, and in which an applicant either 
a to claim less than he has invented (at the date of com- 
pleting his application), or take the risk of his patent being 
invalidated by disconformity. 

Numerous cases could be cited to show that the diffi- 
culty is real and inherent to our system. Amongst the 
most recent is that of Gadd and Mason, where the Court 
of Chancery and the Court of Appeal arrived at opposite 
views as to what might properly be included under an 
application accompanied by a particular provisional speci- 
fication. In that case there did not happen to be a con- 
flicting patent of subsequent date in respect of the alter- 
native mode of construction ; but, had there been, it is not 
wholly inconceivable that the superior court might have 
been more disposed to confirm the judgment (adverse to 
the patent) appealed from. 

It is these difficulties and dangers which Mr. Moulton’s 
Bill is designed to remove, and every effort in this direc- 
tion should be heartily welcomed. To diminish, even by 
one, the grounds upon which the validity of a patent may 
be attacked cannot but tend to enhance the value of 
patent property. 

With regard to the means proposed in Clause 2 of the 
Bill for accomplishing the object aimed at in Clause 3, I 
agree with the writer of the article that they are unsatis- 
factory, whether the supplementary provisional specifica- 
tion or specifications be treated as bearing their own dates, 
or that of the original provisional specification. Assum- 
ing that the patent is to bear the date of the original 
application—and there is nothing to indicate otherwise— 
such a system would practically amount to affording 
facilities for unlimited additions to, or amendments of, 
the original provisional specification, the exact reverse 
of the present practice, under which no material altera- 
tion of the originating specification is allowed. With all 
respect to the high authorities by whom this Bill has been 
introduced, I cannot avoid the conclusion that, were it to 
become law, the effect would be to substitute the pro- 
bability of being robbed for the possibility of being upset 
on the ground of disconformity. 

If, therefore, the inherent defectiveness of our system 
cannot be removed by the means proposed, the question 
remains, How is it to be overcome? 

You say, ‘‘ Why not require that the first specification 
shall describe and claim the invention fully so far as the 
applicant is then able to describe and claim it?” Because 
at that date the applicant is not in a position to make 
claims of a definite character, and if indefinite, as they 
most certainly would be, they are practically useless. 

Another plan which has been urged, and towards which 
the writer of the articles under discussion appears to 
have a leaning, is that of ‘‘ patents of addition,” a system 
in vogue on the Continent, and intended for the protec- 
tion of improvements upon the subject of an original 
patent, the patent or patents of addition running with 
the original patent, and all being covered by one set of 
taxes. It is not always clear what may and what may 
not constitute the subject-matter of a patent of addition ; 
but I have no serious objection to urge against that 
system, asa system. What I submit is that it has little 
or nothing to do with the present question, which is not 
what further facilities might reasonably be afforded to 
inventors, but how can an inventor be protected whilst 
his invention is in the probationary stage? Except ftom 
a financial point of view, I fail to perceive any difference 
between a patent of addition and an additional patent. 








Every application would presumably go through the same 
routine, and every objection now 4 starr against the 
prevailing system under which a patent is granted would 
equally apply to the granting of a patent of addition. The 
applicant for a patent of addition foregoes a portion of 
the term of the grant in consideration of a remission of 
renewal fees, and there the arrangement begins and ends, 

I believe it would quite possible to devise a scheme 
which would not only get rid of the invalidation for dis- 
conformity difficulty and the uncertainties incidental 
thereto, but would satisfy the reasonable requirements of 
inventors, whilst paying due regard to the rights of the 
public. 

The plan I propose is of a simple character, and consists 
primarily in the separation of the term of provisional 
protection from that of the letters patent. 

An inventor, on becoming possessed of an invention, 
would lodge, either an application for provisional pro- 
tection, accompanied by a provisional specification, or an 
application for letters patent, accompanied by a complete 
specification. 

Assuming the former course to be adopted, and pro- 
visional protection to be obtained as a preliminary 
measure, the application for letters patent would have to 
be lodged within (say) six months, as proposed in the new 
Bill, with power to the Comptroller, on sufficient reason 
being shown, to extend the time for one month on pay- 
ment of an additional fee, and for a second month on 
payment of an additional fee of double the amount. 

he provisional protection would, of course, date from 
the filing of the application therefor, and the letters 
patent would run from the date of filing the application 
for letters patent and complete specification. 

Where the application for letters patent is lodged within 
the term of provisional protection, and where the applicant 
desires, for the purpose of opposition or of revocation, to 
secure priority for the particular invention described in such 
provisional specification, he gives an intimation to that 
effect when making his application for letters patent; in 
which case his provisional specification—or provisional 
specifications, for there may be more than one—is, or are, 
attached to, and published with, his complete specifica- 
tion. This gives him the right to oppose any application 
for, or to subsequently apply for the revocation of, a 
patent for the same invention bearing a later date of 
record, whether pertaining to an application for provi- 
sional protection or for letters patent. 

As it would be in no way obligatory for the complete 
specification to be in conformity with the provisional 
specification, the risk of invalidation by reason of discon- 
formity would cease to exist. The only effect of the 
complete going beyond the provisional would be that, for 
the purpose of opposition or revocation, an applicant 
might obtain priority for a particular feature of the in- 
vention as from the date of his application for provisional 
protection; whilst for the additional matter, he would 
only obtain priority as from the date of his complete speci- 
fication and application for letters patent. 

These arrangements are, of course, more particularly 
designed to meet cases where the grants of provisional 
protection run concurrently, and to afford inventors the 
means of recording their improvements as they develop 
them ; many inventions consisting of several more or less 
distinct or distinguishable features which are necessarily 
realised at different times. In the great majority of cases, 
however, where patents conflict with one another, they 
are of quite distinct dates ; and in these cases there would 
be no necessity to consider anything but the complete 
specifications from which the patents respectively date. 

Thus, during the process of elaborating and perfecting 
his invention, aninventor would be afforded the means of 
recording from time to time such improvements as he 
deems of value, each application for provisional protection 
securing him, as from the date of filing, a reasonable term 
of protection for the particular improvement he describes. 
He is not compelled to have all, or indeed any, of these 
provisional specifications attached to his complete speci- 
fication. He may abandon any he considers useless, or 
supersede any he regards as unsatisfactory. He acquires 
no rights in respect of things he has not described or even 
invented. With such facilities for recording what he 
really does invent, there would be no excuse for interpret- 
ing his provisional specification or specifications other- 
wise than in a fair but reasonably restricted manner, due 
. ~e being had for the rights of others. 

n your last week’s article you remark, ‘‘ By all means 
give to the inventor protection as from the date of appli- 
cation in respect of everything disclosed in the specifica- 
tion when filed.” I submit that my plan is designed to 
do this, but not to afford him the opportunity of 
acquiring letters patent or even provisional protection in 
respect of what he has not disclosed or even invented at 
the date of his original application. 

It should also be borne in mind that the interpretation 
of these provisional specifications would only fall upon 
the Comptroller—and, on — upon the law officer— 
in opposition cases, whereof there are not a great number. 
In cases of infringement and of revocation, it would be 
for the court, and even then only in rare instances ; be- 
cause, as already pointed out, there would, as a rule, be 
no necessity to go beyond the date of the letters patent. 
Thus, the duties of the Patent Office would be simplified, 
because (except in opposition cases) there would be no 
necessity for the examiner to consider whether the scope 
of a complete specification exceeded that of a provisional 
specification with which it might be coupled; the duties 
of the court would be lightened, because there would, as 
a rule, be no necessity to consider the relationship between 
a complete specification and its accompanying provisional 
specification ; the freedom of the inventor in patenting 
his invention would be gee ; whilst the risk he at 
present runs of having his patent invalidated in conse- 
quence of his having too implicitly obeyed the injunction 
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laid upon him to describe the best mode of enone out 
his invention known to him at the time of filing his com- 
plete specification, would be entirely avoided. 

Ib may be suggested that a system such as that proposed 
would enable several distinct inventions to be included 
in a single patent; but it is not proposed that the inter- 
pretation ab present placed on the expression ‘‘one in- 
vention,” to which every patent is limited (section 33), 
should be in any way altered. : f 

It may also be suggested that an inventor might file a 
provisional specification every day of the week for six 
months. Well, so he may now, if he fancies that mode of 
getting rid of his superfluous cash ; but I have never met 
that kind of inventor in my own practice. Judging from 
my experience of cases to which a system of the kind pro- 
posed would have been most applicable, I should think 
four, or even five, provisional specifications might have 
ben filed, whereof perhaps one or two might ultimately 
have been abandoned or superseded. In a case such as 
that of Gadd and Mason there would be only one supple- 
mentary application for provisional protection in respect 
of the alternative mode of carrying out the invention ; 
whilst, in other cases, the improvements which from 
time to time develop theniselves might be more numerous, 
although it does not follow that each feature of improve- 
ment would be made the subject of a separate application, 
any more than at present. me : 

The shortening of the term of provisional protection to 
six months would, I think, be advantageous in several 
respects. At present it frequently happens that an appli- 
cant who has lodged a provisional specification, knowing 
that it is not absolutely safe for him to complete his 
application prematurely, does practically nothing for the 
first six months. Meanwhile, other applicants in the 
same position are also ‘‘ marking time.” To meet excep- 
tional circumstances, a possible enlargement of time, for 
one, or even two months, should, I submit, be provided 


or. 

It may also be urged that, by making the term of pro- 
visional protection anterior to and distinct from the term 
of the letters patent, the total term of protection is in 
effect extended beyond 14 years. But should not this bs 
regarded as an advantage rather than an objection ? 
Taking thé 12 principal patent-granting countries of the 
world, it will be found that the average term for which 
they grant patents is over 15 years, and it is not obvious 
why the British inventor should be placed on a less favour- 
able footing. 

In carrying into practice a system of the kind suggested, 
there are, of course, minor details which would have to 
be considered and provided for; but I have endeavoured 
to confine myself to the leading features of the scheme. 
As it is, I fear I have presumed too far on your indulgance 
besides trying the patience of your readers, 

Iam, Bir, your obedient servant, 
G. G. M. HarDINGHAM. 

191, Fleet-street, London, E.C , April 23, 1895. 





To tHE EpiTor oF ENGINEERING. 

Sin,—The leading article in your last issue affords a 
clear insight into some of the weak points of current 
legislation upon the subject of patents for inventions. 

The birth of a new Patents Bill in the House of 
Commons is an event upon which the eminent Queen's 
Counsel by whom it is backed must be congratulated. 
The sponsors of this latest addition to the family of 
Patent Bills doubtless anticipate that it will do its duty 
in the matter of bringing in more plentiful supplies of 
briefs than its predecessors. 

The examination of applications with regard to novelty 
seems likely to remain a vexed question. ‘‘To examine 
or not to examine” will evidently be a moot point for 
patent lawyers of generations to come. 

It seems a pity that the Great Seal of England (or at 
least one side of it) should be desecrated by attachment to 
documents of no intrinsic value ; but, on the other hand, 
why should the errant inventor bs deprived of the intel- 
lectual exhilarations consequent upon receiving the Royal 
prerogative to ‘ make, use, exercise, and vend,” &c.? 

If some provision could be made by which the wise and 
the foolish inventions could be separately classified, that 
would indeed be a boon to thosa who go to the Patent 
Office, not as victims of the inventivefever, but as represen- 
tatives of progress in arts, manufactures, and machinery. 

Yours, &c., 


London, S.W., April 17, 1895. 


DIOGENES. 





ROLLER BEARINGS. 
To THE Epiror oF ENGINEERING. 

Sir,—My attention has been directed to the notice of 
the Meneely tubular bearing, which appeared in your 
issue of the 29.h ultimo; with special reference to the last 
paragraph in said notice, I must ask you to kindly give me 
the opportunity of stating some of the results that have 
been obtained, from actual trials, with the bearings now 
being manufactured by the Anti-Friction Roller Bearing 
Syndicate, which may be briefly stated as under : 

These bearings have now been running for over 
14 months on an electrical tramway in this country, with 
marked success, and I hold the engineer’s certificate of a 
saving of over 30 per cent. in electrical energy consumed, 
resulting from the application of the roller, as compared 
with ordinary bearings. 

Trials have also been made on several horse tramways, 
with the following general results: Average starting 
effort per ton of load, 6.53 lb., as against 41.68 lb. with 
ordinary oil axleboxes. The gravity test showed that the 
cars fitted with our roller bearings ran 6.39 times as far as 
those fitted with the ordinary bearings. Full particulars 


Tramways Institute Journal. (See paper read by Mr. F. 
Purdon in September last year.) Since that date the ex- 
periments have been continued with even better results, 

These roller bearings have been fitted to dynamos, 
shafting, and cycles, and have given uniformly satisfactory 
results, 

Experiments have been made with railway vehicles, and 
these are still in progress. It may be interesting to your 
readers to know that: the lowest starting effort, on a per- 
fectly level road, yet obtained in these experiments, with 
ordinary oil axleboxes, has been 7,0 lb. per ton, and with 
roller boxes 4.0 lb, 

The bearings are now being applied to omnibuses, cabs, 
broughams, and other wheeled vehicles, and when these 
experiments are completed I hope to publish the results, 

Our bearings are also particularly well adapted for the 
thrust bearings of propeller shafts. 

Without in any way wishing to detract from the ad- 
vantages claimed for the Meneely tubular bearing, I trust 
the facts I have above stated wil! enable you to somewhat 
qualify the statement you made in your article, namely, 
that the Meneely bearing, on the face of it, has advantages 
possessed by no other roller bearing. 

In conclusion, I may say that I am gratified to find that 
the Meneely bearing is meeting with success, as there is 
an undoubted large field for roller bearings, and the best 
is sure to receive the largest support in the long run. 

Yours traly, 
W. Huex Woopcock, 
Managing Director, Anti-Friction 
Roller Bsaring Syndicate, Ltd. 
2, Great George-street, Westminster, S. W. 





LOCOMOTIVE CABS. 
To THE EpiToR oF ENGINEERING. 

Str,—I am pleased to see that Mr. C. E. Stretton is 
again taking up this question in your columns. I must 
say that our locomotive superintendents who design such 
neat engines generally bestow too little attention on this 
accessory, but not at all unimportant part of a locomotive. 
I have more than once in one or two of your contempo- 
raries dealt with this matter, and even been somewhat 
severely criticised by one of our well-known locomotive 
engineers. The question is somewhat more complex than 
some of your readers would imagine. It is not with the 
cab alone we have to deal with, but also with the arrange- 
ments of the handles and other apparatus which it 
shelters. 

The cab, as it is now designed, is by no means an 
elegant structure. With one or two exceptions, it looks 
more a3 if it were there more to protect the back of the 
boiler than the enginemen. I may, however, remark that 
we show very little consistency in our locomotive prac- 
tice, for the engines we build for our colonial railways 
are often fitted with comfortable cabs, and this applies 
more especially to those intended for countries where the 
climate is usually hot and dry. 

In Germany a closed cab, similar to that adopted in 
the United States, has recently been introduced in the 
State railways, more especially in Prussia. As you know, 
these cabs are now fitted with seats for engine-drivers. 
This question of seats was the object of a long discussion 
in the German technical press, which ended in the 
general adoption of a seat of special design. 

The cab introduced on the North-Kastern Railway 
is evidently of German design, but my exporience is that 
although an improvement on the usual short-roofed 
English shelter, it is not all what could be desired. What 
it wanted is a cab that can be closed at the back and 
opened at the front, so as to give free access to the run- 
ning board. 

Iv is a wonder that enginemen have not before now 
taken steps to have this state of affairs altered. Few 
locomotive engineers seem to understand the hardships 
of engine-driving in such weather as we have recently 
experienced. Had these gentlemen spent a little more 
time on the footplate, they would have introduced a more 
rational design of cabs. Of the arrangement of the 
handles, &c., I should say that this is a matter of first 
importance, and one in which the opinion of enginemen 
should be taken into consideration. 

The reversing gear needs improving. The screw, which 
is far from being in general use, is not particularly 
adapted to the quick reversing of an engine, especially 
with the high pressures now prevalent. Stirling’s revers- 
ing gear deserves certainly a more extended application, 
and so does the American throttle or regulator with equili- 
brium valves. We are very slow to adopt improvements 
of foreign origin, although a long practice may have 
sanctioned their use abroad. This applies more especially 
to the case under consideration. 

The French railways, which, for a long time, had done 
very little in this respect—it is said the drivers them- 
selves objected to cabs—have, of late, made a decided 
progress. They have avoided: the short-roof cab which 
is so characteristic of many of our engines. Most cabs 
of recent French locomotives have roof ae To sum 
up. Locomotive cabs should be roomy, well lighted, well 
ventilated, yet fres frcm draughts. The drivers should 
be provided with movable seats, The regulator and 
reversing gear should be easy to handle; there is no 
difficulty in carrying this out. The want of closed cabs 
is more particularly felt in double and tank engines, and 
all those which usually run indiscriminately in either 
direction. Some improvements have already been’ made 
in this respect, and we hope to see them generalised ere 
long. But the question of improved cabs for main-line 
engines is not less important, and should receive more 
attention than has hitherto been the case with our 
locomotive superintendents. As already suggested, the 


be taken, for they know best the requirements of a calling 

which claims day after day the full and continuous 

exercise of both their intellectual and physical faculties. 
London, April 15, 1895. MERNOK. 





THE REORGANISATION OF THE ROYAL 
ENGINEERS. 
To THE EpitoR OF ENGINEERING. 

Srr,-—In considering Sir Guilford Molesworth’s eulo- 
gium, it should ba remembered that he rose to the highest 
position a civilian could under the domination of mili- 
tary engineers, and that it was unlikely he would have 
been called on to lecture at Chatham had he been 
avowedly hostile. 

In assuming the right of deciding the opinion of his 
professional brethren, he should have remembered that 
three successive Presidents of the Institution of Civil 
Engineers—1889 to 1891—signed letters on behalf of its 
Council to the Secretary of State for India, to the effect 
that the interests of civil engineers were overlooked and 
ignored in favour of military engineers. 

It would ba more to the point were Major Scott-Mon- 
crieff not to rely on such extraneous aid, but to refute the 
grave charges brought against his corps, which is the duty 
of every officer belonging to it. 

Silence is becoming dangerous when that distinguished 
leader of public opinion, the Marquis of Salisbury, said, 
at the annual dinner of the Institution of Civil Engineers, 
‘“*T hope some day the civil engineers—for the military 
engineers will not do it—will remove the reproach of 
typhoid fever from our barracks.” 

I am, &e., 

SPECTATOR. 





THE HYDRAULIC BALANCE LIFTS AT 
HOTEL AUSTRALIA. 

To THE Epiror or ENGINEERING. 
Sir,—On the 29th of December last you did me the 
honour to illustrate and describe the Fest high-speed 
lifts of 104 ft. stroke, and in your following issue of Janu- 
ary 4, I note a letter from Messrs. Archibald Smith and 
Stevens, the well-known lift-builders of Battersea, in 
which your correspondents claim the principle of the 
loaded swinging lever for balancing the protrusion of the 
ram as ‘‘an old friend” of theirs, and then proceed to 
point out that their arrangement, as illustrated by you 
some years back, ‘‘possessed the advantage, in all im- 
portant particulars,” over the device adopted by me. 

I am a constant reader of ENGINEERING, and have every 
number from the beginning. I have, besides, a very 
special collection of literature and plans relating to lifts, 
but I never saw your correspondent’s device until now. I 
have succeeded in turning it up in your number for 
October 16, 1885, at which time I was on board an 
Orient steamer, returning from a tour in America and 
Europe, hence my ignorance of their invention. Having 
now found it, I take the earliest opportunity of frankly 
admitting that in the general principles involved I have 
been anticipated by Messrs. Archibald Smith and Stevens, 
as my first hydraulic balance was patented in 1884, and 
their “‘ tumbling lever” is No. 5009 of 1883. When, how- 
ever, your correspondents proceed to claim that their 
device possesses ‘‘advantages in all important particulars ” 
to mine, I prefer (as I am not a builder of lifts) to leave 
= to judge and compare the two arrangements, and 
will therefore not ask to cumber your space with special 
pleading as to merits or demerits. 
With your permission, however, I would like to 
call the attention of such of your readers as are in- 
terested in this class of machinery to a few salient 
points in which the “‘ Australia” lifts differ widely from 
that shown by Messrs. Archibald Smith and Stevens. 
First, as to size, 17 cwt. ram displacement is a much 
larger lift than one of only 7} cwt., and 400 ft. or 500 ft. 
a minute is possibly a much higher speed than your corre- 
spondents’ lift runs as a general thing. Secondly, it is 
probable that few experienced engineers would justify the 
complication of expensive wrought-iron levers with joints 
and pins to swing 3 tons at their ends as a substitute 
for a 5-ton balance weight in one piece, especially when 
the side strain and friction with the former is much 
greater than in the latter arrangement, owing to the 
angle of the radius rods. In the ‘‘ Australia” balance there 
is not side pressure enough to turn the guide rollers on 
the balance head. Thirdly, with regard to the saving 
of cast iron by placing the weight at the end of 
the lever instead of in the middle, mere weight of 
cast iron does not count for much in itself, but if it 
is so serious a matter in this case, why not lengthen the 
lever still further and reduce the weight still more? 
It may be noted, however, that in the ‘‘ Australia” no 
part of the lever goes above the crosshead of the power ram, 
whereas in the other arrangement the excavation would 
have to be made deeper to enable the balance to work 
under the ground floor. It is to pomen this height of 
machine being further increased, I presume, that their 
weight is made to swing loose instead of being made solid 
with its centre on the present point of suspension. I 
should very much like to know the longest stroke, 
heaviest load, and highest speed worked by your corre- 
spondents under their patent, and with thanks to them 
for pointing out their prior use of the general principles 
involved in the “ two devices,” 
Iam, very ee 

ORMAN SELFE, 


Sydney. 





AFRICAN TELEGRAPHY.—The construction of the African 
trans-continental telegraph is proceeding. Sections from 
Chimolo to Umtali and from Umtali to Salisbury are 








of these trials will be found in the Minutes of the 





advice and opinions of enginemen on this matter should 





expected to be started immediately. 
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LIME v. CEMENT. 
To THE Epitor OF ENGINEERING. 

Sir,—In Mr. Ruthen’s letter on the above subject in 

our issue of March 1 he writes that the reason of some of 

{r. Haig’s briquettes mouldering away into dust would 
be ‘*some destructive property contained in the sand,” 
and again he states a case of failure on the Great Western 
Railway was due to ‘‘an ingredient in the sand which 
absolutely ruined the cement,” . 

Would he or any other of your correspondents kindly 
inform me what ingredients in the sand would be likely to 
have this effect ? 

In a large quantity of roadway I am now building I am 
met with the difficulty that, though I can obtain excellent 
lime, the sand is extremely bad, in fact, can hardly be 
termed sand at all. 

The tests applied show that the mortar sets very well 
indeed at first, but I do not want to find, as Mr. Haig 
did, that after six months it begins to crumble away into 
dust. Yours nes, 








NAVY BOILERS. 
To THE EprrorR oF ENGINEERING. 

Srr,—As articles and letters have been appearing of late 
in the press on the subject of water-tube boilers as com- 
pared with other types of marine boilers, it may not be 
out of place for ua to say a few words respecting the well- 
tried water-tube boilers of the Normand type, which 
seem to have been omitted, although in a modified form 
they have been applied by us to H.M. torpedo-boat 
destroyers Ferret, Lynx, Banshee, Contest, and Dragon. 

Each of these boats is fitted with four boilers, which 
have proved most successful, giving about 4500 horse- 
power, and a speed of vessel well over 27 knots. Four of 
the boats have been handed over to the Admiralty, and 
the fifth is awaiting a navigating party. 

In the allusion to the Speedy with water-tube boilers 
the fact is overlooked that with the locomotive type of 
boiler, in vessels of same dimensions, we got in 1890 a 
speed of over 20} knots in the Almirante Lynch and 
Almirante Condell for the Chilian Government, and close 
oo 20 knots from rather smaller vessels, Kspora and 
Rosales, for the Argentine Government, in each case with 
about 2) in. air pressure, 

With the locomotive type of boiler we have been most 
successful in the first class torpedo-boat No. 97, which 
gave a speed on trial of 23.61 knots with 1650 horse- 
power, and about 120 tons. 

Yours faithfully, 
Lairp Broruers. 

Birkenhead Iron Works, Birkenhead, 

April 23, 1895. 








DOMESTIC BOILER EXPLOSIONS. 
To THE Eprror oF ENGINEERING. 

Sir,—-In reply to your footnote (see page 416 ante), 
T must say that the apparatus mentioned has a head 
of 72 ft., and the gauge from which I have taken 
my figures ranges from 40 lb. to 45 lb. I instanced 
this apparatus for the purpose of showing that the 
manufacturer of safety valves cannot be relied upon 
to supply a correctly loaded valve when the head 
of water only is supplied to him. Although the pres- 
sure due to head is only 30 lb., the resistance of the cold 
supply to back pressure must be very great in propor- 
tion ; at all events, it is enough to resist the power neces- 
sary to move the whole of the circulations. There is no 
high-level hot-water tank, the storage being in the boilers, 
about 9 ft. by 3 ft. 6in., and in the mains, I selected 
this apparatus to show clearly what I meant by ‘the 
additional amount required for working purposes,” which 
is in this case equal to 15 lb. per square inch, as shown by 
the pressure gauge. I am not going to argue for or 
against such facts as a measurement, and the actual pres- 
sure indicated by the gauge, and it is quite clear to me 
a there is no obstruction of the water supply to the 
oiler, 
___To show this, I will take the less cumbrous apparatus 
illustrated with the letter of ‘‘Alexis.” In this case 
the valve is loaded over and above the resistance 
of the cold supply pipe, the proof being that the valve 
remained tight and A soe the additional pressure gene- 
rated at the boiler—when the expansion pipe was 
frozen—to force back all the hot water from the cylinder 
to the store cistern, and the cylinder being now filled 
with steam under the pressure due to the head of 
water from the store cistern, a tap is opened and the 
pressure liberated, or the steam forces an outlet through 
the store cistern; no matter which happens, the water 
returns, the steam is condensed, and collapse results. 
The slight power required to drive the primary and 
secondary circulations must be less than the resistance 
offered by the cold supply pipe, just the same as in my 
large apparatus ; and in neither case is there any difficulty 
in supplying the boiler. If the resistance of the cold 
supply is less than, or even equal to, the power necessary 
to ‘‘ drive the circulations,” the water in the cold supply 
pipe becomes the hottest when at rest, and noises are 
heard exactly the same as when steam is turned on toa 
wrought-iron pipe. That power is necessary to reverse 
this column of water there can be no doubt, If water is 
heated in a large open vessel it will circulate freely, but 
if heated in a closed boiler and a system of pipes more 
heat is absorbed, the expansion is greater, and being con- 
fined, the expansion resolves itself into pressure which 
forces the circulation round. I have proved this with 


small models, and also by listening to and studying many 
circulations, 

To sum the matter up shortly, I may say that pres- 
sure is always greater at the boiler, when in use, than 


that due to the head of water. I am unable to give 
definite figures as to the proportion of increased pressure 
under various heads and temperatures, as I have not the 
means to carry out such experiments. 
I am, Sir, yours faithfully, 

7, Grant-sbtreet, Liverpool. Henry Cray. 

[Are we to understand, from Mr, Clay’s po letter, 
that the apparatus he refers to works with a closed cir- 
cuit, and that the boilers are fed direct from the mains ? 
If this is so, of course the pressure in the boilers will be 
that due to the head on the mains, and will be quite 
independent of the height to which the circuit of pipes is 
carried. The case described by ‘‘ Alexis,” which Mr. 
Clay quotes, shows just what would happen if the pres- 
sure in the boiler exceeded that corresponding to the head 
given by the supply cistern. We repeat, that so long as 
the water in a circulating system is circulating properly 
the pressure on the boiler cannot exceed that due to the 
head given by the supply cistern or its equivalent.— 
Ep. E.] 








A CURIOUS MAGNETIC EXPERIMENT. 
To THE EpitoR OF ENGINEERING. 

S1r,—Referring to Mr. Benham’s ‘‘ Curious Magnetic 
Experiment” (IENGINEERING, March 29, 1895, page 416), 
I remember an article on ** Thermomagnetic Motors,” by 
J. Stefan, in the Proceedings of the Vienna Imperial 
Academy of Science (Math.-Phys. Cl., vol. xcvii., [T.a; 
January, 1888), which certainly will interest the gentle- 
man; as the question communicates partially with my 
own researches, I shall always ba grateful for any infor- 
mation from Mr. Benham’s side. Begging you to publish 
this notice in your journal, 

I am, Sir, faithfully yours, 
J. J. TAUDIN CHABOT. 
Degerloch, Stuttgart, March 16, 1895. 





BICYCLES AND CENTRIFUGAL FORCE. 
To THE EDITOR OF ENGINEERING. 

Sm,—Your delightful articles on ‘‘The Making of a 
Bicycle ” call to mind a fallacy which has crept into an 
often quoted example of centrifugal force, viz., the angle 
to which a bicycle rider will have to lean in travelling 
round a given path, at a given velocity. 

The usual solution ignores the obvious fact that the 
wheels of the machine act as flywheels, and it there- 
fore gives the inclination more nearly vertical than it 
should be. 

This can be roughly explained by noting that the centri- 
fugal force of the part of the rim on the ground is extin- 
guished, while that of the topmost section is quadrupled. 
Hence the rider has to lean more towards the centre than 
would have keen necessary had the wheel been sliding 
on the path, as the ordinary solution of the problem 
assumes. 

Can any of your readers give me the correct formula 
for calculating the inclination of such a wheel, apart from 
the rider and frame? 

I may, perhaps, add that I have experimentally proved 
the correction for rotation to be, in some cases, a very 
considerable quantity. 

The same principle underlies the action of the gyro- 
scope top. Yours faithfully, 

Rochester, April 22, 1895. Percy J. NEATE, 


METEOROLOGY. 
To THE Epiror oF ENGINEERING. 

Srr,—In your article on the weather of March last, 
commenting upon the gales of the 24th and 27th of that 
month, you, in relation to the latter, afford the following 
information : 

** At 8a.m. on the 27th instant appeared an independent 
cyclonic storm off the south-west of Ireland, barometer 
28.9 in. ; next morning it had got to the Irish Sea, 28.5 in. ; 
and the following morning to latitude 55 deg. north, 
longitude 0, just out abt sea, beyond Shields, 28,8 in. ; 
where it remained till 8 a.m. 30th, 29.2in., and then 
commenced to move southward to 53 deg. north, longitude 
2 deg. east, at 6 p.m.; it then became stationary for 
24 hours, filling up to 29.5 in. ;” and you proceed to ask 
why the storm should have been suddenly arrested in a 
rapid north-easterly progress, leisurely ending in the 
peculiar position indicated, with a wide sea in front of it, 
supposed to offer less resistance to the track than land? 

It seems quite impossible to account for the movements 
of storms as primarily due to atmosphericconditions. There 
must be an influence in operation, which is local in action, 
which has the power to affect one part of the globe more 
than another, and it is, perhaps, not unreasonable to seek 
for this influence in the internal condition of our planet. 
If the influence were purely planetary it would be 
periodical, or more so than is apparently the case at present. 
At the same time it is but natural to look for some 
planetary effect, and possibly the one may be affected by 
the other, and the effect upon the atmosphere be the result 
of the internal action of the earth, combined with the 
influence of other planetary bodies. We know that a 
transference of that which we recognise as electricity is 
always taking place between one point ana another of the 
globe, and that rapid and violent changes of temperature 
are preceded or attended with increased electrical mani- 
festation. Does this arise from the internal or external 
condition of our globe? I am by no means versed in such 
questions, but ordinary reasoning would suggest that 
beyond the atmospheric envelope of our globe, the only 
influence must be that of the sun, or the planets of our 
system, the regular movements of which will not account 
for the irregular meteorological conditions which we ex- 
perience, If it isa fact that any unusual disturbance of 
the terrestrial magnetism presages conditions which affect 





the safe working of certain coal mines, have we nob in this 


a suggestion that the atmospheric condition is influenced 
by that which produces disturbance of the magnetic con- 
dition of the earth? Ifso, may we nob go a step further 
and inquire whether it may not prove the main factor in 
the production of other atmospheric conditions leading to 
the development and conduct of storms of wind, &c.’ If 
the internal condition of the earth isso variable as to affect 
locally its magnetic conditions, may we not reasonable 
expect that there arises a corresponding influence beyond 
the crust of the earth? The main point is, how is this to 
be ascertained? Others more perfectly versed in the sub- 
ject may perhaps consider this; but it does occur to me 
that some assistance might be rendered to our meteoro- 
logists by periodical observations of ‘‘ earth-currents” by 
the various electrical services whose wires traverse the 
country, and by observations in coal mines, &c. Mani- 
festly any such observations would have to be dealt with 
in a systematic manner under the guidance of a competent 
authority, and the data so collected would require careful 
tabulation and comparison with the prevailing atmospheric 
conditions, possibly for a long time before anything 
definite could be achieved. There is reason to believe 
that not only the Post Office but the railway companies, as 
well as similar foreign administrations, if appealed to, 
would gladly render any aid in their power in making such 
observations if it were felt they would be of service in 
aiding the determination of a question of so great im- 
portance to the world at large. 
I am, Sir, yours faithfully, 
Derby, April 16, 1895, W. E 


» da 





INDUCED v. FORCED DRAUGHT. 
To THE EpiTor OF ENGINEERING. 

Srir,—Your correspondent ‘*‘ Air Lock’s” criticism on 
the experiments with induced and forced draught on the 
boilers of H.M.S. Gossamer in your last week’s issue is 
wide of the mark. In the first place, the experiments 
were not mine, nor conducted by me, but by the Ad- 
miralty. I had nothing to do with the rate of steaming. 
I simply attended to take observations for my own in- 
formation. If I had had a free hand I would have 
removed the forced draught fittings and the bottle-ended 
tubes (which still remained as encumbrances to the 
induced draught system) and steamed full power, 1350 
horse-power, for any prescribed time. 

The boilers could not be steamed at high rates with 
forced draught on account of priming, and the trials were 
moderated down to suit these circumstances. 

The reason I selected these experiments for my paper 
was on account of details taken not easily obtainable at 
sea, but the Gossamer also had a sea trial with the two 
systems of draught, and was under full speed for ten daye, 
The commander made his report upon the working of the 
two systems, a copy of which I inclose for your perusal. 

I refuse to enter into any argument upon the figures of 
the experiments, but they certainly show a fair compari- 
son between the two systems, as the engines and boilers 
were in every respect alike and worked under the same 
conditions. 


I 
London, 8.E , 


To THE EprTor or ENGINEERING. 

Srr,—In the report in your last week’s issue of my 
remarks after the reading of the paper on ‘* Induced 
Draught” before the members of the Institution of Naval 
Architects, there is an inaccuracy which you would much 
oblige me by correcting. I am made to state, ‘‘ With the 
latter, z.¢., forced draught, firedoors were speedily de- 
stroyed ; in one case, 16 firedoors had been required in 
one month. When induced draught was applied the fire- 
doors stood.” What I did say was that ‘‘ With forced 
draught firebars were speedily destroyed ; in one case 16 
firebars had been destroyed in one watch. Induced 
draught was not destructive to firebars.” 


Yours truly, 
London, 8.E., April 23, 1895. 


am, Sir, yours obediently, 
April 23, 1895. W. A. Martin. 





W. A. Martin. 








THE New Britisu CrursErs.—The following descrip- 
tion of the new first-class cruisers, for the commencement 
of which provision is made in the Navy Estimates for 
1895-96, las been issued as a Parliamentary paper : 
When the statement of the First Lord explanatory of the 
Navy Estimates for 1895-96 was presented the designs for 
the four first-class cruisers proposed to be laid down had 
not been completed ; consequently details could not be fur- 
nished. Since that date these designs have been com- 
pleted and approved by the Board. The principal dimen- 
sions are as follows: Length between perpendiculars, 
435 ft. ; length on the water line, 455 ft. ; breadth, 69 ft. ; 
mean draught with keel, 25 ft. 3in. ; displacement (about), 
11,000 tons. The armament will include 15 6-in. quick- 
firing guns, 14 12-pounders, quick-firers, and 12 
3-pounders, besides smaller machine guns. The torpedo 
armament will include two submerged tubes and one 
stern tube. The protective arrangements to engines, 
boilers, magazines, and other vital portions will be prac- 
tically identical with those of the Powerful and Terrible. 
The new cruisers will also resemble the Powerful in the 
protection of the armament and the arrangements for the 
transport of the ammunition from the magazines to the 
fighting positions. They will resemble the Royal Arthur 
and Crescent in having considerable height of freeboard 
with a long forecastle. The steel hulls will be wood- 
sheathed and coppered, so that the vessels may keep the 
sea for long periods without serious loss of speed. The 
measured mile speed, with natural draught, will be about 
204 knots, which should give, with the type of boiler to be 
used, a continuous sea speed for smooth water and clean 
bottom of about 19 knots. Coal-bunker capacity for 





about 2000 tons will be provided, half of this being carried 
at the above-stated draught and displacement. 
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BRIER'S TESTING APPARATUS FOR HIGH-PRESSURE GAS 


CYLINDERS. 


CONSTRUCTED BY THE SCOTCH AND IRISH OXYGEN COMPANY, LIMITED, POLMADIE, GLASGOW. 
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The accompanying illustrations show Mr. Henry 
Brier’s apparatus for testing the steel cylinders used 
for the storage of compressed gases, as made and em- 
ployed by the Scotch and Irish Oxygen Company, 
Limited, of Rosehill Works, Polmadie, Glasgow. It 
will, no doubt, be remembered by many that an older 
form of this apparatus was put on the market in 1889 
by the same firm. It suffered, however, from the 
objection that, with its fixed head or jointing ring, 
cylinders could only be tested for expansion from the 
shoulder downwards, and cylinders with large splayed 
bottoms could not be tested at all. 

These difficulties are overcome in the apparatus 
shown by the use of a loose annular jointing ring or 
cover, which is fitted with inflatable joint surfaces on 
its outer and inner edges, This cover, as will be seen, 
is placed round the neck of a cylinder of any size or 
shape, after it has been lowered into the machine, and 
a perfect joint is made in a moment by allowing a 
pressure of water from any convenient source, of con- 
stant pressure, to inflate the rubber surfaces. 

_ The primary object of this apparatus was to obtain an 
insight into the behaviour of cylinders whilst under 
hydranlic test pressure, for it was feared that, under 
the old manner of treatment, many cylinders were 
being ruined by excessive testing, and were being 
stretched beyond their elasticlimit ; this was found to 
be the case, and faults are now shown and cylinders 
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rejected which would otherwise have been considered 
suitable for service. 

A cylinder to be tested is filled with water and 
placed in the envelope, which also is full of water. 
The joint ring cover is then put into place, and its 
joint surfaces inflated round the neck of the cylinder 
as explained. The cylinder is next subjected to in- 
ternal pressure, and its expansion is measured by dis- 
placement of water from the envelope. The water 
immediately commences to rise in the gauge glass on 
the first indication of pressure on the pressure gauge, 
and continues to do so untilthe maximum pressure is 
reached, on release of which it falls, with good cylin- 
ders, to its original position, showing that the elastic 
limit of the metal has not been passed and the cylinder 
isin no way damaged. 

It will be seen from the engravings that particular 
care has been taken to render the apparatus easy and 
reliable to handle, and as little as possible is left to 
the responsibility of the attendant. All pressure 
joints are kept strictly outside the displacement 
chamber, the only connection to which is that necessary 
to conduct the water to the displacement gauge tube. 

It is necessary, in order to obtain correct readings, 
that the pressure in the inflating rubbers should be 
constant, and, where a fixed head of water is not ob- 
tainable, this is managed by means of a weighted piston, 
as shown on the engraving. 
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A few loose heads of different sizes enable the same 
machine to be used for cylinders of all diameters, and 
two gauge tubes are shown of different diameters, one 
being for cylinders of small, and the other for cylinders 
of large, capacity. 

The pressure accumulator is loaded with rings of 
cast iron in such a manner that the different pressures 
required may, without trouble, be obtained by using 
any number of rings. 








INDUSTRIAL NOTES. 

WE have to record one of the greatest victories 
for the cause of peaceful negotiation in labour 
disputes that it has been our lot to chronicle. 
Up to the very day of the reassembling of the 
conference of employers and workmen’s representa 
tives in the boot trade, under the presidency of Sir 
Courtenay Boyle, and even during the first day of 
the last sitting of that conference, the outlook was 
dark, At the previous conference both sides had put 
forward what we were bound to regard as impossible 
conditions, because they were altogether irreconcilable 
It almost seemed as if there was an indisposition 
to come to terms, so opposite were the demands. The 
only gleam of hope was to be found in the three re- 
solutions agreed to at the first conference, as a basis 
for negotiation. But at the close of the second con- 
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ference the suggestions of the chairman afforded 
another chance of peaceful solution ; these were formu- 
lated into the shape of resolutions for both parties to 
consider. During the interval the attitude of the 
contending parties gave no indication of prospective 
settlement, and it is doubtful whether the representa- 
tives of the employers’ federation, or of the workmen’s 
union, had any idea of a possible solution of the diffi- 
culty. But, ere the first day’s sitting of the last con- 
ference ended, there was a feeling that a solu- 
tion was possible, and each side met in private to 
consider the new suggestions, as a basis of settlement. 
It soon leaked out that the prospects had become more 
favourable, and hopes were expressed that the end of 
the dispute was near. The parties met on the Friday 
afternoon with an evident desire to come to terms, if 
possible. The sitting was delayed until three o’clock 
to enable them to consult, especially the employers, 
as some of the suggestions were such that the repre- 
sentatives of the federation thought that a wider 
consultation was necessary. That the negotiations 
were anxious and delicate is certain, for the conference 
sat for nearly six hours before a satisfactory set of re- 
solutions could be agreed upon. For a period of nearly 
five hours many of those deeply interested in the final 
result were awaiting the issue. By nine o’clock the 
business was finished, and a settlement was effected, 
much to the joy of all concerned, It is thought that 
the details will be settled without delay, and that 
work will be resumed. 

The series of resolutions embodying the terms of 
settlement are too long to be given in extenso, but the 
following synopsis gives a full résumé of all the points: 
(a) Resolutions 1, 2, and 3. The Conference records 
its opinion that a piecework statement is desirable for 
lasting and finishing machine workers, and those con- 
nected with those branches, such statement to be 
based on the actual capacity of the average workman. 
Each manufacturer may adopt piecework or daywork, 
but all workmen to be placed on the same system in each 
branch, and no change to be made oftener than once in 
six months. Heeling and sewing to be separate 
branches. The piecework system for welted work at 
Northampton to be on thesame principle as the above. 
The piecework statement to be drawn up by a joint 
committee of four on each side, empowered to lay down 
and determine principles and methods, arrangement 
and classification for each class of workers, under four 
heads. These committees to meet on May 5. They 
may take evidence ; each side to appoint an umpire ; if 
they fail to agree as to the umpire, the matter to be re- 
ferred to the president of the employers’ federation and 
secretary of the men’s union ; and if they fail to agree, 
Sir Henry James to act as umpire in this connection. 
(}) The remaining seven resolutions deal with the 
constitution and powers of the boards of arbitration. 
Such boards are to be reconstituted in all districts 
forthwith, with revised rules to secure greater uni- 
formity. Pending revision, the old rulesare to remain 
in force, with certain limitsas to application. When 
the boards are reconstituted and rules revised, they are 
to have full power to settle disputes within the respec- 
tive districts. Freedom of employment is conceded to 
both sides. No powers are to be exercised over dis- 
tricts not within the jurisdiction of the board, but no 
work subject to an award is to be sent to other dis- 
tricts. No interference is to be attempted with an 
employer as to regulations for keeping time and order 
in his factory. There is to be no restriction upon 
use of machinery, or as to output, or the adoption of 
piecework or daywork. The last four conditions are 
not to be matters of dispute, but are guaranteed. 
Provision is to be made for financial guarantees as to 
fulfilment of conditions. Provisions are to be inserted 
in the rules to carry out the scheme as agreed 
upon, and any dispute is to be referred to Sir Henry 
James. The notices as to advance of wages to clickers 
and pressmen to hold good, to be dealt with by the 
boards of arbitration in the respective districts. No 
strike or lock-out to be entered into ; breach of agree- 
ment to be punished on either side. Disputes as to 
agreement to be referred to Sir Courtenay Boyle, whose 
decision is to be final. Other disputes to be referred 
to Sir Henry James, 





The latest Board of Trade reports, on the condi- 
tion of trade and labour, state that there was a 
marked improvement as compared with the month 
previous. In several groups of trades, such as the 
building trades, shipbuilding, and agriculture par- 
ticularly, as well as other outdoor industries, a good 
deal of work is in progress, andemployment generally 
shows considerable improvement. Returns were re- 
ceived from 83 unions, with an aggregate of 387,907 
members, of whom 25,146, or 6.5 per cent., were 
reported to be unemployed, as compared with 7.9 
in the previous month, and with 6.5 in the same 
period of last year, when only 45 unions made returns. 
The chart line just reaches below the line of last year 
at the same date. The proportions of unemployed in 
the 83 unions may be thus classified: Under 5 per 


cent. unemployed, 45 unions, with 157,148 members. 
Then there were 17 unions, with 141,423 members, 





having from 5to 7 per cent. out of work. Above 7 per 
cent., there were 21 unions, with 89,366 members. 
Altogether there were 38 unions, with 210,769 members, 
having over 5 per cent. unemployed. This is still a 
very large percentage, especially as most of them re- 
present trades more or less skilled. In coal-mining 
there was a slight falling off. The returns are from 
963 pits, employing 247,203 workpeople; the aver- 
age time worked was 4.93 days per week, as 
compared with five days previously. But it was 
better than at the same date last year. In iron- 
stone mining things were better, the men working 
5.59 days per week at the 93 iron mines reported on, 
with 11,974 workpeople. There was a decrease in the 
number of furnaces in blast from 284 to 280, but the 
number employed was about the same. In the steel 
trade special returns sent in from 98 principal manu- 
facturers, employing 28,937 steelworkers, show about 
3 per cent. more were employed than last month. The 
engineering and cognate industries show improvement ; 
only 7.8 were unemployed, as against 8.3 in the 
month previous, and 9.1 at the same date last year. 
In the shipbuilding trades the improvement was | 
good, the percentage of unemployed falling from | 
16.3 to 12.4; the returns for the same date last year | 
being 13.3 per cent. But the percentage is still very | 
high for asingle industry or group of trades, for when | 
the list of unemployed reaches to 10 per cent., trade | 
cannot but be bad; but when it goes beyond up to| 
16} per cent., or even to 18 per cent., it signifies great 
depression. | 

The building trades experienced a revival. From | 
being at 10.1 per cent. out of work, the percentage 
fell to 4.9, which shows that the weather was the | 
cause of the increase of unemployed, and not bad trade. | 
The woodworking and furnishing trades also show | 
improvement, for the percentage out of work fell from | 
7 to 4.7 per cent.; in the corresponding month of last | 
year the percentage was 4.2. The paper, printing, and | 
bookbinding trades remain about the same as in the | 
previous month, steady at under 5 per cent. out of | 
work, The clothing trades have also improved ; the | 
ready-made branchesare fairly busy, while the bespoke | 
trade is much better. In the boot and shoe trades | 
disputes have interfered, but the bespoke department 
has been busy. In the textile trades there is some | 
improvement. Cotton-spinning is fairly active, on| 
full time, but with temporary stoppages; the weaving | 
branches are somewhat better off for work, The 
returns of unemployed do not, perhaps, indicate the | 
whole truth, for they only give 2.5 per cent. idle. All | 
branches of the woollen trades are busier ; some, how- | 
ever, are affected by seasonal causes, such as the | 
blanket and some other branches. The worsted trade, | 
the hosiery branches, the lace trade, and the silk | 
trades have all experienced some improvement. In|! 
the shipping trades there has been a larger demand | 
for seamen and firemen, the number shipped being | 
21.3 per cent. more than in the month previous. Dock | 
and riverside labour has been better employed, but 
there is still a considerable degree of slackness at some 
of the principal ports. The number employed at the 
London docks rose from 7458 in the last returns, to 
8342 in the present returns. The threatened disputes 
as to the corn elevators have subsided to a great extent. 
In the agricultural districts there has been general 
activity, the early spring work being rather behind. 
Altogether the state of trade has improved, and the 
condition of labour is better, but the improvement is 
unusually slow after so long a depression in many 
large branches of industry. | 








The number of labour disputes during last month | 
was fewer than in the previous month, 49 as compared | 
with 55, and with 100 in the same period of last year. 
Of the total 13 were in connection with mining, 11 in 
connection with the building trades, five in the metal 
trades, five in shipbuilding, five in the clothing, and five 
in the textile trades ; two in connection with dock and 
riverside labour, and three of a miscellaneous cha- 
racter. The boot and shoe strike and lockout is treated 
elsewhere, but in 43 out of the 49 disputes, 56,437 per- | 
sons were affected, or an average of 1312 per dispute, | 
as against 137 per dispute in the previous month. 
Eighteen old disputes were settled, but 18 old disputes | 
and 16 new disputes affecting 50,000 workpeople were | 
unsettled at the close of the month. About 113,600) 
persons were affected by changes in wages as compared | 
with 15,750 in the previous month, and 140,000 in | 
the preceding month. Among the number whose wages | 
suffered a reduction were 110,000, of whom 100,000 | 
were the miners in South Wales and Monmouth, and | 
about 2000 miners at Radstock. About 3500 steel- 
workers in the west of Scotland, and 1300 blastfurnace- 
men in Cumberland, and also 2250 glass bottle makers 
in Yorkshire, suffered reductions. About 3600 workers 
had an advance in wages, 3000 of whom belonged to | 
the building trades. There was noincrease in working | 
hours, but reductions in the hours of labour were made 
affecting 482 workpeople. The industries obtaining re- 
ductions in hours were carpenters and joiners, plumbers, 
labourers, and roadmen, and some branches in the 
tobacco trade; ineach case the movement was towards | 





an eight-hours working day. Singularly enough, the 
sailors and firemen, though in greater request, all suf. 
fered a reduction of 5s. per month at Newport, Belfast 
and Dublin. At Newcastle also there was the same 
downward tendency. But at Hull engineers on board 
ship have arranged for increased pay for all trial trips 
extra above the ordinary pay. The labourers in the 
Royal parks have obtained an advance from the first 
of this month at Hampton Court, Kew, and Edinburgh, 
as well asin London. The corn porters of the Port of 
London had to submit to a decrease of 5s. per 100 
quarters, from 25s. to 20s. ; but their earnings are com. 
puted at 13s. 1d. per day now, whereas previously 
they were 16s. 4d. per day, a drop of 3s. 3d. per day, 
The work, however, is very laborious, and spasmodic 
at all times. 





The anticipation of a revival of trade in the engi- 
neering industries of Lancashire seems to be in a 
fair way of realisation. The improvement recently 
noted has been fully maintained throughout the 
several engineering branches, and in the iron trades 
an increasing activity is becoming manifest. In. 
quiries from various quarters indicate a turn in the 
tide. Machine-tool makers are getting busier, and 
important requirements for China are reported. 
Cotton machinists have, it appears, considerable work 
on hand, for export mainly. Stationary engine builders 
are becoming fairly well off for orders, while about 100 
locomotives are wanted, mainly by the Manchester, 
Sheffield, and Lincolnshire Railway Company, a fair 
proportion of which is expected to be in the hands of 
localmakers. Boilermakers are more active than they 
have been for some time, and generally the engineering 
branches of industry rejoice in brighter prospects, and 
a healthier tone prevails throughout the districts, The 
improvement is manifest by the increased demand for 
workmen, the various societies being applied to where 
there are vacancies to be filled. The iron trade 
generally is also looking up; a more cheerful tone 
has prevailed, and a fair weight of business has 
been put through. The best evidence of improve- 
meut in this connection is that prices have hardened 
somewhat, and in some cases advances have been 
secured, though only to the extent of 6d. per ton, for 
delivery in the Manchester district ; for Lincolnshire 
brands also there has been some advance. The steel 
trade has not as yet felt the improvement to any 
extent. In some special centres, such as Oldham, 
Bolton, Manchester, and Salford, the firms engaged 
on specialities have begun to feel the increasing 
activity by an influx of inquiries from abroad, so that 
both the foreign and the home trade manifest signs 
of slow but sure improvement, with every indication 
of its being accelerated now that industry has settled 
down to its regular seasonal activity, when trade is 
always at its best. 


In the Wolverhampton district the orders that 
have been placed so far are not quite equal to the 
average at this season of the year, and are not at all 
up to recent expectations. The tone of the market 
has, however, been hopeful, in view of the contracts 
waiting to be placed for foreign and colonial markets. 
In the Birmingham district trade was at a standstill 
in most branches throughout the whole of last week, 
so that there is little to record as to any improvement 
or otherwise. But the general feeling is that things 
are improving in all the iron and steel and cognate 
industries, both in the town of Birmingham and the 
outlying districts. 





There is still considerable doubt as to what will 
happen in connection with the building trades next 
week. The notices expire on May 1, but in the 
meanwhile negotiations are still going on with a view 
tosome arrangement. The Building Trades Federation 
consists of some 24 distinct and separate bodies, each 
with their own trade organisation, but all federated 
together for thiscommon purpose. The total member- 
ship of the several bodies in London alone is 38,566 ; 
but many of the societies have a large aggregate 
membership, some reaching from 30,000 to 40,000 
strong. The proposals of the employers have been 
put to the ballot, as to whether the men will accept 
them or not, but the terms as set forth are really very 
vague for voting purposes. The real question at issue 
is not clearly put, though why it should not be is not 
indicated. But, in the form in which the matter 
is put, by two questions—(1) As to whether the men 
agree to accept the employers’ additional two rules ; 
(2) Whether they are prepared to stand by the working 
rules of 1892—there is a very large majority against the 
employers’ proposals. The better organised unions are 
strongly averse to the two conditions of the employers. 
The important one is the right of employing non-union 
men. This principle has just been accepted by the 
boot and shoe trades operatives, as part of their 
agreement. 





The ‘*‘ Mayday” demonstrations are now practi- 
cally completed, in so far as the organisation and 
arrangements are concerned. On Wednesday next, 
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May 1, the Socialists and Independent Labour Party 
will demonstrate in Hyde Park, assembling first on 
the Thames Embankment and marching thence to the 
park. Among the speakers will be Mr. William 
Morris, Mr. Hyndman, the member for West Ham, 
Mr. Tom Mann, and others. This demonstration will 
represent the extreme sections of all parties. 

On May 5, Sunday, the London trades under the 
auspices of the London Trades Council, and of the 
Kight-Hours Committee, will demonstrate, and efforts 
are being made to insure a great concourse of 
eople and a large procession from the Embankment. 
Both demonstrations are nominally in favour of an 
eight-hours day by legal enactment, but the object of 
the gatherings goes further in some respects, In 
Parliament the legal eight hours does not gain, but 
rather loses adherents, but otherwise than by legisla- 
tion the eight-hour movement grows. 





The miners of Northumberland agreed to accept 
6} per cent. reduction in wages at the meeting of the 
central board, and this was accepted by the coal- 
owners as a compromise, instead of 8} as proposed by 
the employers. The representatives of the men justify 
the course they adopted in view of the state of trade 
and the price of fuel. 

The dispute at and near Barnsley has eventuated 
in about 1000 miners having ceased work, and brought 
their tools to the surface, as the coalowners refuse to 
give satisfaction to their claims. This step is taken 
with the full concurrence of the Yorkshire Miners’ 
Association, and the men will consequently be sup- 
ported from the funds. At some other collieries it is 
expected that similar steps will be taken, as there has 


been friction for some time past. In most other dis- | His ; ; f y 
| agricultural engines led him to think that if they would 


tricts things are quiet ; the coal trade is not good, and 
prices are falling by reason of close competition. 








BOILER EXPLOSION NEAR YEOVIL. 

A FORMAL investigation by the Board of Trade has 
been held at the Town Hall, Yeovil, with regard to the 
circumstances attending the explosion of the boiler 
of a portable agricultural engine, which occurred on 
Saturday, February 16, at the Manor Farm, Yeovilton, 
owned by Messrs. E. J. and E. Haine. The Commis- 
sioners were Mr. Howard Smith, barrister, and Mr. 
J. H. Hallett, consulting engineer. 

Mr. Gough conducted the inquiry for the Board of 
Trade, and in opening the proceedings stated that the 
boiler was made by Messrs. Tuxford, of Boston, but as 
that firm ceased to exist many years ago, its exact age 
could not now be ascertained. It was in the possession 
of Mr. Moody, of Wigborough, for about 17 years, and 
was from time to time repaired by Mr. Sparrow, an 
engineer at Martock. In 1892 Mr. Moody’s effects were 
sold, and Mr. Sparrow purchased the boiler for a few 
pounds. It was of the horizontal return-tube type, an 
elliptical flue conveying the products of combustion from 
the firebox to a ‘combustion chamber at the back end, 
whence they returned through tubes to a smokebox, and 
from the smokebox they went, into the uptake. Mr. 
Gough gave various details as to the construction of the 
boiler, and went on to state that the mountings at the 
time of the explosion consisted of a safety valve, 2? in. 
in diameter, loaded by means of a lever, and a Salter’s 
spring balance; a steam stop valve, a glass water-gauge, 
two test cocks, a whistle cock, and a brass plug. There 
was no fusible plug in the crown of the furnace, nor was 
there at the time of the explosion any steam-pressure gauge 
attached to the boiler. When Mr. Sparrow purchased 
the boiler it was taken to his works at Martock, and was 
there subjected to an hydraulic test of 120 Ib. Mr. 
Sparrow gauged the firebox, and, not finding any deflec- 
tion in the plates, did not consider it necessary to drill 
any of them with the view of ascertaining their thick- 
ness, and having regard to the hydraulic pressure which 
the boiler had stood, he came to the conclusion that it 
could be safely worked at from 40 lb. to 45 lb. per square 
inch. In May and June, 1894, the boiler was used for 
driving machinery at Mr. Sparrow’s works. A steam 
gauge was fitted to it, and to prevent the safety valve 
being screwed down and locked fast, at a pressure beyond 
that at which Mr. Sparrow considered the boiler ought to 
be worked, a ferrule or bracket was made so as to pre- 
vent the lever being brought down too far. In December, 
1894, the boiler was lent to Mr. George Wills, a farmer, 
for threshing and chaff-cutting purposes, and it was 
alleged that when it left Mr. Sparrow’s premises the 
ferrule was still fixed to the safety valve. When it 
reached Mr. Wills’s farm there was no steam gauge 
attached, and the supposition was that it had fallen off on 
the road. Mr. Wills drew Mr. Sparrow’s attention to 
this, but no fresh gauge was sent. In February it hap- 
pened that a man named Joseph Hann was in charge of 
another boiler at the farm of Mr. Haine at Yeovilton. 
Hann’s boiler being in need of repair, he obtained from 
Mr. Sparrow, Jun., the loan of the boiler then at Mr. 
W ills’s farm, and it was taken to Mr. Haine’s farm on 
February 11, and_was set to work to supply steam 
for threshing. Witnesses would state that they saw 
steam blowing from the safety valve nearly every day at 
Mr. Haine’s farm except on February 16, when the boiler 
exploded. At half-past four on the afternoon of that 
day steam was shut off to enable the men to get some 
food, and very shortly after the explosion occurred. Hann 
and a man named Perry were killed, and two other 
persons were seriously injured. The thumb nut on the 
spring balance was removed and taken away by some 





unknown person, as a large number of people visited the 
farm during the ensuing day or two. 

Mr. William Sparrow, engineer, of Martock, said that 
having regard to the condition of the boiler after the 
explosion, and remembering the thinness of the plates in 
certain parts, he still considered it was fit for a working 
pressure of 42lb. He thought the cause of the explosion 
was overheating and overpressure. As for the steam 
gauge, though he always advised and urged boilerowners 
to have one, yet he knew of cases in the neighbourhood 
where boilers had been worked for 12, and even as much 
as 30 years without such a gauge, though there was a 
a balance safety valve, as in the case of the exploded 

oiler. 

Mr. Herbert Sparrow, son of tlie last witness, next gave 
evidence as to the application of the ferrule to prevent 
the valve being locked fast. He put it on, and did not 
think it could have fallen off ; it must have been forced or 
chiselled off. The pressure gauge was on when the boiler 
left his father’s premises for Mr. Wills’s farm. After the 


explosion he discovered signs of overheating caused by | Fah 


shortness of water, and he noticed that the feed pipe was 
partly blocked up. His idea was that the man in charge 
of the boiler screwed down the safety valve, and thus 
rendered it inoperative, and then left the boiler for some 
time, and did not feed it. 

After other witnesses had been examined to bear out 
certain statements made by Mr. Gough in his opening 
speech, Mr. Isaac Thomas Hawkins, civil engineer, of 
Somerton, gave evidence. At the request of the coroner 
he had examined the boiler, which he considered was 
worn out. <A portion of the bottom plate of the uptake 
was only ;*, in. thick. He did not say that the boiler, if 
used with great care, might not have been worked, but 
he should not have liked to trust it in unskilled hands. 
A steam gauge would not have prevented the explosion, 
but would have indicated the existence of high pressure. 
His experience of men employed in connection with 


screw a safety valve down they would not pay much 
attention to a steam-pressure gauge. The cause of the 
explosion was, in his opinion, that the safety valve 
was inoperative. He would not, without first making 
calculations, say that it would not have been safe 
to — the boiler at a pressure of 42 lb. to the square 
inch. 

Mr. R. Neville Grenville, engineer, said he had ex- 
amined the exploded boiler, and came to the conclusion 
that the safety valve must have been screwed down. He 
did not attach the slightest importance to the fact that 
the boiler had been used without a steam-pressure gauge. 
Such gauges were often very much out, and he could re- 
member the time when even the Great Western Railway 
used no pressure gauges. The late Sir Daniel Gooch once 
said to him, ‘‘They are only fancy things, and a man 
ought to know the working pressure well enough without 
them.” The safety valve used on the boiler in question 
was & very good one. 

Mr. J. W. Butterworth, engineer surveyor to the Board 
of Trade at Bristol, said he did not think the boiler was 
in a condition to be safely worked at any useful pressure. 
The crown of the firebox showed signs of overheating, and 
had evidently been short of water recently, though he did 
not think that such was the case at the time of the ex- 
plosion. He considered that the primary rent occurred 
in the top of the firebox. The bottom of the uptake 
chamber was wasted. It would have been injudicious to 
have worked the boiler without a steam gauge. Hecame 
to the conclusion that the nut of the safety valve had 
been screwed down prior to the explosion. As to the 
cause of the explosion, he thought the firebox crown had 
been so weakened, by having been recently short of water, 
that it became distorted to such an extent that it eventu- 
ally reached the bursting point. He could, however, only 
form a faint conception as to how far the firebox crown 
became deflected. The feed pipe from the pump to the 
boiler was very much furred, and its opening was con- 
siderably contracted in consequence. 

This concluded the evidence, and Mr. Gough submitted 
a number of questions to the Court for their judgment 
thereon. The Commissioners then adjourned, and in the 
meantime drove to Yeovilton in order to examine the 
exploded boiler. 

On resuming the inquiry, Mr. Howard Smith delivered 
judgment at great length, and said that the Court found 
that the explosion was caused by the crown of the firebox 
having become wasted by corrosion, and distorted through 
the boiler being short of water at some time prior to the 
explosion, thus weakening it to such an extent as to render 
it unfit to withstand the pressure to which it was subjected 
at the time of the explosion. Whether the nut of the 
safety valve was screwed down by Hann the Court were 
unable to say, and, certainly, unless they had the most 
conclusive evidence, they should not find, in the absence 
of Hann, who was, unfortunately, dead, that the valve 
was screwed down by him, though they were of opinion 
that it was screwed down by somebody. Looking at the 
condition of the firebox, the Court were of opinion that it 
might have given way at a pressure of 42 lb. on the square 
inch. They considered that Mr. William Sparrow was to 
blame for allowing the boiler to leave his premises without 
adequately and accurately ascertaining its safe working 
pressure, its condition being the real cause of the explosion. 
They doubted if it was ever fitted with a steam-pressure 
gauge, but they gave him the benefit of the doubt. As 
they thought his conduct amounted to carelessness, he 
would have to pay 10/. towards the costs of the inquiry. 
The Court added an expression of opinion that boilers of 
this description should be fitted with at least one lock-up 
safety valve. 

Mr. Gough mentioned that the coroner’s jury found 
‘That the boiler was not defective, but capable of workin 
at a pressure of 42 lb., and that the explosion was cause 





by the safety valve having been screwed down while the 
engine was in charge of Joseph Hann.” 

Mr. Howard Smith remarked that the evidence given 
that day by experts led the Commissioners to an entirely 
different conclusion. 








EXPERIMENTS IN CONNECTION WITH 
EVAPORATION.* 
By D. B. Morison. 
(Concluded from page 456.) 

Steam Supplied to Evaporator from Boiler, and Steam 
Generated in Evaporator Discharged to Condenser.—In 
this arrangement it is customary to place a vapour or re- 
ducing valve between the evaporator and the condenser, 
the evaporation will therefore take place at about atmo- 
— pressure, the feed being at 80 deg. Fahr., as 
before. 

Temperature of steam at atmospheric pressure 212 deg. 


ahr. 
Heat of 1 lb. of steam at 212 deg. Fahr. above water 
at 80 deg. Fahr. = 1098.1 thermal units. 

Heat in 4b. of brine at 212 above water at 80 deg. 
Fahr. = 66 thermal units. 

Heat required to produce 1 lb. of pure steam 1098.1 + 
66 = 1164.1 thermal units. 

As the steam generated in the evaporator is taken to 
the condenser and there condensed, it forms 1 lb. of pure 
water at the hot-well temperature of 120 deg. Fahr. The 
total heat, above 120 deg. Fahr., carried away in the 
circulating pump discharge at 80 deg. Fahr. is 1058.1, 
and 1998.1 — 1058.1 = 40 thermal units, represents 
the amount of useful heat sent to the hot-well after con- 
densation has taken place in the condenser. 


Steam from Boiler ; Generated Steam to Condenser. 





| 
Discharged by | Thermal 


Received by Evapo- | Thermal 
rator. | Units. Evaporator. Units. 





Heat given up by) 


Heat required to pro- 
1 1b, of steam in 


duce 1 1b. of steam 


at a temperature of condenser a 40.0 

212 deg. Fahr. above Balance of heat lost 

80 deg. Fahr. +» 1164.1 — incirculating water 1124.1 
Total... .. 11641 | ‘Total .. | 1164.1 








The net cost of producing 1 lb. of steam is, therefore, 
1124.1 thermal units, whilst the combustion of 1 Ib. of 


66 
1 = 8. 
coal would produce iad 8.6 lb, and 1 ton of fresh 


water would require “ = 260 Ib. of coal. 





These investigations show that water may be obtained 
from an evaporator for a nominal expenditure of coal or 
very wastefully, depending entirely on the arrangements 
adopted. The steam supply from the intermediate pres- 
sure casing is more economical from a heat expenditure 
point of view than a direct connection to the boiler, but 
there are practical considerations in favour of the latter 
which will be referred to later. With reference to the 
steam generated in the evaporator, there is no doubt what- 
ever that discharging direct to the condenser, although a 
cheap method as regards the cost of fitting up the appa- 
ratus on board, is distinctly the most uneconomical which 
could be adopted, and although a connection to the con- 
denser is sometimes convenient in port, yet at sea it should 
never be used, as it is simply equivalent to wilfully throw- 
ing coals overboard. There is in the hot-well a medium, 
viz., the feed water, which will readily absorb all the heat 
contained in the steam generated by the evaporator, and 
in such a manner that none of the heat so absorbed is 
wasted, consequently, to adopt any other method is 
sacrificing possible economy. 

The condensing of the steam amongst the feed water 
naturally raises the temperature of the latter, but not 
to such a point as will influence the working of the 
feed -pumps, unless the design is very faulty. If any diffi- 
culty occurs a remedy is often found by making a connec- 
tion by a g-in. pipe between the top of the feed pump 
barrel and the condenser. In order to overcome certain 
objections to evaporating direct into the hot-well, the 
writer has adopted an independent vessel, Fig. 4, which 
has given good results in practice. The vessel contains 
two chambers, one of which forms a receiver or well for the 
feed water on its passage from the hot-well to the pumps. 
Projecting into this well is a nozzle with radial openings, 
through which the steam from the evaporator flows, 
and by giving the water a centrifugal motion is rapidly 
condensed ; any freed air escapes by an exit pipe, and 
the heated water a from the well is drawn 
through the suction valve of the feed pump in the usual 
manner. 

The effect of an accumulation of scale in boilers does not 
come within the scope of this paper, but, considered 
a the results are : 

1. Decreased efficiency of the heating surface, causing 
an unnecessary expenditure of fuel, 

2. Increased temperatures of the materials forming the 
heating surfaces, causing collapse or deformation of fur- 
naces and leakage of tubes and joints. 

3. Increased wear and tear of boilers. 

4. Excessive boiler-cleaning expenses. 

Specimen No. 1 exhibited is a portion of scale taken 
from a boiler, which resulted in a very heavy repair bill 
and serious injury to the furnaces. It is very easy to 
understand that such a scale must have caused a great 
waste of fuel, but the rapid increase in the temperature of 
the furnace plates, when covered with but a slight coating 
of scale (especially when it contains oil), is not always 


* Paper read before the Liverpool Engineering Society. 
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fully appreciated until accidents happen, and for this | constant conditions in order that no scale might be cracked | the forty-eighth hour, yet, 


reason a feed-water filter is a valuable adjunct to an 
evaporator. Some very interesting investigations on 
boiler deposits have been made by Mr. Isaac, the con- 
sulting engineer for the Eastern Telegraph Company, 
who has given the subject careful study on account of 
the nature of the work of cable laying necessitating 
boilers being kept under steam for long periods. In one 
boat, after 110 days’ steaming, the boiler, on bein 

opened out, was found perfectly clean, and only requir 

the light powder with which the surfaces were covered 
brushing down and washing out. In another boat, after 
103 days’ steaming, a similar result was obtained. Each 
boat was fitted with an evaporator and an Edmiston 
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filter, the boilers, of 160 lb. pressure, being worked under 
Howden’s forced draught, and in both cases zinc and 
soda were used. If boilers are treated in this manner, 
maximum efficiency is maintained, the expenditure of fuel, 
the cost of boiler up-keep, and the expenses in scaling 
and cleaning being reduced toa minimum. An example 
recently came under the writer’s notice, in which a boat 
brought all her furnaces down, yet the thickness of scale 
on the heating surfaces was by no means excessive. Sub- 
—— analysis of the deposit gave the following extra- 
ordinary result : 


Per Cent. 
Gritty matter and sand 2.69 
Oxide of copper 1.07 
is. zine 3.42 
ne iron : 24.21 
os magnesium 16 52 
calcium 2.02 


Oily matter of acid character chemically 
combined with oxides of copper, zinc, 


iron, and magnesium .. cea aoe 32.02 

Oil in its natural state, but mechani- 
cally mixed through the deposit 17.98 
Total 99.93 


This remarkable deposit contains, therefore, 50 per cent. 
of oil. 

The oil on being examined was found to have a vaporis- 
ing point of 305deg. Fahr., and was, therefore, altogether 
unsuitable for the internal lubrication of high-pressure 
engines. 

he efficiency of the heating surface in an evaporator 
depends chiefly on the steam pressure within the tubes 
and the thickness of scale on the tubes. With a view of 


off by any variation in temperature. 
The trial lasted 48 hours, all water being carefully 
| measured and every provision made for obtaining ac- 
|curacy. Fig. 6 gives the results, from which it is seen that 
| the evaporation during the first hour was 32 gallons, falling 
| rapidly to 84 gallons for the twelfth hour, and continuing 
| to iodine gradually to 4 gallons for the forty-eighth hour. 
| The initial drop being very rapid, it was suggested that 
water in —— passed off with the steam ; half the 
tubes were then taken out and the experiment repeated 
with practically identical comparative results. At the 
end of the trial, the scale was about ,), in. thick. 
Fig. 7 illustrates another vessel, in which the heating 


.6. 
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, after the coils had been gub. 

“—o" to this treatment, the evaporation rose at once 
to 17. 

After three hours’ working the water was 
away, sea water admitted, steam turned 
thereby cracked off, this process being repeated at in- 
tervals until the 81st hour, with the result that, although 
the evaporation had fallen to 4 gallons during the 48th 
hour of the continuous trial, yet, after a further 33 hours 
of intermittent working, it had risen to six, which corre. 
sponds to the evaporation at the 20th hour of the con. 

| tinuous trial. Atthe end of the 81st hour the evaporator 
was blown down, cold water admitted, steam turned on 
| for a few minutes, and then the whole of the water was 


again drained 
on and scale 





SCALE OF HOURS WORKED. 


SCALE OF HOURS WORKED. 


surface is in the form of volute coils and with which the 
same experiment was made with exactly similar results. 
The pressure within the coils and the temperature of the 
water outside being kept constant, there was no tendency 
for the scale to crack off, and at the end of the trial the 
coils were covered uniformly with scale ,', in. thick. 





ascertaining the effect of scale, the following experiments 
were made: Fig. 5 is a vessel open at the top, within 
which are fitted ordinary condenser tubes terminating at 
each end in chambers for the inlet steam and outlet water 
of condensation, the latter being conveyed to a drainer so 
that full pressure could be maintained within the tubes. 
Dry steam was supplied to the tubes at a pressure of 
45 lb. per square inch, the water to be evaporated taken 
from the sea, and a density maintained of about ,°; to ;'; 


by continuous brining. As the intention was to ascertain 
the decrease in efficiency due to the formation of scale 
on a clean tube, every precaution was taken to maintain 


It will be noticed that the curves are different on 
Fig. 6 for the first few hours in the two experiments, this 
being due to the fact that the first vessel had a larger 
amount of contained water than the second, therefore the 
density of the latter rose more rapidly and scale formed 
more quickly. At the end of the forty-eighth hour steam 
was shut off, and after the water became cold it was 
drained away. Sea water was then admitted, and on 
steam being turned full on a large amount of scale could 
be seen to crack off and fall to the bottom of the vessel. 
The effect of this is clearly shown on the diagram, Fig. 8, 
as, although the evaporation had fallen to 4 gallons during 











drained off a second time. The result of this is seen at 
once in the diagram, Fig. 8, where it will be noticed the 
evaporation for the 82nd hour has risen to 154 gallons. 

At the end of the 35th hour a continuous trial of 55 
hours’ duration was made without brining in any way, and 
at the end of that time, that is, for the 140th hour, the 
evaporation had fallen to 2 gallons. On opening the 
evaporator it was found that a large quantity of salt had 
been deposited, and that underneath the salt crystals, the 
coils were coated with scale ;; in. thick. 

The above method of filling with cold water, admitting 
steam and draining off, was repeated, and a large portion 
of the scale cracked off, after which, the apparatus was 
closed up and the experiment continued for a further 
four hours, with the result that during the first hour the 
evaporation was 29 gallons, falling to seven for the fourth 
hour. The total time, therefore, that this trial lasted was 
144 hours, and during the whole of this time the coils 
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scaled by any mechanical means, the process of 
nt periodically being the only method adopted 
of maintaining the efficiency of the apparatus. é 
How long the efficiency could be maintained with this 
method of working the experiments do not show, but the 
natural inference is that the decrease in efficiency would 
be slow, especially if a greater pressure of steam was 
available ; ultimately, however, it would be necessary to 
scale the tubes by mechanical means. Ibis for this reason 
that the writer advocates connecting an evaporator direct 
to the boiler, as not only is the maximum pressure of 
benefit if the coils are allowed to become heavily coated 
with scale, but there is also the advantage of the greater 
expansion and movement of the coils due to the sudden 
application of the full pressure, thereby materially in- 
creasing the tendency for the scale to crack off. “ 

A double connection to the boiler and intermediate- 
pressure casing is, of course, the more complete arrange- 
ment, as the economy due to the use of receiver steam 
may be obtained when the evaporator is of ample size, 
and in fair working condition; whilst if the coils are 
dirty, or an extra amount of water is required, boiler 
steam is available. b : 

Repeated instances have come under the writer’s notice 
of where the coils have been encased in a solid block of 
salt or covered with a scale of exceptional hardness, Both 
these results are due to the careless working and insuffi- 
cient attention to brining. It is necessary for success tha 
the density should be maintained from ;% fry 08 if 
allowed to become too dense, salt will be rapidly deposited 
on the coils, whilst if the density is kept too low by exces- 
sive brining, not only is there a large amount of heat in 
the discharged water, but the scale formed on the tubes 
is very hard and difficult to remove. On account of the 
density of the water and the low pressure of evaporation, 
there is sometimes a slight tendency to prime, and for 
this reason a portion of the heating surface is usually kept 
above the water level in order to break up the bubbles 
and so prevent water, in the form of spray, passing off 
with the steam. ; 

A connection to the condenser is very convenient after 
blowing down, as the vacuum enables the evaporator to 
be filled from the sea more peg | when this is being 
done. Care should be taken to fully immerse the whole 
of the tubes before turning on steam, the excess water 
being drained away as soon as the cracking-off process is 
completed. The detached scale should also be cleaned 
out frequently, as when present in suspension it increases 
the tendency to prime, 

Evaporators are sometimes used as condensers for 
winches when in port, and certainly seem well adapted 
for the purpose, The cooling surface required is usually 
in excess of what is necessary for evaporating purposes, 
consequently an increased size of evaporator has to be 
fitted. In order to minimise this increase in size, the 
writer has designed a combined apparatus, as in Fig. 9, 
the feature of which is the utilisation of the steam space 
of an evaporator for the reception of a set of condensing 
coils, such set being a duplicate of the set of evaporating 
coils in the lower part of the vessel for which they are 
available when required. In the illustration the coils are 
divided into three similar sets. When evaporating, two 
sets are in use, and one set available as spare ; when con- 
densing, this spare set is fixed in the steam space so that 
the available surface, when used as a condenser, is 50 per 
cent. greater than the surface when used as an evaporator. 
This extra surface in the steam space is also of value 
when it is desired to work the evaporator at its maximum, 
as it vaporises any water which may be in the steam due 
to violent ebullition, and would, therefore, be well adapted 
for warships or torpedo-boats, where reduction of weight 
is a great desideratum. On passenger and better-class 
boats, winch condensers or exhaust tanks are a necessity, 
in order to overcome the delay and inconvenience caused 
by the escaping steam ; but it is the donkey boilers which 
reap the great benefit, as, in cargo boats especially, they 
never have a large margin in size, and being fed direct 
from the sea, thereby causing an ever-increasing accumu- 
lation of scale, they constitute not the least of the worries 
on board a steamship. The question of first cost has been 
the obstacle, however ; but now evaporators are an estab- 
lished necessity, it seems but a natural development that 
they should, with a little extra outlay, be rendered avail- 
able for condensing purposes, and so materially add tothe 
general efficiency. The writer had hoped to include the 
results of experiments with this apparatus, but as they, 
are incomplete he will have pleasure in communicating 
them to the Institution at a later date. 





ON A METHOD OF PREVENTING 
VIBRATIONS IN MARINE ENGINES.* 


By Mark Roprnson, Member, and Captain H. RIALi 
Sankey, R.E. (Retired), 

_1, In connection with a case of vibration in an electric 
lighting station, it was necessary in February, 1893, to 
Investigate the comparative action of certain different 
types of engines. The station in question had ten high- 
speed vertical engines, each of 200 indicated horse-power, 
with two cranks set opposite to each other. All ran at 
about 350 revolutions per minute (piston speed 525 ft. per 
minute), and were mounted on one large slab or block of 
concrete, about 88 ft. long by 24 ft. wide by 7 ft. deep. 

2. In the engine-room itself little or no vibration was 
usually perceptible, and it was possible to stand upon the 
engine-room floor, 7.¢., upon the concrete block referred 
to, and remain in doubt whether engines in that part of 
the room were running or standing. 

_ 3. Nevertheless, complaints arose from neighbours, not 
immediately round the station, but perhaps 100 fo. or 
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more away, that serious vibration occurred in their 
houses at certain times—probably when some particular 
number of engines was running and the revolutions 
synchronised at intervals. 

4, As the subsoil was of a spongy nature, and as it was 
observed that the vibration became much worse after wet 
weather, it was a reasonable conclusion (supported by facts 
observed elsewhere, as well as by model experiments) that 
the whole block of concrete, or perhaps one end or one 
side of it, was slightly lifting up and down, and actin 
like the piston of a great pump, causing the es Fa | 
subsoil to pulsate in unison, and to convey the pulsations 
to those surrounding points which happened to have the 
best connection (through the water-charged soil) with the 
ground under the foundation block. 

5. Obviously the two-crank engines had each an un- 
balanced couple, due to the two lines of parts having 
opposite movements in vertical lines 27 in. apart, the 
effect being a tendency to alternately lift and depress each 
end of the engine in cross time, The lines of parts were 
of equal weight, each including high, intermediate, and 
low pressure pistons arranged tandem fashion, Each set 
of pistons, rods, guides, and connecting-rods, including a 
line of piston valves working inside a hollow piston-rod, 
weighed about 420 lb. 

6. It was clear that each engine would tend to rock or 
tilt endways upon its foundation, but the bedplates were 
long and massive, and the foundation block of great area 
as well as deep, so that it was difficult to believe that a 
mere tilting action arising from forces acting only 27 in. 
apart could be very injurious in this case, whatever might 
be its effect on board ship. If the forces acting upward 
in one line of parts were even approximately equal to those 
acting downward in the other, as is almost universally 
assumed in such investigations, there could clearly be 
nothing to cause a serious vertical movement of the engine 
asa whole. The arrangement of the cranks, &c., of these 
engines is shown in 7 6. 

7. If the tilting tendency were all that had to be dealt 
with, it was an obvious remedy to replace the two-crank 
engines by engines of the pattern described in the speci- 
fication of Lowrie, No. 3040 of 1885, in which there is 
a centre crank at 180 deg. from the two outer cranks, 
and in which the centre line of parts is — in weight 
to the other two lines collectively, while the latter 
are equal to each other. These engines are shown in 
Fig. 7. With equal strokes and rigid framing it is clear 
that the unbalanced couple, causing what has been de- 
scribed as the “‘ tilting” tendency, is totally eliminated. 
Instead of each end of the engine tending to be depressed 
alternately while the other end is lifted, both tend to be 
simultaneously depressed or lifted, while the centre is 
exposed to the opposite action; the tilting stresses are 
now self-contained, and can produce no outside effect if the 
engine framing is strong enough to resist distortion. 

8. But as there was obvious reason to suspect the exist- 
ence of vertical forces, other and more important than 
the couple, the question was investigated mathematicall 
(by the graphic method) by Captain Sankey, who too 
into account the difference in the acceleration and re- 
tardation of the moving parts in the upper and lower 
halves of the revolution respectively, due to the angle 
of the connecting-rods. A little consideration will show 
that in a vertical engine the moving parts have to travel 
through a greater distance during the upper half of 
the revolution of the crankpin than during the lower 
half ; consequently at the top of the stroke they are both 
stopped and restarted more quickly than at the bottom ; 
or, to speak more exactly, the changes in velocity, and 
consequently the inertia forces, are greater in the upper 
than in the lower half of the stroke. It has been a 
common error, hitherto, to underestimate the importance 
of this difference. 

9. The result of the calculation showed that while each 
line of parts, singly, tended to lift the engine at top stroke 
by about 3.54 tons, it tended to depress it, at bottom stroke, 
by only about 2.31 tons. Thus, apart from the couple (which 
is comparatively easy to deal with), the two lines of parts, 
though moving in cross time, did not balance each other, 
for while the tendency of the one upon the bottom centre 
was to depress the engine by 2.81 tons, the tendency of the 
other, at the same time, upon the top centre, was to lift 
the engine by 3.54 tons. Twice in a revolution—700 times 
per minute—a net lifting power of 1.23 tons acted upon the 
engine, and changed an equal number of times per minute 
into a depressing power of about 1.27 tons, as shown in 
Fig. 2. Here was an ample cause for vibration, and due 
solely to the effect (sometimes supposed to be negligible !) 
of the connecting-rods not being of infinite nr 

10. This state of things would be in no way bettered by 
extinguishing the “couple.” For suppose one of the two 
lines of parts replaced by two smaller lines, each having 
half the weight, and half the piston area, so that the 
power may remain unaffected. Let one such half-line be 
placed on each side of the unaltered single line, and move 
in cross time with it—the arrangement being, in fact, that 
already described as patented by Lowrie in 1885, and as 
obviously efficient in balancing the couple (see Fig. 7). 
From the point of view, however, of varying vertical pres- 
sure, due to the ety of the connecting-rods, there is 
no improvement. The two half-lines merely take the 
place of one single line. Collectively, they still exert the 
same upward force of 3.54 tons at the top of the stroke, 
and the same downward force of only 2.31 tons at the 
bottom. There is the same evil from the variation in the 
net vertical pressure on the foundations—a view confirmed 
by experiments actually made on a large scale with 
engines TT , a like arrangement of cranks to 
that patented by Lowrie. 

11. Captain Sankey next investigated the case of similar 
engines with three cranks at 120 deg. apart, and giving, 
of course, 300 indicated horse-power instead of 200— 
of which a large number had been made by the same 








makers, and which had been observed to run with remark- 
able steadiness. Fig. 8 shows these engines. The result 
showed that, though the ‘‘ tilting” action remained (modi- 
fied in amount), the variation in the vertical pressure exer- 
cised by the engine, as a whole, was either nil, or was too 
small to be observed by the graphic method adopted. It 
was, in fact, assumed to be ni/, and it may be remarked that 
a few months later (October 27, 1893) a letter from 
Mons. Normand was published in ENGINEERING, in which 
he stated that the variation in the vertical pressure, in 
such a three-crank engine, disappeared entirely. Captain 
Sankey, having occasion later to repeat the calculations, 
did so analytically, and used the formula— 


Inertia force = constant x in 
(<x 29+ 7 sint ¢) 
on a) r ; } ? 


2 r. 3 , 
(2 a sin” ) 


where Z = length of connecting-rod ; r = radius of crank ; 
and a = distance of any particle in connecting-rod from 
the centre of crosshead pin. (The case where a = 0 deals 
with all weights in pistons and piston-rod. ¢= angle of 
crank from top centre, and the constant is M r w*, where 
w is the angular velocity of the crankpin, The complete 
investigation is given in the Appendix.) 

The corresponding formula used by Mons, Normand 
was— 


cos @ + (l 


Inertia force = constant (cos o+ ; cos 24), 


where the last term appears to be only (as was doubtless 
intended) an approximation. In the exact formula the 
variation does not disappear entirely, but is so small as to 
be negligible; in the 300 indicated horse-power three- 
crank engine in question it amounts to only about 1 Ib. 

12. That the tilting action is unimportant in com- 
— with the vertical action, at least in cases where 

eavy foundations are used, may be inferred from the 
enormous superiority of the three-crank engines, in re- 
gard to vibration, which is actually found in comparison 
with two-crank engines of the same makers, the two being 
identical in every respect, except number of cranks and 
lines of moving parts. A great number of both are in use 
in lighting stations, and comparison is easy. It may aleo 
be worth mentioning that, some years ago, several hun- 
dreds of the then well-known Willans launch engines were 
fitted in launches. The remarkable absence of vibration 
in boats fitted with these engines was well known, but 
it was attributed by the makers to the absence of “‘ knock,” 
due to their being single-acting engines, with the 
brasses always in ‘‘ constant thrust.” Clearly the true 
reason was that they were all three-crank engines, with 
the lines of parts of exactly the same weight. Probably 
not a great many other marine engines were ever built 
which exactly answered to this description (Mons. Nor- 
mand spoke of one, in his letter in ENGINEERING, already 
referred to). As stated, there were hundreds of them, 
and apart from any exceptional disturbing causes, they all 

ave exactly the result we are now led to expect. The 
fact is a strong corroboration of the views expressed in 
this paper. 

13. The case of an existing ordinary three-crank engine, 
with unequally weighted parts, indicating 5300 horse- 
power, is bey in Fig. 5, where the various weights 
and other data are fully set forth; the ecale is the same 
as in Figs. 1 to 4. It will be noticed that not only is 
there an unbalanced couple, but that twice per revolution 
the inertia forces acting upon the engine as a whole vary 
from nearly 12 tons upwards to about 9 tons downwards ; 
in other words, the weight of the engine upon its bearers 
may be said to vary by over 20 tons 164 times a minute. 
Yet, if the parts were equally weighted the whole of this 
huge disturbing influence would disappear. To deal only 
with the most obvious method of achieving equality, 
viz., by artifically weighting the smaller pistons, it does 
not appear that any serious difficulty would be introduced. 
The high-pressure piston would weigh 2.2 tons more, but 
there would be no serious cushioning difficulty. The 
engine, as a whole, would weigh perhaps 1? lb. more per 
indicated horse-power, but this does not seem much to 
pay for the advantage of excluding this serious cause of 
vibration completely. 

14, It may here be useful to mention, though it is per- 
haps unnecessary, that no question of steam pressure 
enters into the subject of this paper. We have to deal 
with acceleration and retardation of masses, and with 
nothing else whatever. Whether the engine is single- 
acting or double-acting makes no difference, nor does it 
matter whether it is turned by its own steam or by power 
transmitted from another engine. 

15. It is easy to show that a four-crank engine, with 
cranks at 90 deg. apart, has a like immunity from varia- 
tion in vertical pressure. Itis, on the other hand, certain 
that with no lessnumberof cranksthan three can the effects 
of the obliquity of the connecting-rods be extinguished, 
while it is equally certain that no arrangement of either 
three or four cranks which attains this end, can also be suit- 
able for extinguishing the couple (Figs. 10 and 11), No 
plan, therefore, which aims merely at eliminating the 
couple can have more than a partial success, since it deals 
with only one element of vibration and ignores the other, 
It is strange that this last has been ignored so generally. 

16. Thus, in his specification No, 2813 of 1894, Mr. Otto 
Schlick, after providing, no doubt with success, for 
eliminating the unbalanced couple, says: ‘*The slight and 
immaterial errors due to the finite length of the connecting 
and eccentric rods need not be considered.” It seems pos- 
sible that that which is thus viewed as inconsiderable may 
prove to be the most important part of the subject. 

17. It is, moreover, evident that a tendency in a ship’s 
engine to rock fore and aft may be met, more or less 
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successfully, by extending the engine bearers, or by other- 
wise giving local longitudina] strength to the ship’s 
bottom. Of course, it is still better to eliminate the 
tendency entirely. 

18. A tendency, on the other hand, to alter the down- 
ward pressure of the engine upon the bearers—-virtually 
to change the weight of the engine by many tons, many 
times a minute—is, to say the least, quite as provocative 
of vibration in the ship, while it is harder to get over. 
The case of the electric light station shows that even very 
heavy foundations cannot neutralise its effect. 

19. If we cannot cure both ills, we had better submit to 
the fore-and-aft rocking, and put in a three-crank engine 
with equally weighted moving parts, and therefore with 


called the up-and-down tendency, two three-crank engines 
of 750 horse-power each would be equally free from that 
tendency, and that if two such engines were coupled, with 
their frames rigidly connected together, and with their 
cranks arranged symmetrically in reverse order, the ten- 
dency to rock fore-and-aft would also becut out. Suppose 
the six cranks of the two engines to be numbered from 
1 to 6, beginning from forward towards aft: then if 3 and 
4 be vertical, 2 and 5 will point to (say) the starboard side, 
30 deg. below the horizontal ; and 1 and 6 will point to 
port, also 30 deg. below the horizontal. Obviously the 
two separate unbalanced couples exactly neutralise each 
other, and as there is no tendency other than an infini- 
tesimal one, to vary the vertical pressure upon the 
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But it is, in fact, 
not difficult to provide a remedy for both ills; vibration 
of both kinds can be eliminated altogether. 

20. Last summer the authors were asked to design some 


no up-and-down tendency as a whole. 


vibrationless engines of the comparatively considerable 

size of 1500 indicated horse-power each, to supply 

the motive power for large electrical locomotives, now 

under construction, upon the well-known Heilmann 

system. The engines were, of course, to be mounted on 

springs, and freedom from vibration was considered 
l-important. 

21. At first the best suggestion which the authors were 
able to offer was to use three-crank engines, and to submit 
to the fore-and-aft ‘‘tilting” trouble; but it occurred 
to Mr. Robinson that if one three-crank engine of 1500 
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foundations, the engine should be absolutely free 
from vibration of any kind. Even that due to the 
thwartship movement of the connecting-rod is elimi- 
nated, and the lines of valves, the eccentrics, and the 
eccentric-rods are all balanced exactly in the same way as 
the more important moving parts. 

22. “3 a singular coincidence, the letter conveying this 
proposal to Mons. Heilmann crossed one from him con- 
taining exactly the same solution of the problem, which 
had been arrived at independently by Mons. Mazen, of 
the Western Railway Company of France. 

23. One condition is imperative. The tendency to 
rock endways in what may be called each half of the 
engine, can only be neutralised by the contrary tendency 





| simplest plan. 


—— 
bending. In the engines referred to this is obtained by 
bolting the six cylinders together in one continuous ling 
to form the upper member of a girder, of which the base. 
plate constitutes the lower member, and the framing the 
web. It is not, however, necessary to use the cylinder 
castings for this purpose. It is obvious that great longi- 
tudinal stiffness may be obtained by suitable bracing 
while leaving the cylinders free. : 

24. To recapitulate, the proposal is for a six-crank 
engine—having two groups each comprising three cranks 
and three lines of moving parts; each group being free 
from tendency to vary the downward pressure, and the 
natural tendency of each group to rock endways being 
neutralised by the contrary tendency of the other group; 


420 Ibs. 
210 ibs 
2 
420 Ibs r 
tL 
—_—— 











Two cranks 180 deg. apart. 
Couple unbalanced. For vari- 
ation of pressure on founda- 
tion, due to varying inertia of 
moving parts in upper and 
lower halves of revolution, see 
resultant curvein Fig 2. 


One crank 180 deg. from the 
other two. Couple balanced. 
Variation of pressure on founda- 
tion same as in Fig. 6. 

See resultant curve in Fig. 2, 


Fig.8. 3-6 
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Three cranks 120 deg. apart. c@ 
Couple unbalanced. No varia- ~/-2ton 
tion of pressure on foundations 
due toengine asa whole. (Rock- 
ing tendency alone remains.) 


the cranks are arranged to insure contrary rocking effects 
in the two groups. A stiff framing, and the same ratio 
between the lengths of all the connecting-rods and their 
respective cranks, are the other necessary conditions. 

25. Evidently the two middlecranks (which are similar) 
may be combined in one, with a line of moving parts 
equal in weight to any other two lines. 

26. Apart from this possible substitution of five cranks 
for six, the several lines of parts must be of equal 
weight, or at least there must be such relation between 
the weights, the length of the connecting-rods, and 
the throw of the cranks, that for all points of the 
revolution the algebraic sum of the inertia forces, 
for all the lines of moving parts together, shall be 
either zero or small enough to be negligible. Absolute 
equality of crank-throw and of weight is probably the 
s Some inconvenience may be involved 
in arranging pistons, &c., of equal weight, but such 
difficulties are not insuperable, and the gain from the 
possible total elimination of vibration from the engine 
will be admitted to be worth concessions in other 
directions. 

27. If so many cranks as six are to be dealt with, it will 
probably be considered, in certain cases, an advantage to 
arrange them for disconnection, so that, in working at 
half power or less, one complete engine may be used, and 
for full power two engines, according to a method already 
familiar. But it must be remembered that the sequence 
of the cranks in the two engines must be different, and 
that the coupling must admit of their going together in 








one position only. So far as framing is concerned, it is, 
of course, not a case of two engines, but of one. 

28. Two such double engines, each complete set indica- 
ting 700 horse-power, are under construction by Messrs. 
Willans and Robinson, Limited, for a London electric 
lighting station, in addition to the double engines before 
referred to, of 1500 horse-power each. None, however, 
have yet been tried. 

29. It will be seen that this paper deals solely with the 
engine as the source of vibrations, and not at all with the 
equally important subject of their propagation or elimina- 








in the other half, if the framing of the engine, or its foun- 





ndicated horse-power would be free from what has been 


dation, has sufficient longitudinal stiffness to prevent 


tion in the ship herself, after being started in the engine. 
The authors have aimed at providing an engine wholly 
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rious vibration in all positions and under all 
a of speed, &c.: naval architects will still 
have plenty of vibrations to tax their skill, coming from 
other sources than the engine—as from the propellers, 
the varying stresses upon the hull amongst waves, Xo. 
30. The diagrams show the vertical forces, upward or 
downward, due to the movement of the reciprocating 
parts, taking into account the angle of the connecting- 


rot) For an engine having one line of parts weighing 
420 lb., with a stroke of 9 in., ranning at 350 revolutions 


r minute. ieee : 
(2) For an engine, otherwise similar, having two such 


lines of parts, and, therefore, of double power, with cranks | N 


at 180 deg. apart: this is one of the engines referred to 
in paragraph 1 of the paper. ; 

(3) For an engine similar to (2), but having the cranks 
at 90 deg. instead of 180 deg. apart, . 

(4) For an engine, similar as before, but having three 
lines of parts (treble power), with cranks at 120 deg. 
apart : this is the engine referred to in paragraph 11. 

(5) For a large slow-running engine of 5300 indicated 
horse-power. This is given for comparison with the 
diagrams for high-speed engines, but allowance must 
be made for the larger power. For the purposes of 
an electric light station, it shows, however, how little 
would be gained by substituting one large (slow) engine 
for many small (fast) ones. : 

The ratio between the connecting-rod and the crank is 
4.7 in cases (1), (2), (3), and (4). This is, of course, short, 
and adds to the effects shown. No practicable increase 
of ratio, however, can make the effects other than 
considerable. 

Mr. Mark Robinson asked permission to draw Fig. 9 
upon the blackboard, and said: Great as is the credit 
due to those who have handled this subject in the able 
papers previously submitted to the Institution, it should 
be made clear that, when the oe the connecting- 
rod is taken into account, no use of bob-weights or any 
other system of mere counterweighting can truly balance 
an engine, or eliminate all causes of vibration. In Fig. 
9 (thick lines) is shown the same two-crank engine as is 
referred to in the beginning of the paper, and in Figs. 
2 and 6. The inertia forces are marked, approximately 
in tons, as well as the directions, those acting upward 
being treated as +, and those acting downward as —. 
Now suppose an attempt to balance by bob-weights. 
Having in view, first, the unbalanced couple, we 
naturally wish to place the bob-weights far apart, 
in order to lessen their individual weight; add, 
therefore, two outer cranks (or eccentrics, but cranks 
show best in the diagram) so spaced that the 
forces C and D act in lines three times as far from the 
centre of the engine as those in which A and B act. 
Assume equal crank-throws, and, for the present, equal 
lengths of connecting-rods. Evidently at C and D we 
want weights one-third as great as at A and B, and shall 
have inertia forces also one-third as great. The latter are 
marked in tons. If weaim at balancing the effects of the 
obliquity of the connecting-rods, it is obvious that the 
bob-weights must be opposite to the pistons, as shown, 
and not on the same side of the crankshaft. 

It is clear that the couple produced by C and D exactly 
annuls that produced by A and B: so far we have suc- 
ceeded. But the inertia forces are very far from being 
annulled, for 3.6 — 2.4 — 1.2 + .8 =.8, whereas we want 
thesum to bezero. Wecannot achieve this until the sum 
of C and D exactly cancels the sum of A and B—as, for 
instance, if C = — 1.6 and D = .4; then their sum would 
be — 1.2, and it would exactly annul the forces A and 
B, whose sum is 1,2. One way to bring about these widely 
differing values of C and D is to shorten their connecting- 
rods, but this will introduce the following drawbacks : 

(1) The connecting-rod will be so short, in relation to 
the crank, that the arrangement may be mechanically 
impracticable. 

(2) The bob-weights will require space which probably 
cannot be found for them in the bottom of the ship; and 

(3) The inertia forces being balanced, the “ couple ” is 
no longer balanced, as ig apparent at once from the 
diagram, if C be taken as — 1.6 and D as.4. 

In fact, there is only one case in which the bob-weights 
can balance both couple and force—namely, when be 
equal the pistons in weight; move in the same line wit 
them; and in opposite directions. This is a solution 
which offers no advantage in simplicity over the six- 
crank engine just described. In every other position 
it will be found that if the bob-weights balance the 
one force they will not balance the other; and this 
holds good for a two-crank engine with cranks at 90 deg., 
or for a three-crank engine, and, probably, for every 
engine, 

If the emg were above the crankshafo in Fig. 9, 

and D would be respectively — .8 and 1.2. The 
sum of 3.6 — 2.4 — .8 + 1.2 = 1.6, which, it is need- 
less to say, is a worse result than that given by the 
arrangement shown in the diagram. 





TESTS OF BOILERS. 
(Continued from page 424.) 

The ‘‘ Babcock and Wilcox” Boiler.—This boiler is much 
approved by many engineers for electric lighting, on 
account of the rapidity with which steam can be raised 
on an emergency, as the demand for light is irregular, and 
often sudden. 

The results of tests the Manchester Steam Users’ 
Association has made of two of these boilers may now 

iven, 

The general construction of the Babcock and Wilcox 


— is so well known that it need not be described 





In the first boiler tested the inclined water pipes were 
54 in number, 18 ft. long, and 4 in. in diameter outside, 
while the overhead steam and water drum was 20 ft. long 
by 3 ft. 6 in, in diameter, the firegrate being 6ft. long by 
4ft. wide, giving an area of 24 square feet. 

The coal used at both tests was clean burgy from the 
Worsley collieries, rather wet at Test No. 1, and fairly 
dry at Test No. 2. 

he boiler was fired by hand _ by the boiler-owner’s fire- 
man, both in Tests No. 1 and No. 2, while coking tiring 
was adopted at Test No. 1 and alternate side firing at 
Test No. 2, the firebars being stationary and the fires 
> 6 in, thick at Test No. 1 and 44 in, thick at Test 

oO 


The temperature of the feed water in the measuring 
tanks was 42 deg. at Test No. 1, and 48 deg. at Test No. 2. 
There was no economiser. 


Babcock and Wilcox Boiler. Hand Fircd. Without 
Economiser. Reduced Results. 


Test Test 
Particulars. No. 1. No. 2. 
Steam Steam 
85 Ib. 78 Ib. 
Coal burnt : 
Rate per week of 56 hours, including 
3 tons for banking fires -- tons 20.08 17.28 
Perhour .. es oe -. cwt. 6.10 5.10 
” oe ee a ae lb. 683.20 571.20 
Per square foot of firegrate per 
our - ae pe -- Ib. 28.46 23.80 
Water evaporated from temperature of feed : 
Per hour ae .. cubicfeet 66.95 59.40 


’ ee es ex ee Ib. 4177.80 3712.50 
square foot of firegrate per 
ur < ‘ait ee Pr lb. 174.07 154.68 
Per pound of coal ‘‘ as used” os 6.11 6.49 
Equivalent evaporation from and at 212 deg. : 
Per pound of coal ‘‘ as used ” Ib. 7.41 7.82 


In the second boiler tested the inclined water pipes 
were 72 in number, 17 ft. 8 in. long by 4 in. in diameter 
outside, while the overhead steam and water drum was 
24 ft. 6 in. long by 4 ft. in diameter, the firegrate being 
6 ft. long by 5 ft. wide, giving an area of 30 square feet. 

The coal used was Welsh, of the kind known as Nixon’s 
Navigation, costing 24s. per ton. It was dry, clean, and 
large, and had tobe broken with a hammer. 

he boiler was fired by hand, on the spreading system, 


Per’ 
ho 


‘by the boilermaker’s fireman, the firebars being stationary, 


and the fires kept from 5 in. to 7 in. thick. 

The feed water was heated by being pumped through a 
Babcock and Wilcox’s economiser, but as there was no 
thermometer between the economiser and the boiler, the 
results cannot be separated. The temperature of the 
water in the measuring tanks was 101 deg, 


Babcock and Wilcox Boiler. Hand-Fired. With 
Econcmiser. Reduced Results. 


Particulars. Test No. 1. 
Steam 
109 Ib. 
Coal burnt: 
Rate per week of 56 hours, including 4 tons for’ 
banking fires ‘e oa f .. tons 17.70 
Per hour S ws oe ae -. Cwt. 4.89 
os aS - oe a os 548.25 
Per square foot of firegrate per hour .. i 18.27 
Water evaporated from temperature of feed : 
Per hour ae ee ee . cubic feet. 85 84 
- i os ais as aa Ib. 5323.89 
Per square foot of firegrate per hour .. on 177.46 
Per pound of coal ‘‘as used,” boiler and econo- 
miser oe a aa a ve. aa 9.71 
Equivalent evaporation from and at 212 deg. : 
Per pound of coal ‘‘ as used,” boiler and econo- 
miser +a ais a Ib. 11.23 


From the above it will be seen that in the Babcock and 
Wilcox boiler, assisted by an economiser, the equivalent 
evaporation from and at 212 deg. per pound of coal ‘‘ as 
used ” was in the second series of tests 11.23 lb., when 
fired with first-class Welsh coal, costing 24s. per ton, 
while in the first series it was 7.41 lb. at Test No. 1, and 
7.82 lb. at Test No. 2, giving a mean of 7.61 lb. when 
fired with good ordinary coal. 

Disregarding the test with Welsh coal, as that coal is 
of better quality, and much more expensive than that 
in general use in this district and than that used in the 
other tests, it does not appear that the results obtained in 
the Babcock and Wilcox are any higher than those 
obtained in the Lancashire boiler. 

As to steadiness in working, water-pipe boilers are not 
equal to those of the Lancashire type. The level of the 
water, as well as the pressure of steam, rises and falls 
more rapidly, so that the boiler needs more attention. 

Further, as to endurance, the water-pipe boiler is not 
equal to the Lancashire. Two Babcock and Wilcox 
boilers, under the inspection of the Manchester Steam 
Users’ Association, though only recently set to work, 
have already given trouble by the failure of the 
water oy and another had to be taken out at 
the end of four years, while a Sinclair boiler, as 
stated above, had to be discarded after a short life of 
seven years, whereas a Lancashire boiler may be depended 
upon, under ordinarily fair conditions of working, to do 

ood service for some 25 or 30 years, and in all probability 
neat The drawback to this boiler is the room it 
occupies, 

Water-pipe boilers are not free from danger of explo- 
sion. Two Babcock and Wilcox boiler explosions occurred 
in 1893, one at Hindley, on September 4, killing one man, 
and another at Edinburgh, on December 9, severely 
injuring two men. 

In the first case one of the inclined water pipes rent 
open longitudinally for a length of nearly 5 ft., and in 
9 second case for a length of nearly 2 ft. Through 
these openings the steam and hot water rushed out of 
the boiler into the firing space, scalding the attendants. 

With regard to the explosion at Hindley, a formal in- 


vestigation was held under the Boiler Explosions Acts, 
and from the evidence then produced it appears that 
some of the cast-iron headers at the back end, to which 
the inclined water pipes were attached, were completely 
choked with deposit, thus preventing the circulation of 
the water in the pipes, in consequence of which they 
became overheated, and one of them burst as described. 

With regard to the explosion at Edinburgh, only a 
preliminary inquiry was made, but from the report of 
the Board of Trade surveyor the explosion arose from 
overheating. The cause of the overheating appears to 
have been the same as at Hindley. . 

It has been claimed that the bursting of a pipe ina 
water-pipe boiler is of comparatively small importance, 
but the death of one man and injury to two others from 
the two explosions under consideration, shows that the 
working of such boilers is not unattended with danger, 
more especially if the firing space is confined. 

These explosions show the importance of thoroughly 
cleaning, not only the inclined water pipes, but aleo the 
headers, as overheating may result either from deposit 
in the pipes themselves, or from the circulation becoming 
impeded by deposit in the headers. It should be further 
pointed out that as the headers are sinuous the scale 
pushed out of the inclined pipes is liable to lodge in them, 
instead of dropping into the mud drum below, and there- 
fore it is necessary for thorough cleaning that the atten- 
dant should take off the caps from the back headers, and 
see that the course is clear, otherwise cleaning out the 
pipes may hasten the choking of the headers, and thus 
the bursting of the pipes. 

The Manchester Steam Users’ Association has tests of 
other Babcock and Wilcox boilers in hand, but these are 
not yet sufficiently matured for publication. It may, 
however, briefly be stated that the results very closely 
corroborate those given above with regard to the first 
boiler tested, when fired with ordinary coal, but are 
slightly more favourable. 

Three-Flued Boiler.—As several boilers of this type— 
which is similar to the ordinary Lancashire, excepting 
that there are three furnaces instead of two—have been 
laid down during recent years, the following particulars 
of six economic tests of these boilers, which the Manchester 
Steam Users’ Association has carried out, will be of 
interest. Tests Nos. 1 and 2 were made on one boiler, 
and Tests Nos. 3 to 6 on a second. 

The first three-flued boiler tested was 30 ft. long by 
8 ft.6 in. in diameter in the shell, 3 ft. 2in. in the two 
upper furnace tubes, and 2 ft. 6 in. in the lower furnace 
tube. The firegrates were, in the upper furnaces, 
5 ft. 4 in. long by 3 ft. 2in. wide, and in the lower fur- 
nace 5 ft. long by 2 ft. 6in, wide, giving an aggregate 
area of 46.2 square feet. 

The tests were made at the pressure of steam at which 
the boiler was ordinarily worked. All the steam gene- 
rated, with the exception of a little for heating the mill, 
&c., which has been allowed for, was used for Sites the 
engine, which was of the horizontal compound condensing 
class, with an ordinary slide valve to each cylinder, the 
high-pressure cylinder being fitted in addition with a 
Varley’s cut-off valve. Neither of the cylinders was 
steam-jacketed. 

The coal used at Test No. 1 was inferior slack from the 
Blainscough Hall Colliery, and at Test No. 2 better 
nutty slack from the Brinsop Colliery. 

The boiler was fired by hand on the spreading system, 
by the boiler-owner’s own fireman, the fires being kept 
from 5 in. to 6 in. thick. Each furnace was fitted 
with Ball’s patent tipping firebars, but these were only 
operated just before the fires were cleaned. 

At each test the feed water was heated by being 

pumped through a Green’s fuel economiser, containing 

120 pipes, the temperature on entering the economiser, 

and on entering the boiler, being respectively 47 deg. and 

- deg. at Test No. 1, and 46 deg. and 168 deg. at Test 
0. 2. 


Three-Flued Boiler. With Compound Condensing Engine. 
Hand Fired. With Economiser. Reduced Results. 


Test Test 
Particulars. No.1. No. 2, 
Steam Steam 
106 Ib. 106 Ib. 
Coal burnt : 
Rate per week of 56 hours, including 
4 tons for banking fires, &c... tons 28.86 25.58 
Perhour .. “a oa . cw. 8.70 7.70 


” ee oe oh ee Ib. 974.40 863.30 
Per square foot of firegrate per 
our we “se - ye 21.08 18.68 
Water evaporated from temperature of feed: 

Perhour .. ee cubic feet 103.40 99.50 
” oe ae ma .. Ib. 6462.00 6220.00 
Per square foot of firegrate per 
hour... “a ee -- Ib. 140.00 134.60 
Per pound of coal ‘‘ as used”’.. 2 6.63 7.20 
Equivalent evaporation from and at 212 deg. : 

Per pound of coal ‘‘ as used,” — 


alone... os ora i a 7.18 7.83 
Per pound of coal ‘‘as used,” boiler 
isa -_ — “an - an 8.03 8.73 
oal per indicated horse-power per hour 
- = ” Ib. 2.€0 2.30 


Steam Pe P = 17.35 16.66 


The second three-fiued boiler tested was 30 ft. long by 
8 ft. 6 in. in diameter in the shell, 3 ft. 2 in. in the two 
upper furnace tubes, and 2 ft. 6 in. in the lower furnace 
tube. The width of the upper firegrates was 3 ft. 2 in., 
and of the lower firegrate 2 ft. 6 in., while the lengths 
were as follows: At Test No. 3, upper firegrate 5 ft., 
lower 5 ft. 6 in., aggregate area 45.45 square ft. ; ab Test 
No. 4, upper and lower firegrates 4 ft. 4 in., ageregate 
area 38.26 square feet; at ‘Test No. 5, upper firegrate 
3 ft. 7 in., lower 3 ft. 11 in., aggregate area 32.46 square 
feet; and at Test No. 6, upper firegrate 4 ft. 3 in., lower 
4 ft. 6 in., aggregate area 38,19 square feet. 

At all the tests a large quantity of the steam was used 
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for manufacturing and other purposes in the mill, as well 
as for driving the engines. Under these circumstances 
engine indications would have afforded no check on the 
evaporative efficiency of the boiler, and therefore were 
not taken. 

The coal at Test No. 3 was fine Pemberton slack, with 
a few small nuts, and was of fair quality, 

The coal at Tests Nos. 4 and 5 was nutty slack from 
the Moss Hall Colliery, Wigan, free burning, but rather 
damp. 

The coal at Test No. 6 was dirty wet slack, the source 
of which could not be ascertained. The calorific value 
**as used,” ascertained from a sample taken during the 
test, was 12,557 thermal units, equal to the evaporation 
from and at 212 deg. of 13.0 lb. of water per pound of 
coal, 

The boiler was fired by hand by the boiler-owner’s ordi- 


Three-Flucd Boiler. Hand Fired. With Economiser. 
Reduced Results. 














| 
i Test No. Test Test | Test 
Particulars. 3. No. 4. | No. 5. | No. 6. 
steam | steam | steam | steam 
97 lb. | 98 lb. | 97 1b. | 96 1b. 
Coal burnt: | | 
Rate per week of 56 hcurs, 
including 5 tons for bank- 
ing fires, &c. tons 26.60; 27.40 28.57 83.56 
Per hour ewt. 11.25 8.00 8.42) 10.20 
re ee -- Ib | 126000} 896.00, 943.15 | 1142.40 
Per square foot of firegrate | | | 
per hour : Ib,| 27.72} 23.41 29.05; 29.91 
Water evaporated : | | | 
Per hour cub. ft.; 123.84 } 107.03} 108.71 | 125.10 
% .- _.. Tb.) 7734.00 | 6684.20 | 6789.00 | 7812.00 
Per square foot of firegrate | 
per hour ee Ib.. 17010} 174.70 209.10; 204.50 
Per pound of coal “as | 
used” os S b. 6.13 7.45 7.19 684 
Per pound of coal ‘pure | 
anddry” .. om Ib. 8.24 
Equivalent evaporation from 
and at 212 deg.: 
Per pound of coal ‘as 
used,” boiler alone Ib. 6.11 7.59 7 38 7.03 
Per pound of coal ‘‘as 
used,” boiler and econo- 
miser.. i se 7.14| 8 67 8.39 7.95 
Per pound of coal ‘pure 
and dry,” boiler alone Jb. 8.48 
Per pound of coal ‘‘ pure 
and dry,” boiler and eco- 
nomiser ae <a 9.58 
Calorific value of coal realised: 
Boiler alone .. so Pe. 54.08 
»» and economiser * 61.14 


nary fireman, on the spreading system at Test No. 3, and 
on the “ alternate side ” system at Tests Nos. 4,5, and 6, the 
fires being kept about 3 in. thick at Test No. 3, and from 
5 in, to 7 in. thick at Tests Nos. 4, 5, and 6. Each fur- 
nace was fitted with Ball’s patent tipping firebars, 
operated by hand, and these were moved occasionally 
during the tests. 

The feed water was heated by being pumped through 
a Green’s economiser containing 96 pipes, the mean tem- 
erature on entering the economiser and on entering the 
Coller being respectively 90 deg. and 254 deg. at Test 
No. 3, 92 deg. and 231 deg. at Test No. 4, 89 deg. and 
= deg. at Test No. 5, and 92 deg. and 222 deg. at Test 
No. 6. 


(To be continued.) 








LAUNCHES AND TRIAL TRIPS. 
Messrs. H. M‘Inryre ann Co., Alloa, launched on the 
10th inst. a passenger steamer named Cambria, built to 
the order of Messrs. P. and A. Campbell, Limited, 
Bristol, and intended for their trade from Bristol to the 
various ports on the Bristol Channel. Dimensions: 
32 ft. by 26 ft. by 9 ft. 6 in. to main deck and 17 ft. of 
saloon deck, which extends the entire length of the ship. 
The Cambria was subsequently towed to Glasgow, where 
she will be fitted with compound surface-condensing 
engines by Messrs. Houston and Son. 


Messrs. Barclay, Curle, and Co., Limited, Whiteinch, 
Glasgow, launched, on the 11th inst., a steel screw steam- 
ship, named Bengloe, built to the order of Messrs. 
William Thomson and Co., of Leith, for the general 
Eastern tea trade and for the carriage of Chinese emi- 
grants. Her dimensions are 330 ft. by 41.9ft. by 27 ft., 
and about 3000 tons gross. The machinery is being 
supplied by the builders. 





Messrs. John Fullerton and Co., Paisley, launched, on 
the 11th inst., the second of the three steel screw steamers of 
about 200 tons each which they are building to the order 
of Messrs. Thomson and Campbell, London, for a foreign 
Government. The steamer has been specially designed 
as a revenue cruiser. Compound engines of great power 
are being supplied by Messrs. Ross and Duncan, Govan, 
for high speed. The steamer was named Sakiz. 





Messrs. William Denny and Brothers, Dumbarton, 
launched, on the 11th inst., the steel twin-screw steamship 
Vladimir, which is of the following dimensions and ton- 
nage: Length, 419 ft.; breadth, 49 ft. 6in. ; depth, 32 ft.; 
and tonnage, 5400 tons gross. The ship has been con- 
structed for the Russian Volunteer Fleet, for the convey- 
ance of passengers and cargo. The machinery will be 
supplied by Messrs. Denny and Co. 


Messrs. David and William Henderson and Co., 





Partick, launched, on the 11th inst., the Cervantes, a 
steel screw steamer, built for Messrs, Lamport and 
Holt, of Liverpool. The dimensions are: Length, 410 ft.; 
breadth, 48 ft. ; depth, 29 ft. 2 in. ; and the gross tonnage 
about 4650. Water ballast is carried in a cellular double 
bottom, the peaks, and a hold tank, amounting in all to 
over 1500 tons. The machinery has been constructed by 
the builders, and consists of a set of triple-expansion 
engines, with cylinders 27 in., 46 in., and 76 in. in 
diameter by 60 in. stroke, and three large double-ended 
boilers, with a working pressure of 180 Ib. 





The Ailsa Shipbuilding Company, Troon, launched on 
the 13th inst. a steel screw steamer named Bishop Rock, 
170 ft. by 25 ft. 9 in. by 12 ft. 10 in. moulded, for Messrs. 
Alfred Rowland and Co., of Liverpool. She will be fitted 
with compound engines with 21-in. and 42-in. cylinders by 
30 in, stroke, by Messrs. Muir and Houston. 





Messrs, Osbourne, Graham, and Co, launched at 
Hylton, on Thursday, the 11th inst., a screw steamer 
named Jupiter, to the order of Mr. John Lockie, of New- 
castle, of the following dimensions and particulars: 
Length 355 ft. by 43 ft. beam and 29 ft. 3 in. depth 
moulded to the spar deck. The engines are by George 
Clark, Limited, with cylinders 244 in., 40 in., and 66 in. 
in diameter by 45 in. stroke, with two large boilers. 





Sir Raylton Dixon and Co., Middlesbrough, launched a 
steel screw steamer named Afridi, of about 5500tons dead- 
weight carrying capacity, built to the order of the Mogul 
Steamship Company, of which Messrs. Gellatly, Hankey, 
Sewell, and Co.,of London,aremanagers. Sheisintendedfor 
the China tea trade. Her dimensions are 372 ft. by 45 fb. 
6 in. by 28 ft. 4in. Triple-expansion engines will be fitted 
by the Wallsend Slipway and Engineering Company, 
Limited, with cylinders 27 in., 44 in., and 72 in. by 48 in. 
stroke, provided with steam by two single-ended boilers, 
working at 170 lb. pressure, and fitted with Howden’s 
system of forced draught. 





Messrs. S. P. Austin and Son, Sunderland, launched 
the steel screw steamer Harlington, built to the order of 
a London firm of shipowners and coal merchants. The 
dimensions are as follows: Length, 220 ft.; breadth, 
31 ft. 6 in; depth, 16 ft. 2in. moulded; gross tonnage 
about 1030 tons. Her machinery will be supplied by 
Messrs, William Allan and Co., Limited, Scotia Engine 
Works, Sunderland, of the compound type to indicate 
600 horse-power. 


The steam yacht Hersilia, recently launched by Messrs: 
Kamage and Ferguson, Limited, Leith, for the Rev- 
John Hutchison, D.D., Afton Lodge, went on her trial 
on Tuesday, the 16th inst., on the Firth of Forth, and, 
notwithstanding a strong easterly wind, the average 
speed on the measured mile was 13} knots. 





May 9 has been fixed for the launching at Pola of the 
new Austro-Hungarian man-of-war, the Monarch. This 
vessel, which is of native manufacture, is intended 
for coast defence. It is of 6000 horse-power, which can 
be increased to 8500. It has a displacement of 5500 
tons, and, though heavily armoured, is capable of high 
speed. It isover 93 metres in length, its greatest breadth 
being 17 metres, and its depth jnearly 64 metres. It is 
armed with four Krupp 24-centimetre quick-firing guns, 
mounted in two fixed turrets, together with six 15-centi- 
metre quick-firing guns, and a number of smaller pieces 
of ordnance, 





Towards the close of last year the French dockyards 
had to report very unsatisfactory results given by certain 
warships at their trials, but, according to a correspondent 
of the Zimes, satisfactory results have recently been got 
with several vessels. "The armoured cruiser Latouche 
Tréville—in the performances of which considerable 
interest is felt because she is fitted with Belleville boilers 
—had failed to develop the horse-power expected, the 
Dupuy de Léme was still giving much trouble, and the 
Fleurus stood in need of considerable repairs after her 
mishaps. In contrast to this disappointing state of things 
is the series of successful trials more recently made. 
Some of the trouble given by the Latouche-Tréville is 
probably due to the fact that, like her sisters the Bruix, 
Chanzy, and Charner, she has been built upon a diplace- 
ment (4660 tons) too near the minimum for her offensive 
and defensive power, but she is a splendid cruiser, and 
will attract attention during the summer campaign of the 
northern squadron. With 7400 horse-power, she attained 
in February a speed of 17.5 knots, but when 8450 horse- 
power was developed in the first official trials, she steamed 
at 18.16 knots under the easiest conditions. The cruiser 
Dupuy de Lome (6600 tons), after her long series of mis- 
haps, completed her trials at Brest early in April, attain- 
ing the high mean speed of 19.8 knots. The maximum 
rate was 20.4 knots, and it seems likely that 20 knots 
would have been maintained save for the in- 
efficient stoking of one of the boilers.) The mean 
revolutions of the middle screw were 135, and 
of the lateral screws 139. The Depuy de Lome, 
with her practically complete coating of armour, will 
certainly be one of the most remarkable vessels present 
at the opening of the North Sea and BalticCanal. Another 
cruiser which has given very satisfactory results, in March, 
is the Friant, a protected vessel of 3772 tons, built at 
Brest under the direction of M. Dugi de Bernonville. 
Her machinery has been constructed by the Forges et 
Chantiers de la Méditerranée, and the boilers, upon the 
Niclausse water-tube principle, are from the worksof the 
company so named. The advantage claimed for this 
system is that it enables the tubes to be reached easily. 





The mean speed in a rough sea was 18.8 knots, but durin 
some runs a speed of 19.3 knots was attained and 9508 
horse-power was developed, instead of the contract power 
of 9000 horse-power. The coal consumption also was 
small. The Valmy, coast-defence armourclad (6590 tons) 
and sister of the Jemmappes, is giving satisfactory results 
at Brest, where, during a two hours’ forced draught run 
she attained a mean speed of 16.71 knots, at the end of 
March. Another sister, the Bouvines, has also entered 
upon her trials with great promise. These are the three 
armourclads which are to constitute such a powerful 
fighting unit in the northern squadron, and, as Admiral 
Besnard has told both the Chamber and the Senate 
they are well fitted for the use of the ram by reason of 
their small turning circles and powerful build. Another 
vessel which has just attained a satisfactory trial speed 
pena of 27 knots) at Brest is the seagoing torpedo-boat 
ansquenet, but the bottom of one of her cylinders, ag 
had been foreseen, 


} gave way, and she returned to port 
for repairs. 





Besides the twin-screw second-class cruiser Talbot and 
the twin-screw sloop Phcenix, which were to be launched 
on Thursday, the 25th inst., there are four warships near 
the launching stage. The first-class battleship Renown 
is to be floated at Pembroke on May 8. The officials at 
Chatham Dockyard expect to have the first-class battle- 
ship Victorious, which was laid down last May, ready to 
leave the building slip in July next, whilst the second- 
class cruiser Minerva could be sufficiently advanced to be 
floated a month earlier than that. At Portsmouth the 
Prince George will be rather later, but the Chatham 
battleship had a start of three months in being laid down, 





BRIDGING THE East River.—A Bill has been prepared 
for presentation to the New York Legislature to authorise 
the construction of a bridge over the East River from 
Grand-street, New York, to Broadway, Williamsburg, 
It is proposed that the two cities should unite in erecting 
the new structure, in accordance with the policy adopted 
in connection with the Brooklyn bridge. 





Directory oF INDIAN MANvFACcTORIES.—There has just 
been issued by the Indian Textile Journal, 27, Medows- 
street, Fort, Bombay, a directory of Indian manufactories, 
at 8s., and with it isa chart of India showing the distribu- 
tion of factories. Kngineering and metal works seem 
more evenly divided than most other branches, although 
Calcutta, the Madras district, Bombay, and the North- 
West Provinces seem to havemost, The cotton spinning 
and weaving works seem well distributed, while ginning 
and press factories are largely confined to a belt of country 
from the Gulf of Cambay eastward into the Central Pro- 
vince. The book is largely taken up with textile matters, 
there being included a large number of articles on the 
subjects cognate to this branch of industry. The cotton 
industry, it is shown, has doubled its output in eight 
years. J ourteen years ago there were 56 mills, having 
1,461,590 spindles and 13,502 looms, and employing 44,410 
hands ; now there are 142 mills, with 3,649,736 spindles 
and 31,154 looms, and employing 130,461 hands. There 
is thus evidence of a great increase in the smaller mills, 
and a greater increase in spindles than in looms. The 
quantity of cotton consumed increased fourfold to 4} 
million hundredweight last year, showing that each 
spindle is doing a third more work than formerly. There 
are also given in the pees | the Government Factory 
Acts and rules, as well asa list of tariffs, so that, even 
apart from the list ef names of importers of machinery, 
tools, &c., and of producers, which must be serviceable to 
shippers, there is much interesting information. 





CaTaLoGuEs.—A_ very complete catalogue of machine 
tools, both for wood and iron, has just been issued by the 
Britannia Company of Colchester. The publication is of 
very convenient size, and is excellently illustrated. The 
range covered is very wide, extending, as it does, from coach 
wrenches to heavy engine lathes. As prices are given in 
all cases, the list should prove very useful for reference. 
—A nicely got-up catalogue has just been issued by West’s 
Gas Improvement Company, Limited, of the Albion Iron 
Works, Miles Platting, Manchester, which contains illus- 
trated descriptions of the labour-saving plant made by 
the firm for use in gas works. The list includes charging 
and drawing machinery, worked by hand, by rope trans- 
mission, or by compressed air, the latter being specially 
recommended for large plants. Conveying machinery is 
also made by the firm, who claim to have been the first to 
introduce it in this connection. The catalogue contains 
illustrated descriptions of several retort-houses fitted up 
by the company in different localities.—Mr. G. Straus, of 
130, Queen Victoria-street, London, has sent us copies of 
Messrs, Butzke and Co.’s illustrated price lists of appa- 
ratus and accessories for telegraphs, telephones, and 
lightning conductors. Some new designs for domestic 
re. oe we are worthy of note, and the selection of elec- 
tric bells, both of the fixed and portable types, is very 
varied. The catalogue is fully priced, and the illustra- 
tions are exceptionally numerous.—The Electrical Power 
Storage Company, Limited, have sent us a copy of their 
new illustrated price list of secondary batteries and acces- 
sories. The catalogue in question is very conveniently 
arranged with a marginal index, permitting ready refer- 
ence to any section. Special attention is directed to the 
new ()-type cell, adopted by the Admiralty for the portable 
lamps used in magazines, and to the small ‘exploring 
lamp, which can be inserted between the plates of a cell, 
thus enabling their condition to be examined: We may 
add that a considerable reduction has been made in the 
list price of the larger cells. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


CompiteD By W. LLOYD WISE, 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 
The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specrfication is 
not illustrated. 4 
Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 
Copies ‘of Specifications may be obtained at the Patent Ofice 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. . 
The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
the advertisement of the let 





ptance of a yplete specification, 
give notice at the Patent Office of opposition to the grant of a 
‘Patent on any of the grounds mentioned in the Act. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


$304, Sir A. S. Haslam, Derby. Gas Compressors. 
[2 Figs.) April 26, 1894.—The objects of this invention are to 
prevent the gas from escaping or coming into contact with the 
air, and to avoid dead 8) in the apparatus ; it is applicable 
particularly to compound compressors in which the gas is com- 
pressed in stages. The improved compressor has two single- 
acting pumps a and 6 arranged tandem with each other. The 
compression ends of the two pump cylinders are next each other, 
and have between them a central chamber ¢ containing a lubri- 
cating and sealing liquid supplied from a raised reservoir (not 
shown), through which the gas to be compressed also passes, 
The central chamber c is separated from the cylinders by glands d 
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and e, through which the common piston-rod f passes. The other 
end of the low-pressure cylinder a has a similar chamber g also 
supplied with the sealing and lubricating fluid out through which 
the piston-rod f es. Each cylinder has at its compression 
end a suction valve chamber a! and b! respectively, and a delivery 
valve chamber a2 and b2 respectively. The suction valve chamber 
a of the low-pressure cylinder is connected by a pipe to the 
reservoir, and so to the refrigerator or other source of the gas, 
whilst its delivery valve chamber a2 is connected by the pipe h to 
the suction valve chamber b! of the high-pressure cylinder. The 
delivery valve chamber b? of the latter is connected by the pipe j 
with a receiving and separating vessel k. (Accepted March 6, 
1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


2029. C. D. Abel, London, (The Gasmotoren Fabrik 
Deutz, Cologne, Germany) Distributing Lubricating 
Material to the Bear of Shafts. [1 Fig.) January 29, 
1895.—The shaft g has a central bore k, having three lateral 
channels h, c, d, leading respectively to the bearings J, e, f to be 
lubricated. Into the bore k is introduced a tube b of somewhat 
smaller diameter, to the outer end of which is attached the 
vessel @ containing the lubricant. Assuming, in the first instance, 
that it were only required to lubricate the bearings e and /, and 
that there were no hole such as 7 in the tube J, then one portion 
of the lubricant issuing from the openinner end of the tube at n 
would pass onward through the full bore & to the channel d lead- 
ing to the bearing f, while another portion would pass backward 
from the tube in the annular space between this and the bore to 
the channel c leading to e, The proportion in which the lubricant 
would be so distributed would depend upon the relative degree 
of frictional resistance which it has to overcome in travelling to 
the one channel and to the other, namely, in the passage from n 
to din the bore &, and in the passage from 7 to ¢ in the annular 
channel between k and b. By experiment it can easily be ascer- 
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tained what the proportions of those channels shall be to insure 
an equal resistance in either case, and consequently a uniform 
supply of lubricant to the two bearings. Ifin addition to the 
bearings e and f there be a third bearing 7, an ¢qual supply of 
lubricant to this bearing can also be insured without interfering 
with that of the other two, by forming a lateral hole 7 in tube b at 
a certain distance from the lubricating channel h. Thus the 
lubricant flowing along 0 will op partly through the hole i, 
and partly onward to the channels c and d and bearings e and /, 
that issuing through i being made to pass backward along the 
annular channel between b and k to the channel h and bearing 1. 
The proportion of lubricant that is delivered to the latter will 
depend upon the frictional resistance which it has to overcome 
in travelling along the annular passage from i to h, and con- 
sequently, by properly determining the position and size of the 
hole i, the said resistance can be so proportioned as to insure a 
supply of lubricant to the bearing J, equal to that to the other 
bearings. The ring m inserted between the tube b and the bore 
k serves both to hold the tube centrally and to prevent the lubri- 
cant from flowing from i towards the channel c. (Accepted 
March 6, 1895). 


MINING, METALLURGY, AND METAL 
WORKING. 


6072. W. Bailey, Newcastle-upon-Tyne. Lyne | 
—— [5 Figs.) March 24, 1894.—F is a frame with reba‘ 

or moulded edges and holes H to take corresponding projections 
on the half-box. S is a strengthening bar connecting the ends 
of the frame. In the rebated edges of the frame F certain 
plates P lie, having openings in them at one side corresponding 





A are axles supported at both ends, and on them are secured the 
half-patterns P! (pulleys) of the object to be cast. These —- 
can just pacs through the openings in plates P by revolving an 
axle A by a handle (not shown) at H!. In this manner the 
patterns can be raised or lowered above or below or flush with the 
surface of the plates P. The axles thus arranged form the imprint 
for the core to form the boss or centre holes. To prevent the 
patterns moving during the ramming ——— there is provided 
underneath the frame F a platform E, which can be raised or 
lowered by turning one or other of the toothed wheels W which 
revolves the cranked axles Al, which in turn by rods R elevates 
or depresses the platform. Above the platform the blocks B are 
secared, the sides b of which are formed plain, the other sides 0! 
having their faces formed to correspond with the flat sectional 
faces of the half-patterns. The right-hand portion of Fig. 2 shows 



































the platform in its elevated position, with the block B flush against 
the face of the half-pattern ready for ramming. The left-hand 
portion of this figure shows the platform depressed with the half- 
come turned down out of the ramming box, as is done after the 

x has been rammed. The ramming box itself is not shown. In 
practice the half-box is secured on or over the frame F, the half- 
patterns and platform being up or as shown in right-hand portion 
of Fig. 2. The platform thus prevents the patterns moving durin 
ramming. After the half-box is rammed, the platform is depresse 
and the patterns turned down, as shown in the left-hand portion 
of Fig. 2. The half-box is then removed and the process is re- 
peated with the other half-box. After this the two half-boxes are 
put together to form a complete mould for running in the metal, 
(Accepted March 6, 1895). 


8563. F.L. Broughton, Handsworth, and J. Field- 
house, Smethwick, Staffs. Manufacture of Tubes. 
(2 Figs.) April 30, 1894.-This invention, which relates to im- 
provements in the manufacture of close jointed or other similar 
tubes, is to completely form such tubes by rolling strips 
of cold or heated steel or other metal through a number 
of suitably shaped rolls, and thus by dispensing with the 
employment of dies, mandrils, or like tools, to produce the 
tubes more readily and with closer joints than by the 
ordinary processes of manufacture. According to this inven- 
tion the flat strip A of mild steel or other metal is first 

through a pair of rolls B, B!, the upper roll B having a concave, 
and the bottom roll B' having a convex semicircular surface or 
ag gh for the —- of rolling the strip into a semicircular 
or like form. The st: P is then passed edgeways through a second 
pair of rolls C, C!, both having grooved or concave semicircular 
peripheries, by which it is rolled into an oval or like tubular 





shape, and finally the oval tube is passed through finishing rolls 
such as D, D? for forming it into the complete tube of the desired 
circular configuration. The rolls for the manufacture of tubes 
by this improved process are preferably fixed in a tandem or like 
arrangement as shown, in order that the flat strip of metal may 
be fedin at one side or end of the series, and rolled out at the 
other end as a completely finished tube. With this tandem or 
series arrangement the middle pair or the ovalling rolls C, C! are 
fixed vertically or at right angles to receive the skelp edgeways 
from the first pair or the horizontal rolls B, B'. To assist in the 
production of a smooth and planished surface on the exterior of 
the tube, the finishing rolls D, D'or the last pair of a series, are 

referably driven at a higher speed than the preceding rolls. 
Thus the peripheries of the finishing rolls D, D! are caused to 
travel faster than the advancing tube, and so produce a rubbing 
action between their respective surfaces. (Accepted March 13, 
1895.) 


RAILWAYS AND TRAMWAYS. 


5458. H. W. B. Pring, London. Beasties and Stop- 
ping Appliances for way, &c., Vehicles. [6 
Figs.) March 15, 1894.—This invention relates to starting and 
stopping appliances for railway, tramway, and road vehicles by 
means of which the momentum of the vebicle from the moment 
the brake is applied to that when the vehicle comes to a standstill, 
is stored up and given out again as soon as the brake is removed, 
for the pu of re-starting the vehicle, and so relieving the 
horses or other tractive power of the severest portion of their 
work. A ratchet wheel a is keyed or otherwise fastened on the 
hub of the brake wheel b concentrically, and on this hub is also 
mounted loosely a drum ¢ preferably of the eccentric form shown. 
This drum c has pivoted in or toit a pawl d so counterbalanced 
that it normally occupies a position (Fig. 3) in which it is out of 
gear with the ratchet wheel a, but when the drum ¢ is revolved it 
gradually assumes a position in which it gears with said ratchet 
wheel. A loose collar ¢ is also mounted on the hub of the wheel 
b, and from this projects an arm f having pivoted to its outer free 
end a lever g carrying on one end the brake block h, and connected 
at itso ite end through a rod k to the cranked end of a rod J. 
This lis journalled in the frame of the vehicle, so that it may 
be revolved sufficiently to throw the brake block into or out of 
contact with the tyre of the wheel b. The movement to throw 
the brake block into gear is effected by the usual lever situated 
on the footboard of the vehicle and connected by a chain m pass- 
ing over suitable pulleys to a middle cranked portion of said rod, 
whilst the return movement is effected by a spring n connected 


opposite end to the body of the vehicle. The brake block is con- 
nected to one end of, and normally supported in the position 


at one end to this middle cranked portion of the rod . and at its | carryi 


bracket p! and is connected at its opposite end to the end of a 
powerful spring arranged within a tube q secured to the side of 
the vehicle. hen the brake block is forced against the tyre of 
the wheel whilst the vehicle is still in motion, it is carried round a 
certain distance by the wheel, and the momentum of the vehicle 
is absorbed by the compression of the spring on the tube q a 
the medium of the chain. At the same time the drum ¢ is partly 


























revolved and the pawl d brought into a position so that it gears 
with the ratchet wheel a ; the result being that the parts remain 
stationary, as the force of the compressed spring tends to turn the 
brake block in one direction and the wheel in the opposite, until 
the brake block is moved out of contact with the wheel tyre. Then 
the energy stored up in the spring tends to restore the parts to 
their original position, and in doing so revolves the drum c and 
with it the wheel b. (Accepted March 6, 1895.) 


SHIPS AND NAUTICAL APPLIANCES. 


5289. H. Bersier, Paris. Apparatus for Directing 
and ry ee ny the Course of a Ship. [5 Figs.) 
March 13, 1894.—The improvements comprise the construction of 
an improved compass with a rose or disc a. A current derived 
from the nee circuit insures the continuous operation of a 
Bhumkorff coil A. The induced current leaving one of the 
terminals of the coil flows through a flexible wire b to the pivot of 
the rose at C, leaps as a spark to the frame, follows the aluminium 
wire ¢ el e2 and leaps at D over to a divided metallic ring g. Accord- 
ing as the spark leaps upon one or the other of the two metallic 
segments of the ring g, the current follows one of the wires i', i? 
and actuates one or the other of the electro-magnets F, ¥' of the 
circuit-closing device G. The extremity of the parb H is then 
attracted by one or the other electro-magnet, and one of the two 
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arms K, K! which it carries is brought into contact with the 
amalgam of tin contained in the cups L and L!, The current then 
passes through one of the two electro-motors M, M!, one of which 
actuates the motor for moving the rudder to the right, and the 
other for moving it to the left. These motors are energised by a 
current derived from the general circuit, and which passes through 
the wire N into the circuit-closing device, follows the oscillatory 
axis of the part H and the arms K, K! of this —— 
pg a pallet of soft iron, and leaves through the wire N! or 
N2, The cover of the ——- is uated upon its flange G1 or 
upon the glass itself, and it is adapted to turn and operate in its 

tation the metallic ring g. The pointe of separation of the two 





shown by a chain o which passes over a loose pulley p ted in 
the bracket p! projecting from the side of the vehicle, and from 


segments of the ring are upon the generatrices lowered from thé 








with the cross-section or shape of the pulley or wheel to be cast. 


thence travels round the drum ¢ over a second pulley in the 


north and south points of the graduated cover, and as the spark 
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leaps {rom the north point of the rose it follows that the absolute 
parallelism of the north-south diameters of the rose and of the 
cover is necessary for the two motors to be simultaneously excited, 
and consequently for the rudder not to move. Thus if the north 
point of the rose is just under the north point of the cover, the 
electric spark leaps from the wire ¢¢! e2 on to both segments of the 
metallic ring g, thus causing both the motors to be operated so 
that the rudder will not move. The least rotation of the ship or 
of the cover, causes the spark to leap only on to one segment, and 
thus to operate one or the other of the motors to move the rudder 
to the right or left. Accordingly in order to keep to any course 
it is only needful to mark the guide line upon the course read on 
the cover. For effecting the registration of the course the same 
spark D pierces a paper band n which covers the periphery of the 
vessel. For indicating or signalling yaws, each segment of the 
metallic ring g is divided into two or three parts connected each to 
a Geissler tube placed in front of the steersman and divided into 
right-hand and left-hand tubes. In this case the steering takes 
place by hand, and the right course is pursued only when the two 
middle tubes are alternately lighted. The common return of the 
luminous tubes, the other terminal of the induced wire of the coil, 
and all the metallic parts of the compass are in metallic connection 
with the hull. (Accepted March 6, 1895). 


TEXTILE MACHINERY. 


6619. R. Hadfield, Droylsden, Lancaster. Looms 
for Weaving Terry or Looped Pile Fabrics. [4 Figs.) 
April 3, 1894.—The object of this iavention is to provide automatic 
means for controlling the amount of terry warp taken from the 
pile beam in a given —— to the length of warp taken from 
the ground warp beam, in order to insure the formation of an 
even = of any required length of loop. The ground warp w is 
passed over a roller a which is free to revolve in fixed bearings, 
immediately above the ground warp beam b, and thus the roller a 
is caused to revolve at the same surface speed as that of the 
ground warp w as itis taken from its beam b. Upon any con- 
venient part of the warp z upon the terry or pile warp beam c, 
rests a roughened drum d, which thus revolves at the same sur- 
face speed as that of the terry or pile warp 2, as it is taken off 
by the beat up of the slay e, when the reed / ie locked in the usual 
manner for weaving looped pile fabrics. This drum d is weighted 
so that a strap passing round the same, and round a pulley upon 

















a shaft d* adjacent to it, will drive the shaft d* ; or the shaft d* 
may be driven by chain d! and pulleys d? as shown. Upon this 
shaft d' is a chain pulley d* actuating by means of its chain d+a 
similar pulley d> on a short spindle d® near the roller a, which is 
driven by the ground warp w. The pulley d5 actuates a toothed 
wheel d’ gearing with a pinion d8 which drives a short shaft g 
made with a keyway so as to be capable of sliding longitudinally 
through the pinion d*. This shaft g is formed with a quick spiral 
groove or screw thread g', into which fits a spring bolt h upona 
sleeve a5 mounted thereon, thus forming a nut upon the screwed 
shaft g g'; the sleeve a being provided with a pinion a4, which 
is actuated by a change wheel a3 upon a stud a* on which is a 
pinion a? driven by a toothed wheel a! fixed upon the axle of the 
roller a, which is moved by the ground warp w. The sliding 
screwed shaft g g! is also provided with a grooved bush g?, in the 
groove of which works the end of a lever h* so connected to the 
unlocking motion of the reed /, that it will cause the reed to be 
unlocked to a greater or less extent, and thus alter the length of 
= according to the position of the said sliding shaft g. (Accepted 
arch 6, 1895). 


1537. J. Hamer and F. Gillet, Lytham, Lancaster. 
Loom Shuttles. (4 Figs.! January 22, 1895.—This invention 
has for its object to prevent the shuttle tongue pin of a loom 
shuttle from working out of plaxe endwise, and the damage result- 
ing therefrom to the reed on one side of the shuttle and by the 
breaking of the weft on the other. Heretofore it has been the 
practice to drive the pin tightly within a hole passing com- 
—, through from one side of the shuttle to the other. Accord- 
ng to this invention the shuttle tongue pin is made of such a 
length as to project somewhat through each side of the shuttle 
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‘ss 
tongue head, but to extend only a part of the way across the body 
of the shuttle. The pin is inserted in its required position 
within two opposite grooves from the underside of the shuttle, 
the ordinary k spring pressing on the back of the shuttle 
tongue head in the usual way, and holding the pin securely in 
place against. the ends of the grooves. a is the body of the 
shuttle ; b the shuttle tongue head ; c the shuttle tongue pin ; and 
d the back spring ; ¢,¢ are the grooves within which the pin c is 
inserted ; f Te the ordinary crosspin for exerting pressure on the 
back spring d, and g is the ordinary crosspin against which the 
shuttle tongue head rests. (Accepted February 27, 1895). 


7347. J. H.and R. Blackburn and T. and P. Farrer- 
Baynes, Blackburn, Lancaster. Split-up Motions of 





Looms for Weaving. [2 Figs.) April 18, 1894.—According 
to this invention, a light bracket 1 is fixed by arm 2 and bolts to 
the top railof the loom. Inthe top of the bracket 1 is a stud 3 
carrying a pulley 4, which is partly rotated in one direction by 
means of a strap 5, connected to one of the heald shafts or to the 
dobby, and in the reverse direction by means of the strap 6 and 
spring 7. On the stud 3 is also a disc 8, to each opposite side of 
which is attached a rod 9, 10. The lower ends of these two 
rods 9, 10 work through a guide piece 11 carried on the bracket 1. 
The lower end of each rod 9, 10 carries a pair of needles 12, 13 ; 
one pair 12 fixed to the rod 9, pointing upwards, and the other 














1347 


pair 13 fixed to the rod 10, pointing downwards ; and through the 
eyes of these needles 12, 13 the four adjoining warp threads are 
pee a two on each side of the split, A guard 14 is fixed to the 

racket 1 to prevent the warp threads being entangled. When the 
loom is in motion, the disc 8 is partly rotated, first in one, then in 
the other direction, and the disc 8 carries the upper ends of the 
rods 9, 10, first to one side, then to the other. The rods 9, 10 and 
needles 12, 13 rock in the guide piece 11 which forms a fulcrum, 
and the needles 12, 18 at the lower ends are ca’ to rise and 
fall, and cross from one side to the other, and always at about the 
centre of the shed. By this means the warp threads are crossed 
and interlaced with the weft threads in the manner well known 
when weaving “‘split-ups.” (Accepted March 6, 1895). 


MISCELLANEOUS. 


4768. R. J. Urquhart, Manchester. Obtaining 
Motive Power. (3 #igs.) March 7, 1894.—The object of this 
invention is to utilise as motive power the expansive force of 
liquids when subjected to heat below the the boiling point. The 
figures illustrate the application of this invention to a press. The 
heating chamber A is supported on a stand a and provided with an 
inlet pipe with cock or valve al and outlet pipe with valve or cock 
a? for filling and emptying the chamber A. At the side is an oil 
cistern B which may be fitted with a safety valve and is con- 
nected through the T-pipe b to a coiled pipe B! and a pipe b? 
screwed into the side of chamber A, the pipe b2 os joined toa 
coil B2 inside the chamber, which at the bottom end is connected 
to the coil B'. When the latter is heated by a gas get under the 
same, the hot oil will ascend the coil B! and pass down the coil 
B?, and thus circulate through the coils. The upper part of the 

hamber A is ted to a cylinder A! in which a piston c 
attached to the press plate C can move. The piston is formed with 














a tube O having an outlet 0! through the press plate C and con- 
taining a small inverted valve, for the Lee eg of allowing air to 
escape while the chamber A is filled, and to enter the chamber 
when itis emptied. The cylindrical part A’ has ears A2 carrying 
the transverse bar E in which the screw spindle d carrying the 
press plate D can be adjusted. When the chamber A has been 
filled through the cock a! the latter is closed ; the liquidin A 
becomes heated by contact with the coil B2 and expands, thereby 
closing the valve in the piston and forcing the latter upwards and 
compressing the articles placed between the press plates C and D. 
The cock a? being then opened, the liquid is run out of the 
chamber A, after which the cock a? is closed and the chamber re- 
filled and the action repeated. The specification also describes 
and illustrates a double-acting motor constructed on this principle. 
(Accepted March 6, 1895). 


5815. A. B. Ibbotson, Sheffield. Lock-Nuts 
Bolts for use therewith. [14 Figs.] March 20, 1894.— 
According to this invention, instead of forming afew of the small- 
diameter screw threads in the nut by compression on a portion of 
the sides of the nut while on a specially screwed mandril, as shown 
and described in Specification of Patent No. 11,438 of 1886, the 
bolt A upon which the nut is intended to be used, is used in place 
of such mandril, taking care that each bolt has two or three of its 
screw threads at and nearest the extreme end a of its screw- 
threaded part intended to enter the nut, slightly tapered in dia- 
meter. This is preferably accomplished by forging the bolts 











slightly tapered at the end before they are sc-ew-threaded. The 
bolt may be partially screw-threaded near the extreme end by 
means of a deep-threaded screwing die, and then fully with an 
ordinary die of the same pitch. A parallel-threaded nut Bis then 
placed on the parallel threads of such bolt, and is screwed thereon 
until the outer end of the nut is flush with the end of the bolt as 
shown in Fig. 1. Then using the bolt itself asa handle, that part 
of the nut which incloses the threads of smaller diameter on the end 
a of the bolt is placed between pressing dies or swages O, as de- 
scribed in the said former specification, and the nut is radially 





compressed or closed on the bolt. D is a guide-plate against 
which the end of the bolt and nut are pressed during the com- 
pressing or swaging operation. The nut is preferably furnished 
with slits b at the end that.is to be compressed, in order to facili- 
tate the compression, and it is preferably made of steel having a dif- 
ferent temper from that of the bolt. After this operation is com. 
pleted the nut is of the shape shown in Fig. 4, and can only be 
screwed further on and then off the bolt with difficulty. If not 
screwed further on it can easily be screwed off after compression 


(Accepted March 6, 1895). 

6307. J. Lewis, Barnshaw, Cheshire. Horse- 
shoes. [2 Fiys.] March 29, 1894.—The improved horseshoe is 
constructed of any suitable metal in two, three, or more seg- 
ments hinged or jointed together in such a manner as to allow of 
each of such segments following the movement of the hoof. If 
desired the shoe may be covered in whole or part with rubber, 
dermatine, or other material, to act as a pad to protect the animal 
from shocks, and also to give a firmer foothold. A, Al, and A? 





6307. 


are three segments hinged or jointed with any suitable joint at B. 
C C are holes through which the shoe is secured in the ordi- 
nary manner to the hoof of the animal. D is the rubber or other 
material which may partially or entirely surround the shoe, as 
desired. The improved shoe may comprise two, four, or any 
number of segments, and also any other form of joint than that 
illustrated may be employed. (Accepted March 6, 1895). 


8202. J, G. Stidder, Croydon, Surrey. Wheels, &c. 
(3 Figs.) April 25, 1894.—This invention consists in the use of an 
improved protective band to pneumatic tyres for wheels. ais a 
wire bent ina zigzag manner; J, b are tapes interlacing the wire 
a ; cis the inner or inflatable tube ; and d is the outer cover. This 
improved protective band for pneumatic tyres is formed of wire 
a tape interlaced, for the purpose of more effectually protecting 
such tyres, and lessening the danger of accidental “pep manages 
The wire is bent in a zigzag manner, transversely to the tyre, and 
one, two, or more tape or ta is or are interlaced lengthwise 
through the same, alternately above and below the wires, thus 








drawing the wires closely together, and interweaving the same. 
The tapes, or their equivalent, form the warp, and the wire 
operates as the weft, the latter being curved to correspond with 
the form of the tyre upon which it is laid. The protective band 
may be covered with any suitable material and vulcanised ready 
for application between the inner tube and the cover of any ‘‘ com- 
pound” tyre. Outside this band the usual covering is fitted, where- 
by the band is secured in ition between the p tic tyre 
and the cover; or the protective band may be inclosed in the outer 
cover, the whole being then vulcanised or solutioned in the usual 
manner. The beads or thickened edges of the cover are made of 
i000) rubber, 80 as to secure it to the rim. (Accepted March 6, 
1 b 





UNITED STATES PATENTS AND PATENT PRAOTIOB. 

a with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand. 





NATURAL GAs IN UTAH.—Salt Lake City has been cele- 
brating the introduction of natural gas as an illuminant 
and a fuel, a connection having been established with 
wells ten miles off. A great saving is expected to be 
effected in lighting and fuel charges. 





Gas EncInE: Erratum.—On 493 of our issue of 
April 12, it was stated that Patent Specification No. 6138 

ated to improvements on an invention set forth in a 
previous specification, No. 11,062 of 1860. The latter 
date should have been 1890. The patent was granted to 
Mr. H. T. Reid, as the agent of Mr, G. B. Brayton, of 
Boston, U.S.A. 
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THE UNION TERMINAL STATION AT 
ST. LOUIS. 


Prior to September, 1894, the station at St. Louis 
was a disgrace to the vast railway interests that are 
concentrated in the city, which to-day can claim to 
possess one of the largest and the most elaborate 
terminals in the world. Such astation was, indeed, 
a necessity for so important a railway centre, and 
its absence was a blot on the railway managements. 
To bring about the results that have been achieved, 
and to the consideration of which we propose to 
devote some space, a powerful influence, quite 
independent of the railway companies, was required, 
because no single company was rich enough to 





Adams Express Co. 
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the opening of the station last September, Mr. 
William Taussig, the president, explained the 
position of the Association towards the railway 
companies. He said : 


“The Terminal Railroad Aesociation has advanced its 
credit towards raising the means which were required to 
buy the real estate, to erect the structures, to furnish and 
equip them with all the modern appliances that science, 
art, and the latest engineering and railroad experience 
have suggested, and to change and remodel the entire 
track system between the mouth of the tunnel and Grand- 
avenue to accommodate it to the new complicated con- 
ditions. For the cost of all this the Terminal Association 
charges the railroads using the station, in the ratio of 
their use of it, interest on the outlay equivalent to the 
interest it pays on the bonds for which its credit is 





named plan, and, apart from the fact that it was 
wholly insufficient to accommodate the traffic, the 
experience it had afforded went to show many dis- 
advantages in the system. The topographical con- 
figuration of St. Louis confines the railway 
approaches in the city to a comparatively narrow 
valley ; this gave no trouble so long as but a few 
railways required to use the approach, but with 
the multiplication of lines and the growth of traffic, 
the operation of the trains became difficult and even 
dangerous. For this reason, among others, it was 
considered advisable to gather up the numerous 
lines using the station into a very small number of 
tracks, that are again fanned out on entering the 
station yard. St. Louis is a great railway exchange 
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undertake the work, and it would have been im- 
possible to have secured harmonious action among 
the twenty-two separate railway associations that 
would require to use the terminus. The difficulty 
was evaded by the energetic action of a number of 
prominent citizens of St. Louis, who—commencing 
operations about five years ago—have secured this 
great benefit, not only for their city, but for a 
large proportion of the travelling public in the 
United States. 

Under the title of the ‘“‘Terminal Railroad 
Association of St. Louis,” a company was formed 
in 1889 for the purpose of creating a central joint 
station for the benefit of all the lines entering the 
city from the east and west. The co-operation of 
all these various companies was assured without 
difficulty, the Terminal Association, however, 
remaining independent of all of them. In the 





course of an address delivered on the occasion of 
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pledged; and all the revenues derived from rentals of 
the station inure to all roads alike. The proprietary lines 
which compose the Terminal Railroad Association pay 
their proportions, relatively, towards this charge just the 
same as all others, no more and no less; while, on the 
other hand, if there should be a deficiency in meeting the 
interest, they are bound, their credit being involved, to 
make it good. 

“* While, therefore, it is not contended that this is a 
merely patriotic enterprise, still it is an enterprise under- 
taken in a large, generous spirit, without looking to profit, 
or any other return but that which comes to general 
traffic wherever great conveniences are offered to the 
public.” 

Soon after the formation of the station company 
the site was selected and the character of the 
terminal decided on. A through station instead of 
a terminus was advocated by a certain number of 
the directors, but the views of these were overruled, 
and a ‘‘stub end” terminus was adopted. The 
old exchange dépét was constructed on the first- 











centre ; no through trains run beyond the city, and 
all passengers coming from the east or west have to 
change there. During the busy periods of the day, 
that is to say, in the morning and the evening, no 
less than 247 trains and engines have to be handled 
per hour in the new station ; it may, therefore, be 
readily imagined that not only must the arrange- 
ments adopted be as perfect as possible, but the 
extent of ground occupied must be very consider- 
able. The following figures will give some idea of 
the size of the dépét : ‘The station building and the 
train-shed occupy 11.1 acres ; to the south of these 
are the sidings, on which all the express, baggage, 
and mail cars are handled—these occupy 8.9 acres ; 
on the north side of the station are the four main 
tracks and all the passenger sidings ; these occupy 
about the same area, so that the total space utilised 
for the depot is 42 acres. Over this space are laid 
19 miles of track, of which 3.5 miles are in the 
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train-shed. As this large area is in the city itself, 
it may be imagined that the question of selecting a 
site was a somewhat difficult matter, and its acquire- 
ment very costly, involving the purchase of some 
important factories and at least one hundred houses. 
The site selected faces on Market street, and extends 
between Eighteenth and Twentieth streets ; the 
frontage on Market-street, where the principal 
entrance to the station is placed, exceeds 600 ft. 

The site is chiefly of made ground, and a part of 
it was once occupied by the Chouteau Lake, long 
since reclaimed and built over. As the whole of 
the area had been closely covered with substantial 
factories and other permanent buildings, the work 
of removing the foundations on which they had 
been erected was a long and costly one, while the 
construction of the new foundations, which were 
almost wholly in concrete, although in some 
places steel girders were used, was also extremely 
tedious and expensive. In fact, a year was taken 
up in thesa preliminary works, and it was not until 
July, 1893, that the first stone of the new station 
was laid. Fourteen months after, on Sep- 
tember 1, 1894, the work was completed, and the 
first train entered thedépdt on September 2, 1894. 
Since that date the heavy service has been carried 
on without interruption. A very interesting instal- 
lation belonging to the dépét is the power-house, 
to which we shall make a more detailed reference 
later ; meanwhile, we may say that in this building 
is concentrated the machinery for lighting and 
heating the entire station, as well as the air-com- 
pressors and other appliances required for operating 
the pneumatic interlocking switches and signals ; 
this system comprises 122 levers, 130 switches, and 
103 signals, and is the largest in the United States. 
As for the electric lighting, there are 300 arc lights 
and 5000 incandescent lamps used in the station ; 
the heating apparatus has a capacity to supply 
44,500 square feet of radiating surface. The entire 
cost of the work, including the purchase of property, 
has been about six million dollars and a half. 

In March, 1891, ten leading American architects 
were invited to submit competitive designs for the 
station buildings conforming with general particu- 
lars furnished by the Association ; eight of these 
invitations were complied with, and in the following 
July the plans submitted by Mr. William Link, of 
St. Louis, were selected ; the second premiumed 
design was also furnished by a St. Louis architect, 
and the third by one in Kansas City. 

To western minds the application of medieval 
architecture to railway work, especially when en- 
riched by the most luxurious and costly modern 
American school of decoration, appears somewhat 
incongruous, especially as the lead given in this 
direction some years since has been followed almost 
to satiation. It is not, however, our present pur- 
pose to criticise the design, but to describe it, and 
in doing this a large amount of somewhat extra- 
vagant language might be employed without 
exceeding the strict limits of moderation. We are 
told by the President of the Association that ‘‘a 
free treatment of the Romanesque style has been 
selected as the one pre eminently adapted to ex- 
press, by historical associations, the character and 
purpose of the structure. In this day the railway 
station is as much the means of entrance and exit 
to a city as was the bastioned gate of medieval 
times. It is therefore intended as an elaboration 
of the feudal gateway.” 

As we have already said, the principal front of the 
station is on Market-street, where it extends for a 
length of 606 feet ; the depth of the station build- 
ing on its eastern and western sides (Eighteenth and 
Twentieth streets respectively) is about 80ft. The 
gradients on two sides are somewhat severe ; on the 
Market-street facade there is a fall of 15 ft. from 
west to east, and Eighteenth-street falls from north 
to south about 4 ft. in the depth of the building. 
The rails within the train-shed are, of course, laid 
on a level ; they are placed 15 ft. below the street 
at one corner of the facade, and are on the street 
level at the opposite corner. The front of the 
building is set back about 40 ft. from the street 
line to afford a good carriage approach and standing 
room for vehicles, and also to give space for 
the necessary stairways required to surmount 
the differences in level. The principal features 
of the ground-floor plan are a large covered court 
for carriages, and the main stairway and entrance 
for foot passengers ; the latter gives access to a 
general waiting-room 120 ft. long and 76 ft. 
deep. The ground floor of the station is on the 
rail level, except that part of it where the carriage 








courtyard occurs, and which is somewhat higher. 
The first floor at the higher end of Market-street is 
only 5 ft. above the ground, and the levels thus 
fixed gave a height of 18 ft. to the rooms on the 
ground floor. The space between the courtyard and 
the Twentieth-street facade is occupied by a saloon 
and a number of stores, a central space being left 
clear, with an approach from Market-street giving 
access to the hotel above. The general waiting-room 
before mentioned has disposed around its wails, the 
boxes for the sale of railroad and sleeping-car tickets, 
telegraph and telephone offices for the benefit of 
the public, information bureau, United States post- 
office, baggage check room and stores. Two corridors 
lead from this waiting-room; that on the east 
conducts to a barber’s shop, bath-rooms, and second- 
class waiting-room. The west corridor gives access 
to refreshment and other waiting-rooms. In the two 
north corners of the general waiting-room are towers 
containing elevators and service stairways leading to 
the office floors. The central part of the front of this 
hall is occupied by the grand staircase in two flights 
with a central landing. The level of this landing 
corresponds with that of Market-street at that point, 
and exits are provided from it. The staircase is 
spanned by an arch 40 ft. span, and this is made a 
subject for elaborate decoration; it forms the 
framework for an allegorical design in glass mosaic. 
The first floor of the building is to a large extent 
a novel feature in station design. It is wholly de- 
voted to the comfort of waiting travellers. The 
advantage of this accommodation is especially great 
for long-distance passengers, who may have to wait 
over several hours before proceeding on their 
journey. The main feature is the Grand Hall, im- 


south and west walls are of grey bricks above the 
roof of the train-shed, and buff bricks below. The 
roofs are covered with Spanish tiles of the same 
colour as the walls, ‘‘on the theory that a mono- 
chrome will aid in attaining the effect of loftiness,” 
Adjoining the eastern pavilion of the building, and 
at its highest point, is the clock-tower, 230 ft. in 
height, and with four clock dials 10 ft. in diameter, 
The foundations of this tower are quite indepen- 
dent of the remainder, and this isolation is ex. 
tended as high as the adjoining walls. It was ex- 
pected that there would be asettlement of }in., but 
it proved to be only } in. more than the subsidence 
of the outward walls. The space beneath the ter. 
| race approach in front of the facade is occupied with 
| electric light mains, heating pipes, telegraph wires, 
|&c. There are in addition refrigerating machines, 
batteries, filters, tanks, and a number of appliances 
_inseparable from the requirements of so complex a 
structure. Some of the old vaults were preserved, 
| and these now serve as fan-rooms for forcing heated 
air into the building. 
The illustrations of this great dépdt, which we 
| publish on pages 566 and 567, give only a faint 
indication of the station building, but its position 
is marked by the clock tower in each view. That 
/on page 566 shows the arrangement of the train- 
Shed, and that of the station yard and the four 
| tracks leading into the train-shed is clearly indi- 
cated on page 567. Of the details of this part of 
the work we shall speak in our next article. The 
| power-house referred to above is shown on the left- 
| hand side of the engraving, page 567, which also 
gives some idea of the extent of the siding accom- 
'modation, and of the numerous main tracks from 





mediately over the general waiting-room below ; it | which trains have to be shunted on to one or other 


has an arched roof rising to a height of 65 ft., and | of the 30 lines within the station. 


great wealth of decoration and lavishness of ex- 
penditure have been centred in this hall and the 


The general 
arrangement is shown in the plan, page 563, which 
also indicates partially the ground floor of the build- 


adjoining apartments. The vaulted ceiling of the ing ; it will be seen that between the building and 


hall springs from a frieze about 18 ft. above the 
floor, and over this the sides of the arch are, 
pierced with round-headed windows. The ceiling | 
ribs and those of the arches over the window form | 
an elaborate structure, and are suspended to the | 
roof framing above. The walls of the Grand Hall are | 
faced with a high dado of dark-green tiles, and above | 
they are lined up to the frieze with thin slabs of scag- 

liola, tinted and veined in green and yellow. The | 
brackets of the frieze, the capitals of the clustered 
columns, and other ornaments in relief are partly | 
gilded, and the ornamental ribs of the vaulted ceil- 
ing are in solid gilt. The ceiling panels are painted 
in greenish yellow tones that form a background 
for elaborate stencilling. The most distant surfaces 
in the recesses and arcaded galleries are finished in 
dull blue to increase the effect of depth. At each 
end of the hall the wall is pierced with an archway 
40-ft. span, surrounded with very deep mouldings 


decorated with tracery and figures in relief. A | 


corridor, leading from one end of the Grand Hall, 
conducts to a waiting-room for ladies with gentle- 
men ; beyond is a second room for ladies only, and 
within this there is an isolated retiring room for 
sudden cases of illness. An elaborately finished 


suite of toilette and bath rooms forms a part of the) 


accommodation provided for ladies. The walls, 


the ends of the track a broad platform runs across 

the train-shed for its whole 600 ft. of width; from 

this, access is obtained to all the other platforms, 
(To be continued.) 





THAMES BRIDGES.—No. X. 
18.—WaNpDswortH BRIDGE. 


THE road bridge crossing the Thames at Wands- 
worth was constructed by a private company, who 
obtained Parliamentary sanction for the work in 
1864. This ‘‘ Wandsworth Bridge Act” provided 
for a capital of 80,0001., to be raised in 8000 shares 
of 101. each ; the company was also endowed with 
borrowing powers to the extent of 10,000/., so that 
the total capital involved was 90,000/., which, it 
was considered, would prove sufficient for the 


|work. The estimate, however, proved quite in- 


adequate, and some years later it was found neces- 
|sary to return to Parliament and obtain a second 


| Act, passed in 1867, authorising an extension of 


capital of 50,000/., of which 40,000/. was to be 
obtained in shares, and 10,000/., if found necessary, 
by debentures. The total capital of the Wands- 
worth Bridge Company thus stood at 140,000/. The 
engineer to the company was the late Mr. Ordish, 


floors, and partitions, as well as lavatory fittings, &c., | who intended to erect a suspension bridge, some- 


are largely of white Italian marble, the surfaces being 
broken with numerous mirrors. On the opposite | 


what similar to the Albert Bridge lower down the 
river, and the Act of 1864 was framed on the 


end of the Grand Hall there is a gallery 80 ft. long | supposition that a work of that character would 


and 16 ft. wide. This is known as the ‘‘ Gothic | 
Corridor,” from the fact of its having been designed | 
in the Tudor Gothic style ; the ceiling is heavily | 
panelled in dark oak, and pendants of the same | 
wood form the supports for the electric light. | 
Leading from the gallery is a smoking-room and | 
café, the only places, apparently, where smoking is | 
permitted. In addition, there is a large dining- | 
room and a private dining-room ‘‘in Italian 
Renaissance, reserved for the use of distinguished 
travellers.” The ceiling of this room is the most 
elaborately decorated of any in the building. As 
for the decorations, the Gothic Corridor ‘‘is handled | 
in strong colours ;” the dining-room is treated ‘‘in 
rich tapestry effects on plain walls and ceiling 
panels, between the heavy stained oak beams and 
high wainscoting. The decoration is of subdued hues 
enlivened by a judicious but free use of gilding.” | 

The structural part of the building is as massive | 
as could be desired ; a large portion is fireproof, so 
far as the use and arrangement of materials make 
it possible. The main facade on Market-street, 
and the front on Eighteenth-street, are of Bedford 
(Indiana) limestone, backed with red bricks; the 








be constructed. One of the results of many 
delays that took place before operations could 
be commenced, was an entire alteration in the 
plans, the abandonment of the suspension designs 
in favour of a lattice girder bridge, and the retire- 
ment of Mr. Ordish, who was replaced by Mr. 
Tolmé. These delays and alterations involved 
the necessity of obtaining further Acts of Parlia- 
ment ; one in 1870 that sanctioned the construc- 
tion of a girder bridge, and the installation of six 
piers, if so many were found necessary, in the river ; 
and a fourth Act in 1873, granting the company an 
extension of time. Thus about ten years were lost 
before much useful work was done, and it would 
be interesting to know how much of the share- 
holders’ money was absorbed by Parliamentary 
and other preliminary expenses. The length of 
the approaches is very considerable, no less than 
1450 ft.; that on the Surrey side is longer than 
on the Middlesex shore. The former includes five 
brick arches and one girder span for the accommo- 
dation of Messrs. Watney and Co. On the Middlesex 
side there is only one brick arch in the approach. 
The bridge itself has five spans, the two nearest 
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the shore being each 113 ft. 6 in., and the 
three river Spans are 138 ft. 4 in. The piers con- 
sist of wrought-iron cylinders 7 ft. 6 in. in diameter 
and 2in. thick; there are two cylinders to each 

ier, placed 30 ft. apart from centre to centre. The 
foundation at the site of the bridge is good, and the 
cylinders are sunk to a depth of 14 ft. into the 
clay. The ground was excavated beneath the 
cylinders for a diameter of 13 ft. 6 in. ; and the 
spaces thus cleared were filled with concrete. 
The cylinders are also filled with ‘cement con- 
erete to the underside of the bedstones on which 
the girders take their bearing ; the excavation be- 
neath the cylinders was performed by divers. As 
will be seen from the illustration cn page 578, the 
girders are of the parallel lattice type ; they are 
]2 ft. deep, and are formed with seven panels (six 
panels in the shore spans), and the top and bottom 
flanges are connected by a system of close lattice 
bars. The girders are bolted end to end with 
the object of making them continuous over 
the whole length of the bridge. The cross- 
girders are placed about 4 ft. apart, and are 
attached to the longitudinals in such a position that 
the roadway is a considerable height above the 
bottom flanges of the main girders. The flooring is 
of 3-in. planking laid diagonally, and the bridge 
was designed for a live load of 112 lb. per square 
foot. From the date of its inception to the period 
when it was acquired by the Metropolitan Board of 
Works, the history of the Wandsworth-road Bridge 
was an unfortunate one. It was hardly completed 
before a dispute arose with the Fulham Local Board 
about the maintenance of the north approaches, 
for which the board was responsible under a pro- 
vision of one of the company’s Acts. The clause, 
however, was not so clearly worded as to be beyond 
discussion, and a two years’ lawsuit followed, 
crowned by an empty triumph for the Bridge 
Company, for meanwhile the approach road 
had fallen into decay, and the Fulham Board 
was not called on to pay the costs of the 
action. Finally, the Bridge Company paid the 
Board the sum of 17501. to take over, restore, and 
maintain the road. During these disputes the 
bridge earned scarcely any revenue. In 1874 the tolls 
amounted to 4321] , and to 476/. in 1876. The next 
year, however, matters improved, and by 1878 a re- 
venue of 1109]. was recorded. Finally, under the 
Metropolis Toll Bridge Act, 1877, the property 
was acquired by the Metropolitan Board of Works, 
and the long-suffering shareholders were left in 
peace. 


19.—Tue Lonpon Anp SovutH-WEsTERN Raltway 
BripcEe at Purney. 


The wide-spreading system of the London and 
South- Western Railway Company has of necessity 
involved the construction of numerous crossings 
over the River Thames, the most important of which 
are not far apart. The one which first calls for notice 
is illustrated on page 578, and we think it will be 
convenient to preface its description by a few para- 
graphs referring to all the Thames bridges of the 
company, which will, of course, be described in detail 
in their proper places. It is only by doing this 
that the important place taken in the present 
series of articles by the London and South-Western 
Railway bridges, can be properly appreciated. 
We may add that weare indebted to the courtesy of 
Mr. E. Andrews, resident engineer of the London 
and South-Western Railway, for the information 
relating to all the company’s Thames bridges. 

_1. Putney Bridge, on the Wimbledon and Fulham 
line, was erected in 1887-9. It has wrought-iron 
trellis main girders; the cross-girders are made 
with the ends prolonged to carry the footpath on 
the down-stream side. The decking is of iron cor- 
rugated floor-plates, to carry ballast for an ordinary 
cross-sleeper road, consequently the girderwork 
is of a rather heavy design, to allow for so large an 
amount of ballast. 

This bridge, although built at the cost of, and 
maintained by, the South-Western Company, is at 
present only used by the District Railway for their 
tratiic between Earl’s Court and Wimbledon. 

2. Barnes Bridge, between Barnes and Chis- 
wick Stations on the Hounslow, or ‘ Loop Line,” 
was opened for traffic in 1849. It is built with 
cast-iron arched ribs, three spans of 120 ft. ; brick 
piers and abutments. This bridge, which is now 
being widened and renewed in wrought iron, is well 
known in connection with the Oxford and Cam- 
bridge boat-race. The bridge is used solely by the 
South-Western Company. A large quantity of 











heavy goods and coal traffic from the northern 
railways passes over it on its way to Nine Elms, 
the South-Western Railway Company’s goods 
station. 

3. Kew, or Strand-on-the-Green Bridge, between 
Gunnersbury and Kew Bridge Stations on the Ken- 
sington and Richmond line, was opened for traftic 
in January, 1869. It has five spans of 115 ft. each, 
wrought-iron trellis main girders, and plate cross- 
girders. The piers are formed of cast-iron cylinders 
for intermediate supports, and brick abutments. 
There is a large amount of suburban traffic over 
this bridge, for, in addition to the South-Western 
trains, the North London, District, and Metro- 
politan Railways run over it into Richmond. 

4, Richmond Bridge, between Richmond and 
St. Margaret’s Stations on the Windsor line, 
was opened for traffic August, 1848. It is a cast- 
iron arched rib structure with three spans of 100 ft. 
each. The design is similar to Barnes Bridge, but 
stronger; it is used solely for South- Western 
traftic. 

5. Kingston Bridge, be'ween Hampton Wick and 
Kingston, on the Kingston Extension Railway, was 
opened July, 1863. It has five spans of 75 ft. each, 
of cast-iron arched ribs, similar to Richmond, and 
is used solely for South-Western traffic. The ex- 
tension of which this bridge forms part enables 
trains to leave Waterloo, and travel vid Wimble- 
don, Kingston, Twickenham, back to Waterloo, 
and vice versd. 

6. Staines Bridge, between Staines and Egham 
on the Staines and Wokingham line, was opened 
for traffic in August, 1856. There are three spans 
of about 87 ft. each, of wrought-iron plate main 
side and centre girders, plate cross-girders with 
cast-iron cylinders for intermediate supports, and 
brick abutments. It is used solely by the South- 
Western Company for traffic to Ascot, Reading, 
&c., and also by a local service from Windsor and 
vid Chertsey to Woking. 

7. Windsor Black Potts Bridge, between Datchet 
and Windsor, opened for traffic in December, 1849, 
under an agreement with the Commissioners of Her 
Majesty’s Woods and Forests. There are four 
spans, 51 ft. 9 in. wide on the square and 75 ft. on 
the skew. The original bridge was built with cast- 
iron arched ribs similar to Richmond, with the ex- 
ception that the outside ribs and parapets were of 
a more ornamental character, to suit the require- 
ments of the Commissioners. About three years 
ago, after a careful examination, it was considered 
advisable to renew the portion carrying the traflic 
with straight wrought-iron girders and corrugated 
floor-plates, leaving the ornamental face ribs and 
parapets in position, so as not to affect the view 
from the Castle. This work was completed in 
November, 1893. 

It may be a matter of interest to note that of the 
seven bridges over the Thames, four of the earlier 
ones are of the cast-iron arched rib type. There 
are also a number of bridges of the same construc- 
tion over roads and rivers in various parts of the 
London and South-Western Company’s system, 
with spans varying from 90 ft. to 30 ft., several of 
which have recently been renewed with wrought- 
iron straight girders. The names of Joseph Locke 
or J. E. Errington, engineers, and Thomas Brassey, 
contractor, are connected with these arched ribs, 
and it is surprising to find how well they have, for 
45 years, stood the traffic over them, taking into 
account the enormous increase in the weights of 
locomotives, speeds of trains, and deterioration due 
to time. 

That portion of the Wimbledon and Fulham line 
which lies between East Putney and Putney Bridge 
Stations, and carries the railway over the Thames, 
was authorised by the Kingston and London Act, 
1881-2, the powers in which were transferred to the 
South-Western Company under their Act of 1886, 
the remaining portion of this proposed line under 
Wimbledon Common and on to Kingston being 
abandoned, the railway being taken, instead, from 
East Putney Station through Wimbledon Park 
(under the powers of the Wimbledon, Merton, and 
West Metropolitan Junction Railway Act, 1882, 
also transferred to the South-Western Company-— 
Act 1886) to join the South-Western Railway at 
Wimbledon Station. 

The whole of the railway, from Putney Bridge 
Station—the then terminus of the District Railway 
—to Wimbledon, was built at the cost of the 
London and South-Western Company by Meesrs. 
Lucas and Aird, the ironwork for the Thames 
bridge at Putney being erected by Messrs. Head, 





Wrightson, and Co., of Stockton-on-Tees, who com- 
menced their contract in April, 1887, and the work 
was completed and inspected by the Board of Trade 
in April, 1889. 

The bridge consists of eight openings: Five 
spans over the river, 153 ft. between centres of 
cylinders ; two spans on the Surrey shore, about 
100 ft. between centres of cylinders, and 100 ft. 
from centre of cylinder to abutment ; and one span 
on the Middlesex shore, 100 ft. from centre of 
cylinder to abutment. 

The headway of the bridge is 22 ft. 6 in. above 
Trinity high-water mark at the Middlesex side of 
the river, and the structure follows the gradient of 
the rails, which rise 1 in 145 towards the Surrey 
shore. The bridge is built for a double line of 
way and for a public footpath. The railway 
approaches the river from the District Company’s 
Putney Bridge (Fulham) Station, with a curve of 
14 chains radius terminating at the end of the first 
span (Middlesex shore); the line is then straight 
over the five river spans, finishing with a curve of 
17 chains radius over the two spans on the Surrey 
shore. As before stated, the gradient is 1 in 145 
up to the Surrey shore (six spans), 1 in 100 up over 
the seventh span, and 1 in 70 up over the eighth 
span, continuing to rise to East Putney Station. 

The abutments are of an ornamental character, 
built of London stock bricks in blue lias lime, 
relieved with sunk panels, edged with moulded red 
brick, and with Portland stcene cills, bands, and 
strings.. Immediately under each of the cast-iron 
bedplates for the main girders, there is built up a 
pier of Staffordshire blue brick in Portland cement, 
12 ft. by 8 ft. (to take the weight of the ends of the 
girders), faced with ashlar Dartmoor granite rusti- 
cated on the face. The steps to the footpath are of 
blue Staffordshire chequered bricks. 

The cast-iron cylinders are pitched 30 ft. apart 
between centres (in the width of the bridge), the 
portion of the cylinder below the bed of the river 
being 14 ft. in diameter, with a conical-shaped 
length of 9 ft. to reduce the diameter to 10 ft. 
above the bed of the river. All the cylinders were 
cast in 9-ft. lengths, those sections 14 ft. in dia- 
meter being 14-in. metal, and cast in seven seg- 
ments, and those 10 ft. in diameter 1}-in. metal, 
and cast in five segments, the segments being well 
flanged and feathered, and connected together by 
l-in. diameter bolts 6 in. pitch. Over the top 
length of the cylinders there is fitted the ornamental 
cap, and on this the pilaster covering the ends of 
the main girders. 

The cylinders were sunk from staging in the 
river, and no air pressure was required, the gravel 
in the bed of the river being taken out with a 
grab until the cylinder, being weighted, made 
itself water-tight in the London clay ; the water 
was then pumped out, the clay removed and hauled 
up in a bucket and thrown over into barges, 
and the cylinders sunk until the cutting edge 
reached distances varying from 66 ft. to 43 ft. 
below Trinity high-water mark. Beneath the cut- 
ting edge the clay was excavated away to the 
larger diameter of 18 ft., and 3 ft. extra in depth ; 
this space, as well as the 14-ft. diameter portion 
of the cylinder, was filled up with concrete in Port- 
land cement, the remaining conical piece and 10-ft. 
diameter length being filled up with London stock 
bricks set in Portland cement mortar. 

It was specified in the conditions of contract 
that after the brickwork had been built up to the 
necessary height, each completed cylinder should 
receive a test load of 750 tons, to remain on for at 
least 48 hours. One cylinder was tested in this 
manner, and, as it showed no signs of settlement, 
and as the remainder of the cylinders were founded 
upon equally good clay, it was not considered neces- 
sary to test the others. On the top of the brick- 
work in the cylinders Dartmoor granite bedstones 
9 ft. in diameter and 2 ft. 6 in. thick (in two pieces) 
were fixed, and on this were laid the cast-iron bed- 
plates for carrying the ends of the main girders. 

The bearings are of the usual type, cast iron top 
and bottom, knuckle-jointed bedplates, the under 
plate at one end of the girder being bolted to the 
granite bed, and at the other end resting on four 
cast-steel rollers 6 in. in diameter, in a frame of the 
usual pattern, seated on a cast-iron bedplate. The 
superstructure consists of wrought-iron main trellis 
girders, and fish-be)lied plate cross-girders, prolonged 
to carry a public footpath and corrugated floor- 
plates. 

The main girders for the river spans are each 
152 ft. Gin. long and 14 ft. deep from centre to 
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centre of the rivet-holes in the vertical member of 
the flange angle-irons. The platesin the top boom 
are 3 ft. wide, and 2 ft. 9in. inthe bottom. The 
section at the centre of the girders for each boom 
consists of (including cover) 12 plates % in. thick 
each, four angle-irons 44 in. by 44 in. by ?in., 
and four vertical plates 1 ft. 94 in. by ,% in., 
riveted together in pairs to show as two plates 
1 ft. 95 in. by 14 in. 

The trellis or lattice bars (of which there are 
four systems) are riveted to the vertical plates of 
the booms, and are set at an angle of 60 deg., the 
summits being 4 ft. apart centres; the ties consist 
of flat bars varying from 6 in. by 4 in. in twos to 
12 in. by }} in. (at the ends of the girder) in fours ; 
the struts are built-up sections of flat bars and 
angle-irons riveted up and braced together with 
4in. by { in. snake bracing, bolts and cast-iron 
distance pieces. The main girders for the shore in 
the 100-ft. spans are 98 ft. and 101 ft. long, 
according as they are placed on the inside or 
outside of the curve; ‘hey are 14 ft. deep, and in 
all other respects similar in design to the 152 ft. 6 in. 
span girders. 

The plate cross-girders are placed 8 ft. apart 
between centres, and are fish-bellied, 2 ft. 9 in. 
deep at the centre and 1 ft. 3 in. deep at the ends, 
where they rest on the top of the vertical plates of 
the bottom boom of the main girders. One end 
(down-stream side) of the cross-girder is prolonged 
to carry a footpath for public traffic. This foot- 
path is 8 ft. wide between the parapets. The 
parapets consist of light wrought-iron latticework 
4 ft. 9 in. deop, with a 3 in. by 3 in. T-iron for the 
top, and two angle-irons 3 in. by 3 in. by in. for 
the bottom, and bracing bars 1} in. by ,'; in., flat, 
with diamond-shaped wrought-iron distance pieces 
at each intersection of the bars ; the whole is sup- 
ported by angle-iron stiffeners cased in cast iron as 
pilasters placed 16 ft. apart centres (alternate cross- 
girders). The top of each parapet is finished off 
with a spiked cast-iron handrail on the side ad- 
joining the railway. The decking for both the 


railway and footpath is made of wrought-iron corru- 
gated floorplates, ¢ in. thick, 6} in. deep, and 
1 ft. 8 in. corrugations ; an iron plate with bulb 





iron at the top is riveted along the edges of the 
floorplates, and also to the top of the cross-girders, 
to form a ballast board. The corrugated plates are 
flushed up with tar concrete on which ballast is 
laid to carry a sleeper cross-road. 

The weights of materials in the bridge are as 


follow : 
Tons. 

Ornamental castings, pilasters, cap of 
cylinders, Xe. ... ike sa ie .. 256 
Cast-iron bedplates_... ” es iso 
= cylinders, 10 ft. and 14 ft. diameter 1172 
Steel rollers for bearings - si sae 8 
Wrought-iron trellis girders, 152 ft. 6 in. 


long. 167 tons each ... se Ss ... 1670 
Wrought-iron trellis girders, 101 ft. and 98 ft. 
long, average 74 tons each ... = ee 
Wrought-iron plate cross-girders, 3 tons 
17 owt. each ... - ss a .. 515 
Wrought-iron No. 2 parapets for footbridge 80 
+. ballast fender (or board) ... 32 
” corrugated floor-plates, rail- 
way and footpath ... we: as «. 300 
Wrought-iron bolts for cylinders, &c. 7 
Total weight ... 4664 


The dead load on the 153-ft. span main girders 
on the east or down-stream side of the bridge, which 
carries the footpath, is 5728 lb. per foot lineal, in- 
cluding ballast and asphalte, &c., for footpath. 

The dead load on the 100-ft. span in same posi- 
tion is 4922 Ib. per foot lineal. 

The greatest deflection of the 153-ft. main girders 
amounted to 4 in. at centre of span under a test 
load of eight engines of the heaviest type placed 
four coupled up on each line of way, which a little 
more than covered the span. The weight of en- 
gines was equivalent to 1} tons per foot lineal per 
line of way. The 100-ft. girders deflected } in. 
under the same test load. 

The main idea in designing this bridge was to 
have plenty of material and the greatest simplicity 
in the’ workmanship. The ballast |for the cross- 
sleeper road throws a large amount of deadweight 
on the girders. The connection of the lattice bars 
to the vertical plates of the booms was a detail to 
which great attention was given, so that both the 
bearing and shearing areas of the connecting rivets 
should be equally strong with the vertical plates 














and ties and struts. This bridge, the latest carrying 
a railway over the tidal waters of the Thames, was 
designed by the late Mr. William Jacomb, chief en- 
gineer to the company, the calculations of strains 
and detailed working drawings being prepared by 
his iron-work assistant, Mr. W. H. Thomas. 





ELEOTRIO TRACTION.—No. XVI. 
By Puitre Dawson. 
Morors. 

The Westinghouse Company’s Single Reduction 
Motor (Figs. 168 and 169, pages 570 and 571).—The 
Westinghouse Company’s single reduction motor is 
made in standard sizes of 20, 25, 30, 40, and 50 
horse-power. The armature, as in the case of the 
G.E. 800, is drum-wound. The winding is laid in 
wedge-shaped slots, and is similar to the Eicke- 
meyer type. The field consists of four poles, each 
with one field coil, projecting radially inwards from 
a circular yoke madein halves. On the side farthest 
from the car axle these halves hinge together. The 
brush-holders are two in number, the armature 
winding being cross-connected. They are 90 deg. 
apart and on the top of the commutator. 

The motor is entirely closed and water and dust 
proof. A lid is arranged over the brushes so as to 
be able to inspect them easily. 

The mode of suspension used is a cross between 
the nose and side bar suspension (see Fig. 170). 
Two bars of rectangular section are bolted to the 
top of the motor; these are supported by coil 
springs on either side from crossbars of UJ-section 
hung from the frame of the truck. 

The field opens downwards either with or with- 
out armature, as is desired. 

The armature bushings are carried in pillow 
blocks, which are secured to both the upper and 
lower field. By removing the bolts holding the 
pillow to one or other half of the field, only the 
field coils, or field coils and armature, can be 
removed or inspected. 

The Walker Motor.—In common with all the 
other well-designed motors, this is completely water 
and dust proof. It hasa four-pole field, and re- 
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sembles very much in outward appearance the 
Westinghouse construction. 

The standard sizes are rated at 20, 25, and 30 
horse-power, and for heavy work 40, 50, and 60 
horse-power. 

The method of suspension used is a particular 
feature of thissystem. The motor is hung by spiral 
springs from a (J-frame resting at one end on the 








Pacinotti teeth and créss-connected inside, so that 
only two sets of brushes are required. 

At one time the direct-coupled motor, either with 
the armature directly wound on the axles, with the 
armature wound on a sleeve or quill slipped over 
the axle and connected to it by springs, or else 
driving the wheels by means of connecting-rods, 
seemed to be favourably considered, but experience 


armature bearings, and at the other on the axle, | has demonstrated that, with perhaps the exception 
the part of the motor furthest from the axle being | of very heavy locomotives to work on railroads, for 
supported by springs from a transversal bar as in | high speeds, and where the permanent way is sup- 
the case of the ‘‘nose suspension ” of the G.E. 800 | posed to be always in good repair, the only success- 


motor. The lower half of the motor is hinged, and | 
by loosening some bolts can be made to swing down. 
The armature, similar to that of the Westinghouse 
motor, can be left in or taken out at will. If no pit | 
is available, the upper part of the motor can be 
opened from the top. | 

All the bearing caps come off from below, and all | 

the bolts pass down from above. The main bolts | 
are all of the same size and length and _inter- 
changeable, and are not made to take the weight of | 
the motor. The bearings are all entirely outside | 
the motor casing or frame, and are lined with babbitt. | 
As in the case of all modern motors, the gears are | 
inclosed in dust-proof boxes and run in an oil bath. | 
The armature is of the toothed or Pacinotti drum | 
type, with an Kickemeyer type of winding cross- | 
connected, so as to require only two brushes. 
_ The Sperry Motor (Figs. 171 and 172).—The pecu- | 
liarity of this motor lies more in the gearing than | 
anything else. All those described so far are of 
the single-reduction type using spur and pinion 
gear, 

In the present instance this has been abandoned, 
and bevelled gearing is used. The motor, hung by 
springs from the truck, drives both axles by means 
of a bevel gearing connected to each end of the 
armature shaft by spring clutches. High efficiency 
and low depreciation are claimed for this motor, and 
it has been used to a certain extent in America. 
As with all the motors already mentioned, it has 
four poles ; the armature isa gramme ring with 





ful mode is to use single reduction gear of some kind. 

There are several other makers of electric railway 
motors, but their systems are similar in most re- 
spects. In America the motor has gone through 
all the various stages of invention and improve- 
ment, and has come down to a standard type 
proved by experience to be the best suited for the 
class of work. 

Motors are made by the thousand in the United 
States, and are turned out as neatlyand well finished 
as steam locomotives are in this country ; it may be 
fairly claimed that they have passed through the 
experimental period. 

In Europe this stage is also rapidly being reached, 
as instanced by the motor (Figs. 173 and 174) con- 
structed by the Oecrlikon Maschinenfabrik of 
Zurich, and which to all intents and purposes re- 
sembles the good American motor in all its details. 


TasLeE XLVIII.—Motors Constructed by the Ocerlikon 








Company. 
Drawbar Pull) Reteq Total, Weight | Revolutions Speed 
in Pounds at in Pounds, 
9.4 Mileean | Horse ‘including | Armature | Reduc- 
Hour. * Gearing. Per Reruse. on. 
440 10 1764 | 450 Eis 
661 15 2050 | 450 ) 
$82 20 2124 | 400 1:4.2 
1322 80 | 350 1:4 


Table XLVIIL gives data of these Oerlikon motors. 





Fig. 175 shows a truck with motors, constructed by 





Messrs. Schuckert and Co., of Nuremberg. The 
latest type of motor, as designed and used with the 
best results by the Allgemeine Elektricitiits Gesell- 
schaft, of Berlin, is of the four-pole type; its 
armature makes 400 revolutions per minute, and 
it is rated at 25 horse-power. 

The largest motors which have hitherto been 
made for railway work are those which have recently 
been constructed by the General Electric Company 
for some very powerful electric locomotives to be 
used by the Baltimore and Ohio Railroad Company 
in running their trains in the tunnel which they 
have just constructed under the city of Baltimore. 
These locomotives will be described in detail in a 
following article, but a word may be said here 
regarding the motors with which they are equipped. 

They have six poles, but only two sets of brushes. 
The armature is wound on a quill which stands free 
from the axle proper, but is flexibly connected to 
it through a coupling, giving it perfect freedom of 
motion vertically and horizontally. The weight of 
the motor, including the armatures, is carried by 
heavy elliptical springs suspended from the frame 
of the locomotive, 

The wheels are 62 in. in diameter. The locomo- 
tive will be composed of two such trucks as the one 
shown in Fig. 176, each axle being driven by 
a motor rated at 300 horse-power. The maximum 
speed which this locomotive is designed to attain is 
50 milesanhour. The locomotive, when complete, 
will weigh 95 tons. The speed regulation will be 
effected by a series parallel controller. Tests at 
the works of the General Electric Company at 
Schenectady have shown that for the same weight 
upon the drivers the electric locomotive will start 
a greater load than a steam locomotive. This is 
owing to the torque being constant throughout the 
entire revolution of the wheel. 

Gearing.—It is of the greatest importance to 
secure an efficient method of reducing the speed of 
the armature and transmitting its movement to the 
axles. For this purpose double and single re- 
duction spur gearing, bevel gearing, belting, single 
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and double chain gearing, worm gearing, and other 
methods have been tried. 

Of all these the single reduction spur and pinion 
is the most used, and has given excellent results, 
the efficiency being about 95 per cent. The pinions 
are now usually made of steel, and either pressed 
out whilst hot or cut in a milling machine and 
polished. The spurwheel is generally of cast iron, 
and the teeth milled. Phosphor bronze has also 
been used, but cast iron does as well and is cheaper. 
Fig. 177 shows one of Brown and Sharp’s milling 
machines cutting two pinions. 

To cut the teeth, milling cutters of the form of 
the tooth space are used, and it takes one to one 
and a half hours to cut the gears. 

A steel pinion costs in America about 14s. A 
eplit cast-iron axle spurwheel with machine-cut 
teeth costs about 35s. 

Instead of running the gear wheels in an oil bath, 
they were in the early days run entirely unprotected, 
the consequence being a very great wear and tear, 
inefficiency, and much noise. To do away with 
this noise, pinions made of raw hide were used ; 
these wearing out very quickly, were replaced by 
pinions constructed of alternate layers of raw hide 
and sheet iron; these did not prove successful, 
As soon as they wore down slightly, the sheet-iron 
strips acted as the teeth of a file and cut the gears 
to pieces. ‘The design of tooth which has found 
nearly universal application is the ‘‘ epicycloidal.” 

Chain Gearing.—Chain gearing has been used to 
a large extent by Messrs. Siemens and Halske on 
the Continent, either with double or single reduc- 
tion. Although it may work satisfactorily at times, 
it is always apt to give trouble. It is often noisy, 
and the chain has always to be kept tight, as it 
stretches rapidly and causes a danger of its coming 
off the pinion. 

In one of the latest roads equipped by Messrs. 
Siemens and Halske at Genoa, they have used 
worm gear. The late Anthony Reckenzaun was a 
great advocate of this form of gearing, and had 
designed a very effective type. A number of pro- 
longed tests found the Reckenzaun gear to work 
very satisfactorily (see Hlectrical Review, May 18, 
1894), the average efficiency being between 85 and 
90 per cent. For results of very interesting tests 
with this class of gearing, see William Sellers’ ex- 
periments in ENGINEERING, vol. xlii., pages 285, 
363, and 581. In Reckenzaun’s gear the worm was 
turned out of a solid piece of steel, and was 6 in. in 
diameter, had a treble thread, and 6 in. pitch ; the 
wormwheel was 15} in. in diameter, of phosphor 
bronze, and had 24 teeth, the speed reduction 
being eight to one. 

Mr. Holroyd Smith, who designed and con- 
structed the Blackpool road, is also greatly in 
favour of this kind of gearing, and has applied 
it on the last cars supplied by him to Blackpool. 
Among the advantages claimed for the worm may be 
mentioned that a much lighter and cheaper motor 
can be used owing to large speed reduction effected. 

Unfortunately worm gear has, so far, only been 
employed on a small scale, whereas single spur 
ven pinion has proved itself satisfactory, and is 
nearly universally employed. 

This being the case, worm gear has not had time 
to conclusively prove its merits or defects, and the 
results obtained at Genoa may therefore be looked 
forward to with interest. 

In the first days of electric roads, when open 
double reduction gear was in use, the life of the 
pinion was found to be from two to four months 
(9000 miles), and that of the spurwheels from four 
to ten months (29,000 miles); this amounted to 
a maintenance cost of about 0.09d. per car-mile. 

Since the introduction of the single reduction 
motor with protected gear running in an oil bath, 
the life of the gearing has be2n more than doubled. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

As already briefly noticed in our last issue, the 
Institution of Mechanical Engineers held their 
usual spring meeting on the evenings of Wednes- 
day and Friday of last week, April 24 and 26. The 
meeting was held in the theatre of the Royal United 
Service Institution, the President, Professor A. B. 
W. Kennedy, occupying the chair. 


GOVERNING OF ENGINES. 
After the usual formal business had been trans- 
acted, the adjourned discussion on Captain Sankey’s 
paper on the ‘‘Governing of Steam Engines by 








Throttling and by Variable Expansion” was re- 
opened. It will be remembered that this paper 
was read at the last general meeting of the Institu- 
tion, held on February 1, and that Mr. John S. 
Raworth opened the discussion, expressing his pre- 
ference for crankshaft governors varying the cut-off, 
which he considered far mcre sensitive than the 
throttle-valve method of governing. Mr. J. C 
Peache and Mr. Matthew Paul, Jun., also spoke 
on that occasion.* It had been arranged that 
Captain Sankey should reopen the discussion on 
his paper by replying to these speakers, before 
others should be heard. 

Captain Sankey said that having been asked to 
open the discussion by replying to the remarks 
made on the last occasion, he wished to do so as 
shortly as possible, so as not to unnecessarily take 
up the time of the meeting. Mr. John S. Raworth 
was the first speaker he had to deal with, and he 
was much obliged for the complimentary remarks 
he had made. In his comparison of throttle-valve 
governors and cut-off governors, Mr. Raworth 
stated he had scarcely ever got in a throttle-valve 
governor a sensitiveness sufticient to give a better 
result than a variation of 24 to 3 per cent. in the 
speed, whereas he had observed cut - off (shaft) 
governors controlling engines with an error of 
less than 1 per cent. He had been somewhat 
puzzled by this statement, and at first had been 
tempted to think that Mr. Raworth had been un- 
fortunate in his experience with throttle-valve 
governors, but the probable reason was that throttle- 
valve governors had not received the same attention 
as regards accuracy as cut-off governors had, and 
moreover Mr. Raworth had been working with speeds 
of about 150 revolutions, and at such low speeds 
throttle-valve governors were generally driven by a 
belt, which for such governors was, he thought, not 
conducive to accuracy. Mr. Raworth stated ‘‘when 
any change of speed took place, with corresponding 
change in centrifugal force, the weight on either 
governor had only its own mass to put in motion.” 
Captain Sankey had great difficulty in understand- 
ing what this meant, because it appeared to him 
evident that other masses of metal had to be moved 
—the throttle valve and its rod in one case ; and 
the link motion, sometimes even the valve, in the 
other. Mr. Raworth gave a simile in his spoken 
remarks (which had not been reported) of a smal] 
and large weight falling from a tower, and he 
argued that because these weights reached the 
ground at the same time, beth kinds of governors 
were on a par as regarded sluggishness. The simile 
was perfect, so far as it went, but Mr. Raworth 
had omitted to observe that a throttle - valve 
governor could be worked with a much smaller 
travel than a cut-off governor, so that the simile 
to be complete ought to state that the small weight 
had a less distance to travel than the large weight, 
in other words, the throttle governor was more 
sensitive. That the sluggishness due to inertia 
was a real practical difficulty in powerful shaft 
governors when designed solely on the centrifugal 
force principle was clear from the fact that in 
America the best of these governors were designed 
on a combination of the centrifugal and inertia 
principle, as it was termed. He need not say 
more on the subject, as it was more or less under- 
stood. Mr. Raworth made a very good point against 
a throttle governor when he remarked that on open- 
ing the throttle wide a huge condensation would 
take place, and that the engine would stagger for a 
revolution or two. He (Captain Sankey) had lost 
sight of this point because his experience had been 
practically entirely confined to an engine so well 
drained that such an effect was never noticed. Mr. 
Peache had quoted a passage in Mr. Willans’ paper 
to show that the results given in the present paper 
were unfair to the throttle engine toa small extent. 
This undoubtedly was so, to some extent, and he 
had since made experiments in consequence of 
Mr. Peache’s remark. He had investigated the 
matter theoretically, and found that it opened up 
a rather important question, with which, however, 
he had no time to deal at present, but gene- 
rally the experimental result confirmed that there 
was only a slight gain to be expected from the 
additional heat units put into the steam,.a view 
which he gathered Mr. Peache shared. Mr. 
Peache wished that experiments with cut-off gear 
fitted to each cylinder had been brought forward for 
comparison. That was precisely his wish also, but, 
as explained in his paper, it was because he had 





* Vide ENGINEERING, page 197 ante, 





been unable to find any other experiment sufi- 
ciently full for his purpose that he had had toconfine 
himself to Mr. Willans’ experiments. When the 
results of Mr. Peache’s promised experiments with 
the Cardiff engines appeared, he felt confident that 
they would confirm the conclusions of this paper 
and very probably, as expected by Mr. Peache 
would show figures still more in favour of cut-off 
gear. 

Mr. Michael Longridge said the paper did not 
afford much food for discussion ; as far as it went, 
the author’s exposition was as incontrovertible as it 
was elegant. His own experience was principally 
among cotton and woollen mill engines, which ran 
at a comparatively slow speed, but he believed the 
author’s conclusions applied to these as well as to 
the high-speed engines from which he had obtained 
his experimental data. The load on mill engines 
was fairly constant, and so far as steam consump- 
tion went, he did not think there would be any 
practical gain from variable expansion were it not 
for two circumstances, namely : (1) The necessity 
of providing a margin of 10 to 15 per cent. of 
power on Monday mornings, especially in cold 
weather, when the machinery was heavy to drive ; 
and (2) the facilities which automatic expansion 
gave for running down the fires and the pressure in 
the boiler before stopping for meal hours and at 
nights. These were the reasons why automatic 
expansion was more economical than throttle-valve 
governing on mill engines. The variable expan- 
sion, in such cases, was not more economical than 
the fixed cut off per se, but only because it enabled 
the engineer to do these two things, which he could 
not do with a fixed cut-off. As to closeness of 
governing, the general opinion of millowners cer- 
tainly seemed to be that the turning was better 
with automatic expansion than with throttle valve 
governing. He had also had some experience with 
sawmill engines, where the load was most irregular 
and often very light. For such cases he adopted a 
throttle-valve engine with two cylinders in the pro- 
portion of 1 to 4, with steam cut off by slide valves 
at half-stroke in each cylinder, a selection which he 
thought was justified by the author’s experimental 
results. He expressed surprise that the principle 
embodied in the Siemens chronometric governor 
was not more used. It was used in Lancashire as a 
supplement to the ordinary governor, but he be- 
lieved it could be advantageously used as a sub- 
stitute. 

Mr. R. W. Allen was the next speaker. He said 
the paper was full of carefulexperimental detail which 
would forma valuablesource of reference to engineers. 
In regard to consumption, he would have thought 
that there would have been more difference when 
working with the governor on and with it off than 
was shown by the paper, but the data given indi- 
cated that his assumptions in that respect were not 
correct. Few persons had made such elaborate 
tests with the two kinds of governor on the same 
engine. He himself, however, had made certain 
tests with a throttle-valve governor and an auto- 
matic governor on the same engine, and he had 
been able to find no difference in result when work- 
ing with one or the other. It should be remem- 
bered, however, that Captain Sankey’s experiments 
only applied to the engine with which they were 
made, that is, the Willans engine, and with other 
types of engine the result might be different. 
Each design of engine had its own character. He 
(the speaker) had also been making experiments on 
an engine having a large receiver, so that with 
increased expansion the condensation also increased, 
and in that way what was gained in one respect 
was lost in another. Mr. Allen here showed a 
diagram which illustrated the effect of automatic 
expansion on governors up to 100 horse-power. 
Few persons, he thought, took sufficient account of 
the time element in considering the effect of a 
governor, and his diagram illustrated the manner 
in which this affected results, and the influence of 
the flywheel thereon. This did not come into play 
so much with the throttle-valve governor, which 
was, therefore, better in that respect. It was im- 
possible to lay down any hard-and-fast rule in 
regard to the application of governors of any type, 
as circumstances altered so much with different 
methods of working. On ships of the Royal Navy 
they met with variations in pressure from 100 1b. 
to 200 lb., and therefore in the type of machinery 
his firm supplied, the throttle-valve governor was 
the best. Hunting was the greatest enemy to the 
latter type of governor. He had puta floating wheel 
on the governor spindle, which communicated with 
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one of the weights, and in this way the speed was 
gulated. 
"—. Schénheyder, referring to Mr. Longridge’s 
remarks about the Siemens governor, said that he 
considered it would be too slow in taking up the 
action, and that the action would be too long con- 
inued. 
i" Bryan Donkin wished to add his congratu- 
lations to Captain Sankey for the careful study he 
had made of the best way of governing engines. He 
regretted that he had not had more time to study 
the paper. There were many points touched upon, 
although, perhaps, there was not very much 
novelty. Some members, after reading the paper, 
might be rather puzzled to make a practical applica- 
tion of the results given, so as to arrive at the best 
and most economical way of governing, whether by 
throttling with constant pressure or by altering 
the cut-off. It was rather a difficult and compli- 
cated subject to apply in any particular case. 
The speaker would have liked to have seen a short 
summary of results attached to the paper, but he 
believed that the conclusions were based chiefly 
on the late Mr. Willans’ experiments, and the 
present contribution might, perhaps, be called a 
Sankey - Willans paper. The author had put 
before the meeting some very interesting curves, 
which looked very easy, but were full of meaning 
when properly translated. He cordially agreed 
with the author that no conclusions can be derived 
from the indicator diagrams alone. This could not 
be too strongly insisted upon, as condensation 
against the walls of the cylinder, which were gene- 
rally colder than the steam, played such an im- 
portant part. From the indicator diagrams alone 
nothing could be foretold in this respect in 
any steam engine, as there might be 20, 30, or 
50 per cent. of condensation, and that is what 
an engineer ought to know most about. The 
true criterion of an engine’s economical perform- 
ance, as the author put it, should not be re- 
ferred to indicated horse-power, but to pounds of 
steam per brake horse-power. He had read quite 
lately a very interesting paper on a similar subject, 
which had been presented to the American Society 
of Mechanical Engineers by Mr. Charles Porter ; 
it was entitled ‘‘A Comparison of the Action of a 
Fixed Cut-Off and Throttle Regulation with that of 
Automatic Variable Cut-Off in Compound and 
Triple-Expansion Engines.” The paper referred 
a good deal to the subject of cylinder condensation, 
and how to prevent it. The question is, which 
system of governing to use for the same power in a 
given engine so as to give the least condensation ? 
Mr. Porter had carefully pointed out, that admitting 
full-pressure steam to the cylinder requires all the 
large interior surfaces at the commencement of each 
stroke to be raised in temperature from that of 
xpansion up to that of the entering steam, and 
this presents excellent condensation arrangements. 
Then as steam is cut off earlier and earlier the per- 
centage of condensation obviously increases. The 
speaker agreed with Mr. Porter when he said there 
is a large opening for economy by employing a fixed 
cut-off, properly selected, and then regulating by 
means of a throttling governor, entirely avoiding 
in this way, a too early cut-off. Theoretically the gain 
by an early cut-off of steam in a cylinder is great, 
but this is quite useless if it practically increases 
the condensation losses in the cylinder. For the 
best results, Mr. Porter says, with a fixed cut-off 
and throttling, there should be a better mean of 
steam distribution, a more sensitive governor and 
small clearance surfaces, really dry steam, and less 
water in the cylinder at starting. On the other 
hand, a slow-acting governor with large steam 
chest and pipes on the cylinder side of throttle is 
bad, as the author points out. The governor should 
be as quick and frictionless as possible, and the 
steam chest have a minimum volume. Captain 
Sankey deserved the thanks of the Institution for 
bringing the matter forward. 

Mr. David Joy said he had read the paper, and 
had thought he was going to learn a great deal 
from it about the proper way of governing an 
engine, but though he had gone through the matter 
very carefully, he was still where he was when he 
started. He would give the results of some practical 
work which had come before him. The data were 
not obtained by experiments, but in the ordinary 
course of working a railway. Ina certain railway 
there were a number of locomotive engines exactly 
similar, and producing similar results in regard to 
fuel economy ; taking the average of working, the 
load was alike, the line covered was the same, 





and the fuel burned was about 20 lb. per mile. 
The only difference in the working was the way 
in which the men operated the engines. There was 
a premium for coal economy, and the drivers took 
the keenest interest in the rivalry that was estab- 
lished between them. One lot of men preferred to 
work their engines entirely on the expansion gear 
principle, by linking up, whilst another lot had 
recourse to the regulator almost entirely. Although 
the methods of working were thus dissimilar, the 
results obtained, as he had already stated, were 
almost identical. Mr. Joy, for his own part, had 
concluded that to run partly by expansion and 
partly by throttling was the best method. The 
facts he had given were not the results of experi- 
ment, but of years of practical experience on a rail- 
way. 

Mr. Mark Robinson said that Mr. Raworth, in 
his speech at the previous meeting, had rather 
bantered the author on his tardy conversion to 
sound views. Every one else, he suggested, knew 
all along that variable expansion governing was 
better ; and he must have thought, though he was 
too kind to say it, that this pomp of experiment 
and theory was out of place in what, in his opinion, 
should have been a plain recantation of error. 
With this view the speaker wished to join issue. 
The late Mr. Willans, no doubt, held strong views 
in favour of throttle governing, on the perfectly 
accurate ground that for many purposes (especially 
those for which his engines were at that time 
chiefly designed) it was as suitable as, and less 
complicated than, its rival. He proved that the 
economic advantage of the latter was in all cases 
small, and his opposition to it was, no doubt, 
accentuated by a wholesome hatred of shams. No 
more important step was ever taken in steam 
engine practice than the invention of automatic 
variable expansion, but the exaggerated claims 
made by its advocates a few years since were a 
positive danger to progress. The engines they 
spoke of did what was claimed for them in com- 
parison with earlier engines, but only in part 
because they were ‘‘automatic ;” they were im- 
proved engines all round, and the same skill 
applied to a throttling engine would alter the 
comparison completely. Mr. Willans applied this 
skill with the results now known to every one. Yet 
Mr. Robinson said he remembered some years ago 
receiving a tender form and specification for an 
engine bearing the name of a really eminent civil 
engineer. It was for compressing air into a reser- 
voir, and there was an excellent arrangement for 
stopping the engine so long as the pressure was 
maintained ; it started again when the pressure 
fell. Consequently it had the great advantage of 
working against a constant load. It is difficult, the 
speaker said, to believe now that that specification 
laid great stress on the automatic gear with which 
the engine was to be fitted, and prescribed a cut-off 
variable from nothing to .8. He remembered also 
an account in an important professional paper de- 
scribing some famous competitive economy trials, 
where the engines ran for a certain number of hours 
against a constant load onthe brake. Amongst the 
reasons for the triumph of the winning engine was 
enumerated the excellence of its variable expansion 
gear. It was against this kind of nonsense that 
Mr. Willans entered the lists, and he did splendid 
work, Nothing obscures the real merit, and real 
use, of an invention so much as attributing to it 
benefits which are due to other causes. In America, 
automatic expansion was, and is, a veritable fetish. 
Long after we were using compound engines in 
this country for nearly every purpose, they were 
contentedly using simple engines in America, firm 
in the belief that initial condensation and every 
other economic evil had long since been exorcised 
by automatic gear. No doubt it distributed the 
steam to perfection, but it distributed too much. 
To this day the American technical papers are 
full of advertisements of engines whose whole 
claim to attention is a mistaken belief by their 
makers that the excellence of the shaft governors 
in some way compensates the users for the ex- 
travagance of the steam consumption. Mr. Wil- 
lans pricked that bubble here, and as regards the 
smaller classes of engines, helped largely to place 
this country some years ahead of its rivals. To 
elucidate and fully apply the principles involved 
in the comparison, to show what is, and what is 
not, to be gained by automatic expansion, is 
what Captain Sankey had done, and Mr. Robin- 
son thought it was an excellent and useful work. 
He ventured to doubt whether very many have 


‘‘known it all along.” He thought many had 
known only an exaggerated and distorted tale, 
and would welcome this exposition of the true state 
of the case. 

Mr. Druitt Halpin observed that at the last 
meeting they had heard a gocd deal about the 
excellence of American shaft governors. He could 
tell them of one fact in connection with this matter. 
Many years ago, when the Americans first went 
into this business, more than one American firm 
sent over their working drawings to Mr. Wilson 
Hartnell, of Leeds, to be revised. The speaker 
had himself, some years ago, made careful com- 
parative tests by means of a Moscrop recorder of 
the behaviour of an American engine with a shaft 
governor, and of a Willans engine with ordinary 
governing, both driving electric light, and found 
that the autographic diagram given by the Moscrop 
recorder told immensely in favour of the governor 
on the Willans engine. With reference to the ex- 
pansion gear diagram exhibited by Mr. Peache, it 
was the old well-known Gozenbach arrangement 
invented about 45 years ago, and subsequently 
abandoned several times. In the speaker’s opinion 
it was a most undesirable design, involving two 
complete valve-chests with the consequently un- 
avoidable complication and unnecessarily large 
clearance spaces ; besides which, it was operated 
by three eccentrics and a complete link motion. 

Mr. Alfred Saxon said his experience was with 
slow-running engines of large power, and he had 
found that in the matter of coal consumption the 
throttle-valve governor would compare with any ex- 
pansion governed engines. A good plan with mill 
engines was to arrange so that when the engine was 
started, hand-power could be used for regulating 
the supply of steam, and afterwards when the run- 
ning became more regular the automatic governor 
would come into play. The author had re- 
ferred to an engine running with 15.5 expan- 
sions and with 30 lb. mean pressure when the 
steam consumed per indicated horse-power per 
hour was respectively 14.5 Ib., 15.26 lb., and 
17.07 lb., with 400, 300, and 200 revolutions per 
minute. The speaker would be glad to know for 
what number of revolutions the engine was de- 
signed, whether for 400 or not? If the original de- 
sign had been for the smaller number of revolutions 
there would be wire-drawing when the speed was 
increased. As a matter of practice he thought the 
compromise would have advantages, and he would, 
therefore, prefer an engine fitted with expansion 
gear, as in that case it would be possible to use the 
throttle valve also. He would be glad to know 
whether Captain Sankey would arrange for the 
lap of the valve to be machined off according 
to requirements, or whether lap pieces should be 
fitted. The latter plan he looked on as dan- 
gerous. He would also impress upon the meet- 
ing the necessity of taking into account the lap 
on other cylinders besides that of the high-pressure 
cylinder. The influence of the flywheel was the 
great and vital point in governing. Gas engines 
having an impulse only once in every two revolu- 
tions were made to run steadily by means of a 
heavy flywheel, and he would like to know why 
steam engines having an impulse twice in each 
revolution should not have flywheels of propor- 
tionate size. 

Mr. G. M. Clark referred to the author’s calcula- 
tions as to water consumption of the engines in 
electric lighting stations. He pointed out that 
such figures as were given had never been attained 
in actual practice. It might be considered that 
the difference was due to the engines performing 
differently in practice to their behaviour on trial. 
Some experiments the speaker had been conducting 
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recently bore on this point. These experiments were 
carried out in three of the electric lighting stations 
in London, under the direction of the President. 
He had been attempting to account on the steam 
side for all the water measured into the boilers. 





The results from one of the stations were shown cn 
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a diagram which the speaker had placed on the 
wall, and which we reproduce in Fig. 1 on page 
559. In this diagram P is the water used by the 
feed pump, and D that in the drains and separator. 
The centre scale is one of percentages; on the 
top the scale represents the pounds of water 
(48) per kilowatt-hour when the station was gene- 
rating about 9000 kilowatt-hours per week. From 
the electrical output, the water which ought to 
have been used, had the engines only run at full 
power, had been calculated by the aid of the 
Thames Ditton trials, and, in the same manner, the 
water for the actual engine load. These amounted 
to 3.25 lb. and 42.1 lb. per kilowatt-hour respec- 
tively, or were 67 and 88 per cent. of the total. 
The steam used by the boiler feed-pump had been 
separately condensed, and accounted for about 3 
per cent. All the water from drains, separators, 
&c., had been collected in a sumph pit, and 
afterwards weighed. This gave about 9 per cent., 
and thus the whole water used was accounted for. 
The lower part of the diagram was a repetition 
of the experiments when the station output was 
much greater—about 3350 kilowatt-hours in 24 
hours. The results were then similar, as was 
shown by the diagram. Having thus been able to 
account for the whole water consumption of the 
station, he concluded that the Thames Ditton 
trials were reliable, and that the Willans engine 
might, in fact, be regarded as one of the best cali- 
brated instruments in a central station. 

Captain Johnson referred to the diagrams ex- 
hibited on the walls of the theatre, asking for 
explanation on certain points, and expressed his 
opinion that the throttle-valve governor was best 
for light loads. He also gave particulars of certain 
non-condensing high-pressure engines running at 
high revolutions. These were small electric light 
engines, and they were worked either at full load or 
very light load, as nearly the whole number of 
lights were used or very few. He would like to 
know what form of governor Captain Sankey would 
apply to these engines. He was of opinion that the 
throttle-valve governor was the best for them. 

Mr. 8. Johnson, who rose at the invitation of the 
President, said there was evidently a good deal to 
say in favour of the throttle-valve governor, and a 
good deal in favour of the variable expansion 
governor. Locomotive drivers, as Mr. Joy had 
pointed out, worked both ways, and the railway 
authorities did not attempt to control them. He 
thought as many men preferred one method as the 
other. There was a point they had to consider, 
and that was the effect of the blast. 

Mr. W. W. Beaumont said that engines may work 
on either the throttle-valve or automatic expansion 
principle, and the paper was of great value, because 
it pointed out where the two systems should be 
used. The thanks of the Institution were due to 





Captain Sankey for the courage he had shown in 
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putting forward his views. The expansion governor 
had been held in great reverence by engineers, and 
few persons would have liked to have been con- 
sidered to have said anything except what was 
favourable to it. 

Professor Barr said he had been exceedingly in- 
terested in the paper, and Captain Sankey had done 
good work in calling attention to what, however, 
was not unknown before. He would have liked to 
have seen a greater amount of experimental evidence 
behind the paper. 

Captain Sankey, in replying to the discussion, 
said there were very many points raised which 
required more consideration than could be given to 
them on the spur of the moment, and they opened 
up large questions of engine practice. He was glad 
Mr. Allen’s remarks confirmed the statements con- 
tained in the paper. All the various figures and 
curves given were determined from the late Mr. 
Willans’ experiments, and though the absolute 
results might vary, the general conclusions were 
maintained. In the matter of sensitiveners the 
results dependeil on the make of the governor, 
rather than whether it was of the shaft or throttle- 
valve type. He had been asked to give a summary 
of conclusions, but it was not possible to supply any 
definite rule of guidance. All cases must be tried on 
their own merits, the conditions being so variable. 
What Mr. Joy had said also confirmed the state- 
ments made in the paper. In one of the diagrams 
appearing, the throttle-valve and shaft governor 
curves were shown, giving the efficiency of each 
respectively. At one point the two curves crossed, 
so that the two systems would be of equal value at 
that point, and possibly the locomotive engines 
referred to by Mr. Joy were working under con- 
ditions similar to those indicated by the crossing of 
the two curves. If the power had been different, it 
might have been advantageous to apply one or other 
system of adjustment. ‘The engine Mr. Saxon had 
referred to was designed to run at 500 revolutions, 
so that at 400 revolutions the difference was not 
great. The engines mentioned by Captain Johnson, 
which had either a very light or a very full load, 
should certainly be fitted with the throttle-valve 
governor. In regard to the locomotive engine, it 
should be remembered that its position was 80 
unique that it was a law unto itself. In conclu- 
sion, he would say that it had been his effort, in 
writing the paper, to be as impartial as possible, 
having a bias neither for one nor the other form of 
governor. Perhaps it was good evidence he had 
succeeded in this endeavour, that one half of the 
meeting appeared to think he was in favour of 
throttling, and the other half that he preferred 
variable expansion. 

Professor Kennedy, bringing the proceedings to 
a close for the evening, said he would not at that late 
hour add anything of his own to the discussion, 
although there was a good deal he could say. He 
would only express his appreciation of the valuable 
paper the author had contributed. 

The meeting then adjourned until 
evening. 


Friday 


THE ANNUAL DINNER. 

The annual dinner took place on the Thursday 
evening at the Freemasons’ Tavern. The breadth of 
Professor Kennedy’s tastes, and the extent of his 
friendships, is shown by the guests that he brings 
to these gatherings. On one side of him sat Mr. 
S. B. Bancroft, and on the other Mr. Leslie 
Stephen, two men as far removed from each other 
in their professional avocations as each is from 
mechanical engineering. The summer visit of the 
Institution in Scotland was foreshadowed by the 
a of the Lord Provost of Edinburgh, of 
Sir Renny Watson, and of Professor Barr. Law 
was represented by Sir Richard E. Webster and 
Mr. J. Fletcher Moulton ; education by Sir H. 
Roscoe, Professor Henrici, Professor W. Ramsay, 
Professor Riicker, and Dr. P. Thompson ; 
medicine by Dr. Propert; while a crowd of pre- 
sidents and secretaries represented their respective 
societies. The selection of guests was amply justified 
by the speeches. They were all good and charac- 
teristic. The toast of the evening—the Institution 
of Mechanical Engineers—was confided to Mr. 
Leslie Stephen, who unfortunately was very im- 
perfectly heard by the greater part of his audience. 
He created considerable amusement by drawing 
verbal portraits of the engineer from the points of 
view of artists and of men of letters. In conclu- 


sion, he expressed his belief that the time would 
come when engineers would be able to combine 
beauty of appearance with the solid utility of their 





'creations. Professor Kennedy replied in a capital 
‘speech, in which wit and wisdom strove for pre- 
eminence. 

| 
| Tue Attoys ResEaRcH CoMMITTEE. 

On the members assembling on Friday evening, 
‘the President, Professor Kennedy, again occupied 
|the chair. The third report to the Alloys Research 
Committee, made by Professor W. C. Roberts- 
Austen, was first read. This report we shall print 
jin full at an early date. 

Professor Roberts-Austen first treated upon the 
| Subject of molecular porosity as shown in the 
‘electrolysis of solid glass. The experiments of 
| Warburg and Tegetmeier were described in the 
ilast report of the Alloys Research Committee,* 
‘but at the request of the committee he had re- 
| peated the observations. A receptacle was divided 
by a sheet of glass, which could be several milli- 
metres thick. Sodium amalgam was placed on one 
side and pure mercury on the other, and the whole 
was then heated to a temperature of 200 deg. Cent. 
By the aid of a Planté battery the sodium atoms of 
the sodium silicate present were set in motion, and 
after the experiment had continued 30 hours, it was 
found that a considerable quantity of sodium, 
amounting to 0.05 of a gramme, had passed into the 
mercury, which was originally pure. A correspond- 
ing amount of sodium had been lost by the amalgam. 
When the sodium amalgam was replaced by lithium 
amalgam, the sodium of the glass passed as before 
into the originally pure mercury. It was not pos- 
sible, the author said, thus to chase out all the 
sodium present in the glass, but the free sodium 
atoms are replaced by those of lithium. The con- 
clusion is that the atoms of lithium, having an atomic 
weight of 7 and an atomic volume of 15.98, can pass 
along the tracks or molecular galleries left in the 
glass by the sodium atoms, the atomic weight and 
volume of which are 23 and 16.04 respectively. 
If a metal of atomic weight and volume superior to 
sodium be substituted for the lithium, such as 
potassium, with atomic weight 39 and atomic volume 
24, it is not found possible to chase out the sodium, 
the new atoms being too big to pass along through 
the spaces where the sodium had been. We are 
thus, the author said, confronted with a molecular 
porosity, which can in a sense be gauged, and the 
mechanical influence of the volume of the atom is 
thus made evident. It will also be evident that 
there is a direct connection between the properties 
of a mass and the volume of its atoms. The 
results obtained by Warburg and Tegetmeier were 
entirely confirmed and somewhat extended in the 
experiments made by theauthor. In most of the 
experiments the glass was electrolysed, using mer- 
cury and an amalgam of some other metal as 
cathode and anode respectively. The tempera- 
ture was from 250 deg. to 350deg. Cent. The 
electromotive force employed was 100 volts, 
and the current in the case of the sodium ex- 
periments averaged about one-thousandth of an 
ampere, and was sometimes as high as one- 
fiftieth of an ampere. In experiments in 
which sodium amalagam had been placed on one 
side of the glass and pure mercury on the other, 
sodium passed into the mercury to the extent of 
0.03 gramme. The quantity of electricity which 
passed through the glass was measured by the aid 
of an electrolytic cell placed in series, in which 
copper was deposited to the amount of 0.0206 
gramme, and it was roughly calculated that the 
passage of sodium into the mercury followed the 
ordinary law of electrolysis. An endeavour to pass 
gold through the glass failed, but the glass became 
coloured by gold, and minute spangles of the metal 
were found embedded in it. The same result was 
obtained when copper was used as an amalgam. The 
mere fact that a current at all passes through the 
glass is a proof that electrolytic action has taken 

lace. 

: The author also explained the manner in which 
increased sensitiveness of the pyrometer used in 
the researches had been obtained by means of 
two galvanometers used simultaneously, one having 
a much lower resistance, and consequently greater 
delicacy, than the other. The cooling curves of 
electro-iron and of aluminium-copper alloy were 
next treated upon. The pyrometric examina- 
tion of iron-aluminium alloys was undertaken 
in view of the increasing importance of the 
latter metal, and although no alloy of industrial 
importance was discovered, much insight had been 








* Vide ENGINEERING, vol. lv., page 630, 





afforded by the investigation as to the general 
behaviour of aluminium when alloyed with other 
metals. It was seen that the freezing point of iron 
alloyed with 1 per cent. of aluminium was a little 
lower than that of iron itself—that is to say, the 
melting point of nearly pure iron is only slightly 
lowered by a small addition of aluminium. That 
aluminium does not produce any considerable lower- 
ing of the freezing point of cast iron, and the usually 
accepted idea that cast iron or steel containing 
aluminium is very fusible, must be due to the fluidity 
of the metal when it ismelted. Tensile tests of the 
iron-aluminium alloys had not yet been made, but 
it is stated in the report that it seems likely some 
alloy of aluminium with iron free from carbon, con- 
taining about 90 percent. of iron, might prove a 
highly serviceable material for the production of 
small malleable castings of considerable strength. 

Experiments made with the object of ascertain- 
ing whether the welding of iron is attended with a 
fall of temperature, were next explained, and 
reference was made to the subject of anti-friction 
alloys. M. André Le Chatelier had suggested that 
the prejudicial action of an element is due to its 
forming a fusible compound with the metallic mass 
in which it is hidden ; while, on the other hand, 
the presence of an element which forms an infusible 
compound with the mass, promotes the formation 
of a fine grain, and imparts strength. Raoult 
Pictet urged that there must be a connection 
between the melting points of metals and the 
periodic law of Mendeleeff, who showed that for all 
metals there is a simple relation between their 
atomic weight, the amplitude of the movement of 
their molecules under the influence of heat, and 
their melting point. Pure metals with high melt- 
ing points, such as platinum, iron, copper, and 
gold, are comparatively strong, and conversely, 
metals with low melting points, such as zinc, lead, 
cadmium, bismuth, and tin, are relatively weak. 
Metals with high melting points must necessarily 
be coherent and tenacious, because much heat is 
required to drive their molecules apart, in reducing 
them to the required mobile state in which the 
molecules have very small coherence ; and, there- 
fore, at ordinary temperatures much force must 
be applied to overcome cohesion of the molecules 
and break the mass. Conversely, in metals with 
low melting points, a small elevation of tempera- 
ture will overcome the molecular cohesion and 
render them liquid. Such metals will be weak, 
because if little heat is required to melt the metal, 
less force will be needed to tear it apart. Hence 
melting point and tenacity are clearly connected. 

The author next proceeded to show how the 
recent work of Professors Dewar and Fleming bore 
on this question. 

There were two appendices to the paper, one by 
Mr. Allan Gibb, treating upon ‘‘ The Elimination 
of Impurities during the Process of Making ‘ Best 
Selected’ Copper,” and the other by Mr. Alfred 
Stansfield, on ‘‘The Pyrometric Examination of 
the Alloys of Copper and Tin.” These we shall 
also print in full in a subsequent issue. 

On the conclusion of the reading of the report 
and the appendices, the President called on Pro- 
fessor Roberts-Austen to add any further remarks 
he might wish to make. 

The Professor said he had listened with much 
interest to the reading of the report, for he found 
it was quite a different thing to stand, as it were, 
outside, of apaper instead of laborously compilingand 
rejecting matter from the mass of data that had been 
accumulated. Doubtless the first thing that would 
suggest itself to so eminently a practical body as a 
meeting of mechanical engineers, was wherein the 
utility rested. In this respect he would point to 
one fact, that of the conditions discovered which 
governed the composition of anti-friction alloys. 
Professor Goodman had been led to make experi- 
ments which had enabled him to discover the fact 
that anti-friction alloys must always contain a metal 
with a high atomic volume, and there seemed, more- 
over, to be a direct connection between the effi- 
ciency of the anti-friction alloy and the atomic 
volume of one of its constituents. In this direc- 
tion the work of the committee had been fruitful in 
a somewhat unexpected way. There were also the 
remarkable facts, which they had come across in 
the course of their investigation, as to the tenacity 
of metals. He would say that the work gone through 
was very largely in excess of the material that 
appeared in the paper. He thought, perhaps, the 
useful properties of alloys, and the bearing of the 
research in connection with them, would be best 
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shown by experiment and analogy. If an ordinary 
thermometer were taken and plunged into water, 
the mercury would fall until the water began to 
freeze ; there would then be an arrest in the fall 
of the mercury, as indicated by the well-known 
break inthe curve. When the whole mass had be- 
come solid, the curve would continue downwards. 
That was analogous to what occurs when an alloy 
solidifies, but it was seldom that an alloy solidifies 
as a whole, groups falling out as the process went 
on. It was for that reason he had used the 
term ‘‘freezing point” in regard to metals, as 
the melting point of an alloy was not the 
same as that at which it becomes solid. If 
an electrical pyrometer took the place of the 
thermometer, the current of electricity passed 
became a measure of the temperature, just as the 
mercury recorded the changing temperature of the 
freezing water. 

In order to illustrate this, Professor Roberts- 
Austen gave an exhibition of the production 
of a time-temperature curve in the freezing 
of gold. The experiment was a somewhat risky 
one, but was eminently successful, Professor 
Roberts-Austen not only showing practically the 
point of arrest, but also that of ‘* surfusion,” which 
he had not hoped to get. Making practical appli- 
cation of this, he explained that if the curves were 
sharp and abrupt, it showed that the metal was 
very pure. In the case in point there was a cer- 
tain want of this abruptness which was to be 
attributed to the fact that the wire of the thermo- 
junction had to some extent contaminated the gold. 
Had the gold contained asmall amount of bismuth, 
asecond point of arrest would have been produced, 
and in that way weakness in the metal would have 
been discovered, although such weakness may some- 
times be overcome by work. There was one other 
point of a practical nature to which reference might 
be usefully made. If the alloy known as platinoid, 
which consisted of an alloy of tungsten and copper, 
but contains no platinum at all, were taken, 
having a melting point of 1200 deg., and pewter, 
which hada melting point of 200 deg., and a curve were 
drawn between the two points thus obtained, it 
would be found that the tenacity of a great many 
metals and alloys could be ascertained by discover- 
ing their melting point, and locating it in its proper 
place on the curve. This was supposing that work 
were put on—that is, the metal were not as cast. 
This fact suggested that no matter what the alloy 
might be, if the melting point were determined, 
the required tensile strength would be indi- 
cated. Professor Roberts- Austen pointed out 
in regard to the calibration of the pyrometer, 
for which purpose standard gold was originally 
used, it was first thought that the readings in its 
case might be high, but it is now supposed that 
they may be too low. He had not corrected the 
readings, however, because as regards temperature 
of over 700 deg. much of the evidence they had 
in this respect rested on mathematical deduction 
rather than on direct experiment; he therefore 
thought it wise for the present to leave the 
temperatures where they originally were when the 
instrument was calibrated, pending the general 
adoption of a revised scale of temperatures. 

Mr. Thomas Wrightson said he did not feel 
qualified to criticise the papers before the meeting 
in their scientific aspect, but he could assure 
members that every effort had been made to obtain 
accuracy in the data put forward. He had himself 
been a great deal at the Mint of late, and had seen 
something of the large amount of work that had 
been gone through in connection with this research. 
For his own part hehad been carrying on experiments 
at the Mint, which were a continuation of the in- 
vestigations he had originally made, and which 
were communicated to the Iron and Steel Insti- 
tute in the years 1879-80, and would be found 
recorded in the Transactions. Twenty years ago 
there was a correspondence in the technical press, 
in which an effort was made to account for the fact 
that cast iron would float in liquid iron, showing 
that it would expand in setting. Mr. Wrightson 
had considered, however, that it was rather an 
optical illusion. Ifa piece of cast iron were thrown 
into fluid iron it would at first sink and then rise. 
He had made experiments with balls of cast iron 
lowered slowly into the molten iron ; they would 
sink at first and‘then rise to the surface, the reason 
being that the heat penetrated the mass of metal, 
which expanded and floated. It would rise above 
the surface to the extent of one-sixteenth of its own 
volume, and that showed there was a larger expan- 





sion than was before expected. The experiments 
he had made had been designed to measure this, and 
he had constructed an instrument for the purpose. 
This consisted of a spiral spring to which the ball of 
iron to be experimented upon, was attached ; the 
ball was lowered by the spring below the surface of 
the molten iron, and in this way the expansion of 
the metal in the ball was measured by the resistance 
of the spring, as shown by the compression of the 
latter. The addition of a clockwork drum witha 
paper attached enabled a diagram to be obtained 
automatically, the horizontal lines representing the 
element of time, and the vertical lines expansion. 
With this instrument he had discovered that, when 
first lowered, the ball would be 1 per cent. less in 
volume than the surrounding metal. It would con- 
tinue to expand until it reached the surface, and 
would then expand further until it had gained in ex- 
pansion 6 per cent. of the whole mass, this increase 
being the maximum attained before the ball melted 
and mixed with the other liquid metal. The ob- 
servations here made approximated to the usual 
foundry practice followed in casting. The experi- 
ments drew his attention to the correspondence 
between the expansion of iron when heated and 
the regelation of ice, and he thought that the same 
character might be observed in both cases, though 
in ice the expansion was said to be 10 per cent.; 
this, however, was not very far from the 7 per 
cent. expansion he had observed with iron. 
He had been unable to try these experiments 
successfully with wrought iron or with white iron, 
owing to their viscid nature, which prevented 
him from obtaining a clear diagram. Sufli- 
cient, however, had been ascertained by such ex- 
periments as he had made to show that white iron 
more nearly approached ice than the grey iron he 
had used in his experiments. He had found that 
another gentleman unknown to him had been at the 
same time making experiments, somewhat similar 
to his, as to regelation of ice, but in connection with 
welding. Cast iron, however, would not weld, but 
when Professor Roberts-Austen brought out his 
recording pyrometer, Mr. Wrightson had thought 
that he had another means of following out his in- 
vestigation. Professor James Thomson had shown 
that with a substance which expands on cooling or 
contracts with heating, pressure should not heat but 
cool it. Mr. Wrightson had thought that the 
Roberts-Austen pyrometer would afford an excellent 
means of testing this, and had attempted to apply 
it in the case of welding in a smith’s fire, placing 
the thermo-junction on the part to be welded. They 
had not, however, been able to get trustworthy 
information, using ordinary welding, in this way, 
and it was decided that recourse should be had to 
the process of electric welding on the Thomson- 
Houston principle. The Electric Welding Com- 
pany had put at his disposal the necessary apparatus 
which had been installed at the Mint, and had also, 
through their officials, given most valuable assist- 
ance. The thermo-junction had been placed between 
the surfaces to be welded, and the rods which were 
to be operated upon were inclosed in a porcelain 
tube containing inside a jacket of iron. A clock- 
work drum was provided, and in this way a series 
of curves showing the temperature during the 
process of welding were obtained in the usual way, 
by sensitised paper. The bar was brought to 
welding heat, and when first pressed no fall 
in temperature was shown ; this was contrary to 
expectation, and it was thought at first that the 
experiment had failed. It was suggested, however, 
that the porcelain envelope was not thoroughly 
filled. The experiment was repeated, and here 
again there was a gradual rise in the curve, but 
not so marked as on the first occasion, when the 
rise had been greater. On the experiment being 
repeated there was a decided fall in the curve when 
the pressure was put on. Ina fourth experiment 
the effect was still moremarked. Theinvestigation 
thus seemed to prove that the welding of iron and 
the regelation of ice were analogous phenomena. 
Professor Goodman said he had been at work on 
the study of anti-friction alloys for the past two 
years. The subject was a complicated one, for it 
had been found that alloys having the same com- 
position gave very different frictional results. 
Specimens of an anti-friction metal consisting of 
lead, antimony, and tin, provided by the same 
company, and giving the same analysis, had shown 
different results. The machine by which they were 
tested had been blamed, and the experimenter had 





been blamed. Very close — had then been 
made, with the result that remarkably minute differ- 


ences had been found. At last it was discovered 
that if a metal of smaller atomic volume than the 
mass of metal were added, then the friction would be 
enormously increased, and if a metal of high atomic 
volume were added, the friction was immediately 
reduced. He had made experiments with a certain 
alloy, by adding one-tenth of 1 per cent. of which 
to a white metal, they had obtained a slight reduc- 
tion of friction; two-tenths of 1 per cent. gave 
a better result ; but if another tenth, making three- 
tenths of 1 per cent., were added, the friction went 
up again, The experiments were not complete, but 
he believed that .25 per cent. of the alloy was about 
the right proportion. As the result of long-continued 
experiments he had produced an alloy which would 
bear a pressure of 2 tons to the square inch when 
running at 550 revolutions per minute at a tempe- 
rature of 140 degrees. That was a remarkable 
result for white metal. The substance added was 
of a higher atomic volume than bismuth. He was 
not, however, at liberty to say what the substance 
was. His experiments pointed to the importance 
of absolute purity being observed in substances 
used for anti-friction metals ; at any rate, if impuri- 
ties were present, they must be of low atomic 
volume. He hoped, in the course of a year or two, 
to be able to put some interesting results before 
the Institution. 

Mr. Blount, referring to the interesting experi- 
ments detailed by the author as to the electrolysis 
of glass, pointed out that gold was not transmitted 
through glass. The author had said that when a 
metal of superior atomic weight and volume was 
substituted for lithium, the new atoms were too big 
to pass through the spaces where the sodium had 
been. Gold, however, had a small atomic volume, 
it being about 8 or 10, and he would have 
thought it should have passed through the galleries 
left by the sodium, the atomic volume of the latter 
being 16.04, The author had given a cooling curve 
for electro-iron, and he had prepared his iron in a 
sensible manner by depositing it from chloride of 
ammonium and iron. The iron was deposited, there 
being used as an anode for redepositing the iron a 
slip of fusible metal, which was afterwards simply 
melted away at a low temperature from the iron 
deposited. This was a satisfactory means of pro- 
ceeding, and Mr. Blount referred to it in order to 
point out that French experimenters followed a 
course not so satisfactory, using iron with an un- 
reasonable amount of impurity. In reference to 
the fusing point of iron and steel, with the addition 
of aluminium, the speaker referred to the excite- 
ment caused some time ago upon the introduction 
of mitis metal. The author’s experiments threw 
light on this point, and the speaker suggested that 
the greater fiuidity of the metal referred to might 
be due to the fact that aluminium combining with 
impurities in the iron liberated heat, and thus 
raised the temperature of the whole mass. He put 
forward the suggestion with diffidence, but thovght 
it might be worth some consideration. In regard 
to the remarks of Professor Goodman on anti-friction 





metals and the influence of impurities in alloys of 
various atomic volume, he (the speaker) had been 
engaged in the investigation of a like nature, but 
for reasons similar tothose which prevented Professor 
Goodman from speaking, his own tongue was tied. 

Mr. Horace Darwin remarked that some of the 
figures given by Mr. Stansfield in his appendix were 
not in accordance with previous investigations, and 
might want correction. With regard to instru- 
ments used, he would not like to say too much, 
as he was himself a maker of instruments of this 
nature, but he wished he was able to speak as 
highly of the apparatus adopted for the investiga- 
tions, as of those using them, but he could not do so. 

The President said he was one of those Philis- 
tines who wanted to find out the use of things, 
but when he heard the paper read and realised its 
enormously suggestive character, he did not want 
further proof of its importance. There were so 
many points full of suggestion to engineers, and go 
much matter for thought, that no further question 
could arise as to the value of the contribution. He 
might add that lately he had tested a material, he 
did not know of what composition—it looked like 
a copper alloy—which had a tenacity of 40 tons 
to the square inch, and an elongation equal to that 
which would be obtained by any steel of like 
tenacity. 

It would be pleasant for members to hear that the 
Société d’Encouragement of France had awarded a 
medal and one of their highest prizes to Professor 








Roberts-Austen in recognition of the value of his 
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work. The applause with which that statement had 
been received was evidence to him that putting to 
the meeting a vote of thanks to the author of the 
report would be a useless formality. 

Professor Roberts-Austen, in returning thanks, 
assured Mr. Darwin that he would gladly use his 
platinum pyrometer if he could afford it. They 
had to make tests over and over again, very often 
with a small mass of metal or alloy, and it wasa 
simple matter with the thermo-couple to twist off 
a little bit of wire. He had, however, worked 
with Mr. Callender, who used his own platinum 
pyrometer, and their results agreed in the most 
remarkable manner. 

The proceedings then concluded in the usual 
formal way. 

We may remind our readers that the summer 
meeting will be held this year in Glasgow, com- 
mencing Tuesday, July 30. 








THE BLACKPOOL TOWER. 

On our two-page plate we commence the publication 
of the designs from which the Blackpool Tower was 
built. As many of our readers are aware, this tower is 
500 ft. high, and is built at a thriving watering-place 
and seaside town in Lancashire. The projectors did 
not rely alone on the attractions of the town to recoup 
them for their outlay, but combined with them a large 
number of other sights and amusements. At the base 
of the tower is a block of buildings 280 ft. by 170 ft., 
containing within its walls the old aquarium and 
menagerie, dancing and assembly rooms, dining-room, 
restaurant, bars, and promenades, Between the legs 
of the main structure is a circus and a water show. 
The outer margin of the property is utilised for shops. 
The foundations of the tower are in boulder clay, and 
consist of four large blocks of concrete, 35 ft. square 
and 12 ft. thick, one under each leg. Rolled joists 
are embedded in the concrete to distribute the pressure 
over it. On the top of the joists are steel bedplates, 
and on these rest the base girders. The first main 
floor is at the 55-ft. level. From this the lifts start. 
Auxiliary lifts carry people up to this floor. In future 
issues we shall publish full details of the upper parts 
of the tower, and in the meantime we reserve the 
description, merely adding that Messrs. Maxwell and 
Tuke, of Manchester, were the architects; Mr. 
R. J. G. Read, of 13, Victori..-street, Westminster, 
the engineer; and Messrs. Heenan and Froude, of 
Manchester, the contractors. The erection of the 
tower was let, as a sub-contract, to Mr. J. Bell, of 
Formby, and the actual work was carried out on the 
spot by Mr. W. Bell and Mr. J. Wilcox. 





JUNKER’S GAS CALORIMETER. 


THE increasing use of gas engines has rendered neces- 
sary some convenient means of testing the quality of the 
gas supplied in different towns, since, though the nomi- 
nal candle-power can be relied upon with fair safety, 
this in itself is a poor index to the heating power of 
the gas, which is, of course, a measure of its capacity 
for doing work, A striking instance of the fact that 
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there is little relation between heating power and 
lighting power is afforded by acetylene, which whilst 
of 240 candle-power, has only a theoretical calorific 
value of 1280 British thermal units per cubic foot, 
whilst London 16 candle-power gas has a heating power 
of about 633 heat units per cubic foot. Hence, whilst 
the former has 15 times the lighting power, it has onl 

about double the heating power per cubic foot. Wit 

a view to facilitating the determination of the calorific 
value of a gas, the apparatus which we illustrate on 
this page has been designed by Herr Junker, whose 
agent in this country is ir. Hermann Kiihne, of 25 to 
35, New Broad-street, London. The general arrange- 
ment of the apparatus, set up ready for making a 
test, is shown in Fig. 1, whilst Figs. 2 to 4 will 
enable the details of its structure to be readily under- 
stood. The apparatus consists essentially of a com- 
bustion chamber (Figs. 2 and 4), the walls of which 
consist of an annular copper vessel. Inside this 
annular space a large number of copper tubes are 
fitted, through which the products of combustion 
escape by flowing down from the top of the chamber to 
an outlet closed by a throttle valve at the bottom, as 
shown in Fig. 2. A current of cold water surrounds 
the tubes, and, flowing upwards, escapes through a 
suitable outlet at the top of the apparatus. The 
coldest water, therefore, meets the coldest gases. 
As a consequence, the products of combustion are com- 
pletely reduced to the atmospheric temperature before 
they escape into the outer air. Thermometers are 
fitted both at the point at which the water enters and at 
that where it escapes. The rate of flow is maintained 
constant by leading the supply into a small tank with 
an overflow, whilst the heated water escapes from a 





second overflow, as shown in Fig. 2, The head pro- 
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ducing flow is thus kept constant, but the rate can 
be adjusted to any desired speed by means of a cock 
at the inlet to the calorimeter, which is best seen in 
Fig. 4. The water supply required is from one-fifth 
to two-thirds of a gallon per minute. The gas supply 
to the burner, shown in Fig. 2, is measured through any 
accurate meter, and it is well to introduce an efficient 
overnor between this and the burner, as is indicated 
in Fig. 1. In use the instrument is placed so that both 
the water thermometers can be simultaneously read. 
The water-supply tube is then connected to the nipple, 
and adjusted so that the rise of temperature in 
the outflowing water is from 10 deg. to 20 deg. Cent. 
The tightness of the gas connections is ascertained 
by turning off the burner, when the meter index should 
remain perfectly stationary. The height of the flame 
should be so adjusted that not more than 6000 British 
thermal units are produced per hour. In taking the 
readings, the hot-water discharge is turned into the 
measuring glass shown to the right (Fig. 1), when the 
pointer of the gas meter passes the zeromark. The 
temperature of the discharge is noted five or six times 
whilst the measuring glass is filling, which takes from 
one to six minutes. When full, the gas is turned off, 
and the quantity used read. Having obtained this, 
and knowing the quantity of water used, and the 
number of degrees through which it has been raised, the 
calorific value per cubic foot of gas is readily obtained. 
To correct this result, for the latent heat of the water 
formed in combustion, this is, as it collects into the 
lower part of the apparatus, run into a second smaller 
measuring glass, shown in position in Fig. 1. For 
extremely accurate work thermometers are provided 
for measuring the temperature of the gas used, but in 








general work this refinement is unnecessary. Very 
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QUADRUPLE FLASHING LIGHT, HOOD POINT. 
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careful experiments made by Dr. Slaby at the Tech- 
nical High School, Charlottenburg, near Berlin, have 
shown that the indications of the instrument are 
correct within 4 per cent., and he proposes to use it 
in all his future work. Similar experiments made at 
the Physical-Technical Institute with hydrogen as the 
gas, have shown a difference of only .4 per cent. from 
those obtained by Thomson’s method, and it is con- 
sidered uncertain whether the error is not in the latter. 





QUADRUPLE FLASHING DIOPTRIC 
APPARATUS. 

AmonG the more interesting facts of recent engineer- 
ing progress have been the remarkable improvements 
which, during the last few years, have been introduced 
into the optical apparatus designed for the service of 
lighthouses. These improvements come mainly under 
three heads. The power of penetrating impaired 
atmospheres has been immensely increased ; the charac- 
terisation of lights has been more marked and distinct, 
with a view to enabling seamen at a glance, or with 
the least possible difficulty, to distinguish any coast 
light, as soon as seen ; and last and, perhaps, not least, 
the friction in the machinery which rotates optical 
apparatus has, by an ingenious contrivance, been re- 
duced, and with great resulting advantages. 

At this moment there is in course of erection at 
Hood Point Lighthouse, Cape Colony, a quadruple 
flashing dioptric apparatus, which contains many new 
features, both in that portion which is exclusively 
optical, and also in the machinery intended for its 
rotation. From Figs. 1 and 2, as shown above, some 
idea may be formed of it. 

To begin with, the apparatus, it will be noticed, con- 
sists of four panels of the first order of 920 millimetres 
focal distance. Their vertical angles are of 80 deg., and 
their horizontal angles of 48 deg. Behind the panels 
is fixed a dioptric mirror of 750 millimetres focal dis. 
tance. The mirror has a vertical angle of 60 deg. In 
the focus of the apparatus a five-wick burner of 900 
candles, service intensity, is fixed. This burner is 
supplied with heavy mineral oil by two stationary 
pressure tanks, each capable of holding 50 gallons, 
The complete apparatus makes one revolution in 40 
seconds, so that four flashes of light follow each other 
in quick succession. Each flash lasts half asecond. 

In the Hood Point apparatus the system adopted by 
the French has been followed ; that is to say, the optic 
arrangement and its table, which weigh together 2 tons 
11 cwt., are borne on a bath of mercury. Thus uni- 

















formity in movement is secured, and the driving weight 
is reduced to the lowest possible point. The central 
spindle, which has hitherto been used in mercury float 
rotation, has been dispensed with, as it prevented the 
employment of stationary burnersand lamps. Instead 
we have here the hollow fixed central column, which 
carries the burner. While the oil-supply pipes are 
led through this central column, it serves, at the same 
time, as a shaft, around which the apparatus can 
rotate. The vertical axis of the apparatus is preserved 
by a gun-metal bearing at the head of the fixed column, 
and a ball bearing on a level with the float. Should 
it, from any cause, become necessary to rotate the 
apparatus without the use of mercury, no insurmount- 
able difficulty is presented. A ball bearing of small 
diameter, which is entirely out of action when the 
mercury is in use, is simply placed under the table of 
the apparatus. Every one of the movements of the 
apparatus is regulated and actuated by a clock 
driven by weights. When the wicks need trimming, 
the table is ——— by means of a fixed ladder 
reaching to the float, and of a movable ladder attached 
to the float superstructure. 


The power of the beam of light emitted by this | P 


apparatus is 75,000 candles, or 75 lighthouse units. 
The whole work, which is from the designs of Mr. W. 
T. Douglass, M. Inst. C.E., consulting lighthouse 
engineer to the Cape Government, has been carried 
out by Messrs, Chance Brothers and Co., Limited, 
of Birmingham. 








THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society held on April 
26, Mr. Walter Baily, vice-president, in the chair, Pro- 
fessor S. P. Thompson read a note on “ A Neglected 
Experiment of Ampére.” Ampere, in 1822, made an ex- 

riment, which, if it had been properly followed up, must 

ave led to the discovery of the induction of electric 
currents nearly 10 years before the publication of Fara- 
day’s results. While attempting to discover the presence 
of an electric current in a conductor placed in the neigh- 
bourhood of another conductor in which an electric current 
was flowing, Ampére made the following experiment: 
A coil of insulated copper strip was fixed with its plane 
vertical, and a copper ring was suspended by a fine metal 
wire so as to be concentric with the coil and to lie in the 
same plane. A bar magnet was so placed that if an 
electric current was induced in the suspended ring a de- 
flection would be produced. No such deflection, how- 
ever, was observed. 

In 1822, in conjunction with De la Rive, Ampere re- 
peated this experiment, using in place of the bar magnet 





a powerful horseshoe magnet. He describes the result in 
the following words: ‘‘The closed circuit under the 
influence of the current in the coil, but without any con- 
nection with this latter, was attracted and repelled alter- 
nately by the magnet, and this experiment would, conse- 
quently, leave nodoubt as to the production of currents 
of electricity by induction if one had not suspected the 
presence of a small quantity of iron in the copper of which 
the ring was formed.” is closing remark shows that 
they were looking for a permanend deflection. When, 
however, Faraday’s results were published in 1831, 
Ampitre, after again describing the experiment made in 
1822 by himself and De la Rive, says: ‘* As soon as we 
connected a battery to the terminals of the conductor, the 
—- attracted or repelled by the magnet, according 
to the pole that was within the ring, which showed the 
existence of an electric current produced by the influence 
of the current in the conducting wire.” 

Verdet, when describing the above experiment, falls 
into a curious error. He says the apparatus consisted of 
a ring of fine copper wire, suspended by a silk thread in 
front of the pole of an electro-magnet in such a way that 
the plane of the ring was parallel to the plane of the 
turns of wire on the electro-magnet. On ‘‘ making” the 
current the ring is said to have been repelled, but this 
deviation did not persist, and on “ breaking ” the current 
the ring was attracted, also only momentarily. 

Mr. Blakesley did not feel quite confident that in Ver- 
det’s form of the experiment there could ever be attrac- 
tion. He also —- out that with an alternating current 
the disc would tend to set itself parallel to the lines of 
force of the electro-magnet. With reference to repulsion 
by alternating currents in one of Elihu Thompson’s 
experiments, where a sphere is supported over an alter- 
nating pole, a screen being placed so as to partly shield 
this sphere, there is generally a misstatement as to the 
direction in which the sphere rotates. It rotates in such 
a direction that the b ocy of its surface next the magnet 
moves towards the of the screen. 

Dr. Burton said that from the fact that when the 
current in the electro-magnet in Verdet’s experiment is 
broken, the induced current in the ring is in the same 
direction as the current in the magnet, the ring will be 
attracted. 

Mr. Boys confirmed Dr. Burton’s statement. He re- 
commended setting the ring at an angle of 45 deg. to the 
lines of force, under which circumstances a rotation would 
be obtained. A distinction must, he pointed out, be 
drawn between such an experiment as that of Verdet and 
those of Elihu Thompson. The repulsions observed in 
these latter were only due to the “lag” in the induced 
currents, caused by self-induction. The best materials to 
use for all such experiments were magnesium and alumi- 
nium, since for a given mass these had the highest con- 
ductivity. 

Mr. W. G. Rhodes read a paper entitled, ‘4 Theory 
of the Synchronous Motor.” 

The object of this paper is to give as simple a treatment 
as possible of the mathematical part of the subject, and to 
give theoretical proofs of some experimental facts. Start- 
ing from the energy equation, 


pt+ceR= cEcosy, 


where p is the output of the motor, R the resistance of the 
armature, c the current through thearmature, E the electro- 
motive forceapplied to the motor terminals, and ¥ the phase 
difference between c and E, the cases of maximum out- 
put, zero output, minimum current at zero power, and 
maximum phase difference between c and E are con- 
sidered. ‘hese results are, for the most part, obtained 
directly from the energy equation. The latter part of the 
paper is devoted to a discussion of the phase relationships 
between the current and the electromotive forces in a plant 
consisting of a generator and motor, and to the variations 
in the armature reactions in both generator and motor. A 
theoretical proof is given of the fact observed by Professor 
Silvanus Thompson and others, that an over-excited syn- 
chronous motor acts as a condenser, and tends to make 
~~ current lead before the generator’s electromotive 
orce. 

Professor S. P. Thompson said that the mathematical 
art of the paper was much simpler than that in previous 
investigations on this subject, and the method of arriving 
at the results by rejecting imaginary roots of the equations 
was particularly neat and instructive. The part of the 
paper relating to armature reactions and phase relation- 
ships was quite new. Two results deserved special atten- 
tion: First, that the maximum current at zero power was 
the same as if the circuit was non-inductive; second, 
that the maximum current at zero power was double the 
current corresponding to maximum output. 

Mr. Blakesley said that the paper did not consider the 
stability of the system, and he thought some of the results 
corresponded to — of unstability. 

A paper by Mr. Bryan ‘‘ On a Simple Graphical Inter- 
pretation of the Determinantal Relation of Dynamics” was, 
in the absence of the author, read by Dr. Burton. The 
relation is worked out for two specially simple systems 
possessing one degree of freedom: (1) A particle moving 
in a straight line with uniform acceleration ; (2) a particle 
moving to and fro along a straight line with an accelera- 
tion directed towards a fixed point on the line, and pro- 
portional to the distance from that point (simple harmonic 
motion). Onconstructing a diagram in which the abscisse 
represent values of the single co-ordinate of the particle, 
and the ordinates corresponding values of the momentum, 
the determinantal relation becomes equivalent to the con- 
stancy of the area of a certain elementary parallelogram. 
In case (1) this parallelogram moves along a parabola, 
experiencing a shear as it goes, while in case (2) there is 
no distortion, the (rectangular) parallelogram revolving 
about the origin of the diagram, as if rigidly attached to 





an inextensible radius vector, 





_ 576 


ENGINEERING. 


[May 3, 1895, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
large attendance on ‘Change, and the tone of the market 
was very cheerful. A good deal of business was transacted 
for early delivery, and several contracts were also entered 
into for delivery ahead. The general impression ap- 
peared to be that the worst of the trade depression had 
been seen, and prospects for the future were regarded as 
brighter than they have been for some time past. 
Most sellers named 35s. 3d. for early f.o.b. delivery of 
No. 3 g.m.b. Cleveland pig iron, and that price was 
realised. For delivery to the end of June 35s. 6d. was 
asked, but in one or two cases 353. 44d. was accepted. 
No. 1 Cleveland pig was quoted 37s. Middlesbrough 
warrants opened at 35s. 14d. and closed 35s. 2d. cash 
buyers, witha fair amount of business doingin them. The 
lower qualities of pig iron were steady. No. 4 foundry 
was 34s,,and grey forge 33s. 6d. East coast hematite pig 
iron was, if anything, a trifle dearer. The demand was 
certainly better, but the very plentiful supply prevented 
much advance in price. Several firms asked 42s, 3d. to 
42s. 6d. for early delivery of Nos. 1, 2, and 3, but some 
business was said to have been done at 42s. Spanish ore 
was in fairly good request, and rather firmer in price. 
Rubio was quoted 12s. ex-ship Tees. To-day our market 
was very strong, and by the close as much as 35s. 6d. was 
asked for prompt delivery of No. 3, but transactions were 
recorded at a little below that figure. Middlesbrough 
warrants advanced to 353. 7d., which was the closing cash 
price of buyers. Other quotations were very firm, but 
they were practically the same as yesterday. 


Manufactured Iron and Steel —We are pleased at length 
to be able to give a more favourable account of the 
manufactured iron and steel trades. After having been 
exceedingly dull for a long time, some improvement is 
noticeable, Inquiries are more numerous, a few orders 
have recently been placed, and quotations have an 
upward tendency. Rather higher rates are mentioned 
for plates and angles, and railmakers report that they are 
pretty well supplied with orders, but in other departments 
work is still slack. The following may be regarded as 
about the market quotations: Common iron bars, 
4/. 153.; best bars, 5/. 5s. ; iron ship-plates and steel ship- 
plates, each 4l. 15s. ; and iron ship-angles and steel ship- 
angles, each 4/. 12s. 6d., all less the customary 24 per cent. 
discount for cash and f.o.t. Heavy sections of steel rails 
keep at 3/, 12s, G1. net at works. 

Iron and Steel Shipments.—Shipments from the Tees 
during April were heavy. Pig iron reached 105,538 tons, 
and when those from Skinningrove are added, the total 
mounts up to 110,780 tons, which, we believe, is a record. 
To foreign ports 55,839 tons were exported, and the quan- 
tity shipped coastwise was 49,699 tons. Germany was a 
long way the largest foreign customer, taking 29,216 tons, 
and Sweden comes next with 5647 tons. Coastwise ship- 
ments mostly went, as usual, to Scotland. No less than 
37,072 tons were sent north of the Tweed. Wales took 
4050 tons. During the month 10,516 tons of manufac- 
tured iron were shipped and 16,875 tons of steel, making 
the grand total of iron and steel shipments for April 
132,929 tons. The total iron and steel shipments for 
March reached only 101,294 tons, and in April last year 
they amounted to 116,464 tons. 


The Coal and Coke Trades.—Coal keeps fairly steady 
At Newcastle best Northumbrian steam coal is about 
8s. 9d, f.o.b., and small steam 4s, Gas coal is weak in 
price. Manufacturing coal unaltered. There is rather 
more inquiry for bunker coal, but there is an abundant 
supply, and prices do not rise. Coke keeps very firm. 
Here 12s, 3d. is somewhat readily paid for good qualities 
delivered at Cleveland blast furnaces. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Coal Trade and Prospects.—At present the outlook 
in the coal trade is far from reassuring. Some of the pit 
proprietors, particularly those concerned in steam coal, 
state that there is a loss on the output. The latter are 
immediately affected by the ‘ow quotations of Scotch and 
other north country producers, and there does not appear 
any very ready way out of the difficulty, as the miners 
here are not at all favourable to any concessions on their 
part in the interests of employers. The market for house 
coal is very flat, with weakening prices all round. Many 
thousands of colliers are working short time, but stocks 
are still accumulating. Quotations at pits, for ordinary 
sales, run as follow: Best Haigh Moor, 13s. per ton; 
seconds, 12s,; Silkstone hards, 9s. to 12s.; Barnsley 
softs, 8s. to 8s. 6d. ; inferior, 7s. Gd.; thin seam, 63. 9d. 
to 7s. ; slack, 5s. 6d. to6s. 6d. A.improved export trade 
to the north of Europe of steam coal will now become eac 
week more apparent. 


Difficulties at Sharlstone.—A meeting of the miners of 
the Stanley Main and Haigh Moor pits, Sharlstone, near 
Normanton, was held on Monday. A number of miners 
have protested against other miners working when the 
pits are supposed to be at play. A ballot paper was 
handed to each collier, asking if he were in favour 
of coming out on strike, so as to force an end to the 
practice. The result of the ballot was in favour of ten- 
dering a 14 days’ notice, and this decision has been for- 
warded to the executive at Barnsley to put into effect.— 
The strike at the North Gawber and Woolley collieries 
continues, and there is much privation amongst the men. 

Steam Shipping Trade. —The slightly improved prospects 
in connection with steel and some of the heavy trades have 
favourably influenced the shipping interest. Though the 





h | additional rails were laid upon the Grand Trunk and 


output of tonnage has been restricted, there are evidences | 
of a revival. More activity is observable in the local 
freight markets, with a brisker demand for tonnage, and 
though business is quiet it is steadier, and there are indica- 
tions of increased requirements. 


Engineering Branches.—It may be taken that spring | 
orders for traction engines and heavy agricultural ma- 
chinery have now been pretty well placed, and local | 
manufacturers engaged on this class of work are reported | 
as busy on both home orders and those for shipment, | 
though the former appear each year to show a falling off. | 
At Leeds engineering firms generally are doing fairly | 
well, after the stagnation of the previous six months. At | 
Sheffield very large numbers of men are employed in the 
shops that are turning out armour-plates, shot, guns, 
marine forgings, and other classes of Government work. 
The larger houses are the busiest, and taken all round, 
there are comparatively few mechanics unemployed. 


Iron and Stecl.—The iron market is slow, withcut any 
speculative element, and customers show no desire to 
purchase, excepting for immediate requirements. Ordi- 
nary bar is quoted at 5/. 53. per ton, but it is questionable 
whether a less figure is not accepted privately in many 
instances. The heavy demand for steel manufactures on 
Government account keeps the majority of the large 
houses at Sheffield busy, and buoys up the trade in best 
material. Orders for railway work are only coming in 
slowly, but there are inquiries from India and Russia 
which may lead to business. The call for Bessemer and 
Siemens-Martin billets is moderate at unaltered quota- 
tions. 





PANAMA RAILRoAD.—The Panama Railroad Company 
has purchased the steamers Allianca, Advance, and 
Finance from the Brazilian Steamship Line. 





PERMANENT WAY ON THE GRAND TRUNK.—At the close 
of last year the length of line comprised in the Grand 
Trunk Railway of Canada was 3506 miles. This total was 
made up as follows: Grand Trunk (including Midland) 
division, 2003? miles ; Great Western (including Northern 
and North-Western) division, 13374 miles; Detroit and 
Michigan Air Line division, 165 miles ; total, 3506 miles. 
The aggregate length of second track at the close of last 
year was 404} miles, viz, Grand Trunk (including Midland) 
division, 284 miles ; Great Western (including Northern 
and North-Western) division, 1204 miles; total, 404} 
miles. The aggregate length of sidings existing in con- 
nection with the system at the close of last year was 
7114 miles, viz., Grand Trunk (including Midland) divi- 
sion, 368? miles; Great Western (including Northern 
and North - Western) division, 3074 miles; Detroit 
and Michigan Air Line divisions 35 miles ; total, 711} 
miles. It follows that the aggregate length of track 
and sidings stood at the close of last year at 
4621? miles, viz., Grand Trunk (including Midland) 
division, 26564 miles ; Great Western (including Northern 
and North-Western) division, 1765} miles; Detroit and 
Michigan Air Line division, 200 miles ; total, 4621? miles. 
The aggregate length of steel rails in the track last yoar 
was 3873 miles, while there were 36? miles of iron rails 
remaining in the track at the same date. These totals 
were made up as follows: Steel rails—Grand Trunk (in- 
cluding Midland) division, 22594 miles; Great Western 
(including Northern and North-Western) division, 14494 
miles ; Detroit and Michigan Air Line division, 165 miles ; 
total, 3873} miles. Iron rails—Grand Trunk (including 
Midland) division, 284 miles; Great Western (including 
Northern and North- Western) division, 8} miles; total, 
363 miles. Sidings comprised at the close of last year 
5344 miles of steel rails, and 176? miles of iron rails, 
These totals were made up as tollows: Steel rails— 
Grand Trunk (including Midland) division, 323? 
miles; Great Western (including Northern and North- 
Western) division, 205} miles: Detroit and Michigan 
Air Line division, 54 miles; total, 5344 miles. 
Iron rails—Grand Trunk (including Midland) division, 45 
miles; Great Western (including Northern and North- 
Western) division, 102} miles; Detroit and Michigan Air 
Line division, 294 miles; total, 1767 miles. It follows 
that the system compri altogether at the close of last 

ear 4408} miles of steel rails and 213} miles of iron rails. 

he expenditure incurred upon the maintenance of way 
and works upon the system in the second half of last year 
was as follows: Grand Trunk (including Midland) divi- 
sion, 179,870/.; Great Western (including Northern and 
North-Western) division, 107,606/.; and Detroit and 
Michigan Air Line division, 14,915/.; making an aggre- 
gate of 302,391/. The corresponding expenditure in the 
corresponding period of 1893 was: Grand Trunk (including 
Midland) division, 212,212/.; Great Western (including 
Northern and North-Western) division, 121,611/. ; Detroit 
and Michigan Air Line division, 14,319/. ; making a total 
of 348,142/. In the second half of last year 66} miles of 


Midland division with steel rails, as compared with 90 
miles laid in the second half of 1893. Of the steel rails 
laid in the last half of 1894, 394 miles were 79 lb. per yard 
and 26} miles were 65 1b. per yard. Upon the Great 
Western and Northern and North-Western division 4275 
tons of steel rails were laid in the main track last year, 
while 2340 tons of partially worn steel rails were relaid in 
branch lines and sidings. The whole of the main tracks 
upon this division are now laid with steel rails. In the 
course of the six months ending December 31 last year a 
further outlay of 76817. was made for double-tracking the 
portions of the system over which the heaviest traftic 
passes. Mr. E. P. Hannaford, chief engineer of the 
Grand Trunk and Midland division, reports: ‘‘ The per- 
manent way and works are in good condition, but every 
effort hus been used during the year to redyce the expen- 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Coal shipments from Cardiff have been upon 
a heavy scale — the last few days, and a large 
quantity of tonnage has been chartered for further load- 
ing. Prices are, however, not likely to advance, as stocks 
are still considerable. The best steam coal has made 10s, 
to 10s. 3d. per ton, while secondary qualities have brought 
93. 3d. to 92. 6d. per ton. Household coal has been dul] 
as was to be expected in view of the near approach of 
summer. No. 3 Rhondda large has made 9s. 9d. to 10s, 

rtop. Foundry coke has brought 15s. to 16s. per ton; 
and furnace ditto, 12. to 13s. 6d. per ton. Iron ore im. 
ports have been upon a heavy scale; the best rubio has 
made 11s. to 1le. 3d. perton. The manufactured iron and 
steel trades have shown continued dulness, 


Welsh Steam Coal.—The Pacific Steam Navigation Com- 
pany hasconcluded contracts for the supply of about 80.000 
tons of steam coal for the bunkering of its steamers. The 
Glamorgan Coal Company will supply about 40,000 tons 
of Hood’s Merthyr steam coal, while 30,000 tons have 
been placed with the Powell Duffryn Colliery Company, 
Limited, and 10,000 tons with another colliery. The price 
obtained is 9s. per ton net. 


The Parrett.—A meeting convened by the Mayor of 
Bridgewater, and to which shipowners, importers, and 
merchants were specially invited, was held on Thursday 
at Bridgewater, to confer with the town council as to the 
best means of improving the navigation of the Parrett. 
The Mayor, Mr. H. W. Pollard, who presided, briefly 
referred to ascheme which had been under the considera- 
tion of the council for the construction of a ship canal, or 
otherwise improving the navigation of the river, and in- 
vited an expression of opinion thereon for the guidance of 
the council. Mr. Alderman Sully, chairman of the port 
and navigation committee, explained that while about 25 
yearssince the income of the council from harbour dues, &c., 
amounted to about 12007. a year, it had been now reduced 
to between 700/. and 800/. a year. This was accounted 
for partly because no steamers now ran between Burnham 
and Cardiff, because steam coal, &c., formerly imported 
into Bridgewater, had been sent by railway since the con- 
struction of the Severn Tunnel, and also because the river, 
inits present condition, did not appear to be so easily navig- 
able as formerly, owing, it wassupposed, to accumulationsof 
mud and sand. The council being of opinion that some- 
thing should be done to improve the condition of affairs, 
had advertised for schemes and estimates, offering pre- 
miums of 100 guineas and 25 guineas respectively for the 
first and second best schemes. More than a dozen plans 
had been submitted by engineers, and these had been 
under serious consideration. Such a ship canal as would 
be of service to Bridgewater could not be constructed and 
connected with the railway systems, &c., for less than 
100,000/., and this would involve, with the cost of main- 
tenance and administration, &c., an annual expenditure 
of about 6000/. After estimating very roughly what 
would be the revenue from the canal towards recouping 
this outlay, he considered the deficit to be provided for 
would mean a rate of something like 2s, 8d. in the pound. 
Another proposal for improving the navigation by means 
of deepening and cutting off awkward bends, &c., would 
cost, i gy 50002. and 60007. A long discus- 
sion ensued, Mr. H. Major leading off with a decided 
expression of opinion that the ship canal scheme should 
receive a decent burial at once. A somewhat similar 
opinion was expressed by most of the speakers who fol- 
lowed, although all of them admitted that something 
ought to be done to improve the navigation, in order to 
retain the present trade of the port, and to endeavour, 
if possible, to regain come of what had been lost. 


The Rhymney at Caerphilly.—Last week the directors of 
the Rhymney Railway Company visited Caerphilly, with 
the view of selecting a site for new sheds, thus dispensing 
with those at the docks, Cardiff. 


The * Flora.”—The Flora, cruiser, which has just been 
completed at Devonport, at a total cost of 241,819/., is to 
be prepared for commissioning as an additional vessel in 
the Channei Squadron. 


Welsh Coal for Ireland.—The Tredegar Iron and Coal 
Company, Limited, has secured contracts for coal to be 
supplied to the Great Northern Railway of Ireland, the 
Midland Great Western Railway of Ireland, and the 
Dublin, Wicklow, and Wexford Railway. These con- 
tracts foot up to about 150,000 tons. Messrs. D. Radford 
and Co. have also secured a contract for 60,000 tons of 
— hs the Great Southern and Western Railway of 

reland. 





Russia AND Arrica.—We learn from St. Petersburg 
thata Russian scientific expedition is being prepared at 
Moscow for the exploration of Central Africa. The 
expedition will be under the direction of Count Robinsky. 





Tuer Exectric Licut at York.—At a special meeting 
of the York City Council on Monday evening, the electric 
lighting committee reported that, after consideration of 
various tenders submitted for the electric lighting of the 
city, they recommended that a tender of the Electric Con- 
struction Company of Wolverhampton, at 10,865/., should 
be accepted. The committee also recommended the 
acceptance of the tender of the same company to work 
the plant for three years on payment by the corporation 
of charges per unit for electricity supplied varying from 
3}d. on a minimum of 75,000 units per annum, to 2d. on 
over 300,600 units. The scheme proposed is known as the 
Oxford, or the direct-current transformer and storage 
system. The central station is pro to be erected at 

oss Islands. The tender does not include buildings. 
After some discussion, the question was bac 
the committee for further consideration. 





diture to meet the depression in business. 
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A LarGE electric locomotive has recently been completed 
by the Baldwin Locomotive Works. The engine in ques- 
tion weighs 59.4 tons, and is 30 ft. long over all, the 
wheel base being 16 ft. The effective horse-power on a 
four hours’ trial, at a speed of 35 miles per hour, is 1000. 


The new torpedo-boat destroyer Ardent, described and 
illustrated in our issue of April 12, has been commis- 
sinned. at Portsmouth by Lieutenant Mundy. She is to 
be stationed at Malta for the instruction of the officers 
and men belonging to the Mediterranean Squadron in 
torpedo-boat machinery and evolutions, 


The traffic receipts for the week ending April 21 on 33 
of the principal lines of the United Kingdom amounted 
to 1,602,452/., which was earned on 18,728? miles. For 
the corresponding week in 1894 the receipts of the same 
lines amounted to 1,450,627/, with 18,522? miles open. 
There was thus an increase of 51,8251. in the receipts, and 
an increase of 206 in the mileage. 


The following concessions by the Admiralty have been 
notified at Chatham Dockyard, viz., that apprentices 
in all trades shall receive a rise of pay of 1s. per week ; 
that the cutting-out sailmaker and the leading man of 
coppersmiths shall each receive an increase in their wages 
of 6d. per day; that yard craftsmen, who have hitherto 
been allowed three days’ leave, shall henceforward be 
granted four days’ leave annually, without stoppage of 
pay ; and that second-class draughtsmen, as well as first- 
class draughtsmen, may in future compete for the position 
of foreman of engineer branch, provided they have the 
requisite service and are favourably reported upon. 


The Government have yielded to the pressure which 
has been brought to bear upon them with a view to im- 
mediately commencing the works at Dover and Hong 
Kong; and when the schedule is reached in Committee 
Mr. Robertson will propose to make provision in it for 
allocating 10,0002. to Dover and 10,000/. to Hong Kong 
for preliminary surveys, &c. The item of 15,000/. for 
superintendence and miscellaneous charges is to be in- 
creased to 17,000/. ; and in order to leave the grand total 
as before, the allowance of 50,000/. for new naval barracks 
at Chatham is to be reduced to 28,000/. Some of the 
members are dissatisfied with the provision made for 
Haulbowline, and Captain Donelan intends to move that 
10,0007. be applied to the deepening of the harbour there 
instead of the 25001. suggested by the Admiralty. 


The manager of the Works Department of the County 
Council reports that for some time after the department 
was established there was a tendency on the part of the 
skilled workmen not to do the same amount of work as 
they would for a contractor, and it was only after re- 
peated dismissals that this idea was shaken. The Works 
Committee think that it is clear that painting cannot be 
done by the Council at contractors’ prices, but in plain 
work, such as excavating, road-making, concrete or sewer 
work, they think that the work can be undertaken at 
contract prices, In fact, were it not for the saving 
claimed to have been effected on this latter class of work, 
the loss on the work of the department as a whole would 
be very great, as there has been a considerable excess of 
expenditure in almost all other cases. 


The steamship Buccaneer has just left the Thames, 
having on board four stern-wheel shallow-draught gun- 
boats, constructed for the Portuguese Government by 
Messrs. Yarrow and Co., of Poplar. Three of these vessels 
were constructed in floatable sections, so that they could be 
connected together and started within a few days after 
their arrival in Kast Africa. The fourth one was in small 
pieces, arranged for transport overland to the interior on 
the backs of natives. Two of the gunboats are for 
service at Lorenco Marques and two for Inhambane. 
These vessels are 89 ft. in length by 18 ft. beam. Those 
for Lorengo Marques will have a draught of 18 in. with 
steam up, and are named Lacerda and Serpa Pinto; and 
the remaining two for Inhambane are named Capello and 
hy and will have a draught under the same conditions 
of 14 in, 


At the ordinary meeting of the Civil and Mechanical 
om, ag Society, on Thursday, April 25, a paper was 
read by Mr. W. Cooper Penn, A.M.I.M.E., on ‘** Chain- 
Making.” A history of iron chain cable making was given; 
the first cables used by the English Navy being made by 
Messrs. Brown, Lennox, and Co. at the beginning of the 
century, and they remained until 1830 the only firm who 
supply the Navy with these very necessary articles. The 
method of manufacture was gone into, and the various 
proportions of the links that have been adopted at 
different times were given, and the divers forms used. 
The paper was well illustrated by diagrams, photographs, 
and samples of chains, some of which had been tested to 
destruction for the purpose of showing the soundness of 
the welds and the quality of the material of which they 
were made, A discussion followed, in which Messrs. 
William C. Street, A-I.C.E., F.R.LB.A., E. H. G. 
Brewster, A.M.I.C.E., M.I.M.E., A. C. Moffatt, and 
A. Williamson took part, with others, 


Mr. Hudson Maxim, of New York, who is a chemist 
and a brother to Hiram S. Maxim, the well-known 
inventor, has lately been making a large number of ex- 
periments with smokeless powders in all sizes of guns 
from rifles up to 10 in. ordnance, and he has found that 
with smokeless powders containing a very large quantity 
of nitro-glycerine—50 per cent. or more—and where the 
carbon is converted into COs, the temperature is so 
very high that some of the CO, takes up another atom 
of carbon from the steel of the gun, with the result that 
the inside surface of the gun is changed from steel to 
wrought iron ; it is thus made softer, and this softened 
surface is rapidly rubbed away by the projectile and 


eroded by the gases. Mr, Maxim has also found that if 
the percentage of gun-cotton is high, with only about 7 
to 10 per cent. of nitro-glycerine, the products of com- 
bustion are largely carbon monoxide, when the decom- 
position of the steel and the erosive action of the gases 
become very much diminished. Mr. Maxim is, there- 
fore, of the opinion that when smokeless powder is 
employed in very high power guns, it should not contain 
sufficient nitro-glycerine to produce this destructive action 
on the bore. 


Mr. E. Guber, M. Am. Soc. C.E., has recently ex- 
amined a large number of iron and steel bridges, with a 
view to ascertaining the best means of preserving such 
structures from rust. Inall cases rust was found beneath 
the paint. In some instances the amount was very little, 
but in others the condition of affairs was much worse. In 
most cases the rust occurred in spots. The smoother the 
surface the less the rust, plates being generally much 
freer than angles, and eye-bars were also usually clean. 
Parts that had been heated in the process of manufacture 
also showed less rust than others. In cases in which the 
metal had been oiled in the shops, there was much less rust 
under the paint than where this precaution had been 
omitted. As the rust spots under the paint were no worse 
in the old bridges than in the new ones, it was concluded 
that the corrosion was not proceeding actively. Iron 
oxide paint seemed to get tougher and moreadherent with 
age, save where the coating was very thick, as in cases in 
which the repainting had been done at short intervals. It 
was then com paratively soft, and could be easily removed. 
In the case of the bridges which had been painted with 
red lead, the paint was universally brittle and very easily 
removed; and in the case of one painted with white lead 
as a finishing coat, the paint was cracking wherever 
exposed to the sun. 


In a paper read by Mr. R. E. Crompton before the 
Society of Arts on Monday last, an interesting description 
was given of the electric cooking and heating plant whic 
has been worked out by the author and his assistants. 
The idea originated with Mr. Lane. Fox, but it is to Mr. 
Crompton that the credit is due fora satisfactory eolution 
of the difficulties met with in practice. The principal of 
these has been the discovery of a suitable material for the 
resistances, and of an efficient way of enamelling them. 
As the result of a prolonged investigation, nickel steel 
has been adopted for the wires, whilst the enamel is put 
on in two or more layers, the hardest and most refrac- 
tory being next the wirer. In fact, this first coat 
of enamel consists of nearly pure silica, and will 
only fuse at a temperature approaching the welding 
point of wrought iron. The metal is roughened to give 
the enamel a bite. The wire is laid on as a waved or 
crimped ribbon embedded in the enamel]. Trouble also 
arose from the fact that in bending or crimping the wire 
it was thinned at the bends, so that extra heat was 
developed there in the passage of the current. It was, 
therefore, necessary to design a machine to do the bend- 
ing without altering tbe cross-section of the wire. Under 
favourable conditions, Mr. Crompton claims that electric 
heating is economical, in spite of the fact that often only 
about 6 per cent. of the energy of the fuel used in the 
steam engine is found in the current. It appears, how- 
ever, that the efficiency of an ordinary cooking range is 
extraordinarily low, all but about 2 per cent. of heat 
generated being entirely wasted. 


Mr. Asquith received, at the Conference Room of the 
House of Commons, on Friday, a joint deputation from 
the Tinplate Manufacturers’ Association and the Amal- 
gamated Union of Tinplate Workers, with reference to 
the night labour of boys, which is proposed to be done 
away with under the Factories Bill. Mr. George Russell, 
M.P., and Mr. Tennant, M.P, accompanied the Home 
Secretary. The members of Parliament attending were 
Mr. Burnie, Mr. Abraham, Mr. Samuel Evans, Mr. 
Seton-Karr, Mr. Lloyd Morgan, Mr. William Williams, 
and Major Jones. The deputation stated that they 
did not wish the boys to be employed for more than 
eight hours at night; that the work was of a light 
character ; and that if the boys were not a)lowed to work 
at night they could not get employment elsewhere, and 
it was absolutely necessary that they should attain a 
certain amount of skill rt they were young. Mr. 
Asquith, in reply, said there were several other large 
industries affected by this particular sub-section to exactly 
the same extent as their own; and as he was going to 
have interviews with the representatives of the most 
important of these industries, he would defer a decision 
until he had heard everything from those various quarters, 
The Government did not intend anything harassing or 
unreasonable to any particular trade. In fact, the two 
objects they had in view were first to compel all 
employers to conform to the conditions to which good 
employers voluntarily and spontaneously conformed, and 
next to do something that would practically and reason- 
ably prevent the evils and abuses of child labour and the 
excessive labour of women and young persons. But in 
carrying them out the Government must have legitimate 
regard to the special circumstances that affected particular 
trades. The deputation then withdrew, 








Mexico AND ARGENTINA.—There has been tome talk of 
constructing a line 4900 miles in length from the southern 
boundary of Mexico to the furthest northern point of 
the Argentine railway system. Some 240 miles of theline 
are already constructed, and about 1800 miles are under 
survey and construction. The longest length remaining 
to be constructed would be between the railways of Costa 
Rica and Cuzco, Peru, a distance of about 2300 miles, 
The distance between Cuzco and Buenos Ayres is 2189 
miles, byt come of the lines already built and projected 





could be utilised. 


LAUNCHES AND TRIAL TRIPS. 


A DOUBLE launching ceremony was performed at Devor- 
port Dockyard on April 25, when the cruiser Talbot and 
the sloop Pheenix were floated. The Talbot, second-class, 
twin-screw, wood-sheathed, protected cruiser, is one of 
three vessels of this class designed by Sir W. H. White, 
Assistant Controller of the Navy and Director of Naval 
Construction. She was laid down on March 5, 1894, and 
has therefore been about 13 months under construction. 
During that time about 3580 tons of material have been 
worked in. Her principsl dimensions are: Length 
between perpendiculars, 550 ft.; breadth, extreme, 
53 ft. 6 in. ; draught of water, fore, 19 ft, 6 in., aft, 
21 ft. 6 in. ; displacement in tons, 5600; estimated horse- 
power, 9,600 ; estimated speed, 194 knots. Her machinery, 
which has been made at Keybam Factory, consists of two 
complete sets of vertical triple-expansion engines, with 
cylinders 33 in., 49 in., and 74 in. in diameter, with 
stroke of 3 ft. 3in. These are in separats engine-rooms, 
each capable of developing 4800 horse-power, with 140 
revolutions per minute. The Talbot has a total ccal stowage 
of 1076 tons, and there is accommodation for 436 officers 
and men. She will also be provided with the following 
armament: Five 6-in. quick- firing guue, six 4.7 in. ditto, 
eight 12. pounder quick-firing guns, one 3-pounder Hotch- 
kiss, one 12-pounder quick-firing fie’d gun, four 0,45 
Maxim gunr, and ten 18.-in. Whitehead torpedoes. 





The Phenix, which was subsequently launched, is a 
twin-screw sheathed sloop, built of steel, and one of two 
vessels of that class designed by Sir W. H. White. She 
was laid down on July 26, 1894, and during the nine 
months she has been under construction 450 tons of 
material have been used. The interior parts are in a 
very forward state. Her dimensions are: Length 
between perpendiculars, 185 ft.; breadth, extreme, 
32 ft. 6 in. ; draught of water forward, 11 it. ; draught 


h | of water aft, 11 ft. 6in.; displacement in tons, 1050; 


estimated horse-power, 1400; speed with natural draught, 
12 knots. Her engines, for which the order was given to 
Keyham Factory, consist of two complete sets of vertical 
triple-expansion engines, with cylinders 134 in., 204 in. 
and 31 in. diameter, in eeparate engine-rooms, each cap- 
able of developing 1400 horse-power, with 200 revolutions 
per minute, Her total coal stowage is 160 tons, and, when 
commissioned, she will have a complement of 106 officers 
and men. Her armament consists of six 4-in. quick-firing 
guns, four 3-pounder quick-firing Hotchkiss, and three 
0.45-in. Maxim guns. 





The new sheathed sloop Alert, the first of a new type 
of sloop designed for foreign service, has completed her 
preliminary and official natural draught trials, which 
took place in the North Sea under the superintendence of 
officials representing the Admiralty and the Sheerness 
Dockyard Reserve. The Alert has been built and en- 
— at Sheerness Dockyard, and her machinery was 

esigned to indicate 1100 horse-power under natural 
draught, with aspeed of 12.25 knote. Her preliminary 
trial having been reported as satisfactory, the ship was 
put ona continuous run of eight hours’ duration. ith 
the engines averaging 178 revolutions per minute, a mean 
of 1156.4 horee-power was registered, with an average 
speed of 13 knots. These results were considered very 
satisfactory. The Alert will be immediately prepared for 
a further trial under forced draught. 





The French gunboat, the Surprise, was successfully 
launched on April 24 at Havre. She is 183 ft. 9 in. 
long, 24 ft. 7 in. beam, and at 12 ft. 3 in. draught 
displaces 626 tons. She is built of steel, wood-sheathed 
and coppered, and therefore belongs to the same type as 
our Alert and Pkcenix just described. The twin-screw 
engines develop 650 indicated horse- power, and are togive 
a speed of 13 knots. She will carry 73 tons of coal. The 
armament consists of the following quick-firing guns: 
Two 10-centimetre, four 65-millimetre, four 47- millimetre. 
The cost is estimated at 44,000/., against 66,473/. for the 
Phoenix ; but a comparison of the particulars will show 
that the latter is the larger and superior vessel. 





Messrs, Fleming and Ferguson, Paisley, launched on 
April 22 a steel screw tug steamer named Caroni, built to 
the order of the Crown Agents for the Colonies, for the 
Port of Spain, Trinidad. 





The turret-deck steamer Royalist was taken on her 
official trial on the 19th ult., when a mean speed of 
12 knots was registered, The total Ceadweight capacity 
of the boat is 5200 tons on 20 ft. 6 in. dranght. She has 
been built by Messrs. William Doxford and Sons, Limited, 
yh Sunderland, to the order of Messrs, Angier Brothers, 

ndon, 





The s.e. Turret Cape, a turret-deck steamer, was 
launched by Messrs. William Doxford and Sons, Limited, 
of Sunderland, on the 231d ult., having teen built to the 
order of Meesrs. Petersen, Yates, and Co., Newcastle. 





The s.s. Progressist, turret-deck steamer, was taken on 
her official trial on the 23rd ult., when a mean speed of 
114 knots was registered with 5080 tons deadweight 
abvard, her total deadweight capacity being 52(0 tons on 
20 ft. 6 in. draught. She has been built by Messrs, 
William Doxford and Sons, Limited. of Sunderland, to 
the order of Messrs. Angier Brothers, London. 





Messrs. James and George Thomson, Limited, Clyde- 
bank, Jaunched on April 20 a salocn passenger steamer 
for the coast service of the Caledonian Steam Packet 
Comrany, Limited. The vessel was named the Duchess 
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WATER- TUBE BOILERS IN 
PARLIAMENT. 

THE debate raised in the House of Commons by 
Mr. Forwood on Monday last on the section of 
Vote 8 of the Navy Estimates which refers to con- 
tract shipbuilding and machinery—amounting to 
3,463,000/.—will serve a useful purpose, although 
we fear it was prompted by a thoroughly unworthy 
motive: a desire to use the Navy as a means of 
harassing a political opponent. It has, however, 
had the effect of arousing public interest in a naval 
question of the first importance. We fully agree 
with the combined opinion of Mr. Forwood and his 
successor at the Admiralty, Mr. Robertson (and it 
is on this point alone that these two gentlemen 


5 | appear to agree), that the House of Commonsis not 


the best place in which to discuss highly technical 


| questions of an engineering character ; but there is 


no place that has such power as the House of Com- 
mons has for bringing matters of national interest, 
either technical or otherwise, forcibly home to 
And it is a good thing that 
the public mind should be exercised on the 
boilers of the Powerful and Terrible, for they repre- 


+|sent one of the biggest steps ever taken in the 


engineering of the Royal Navy. It is well that 
those who pay should take this interest in the 


9| matter ; because then they will pay much more 


readily. We like to hear the man in the train 
talking about triple-expansion engines, all-round 
fire, line ahead, forced draught, torpedo discharge, 
and finally, at present, to the exclusion of most 
other matters, water-tube boilers. Just as he will 


cheerfully pay an annual tax for a little dog he 
knows, whilst he would grumble at parting with a 
similar amount to help feed a whole race of fellow- 
creatures starving, say, in China, so will he cheer- 
fully contribute towards a few additional millions 
for the Navy when he once begins to take an interest 
inits working. The unknown is necessarily the un- 
interesting ; although in some matters, for the good 
of one’s interest, it is better not to know over- 
much. 

There was a good deal of the man-in-the-train 
style about the debate of last Monday, even in 
quarters where one would, at first thought, least 
have expected it. On second thought, however, 
it is quite natural ; for not only is the water-tube 
boiler a severely technical subject, but it is one on 
which the majority of engineers have had very 
little, if any, experience. The general opinion, as 
represented by the House of Commons, appears to 
be that because a man is an engineer he must know 
everything about all kinds of engines and boilers, 
just as old ladies in the country think that every 
doctor knows all about every disease, and take it 
for granted that every lawyer has the solution of 
every legal problem at his fingers’ ends. The engi- 
neers, doctors, and lawyers are not altogether 
blameless in this matter; for, being human, they 
like to appear omniscient. 

Mr. Forwood calls attention to the fact that il 
cruisers, the total amount in the estimates for 
which is 3,463,000/., are all to have Belleville 
boilers. Mr. Forwood appears quite convinced on 
this matter, and no doubt he is right, although we 
have not been able to make quite sure, from pub- 
lished documents, whether the whole of the boilers 
are to be Belleville. Mr. Forwood thinks that in 
taking this step the Admiralty have launched 
themselves into an experiment on a huge scale 
without sufficient data. At this point one is in- 
clined to speculate upon what Mr. Forwood and his 
colleagues would have done had they stayed at the 
Admiralty a few months longer. We do not sup- 
pose that Lord Spencer and Mr. Robertson, even 
with the assistance of the Naval Lords, settled that 
water-tube boilers should be used in this extensive 
way. The advice that determined this question 
must have come from the engineering department, 
and the personnel of that department is the same 
now as it was when Lord George Hamilton and Mr. 
Forwood were at Whitehall ; and, though we were 
told that Mr. Durston has changed his opinion on 
the boiler question, yet we conclude that his views 
were not influenced by the political members of 
the Board. 

The question that arises, therefore, is, What 
would Lord George Hamilton and Mr. Forwood 
have done had Mr. Durston said to them, ‘‘ Belle- 
ville boilers are the right thing for these 
cruisers”? Would they have obstinately stuck 
to the old form? Mr. Forwood practically an- 
swers this question. His criticism says in effect, 
if not in words, ‘‘ We would have tried the experi- 
ment on amuch smaller scale.” There would have 
been a world of wisdom in that step—for the 
advisers. If Mr. Durston had followed it, he 
would have saved himself an ocean of trouble. Of 
course, we do not know, any more than any one 
else outside the official circle, how far any one 
person is responsible for the wide extent of 
this new departure in boilers ; but we are bound 
to assume that public bodies ignorant of a given 
subject, and with expert officials appointed to 
advise them, abide by the expert advice. If the 
engineering department had said, ‘‘The Belleville 
boiler promises well, but what we have learnt in 
the Sharpshooter experiments is insuflicient to 
form an opinion upon. Try it first on one or two 
larger ships;”’ then the Board could hardly have 
made the plunge they have. Butas the cylindrical 
boiler has been entirely abandoned for cruisers, 
we can only suppose Mr. Durston and his col- 
leagues have expressed themselves with no uncer- 
tain voice on the merits of the Belleville boiler. 

Mr. Forwood preaches caution. That is always 
a plausible and generally a safe argument. But 
caution in one direction may mean rashness in 
another. The duty of our Navy is to be prepared 
for war with any Power atany time. It is unavoid- 
able that in all these speculations we should look 
first to France. She is now our friend, but still 
she is our great maritime rival. The French naval 
authorities have declared almost entirely in favour 
of the water-tube boiler. If our Admiralty were 
convinced, on evidence known only to themselves, 








that that type of steam generator possesses the 
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advantages claimed for it, they would be guilty 
of nothing less than a crime in delaying its all 
but universal introduction into the Navy. Itis a 
matter on which we cannot advance step by step, 
feeling our way as we go, because if at any 
time we found ourselves at war with France, and 
her vessels were to out-steam our own, the result 
might be fatal. However friendly two nations 
may be (as happily England and France at present 
are), and however distant may appear the chance 
of war, it is the duty of our Administration to keep 
the defensive forces of the country in a state to 
meet any eventuality. That is one point in which 
naval engineering differs from the engineering of 
the mercantile marine. As in war, so in the pre- 
paration for war, rashness must have its place. 

But though the Board of Admiralty may have 
been ever so fully justified in taking the steps they 
have, we have no sympathy with them in their 
sorrows. The Admiralty never takes the nation 
into its confidence. It does not tell the country 
many things the country ought to know, and might 
know without any detriment to the service, or to 
national safety. Experiments are made with 
public money almost daily, the results of which 
would be of the greatest advantage to marine en- 
gineering practice and to naval science at large, 
but the records are never known outside a very 
narrow Official circle; unless they are communicated 
to foreign naval attachés ‘‘in confidence,” which 
means any one may be told so long as the informa- 
tion does not come round to the British public. 
Every one knows the origin of this absurd custom 
of secrecy. In early days, when the engineering 
branch was a despised and hardly tolerated item in 
the service, naval ofticers who controlled these 
things, wise in their generation, did not expose 
their incompetence to the world. Happily, matters 
have changed since then. With the present 
technical staff, and the many able engineer officers 
in the Navy, the old reasons cannot apply. Lord 
George Hamilton, one of the best First Lords we 
have ever had, tried to break down somewhat of this 
custom ; but precedent is all-powerful in our public 
departments, and a vicious system lasts long after 
the reason that called it forth has disappeared, 
even in spite of the efforts of Cabinet Ministers. 
in America we do not find this custom of secrecy. 
There the results of scientific investigation are 
freely given to the world. We have said the re- 
sults of these engineering trials and experiments 
might be divulged without detriment to the service ; 
we may go further, and say that were they 
divulged it would be of the greatest advantage to 
the service; for it is only by publicity and 
public discussion that their full bearing can be 
brought to light. It is acknowledged that one of 
the chief incentives to American naval officers in 
making the trials and experiments they so ably 
conduct, is the knowledge that their work wil] be 
fruitful in a wide field, instead of being buried use- 
lessly in the lumber-rooms of a Government depart- 
ment. Bearing these facts in mind, we should have 
been quite pleased to have seen the Government 
in a minority on Mr. Forwood’s motion; and, 
having no politics—for both parties are equally at 
fault in this respect—we should have been as much 
delighted to have seen the preceding Government 
defeated in a like manner. 

There is very little that is new to be said on 
the technical aspect of this question of water-tube 
boilers ; at least, the debate afforded but little fresh 
information. Mr. Forwood had been most care- 
fully coached, and indeed got his case up with 
praiseworthy completeness ; but it was evident on 
which side of the hedge his instructors lodged. 
Some of his arguments were very special pleading, 
calculated to weigh only with the ignorant ; but none 
the less useful for the occasion. Thus he attempted 
to prove that the Admiralty engineers had under- 
boilered their ships because they pressed cer- 
tain boilers to 155 lb., whereas the Board of 
Trade rules would have allowed but 114 1b. pres- 
sure. Mr. Forwood should learn that pressure is 
but a function of power, and the point he referred 
to was simply one of safety. He spoke of the 
Sharpshooter’s trials, saying 2} 1b. of coal per 
indicated horse-power per hour is an enormous and 
ridiculous consumption. We believe the Belle- 
ville boiler to be heavy on fuel when pressed, but 
that it is fairly economical at moderate rates of 
combustion; but the rate of consumption men- 
tioned is not ‘‘enormous and ridiculous’—though 
undoubtedly high—for a small quick-speed vessel 
running a full-power trial, when, as Mr. Penn later 





stated, the ship wasin the hands of people not 
fully accustcmed to the manipulation of the boiler. 
Sir Edward Reed said that in further trials the 
coal consumption was brought down to 1.7 lb., and 
Mr. Forwood very pertinently asked, ‘‘ For how 
many hours was the trial/’ Sir Edward was 
evidently not informed upon this point, and rashly 
answered, ‘‘ That has nothing to do with the case.” 
Sir Edward Reed is not an engineer, but, as an ex- 
perienced naval architect, he must know that the 
duration of acoal economy trial has a very great 
deal indeed to do with its value. Had he been 
speaking before an instructed audience he would 
hardly have made so rash a statement. Of course 
no one who knows Sir Edward Reed will think he 
attempted to mislead, and it may be said in his de- 
fence that when one is talking to people who do not 
understand, one is apt to get very slipshod in one’s 
statements. No doubt the speaker thought that 
the answer was near enough for the purpose, and 
had some special circumstance in his mind which he 
knew it would be useless to try to explain. 

The incident brings us to another aspect of the 
case. Mr. Robertson referred to the unsatisfactory 
arena afforded by the House of Commons for the 
discussion of technical engineering questions, and 
spoke of the paper lately read by Mr. Durston 
before the Institution of Civil Engineers. He 
twitted the late Parliamentary Secretary for not 
having attended the meeting and there expressed 
his views. Mr. Forwood replied that he was not a 
member of the Institution; but that, ofcourse, would 
have been no bar to his speaking, as the hospitality 
of the Institution in this, as in so many other re- 
spects, is unbounded. Sir Edward Harland, who 
spoke at some length during the debate, here inter- 
posed, stating that he was a member of the Institution 
of Civil Engineers, but he had not taken the occasion 
to attend the meeting referred to. He protested 
against the right of members of the House to 
discuss these questions in the House being ques- 
tioned, and was of opinion that the subject of the 
water-tube boilers was a proper one for consideration 
by the Committee. Of course no one questions the 
rightof so sovereign a body as the House of Commons 
to discuss everything—or, for that matter, to prevent 
any one else from discussing anything—but we may 
very well have our doubts as to its ability. Mr. 
Robertson put the matter very truly when he said 
that, in regard to technical questions, the House, not 
being a technically educated assembly, could only 
do as the Board of Admiralty did, and rely on expert 
opinion. We fully indorse this ; the simile is most 
apt. The three great engineering societies, the 
Institution of Civil Engineers, the Institution of 
Mechanical Engineers, and the Institution of Naval 
Architects, should stand, in relation to the House 
of Commons, very much on the same footing as 
the engineering experts at Whitehall stand in 
regard to the Board of Admiralty. Instead of 
this being the case, it has been too often that 
members of Parliament have taken advantage of 
the safe cover of their privilege to shoot at others 
who have not opportunity to defend themselves. 
This is especially unfair when Government servants 
are attacked on subjects of which the public are 
ignorant, for they have not even the columns of the 
press open to them. The discussions of the three 
Institutions above-named are practically open to the 
whole world, members having no privileges in 
debate which are not accorded to strangers. It 
would have been more courageous and more honest 
had those who prompted Mr. Forwood previously 
attended at the Institution of Civil Engineers and 
said what they had to say in a place where they 
would have met their peers in knowledge. It is, 
however, not yet too late. In another column we 
refer to the forthcoming meeting of the Institution 
of Naval Architects which is to be held in Paris. 
There Mr. Mark Robinson is to read a paper on the 
working of a certain form of water-tube boiler. Mr. 
Forwood would, of course, be out of place in sucha 
discussion, but if those who prompted him wish to 
act the manly part, they will take up the cudgels 
and give blows where they will not be safe from 
receiving knocks in return. 

We do not wish to criticise Mr. Forwood’s 
speech in detail. Many of his points that told 
most contained fallacies that would have been 
self-evident to an instructed audience. There 
was, however, one piece of solid information in 
his speech which we hasten to quote. He referred 
to the new Cunard vessel Sylvania, which has 
boilers of the ordinary cylindrical type that have 





passed the Board of Trade, these boilers being 


fitted wlth the Howden system of forced draught, 
The weight of such boilers with water, suitable for 
supplying steam for the development of 25,000 
horse-power, would, according to Mr. Forwood, be 
1235 tons; whilst the weight of the Powerful’s 
boilers with water will be 1270 tons. Horse-power 
developed is an unsatisfactory standard by which 
to judge boiler efficiency, but if boilers of the type 
fitted to the Sylvania can be made to give forth an 
equivalent to 25,000 horse-power with comfort and 
over a considerable period of time on the weight of 
boilers stated, and if the weights for the Powerful 
and Terrible are correctly stated, then a very 
strong point will have been made out against the 
Belleville boiler.* 

Mr. Forwood, of course, in the end, withdrew 
his amendment that the vote should be reduced by 
100,000/. ; and the chief outcome of the debate is 
that the Sharpshooter is to be tried continuously 
for six months, in accordance with a suggestion 
made by Mr. Penn. The value of the test will 
depend on the manner in which it is carried out, 
The member for Lewisham, in making his proposal, 
had well said that the question was largely one of 
endurance, and he thought it would allay anxiety 
if the Admiralty would cause the Sharpshooter to 
be run as hard as she could for six months. 

Mr. Robertson characterised this as the most 
practical suggestion which had been made in the 
debate, and, as the boat would soon be ready for 
sea again, he thought he would be justified in 
promising that no objection would be raised to her 
being kept for testing in the way suggested, and 
that she should be continuously used in order to 
ascertain thoroughly the working of these boilers. 
Mr. Allan here asked if the running would be at 
full speed. Mr. Robertson very naturally declined 
to settle details off-hand and without reference to 
his engineering advisers; but he said that what- 
ever reasonable test could be devised ought to be 
allowed. 

Mr. Robertson was right in making this condi- 
tional promise, because it was in response to a 
challenge made by an engineering member of the 
House, bearing a name of great distinction. The 
Admiralty have had the results of many years’ 
experience with Belleville boilers put at their 
disposal, and they have a direct report from a 
naval officer, the result of personal observa- 
tions. We are bound to assume, in absence 
of evidence to the contrary, that the knowledge 
thus obtained has been sufficient to assure them of 
the superiority of the Belleville boiler, for naval 
purposes, over that of the ordinary return-tube 
type. It should be remembered, however, that 
there is a difference of some importance in the 
design of the boilers of the Powerful and Terrible 
and those of the Sharpshooter. The tubes in the 
former case are 3.94 in. in diameter, whilst the 
big cruiser’s boilers will have 44-in. tubes. The 
ships of the Messageries Maritimes have, we 
believe, mostly 5-in. tubes, but we understand 
some of the new French cruisers are to have 3}-in. 
tubes. In water-tube boilers the diameter of the 
tube is an element of considerable importance. 
If the Belleville boiler turns out the complete 
failure predicted, it is to be hoped that the 
House of Commons, representing the feeling of the 
country, will insist on the whole history of the 
matter being made public, so that the country may 
know where our procedure is at fault. For our 
own part we feel equally assured that the water- 
tube boiler has a large future before it for marine 
work, as we do that the shell-boiler has not ‘‘reached 
the end of its tether,” as some one has suggested. 
Both pipe boilersand shell boilers have characteristic 
virtues which fit them especially for certain condi- 
tions of service. It is now a good many years 
since we predicted, after witnessing the trial of 
the Ariete, that boilers of the type in that vessel 
would fill a large place in the marine engineering 
practice of the future. Since we ventured on this 
prediction the Thornycroft boiler has been tried 
most extensively, and with unvarying success ; in- 
deed, the experience of the Admiralty with the 
Thornycroft boiler is far more extensive than that 
withthe Belleville boiler. After the excellentresults 
obtained with the Speedy—to say nothing of the tor- 
pedo-boats and destroyers—the Admuralty authori- 
ties, who have shown such extraordinary courage 
with the Belleville boiler, might most certainly—in 
common fairness—have extended the use of the 
Thornycroft type to larger vessels. The promise 








~ * Some particulars of the boilers of the Sylvania ap- 
peared on page 511 of our issue of April 19. 
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of increased efficiency held out by the latter type 
of steam generator is far in excess of that to be 
expected from the larger tube design, and there is 
every reason to believe these promises would be 
fulfilled. Remembering, however, the difficulties 
of the situation—recognising also that the Admiralty 
engineers have at their disposal facilities for gain- 
ing information far beyond those of the ordinary 
engineer—we are not among those who are hasten- 
ing to blame the Admiralty for this step in ad- 
vance. We recognise that for the maximum efli- 
ciency in steam generation to be obtained on the 
minimum of weight, a new departure was re juired ; 
but we should have been rather disposed to side 
with those engineers who think that a combination 
in one ship of an installation of return-tube boilers 
and quick-steaming pipe boilers of the type used in 
some of thetorpedo-boat destroyers would have been 
an arrangement preferable to all Belleville boilers. 

In the case we propose the solid virtues of the 
shell boiler would have been retained for ordinary 
service, whila the quick-steaming boilers of the 
lighter type would have been available for extra- 
ordinary occasions. We think that with such an 
arrangement a lighter, more compact, and generally 
moreconvenient boiler installation could have been 
secured than is given by boilers of the Belleville type. 

The experience now gained with the quick- 
steaming pipe boilers of the destroyers is consider- 
able. It is objected that the working of a little 
destroyer does not throw light on the requirements 
of ashipof 14,000 tons. The argumentisoften pushed 
very much further than is legitimate. Probably 
even in a House of Commons debate it is not gene- 
rally supposed that the size of the boiler is in direct 
ratio to the size of the ship. So far from this being 
the case, some of the most powerful boilers ever 
constructed have been placed in torpedo-boats. 
Putting aside the question of grouping, if a boiler 
does wellin a torpedo-boat destroyer—craft in which 
boilers are tested more severely than on any other 
condition—it is still more likely to do well in a 
large vessel. This, of course, does not touch on 
the different nature of services required from big 
and little ships respectively. That is chiefly a 
matter of endurance, and when the pipe boilers are 
associated with their more sober sisters of the 
return-tube type, endurance assumes a less import- 
ant place, even supposing the modern pipe boiler is 
inferior to the shell boiler in this respect. That 
such is the fact, however, has yet to be proved. 

On the whole, the debate Mr. Forwood raised 
will not be without value, if only that it arouses 
public interest in naval matters. 





THE LIGHT RAILWAYS BILL. 

Last week the President of the Board of Trade 
introduced his promised Bill on Light Railways to 
the House of Commons, and it was read the first: 
time. The discussion was not of an extended 
nature, and, as might be expected, the members 
of the House had not much to add to the informa- 
tion already to be gleaned from the congress of 
persons specially interested in this matter, which 
was convened by Mr. Bryce last December, an 
account of which will be found in our issue of the 
14th of that month.* 

The Bill itself has been printed since the first 
reading, and proves to be very much in accordance 
with what might have been expected from the 
report of the committee appointed by the congress 
referred to, in which, it will be remembered, the 
introducer of the Bill took so prominent a part. 
It extends the powers of the county councils in the 
manner anticipated, giving these bodies authority, 
subject to the approval of the Board of Trade, to 
make an order authorising a light railway to be 
made within their jurisdiction, the order so made 
to have effect as if enacted by Parliament. ‘The 
departure is animportant one, and may have a far- 
reaching influence in future legislation. In our 
former articles we anticipated such a course being 
taken, and discussed its’ bearing for good or evil. 
Which of the two will predominate depends on how 
far the county councils prove worthy of the trust to 
be reposed in them if the Bill become law. The 
possibilities on both sides are great, but we need 
not repeat them at length. The chief danger is 
that local influence will be brought to bear to 
further the ends of individuals at the expense of 
the community at large; on the other hand, it 
rests with the people to bestir themselves, and see 





* See also ENGINEERING, pages 181 and 313 ante. 





that only those persons are elected who will rise 
superior to personal influence. In the latter respect 
this extension of power to the county councils is 
likely to be of advantage, for the principle of 
local government is sound if it be fairly carried out. 

The order of a county council, which, as stated, 
is to carry the same powers as an Act of Parliament, 
may contain provisionsinrespectof acompany formed 
for the purpose of constructing a light railway ; and 
may deal with the question of public safety, or 
with ‘‘any other matters which the council may 
consider auxiliary to the objects of the order or 
expedient for carrying those objects into effect.” 
It will be seen, therefore, that the powers conferred 
are wide ; and, it may be, the pious thanksgiving as 
to the existence of a House of Lords, may be para- 
phrased in regard to the Board of Trade. 

The procedure laid down in the Act is that when 
application is made to a county council for authority 
to make a light railway, the council shall satisfy 
themselves that the applicants have taken all reason- 
able steps for ascertaining the views of the local 
authorities concerned, and of the owners of land 
it is proposed to take, and also that public notice 
of the application has been given. If the council 
are satisfied on these points, they are to proceed 
to make inquiry on their own account, their pro- 
ceedings very properly being public. A draft 
order having been prepared, the same is to be 
submitted to the Board of Trade for consideration 
on questions of public safety, the compulsory 
taking of land, or any other points. If the 
Department is of opinion that the proposal is of 
too great magnitude to be carried out by this 
procedure, the matter may be referred to Parlia- 
ment in the usual way. 

The county council and the Board of Trade being 
agreed, and the order duly passed, the light railway 
thereby authorised becomes a railway in effect and 
subject to the enactments relating to railways, ex- 
cepting in regard to the special provisions contained 
in the clauses of the Act under consideration. This 
is a short cut to legislation, which should satisfy 
the most advanced advocates of decentralisation, and 
the working of the Act—if the Bill become an Act 
—will be watched with interest by not only those 
engaged in railway matters, but by political econo- 
mists at large ; unless, indeed, Captain Bethell’s 
prediction be realised, and little advantage is taken 
of the powers to be conferred. 

It is evident that in many cases probably the 
railways to be constructed will lie in more than one 
county, and provision is made in the Bill for joint 
committees to be formed by the counties interested, 
and there are also provisions which give the larger 
boroughs power to act. The Board of Agriculture 
has also power reserved to it to prevent light rail- 
ways passing over commons ; a provision which it is 
to be hoped will not become a dead letter. 

The mode of settling the amount of purchase 
money or compensation for taking of land is one of 
the most important features of the Bill. It is pro- 
posed that the Lands Clauses Acts shall be set 
aside, and in place of matters being determined, 
as under these Acts, by a jury, by arbitration, or by 
two justices, the amount of compensation for the 
compulsory taking of land shall be determined by 
a single arbitrator appointed by the Board of Trade ; 
that Department having power to fix the costs of 
arbitration and to limit the cases in which counsel 
are to be employed. The expenses of the Board of 
Trade itself are, however, to be defrayed by Parlia- 
ment, 

These are the chief points of interest contained 
in the Bill, and it will be evident that it is not 
likely to become law without considerable opposi- 
tion in Parliament. The discussion on leave being 
asked was, as we have intimated, not of an im- 
portant nature ; and we may well leave any account 
of it to be taken with our notice of the more active 
debate that will doubtless signalise the second 
reading. The Act will apply to Scotland, with 
certain modifications necessary to the different con- 
ditions of government of that country, but it does 
not extend to Ireland, which has had the benefit of 
light railways legislation of a nature far more 
liberal than is likely to be extended to any part of 
Great Britain ; if Mr. Bryce is to be accepted as a 
true prophet. 








THE ROYAL SOCIETY SOIREE. 
THE firat of the annual soirées of the Royal Society 
—that from which ladies are excluded—took place 





at Burlington House on Wednesday evening last. 


As is usual, there was a large collection of objects 
deemed likely to interest those who have the honour 
to append ‘“‘F.R.S.” to their names. The four 
rooms on the first floor were more or less sur- 
rounded and filled with tables containing objects of 
scientific interest of recent date, while on the ground 
floor there were lantern shows of a more popular 
description. At the same level were refreshments, 
for even philosophers like to eat and drink on such 
occasions. A largeand distinguished gathering was 
received by Lord Kelvin, the proceedings -com- 
mencing at 9 P.M. and lasting until after midnight. 

In the first room Professor Roberts - Austen 
showed the melting of chromium, and other refrac- 
tory metals requiring a temperature of 3000 deg. 
Cent., in an electric furnace, operated from the 
electric mains in the building. The carbon poles 
in the furnace were horizontal, and the flame was 
deflected downwards on to the metal by means of 
an electro-magnet. As but few persons could get 
near enough to see into the furnace, and as the 
sight was a trying one for those that chose to 
attempt it, a picture of the operations was thrown 
on toa screen by means of a lens andamirror. The 
bubbling bath of metal and the brilliantly-coloured 
flames made avery striking display, which attracted 
large crowds of spectators. The current employed 
was about 60 or 70 amperes at 100 volts pressure ; 
the furnace consisted of a fireclay case, lined with 
magnesia, and contained a magnesia crucible. In 
the same room Dr. Hopkinson and Professor Wilson 
exhibited the effects of currents in iron on its mag- 
netisation, repeating the experiments they showed 
before the Institution of Electrical Engineers on 
March 21, as described on page 283 ante. 

In the second room, Messrs. Johnson, Matthey, 
and Co. had a show-case, containing 10,0001. worth 
of rare metals, including a platinum nugget, weigh- 
ing 158 oz.; a palladium ingot, of 1000 oz. ; a 
rhodium ingot, of 72 oz. ; in addition to specimens 
of osmium and ruthenium. Two exhibits, some- 
what similar to each other, were found in this 
room almost close together. They were by Pro- 
fessor W. M. Hicks and Professor J. A. Fleming. 
The object of each was to enable curves to be 
drawn representing waves of current and electro- 
motive force in mains conducting alternate currents. 
In the former case a small motor was driven by 
current supplied to the building from the Deptford 
station of the London Electric Supply Company. 
This motor ran ‘n step with the distant generator. 
It drove a disc having on its rim a system of con- 
ductors, sliding under a system of spring brushes 
attached to another coaxial disc at rest. These 
springs were arranged in four sets, and to each set 
was connected a condenser. As the disc revolved 
the springs came into contact for a minute fraction 
of a second with conductors carrying the current, 
and charged the condenser. This was then dis- 
charged through a mirror galvanometer, whose 
deflestion was proportional to the quantity to be 
measured. The readings of the galvanometer gave 
the instantaneous value of the current, or of the 
electromotive force, at the moment when the 
springs made contact. By gradually shifting the 
springs the whole curve of the current could be 
explored and plotted. 

Professor Fleming’s apparatus also included an 
alternate current motor which was spun up by hand 
until it came into step with the distant generator, 
when it ran continuously. Upon its axis it carried 
a vulcanite disc with a piece of metal on its edge 
connected to the mains. Two small springs 
pressed on the edge of the disc, and made contact 
on each revolution with the piece of metal. One 
spring was slightly in advance of the othcr, and 
it was only when both were in contact with 
the metal that the circuit was complete. By 
a little adjustment, therefore, it was possible 
to reduce the period of contact to the smallest 
fraction of a second, and to divide the wave into 
exceedingly minute portions. A graduated dial 
enabled the springs to be advanced by known 
numbers of degrees, and the curve to be easily 
plotted from the instantaneous readings. The 
current was delivered to a condenser connected 
to a Kelvin multicellular voltmeter. The index 
was kept on the most open part of the scale 
by means of voltaic cells that created an arti- 
ficial zero, and these cells were increased or 
diminished according to the part of the wave that 
was being explored at the time. Many diagrams 
were shown made at the Bankside station of the 
City of London Electric Supply Company, some from 





Mordey machines, some from Thomson-Houston 
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machines, and some from several machines working 
in parallel. The diagrams of the Mordey machine 
were practically the same at full load and no load, 
while the Thomson-Houston Machine altered the 
form of its waves very considerably as the load in- 
creased, showing very great armature reaction. 
This apparatus is likely to prove very valuable in 
the study of alternate currents. When it is used 
for currents of 2000 volts it is employed in con- 
nection with platinoid resistance cages, the ter- 
minals being connected to two points having a 
potential difference of 100 volts. 

In the Council Room the Applied Mathematics 
Department of University College, London, showed 
‘* veneralised frequency curves,” relating to socio- 
logy, economics, zoometry, &c. The most striking of 
these were a series of curves built up into solids, 
resembling somewhat models of mountains. In 
one case the proportionate ages of husband and wife 
at marriage in Italy were shown by such a model. 
It was thus possible to tell at a glance the propor- 
tion of women and of men that married at each age, 
and how they assorted themselves. The model 
showed by inspection, for example, that of the men 
marrying at 30 years, such a proportion chose wives 
of 20, such a proportion wives of 60, as well as all 
the intermediate ages ; and so on for all other ages 
of men. 

Professor Ramsey showed the spectra of argon, 
and of helion mixed with argon. Every one was 
anxious to see these novelties. 

In our issue of April 5 we noticed the Wimshurst 
heel indicator shown to the members of the Insti- 
tution of Naval Architects ; we are now able to 
illustrate and to describe this instrument, which was 
exhibited on Wednesday evening. The chief uses for 
which it was designed are for indicating the angle 
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of heel in ships during the known tests for obtain- 
ing metacentric heights, or cross curves of stability, 
for obtaining the angle through which vessels roll 
while at sea, and also for obtaining gradients of 
all kinds necessary in civil engineering. The 
instrument is the invention of Mr. James Wims- 
hurst and hisson, Mr. Henry C. Wimshurst. 

In one form of the instrument two cylinders, 
each about 1 in. in diameter and 14 in. in height, 
are partly filled with mercury. These cylinders 
are connected together at the bottom by a tube, so 
that the mercury can flow freely from one cylinder 
to the other ; a length of glass tube, of much smaller 
diameter than the cylinder, is brought from the 
top of one cylinder towards the centre of the 
upright case ; it then is bent upwards to form the 
vertical column from which the reading is to be 
taken, and then returns down in one of the angles 
of the case, and ends by joining the top of the 
second cylinder. The cylinders are about one-half 
filled with mercury, and above the mercury in the 
one cylinder, a light fluid, such as water or spirit, 
is placed, extending up to mid-height of the 
vertical column. ‘The cylinders and the tubes 
are so adjusted, relatively to each other, that 
almost any desired motion may be obtained. In 
the instrument illustrated, 1 deg. alteration of level 





produces 2 in. alteration of the fluid in the vertical 
column. The scale is 17 in. in length, and this 
indicates 4 deg. port or 4 deg. starboard roll. Suit- 
able devices exist for checking the motion, and the 
adjustment is such that not more than } in. altera- 
tion need occur during the period between roll and 
roll. The instrument, therefore, may very well be 
used on board ship to obtain the angle of inclination 
when the water is not still, for the mean of this } in., 
which represents only one-eighth of a degree, may 
very well be accepted as the anglesought. In this 
way a reading may be taken while the ship is at 
sea upon her passage, after which a known weight 
may be shifted and a second reading be taken. 
Subject to correction, due to the righting influence 
due to the form of vessel and the speed, the differ- 
ence between the two readings may be acccepted as 
produced by movement of the weight, and the meta- 
centric height be determined, for in the instrument 
is a vertical roller, which carries upon it a scale of 
metacentric heights, calculated to suit the varying 
displacements and known weights shifted. The cor- 
rections due to form and to speed may readily be 
ascertained for each ship by taking a few readings 
when the ship is at rest, and afterwards at the 
several speeds. 

By placing the index or vertical tube, and also the 
return tube, horizontal instead of vertical, the in- 
strument may be varied in form to represent a hori- 
zontal clinometer, the one tube indicating the 
degrees roll to port, the other tube the roll to 
starboard ; in these the maximum roll may be self- 
registered by placing small iron bars or beads in the 
tubes, in all respects the same as the self-registering 
of the thermometer. The instrument has other 
uses also, for when once it is adjusted in a railway 
or other carriage, the gradients over which the 
carriage passes may be read and noted, on the one 
scale by degrees, and on the other by feet per 
hundred or per thousand. 

Mr. R. E. B. Crompton’s liking for the poten- 
tiometer method of electric measurement is well 
known, and also the delicacy to which he has brought 
it. As an evidence of this he showed a special 
potentiometer by which multiples and sub-multiples 
of electromotive force could be measured within 
1 part in 100,000. He also showed crucibles 
heated by the partial incandescence of a wire 
surrounding them. On the same table were 
his electrical air thermometers and pyrometers. 
These are asimplified form of the ordinary Siemens- 
Callender pyrometer, and are used in conjunction 
with a potentiometer. They are connected in series 
with a standard manganin resistance. A very small 
constant current from an accumulator cell is passed 
through the whole of them. They are accurately 
adjusted with the standard at the temperature of 
melting ice, and it is most convenient to balance 
the fall of electromotive force at this point at 1000 
on the potentiometer scale. The platinum pyro- 
meter is then exposed to the temperature of boiling 
water, and the platinum being pure, the potential 
difference, compared with that of the standard, 
will be as 1362 to 1000. If this portion of the 
potentiometer scale between 1000 and 1362 be 
divided into 100 parts, each of them will be equal 
to 1 deg. Cent. Any number of temperature 
readings may be taken by employing a corre- 
sponding number of platinum spirals, and com- 
paring them in turn with the standard. 

Professor Ayrton showed the student’s simple 
apparatus for determining the mechanical equi- 
valent of heat, which has been the subject of corre- 
spondence of late in the electrical papers. Briefly, 
it is an apparatus so constructed that electric 
energy can be used to heat water so rapidly that no 
allowance has to be made for losses by conduction, 
convection, and radiation. The student can, there- 
fore, see that so many watts heat so much water 
so many degrees, just as his text-books say they 
ought to do. On the next stand was Junker’s 
calorimeter for testing the calorific power of fuel 
gas. We illustrate and describe this apparatus in 
another column of this issue. 

Mr. W. N. Shaw showed apparatus designed to 
illustrate the formation of clouds. Warm moist air 
and cold dry air were drawn into a globe, with the 
result that the moisture was precipitated as cloud. 
In another globe air was suddenly cooled by expan- 
sion equivalent to an elevation of 10,000 ft.; water 
globules were formed, and fell slowly. There was 
an illuminated spot behind the globe, which was 
seen to be surrounded by coloured corone as the 
globules condensed on the dust nuclei in the globe, 
and fell. Two other globes were used to demon- 





strate the modification which cloud formation intro- 
duces into the dynamical cooling of air. In one of 
the pair there was moisture, and its condensation 
diminished the fall of temperature that took place 
on the sudden expansion of theair. The difference 
in temperature between the two globes was shown 
by the final pressure difference between them. 

Sir B. W. Richardson showed an electric appli- 
ance for use in hospitals that are supplied with 
current from the mains. Two new barometers 
were exhibited by Dr. John Shields and Dr. J. 
Norman Collie respectively. The former contained 
a device for automatically reducing the reading to 
zero temperature. An ungraduated thermometer 
was arranged horizontally across the main tube 
and connected to it. When the main tube was 
adjusted vertically, to bring the mercury in the 
cistern to zero of the scale, the thermometer 
was raised or lowered with it. Behind the thermo- 
meter was a fixed card, which was read by means of 
the end of mercury thread in the thermometer, and 
all that was necessary was to subtract the reading 
on the card from the height of the barometric 
column, thus rendering unnecessary all reference 
to Tables or curves. The second barometer was of 
a new mechanical construction, and could be laid 
on its side, or taken apart for cleaning, without im- 
pairing the vacuum. 

Professor Ewing showed the magnetic tester for 
measuring hysteresis in iron, which he described to 
the Institution of Electrical Engineers last week. 
We shall publish a full account of this instrument 
in an early issue. 

To obtain a greater efficiency in the reduction of 
the highly electro-positive metals, such as potas- 
sium, from aqueous solutions, Mr. L. Pyke showed 
the ‘‘ hydrogen wall.” He produces an amalgam 
of the metal under reduction by placing the mercury 
cathode in a porous vessel. The amalgam is in its 
richest condition at the top of the porous vessel, 
which is the part furthest removed from the liquid. 
The precise action of the device is said to be the 
prevention of the liberation of hydrogen at the 
electrolytic contact surface. In the ordinary 
arrangement hydrogen is liberated by local action 
at the contact surfaces of the mercury and the 
amalgam, to the full extent of the power of the cur- 
rent, and the direct action of the depositing current 
is negatived. 

The optical electric meters shown by Major 
Holden, R.A., are very small instruments, whose 
indicators are magnified by the image of the 
pointer and scale being thrown upon a screen. 

The Cambridge Scientific Instrument Company 
showed a new form of rocking microtome arranged to 
cut sections flat, instead of radial ; also a spectro- 
meter of improved mechanical construction. 
Further, they had on view a modification of 
Donkin’s harmonograph, which drew on a moving 
strip of paper a curve compounded of two simple 
harmonic motions. 

The comprehension of electric phenomena is 
greatly facilitated when a correct mechanical analogy 
can be found. In his recent lectures at the Royal 
Institution, Professor George Forbes showed a 
mechanical model of the current sent through a 
submarine cable, and this model was on view 
on Wednesday evening. In a long. glass 
tube some 3 in. in diameter a thread sus- 
pended vertically in oil represented the cable. 
It was hung from a spring which _repre- 
sented the sending condenser, and at its upper 
end it had a vaned wheel, against which jets of 
air could be driven to twist the thread to right or 
left. The torsion represented electromotive force 
resulting from positive or negative impulses from a 
battery. At the bottom end of the thread was a 
mirror with a magnet behind it, controlled by an 
external magnet, the analogue of the receiving 
condenser. The fluid friction represented the 
electric resistance, and the twist the charge. On 
the same stand was an artificial electric cable equal 
to 2000 miles long, and the two were worked from 
the same keys. Each sent a spot of light on to a 
screen, and these two spots were seen to move 
similarly, if not identically, when messages were 
sent. This model is likely to become popuiar with 
teachers of electrical science, and is a beautiful 
example of how one form of action may be explained 
by aid of another. 

The light to be obtained from acetylene prepared 
from calcic carbide was shown by Professor V. B. 
Lewes. The burner used .8 ft. of gas per hour, 
and gave a brilliant illumination with little heat. 
A full account of this gas will be found on page 88 
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ante. Major Cardew showed insulators from the 
St. Pancras electric light mains with metallic 
sodium and potassium on them, deposited by the 
passage of alkaline salts from the soil to the nega- 
tive mains. Most of the metal becomes oxidised, 
but nodules of the metals had become embedded in 
the oxides and preserved from oxidation. 

Clarkson’s circlograph was shown by Mr. Charles 
Bradbury, of 249, High Holborn. The construc- 
tion of this instrument is based upon the fact that 
it is possible to cut a flat plate of steel, of uniform 
thickness and temper, into a certain form, which 
imparts to it the property of bending always into 
circular curves. If the plate is required to bend 
into curves of comparatively short radius, say, 
12in., it is made straight upon one of the long 
edges, the ends are squared, and the other edge is 
cut into the approximate form of a rectangular 
hyperbola, of which the long straight edge is a 
symmetrical chord. Such a plate, when bent by 
end compression, gives circular curves. For the 
purpose of obtaining curves of very large radii, it 
is more convenient to bend the plate by a force 
concentrated at its centre. This necessitates a 
modification in the form of the plate, which re- 
sembles an isosceles triangle, the vertex of which 
coincides with that of the hyperbola, and the base 
being common to both forms. The sides of the 
triangle are slightly hollowed, and in the case of 
both hyperbola and triangular forms a portion of 
the plate is intentionally left at the extremities to 
receive the pressure. The plates are mounted in 
rigid frames in which the bending force can be 
accurately adjusted by a fine screw, and the deflec- 
tion is measured by a multiplying index, which is 
graduated to read the radius direct. The instrument 
is made in three sizes. The first gives curves of from 
9 in. to 30 in. radius ; the second from 25 in. to 
105 in.; and the third from 100 in. to infinity. 
The circlograph can also be used to find the radius 
of any circular curve. 

Down-stairs at 10.30 p.m. Lord Armstrong con- 
tinued the account of his experiments on electric 
discharges which he commenced some two or three 
years ago in the same room. His results were 
thrown upon the screen, and cannot be described 
in words. They comprised a large number of 
beautiful forms, simulating ferns, flowers, feathers, 
and leaves, and showing very clearly the great 
difference between the positive and negative 
brush discharge, and the modifying effect of in- 
duction in the circuit. The luminous effects 
were delineated by instantaneous photography, and 
the mechanical effects by electric action on dust 
plates. The spark itself was taken in a dark box 
on a shunt line, as its strong light and mechanical 
action would otherwise have been incompatible with 
the photographic and mechanical methods used ; 
but nearly the same tensions were obtained outside 
the box as within. Mr. Crompton showed his 
electric heating and cooking apparatus in an ad- 
joining room. 

There were a considerable number of biological 
exhibits that do not fall within our province. We 
may mention, however, that the grave suspicions 
held by the sanitarians of the influence of the 
common housefly, as an agent of infection, have 
been scientifically demonstrated. Mr. W. T. 
Burgess has placed flies in momentary contact with 
a cultivation of Bacillus prodigiosus, and then 
allowed them to escape into a room. Some hours 
afterwards they were captured and made to walk 
over slices of sterile potatoes, which were then in- 
cubated for some days. The path of the flies be- 
came marked with the well-known red colour of 
the organism, showing that the contagion had 
been carried about by the insect for a consider- 
able time. If science would go a step further and 
find a means of extirpating the fly from our houses, 
it would earn the gratitude of millions who know 
nothing about microbes, but entertain a deep dis- 
like to have their milk and butter shared by winged 
creatures of uncleanly habits. 





FAILURE OF THE BOUZEY DAM. 

THE news that, on Saturday last, a masonry 
dam of recent design had given way with disastrous 
results on the headworks of the Eastern Canal was 
received with something like consternation by 
hydraulic engineers, particularly as the reputa- 
tion of the profession in France for works of this 
class stands at a high level. The failure of an 


earthen embankment is always intelligible, and most 
of the old dams in India have been swept away one 





after the other, owing to bye-washes insufficiently 
large to pass exceptional floods. A full investiga- 
tion into the circumstances of the Bouzey disaster, 
however, tends to allay the first feelings of alarm, 
as the structure in question is one for which 
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English engineers would hardly care to be respon- 
sible. The dam was intended for supplying water 
to the summit level of the Eastern Canal, and was 
situated near Epinal, in the valley of the Avritre, 
as shown in Fig. 1. Whenit gave way the im- 
pounded water, amounting to 7,100,000 tons, rushed 
down the valley, destroying every thing on its path 
as far as Chatel, some 10 miles to the north. From 
the contours, it would seem that the Avriére valley 
is very narrow, though at intervals it widens out 
somewhat, closing in again later on. The fall in 
the 10 miles between the bottom of the reservoir 
and the River Moselle at Chatel is about 430 ft. 
Hence there was a fall of over 40 ft. per mile, 
which is, of course, excessive for such a body 
of water as that set free by the failure of the 
dam. This latter was built of dressed stone laid 
in lime mortar, the material being a sandstone 
conglomerate having a crushing strength of from 
295 to 550 tons per square foot in different speci- 
mens. The tensile strength was, however, com- 








paratively low, amounting to only 11 tons per 


9; 


square foot. The specific gravity of the materials 
used is stated to be about 2.0. The profile of the 
structure, as originally built, is shown by the 
dotted line outline in Fig. 2. In plan the struc- 
ture is quite straight, and is 1705 ft. long. It 
was founded on the same conglomerate rock as 
that used for building it. The upper layers of this 
rock were, however, greatly fissured, and to save 
expense it was determined not to carry the foun- 
dation down to impermeable material, but instead 
of this a ‘‘ guard wall” was sunk below the dam, as 
shownin the figure, the bottom of this wall being 3 ft. 
below thetop of the soundrock. On attempting to fill 
the dam, however, serious disturbances took place, 
the structure bending horizontally for a length of 
440 ft., the deflection at the centre being 1.22 ft., 
and the dam also sheared off from the guard wall, 
in short, it slid down the valley several inches. It 
was thereupon determined to empty the reservoir 
and strengthen the structure. The alterations 
made are well shown in the figure. The lower 
portion of the dam was increased in width from 
37.5 ft. to 57.3 ft., and abutted on a heavy bres- 
summer sunk down to solid rock. The thicken- 
ing, however, was not carried up to suflicient height 
to avoid the objectionable tension on the up-stream 
face. As the figure shows, the line of resistance lies 
considerably outside the middle third of the section. 
There would thus be a tension on the up-stream 
face tending to open the joints there, and to admit 
water to the middle of the masonry. The mortar 
used was apparently not very hydraulic, as to make 
the dam ase. A the whole of its up-stream 
face had been rendered with a layer of Portland 
cement 1} in. thick. This rendering must have 
been considerably cracked during the shifting of the 
dam ; but apart from this, the tension already 
referred to would also tend to crack it. In all 
probability, therefore, the structure was water- 
logged, and during the very severe frost of the past 
winter, this water, in freezing, would tend to dis- 
integrate the structure, rendering it liable to fail 
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on the first opportunity. An examination of the 
débris should show whether this view of the matter 
is well based. 

French engineers are not great believers in the 
theory that the line of pressure of a dam should lie 
within the middle third of its cross-section. It is 
perfectly true that existing masonry arches are 
standing perfectly well, although this line falls 
well without the middle third, and in the case 
of the Furens dam there is also some tension 
on the masonry, but only, if we remember aright, 
when the dam is empty, the tension being on 
the down-stream side. It certainly seems advis- 
able, however, to avoid tension on the up-stream 
face of a dam, as any tendency to the opening 
of joints there is to be avoided, the more particu- 
larly when the cement used is non-hydraulic. When 
good Portland cement is used, the matter is 
no doubt less important, but the precaution is at 
any rate areasonable one, and we have yet to learn of 
a failure of adam in which the line of resistance has 
been confined to the middle third of the section in 
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accordance with this view of the matter. The 
safety of a large reservoir dam should not be com- 
promised by the omission of any reasonable precau- 
tion, as repeated experience has shown how dis- 
astrous such accidents may be. There is also 
much to be said in favour of curving a dam in 
plan. It is true that no great advantage can be 
shown to exist from a theoretical point of 
view, and the stability of the famous Bear Valley 
dam has never been quite satisfactorily accounted 
for. Nevertheless, quite apart from the support 
derived from any arch action, the curved plan has 
an advantage in the fact that there is then no 
tendency for fissures to form on the down-stream 
side. When the structure is straight in plan 
matters are different, and though experience shows 
that with suitable material very little trouble may 
be expected from cracks of this nature, the tendency 
to form them is there, and may just as well be 
avoided. The difference in the quantity of 
material in the case of a straight dam and curved 
dam of the same section is insignificant in practice, 
as the arc and chord subtending an angle of 
30 deg , say, only differ by 4.6 per cent., and this 
increase might without danger be avoided by 
slightly reducing the area of cross-section in the 
case of the curved dam. 





THE NEW PATENT BILL. 
(Concluded from page 549.) 

Tat the proposed system would facilitate the 
protection of numerous developments, such as a 
mechanical invention frequently undergoes, will be 
evident from the illustrations we now proceed to 
give, based upon the various arrangements of a 
well-known class of steam boiler. 
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As astarting point, let it be assumed that Fig. A 
represents what was the state of public knowledge 
bearing upon the subject at the date of the applica- 
cation for a patent based upon a specification as 
follows : 

‘My invention has reference to an improved vertival 
steam boiler in which water tubes, closed at their lower 
ends, are fixed in the crown-plate of, and depend in, 
the firebox, which is surrounded by an annular water 
space, in the lower part of which sediment can collect, the 
arrangement being such as toafford considerable additional 
heating surface in a boiler of given external dimensions. 
The accompanying drawing [Fig. 1] represents such a 
boiler in vertical section, A being the shell, B the firebox, 
C the annular water space, D the crown-plate of the 
firebox, E E water-tubes fixed in the crown-plate, closed 
at their lower ends and open at their upper ends to the 
water space ; F the firegrate, G the firedoor, and H the 
chimney. 

** What I claim is : 

‘“‘The improved steam boiler substantially as described 
and shown,” 

Such a claim, it might be arjued, would not be 
infringed by the construction and use of the boiler 
as represented in Fig. B; nevertheless, such a 
boiler would be more efficient than the old arrange- 
ment, shownin Fig. A. Under such circumstances, 
as the law now stands, the inventor would probably 
lose the benefit of one important feature in his 
invention, viz., the annular water space, whereas, 
according to the proposal under notice, he would 
be entitled to file an amended specification, which 
might be in the same words as his first specification, 
but with the addition of a paragraph, thus: 

**Tn some cases the tubes E E may be dispensed with,” 


and of a second claim, thus : 


space surrounding the firebox, substantially as de- 
scribed.” 


The matter might even be carried further, by pro- 
viding also that tubes E might be used without 
water space OC, and adding a separate claim in 
respect of the tubes. Obviously such amendments 
would make the specification, as amended, claim an 
invention substantially different from that originally 
claimed ; but no one could be injured by this, 
unless he had, in the interval, used either the tubes 
or the water casing, and any person who had done 
so would (as already stated) be entitled to a free 
license. 

We will now assume that the inventor, having 
carried his invention a step further, desired to pro- 
tect his improvement. Then he might file an 
amended specification as follows : 


**My invention has reference to an improved vertical 
steam boiler in which water tubes, closed at their lower 
ends, are fixed in the crown-plate of, and depend in, the 
firebox, which is surrounded by an annular water space, 
in the lower part of which sediment can collect, the 
arrangement being such as to afford considerable addi- 
tional heating surface in a boiler of given external dimen- 
sions. The aczompanying drawing (Fig. 1) represents 
such a boiler in vertical section, A being the shell, B the 
firebox, C the annular water space, D the crown-plate 
of the firebox, E, E water tubes fixed in the crown-plate, 
closed at their lower ends and open at their upper ends to 
the water space. [To facilitate circulation I sometimes 
provide within the tubes E (see Fig. 2) other tubes E! 
open at both ends, terminating above the bottoms of the 
tubes E, and forming annular spaces E? up which the 
steam and more highly heated water will flow, water from 
above desending by the inner tubes E!.] F [is] the fire- 
grate, G the firedoor, and H the chimney. 

**What I claim is: 

‘1, The improved steam boiler substantially as de- 
scribed and shown. 

‘*2. A vertical steam boiler constructed with a water 
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*©9. A vertical steam boiler constructed with a water 





space surrounding the firebox substantially as described. 



































devised means to deflect the flame and heated 
gases, and prevent their too rapid escape up the 
chimney. This might be protected by an addition 
to the specification (just before the words, ‘ what 
I claim is”’) as follows : 


“K (Fig. 4) isa baffler secured to the lower end of a 
rod L, and which serves to deflect the flame and heated 
gases, and prevent their too rapid escape up the chimney 
ae and thus to insure more thorough utilisation of the 
eat,” 


Then there might be added a new fifth claim, 
thus : 


**5, In a steam boiler constructed with pendent water- 
tubes E providing a bafiler such as K adapted to deflect 
the flame and heated gases and prevent their too rapid 
escape up the chimney, as described.” 


Still later, having improved upon the bafiler, the 
patentee might protect his further improvement by 
filing a new specification, which, to prevent con- 
fusion, we will now give in extenso, with the latest 
additions in brackets. 


** My invention has reference to an improved vertical 
steam boiler, in which water-tubes closed at their lower 
ends are fixed in the crown-plate of, and depend in, the 
firebox, which is surrounded by an annular water space, in 
the lower part of which sediment can collect, the arrange- 
ment being such as to afford considerable additional heating 
surface in a boiler of given external dimensions. The 
accompanying drawing (Fig. 1) represents such a boiler 
in vertical section, A being the shell, B the firebox, C 
the annular water space, D the crown-plate of the firebox, 
E E water-tubes fixed in the crown-plate, closed at their 
lower ends and open at their upper ends to the water 
space. To facilitate circulation I sometimes provide 
within the tubes E (see Fig. 2) other tubes E! open at 
both ends, terminating above the bottoms of the tubes E, 
and forming annular spaces EK? up which the steam and 
more highly heated water will flow, water from above 
descending by the inner tubes E’. 

‘*Tn order that the ascending currents of fluid may not 
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“© 3. A steam boiler in which steam generating tubes 
closed at their lower ends are fixed in the crown-plate 
of and depend in the firebox substantially as described. 

[‘*4. Inasteam boiler the combination with steam gene- 
rating tubes closed at their lower ends and depending 
in the firebox, of other tubes open at both ends and 
so arranged within the first mentioned tubes as to guide 
and separate the descending from the ascending currents 
as described.”’] 

A still further development (Fig. 3) having taken 
place, the patentee could cover it as follows : 

In the body of his amended specification, before 
‘*F is the firegrate,” he might say : 

‘* In order that the ascending currents of fluid may not 
interfere with the descending currents, and thus prevent 
the entry of enough water into the inner tubes to insure a 
sufficient and steady circulation, I find it advantageous to 
— at the upper ends of the inner tubes E' guides or 

eflectors E* (see Fig. 3) which may resemble trumpet- 
mouths or be otherwise suitably formed.” 

And aclaim in respect of this further develop- 
ment might read thus : 

“5. In a steam boiler the combination with pendent 
tubes, closed at their lower ends, of inner tubes and 
trumpet mouth, or equivalently formed guides or ce- 
flectors for the purpose of preventing the interference of 
the ascending with the descending currents of fluid, and 
of insuring a sufficient and steady circulation substantially 
as described.” 

Let us now suppose it turned out that inner 
tubes, such as E!, had been used after the date of 
the patent, but before the amended specification 
describing and claiming them had been lodged. 
This difficulty might be got over by filing a specifi- 
cation amended by striking out claim 4 and re- 
numbering claim 5. 


interfere with the descending currents, and thus prevent 
the entry of enough water into the inner tubes to insure 
a sufficient and steady circulation, I find it advantageous 
to provide at the upper ends of the inner tubes E' guides 
or deflectors E* (see Fig. 3) which may resemble trumpet 
mouths, or be otherwise suitably formed. 

‘*K (Fig. 4) is a baffler secured to the lower end of a 
rod L, and which serves to deflect the flame and heated 
gases, and prevent their too — escape up the chimney 
H, and thus to insure more thorough utilisation of the 
heat. [Where it is desired to assist the draught, I make 
the baftlier in the form of a box or chest K! (Fig. 5), into 
which steam, after doing duty in an engine, is conveyed 
by an exhaust pipe M. K?*is an opening in the baftler, 
opposite to the bottom of the chimney, through which 
the steam rushes upward and increases the draught of air 
through the firegrate, besides serving to prevent excessive 
heating of the baffler.] 

‘*¥ is the firegrate, G the firedoor, and H the chimney. 

** What I claim is: 

**1. The improved steam boiler, substantially as de- 
scribed and shown. 

“2. A vertical steam boiler constructed with a water 
space surrounding the firebox, substantially as described. 

**3. A steam boiler in which steam generating tubes, 
closed at their lower ends, are fixed in the crown-plate of, 
and — in, the firebox, substantially as described. 

**4. In a steam boiler the combination with pendent 
tubes closed at their lower ends of inner tubes and 
trumpet-mouthed or equivalently formed guides or de- 
flectors for the purpose of preventing the interference of 
the ascending with the descending currents of fluid, and of 
insuring a sufficient and steady circulation substantially 
as described. 

**5, In a steam boiler constructed with pendent water- 
tubes E providing a baffler such as K adapted to deflect 
the flame and heated gases and prevent their too rapid 
eecape up the chimney as described. 

(‘*6. In a steam boiler constructed with pendent water- 
tubes E, the use of a hollow baffler or chamber, into which 





Subsequently, we will suppose, the. patentee 


steam is admitted, and from which it issues up the 
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chimney, for the purpose of increasing the draught and 
preventing the bafler becoming overheated, substantially 
as described.” 

When it is remembered that an inventor fre- 
quently desires to embody in his complete speci- 
fication modifications such as would not of them- 
selves support an independent patent, it will be 
apparent that the plan we advocate would present 
important advantages not only over the present 
system, but also as compared with certificates of 
addition or patents of improvement. 

An eminent practitioner—Mr. John Imray—has 
suggested that the several claims should be dated so 
as to show at a glance the date of priority in respect 
of the particular subject matter. We consider this 
an excellent idea. 





NOTES. 
Boron Steet. 

In a communication to the Paris Académie des 
Sciences, MM. H. Moissan and G. Charpy give 
some particulars as to the physical properties of a 
steel in which the carbon is largely replaced by 
boron. To prepare the samples, pure amorphous 
boron was heated with iron, and boracic cast iron 
was thus prepared, containing 10 per cent. of 
boron. This was then added to a very soft steel 
in the molten state. An ingot of boron steel was 
thus obtained, weighing about 5 lb., which proved 
to kave the following composition : 

Per _ 


Borop... 

Carbon v4 

Manganece ... ar sis 30 

Silicon, phosphorus, sulphur Traces 
The metal was rolled into a round bar. Ata dark 


red heat it could be easily worked, but crumbled 
under the hammer if made too hot. Speaking 
generally, it worked much like ordinary soft steel. 
A cooling curve was taken from a specimen of the 
metal, and showed similar points of recalescence to 
carbon steel, but at different temperatures. The 
most marked of these points was at about 1140 
deg. Cent., but there were others less easily ob- 
servable at 1040 deg., 830 deg., 730 deg., and 660 
deg. To determine the mechanical characteristics 
of the material, test bars were prepared and tem- 
pered in water at different temperatures, and 
broken in the testing machine without annealing. 
Similar bars of carbon steel were at the same time 
prepared and tested in exactly the same way. The 
following results were obtained : 
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From the above it will be seen that the boron steel 
has much the same characteristics under test as the 
harder of the two carbon steels. Unlike the latter, 
however, it remains soft to the file, and even the 
strongest of the above specimens could be filed quite 
easily. The .37 per cent. carbon steel was, on the 
other hand, so hard that a file would not touch it in 
the tempered state. 


Tue InstitTuTION OF NAVAL ARCHITECTS. 

The summer meeting of the Institution of Naval 
Architects, which is to be held in Paris, commenc- 
ing on Tuesday, June 11, under the presidency of 
Lord Brassey, promises to be an unusually brilliant 
gathering. There appears to be a plentiful supply 
of papers, two of the most eminent French naval 
architects, MM. Emil Bertin and V. Daymard, 
having promised contributions; whilst among 
the names of home members are Sir Wil- 
liam White, Mr. B. Martell, Dr. Elgar, Mr. 
Archibald Denny, and Mr. Mark Robinson. It 
is to be hoped that Sir William White will have 
quite recovered his health by the time of the 
meeting, and will be able to read his paper, or at 
any rate have it read. Dr. Elgar’s memoir will be 
on a somewhat controversial subject, ‘‘ The Cost of 
Warships.” It is evident that the question opens 








up matter for a rather lively discussion. Mr. 
Robinson’s paper is on ‘‘ The Niclausse Boiler.” It 
is evident that, in order to discuss this paper 
adequately, it will be necessary to extend the scope 
of the debate to the whole question of water-tube 
boilers. There could be no place more appro- 
priate than the French capital for this purpose. 
Experience teaches, however, it is not the reading 
of papers that absorbs the entire interest of 
members when scientific societies meet in the 
summer, and this is more especially the case when 
the meeting-place is in a foreign city, and, above 
all, when that foreign city is the beautiful French 
metropolis. Mr. Holmes has just returned from 
Paris, where he has been in consultation with the 
reception committee who are making arrangements 
for the meeting. French hospitality is proverbial, 
and appears to be boundless. British engineering 
societies have, in the past, received many proofs of 
this. The meetings of the Institution of Mechanical 
Engineers and of the Iron and Steel Institute 
in Paris during one year are well-remembered 
instances. The tie between the naval architects 
of the two countries is especially strong. In the 
past France was our instructress in this science ; 
indeed, the designing of ships was a science 
with our neighbours when with us it was no more 
than an empirical art. We have improved on those 
primitive times—thanks chiefly to the Institution 
of Naval Architects—and since then the ship- 
designers of both countries have learnt much from 
each other. One of the most pleasing features in 
the records of the Institution for many years past 
has been the attendance of French naval architects 
who have honoured the meetings by their 
presence. The French Government is, we 
are told, taking a warm interest in the 
forthcoming meeting. Under the honorary presi- 
dency of the Minister of Marine, Vice-Admiral 
Besnard, and under the acting presidency of Vice- 
Admiral Charles Duperré, a reception committee 
has been formed, representing the Minister of 
Marine, the French Navy, the Municipality of 
Paris, the Chamber of Commerce of Paris, the 
great French industries and steamship owners, the 
University of Paris, the Conservatoire des Arts et 
des Métiers, the French Institution of Civil 
Engineers, the Society for the Encouragement of 
National Industry, the French Institution of Naval 
Architects, the Union of Yachts, and, finally, 
though by no means the least important, the 
French members of the Institution itself. What 
will be the nature of the more business-like ex- 
cursions is not yet settled, but the entertainment 
part of the programme is on a most generous 
scale. Among the chief events will be a recep- 
tion and ball given by the Minister of Marine, 
M. and Madame Bertin will invite members to a 
musical at-home, and the Union of Yachts has 
offered to organise a special regatta on one of the 
reaches of the River Seine below St. Germain. 
The railway companies are granting reduced fares, 
whilst special arrangements are being made in 
regard to hotel accommodation. 





THE GIGANTIC WHEEL. 

OnE of the most striking features of the World’s 
Fair at Chicago was the great wheel, which now 
finds a successor, on a somewhat enlarged scale and 
with an important addition, at Earl’s Court, under the 
name of ‘‘ The Gigantic Wheel and Recreation Towers.” 
It is the latter portion of the title that indicates the 
new departure, which will consist of two covered pro- 
menades or recreation saloons, one on either side of 
the wheel at the level of the axle, and which to the 

leasure-seeking public will doubtless prove a boon. 

he wheel itself is so far completed that on Saturday, 
April 27, the ceremony of screwing the last two bolts, 
one in each periphery or rim, was performed by Mrs. 
Basset, the wife of Mr. Walter B. Basset, the con- 
structor of the wheel. To reach the elevated platform 
on which the ceremony took place, Mrs. Basset, as 
well as several other ladies, ascended successively in a 
chair slung from the upper part of the wheel, and 
hauled by a steam winch to a height of 285 ft. To be 
suspended in mid-air for this distance demanded no 
small amount of courage on the part of the ladies who 
made the ascent and descent. The summit of the 
wheel is 300 ft. from the ground, and the axle is 
carried in bearings on two piers, each composed of four 
raking columns 4 ft. square. The wheel is of steel, and 
consists of 40 sections or bays, and the axle is a steel 
tube 35 ft. long and 7 ft. in diameter outside. It is 
constructed of l-in. plates, and was made in three 
sections at Messrs. Maudslay, Sons, and Field’s boiler 
works, East Greenwich. 

There will be 40 cars, which have been built by 





Messrs. Brown, Marshall, and Co., of Birmingham, 
and are ready for delivery, in fact, one of the cars is 
already in the grounds at Earl’s Court. The cars are 
somewhat larger than an ordinary tramcar, the external 
dimensions being 24 ft. long by 9 ft. wide and 10 ft. 
high. Ten of the vehicles have been handsomely fitted 
and furnished as first-class cars, five for smokers and 
five for non-smokers, The remaining 30 cars have 
been finished in a less luxurious style, and will carry 
second-class passengers. Each car will accommodate 
30 passengers, so that the full freight will consist of 
1200 persons. The passengers will obtain access to the 
cars from platforms at eight different levels near 
the ground on one side of the wheel, whilst egress will 
be afforded by means of eight more platforms at corre- 
sponding levels on the other side. Thus with five 
stoppages the whole of the 40 cars can be emptied 
and loaded, when a complete revolution of the wheel 
without a stoppage will be made, affording the public 
ample opportunity of enjoying the extensive view of 
country which will be gradually brought into sight, 
among the more distant objects visible from the 
summit in a clear atmosphere being Windsor Castle. 
The cars will be lighted by electricity at night, and the 
wheel itself will also be illuminated by a double line 
of glow lamps placed around the periphery on each 
side. The electric lighting plant has been supplied by 
Messrs. J. G. Statter and Co. 

The wheel will be revolved by two endless short-link 
chains, each being over 1000 ft. long and weighing 
about 8 tons. The chains will run in brackets around 
each outer edge of the wheel rims, and will pass under 
jockey pulleys and through an underground tunnel to 
the driving pulleys. They will be driven by two 
Robey undertype engines of 50 horse-power each, 
which are located inan engine-house at the foot of the 
wheel. Although two chains will be employed, either 
of them is capable of doing the work alone. The whole 
of the driving gear is finished and ready for use in 
every respect. 

The promenade saloons, which are complete and ready 
for erection, will be placed one on either side of the 
wheel, and will be mounted on the tops of the support- 
ing columns. They will have balconies running around 
them, and will communicate with each other through 
the hollow axle of the wheel. Access to these saloons 
will be gained by a double funicular railway working 
up and down two of the raking columns which carry 
the wheel, and to which runners have been affixed. 
Each of the cars has a water-tank in its base, which 
will be filled for the descending journey, the descent. 
causing the ascent of the second car with its comple- 
ment of passengers. The tops of the columns are con- 
verted into water storage tanks for supplying the cars, 
which will discharge the water at ground level into an 
underground tank, from whence it will be pumped u 
again to the storage tanks. The promenade rooms he 
all their adjuncts will be lighted by electricity. 

The erection of the wheel involved several novel 
points of construction in order to meet difficulties 
which occasionally presented themselves for solution 
as the work progressed. In order to get the axle into 
position, a heavy timber gantry was erected on the 
top of the eight supporting columns, and upon which 
ran a trolley with heavy lifting tackle. With this the 
plummer blocks, each weighing 11 tons, were first 
lifted into position, and afterwards the three sections 
of the axle, which weighed about 20 tons each, were 
raised and mounted in the bearings. The gantry was 
then cleared away, and the erection of the wheal proper 
wascommenced by building one of the 40 sections directly 
under the axle. On the completion of the first section 
it was hauled towards the south, and a second section 
added, and the operation was’ repeated until 10 
sections, or a quarter of the wheel, had been com- 
pleted. Scaffolding was then erected on the northern 
side, and a further 10 sections were added by its aid, 
thus completing half the wheel. The third quadrant 
of 10 sections was also built from this scaffold, the 
wheel being hauled to the southward as each bay was 
finished. To complete the third quadrant, however, 
the scaffolding had tobe carried up level with the axle. 
The upper quadrant on the northern side now had to 
be built, and the filling in of this gap with some 150 
tons of steelwork at such an elevation demanded the 
exercise of no little ingenuity on the part of Mr. Basset. 
He eventually decided upon the employment of a hang- 
ing scaffold, which was suspended on four 3-in. steel 
wire hawsers stretched across the edges of the gap 
formed by the uncompleted portion of the wheel, and 
which to the casual observer presented the appearance 
of an unsupported scaffold. The arrangement proved 
thoroughly successful, and enabled the last and most 
difficult portion of the work to be completed without 
accident of any kind, although it was subjected to a 
severe test during the great gale of March 24, which 
occurred at a time when the strain on the wires hap- 
pened to be greatest. : 

The only work now remaining to be done is the ad- 
justment of the wheel, the removal of the staging, the 
hanging of the carriages, and the erection of the 
saloons. All the parts being ready, the work will not 
occupy any great time, and the wheel and its acces- 
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sories will be completed by May 25, and opened con- 
currently with the adjoining Empire of India Exhibi- 
tion. The steel used in the construction of the wheel 
was supplied by Messrs. Beardmore and Co., and was 
worked into girders and other structural forms by 
Arrol’s Bridge and Roof Company. We should add 
that the gigantic wheel is constructed under the patent 
rights of Lieutenant J. W. Graydon. Mr. Basset, in 
conjunction with Mr. J. J. Webster, M. Inst, C.E., 
designed the Earl’s Court wheel. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 24, 1895. 

THE week has been unusually quiet in iron and 
steel. This is, in part, due to the conviction that 
higher coke quotations cannot be maintained. The 
only encouraging feature of the week is the placing of 
liberal orders for cars and locomotives. Bridgework 
is ready, but specifications are held back. The plate 
mills east and west are running full time, and skelp, 
sheet, and rod mills will probably have steadier work 
for the next month than usual. The volume of April 
business has been below expectations. Coke pro- 
duction has declined. Pipes, tubes, and railway-track 
supplies are doing better. Pig iron has been advanced 
at Chicago, but heavy orders are still placed at 
Alabama furnaces at March quotations. The demand 
for structural material keeps most works busy. The 
Clearing House returns indicate a steady improvement, 
though a moderate one, in all channels, 





INDUCED v. FORCED DRAUGHT. 
To THE EpIToR OF ENGINEERING. 

Srr,—I am glad to see Mr. Martin’s entirely satisfactory 
answer to my previous letter, and beg to thank him for 
correcting me in the mistake I had unwittingly made in 
supposing he had had a hand in the Gossamer experi- 
ments. y only excuse is that I founded my opinion on 
the wording of his paper. 

Mr. Martin’s letter is, as I have said, entirely satis- 
factory. We now know where we are. The arguments 
in favour of induced draught are based on experiments 
made with boilers that were designed for 4500 horse- 
power (see Brassey’s Annual), but could not be worked to 
1000 horse- power, with so-called forced draught, without 
priming so badly that the trial had to be stopped. 

Mr. Martin might as well have made (or watched) ex- 
periments made with the family tea-kettle on the kitchen 


re, 
Mr. Martin’s refusal ‘‘ to enter into wi Eg in upon 
1 


the figures” increases my veneration for his sagacity. 
ours truly, 
Air Lock, 








THE BOUZEY DAM. 
To THE EpiToR OF ENGINEERING. 

Str,—As the recent failure of the Bouzey Reservoir 
masonry dam, and its disastrous consequences, have 
excited considerable interest, you may, perhaps, like to 
ehow your readers a section of the dam sent herewith. 
The section is taken from an illustration in a paper on the 
** Water Supply of Canals, principally in the East of 
France,” by M. R. Denys, Ingénieur-en-Chef des Ponts 
et Chaussées at Kpinal, not far from the site of the acci- 
dent. This paper contains a description of the work, 
and the additions made to strengthen it shown on the 
section ; it was read at the International Inland Navi- 
gation Congress of Paris in 1892, and is published in the 
Proceedings of the Congress. The length of the dam is 
stated to be 1706 ft.; and the other dimensions are given 
in the section, The water area of the reservoir, when 
full, was 316 acres ; and the capacity of the reservoir was 
9,279,000 cubic yards. The dam was founded upon some- 
what fissured sandstone. 

Yours faithfully, 
L. F. Vernon-Harcovurt. 

6, Queen Anne’s-gate, Westminster, S.W., 

April 30, 1895. 








Gas AT Parts.—The dividend for 1894 of the Parisian 
Company for Lighting and Heating by Gas is to be at 
the rate of 25 per cent. per annum upon the nominal 
share capital of the company. Before paying this divi- 
dend, the company also handed 330,000/. to the muni- 
cipality of Paris for its share of the profits for the year. 
The company is suffering from the competition of the 
electric light, but not to any material extent. It is 
endeavouring to improve its gas lighting, and also to 
extend the use of ng for cooking purposes. Efforts are, 
further, being made to bring gas more into use as a 
motive power. 





Om Fue..—Mr. E. N. Henwood has applied his system 
of burning oil fuel to a 100 horse-power Babcock and 
Wilcox boiler at an electric supply station. The main 
feature of this system is that the air is delivered to the 
burner under pressure in order to obviate the noise caused 
by the use of a powerful steam jet. Steam is employed 
only to atomise the oil, which is delivered through an an- 
nular orifiee having an annular steam jet both within and 
without it. The spray is delivered into a flue and then 
turns up under a brick arch, the combustion being com- 
pleted before the boiler tubes are reached. The whole 
of the brickwork becomes incandescent, and no smoke 
is given off. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS, 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


Feprvary, 1895, Marcu, 1895, Aprit, 1896. 












Norr.—Each vertical line represents a market day, and each horizontal line represents 1s. in the 
case of hematite, Scotch, and Cleveland iron, and 1l. in all other cases, The price of quicksilver is 
er bottle, the contents of which vary in weight from 70 lb. to 80 1b. The metal prices are per ton. 
eavy steel rails are to Middlesbrough quotations. 
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A NEW PISTON AND CONNECTING ROD 
ACCELERATION DIAGRAM. 

To THE EprToR OF ENGINEERING. ‘ 
Srr,—Some six months ago I devised for my friend 
Professor Maclay, of Glasgow, asimple and easily demon- 
strated graphical process for the determination of piston 
acceleration. A few engineers have since seen the con- 
struction, and as the best way of answering completely 
certain inquiries, and at the same time putting the thing 
before your readers, I send the following description : 

In Fig. 1, A, B, C are the centres respectively of the 
shaft, crankpin, and crosshead. Find (I) the instantaneous 
centre or common point of the connecting-rod and base- 
plate, and through A draw a line A D perpendicular to 
the line of centres AC. Let the line of the connecting- 
rod cut A Din P. Thenif v is the speed of the piston 
and a is the angular velocity of the crank, we have in the 
ordinary way 


v EO ac Ace: 
eAB ITE A228 
pea, AP. 


Hence if a is constant, : 
acceleration of piston =a x (speed of point P), 

To find the motion of P, proceed as in Fig. 2. A Dis 
there regarded as the centre line of a rigid guide on 
which slides the block e, carrying at its centre a loose 
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stud f bored to receive a prolongation of the connecting- 
rod. The elements baseplate, connecting-rod, andcrank are 
denoted by 6, 7, c respectively. The common points (6 7) and 
(fe) are obvious. The common point (6 ¢) is at infinity 
perpendicular to A D ; and the common point (fl) is at 
infinity perpendicular to the connecting-rod. Hence (/ e) 
must lie in a line through (b 1) perpendicular to A D, 
and also in a line through (fe) perpendicular to the 
connecting-rod : (le) is thus fixed by the intersection of 
these two lines. Then calling w the velocity of P rela- 
tively to b, we have 


_u_ _ (bi) (Le) 
a.AB (b1)B° 
Now join (/e) B and produce to cut A CinS, By similar 
triangles 
(@D(te) AS 
(b)B AB 
—t=GAS, 
Hence finally, 


acceleration of piston = au = «2 AS, 
At the dead points 
(b2) (le)_7 4 


ee Meme 2 


“(Q)B 4) 
where /, ¢ are respectively the lengths of connecting-rod 
and crank. Whence at dead points 


acceleration of piston = a® c (2 + ‘). 


By a modification we may, for convenience in drawing, 
dispense with the actual use of the points (b/) and (/e). 
This is shown in Fig. 3. Draw PQ | AD, QR) AD, 
and RS 1 BC. Then the piston acceleration is, as 


Again, B A is the acceleration radius of B, as S A is of 
C. Hence the line B S is what the late Professor Fleeming 
Jenkin, in explaining Professor R. H. Smith’s — 
method, called the ‘‘ image ” of the connecting-rod ; that 
is to say, the radii vectores from A to BS are the accelera- 
tion radii of the connecting-rod, ib being imagined that 
the line BS represents the connecting-rod drawn to a 
smaller scale. Thus let it be required to find the accelera- 
tion of any point G in the connecting-rod. Find the line 
BS in Fig. 4 by the process just described. Through G 
draw alineGg||\C Atocus BSing. Then a?g A isthe 
acceleration of the point G in magnitude and direction. 

The diagram (Fig. 2) also lends itself to the graphic 
solution of the rather useless, but often-quoted, problem of 
maximum piston velocity. Obviously, when piston velo- 
city is maximum, acceleration is zero; that is to say, (J e) 
must coincide with (b/) in Fig. 2. Fig. 5 shows this con- 
dition with an abnormal length of crank, so chosen for 
convenience in drawing. 

If we denote by x the perpendicular distance between 
the crankpin and the line A C, then the condition for 
maximum piston velocity is 


R Je gee 
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ale? — x 


It does not seem possible to graphically solve this equa- 








before, q? A S. 


tion directly by elementary geometry, but we may find 

















any number of solutions by assuming / and x and finding 
the corresponding crank length. — 

In Fig. 6, take two lines at right angles O 1 and O 2. 
Mark off OL =O! =1,andOaz!=Ox=~2, Joinx!, With 
centre 2, radius l, strike an arc34cuttingO2inC. Join 
xC. Through C draw C F || x1 and through F draw 
F Hiiz!l to cutO2in H. With centre x and radius 
x H strike an arc 5 6 cutting 20 producedin A. Then A 
is the crank and x C is the connecting-rod in the position 
where the piston velocity is maximum. Mr. Macfarlane 
Gray has given a somewhat similar graphic solution. He 
assumes, instead of x, the connecting-rod angle when the 
mechanism is in the configuration corresponding with 
maximum piston velocity ; and his diagram may be repro- 
duced by making A S=0in Fig 3. 

Yours faithfully, 
A. G, Exxiorr. 
University College, Cardiff, March 1, 1895. 





HYDRAULIC BALANCE LIFTS. 
To THE Epitor oF ENGINEERING. 

S1z,—Permit us to at once acknowledge Mr. Norman 
Selfe’s courteous admission of our prior invention of the 
tumbling beam method of compensation. . ; 

Your correspondent, however, while deprecating dis- 
cussion, proceeds to discuss the differences between our 
respective applications of the principle ; and, with respect 
to the points he raises, we would like to remark, first, 
the size of each machine was an accident due to the 
heights of the respective buildings; there is nothing in 
our method which prevents its application on any scale. | 

Secondly, our lift is in a co-operative store, used princi- 
pally by ladies, and we were instructed to keep the speed 
within 200 ft. per minute, But, as we achieve our com- 


pensation with less mass of metal, and move that mass 
through a smaller vertical distance, it follows that we 
could venture on higher speeds than Mr. Selfe’s method 
would allow. 

Thirdly, our levers are not ‘expensive wrought-iron’ 
structures, but simple casti arranged to contribute 
their weight toward the main balance-weight. 

Fourthly, the friction due to the side pull of the radius 
rods is very slight, and will be found appreciably less than 
that due to the vertical pressure on Mr. Selfe’s rollers. 
Our lift has been overhauled during the last fortnight, 
and after twelve years of constant running shows practi- 
cally no wear in the compensating mechanism. 

Fifthly, we did not still farther lengthen the levers, for 
the same reason which led us to abandon the system, 
viz., that too much space is occupied. This is, however, 
aside from the point, which was that we get more com- 
pensation out of a given weight of metal, within a given 
space, than Mr. Selfe’s arrangement will provide. 

Sixthly, Mr. Selfe seems to have in some way mis- 
understood our design, for he assumes that we require a 
greater height than is demanded by the balance cylinder ; 
this is not the case. ; 

The height of our lift is 72 ft., and the load carried 
12 cwt. 

The practical effects of the small differences between 
the two systems would, in our opinion, be very slight 
indeed; but such as they are would, we still think, give 
the advantage to the earlier design. 

Yours faithfully, 
April 27, 1895, ARCHIBALD SMITH AND STEVENS. 





CAPITAL AND LABOUR. 
To THE Eprror oF ENGINEERING. 

Sir,—‘'F. G. W.,” in his last letter in your columns, 
writes that I ‘‘endeavour to overthrow his proposals,” 
&c., and adds that (his grammar is a little mixed) 
‘they ” (centralisation schemes, I presume) ‘‘ have been 
invariably successes.” This statement of his, if applied 
to manufacturing or producing, where such has been, or 
is, subject to competition, is absolutely untrue. 

““F. G. W.” again brings forward the ‘‘ Post Office.” If 
he will read my previous letter carefully and give the 
subject some reflection, he will see that the Post Office is 
not subject to any competition, and therefore cannot be 
compared to an industry .which is in competition with 
similar industries in this and other kingdoms. I have 
not given, nor am I now giving, my opinions, but simply 
stating facts that are well known, 

The Post Office charges are a tax—a tax on the com- 
merce and on the cost of living in this and other 
countries. But they are a necessary tax. In the same 
way, railway charges are not subject to outside com- 
petition and are a necessary tax. 

“F. G. W.” couples the Post Office and the railway 
management under the same head; this again is incorrect. 
The railways of this kingdom are private concerns, and 
marvels of upright, clear-headed management. They also 
compete with each other and with canals, and with ocean 
and coast carriage ; but the Post Office has no competitor. 
““F, G. W.” says the management of foreign State rail- 
ways is superior to ours, and that the labourers get better 
pay. Both these statements are untrue. 

*“*F. G. W.” next quotes “the gas and water monopolies”! 

(the note of exclamation is mine). Water is, by conse- 
quence (nearly always), a monopoly, and being such, ought 
to be in the hands of the people’s representatives. It is 
God’s gift to the people, and ought to be distributed at 
the smallest cost, convenient with purity and efficient 
distribution, and no profits ought to go into the pockets 
of any one. I speak as a Radical waelelaee in going to 
the bottom and root of every question. But gas is not a 
monopoly, as it has now to compete with electricity. 
There is no analogy between gas and water. 
“F, G. W.” cannot name a single manufacturing industry 
that is not subject to foreign compatition ; neither can he 
give any instance ef a centralised industry, not under 
private individual control, that is a success. On the 
other hand, I have told him (and he cannot refute it) that 
every successful manufacturing and producing concern in 
this and every kingdom has been the work of one 
responsible, earnest, hardworking, thoughtful man. 

“ F. G. W.” alludes to an “elementary knowledge of 
political economy,” and says ‘‘it is an old axiom that 
goods buy goods and that the whole of our imports are 
bought by the whole of our exports.” If he means that 
if we import 100,000,000/. of produce and manufactured 
articles, we must pay for such with our produce and our 
manufactures, he states what is false. 

There exists in this kingdom a fabulous amount of 
capital, which is represented by land, railways, works, 
and so on in foreign countries, and the profits on such are 
sent, in some shape, to this country; and part of this 
enormous yearly income is invested here, part of it 
invested abroad, but a very large proportion of it is spent 
in this country, and is the means of keeping hundreds of 
thousands of families. But this is far too big a subject 
for “ F'. G. W.,” with his evidently very elementary know- 
ledge of political economy. 
ow, Sir, ““F. G. W.” asks me if I have any ideas to offer 
whereby we may arrive at a solution of the problem: 
How to lessen the numbers of the unemployed, and the 
horrible destitution that exists everywhere. I to 
refer him toa letter of mine you were good enough to 
insert in your issue of March 22, and to poirt out to 
him once more that private organisation and private risk 
can alone compete successfully with outside competition, 
and that it is absolutely false for him to say that ‘‘the 
most you can do is to change the trades employed at 
home.” If any trade or all trades are not economically 
successful, they will die out. 

Where is the old trade of Macclesfield ? 
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Where is the cotton trade going ? 

You cannot replace these trades by any others ! 

Pauperism and destitution are mainly due to over- 
production of people in comparison with the difficulty to 
increase the demand for employment. 

I proved, in a former letter, what every thoughtful man 
knows, that energy and determination will raise an 
individual, or a number of them, to a more or less high 
pinnacle of prosperity above the rest of the world, and it 
is such men who make business and find employment for 
others. Put all on an equality, and such men would not 
stay in such a country, and with them would go the 
owners of the hundreds of millions invested in this and in 
other countries, The last state of “F. G. W.’s” Eldorado 
would be black starvation to the great mass of the 

seople. 

. Instead of such ill-thought-out schemes, let “ F. G. W.” 
see if he cannot put his finger on some tax which the 
people have to pay and which there is no need for. It is 
by easing burdens, by making the charges on the workers 
less, that more business can be done, and more people 
employed. All I have written is not destructive, but 
exactly the reverse. What amount of money (how many 
scores of millions of pounds sterling) are paid every year 
by the people of this kingdom to barristers, lawyers, and 
their employés, to judges and the paraphernalia of their 
courts of justice, to regulate commercial and civil dif- 
ferences and cover the conveyancing of land and pro- 
perty? Are not all these millions a tax on the energies 
of the working people of the kingdom? They are not 
necessary ; they do not help, but hinder prosperity. Would 
they not provide old-age pensions for every one over sixty 
years of age? 

Another idea for “‘ F. G. W.” 

The cotton industry in Lancashire employs and feeds, 
say (in almost endless ramifications), six millions of men, 
women, and children. The foreign competition is now so 
severe (the reasons why are known, inevitable, and can- 
not be altered) that the whole trade barely leaves an 
ordinary interest of 3 per cent, profit on the capital 
invested. If the whole cotton trade were centralised, the 
profits would be even less. 

lst, Where would ‘‘F. G. W.” get the money to work 
such a trade’ He has no right to tax the rest of the 
nation for Lancashire; and Oldham shows conclusively 
that a centralised cotton industry has no chance against 
private concerns, 

2nd. Howis * F. G. W.” going to provide for the increase 
in population, for the thousands of children that naturally 
are born per annum in excess of those who die in thie 
mass of cotton-workers ? 

These last questions he must answer if applied to any 
centralised industry. a. 





AIR VESSELS FOR RISING MAINS. 
To THE EpiTor oF ENGINEERING. 

Sir, —The question of the design of air vessels for rising 
mains was brought under my notice in connection with 
the Devonport Water Works, Tasmania, which were de- 
signed and carried out under the supervision of my late 
partner, Mr. T. C. Hodgson, M.C.E., and myself. 

The treatment of the question in all the books which I 
have come across, even in publications so recent as 1893, 
is so vague, while the essential features of the design are 
so simple, that the accompanying note on the question 
may be of some use to those of your readers who are 
approaching the subject for the first time, though the 
appropriate method of dealing with it is so obvious that 
it must sooner or later suggest itself to any one who con- 
siders the matter. 

It is only in the hope that this note may be the means 
of saving a certain amount of time that I venture to 
address you on thesubject. 

For the convenience of men who are daily using them I 
have adopted the ordinary units, but may one express the 
hope that English civil engineers will one day follow the 
good example set by electrical engineers and use abso- 
lute units of measurement, preferably the metric system 
(C.G.S., or an equivalent)? The clear distinction made 
between mass and weight in the absolute system tends to 
obviate a confusion of thought which is not uncommon 
among engineers. The intimate relation between the units 
of mass and length in the ©.G,S. system is often con- 
venient, while the saving of time has been so often urged 
that one need not refer to it. 

Yours, &c., 
BerNHARD A, SMITH, 
Lecturer on Hydraulic and Sanitary Engineering. 

Melbourne University, February 14, 1895. 


The Design of Air Vessels for Rising Mains. 

The object of an air-vessel being to prevent variation of 
the pressure in a rising main by more than a specified 
amount, the requisite capacity of the air vessel may be 
determined as follows : 

1. Draw the velocity diagram, on a ‘‘ distance base” for 
one stroke of one of the plungers (see Fig. 1, where A B A! 
is the velocity diagram). 

2. By means of this prepare the diagram on a “‘ time 
base” for the resultant velocity at each instant of the 
water leaving the pump (for our present purposes the 
main may be supposed to be of the same diameter as the 
plunger, except as to the friction head), extending the 
diagram so as to embrace a complete cycle of the pump 
(see Fig. 2, the diagram for a duplex double plunger 
pump). 

3. Take out the area of the resultant velocity diagram 
(by planimeter), and draw a horizontal line (P Q in Fig. 2) 
to represent the mean velocity of the water leaving the 


pump. ; 
4. When the velocity of the water leaving the pump is 


as if of the same diameter as the plunger), water will flow 

into the air vessel. : : 

The quantity flowing into the air vessel during any 

interval while the resultant velocity is greater than the 

mean velocity is given by multiplying the length corre- 

sponding tc the area of any one of the portions T U V of 

the velocity diagram lying above the straight line P Q by 

the area of the plunger; for if R S denote one of there 

intervals, and T U V the area of the diagram above P Q, 

we have : 

Excess of mean velocity of delivery from the pump 

during interval R S above the mean velocity in the main 

_ length corresponding to area T U V 

s time RS . 

and if we call Q the excess delivery from the pump in the 

time R S we have Q = area of plunger x 

length corresponding to area TU V y done 8 
time RS 

= area of plunger x length corresponding to area T U V. 

(See appendix for approximate values of Q.) 
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5. Let V = volume of air vessel in cubic feeb. 

Py) = gauge pressure in pounds per square inch 
when the pump is at rest + friction 
head for the given length of main and 
delivery of pipes. 

= volume of air in cubic feet when first com- 

pressed. 

vy» = volume of air after absorption by the water 
in the air vessel (the vessel being so de- 
signed that the sanie water always re- 
mains in it). 

a = atmospheric pressure in pounds per square 
inch. 

7 = temperature of air vessel, supposed prac- 

tically constant. 


Then we have (Py + 7) u=7V=RT. 
where Ris the gas constant for the mass of airin the 
vessel, 


Vo 


rV 
= ; 
Pott 
6. Lat \, = coefficient of solubility of oxygen in water 


hy = coefficient of solubility of nitrogen in 
water (= .02). 
p, = partial pressure of oxygen in air vessel 
before absorption. 
p. = partial pressure of nitrogen in air vessel 
before absorption. 
p,! = partial pressure of oxygen in air veseel after 
absorption. 
p»! = partial pressure of nitrogen in air vessel 
after absorption. 


Since the composition of fresh air is approximately 


O = .20 parts per unit volume, 
N=. ” 

we have P, = 4 (Py) + 7) 
P. = $ (Py + 2) 


Again, since the pressure in the air vessel is the same 
after absorption as before, we have 
pi +p. = Po t+ . . (1) 
and since the total mass of oxygen and of nitrogen remains 
constant, we have 


; (Py + ) up 


Sas + ry (V = r,) | (2) 


Py \ f 


4 
p{ ty (V— | = 5 (Po + *) % (3) 
Eliminating p, and p, from equations (1) to (3), we have 
1 4 
5 5 
%(1 —A,) +A, V nil-Mi+hv. as 


Uo Uo 


tf 


On reduction we have, to determine yr the quadratic 





greater than the velocity of the water in the main (treated 





equation 
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(Hf) anne) + (52) (at 2d, 


(1 — Ay) + 4 (1 — Aj) 
Ne + 4N) 
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Pr i + {01 d2- 


. = 0, 


{+ 7 


P, 


If ( > ) vanishes, we have the last term equal to zero, 


. T Ao + 4A, _ 
adie eg 5 = 0. 
. Pot wm _ rot 4A, 
ae 
, Substituting for \; and \, their values .04 and .02, we 
aii Po tw=425%x 7 
-s kg al x Wy 








t.€., at @ gauge pressure of 41.5 atmospheres the whole of 
the air will be dissolved. The time taken to effect the 
solution can be ascertained by trial. 

This complete solution of the air will occur under 
this pressure, even if there is no replacement of the 
water in the air vessel by fresh water from the main, 
as when a flexible diaphragm is introduced. Practically, 
however, this replacement nearly always occurs, &0 
that the process of solution is accelerated ; it may be de- 
layed by arranging so that there shall be very little circu- 
lation in the air vessel, but, unless a diaphragm is intro- 
duced, replacement of the water to some extent is in- 
evitable. 

This consideration points to the desirability of fitting 
the air vessel with a gauge tube, so that the water level 
may be accurately known at alltimes. An index may be 
provided to show the minimum air space, and when the 
water rises to this level, the air vessel may be emptied 
and recharged. This may be very simply done by pro- 
viding a sluice valve on the air vessel branch pipe and a 
drain cock on the air vessel, or, better still, just above 
the sluice valve. With such an arrangement there is no 
necessity to allow the water in the air vessel to become 
saturated with air, and we may adopt any arbitrary volume 
v Which is less than wu» (Section 5) as the minimum air 
space, 7.€., we May write vy = ku» where k is less than 1. 
We must remember that the smaller x is taken the larger 
will be the capacity of the air vessel (see Section 8 below), 
while, on the other hand, the more nearly k approaches the 
value 1, the more often must the air vessel be recharged. 

In all cases the air will sooner or later be completely 
carried away and the air vessel will have to be recharged. 
_ The size of the air vessel may be reduced by charging 
it with air pumped in under pressure, but such a method 
will probably only be found essential in extreme cases. 

It is possible that some liquid of less density and 
smaller coefficient of solubility might be found which 
could be introduced into the air vessel to separate the air 
and water, but I do not know of any liquid fulfilling these 
conditions. A float might also be introduced to diminish 
the surface —< to the air, but this introduces com- 
plications in the design. Many other alternatives suggest 
themselves, but the appropriate modification in the above 
work to cover the special case can readily be made. We 
shall, therefore, assume that the minimum air epace is 


given by 
x V 


~=ku=k x 
Po+r 
where k is less than 1. 

7. When the pump is at work we shall assume that the 
mean temperature of the air in the air véssel is equal to 
that of the air vessel itself, ¢.e., is equal to T as in Section 5 
(the mean being taken with regard to equal intervals of 
time) ; further, that for any one cycle of the air vessel the 
expansion and contraction is practically adiabatic. 

The second assumption is clearly very nearly true, as 
the heat which can be brought in or let out in any one 
stroke must be very small. The first assumption rests on 
the following considerations, calling 

vy! = Volume of air space in cubic feet when the gauge 

pressure is Py, the pump being at work. 

P, = Gauge pressure corresponding to temperature T of 

air. 

v, = Corresponding volume. 

p == Maximum variation of pressure allowed. 

P! = P)+p = maximum pressure in air vessel, 

v! = Corresponding volume. 

Consider one cycle of the air vessel ; and suppose the 
mean temperature of the air in the air vessel to be greater 
than T, the temperature of the air vessel itself, by 6 T, then 
during the compression and expansion from 7; to v' and 

ack, the average temperature is greater than T+65T, and 
heat flows from the air to the air vessel ; again, during the 
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expansion from 1, to v%!, and the compression from v,! to 
1, the temperature for part of the time is greater than T, 
and for the rest of the time is less than T; the avorage 
difference of temperature between the air and the air 
vessel is, however, less than in the first part of the cycle, 
and less heat flows in to the air during the latter portion 
of the cycle than flowed out from it in the former portion, 
i.e., the temperature of the air falls. 

Similarly, if the mean temperature were less than T, 
there would be a rise of temperature during the cycle. 

We may, therefore, assume, as a near approximation, 
that the heat flowing out during the portion of the cycle 
from 1, to v! and back is proportional to the heat gene- 
rated during the compression from ¥v, to v', and that the 
heat flowing in during the remaining portion of the cycle 
from v, to v%! and back, bears the same proportion to the 
heat destroyed (7.e., used up in doing work) during the 
expansion from v, to v,'. We have 

Heat equivalent of the work done on gas during adia 
batic compression from 


(PB! + wr) vl — (P, + rT) 


. . 
v, tov Ta-) 





.‘. heat lost by air from 
K 1 yl ’ 

Foon (ete - Pitan f 
where K is some constant, J being Joule’s equivalent 
(778 Rowland) and 7 = 1.41, the ratio of the specific heat 
of air at constant pressure to that at constant volume. 

Similarly, heat equivalent of the work done by the gas 
in expanding from 1, to v,! 

= (P; +7) v — (Py + 7) Vo! 
J(y- 1) 
.”. heat gained by air from 1, to v,' and back 
_ «K 
J(y- 
But since the heat lost in one part of the cycle = that 


v, to v' and back = 


{Pit *)n—(Po +) %'} 


gained in the other, we have 
K 


K + 
= Kay (Btn t nn!) 
2 2 (Py + ®) my = (Po + *) vo! +(P' +) v! (1) 
Again, since temperature at volumes v, and v= T, we 
have 
(Pi+7)m=(Po tr « (2) 


Again, since for any one cycle the expansions and con- 
tractions are adiabatic, we have 


(Py + 7) v7 = (P, + 2) vy = (P! + 7m) vy (3) 


and, as stated above, 
P'=P,+p (4) 


Solving equations (1) to (4), treating P as very small 
compared with (Po + 7), and expanding where necessary 
by the binomial theorem, we have 


| p 

lh et ed 2 i 
’ wo { 27 Pot 

v = w { i = "_} 
ay) | fee 

os %! —v = 0. P ™ 
(u% 0) > eas 


8. Now (v,!— vp) is the volume of water which flows 
into the air vessel during any interval, while the velocity 
of delivery from the pump exceeds the mean velocity of 
the water in the main, #.e., (v)!—v!) is equal to Q, as de- 
termined in Section 4. Hence we have 

1 P% 
y P,t+t . 
aV 
Po +s 
me Pp de 
“yPote Pott 
Mat <Q. Fee, 
k pT 


But by Section 6 
%=kx 


where 

1.41 

= ratio of volume of smallest allowable air 
space to volume of air when first com- 
pressed. 

excess delivery as found in Section 4. 

gauge pressure when at rest + friction head. 

atmospheric pressure in pounds per square 


Eied 


Q 
P, 
T 


inch. 
p= —" variation in pounds per square 
inch. 

The following example shows the application of the 

— the principal difficulty being the determination 
of Q. 
A duplex double-action plunger pump is required to 
raise about 150 gallons per minute through a vertical 
height of 430 ft. (including friction head). The plungers 
are 5 in. in diameter, the stroke is 12 in., and the connect- 
ing-rods are 42 in. in length, the cranks being set at right 
angles. Determine the capacity of the air vessel, so that 
the variation in pressure after half the air has been 
absorbed shall not exceed 10 lb. per square inch. 

1, Fig. 1 is the velocity diagram on a “‘ distance base.” 

2. Fig. 2 shows the resultant velocity diagram on a 
** time base.” R 

3. The area of this diagram for a complete cycle is 6.15 


| 








square inches, corresponding toa mean velocity of 3.08 ft. 
per second. PQ is gen to represent this velocity. 

4. The area of eac portion of the ‘‘ resultant velocity ” 
diagram above the line PQ is .05 square inch, cor- 
responding to a length of .033 ft.; the time during which 
the velocity of delivery from the pump exceeds the mean 
velocity RS is .20 sec. 

The excess of the mean velocity of delivery from the 
pump during the time RS above the mean velocity of 


the water in the main = a = .165 ft, per second. 


.. Q = Area of plunger x .165 x .2 
= .136 x .033 
=.0045 cubic feet. 
Sections 5 and 6 are not required. 
7. Since we allow for the absorption of half the air, the 
minimum air space is half the volume of the air when first 
compressed, 7.¢., k = .5, and we have 


Py = 430 x .43 = 185 lb. ’ square inch, 


ma = 15 1b. per square inc 
p = 10 lb. per square inch. 
«2 = .0045 cubic feet. 

y =141. 


“Va x Q x (Po + mI? 
k pT 


- ue x 0045 x 
= 3.36 cubic feet. 
BrernHArD A, SMITH. 

Melbourne University, February 18, 1895. 


(200)? 
10 x 15 





APPENDIX. 
The values of Q are given approximately (taking the 
velocity diagram for a single plunger on a time base as a 
curve of sines) by the formula 


Q= ‘| @.a.m 
where 
d = diameter of plunger in feet. 


a = length of crank in feet. 
m = a factor having the following values : 


1. For single plunger pump m = 1.096. 
2. Fordouble _,, a m= 431. 
3. For duplex double plunger pump m = .084. 
4, For three-throw pump m= = er 


February 19, 1895, 





EXPLOSION AT SHANGHAI. 
To THE EpiToR OF ENGINEERING. 

Srr,—A report has been put in some of the daily news- 
papers that an Armstrong 40-ton gun burst at Shanghai. 
On seeing this report we telegraphed for details, and 
received the following reply : : 

‘* Magazine explosion was due to carelessness (in) 
sponging 12-inch R.M.L. (rifle muzzle-loading) gun. 
Cartridge ignited (in) loading position. No injury has 
occurred to gun. Slight injury has occurred (to) mount- 


ing.” 
Yours faithfully, 
Epmunp Lioyp. 
For Sir W. G. Armstrong, Mitchell and Cv., Ltd. 
Elswick Works, Newcastle-upon-Tyne, April 15, 1895. 





Pic 1n GrrMANY.—The production of pig in Germany in 
February was 434,704 tons, as compared with 403,374 tons 
in February, 1894. The total of 434,704 tons, representing 
the production of February, was made up as follows: 
Puddling and spiegel pig, 131,330 tons; Bessemer pig, 
26,141 tons; Thomas pig, 206,999 tons; and casting pig, 
70,234 tons, 





GERMAN CoKkE.—The production of coke in the Dort- 
mund district in 1893 amounted to 4,352,000 tons, as com- 
red with 4,177,000 tons in 1892, 3,845,000 tons in 1891, 
.727,000 tons in 1890, 3,313,000 tons in 1889, 1,291,000 
tons in 1880, and 341,010 tons in 1870. It will be seen 
that the production has very greatly increased during the 
last 20 years. 





CoLuision AT St. ENocu Station.—On the morning of 
February 28 last, as an Ardrossan train was leaving 
No. 6 platform at St. Enoch Station, Glasgow (Glasgow 
and South-Western Railway), it was run into about the 
centre by another passenger train coming in from Spring- 
burn. Fifteen passengers in the former train were in- 
jured, but none very seriously, while the train itself was 
cut in two, each portion, however, at once stopping, 
owing to the action of the automatic brake. All the 
signals were properly set for the outgoing train, and 
Major Addison, in his report, entirely exonerates those in 
charge of it from all blame. The interlocking of the 
levers in the cabin would, at the same time, prevent the 
home signal being pulled off for the incoming train, but 
the driver, fireman, and guard of it all assert that, after 
standing a few minutes at the signal, it was pulled off, and 
so they went forward, although they admit that they 
never looked to see if the directing signal, which is ahead 
of the home signal and must be lowered before it, was off 
as well or not. Assuming that these men are correct in 
their statements, the — possible explanation of this 
occurrence, as pointed out by the inspecting officer, is tht 
the wire leading to this signal must have become momen- 
tarily entangled with some other, and thus the signal was 
unintentionally pulled off. Even admitting this by no 
means impossible occurrence, Major Addison considers 
that the train-men should have kept a better look-out 
and seen the position of the directing signal, as well as the 
outgoing train, 





INDUSTRIAL NOTES. 


THE crisis in the building trades is averted, that is 
to say, the expected termination of the agreement on 
May 1, and, as a possible result, a strike or lockout, 
or both, has been postponed with a view to some 
more peaceful method of dealing with the matters 
in dispute. The way in which this decision was 
arrived at, and communicated to the representatives of 
the men, and to the public generally, was dignified, 
and free from any appearance of temper on the part of 
the employers. The communication referred only to 
two points, namely, the question of union and non- 
union men working together without disputes, and 
the question of sub-letting. The old working rules 
are to remain in force for one month, till June 1, and 
in the meantime it is proposed to appoint an arbitrator 
to consider the points of difference, and come to an 
arrangement and agreement thereupon. The difficulty 
is not solved, but the action taken paves the way for 
its solution. In his letter to the newspapers, Mr. 
Trollope, the President of the Master Builders’ Asso 
ciation, gives a réswmé of the facts as to the code of 
working rules agreed upon, and the differences that 
have arisen, and also as to the conferences which have 
been held with the view of adjusting those differences, 
With respect to non-union labour, the contention is that 
the present code of working rules contemplated no 
difficulty on this score; and as to sub-letting, the 
letter points out that the sub-letting contemplated is 
not the piecework system, or sweating, as commonly 
understood. There is comparatively little piecework 
in the building trades; what there is is mostly in joiner’s 
work and plastering, in a lesser degree in the brick- 
work, mainly as to cutting arches and some other jobs, 
and in stonework to some extent in the dressing of 
stone and the carving. The sub-letting of former 
times has to a large extent disappeared. 

The preliminary arrangements for the resumption 
of work in the boot and shoe trades have been gene- 
rally ratified by the votes of the men. At Leicester 
the ballot was large, the majority in favour being 
nearly 3000. There was some grumbling in Lon- 
don, Leicester, Northampton, Kettering, and other 
places, some of the more ardent spirits contend- 
ing that the representatives of the operatives had 
‘*sold them.” Of course this expression was not used 
in the gross sense, but simply as meaning that they 
had been overreached by the employers. But the 
fact is that if the men expected to obtain all their 
demands, the leaders deputed to deal with the matter 
knew that it was impossible. It is, indeed, always 
dangerous to demand too much, in the hopes of getting 
something. The very policy implies submission on 
some points, so as to arrive at a common basis. The 
officers of the union, and the delegates, had a rather 
warm time of it when meeting their constituents, to 
give an account of their stewardship; but, on the 
whole, the proceedings passed off well. The re- 
sponsible work now begins, for the committees have 
to formulate the statements, discuss in detail all the 
items, and then, if they cannot agree, refer the matters 
to the umpire. The resumption of work has gone on 
smoothly in most cases; the old hands have been re- 
engaged in most instances, but in a few cases some 
little friction has arisen. One curious circumstance 
in relation to the recent conferences, and the agree- 
ment, is that Sir Courtenay Boyle has rather lost faith 
in a central department under Government being 
created to deal specifically with disputes by concilia- 
tion and arbitration. His experience has been rather 
fortunate, and yet, even with this in his favour, he 
hesitates about a State Department. 





The indications of improvement in the engineer- 
ing industries throughout Lancashire continue to be 
manifest in various directions, although the weight of 
new work given out is not very large as yet. The 
tone is decidedly hopeful, and the general tendency, 
both in the engineering and cognate trades, and in the 
iron and steel trades, is in the direction of increased 
activity. It appears to be the general feeling that 
the long period of depression has touched the lowest 
level, and that the turn of the curve is upward, if 
gradual. In the locomotive department there has 
been quite a revival, close upon 100 locomotives hav- 
ing been secured in Manchester and the adjoining 
locality, 76 of which are for the Manchester, Shef- 
field, and Lincolnshire Railway Company. Other 
orders are also expected from other quarters, so that 
there will be considerable activity in this branch. 
Boilermakers, also, are experiencing a steady improve- 
ment. The stationary engine builders are also in a more 
healthful activity. ‘he same hopeful tone also pervades 
the iron trades ; more buying has been going on, some 
rather heavy purchases having been made, mostly by 
merchants, with the result that prices are hardening, 
especially in pig iron. Makers’ prices have stiffened 
to the extent of 6d. to ls. per ton upon recent low 
quotations, and there is a disinclination to sell forward 
at present rates. Finished iron has not yet felt the 
improvement to any material extent. In the steel 
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trade also there is a move upwards, prices being higher 
than they were. 





In the Wolverhampton district the recovery seems 

to be sure, although somewhat slow. There is de- 
cidedly more activity in inquiries, and a greater dis- 
position to do business, and prices have shown an up- 
ward tendency. Both merchants and agents from 
abroad and the colonies manifest a desire to enter into 
contracts for future supplies. There has been an in- 
creasing demand for the better class of bars. Home 
buyers have been offering higher rates for prompt deli- 
very, and export merchants have been on the alert to 
secure fair quantities. The demand has run mostly on 
bars, sheets, hoops, and sectional iron. In the steel trade 
there is greater activity than for some time past, the 
output being large, over 1000 tons per week in and about 
Wolverhampton alone. Satisfactory orders appear to 
have been booked for sheets and billets. The engineer- 
ing and constructive branches are also becoming busier, 
so that a good business tone and hopeful feeling per- 
vade the iron and steel trades generally. There is 
some little inquietude over a clause in the Factory 
sill as regards nightwork for boys under 16 years 
of age, and a deputation has waited upon Mr. 
Asquith in connection with the matter. In this 
connection the Wages Board seem to be agreed, 
employers and employed taking the same view 
in respect of the operation of the limiting clause. 
In the Birmingham district things are quietly im- 
proving in the engineering and cognate branches, and 
also as regards nearly ai \anatieas in which iron and 
steel constitute the chief material used. The improve- 
ment is not quite so manifest asin some other centres, 
but the stagnation was not so great, owing to the 
diversified branches of industry. 





The London and North-Western Railway Company 
have had to deplore a great decrease in the volume of 
trafic, owing tothe strikesof last year, chiefly inthe coal 
trade. A gigantic strike causes loss not only to those 
engaged in it, but to other industries not concerned in 
the strife. It is felt on all hands that a more peaceful 
way of dealing with these questions will be better for 
all—for the parties concerned, and for the whole com- 
munity. This feeling will help to pave the way for 
conciliation. 





The Government, with the view of securing the pas- 
sage of their several measures, have taken the whole 
time of the House of Commons, so that ‘‘ private ” or 
unofficial members have no longer any chance what- 
ever. The industrial Bills are three at the least—the 
Factory Bill, the Truck Bill, and the Mines Bill. With 
respect to the first, it has to run the gauntlet of divers 
criticisms. First of all, the proposal is to raise the age 
of half-timers, This probably will be carried, but it 
will be against the protests of the factory operatives, 
large numbers of whom will try to resist the Bill. Then 
it is proposed in the Bill to raise the age at which boys 
shall work at night in the iron and steel trades from 14 
to 16 years of age. This is being opposed both by the 
employers andthe workmen. It will necessitate relays 
of boys—those under 16 for daywork, and those over 
16 for nightwork. Five nights constitute a week on 
night shifts, while six days constitute a week on day 
shifts ; the contention, therefore, is that the younger 
boys will get the worst of it, especially as the system 
is alternate, and, it is said, the work as a whole is not 
over-laborious for the boys. Then there is the inter- 
ference with female labour. The women are up in arms 
against any further interference in this respect, and a 
strong opposition will be organised on their behalf. 
They seem especially to object to interference with 
overtime ; but a legal eight-hours day would abolish it 
altogether, a fact that seems to 4 lost sight of. 
The fact is, women’s labour will not permit of 
sufficient wages in their chief industries, if all overtime 
isabolished. There are other points in the Bill which 
will lead to discussion and divergence, so that its fate 
isalmost doubtful. The Mines Kight-Hours Bill is gone 
for this year—absolutely gone. The count-out of 
Tuesday in last week was really in view of its position 
on the notice paper of the House. In so far as Parlia- 
ment is concerned, the foregoing represents the state of 
business as regards labour and industrial questions, ex- 
cept, perhaps, as to thecondition of P »st-Ofticeemployés, 
It is probable that a Departmental Committee will be 
granted to inquire into grievances, and, if need be, 
suggest remedies. What further will be done as 
regards engine-room artificers in the Royal Navy is not 
quite clear, for the proposed conference is not yet fixed, 
The probabilities, therefore, are that labour will not 
make much further progress in this Parliament, even 
should it go on to the end of the year. 





The Parliamentary Committee of the Trades Con- 
gress were in session during three days at the close of 
last week, dealing with the several matters relegated 
to them by the congress, and with the measures now 
before Parliament. They had first to consider the 
large number of protests against the new standing 
orders, the final decision as to which will be left to 


the congress. The resolution of the Norwich Congress 
as to the unemployed—Government to find suitable and 
remunerative work—was next dealt with, there being 
39 societies in favour of the resolution, and one against. 
Only 40 societies voted on the question. The passing 
of the resolution and the ballot in its favour is one 
thing ; how to accomplish the object is another. If more 
work is given to Government dockyards, those outside 
protest ; and if more is given out to contractors, the 
employés in the dockyards protest. It is the same in 
the other factories and workshops of the Government. 
The most important work of the committee was the con- 
solidation, so to speak, of the measures of reform de- 
manded by previous congresses, and not yet carried. 
These included amendment of the jury laws, and pay- 
ment of jurymen; the prohibition of pauper immigra- 
tion, amendments to the Mines Acts and the Em- 
ployers’ Liability Bill, amendment of the conspiracy 
laws and of Parliamentary procedure, a general eight- 
hours day for all workers, payment of members, 
registration reform, one man one vote, &c. The com- 
mittee approved of all these measures, and also of the 
amendments proposed to the Steam Engines (Persons 
in Charge) Bill, now before Parliament. The list is a 
tolerably long one, even for a long Parliament ; but we 
are getting accustomed to long programmes, the reali- 
sation of which will carry us well into the twentieth 
century. It is impossible for any of the preceding 
measures to be dealt with during this session, even in 
this Parliament ; the only possible ones are the Factory 
Bill, the Truck Bill, and it may be the Steam Engines 
(Persons in Charge) Bill. Upon these the committee 
should concentrate their energies if they really desire 
legislation. The Factory Billis even now overloaded ; 
it is not out of the wood, so tospeak. The Steam 
Engines Bill is likely to be wrecked if the agricultural 
engines and locomotives are included. 





The completed arrangements for the May - Day 
demonstration in Hyde Park on Wednesday last, the 
lst instant, were finally ratified by the delegates from 
the Social Democratic Federation and the Independent 
Labour Party on Sunday last. It was finally deter- 
mined to have three platforms, with 22 speakers in 
addition to the respective chairmen. There was an 
almost entire absence of well-known trade union 
leaders, with the exception of some three or four of 
the more recent advocates; the women workers 
were represented by one speaker on each platform. 
Among the speakers selected were Mr. Williams, Mr. 
Hyndman, and Mr. Hunter Watts. Processions 
assembled at five points, embracing East, West, 
North, and South London, at from 12.30 to 1.30, 
and marched thence to the place of rendezvous—the 
Thames Embankment, between the Temple and West- 
minster Bridge. tera was timed to commence 
at 3.30 in Hyde Park, the two marshals being Mr. J. 
Hunter Watts and Mr. Will Thorne. The employés 
of the London County Council put in the very modest 
request that the whole of the employés should be 
granted a holiday on that day, so as to take part in 
the procession and demonstration. The Council’s 
reply was to the effect that it would be impossible to 
stop the whole of the municipal work of London for a 
ve | without endangering the health of the metro- 
polis, and involving inconvenience to the public. 
The resolution put to the several gatherings was 
characteristic, as follows: ‘‘That the workers de- 
monstrating and making holiday upon May 1, 
pledge themselves to do their utmost every year to 
make Labour Day more and more a complete holiday, 
not granted by the antagonistic master class, but 
wrung from them; send their fraternal greetings 
to their fellow-soldiers of all countries; declare for 
the legal eight-hours day and universal adult suffrage 
as two of the most immediate steps to be taken to- 
wards the ultimate goal of the working-class move- 
ment ; and again record the fact that this ultimate 
goal is the ending of the class war by the abolition of 
classes, the ending of the capitalist system by the 
abolition of private property in the means of produc- 
tion and distribution.” Very curious the enunciations 
in the foregoing resolution ; most people will regard 
the tone, spirit, and object of such a resolution as the 
commencement of a great class war, or war of the 
classes and the masses. But apparently peace is to 
be restored when both are destroyed. 





The completed arrangements for the United Trades 
Demonstration on Sunday next, made by the London 
Trades Council and the Legal Eight-Hours Demonstra- 
tion Committee combined, have been ratified by the 
delegates. The speakers were chosen and the resolu- 
tions were agreed upon at the final delegate meeting. 
The united committee represent the whole of the chief 
trade unions, friendly societies, and political clubs of 
London, and delegates will be present from many 
Continental centres, such as France, Belgium, Ger- 
many, Switzerland, &c. The selection of speakers 
was on a wider basis than in previous years, and in- 
cluded some half-dozen or more members of Parlia- 


ment, several members of the London County Council, 





and others. It is arranged to have nine platforms, 


instead of 12, as formerly. Neither the Social Demo. 
cratic Federation, the Fabian Society, nor the Inde. 

endent Labour Party have been allotted any platform, 

he line would, therefore, appear to be more closely 
drawn than on previous occasions. As regards the 
resolutions, the delegates were opposed to any resolu- 
tion calling upon the Government to do any particular 
thing in connection with the several matters advo. 
poe otherwise than the eight hours, as they did not 
see what good it would do. 

The arrangements for the May-Day celebrations on 
the Continent do not appear to be on so large a scale 
as in some previous years, either in France, Belgium, 
Switzerland, or Austro-Hungary ; but in Germany, 
more especially at Berlin, there seems to have been a 
well-organised meeting, duly and orderly arranged, 





The Carpenters and Joiners have had occasion to 
place before Lord Spencer, the First Lord of the Ad- 
miralty, their grievances in connection with the Dock- 
yards, and elsewhere, where the men are employed, 
They have some difficulties as regards the demarca- 
tion of work ; they complain of the shipwrights, and 
the shipwrights complain of them. The latter body 
claim to work both in iron and wood ; hence they come 
into conflict with workers in iron and wood. 





The miners in the Lothians of Scotland have had to 
submit to a reduction of 6d. per day in their wages, 
and other workers in and about the mines to a similar 
or proportionate reduction. Some of the Scotch miners 
wanted to resist the reduction, but the federation 
counselled its acceptance. At the delegate meeting 
this was resented, and a proposal was made to break 
away from the federation. But it found little favour, 
as the attitude of the men justified the action of the 
federation. The men will, however, endeavour to get 
the reduction restored, and report to a further confer- 
ence on the 16th inst. The state of trade is such, how- 
ever, that there is very little chance at present of any 
change for the better. In Cumberland, Northumber- 
land, and Durham the coal trade has been very quiet, 
even bad. But the export trade will now be more 
active, so that there may be an increase of work, if 
not of wages. It has been an anxious time for the 
miners in those northern counties and in Scotland, but 
they seem to have come to the conclusion to bow to the 
inevitable, and still hope on. 





HEAT ENGINES. 


The Development of the Experimental Study of 
Heat Engines.* 


By Professor W. C. Unwin, F.R.S., M. Inst. C.E. 


THE request to deliver one of the series of lectures, 
instituted at the desire of Mr. James Forrest, carried 
with it something of the authority of a command. I 
trust that that will be held to excuse in some measure 
the undertaking of what I feel is a rather serious and 
difficult duty. understand that it was Mr. Forrest’s 
intention that these lectures should illustrate the depend- 
ence of the engineer in his practical professional work on 
the mathematical and physical sciences, They, therefore, 
naturally take the form of a review of some branch of 
engineering with special reference to the scientific prin- 
ciples which have been factors in its advancement. 

I selected for this lecture the history of the experi- 
mental investigation of the steam engine. On the one 
hand, the steam engine, in its many forms, has been the 
most remarkable of all the machines which are due to the 
genius of engineers, and the most powerful auxiliary in 
the expansion, during a century, of engineering work. On 
the other hand, the creation of a science of thermo- 
dynamics, on the basis of the principle of the conserva- 
tion of energy, during the years 1845 to 1855, is one of the 
most important advances ever made in scientific know- 
ledge. etween 1855 and 1875 scientific men of very 
great intellectual eminence prosecuted researches on the 
action of heat motors as illustrations of thermodynamic 
principles, and engineers simultaneously invented many 
improvements and enormously extended the use of steam 
power. I shall endeavour to show that the scientific 
advance and practical improvement of the steam engine 
were not unconnected. 

In a paper recently read in this society, an engineer, 
for whose practical ability and remarkable mechanical 
ingenuity I have the greatest respect, made the following 
statement: ‘* A period of 67 years has been uired for 
the development of the principles enumerated by Watt, 
Trevithick, and Grose, and upwards of 40 years have been 
required for the reduction of the consumption of steam 
frem 19 Ib. to 131b. per indicated horse-power hour. . . . 
In these advances no new principles have been applied, 
and no higher my | has been obtained. The progress 
has resulted from the labours of makers and designers of 
steam engines, purely scientific investigation having only 
explained what the steam engine should do if worked in 
a manner wholly imaginary.” That represents, I believe, 
@ not uncommon opinion, —— also, a nob uncommon 
jealousy of the intrusion of science in the field of practical 
engineering. It is curious that the paper, in which this 
occurs, is not a practical paper at all, but a theoretical 
paper, in which the author uses the data of Regnault and 
not altogether correctly applies the methods of Rankine. 
It may be noted that out of 36 engine tests on which the 
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author bases his conclusions, half are engine tests made by 
professors. It is something that the improvement of the 
steam engine is attributed to the development of principles 
laid down by Watt. But when Watt invented the steam 
engine he was not an rg gal he was a philosophical 
instrument maker, and he found his principles in the 
laboratories of Glasgow University. Black’s discovery of 
latent heat gave him the key to the apparently extrava- 
gant expenditure of injection water in the model New- 
comen engine, and Dr. Cullen’s discovery of the low tem- 
perature at which water boils in vacuo—he himself states 
this—led him to perceive thatsteam would condense in a 
separate vessel, and to formulate the principle that steam 
will take the pressure corresponding to the lowest tem- 
erature of any part of the space in which it is confined. 
he writer I have quoted says that ‘‘ the proposal of Watt 

to use steam expansively was not the result of abstruse 
investigations, but was due to the exercise of Watt’s com- 
mon sense.” But when Watt patented expansive working 
in 1782, ho had been experimenting incessantly for 15 
years on the properties of steam. “If,” says this writer, 
*‘we confine our attention to the actual steam engine 
cycle, it isseen that in reality a properly constructed steam 
engine is a very efficient prime mover.” But surely some 
explanation is wanted why we must confine our attention 
to a cycle which involves the rejection of nine-tenths of 
the heat supplied into the condenser. 

It will be the object of this lecture to show that other 
scientific ideas of a later date than those of Watt have 
been operative in promoting the improven:ent of the 
steam engine. It is impossible to go back to the mental 
attitude of 40 years ago, and those who assert that nothing 
new has been learned in that time, forget that in the 
interval scientific discoveries have become commonplaces, 
and that they themselves reason and act on them, as 
M. Jourdain talked prose, without knowing it. 

Twenty years ago Lord Armstrong stated that of all 
the coal raised in this country about one-third was used 
for household purposes, one-third for generating steam, 
and one-third for iron-making and manufacturing pro- 
cesses. He remarked that in the two first divisions the 
waste of fuel was shameful, and that, without carrying 
economy to extreme limits, all the effects now realised 
from the use of coal could be obtained by an expenditure 
of half the quantity, The improvement of the steam 
engine is mainly due to an incessant attempt to diminish 
the waste of fuel. 7 

Tests of Steam Engines in Cornwall.—Steam engineers 
have been face to face with the problem of economy for 
more than a century. Coal was excessively dear in Corn- 
wall, and as the mines were deepened and more power 
was required, the cost of working increased ruinously, 
By reducing fuel cost, Watt saved the mining industry 
from extinction, and he adopted the plan of taking in 
payment for his engines a sum reckoned equivalent to 
one-third of the fuel saved. By agreement with the 
miners, tests were made and thestandard duty of a New- 
comen engine was fixed at 7,037,000 foot-pounds per 
bushel. Regular duty determinations were made for all 
Watt’s engines. Generally they gave a duty of 20,000,000, 
It is curious that though Watt had patented expansive 
working, his trials of it were not encouraging, and he did 
not use expansive working in his Cornish engines. 
Watt’s connection with Cornwall ceased in 1800, the duty 
—e were neglected, and the engines deterio- 
rated. 

Then Captain Joel Lean, who had reorganised the 
machinery at one of the mines, and effected great econo- 
mies, started again the system of duty trials. He and 
his sons carried on the work for many yw and published 
reports of the results of the trials. Of these reports Dr. 
Pole says: ‘‘ The publication produced an extraordinary 
effect in improving the duty of the engines. Engineers 
were stimulated to emulation amongst themselves. The 
practice of reporting is thought to have been attended 
with more benefit to the country than any other single 
event, excepting only the invention of the steam engine 
itself.” Ihave placed on the wall a short table giving 
the improvement of duty of the Cornish engines during 
the period covered by Lean’s reports, 


Duty of Cornish Engines. 


Pounds of 
Duty in Foot- Coal per In- 
Pounds per dicated 
Bushel (94 Lb.) Horse-Power 
of Coal. Hour 

(Estimated). 
Newcomen ... eat 7,000, 26.6 
Smeaton 10,000,000 18.6 
Watt, 1800... : 20,000,000 9.3 
Lean’s report, 1815 ... 52,300,000 3.6 
ee 1827 ... 67,000,000 2.8 
i. 1834 ... 98,000,000 1.9 
me 1840 ... 107,000,000 17 


Highest duty of Mr. Leavitt’s pumping engine at 
Louisville, 140,000,009 per 100 lb. of Pocahontas coal, 
Pounds of coal per indicated horse-power hour, 1.33. 

I shall show later that the creation of a new and more 
scientific system of testing by Hirn and his colleagues in 
Alsace in 1855, was the starting point of a similar process 
of improvement. Quite lately there has been a revival of 
careful and independent engine testing, and of the publi- 
cation of the results, and records have been established 
which would have been thought impossible ten years ago. 

The history of expansive working in Cornwall is curious. 
Watt completely understood the principle, and patented 
it; but he failed to make use of it. Woolf and Trevi- 
thick reintroduced expansive working, and Woolf tried 
compound engines in 1812; but the compound engines 
were not more economical than simple engines. It is 
clear that the scientific conviction that expansion must be 


and this led to repeated attempts, till at last an extra- 
ordinary amount of success was achieved. 

The peculiar character of the load against which the 
engine worked, the lifting of a heavy mass of pump-rods, 
contributed to force the use of expansive working. To 
work without shock a large initial and gradually diminish- 
ing effort was necessary. The extraordinary economy 
obtained was due probably in part to the special action 
of the steam, the Cornish engine being virtually a com- 
— engine, and the admission surface being protected 
rom cooling to the condenser ; partly to the great effec- 
tiveness of a steam jacket in an engine which worked 
slowly and with pauses at the end of the stroke; partly to 
the small clearance and separate admission and exhaust 
valves. The lesson engineers should have learned from 
Cornish experience was that in restricted conditions high 
ratios of expansion were economical. In this case, as in 
others, later engineers generalised too crudely, and con- 
cluded that expansive working was always economical. 
A new scientific investigation was required to correct the 
error. 

Experiments on Boilers.—To generate steam power 
economically, the boiler must be efficient and the engine 
must be efficient, and the conditions of efficiency of boiler 
and — are completely independent. Hence the early 
method of Watt, in which attention was paid only to fuel 
used and water pumped, has been replaced by a method 
of independent boiler and engine testing. The boiler 
uses coal and generates steam ; the engine uses steam and 
generates power. The economy of the boiler is reckoned 
on the fuel; that of the engine on the steam. 

The earliest systematic trials of boilers are recorded in 
a paper by Mr. Josiah Parkes in the second quarto 
volume of the Transactions of this Institution. They are 
interesting as showing how early engineers realised the 
necessity of studying experimentally the conditions of 
generating steam economically. Parkes obtained informa- 
tion about the calorific value of different coals, measured 
the feed and fuel, reduced his results to a rational com- 
mon standard, recognised the importance of regulating 
properly the air supply. If his results can be trusted, 
the general average evaporation in boilers at that time 
was 74 lb. from and at 212 deg. per pound of coal. With 
improved firing, and especially with improved arrange- 
ments for air supply, the average evaporation was 8# lb., 
and the best 10}1b. A trial in Cornwall is given in which 
the evaporation was 154 lb. per pound of coal, but, in that 
case, I suppose the measurements or the reduction of the 
results must have been defective. 

As to the calorific value of coal, there has been for a 
long time no uncertainty of practical importance. The 
researches of Dulong showed that the calorific value could 
be ascertained from the chemical analyses very approxi- 
mately. No doubt there has been a want of a convenient 
calorimeter for determining directly the calorific value. 
This want has now been supplied by the invention of the 
Bomb calorimeter, which appears to give very trustworthy 
results without excessive trouble, r. Donkin has made 
it possible to get a Bomb calorimeter in a less expensive 
form than that first used. 

Different coals, at any rate, the better kinds of coal, 
do not differ much in absolute calorific value. Used in 
boiler furnaces, they differ more, partly from differences 
of mechanical aggregation, but chiefly because the more 
bituminous coals require a larger air supply for tolerably 
smokeless combustion, than those which consist chiefly 
of fixed carbon. The greater excess of air involves greater 
chimney waste. It is to test the commercial calorific 
value that Professor Schriter has established in Munich a 
heat laboratory, where fuels can be tested on a large 
scale and under ordinary practical conditions of combus- 
tion. The arrangements permit the determination of the 
exact conditions most suitable for each fuel. 

An enormous number of boiler trials have been carried 
out, but most of them are mere individual tests of ver 
little scientific value. Engineers have been too muc 
under the impression that the evaporation depended 
chiefly on the type or proportions of the boiler, or the 
arrangement of the heating surface. But there are no 
obscure or complicated actions concerned in generating 
steam. Boilers of ali types give nearly the same results 
— only a conditions of combustion are secured. 

ey may differ in cost, in durability, in convenience, 
but in efficiency they differ less than I think is commonly 
assumed. The following Table shows that boilers of ex- 
tremely different types, with very different proportions of 
heating surface, and very different rates of combustion, 
and even with different coals, have all reached evapo- 
rations of from 11 lb. to 131b. of water from and at 
212 deg. per pound of coal : 

Boiler Trials. 


| Coal per | Evaporation! 





Ratio of | 
Square | fromand | 
Type. | Grate to | Foot of | at 212 Deg. | Coal. 
Surface, | crate per | per Pound | 
* | Hour. | of Coal. 

Cornish Ae 7.2 11.9 | Welsh. 
Lancashire 1: 36 22.9 11.2 | Lancashire. 
Galloway 1:2 85 | 11.6 | Anthracite. 
Portable 1: 69 128 | 118 | Welsh. 
Tubular 1: 46 10.8 | 11.9 | Anthracite. 
Babcock so) eee 89 | 11.8 | a 
Marine .. 1:34 | 224 | 129 | Welsh. 

Ae ae eg 25.5 | 12.5 Lancashire. 
Thornycroft ..; 1:70 | aa 18.4 Welsh. 

-o| Bree |} IR6o | (126 es 
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Trials of Welsh and North-Country Coal.—Bebtween 
1857 and 1870 several series of trials were made, ety ab 
the instance of colliery-owners, poets under the direction 
of the Admiralty, to determine the relative value of Welsh 
and north-country for generating steam. These trials 








they seem to me to have failed altogether to yield any 
useful result. In 1857, in trials carried on for many 
months, the result was obtained that Newcastle coal 
would evaporate 12.91 1b. and Welsh coal 12.35 lb. from 
and at 212 deg. per pound of coal. Trials with the same 
boiler were then carried out under Admiralty direction 
by Messrs. Miller and Taplin. Their conclusion was that 
the Welsh coal evaporated rather more than the north- 
country coal, A third series of trials were carried out at 
Cardiff, and in these the Welsh coal was found to be 
greatly ee the north-country coal. Finally, in 
1881-2, Mr. D. K. Clarke carried out extensive tests, 
obtaining from both coals evaporation of 124 lb. to 13} lb. 
per pound of fuel. Mr. Clarke concludes that when both 
coals are treated properly they are equal in evaporative 
power and equally smokeless. How came it about that 
these long and costly trials gave such uncertain and dis- 
crepant results? Quite similarly discrepant results, I 
believe, may be found in trials intended to determine the 
relative efficiency of different types of boilers. 

In all these cases the failure to obtain definite and con- 
cordant results was due to overlooking the fact that the 
chief waste, the chief cause of loss of efficiency in the 
action of a boiler, is the heat carried into the chimney, 
and that this depends on simple conditions of air supply. 
In none of these trials was the chimney waste measured, 
and hence the observers had no key to understanding the 
discrepant results they obtained. Variations of chimney 
waste are large enough to swamp all differences due to 
type of boiler or quality of fuel. The experiments failed 
to be conclusive from the want of a scientific perception 
of the importance of determining accurately for each fuel 
the minimum necessary air supply, and for each trial the 
proportion of heat lost in the chimney. 

Mulhouse Trials of 1859.—The earliest boiler trials 
carried out in a completely satisfactory way were those 
made by the Société Industrielle of Mulhouse in 1859. 
The Society offered a prize to the maker of any boiler 
which would evaporate 1800 lb. per hour, at 75 1b. per 
square inch pressure, and which would evaporate 9.1 Ib. 
of water from and at 212 deg. per pound of Alsatian coal 
of not very good quality. In those trials the calorific 
value of the coal was determined, the ashes were weighed 
and analysed, the amount of air passing through the fur- 
nace was determined, the heat loss in the chimney 
measured, and a fairly satisfactory attempt was made to 
ascertain the dryness of the steam. With these data a 
proper balance-sheet of the expenditure of heat could be 
drawn up. The efficiency of the three competitive boilers, 
when worked in the way shown to be best for each in pre- 
liminary tests, was practically identical, and equal to about 
70 per cent. With the coal used in these trials 130 cubic 
feet of air per pound of coal are chemically necessary for 
complete combustion. It was found that the reduction of 
the air supply almost to this limit, and toa point at which 
there was ne incomplete combustion, reduced the 
chimney waste and increased the efticiency of the boiler. 
In two- special trials, each of a week’s duration, the 
evaporation was 9 lb. with 331 cubic feet of air per pound, 
and 9.53, or 6 per cent. more, with 247 cubic feet, 

Some striking results showing the dependence of boiler 
efficiency on air supply were obtained by members of the 
same Alsatian society at the works of Messrs. Dollfus 





Mieg et Cie. From several series of trials the following 
is selected : 
H Cae ~ of | 
rat 0 Deg. | Pounds of Water 
Date. — sag and 0.76 M._ | Evaporated per 
cies per Pound of | Pound of Coal. 
Coal. | 
| Ib. | 
c= | ss sm 
‘ . 5.86 
gg Ah 830 165 | 6.30 
’ | 830 139 8.60 
830 6.66 
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Here the efficiency increases as the air supply is 
diminished, even when it approavaes the minimum chemi- 
cally necessary. There are two ways in which decrease 
of air supply tends to increase efficiency. The quantity 
of heated air reaching the chimney is less, and the velo- 
city of the heated gases in the boiler flues is less, so that 
there is more time for heat absorption. 

The determination of the air supply to a boiler is not 
altogether an easy operation. An anemometer was 
used in Alsace, and, in suitable conditions, it will 
give approximately accurate results. In recent trials 
chemical analyses of samples of the furnace gases have 
been made, and the amount of air supplied calculated from 
the percentage of C O,. This method is accurate in prin- 
be ec but the samples analysed are a very minute fraction 
of the total chimney discharge, and the samples may not 
be average samples. In some trials in which this method 
has been used there are discrepancies in the ratio of the 
chimney loss, and the undetermined loss chiefly due to 
radiation, difficult to understand. Neither anemometer 
nor chemical analysis is suited to serve as a means of 
regulating the air supply in the ordinary working of a 
boiler. at is wanted is an instrument as easily read 
as @ pressure gauge, and giving continuous indications. 

The Dasymeter.—The dasymeter invented by Messrs. 
Siegert and Durr, of Munich, is a fine balance in an 
inclosed case through which a current of the furnace gases 
isdrawn. At one end of the balance is a glass globe of 
large na, at the other a brass weight. Any 
change of density of the medium in the chamber disturbs 
the balance. A finger on the balance moving over a 
, see agg scale gives the amount of the alteration of 

ensity. An air injector draws the furnace gas from the 
flues, and it is filtered before entering the balance case. 








economical held its ground in spite of practical failures, 





extended over months, and were laborious and costly, and 





An ingenious mercurial compensator counterbalances any 
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effect due to change of temperature or barometric pres- 
sure, 

The dasymeter is usually combined with a draught 
guage, and an air thermometer, or pyrometer, in the flue is 
required if the amount of wastes heat is to be calculated. 
The dasymeter requires initially exceedingly delicate 
adjustment, and its indications must be checked from 
time to time by a Bunte’s buretts. It is set to read zero 
with pure air, and then any increase of density due to 
CO, is read asa percentageonthescale. When in adjust- 
ment it is es easy to read the percentage of CO, in the 
furnace gases as to read the pressure on a pressure gauge. 
When the dasymeter is fitted to a boiler the stoker has 
directions to adjust the supply of air so that the furnace 
gases have about 12 per cent. of CO,, With practice he 
learns what alterations of the damper or firedoor, or thick- 
ness of fuel on the grate are necessary, or whether an 
alteration of grate area is desirable. After a little time 
the percentage of CO, can be kept very constant. 

lhave a diagram showing records taken on three days at 
a boiler provided with adasymeter. The first curve, taken 
on October 25, and the second, on October 28, represent 
the great variations of CO. in the products of a furnace 
controlled in the ordinary way. The third curve, for 
November 4, shows to what a great regularity the working 
of the furnace can be brought by a stoker who understands 
the indications of the dasymeter. The dasymeter is 
now largely used for boiler furnaces in Germany, and 
am assured that in many cases a saving of 20 per cent. of 
the fuel has been secured. A similar instrument of some- 
what different construction, invented by M. Arndt, is in 
use in France and Balgium. The air supply is the one 
controllable factor in the working of a boiler furnace, and 
we have trusted far too long to the practical experience of 
boilermakers and the common-sense of stokers to regulate 
this important factor in boiler management. We do not 
trusp the common-ssnse of the stoker to regulate the 
boiler pressure or the water level, and it is equally neces- 
sary, if economy is to be obtained, that he should be 
supplied with some means of ascertaining definitely 
whether his management of the fire is good or bad. I 
believe in good and large installations—at least it will come 
to be considered as necessary to have an instrument of the 
dasymeter type as to have a pressure gange, and this, I 
think, may be regarded as a gift of science to the practical 
engineer. 

Expcriments on Steam Engines,—It has been seen that 
Cornish experience pointed to the rule that very large 
ratios of expansion could be adopted with economy, pro- 
vided the conditions were those of Cornish engines. 
Expansion was generally used, but for a time with un- 
favourable results. Watt’s rotative engines gave less 
than balf the duty of Cornish engines. 

If any one would like to see what a curious state of 
mind engineera were reduced to by the success of expan- 
sive working in Cornwall and its comparative failure 
elsewhere, I can refer them to a paper by Mr. Palmer 
(1838) in the Transactions of this Institution. Mr. 
Palmer found that while Cornish engineers claimed to 
have obtained a duty of 70,000,000 or even 100,000,009 per 
bushel of coal, no Boulton and Watt engine in other parts 
of the country was doing more than 28,000,000. He pro- 
ceeds to a mathematical demonstration that with steam 
of atmospheric pressure it is impossible to obtain a duty, 
with no friction and no loss of any kind, exceeding 
41,000,000, and that with steam of higher pressure used 
expansively the duty must necessarily be less, He con- 
cludes that the Corni-h results are altogether incredible. 
‘Strong, indeed,” he says, ‘‘must be the evidence that 
ought to induce this Institution to sanction statements of 
duty more than double that of the best) Watt engine, and 
still more surpassing the limits nature has assigned to 
steam to perform.” With the help of more accurate 
science we have been able to actually obtain a duty about 
five times as great as that supposed to be the limit of 
possibility by Mr. Palmer. 

Isherwood’s Experiments on Marine Engines.—About 
the year 1860, Mr. Isherwood, chief engineer of the United 
States Navy, began a series of systematic tests of engines 
and boilers on a very large scale, and with resources only 
available in a Government establishment. The trials 
were made with skill and determination, and the sub 
stantial accuracy of the results, startling as they wera, 
has never been questioned. The service Mr, Isherwood 
rendered to steam engineering deserves the fullest recog- 
nition, and, if some of his opinions from his earlier papers 
are quoted which he would not now defend, it is only to 
show what was the condition of opinion in the mind of a 
very advanced engineer 30 years ago. 

Mr. Isherwood seems early to have doubted the eco- 
nomy of expansive working, which he says had long been 
an undisputed article in the creed of the engineer. By 
what he terms ‘‘a simple arithmetical calculation suited 
to the meanest capacity,” he endeavours to show that 
the advantage of expansive working has been overrated. 
Tn this calculation he makes a blun ler, often reproduced 
since, in assuming that the whole work done in the cylin- 
der, during admission as wel] as expansion, is due to heat 
obtained by condensation of steam. The error was un- 
fortunate, because then and rince it has diverted atten- 
tion from the true cause of waste in the action of steam. 
Isherwood did find by his experiments a large cylinder 
condensation, but he was too acute to attribute the whole 
of it to work done. He pointed out clearly the action of 
water on the cylinder wall in abstracting heat during 
exhaust, which would have to be supplied by condensa- 
tion during admission. Further, he pointed out that 
priming water in the steam produces a loss greater than 
could be accounted for by mere abstraction of the heat in 
the priming water from the boiler. In his earliest paper 


he argues against the utility of jackets and against super- 
heated steam, but experiments soon after led him to 
modify his conclusions on both these points. 





All Isherwood’s trials of large marine engines showed 
that, when expansion was extended beyond excoed- 
ingly small limits, it caused not an economy, but a waste. 
In his second volume he sums up his results as proving 
that when cut-off is earlier than 0.6, or, perhaps, even 0.7 
of the stroke, the consumption of steam, reckoned on the 
work done, is increased. Curiously enough, this led him 
to attack the compound engine. From the quantities in 
the Table of Experiments, he says, ‘‘ it will be seen how 
useless in point of economic gain is the preposterous 
arrangement of steam engine known as the double 
cylinder, Woolf, or Hornblower engine. . . . Opposed to 
a facts the declarations of interested patentees and 
engine-builders must be classed in value with those set 
forth by quacks in advertisements of their nostrums.” 
This is from a paper dated 1865, and it is curious because 
Isherwood generally saw clearly enough the danger of 
drawing sweeping conclusions from narrow experimental 
premises. 

Isherwood’s exper:ments were made on large, low- 
pressure, slow engines, with large clearances, without 
jackets, and with very great cylinder condensation. In 
these conditions, widely different from those of Cornish 
engines, any expansion, except to a very small extent, is 
uneconomical if regard is paid to indicated power, and 
still more, as Isherwood showed, if regard is paid to effec- 
tive power. 


Trials of Michigan. Isherwood. Michigan, 1861. 


Steam perIn- Steam per Eff -c- 








Iadicated ; ; 
Cut Off. ne dicated Horse- tive Horse: Power 
Horse-Power. “power Hour. Hour. 

Ib. Ib 
0.92 801 40 43 
0.70 21 35 38 
0.44 204 33 86 
0.30 134 35 39 
0 25 118 34 39 
017 74 37 44 
0.09 6L 46 61 


The proper lesson from Isherwood’s results was merely 
that certain conditions must be observed te secure 
economy in expansive working. Unfortunately more 
generally the conclusion was drawn that the Cornish 
results were not to be trusted, and that expansion was 
not economical, and Isherwood’s own language lent 
authority to the least accurate view of his results. To 
obtain greater insight into the true action in the cylinder, 
and to find a reconciliation of the Cornish and American 
tests, experiments of a much more refined character were 
wanted, and insight due to wider scientific knowledge. 

Lhe Physical Properties of Steam (Regnault ).—No useful 
progress could be made with a theory of the steam engine, 
no accurate reduction even could be made of the results of 
engine tests, without exact determinations of the relations 
of pressure, temperature, volume, latent heat, and liquid 
heat of steam. It was fortunate, therefore, that about 1849 
M. Regnault obtained the means from the French 
Government to make a series of researches on the physical 
properties of steam with splendid instrumental appliances. 
He wisely carried out his determinations over a very wide 
range of conditions, and spared no labour or trouble in 
attaining accuracy. Regnault’s results were of the 
greatest importance as a foundation for accurate study 
of the steam engine. 

The Foundation of Thermodynamics (Carnot and Joule). 
—The next important step was the discovery of the equi- 
valence of heat and work. Joule’s investigations began 
with an attempt to improve Sturgeon’s magnet‘c engine. 
He was so led to consider motive power problems from 
the engineer’s standpoint, as a question of duty, or of 
something obtained for something expended. He ascer- 
tained the amount of electric current produced by the 
chemical combustion of a given amount of zinc, and com- 
paring his results with those obtained in good steam 
engines, he concluded that, making the larges» allowance 
for possible imperfections of his magneto engine, it was 
never likely to be a rival in economy to the steam engine. 
That was a negative but a useful result. It closed cne 
direction of useless endeavour only too likely to attract the 
inventor. 

One of the effects of electric action which Joule noticed 
was the heating of his conductors, and it was to the measure- 
ment of this heating effect he next addressed himself. 
The heat developed in the conductor by the electric action 
due to elements combining in the galvanic cell, was found 
to be identical with that which would be generated by the 
direct combustion of the same elements. Finally he 
came to consider the relation between the mechanical 
work expended in driving a magneto-electric machine, and 
the heat developed in the external circuit of the machine. 
He concluded that for 838 foot-pounds expended a pound 
degree of heat was generated. Later experiments cor- 
rected this value, but the discovery of the equivalence of 
heat and work was made. 

Here for a short time Joule was misled by his own dis- 
covery. Examining the case of the steam engine, he found 
that of the heat generated in the boiler furnace, less than 
one-tenth was actually converted into work. On that he 
too hastily assumed that this was a measure of the re- 
mediable imperfection of the steam engine. It was not 
till six years after that he understood the physical limita- 
tions to the conversion of heat into work. The motivity 
of heat, or its capability of conversion into work, depends 
on local conditions. To increase the proportion converted 
in the steam engine, except so far as decreasing subordi- 
nate losses is concerned, it would be necessary to remove 
it to another planet where more favourable conditions for 
heat conversion exist. 

As early as 1824, 20 years before Joule’s discovery, 
Sadi Carnot, in a suiedkalhe pamphlet on the ‘‘ Motive 
Power of Heat,” demonstrated the fundamental prin- 


ciple that the amount of work obtainable from any 
given quantity of heat cannot exceed a quantity pro- 
portional to the fall of temperature. Unfortunately 
adopting, though with hesitation, the view held in his 
time that heat is material and indestructible as heat, he 
coupled with his true principle the false corollary that all 
the heat entering an engine is discharged in the condenser, 
Joute, in 1845, found this principle of Carnot, and looking 
to the corollary as essential, supposed the principle itself 
to be false. He failed to perceive that Carnot’s principle 
was the essential supplement to his own discovery, and 
that it showed why the apparent efficiency of the steam 
engine is so low. I» took six years before Joule’s and 
Carnot’s principles were reconciled, and for three of them 
even Lord Kelvin refused to accept Joule’s discovery, 
because it apparently conflicted with the principle of 
Carnot. 

Permit me a very short digression. In popular writings 
nothing is commoner than to find the efficiency of electric 
machinery and of steam machinery contrasted, to the 
great discredit of the latter. The dynamo, it is said, 
has an efficiency of 90 to 95 per cent. ; the steam engine 
an efficiency of only 10 per cent.—what a barbarous 
machine, after all the labour of a century, the steam 
engine must be! The comparison is generally made by 
an electrical engineer, and the first reflection which occurs 
to one is that of all people the electrical ergineer should 
be the last to abuse the steam engine, for whatever may be 
the case in some future century, at present the dynamo is 
absolutely dependent on the steam engine. Without the 
steam-engine the dynamo would bea useless mass of metal 
and wire. But, passing over the moral aspect of the ques- 
tion, the ingratitude of the electrical engineer, the com- 
parison is an unfair one, and shows a want of apprehension 
of that important law of the motivity of heat which is 
one of the two fundamental laws of thermo-dynamics. 
Heat energy is undirected or mob energy. It lies in the 
nature of the terrestrial conditions in which use has to be 
made of it, that only a fraction is convertible into 
directed or mechanical energy. The task of the steam 
engine is to do its best with the fraction which is con- 
vertible, and in that point of view, it is not an inefficient 
machine. The dynamo has a much easier task. Energy 
is supplied to it in its directed or wholly convertible form, 
and naturally in transforming one kind of directed energy 
into another kind of directed energy only a small fraction 
need be wasted. 

_The Founders of the Rational Theory (Rankine, Clau- 
sius, Zeuner).—The impetus given to the study of thermo- 
dynamics by the discovery of Joule, and the perception 
of the fundamental importance of Carnot’s theorem, was 
enormous. Heat problems could now be brought out of 
the region of mere empirical solutions, and treated from 
the rational standpoint of an exact science, and the steam 
engine, as the most important example of heat transfor- 
mation, attracted at once the attention of scientific men 
of commanding intellectual ability. Ina very few years 
Rankine and Clausius had built up a strictly rational 
mathematical theory of the steam engine, and a little 
later Zeuner carried further the analysis of some of the 
more subordinate details. The theory, with one exception 
to be referred to presently, took account of all the actual 
conditions under which steam is used, and furnished exact 
rules for the relation of steam expended and work done 
for all arrangements of the actual steam engine practic- 
ally adopted, Subject to only one restriction of import- 
ance, the rational theory would have given the means of 
determining, by nearly exact calculation, the relative 
economy of different types of engines, the precise advan- 
tage in any given case of any particular ratio of expan- 
sion, the loss due to clearance, and other questions of 
that kind. No physical theory of any machine was ever 
constructed more complete or on less exceptionable data. 

It was just at this time that the experiments of Isher- 
wood were published, and a comparison of experimental 
results and theoretical calculations showed directly a very 
large discrepancy. The steam consumption in some trials 
was 30, 40, or 50 per cent. more than it should have been 
in the assigned conditions of working according to the 
rational theory. Some action, of quite governing import- 
ance, had obviously been neglected in the theoretical 
analysis. 

A rough illustration will perhaps make clear where the 
defect of the rational theory lay. Suppose a good water- 
wheel driven by a fall of water. The mechanical action 
of the water is of a simple kind, and a theory is easily 
constructed which would give the relation of the water 
expended and the useful work done. Now suppose that 
unknown to the constructor of the theory, there existed a 
large leakage from the head race to a reservoir on the 
supporting walls. Obviously the water expended would 
be greater than the calculated expenditure. The error of 
the calculation would not be due to any defect of the 
theory of the water-wheel, but to an extraneous and addi- 
tional action which had not been taken into account. There 
was a neglect of a very similar kind in the rational theory 
of the steam engine, a leakage of heat treated as negligible 
in the theory which is, in fact, far too large to be treated 
as negligible in the practical working of the engine. 
Rankine and Clausius and Zeuner were well aware that 
the operation of the steam in the engine has to be carried 
out ina metallic cylinder capable of absorbing and giving 
up heat. But the ‘conditions in which this exchange of 
heat occurs are complicated, and very difficult to include 
in a mathematical analysis. They left the heat exchange 
with the cylinder wall out of the analysis, as a matter 
which could be allowed for by some empirical coefficien?. 
No doubt they altogether underrated the enormous 
facility of heat exchange which arises out of the contact 
between a conducting cylinder wall and a vapour in 4 con- 
dition of the greatest instability and liable to condense or 
evaporate on the slightest change of thermal condition. 





(To be continued.) 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 

The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. ‘ ; P 
Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office 
sale Branch, 33, Cursitor-street, Chancery-lane, EC., at the 
uniform price of 8d. 
The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
yive notice at the Patent Ufice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS, 


4911. W. M. Mordey, London. Electric Supply 
Apparatus, such as Alternators, Transformers, ana 
Electric Circuits. (6 Figs.) March 8, 1894.- An object of 
this invention isto prevent or reduce the pulsation of current in 
alternators working in parallel. For this purpose the inventor 
uses a device which he terms a “ steadier,” and which is in the 
form of a transformer—that is, comprising a laminated iron struc- 
ture on which the winding is placed. Usually a primary winding 
is provided, arranged as a shuat on the external circuit, and one 
or more secondary windings placed in the armature circuit or cir- 
cuits. The latter winding or windings is, or are, preferably £0 
connected as to impress an electromotive force on the circuit in 
the same direction as the armature, and therefore in a direction to 
resist the passage of a current in the opposite direction. Fig. 1 
shows an arrangement of this kind, wherein A is an alternator, 
X a “steadier,” comprising a core c with primary winding p and 
secondary winding s, and MM the mains supplied by the alter- 
nator. L is a fixed resistance or choking coil which may be 
placed in the primary circuit for the purpose of causing the 
‘‘steadier” to act with increased effect for excessive variation. 
Two ‘‘steadiers” may be used, as shown in Fig. 2, one, viz., X, 
being arranged to have an opposing, and the other, X!, an assist- 
ing electromotive force, and so neutralising one another’s effect 
on the electromotive force of the circuit as a whole, so long as 
the alternate current is not excessive, but both acting to exert a 
choking or impeding effect in the case of an excessive current 
traversing them. The effect of the primary winding p may 











be capable of variation through wide limits to suit the con- 
ditions of working, and (especially for great tendency to pulsation) 
it may be removed altogether. The effect of the winding s carry- 
iog the armature current may in this case be controlled by a 
shunt or by a separate coil wound on the same core and connected 
to a suitable variable circuit, which may be controlled by hand or 
by any automatic means, such as an electro-magnetic switch or a 
fuse. Fig. 3 shows such an arrangement of ‘‘ steadier,” having 
only one windiag s which may be shunted by a resistance at + 
capable of variation by hand or automatically. This resistance 
may bs very small under normal conditions, so that practically 
the whole current will pass through it, and it may be varied up 
to any desired amount, so as to cause more or less of the current 
to pass through the said winding s. The simplest means for ob 
taining variation, and that giving the maximum range, is a fuse, 
or a hand or automatic switch. The variation may be made 
gradually by the use of two or more fuses or switches. Fig. 4 
shows the variable resistance 7 placed in a secondary circuit s'!. A 
similar result to that obtained by the arrangements shown in 
Figs. 3 and 4, may be obtained with the arrangements shown in 
Figs. 1 and 2 by placing a fuse f in the primary circuit p of the 
“steadier ” (Fig. 1), or of each of them (Fig. 2), so that when the 
current passing through such winding, or windings, becomes 
excessive, and the fuse acts, the effect is to remove the action of 
the primary winding or windings from the steadying device, and 
80 allow the winding s to actalone. (Accepted March 18, 1895). 


8317. H. H. Lake, London. (The Antwerp Telephone 
and KHlectrical Works, Antwerp.) Electrical Switches. 
{12 Figs.) April 26, 1894.—This invention relates to switches for 
use at the central stations of telephone systems, and has the effect 
of simplifying the operations of establishing the communication be- 
tween the subscriber and operator while reducing the dimensions 
of the panele. The jack is placed immediately below the annun- 





ciator, to which the jack is then attached directly so as to form 
one piece with it, and so that the orifice of the jack shall be 
Situated immediately below the shutter, which may be raised 
automatically after disengagement by the simple insertion of the 
plug into the jack for putting the subscribers in communication. 
As shown, the electro-magnet of the jiator is losed in a 








the jack M and the plate P of the annunciator. This plate is 
traversed by the front extremity of the jack M, which thus 
appears in front of the plate P immediately below the shutter V 
for the number of the subscriber, engaged in the usual manner 
by a stud lever actuated by the armature of the electro-magnet. 
The blades L and L! of the jack are fixed, with suitable insulation 
from each other, upon the lower side of the sheath G so as to be 
presented before the rear orifice of the jack M. The upper side of 
the latter has a longitudinal opening into which passes the insulated 
extremity x of a bent lever K pivoted at its middle to a small 
bracket ¢ fixed upon the rear face of the plate P. This plate has 
aslit traversed by the front arm of the lever K in the form of a 
finger, ia order to engage with a heel-piece of the shutter V when 
the latter is turned down. If the plug B is inserted, it raises the 
extremity x of the lever which extends into the jack, causing the 
lever K to turn, so that the finger pressing the heel-piece of the 
shutter V raises the latter automatically by the mere insertion of 
the plug B. The figures show the several positions of the pin of 
the lever and of the shutter. (Accepted March 18, 1895). 


GUNS AND EXPLOSIVES. 


8971. R. A Hadfieldand A. G. M. Jack, Sheffield. 
Manufacture of Projectiles. (2 Firs.) May 5, 1894.— 
When asteel projectile is cast base downward, if the wall be com- 
paratively thin, and the base thick, the base is liable to be un- 
sound, owing to settling or falling away of the steel from the core. 
Now, according to this invention, in order to obviate the evil 
above mentioned, a composite chill is provided at the base of the 
core, in auch a manner that whilet having the effect of preventing 
settling, it will not be liable to cause the casting to ‘‘ pull,” by 
draws or contraction cracks, and will be capable of ready removal 
through the small hole in the base of the shell. A construction 
of core for this purpose is composed of a perforated tube or 
hollow spindle with surrounding hayband, moulding material, 
and, at the base of the core, a series of part-chills of cast iron, 





of segmental shape, forming a composite chill conformable, 
as respects its exterior, to the desired shape of the base of the 
shell to be produced. These part-chills do not quite touch each 
other, a space being left between every two, and this space is 
rammed with the moulding material to facilitate contraction of 
the casting. These part-chills are made so as to be easily removed 
through the hole in the base of the shel]. In making the core the 
part-chills are arranged in the base of the core-box and the mould- 
ing material is rammed behind, between, and above them, the 
remainder of the core being rammed and finished in the usual 
way. A is the perforated tube or hollow spindle, B the surround- 
ing hayband, C the core composition, and D D a series of part- 
chills spaced apart at the base of the core and having projections 
d t> insure their being firmly fixed in the other material C of the 
core. E represents part of a shell having a thick base. The 
number of part-chills may vary. (Accepted March 13, 1895). 


LIFTING AND HAULING APPLIANCES. 


7504. J. Marshall, J. Fleming, and A. Jack, 
Motherwell. Overhead Travelling Cranes. [3 Figs.) 
April 16, 1894.—This invention relates to improvements in the 
methods for actuating the cross travelling and longitudinal 
travelling motions of overhead travelling hand cranes, and is 
more particularly applicable when the cranes are operated by 
hand power, and when all the motions are actuated from the crab. 
The crab is constructed with two hand shafts, one of which is used 
for hoisting in the ordinary way, and the other is arranged to 
drive both the cross travelling and the longitudinal travelling 
motions together or separately as desired. A is a spur pinion 
keyed to the hand shaft B. C and D are spurwheels on an axle E 
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of the crab. C is keyed fast to the axle while D runs loose. In 
the position shown, with the pinion A engaging with the spur- 
wheel C, any motion communicated to the shaft B is transmitted 
to the axle E, and the crab travels across the crane. But by 
sliding the pinion A along its shaft, or in some cases by sliding 
shaft and pinion together, A will free itself from C and engage 
with D. If motion be now communicated to the hand shaft B, the 
pinion A will drive the wheel D, which, running loose on the axle, 
communicates no motion to it, but acts as an idle or intermediate 
wheel driving another wheel F keyed toa shaft G which is geared 
to a cross-shaft H, by bevel wheels in the usual way, and travels 
the crane longitudinally. Where there is double gear between 
the hand shaft B and the axle E, the sliding pinion and the two 
wheels with which it gears may be either on the first power or the 
second power shaft. Theepecification describes a further arrange- 
ment. (Accepted March 13, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


9076. W. Anderson, Altrincham, and George 
Richards and Co., Limited, Broadheath, Cheshire. 
Tools for Boring Metals. [4 Figs.] May 8, 1894.—This in- 
vention relates to a boring head or chuck arranged to expand or 
contract in diameter by means of a ssroll-plate, or bevel wheel, 
pinions and screws. The boring head or chuck A has V-shaped 


of the chuck A there is placed a plate C, which can be revolved on 
the chuck A, and has cut on ite face a screw thread or scroll (re 
presented by the dark line in Fig. 3). This thread or scroll engages 
with a similar thread cut on the back of tool-holders B. By re 
volving the scroll-plate C, the boring capacity of the boring head 





or chuck is enlarged or decreased. The scroll-plate C is held in 
position by means of a ring or washer D, and screws E. A eet 
screw F is provided in front cf the tool-holders B, so that when 
they are set to the required diameter, they may be locked there 
(Accepted March 13, 1895). 


RAILWAYS AND TRAMWAYS. 


7878. J. E. Howard and J. C. Taite, London. 
Apparatus for Heating Railway Carriages. (3 Figs.) 
April 20, 1894.—This invention relates to an improved construc- 
tion of drip valve suitable for use in apparatus for heating railwoy 
carriages, in which steam passes from a main steam pipe toa 
system of heat radiating pipes, vessels, or chambers, located on 
the carriages to be heated, and connected with a drain pipe or. 
pipes, which, as well as certain parts of the main steam pipe if 
required, is or are provided with one or more drip valves through 
which water of condensation and also a small quantity of steam 
can pass continuously whilst the apparatus is in action. 1 is the 
drip valve proper, having a small steam exit passage la extending 
therethrough, and arranged to close upon an annular seat 2 sur- 
rounding a large outlet passage 3 formed in the valve case 4 which 
is adapted at its upper end to be attached to a pipe 5 in connec- 
tion with the steam heating apparatus, and at i‘s lower end to 
receive adrain pipe 6. The valve 1 is provided with a stem 1b 
arranged to slide endways in bearings 4a, 4b in the valve case 4, 
and formed with a vertical slot 1c to receive the short arm 7 of a 








lever pivoted to the valve case at 8. The long arm 7a of this 
lever extends outward beyond the valve case, and is made of suf- 
ficient weight to overcome the weight of the valve 1 with its stem 
1b when the valve is not subjected to steam pressure, or only to a 
smal] steam pressure. When steam is admitted to the pipe 5 it 
will press the drip valve 1 upon its seat 2 in opposition to the 
weight of the lever arm 7a and so close the large outlet passage 3 
whilst leaving open the small one la, £0 as to allow sufficient 
steam and water of condenration to escape to maintain the heat- 
ing apparatus in working order. When the steam pressure falls 
upon cutting off the supply of steam to the apparatus, the lever 
arm 7a will act by gravity to automatically move the valve from 
its seat and so open the large outlet passage 3 and permit of the 
free escape of the steam and water of condensation remaining in 
the system of pipes. Should scale or dirt at any time prevent the 
valve from properly closing, it may be readily dislodged by tapping 
or oscillacing the outwardly extending arm 7a of the lever 7, 7a, 
which is for this purpose made in the form of a hand lever. (Ac- 
cepted Murch 13, 1895). 


25,204. A. G. Evans, London. Switch Chairs for 
the Permanent Way of Railways. [2 Figs.) December 
28, 1894.—a, a1 are the stock or side rails; /, )! are the switch 
tongues; c, c! are slide chairs at the toe of the switch; d, dl are 
raised pieces on the slide chairs ; ¢, c! are lower levels or seatings ; 
and /, 7! are higher levels or seatings on which the switch tongues 
rest according to the position of the age ; 9, g' are wheels; h, h 
are the ordinary slide chairs to the heel ot the switch. The 
operation of this apparatus is as foliows: In the normal position 
of the points, as shown in Fig. 1, for them to be moved during the 
passage of a vehicle over them, the switch tongue } must be 
moved from the lower level ¢, up the bevel, on to the higher level 
J, at the same time as the switch rail b! is moved down the bevel to 
the lower level cl. For this movement to be performed, the vehicle 
would have to be raised as the wheel g locks or holds in position 
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the switch tongue ». When the points are in the other position, 
that is to eay, the switch tongue /! on the lower level ¢!, and the 
switch tongue + on the higher level /, b? is locked or held in posi- 
tion by any wheel passing over it. When the points are in that 
position, and for the points to be moved in that position, the 
switch tongue }' would have to be moved from the lower level c! 
to the higher level #1. One advantage of this invention is that 
there is no necessity for oiling any of the slide chairs (such as h, h) 
except c, cl at the toe of the switch, as the switch rail does not 
slide on any but the chair at the toe of the switch, because the 
operation of regis | the switch has the effect of raising the switch 
rail clear of the slide chairs intermediate between the tce and heel 








tubular sheath G having secured upon its sides two bent arms C 
which carry at their lower extremities, suitably ingulated, both 


or other slots on its face to carry the tool-holders B. On the back 


of the switch. For lubricating this improved form of chair at the 
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toe of the switch rail, a lubricating pad may be arranged in the 
recess between the two raised pieces in the chair. (Accepted 
March 18, 1895). 


16,521. H. Rees‘and T. Hulme, Sheffield. Axle- 
Boxes for Railway Rolling Stock. (2 Figs.) August 30, 
1894.—a is a chamber in the upper part of the box which is 
usually employed for holding tallow or other lubricant, and 6 is 
the brass or bearing supported in the lower part of the chamber a 
by flanges b'. c isa plate tapering towards each end and resting 
upon the brass b. d, d' are metal blocks or keys tapered in con- 
trary directions on their lower surfaces, where they bear upon the 
plate c, and ¢ isa tightening bolt passing through the blocks the 
part ¢' of which is made square to fit a square hole in the block dl 
to prevent the bolt from turning. f is a lock-plate, and jf! lock- 
nuts screwing against the outer end of the block d for drawing the 
blocks together and thus pressing the plate c upon the brass b. 
The nut /? on the outer end of the bolt screws against a loose plate 
g forming a cover to the end of the chamber a. In order to replace 
an old brass or bearing by a new one, the nut f2 is unscrewed and 
the cover g is removed, the lock nuts /] are then also unscrewed, 
and the block d removed from the chamber a. The tapered plate 


—D Fug “yy 
J ZF 7 
Y | Yt, Mi Ly 


Y 5 74'@*, j 


























can then be taken out, thus permitting of the removal of the brass 
or bearing. A new brass can then be replaced in the chamber a 
and tightened up by the nuts, The lubricating apparatus consists 
of a large roller A and two smaller rollers /', /', the latter resting 
upon the former and bearing against the lower part of the axle 
journal i shown in dotted lines. These rollers are supported at 
each end by brackets k, k, bearing upon coiled springs /, / carried 
in cylindrical extensions or guides m, m formed with or connected 
to the lower part 7 of the axle-box. This part n is preferably 
formed of sheet iron or tin, and bolted through the flanges n' to 
the upper part of the axle-box, and in it is held the oil for lubricat- 
ing, the large roller h dipping into the oil and feeding it through 
the rollers /' to the journal i. The rollers are gently pressed 
against the journal by the springs land revolved by the movement 
cf the axle. By means of this apparatus lubrication ceases directly 
the vehicle stops and commences directly it begins to move, all 
waste being prevented by a ring or ecraper o of tin attached to the 
axle on the inner side of the axle-box. The part » of the axle-box 
is provided with an indicator » consisting of a glass tube commu- 
nicating with the lower part of the box for indicating the amount 
of oil contained therein. (Accepted March 13, 1895.) 


SHIPS AND NAUTICAL APPLIANCES. 


5652. A. T. Zeise, Altona-Ottensen, Germany. 
Screw Propellers. (3 Figs.) March 17, 1894.—Experience 
has shown that, commencing at the upper part of the rear side ofa 
propeller blade, a gradual destruction of the cast iron or steel takes 
place, which proceeds to the front surface of the blade. The pro- 
tective device according to this invention consists in providing 
the part of the surface of the blade which is to be protected, di- 
rectly in the manufacture of the propeller, with depressions so 
that their lateral surfaces will undercut the surface of the blade 
in various directions, Upon the surface thus prepared there is cast 
a thick coating a of a metal which will resist the action deleterious 
to the material of the blade. This protecting cover is held upon 
the latter by tenons b, which after the cooling of the cast metal fill 





up the depressions in the surface of the blade. The protective 
coating may consist of an alloy cf about 85 parts lead and 15 parts 
antimony. Upon the cast-iron or steel blade provided directly in 
the manufacture with the depressions above referred to, a layer 
of loam corresponding with the thickness and form of the metallic 
protecting cover is formed so as to serve as a sort of pattern over 
whicha mould is produced in any customary manner. After the pro- 
perly dried mould is removed from the blade, and the loam pattern 
still adhering to the latter, the depressions in the blade are 
thoroughly cleaned from the loam, the mould is again fastened to 
the blade, and then the molten metal designed for the protecting 
cover poured into the mould. In this manner the protecting 
cover is in a most reliable way firmly secured to the blade of the 
cast-iron or a so that an intimate union of the two 
metals is obtained, and there will be no liability of water passing 
between their contact surfaces. (Accepted March 13, 1895). 


STEAM ENGINES, ay ae EVAPORATORS, 
c. 

6529. G. V. Priestly, Leeds. Steam Generators. 
(3 Figs.) April 2, 1894.—This invention relates to furnaces and 
generators for burning refuse and dust fuel, and more particularly 
to Livet’s steam generator, described in the Specification of Patent 
No. 11,472 of a.p. 1890, when used for consuming refuse. 1is a 
vertical shoot divided into compartments 2 and 3; compartment 2 
being for the conveyance of dust-fuel, and compartment 3 for 
lump or coarse fuel. The hopper 4 at the top end of shoot is for 
the reception of both classes of fuel, separated by apartition. The 
lower ends of shoot 2 are fitted with mechanical stokers for feed- 
ing the dust in small and frequent quantities on to the fires. Com- 
partment 8 is provided with apertures 5, the upper one opening 
on to deadplate 6, and the lower one on to deadplate 7, the boiler 
shown being provided with two sets of fire-grates, superposed one 
above the other. For this purpose the furnace tube forming the 
fire-boxes at front end is made of a larger diameter to allow for 








the fire-grates being placed one above the other. The bottom of 
the flue tube is at or near the level of the lower fire-grates for the 
removal of the clinker. The fire-doors 8, opening on to the dead- 

lates 6 and 7, are placed diagonally to front of boiler. The fire 

ridges 9 and 10 are built flush with the top of grate bars, to allow 
the stoker to project the clinker off the upper and lower grates on 
to the receiving platform 11, from which it is conveyed slowly 
along the furnace tube 12 by meansof aspiralconveyor13. The 
lower end of this downtake is formed into a pit 17, into which the 
clinker falls from the end of the furnace tube 12, and is allowed to 
remain in the pit 17 till it has parted with all its available heat. 
It is then removed through door 18, underground passage 19, and 
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then into hopper wagons or trucks. The bottom cf the clioker 
pit 17 is at an acute angle to facilitate the removal of the clinker. 
To increase the heating surface of the boiler, small steel tubes 20 
are employed, the ends of which are expanded into the lowest part 
of the boiler shell at 21, and the upper ends again inserted into the 
shell at 22, and ata considerably higher level. Thecontour of the 
tubes 20 closely follows the cross-section of the flues, and are dis- 
posed in the direct path of the current of gases. To raise the 
refuse to the hoppers 4 a hydraulic or other lift is employed to 
raise side tipping waggons from the floor line 23, to a light over- 
head tramway 24, running to the front of the boilers, and placed 
equidistant between the hoppers 4. (Accepted March 13, 1895.) 


TEXTILE MACHINERY. 


8994. B. A. Dobson, Bolton, Lancaster (F. W. 
Atkinson and I. Bottomley, Boston, Mass., U.S.A.) Comb- 
ing Machines, [2 Jigs.) May 7, 1894.—This invention relates 
to improvements in combing machines for cotton and other 
fibrous materials, and the object of the invention is to produce a 
more effectual method of weighting the leather-covered detaching 
rollers used in such machines. The usual weights and weight- 
hooks are dispensed with. ais the comb cylinder, b the nipper 

late, c the top comb, d the oscillating lifter levers, e the movable 
eather-covered detaching roller, f, g the other detaching rollers, 
A the shaft or fulcrum of the lifter levers d, i the trough and 
trumpet-shaped guide, and j the calender rollers. According to 





the present improvements a bracket k is fixed on each lifter lever 
d, and each bracket k acts as a fulcrum for a lever m, a prepared 
surface m1 on which presses upon one of the bushes e! or journals 
of the leather-covered detaching roller e. At the other end each 
lever a is held by a coiled spring attached at the other end to 
some stationary part of themachine. In action when the oscillat- 
ing lifter levers d allow the leather-covered detaching rollers e to 
fall on and work with the fluted segments of the comb cylinder <, 
the fulcra k of the levers m are lowered, and the opposite ends of 
said levers (to which the springs m are attached) being raised, 
thus exert the maximum amount of pressure on the leather- 
covered detaching rollere. The j pane is relieved as the lifter 
levers d return the leather-covered detaching roller e to its normal 
position. (Accepted March 13, 1895.) 


9133. S. Hopkinson, T. Leach, and J. Kay, Preston, 
Lancaster. Shuttle-Checking Apparatus Employed 
in Looms for Weaving. [6 Figs.) May 8, 1894.—In carry- 
ing out this invention the lower half of the ordinary back board of 
the shuttle-box is removed or cut away, including the usual 
swell and spring piece, and in the space so afforded there is placed 
a long wedgelike block, preferably of wood. At the back of the 
filyplate is a platform fiush or level with the surface of the 
flyplate upon which the long block rests. Near each end of the 
platform are notches against whose inner edges-and the back of 
the back board, cross-bars (answering as stops) fastened on the 





back of the long block are held by the pressure of a curved flat 
back spring centrally mounted on a bracket secured to the Slay 
bottom. This bracket is provided with a regulating screw for 
increasing or decreasing the pressure of the back spring. The 
natrow end of the long wedgelike block—that is to say, at that 
end nearest to the reed—is protected by acurved metal nosing 
piece which projects downwardly, the projecting part resting 
against the end of the platform and acting as a kind of fulcrum. 
As the shuttle enters the shuttle-box, the narrow end of the long 
block is pressed against its end of the back spring, and as the 
shuttle passes completely into the shuttle-box, the thick end of 








the block is gradually pressed back ; the action of the spring 
simultaneously on the back of the narrow and thick ends of the 
block affording an equally distributed pressure on the whole 
length of the shuttle. a@ is the upper part of the ordinary back 
board of a loom shuttle-box; b the long wedgelike block or re- 
sistance piece arranged with the opening c ; d is the flyplate ; ¢ ¢ 
are cross-bars fastened to the back of the long block b ; f is the 
curved flat back spring centrally mounted on the bracket 4 ; h is 
the screw for regulating the — of the spring f ; i is the 
curved metal nosing piece on the narrow end of the long block b, 
(Accepted March 13, 1895). 


MISCELLANEOUS, 


4986. F. Wicks, London. Type-Moulding Ma- 
chines. (9 Figs.) March 9, 1894.—This invention “ 
mainly to an improved construction of the moulding wheel form- 
ing part of the machine for casting types, described in the Speci- 
fication of Patent No. 12,784 of a.p. 1884. ais the mould, 2 its 
stationary cover which is now made hollow so that it is cooled by 
water circulating through it, from an inlet b' to an outlet b2. © 
is the matrix piston, the rear end of which is provided with an 
adjusting screw f abutting, when the piston is retracted, against 
the stationary cam g. The depth of the mould a is thus accurately 
adjusted to form a type of proper height ; ¢ is the guide ring for 
the matrix pistons. Under the moulds and pistons there is a 
large cavity d through which water circulates for cooling. The 
water is caused to flow up through a passage h bored up the 
stationary shaft and out to a circular groove h! sunk in the shaft, 
from which groove it passes by a hole h2 into d, From d the water 
returns by a hole in the revolving sleeve to a groove 71 formed 
in the stationary base, and thence away toa suitable outlet. By 
means of a screw k the mould cover b is pressed down to close 
contact with the face of the mould wheel. On the under face of 
the cover b there is a projecting bead b® which forms the nick in 








the cast type. The upper surface of the wheel has a circular 
groove corresponding with the bead b3. The stationary shield o} 
which admits the nozzle o has a projecting bead al to form the 
notch in the heel of the type, and the wheel has a corresponding 
groove in its periphery. Through the bead a is bored the hole 
by which the molten metal is injected from the nozzle o into the 
type mould a. Around this hole there is a space w for circula- 
tion of cooling water. q are the cogs on the wheel for engaging 
with the chain u which carries away the extruded types. The 
surplus metal ejected from the nozzle o finds its way through the 
space m in the shield to a duct m! extending down into the 
molten metal in the melting pot t, sealing the interior of the 
shield against access of air which otherwise would oxidise the 
metal. (Accepted March 13, 1895). 





UNITED STATES PATENTS AND PATENT PRAOTIOB. 
Descriptions with illustrations of inventions patented in the 
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STATE RAILWAYS IN WESTERN 
SUMATRA. 
(Concluded from page 497.) 

Emercinc from the tunnel the line runs through 
a narrow ‘‘kloof” into an extensive plain run- 
ning north and south, and full of ‘‘ padi” (rice) 
fields. Through this plain the River Lunto 
undulates, finding its way out to the eastward 
between two precipitous bluffs to the main river 
Ombilieu. The seams of coal, three in number, 
are visible in the river bed, and have been followed 
some distance into the hills above. The two upper 
layers are 2.5 metres (8 ft.) thick, the lowest 
6 metres (20 ft.); they belong to the Lower Ter- 


TasLE A.— Weight and Span of Iron Bridges. __ 

















Clear Span between | Railway on Top Railway between 
Abutments. | Flange. Girders. 
Metric. —_ | Weight. Weight. 
etres ft. in. | kilogs. tons kilogs. | tons 
" 6 6} 357 0.35 
3.10 10 2 893 0.87 
6 19 8 2,445 2.40 
7.20 23 74 2,507 2.46 
8 26 3 4,119 4.05 6,910 6.80 
10 32 8} 5,845 5.75 
12 39 44 es oo 11,398 11,21 
15 49 24 15,242 15.00 11,571 11.38 
20 65 24 17,225 16.95 21,358 21.02 
25 82 0 i a 27,228 26.79 
30 98 2 40,661 | 40.01 
40 130 11 | 59,608 58.66 
50 163 7 ee =f | 84,384 83.05 
Arch 56 183 9 a | as | 123,982 | 122.02 








rated from each other by sandstone strata of vary- 
ing thickness. A main road several thousand feet 
in length will be driven, following the direction of 
the 20-ft. seam ; into this the coal will be brought 
from the workings by self-acting inclines. From 
the entrance of this main road the coal trucks will 
be drawn to the screen-house by means of an end- 
less chain over a distance of 800 metres (872 yards), 
the difference of level being 68 metres (223 ft. ). 
The screen-house is a large three-storeyed iron 
building, each floor being 3 metres (9 ft. 9 in.) 
high. The coal is delivered from the mine to the 
top floor, where the skips are pushed by hand 
over the iron flooring to different tips, according 
to the treatment they have to undergo. By one 
set of tips the unscreened coal is shot into large 
hoppers, from which it can be loaded into the rail- 
way wagons. By another set it is shot on to 
screens, the bars of which are adjustable according 
to the size of coal required, and the small coal 
which passes through is carried off by a tramway. 
The screened coal can either be shot into hoppers, 
or passed on to an endless band made of steel 
plates 1.5 metres (4 ft. 11 in.) wide, travelling 
sufficiently slowly to enable the stones to be picked 
out by men stationed on either side. After being 
thus screened and freed from impurities, it is 
worked off the band by steel scrapers and tipped 
into hoppers ready for delivery. On the ground 
floor there are five lines of way, laid at such gra- 
dients that empty wagons will move slowly under 
the shoots by gravitation, and loaded wagons move 





away in the same manner when started. 


TABLE B.—Legapine Dimensions or Locomotives, SumaTRA RaILway. 





Adhesion Locomotives. 

















| 
Rack-Rail Locomotive — Rack-Rail 
| oll 
| 











sues | 
Small Size. Large Size. comotive. 
re | ee | = " i = | ee Beas 
| metres | ft. in. metres ft. in. | metres | ft. in. metres ft. in. 
‘ind f diameter 0.300 0 11.8 0.360 1 217 | 0.340 | 1 1.38 | 0.430 1 4.9 
Cylinder 4 stroke 0.450 | 1 5.71 0.600 1 7.68 | 0.800 | 1 7.68 | 0.600 | 1 7.€8 
Drivin number 4 oe om | | | 
wheels diameter| 0.988 | 38 27 1.000 8 38.37 | 0.650 {| 2 169 0.983 8 27 
Di ter of main) | 
‘toothed wheel : & 4 By | | 0.975 3 2.38 0.975 3 2.88 
Pitch circle of pinion | 
driving wheel * | 0.820 {| 2 828 
Pitch circle of small) | | 
pinion _" Sat ° 0.369 1 262 | 
Diameter of bogie | 
wheels Pes . | 0.650 s Le 0.667 | 0.650 | 2 1.59 
Distribution of weight} | | | | 
on bogie .. ..| 4.48 tons | 6.77 tons | | | | 
Distribution of weight | 
on front axle . sa “ OM. | | 9.60 tons | 10.84 tons | 
Distribution of weight | | 
on centre axle se| 4.00 45 9.80 ,, | . | 9.60 ,, | 
co ee 9.30 ,, | "| 7.05 | | 10.770 ,, | 
on hind axle.. Fs . ee | t a» | ee | e 7 | 
Total wheel base 3.370m. | 11 0.67 | 4.700m.| 15 61 | 4.700 m. | 15 51 | 280m] 9 226 
rate: Len; : oe . | oe | . : | A < 
—- | a iz eee ree | 1.006m. | 3 36 |  .722 2 4.43 
Grate Area ..| 0.689 eq.m | 7.41 eq. ft. | 1.258 sq. m | 18.54 eq. ft. tonang &q.m. 15.15 sq. ft. ee ert ft 
Firebox: Length . re | ae re | 1.600 m. 5 8 I{ “1.880 m { 6 045 
| } | 95 a 
Breadth | | 1.006m.) 3 3.6 {oor I1 2 ae 
| § 1.200 to 3 11.25 to| § 1.150 to 8 9.27 to 
Height | { 1.245 m. { 4 0 4 1.295 m. { 4 8 
a | a m. 71.4 sq. ft. —* 73.6 sq. ft. 
es: Number | a 
Dissssber | | -045 mtr. 1.77 sq.m. -045 m. 1.77 
Length 3070 ,, 10ft. 9 in. | 2 300 mtrs. 7 65 
Surface ae eS | - | s | es |73.781 eq. m.| 794.20 aq. ft.|58.852 sq.m.) 633.5 sq. ft, 
Heating surface, total |80.892 sq. m.| 870.72 sq. ft. |85 sq. metre. - eq. ft. | 152.63 | 1642.76 sq. ft. |60.460 a | 650.81 sq. ft. 
awed pressure ; 10 atmos. a | llatmos. | se | 11 atmos. | oe | 12atmos. | 
eight of engine ip | | | 
working order ..| 19.48 tons re | 34.67 tons | 26.25 tons | | 21.610 tons | 
Weight of engine | . | seieee 
empty ae vo] SORT gs “se | 27.65 ,, | 2:8 ., | | 17. ne 
Tender: Water a - oe 1.900 ,, | 1.4860 ,, 
Coal | | | 0.250 ,, 


i. tind 


tiary, Eocene formation. The coal is very hard, 
and shows a conchoidal fracture. Samples sub- 
mitted to Mr. E. Riley, London, gave the following 
analysis : 


Per Cent. 
Volatile matter 46.24 
oke... ae 53.76 
100.00 
Carbon iat 77.62 
Hydrogen ... 6.08 
Nitrogen 1.11 
Oxygen cs 12.80 
Sulphur __... so 0.63 
Ash (buff-coloured) 1.76 
100.00 


Calorific value as determined by Thompson’s calorimeter 
‘ = 75.60 calories. 
Evaporative power, 14.05 lb. of water per pound of coal. 


All three seams will be worked. They are sepa- 





| .350 5, 


Norg.—-Tons are metric tors of 1000 kilogs. 


There was some difticulty in eelecting the best 
site for this building, as the hilly nature of the 
ground made the levelling-up of the necessary area 
very costly ; even with the greatest care no less than 
122,000 cubic yards of earthwork were required. 

When all the arrangements are completed, it is 
confidently expected that it will be possible to 
deliver a first-class coal at Emmahaven at a price 
that will enable it to compete advantageously with 
any other coal eastward of the Suez Canal ; and 
should the extension to the Straits of Malacca be 
carried out, and a convenient port be found or 
made, a serious blow may be struck at the pro- 
sperity of Singapore. 


FormarTIon. 


The railway is a single line throughout ; the gauge 
is 1.067 metre (3 ft. 6 in.), the standard gauge for 
all the State railways of Netherlands-India. 








The | 


clearance in curves varies from 24 millimetres 
(}% in.) in curves of 150 metres (74 chains) radius, to 
6 millimetres (j in.) in curves of 1000 metres 
(50 chains) radius, both in rack-rail and adhesion 
sections. The superelevation of the outer rail 
varies from 40 millimetres (1 ;% in.) to 10 milli- 
metres (.393 in.) for the above curves respectively. 
On rack-rail sections there are no parabolic adjust- 
ments, and on adhesion sections these are only 
used in curves of less than 400 metres (20 chains) 
radius. The length of these adjustments varies 
with the radius as follows : 


Length of Adjustment. 


Radius. 
metres chains metres, | ft. 
400 to 250 20 to 124 10 | 33 
250 ,, 200 124 ,, 10 16 | 49 
200 ,, 150 10 ,, 7h 20 66 





One half of the adjustment comes into the straight, 
the other half into the curve. Changes of gradient 
in rack-rail sections are rounded off by vertical 
curves of 1000 metres (50 chains) radius, and in 
adhesion sections by curves varying from 5000 
metres to 2500 metres (250 chains to 125 chains) 


radius. The resistance of curves has been taken as 
follows : 
Kilogrammes. Metres or Chains. 

6 per ton (metric) for a radius of 150 7 

5 ” ” ” 200 10 

4 ” ” ” 250 124 

3 ” ” ” 300 15 

2 ” ” 9 400 20 

1 ” ” %” 500 25 


the maximum gradient being reduced accordingly. 

Level crossings are not allowed on rack-rail 
sections. Where they occur on adhesion sections 
guard rails have been dispensed with, and no gates, 
fencing, or other protection has been used, and yet, 
although the railway in many places passes close to 
the high road, and in some cases even along it, 
accidents from cattle, &c., have been very rare. No 
fencing is used except at stations. 

Embankments are 4.20 metres (13 ft. 9 in.) wide 
at formation level, with slopes of 14 to1. Cuttings 
are 7.20 metres (23 ft. 7 in.) wide, giving room for 
side-drains with an outer ‘* berm” at either side, 
the slopes varying with the soil from 3 to 1 in solid 
— to 1 to 1 in compact earth, and 2 to 1 in loose 
soil. 

The breadth of the ballast bed is 3.20 metres 
(10 ft. 6 in.), and rail level is 0.45 metre 
(1 ft. 54 in.) above formation. 

The engravings on page 597 show the formation 
at various points in the Kloof of Anei (Fig. 12), 
and a temporary bridge across the river (Fig. 11), 
while the view on page 594 is a characteristic view 
of the scenery on the route. 


PERMANENT Way. 


The rails are steel, of the Vignoles type, weigh- 
ing 25.6 kilogrammes per metre (54.35 lb. per 
yard), manufactured by Krupp, of Essen. They 
are in 7-metre (23 ft.) lengths on adhesion sections, 
with ‘‘ specials” varying from 6.95 metres to 
7.022 metres for the rack-rail sections and curves. 

Steel sleepers of the well-known Post type are 
used. They weigh 39 kilogrammes (75.8 1) seeks, 
and are 1.90 metres (6 ft. 2? in.) long. The cant 
of 1 in 20 is given during the manufacture. There 
are two patterns: the ‘‘fish-bellied” type, designed 
for adhesion sections ; and the flat type, originally 
designed for rack-rail only. They are spaced 1 metre 
(3 ft. 38 in.) apart centre to centre in adhesion 
sections ; in rack-rail sections the spacing varies 
from 0.875 metre (2 ft. 10} in.) in the middle of 
the rail, to 0.757 metre (2 ft. 53 in.) near the ends, 
and 0.490 metre (1 ft. 7 in.) at the joints. 

The suspended joints have angle-shaped fish- 
plates on both sides, with four fish-bolts. The 
rails are secured to the sleepers by clip-bolts of 
three different types, known as A, B, and C bolts, 
according to the position of the stem of the bolt in 
its head. By a proper combination of these bolts, 
any required clearance (from 3 to 24 millimetres) 
can be given to the gauge. They are made easily 
recognisable by different notches on the stem, and 
no difficulty was experienced in training native 
labourers to use them correctly. The rack-rail is 
of the Riggenbach type, selected for its strength 
and simplicity. It consists of two channel irons 
with teeth of trapezoid section riveted between 
at a uniform pitch of 109 millimetres (4} in.). 
The rail is in 3.5-metre (11 ft. 5? in.) lengths, and 
is laid to break joint with the ordinary adhesion 
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rails on each side of it. It is carried on cast-iron 
chairs fastened to the sleeper by two bolts and nuts. 
As the rack-rail is too stiff to be bent after manufac- 
ture, it has to be made up to the required curve in 
the first instance, and as the distance from the 
last tooth to the rail end is 60 millimetres at the 
bottom, and 49 millimetres at the top end, they 
cannot be reversed: it is therefore necessary to 
order special racks for right and left hand curves. 
For these reasons it is desirable to make the curves 
on rack sections of as uniform radius as possible, 
The plate-laying was done entirely by native—chiefly 
convict—labour ; 1000 metres (1093 yards) of ordi- 
nary rails or 550 metres (600 yards) of rack-rail 
was considered a fair day’s work. The entrance 
lengths of the rack-rail sections have already been 
described. 
Ro.iine Srock. 


The locomotives are of two different types, 
namely, those required to run on the ordinary rails 
only, and those required to run on both the rack- 
rail and the ordinary rail sections. They are both 
tank engines. The adhesion locomotives are of two 
sizes ; the smaller ones have four wheels coupled, 
and a two-wheeled bogie in front. They weigh 
15.27 tons empty, and 19.48 tons in steam, and are 
capable of hauling on the level a train weighing 
150 tons (engine excluded), at a speed of 35 kilo- 
metres (23 miles) per hour. They are fitted with 
the ordinary hand-brake, steam brake, and air 
brake. 

The larger adhesion locomotives have six wheels 
coupled, with a two-wheeled bogie in front, which 
allows a slight lateral movement. They weigh 27 
tons empty, and 34 tons in steam, and can haul a 
train weighing 250 tons on the level at a speed of 
25 kilometres (16 miles) an hour. They have the 
same brakes as the lighter engines. 

The rack-rail locomotives were built by the firm 
of Emil Kessler, at Esslingen, in Wurtemburg. 
They are of the Riggenbach type, with two outside 
cylinders. They weigh empty 21.28 tons, and 26} 
tons in steam. They have four wheels coupled, and 
two trailing wheels of the same diameter (see Figs. 
13 and 14). The boiler tubes are so arranged that 
on the steepest gradients (1 in 124) they are still 
covered with water. The motion of the crosshead is 
transmitted to the pinion shaft by two toothed wheels 
which are keyed on an axle placed above the pinion 
shaft, so that even on adhesion sections the motion 
of the driving wheels is derived through the pinion 
shaft—that is to say, the driving wheels are not 
driven direct from the piston and connecting-rod, 
but derive their motion from an intermediate shaft 
above them. The rack engine has always to be at 
the lower end of the train, and very powerful brakes 
are fitted to enable it to pull up on any gradient. 
Four distinct brakes are therefore provided, 
namely : 

1, The ordinary screw hand-brake. 

2. The same brake actuated by steam pressure. 

3. The Riggenbach air brake, in which arrange- 
ment the exhaust pipe is shut off from communica- 
tion with the smokebox, and the link put into 
backward gear. The cylinder then acts as an air 
pump, drawing air through the exhaust pipe, and 
forcing it into the steam pipe. By means of a cock 
the escape of this air—that is, the air pressure, 
which, again, is the retarding pressure on the piston 
—canu be regulated. The cylinder is cooled by the 
admission of water, which is injected into the 
exhaust pipe and enters with the air.* 

As all these brakes are useless in case the pinion 
shaft breaks, a fourth brake is added which acts 
quite independently, as follows : 

4, On the leading axle a second pinion, carrying 
two brake discs, turns loose without any connection 
with the rest of the engine. Its teeth gear into 
the rack, and it is evident that as soon as strap 
brakes are applied, either by hand or by steam, to 
these brake discs, the engine nust be brought to a 
standstill, even though the pinion shaft should 
break. Further details of these locomotives are 
given in Table B, page 595. 

The goods wagons have uniform underframes of 
steel, wrought-iron bodies, and corrugated iron 
roofs, and are fitted with the usual central butting 
gear. Nearly all the trucks have side lever brakes. 
Special coal wagons have been built in view of the 
anticipated export trade. They are of the Ameri- 





* See a description of Chatelier’s ‘‘ Contre-Vapeur 
Brake” used on the Lyons Railway, and introduced in 
England, Minutes of the Proceedings of the Institution 
of Civil Engineers, vol. xxxvi., page 119, 


can type, and consist of two separate bodies, each 
of 10 tons capacity, placed on a frame carried by 
two bogies. The sides are hinged about half-way 
up, and are opened by a lever arrangement worked 
from a platform between the two bodies. The 
floor is cambered to the centre, so that the wagons 
will discharge automatically without the aid of 
manual labour. These cars have a wheel-base of 
7.30 metres (24 ft.), and are found to run easily 
round curves of 150 metres (74 chains) radius. 

The carriages are of the American type, with 
central passage. They are carried on two bogies, 
and have a wheel-base of 9.80 metres (32 ft.). The 
usual hand-brakes, worked on the end platforms, 
are provided. Only two classes are used, first and 





second ; the first, seating ten passengers, forms part 
of a composite carriage, seating also sixty second- 
class passengers ; the second-class seats seventy- 
two. The bodies are of teak, with a corrugated 
iron roof above the wooden ceiling, and are all 
made in the railway workshops at Padang. The 
empty carriages weigh 11,400 kilogrammes, or 
158 kilogrammes per seat offered. 


STATIONS. 

These are all of the most simple design. At 
Emmahaven, Padang, and Padang Panjang, the 
platform and one track is roofed over ; at Fort de 
Kock and Solok only the platform is covered ; at 
the roadside stations no covering is provided. Prin- 





cipal stations contain a post and telegraph office, 


| the offices necessary for the service, and a refresh- 


ment room. Roadside stations are all of uniform 








type, and comprise a room which serves as station. 
master’s office, ticket office, &c., and a covered shed 
for the shelter of passengers. At some of the 
country stations, goods sheds have been erected of 
brick, with corrugated iron roofs. No Carriage or 
coal sheds have been built. The coal is stacked 
near the water cranes, and placed in readiness in 
rattan baskets on small wooden platforms, and is 
taken on the engine whilst watering. At the 
principal stations, and at those roadside stations 
where rack-rail sections commence, running sheds 
for six or nine locomotives have been built. They 
are of iron framework, filled in with brickwork, 
and have corrugated iron roofs. They each con- 
tain the usual hydrants, ashpits, a small work- 











Fic. 10. Ayer Manson, on tHE Rovre or tHe Linz. 


shop for light repairs, and an office for the superin- 
tendent. 

The writer is indebted for most of the informa- 
tion contained in this and the preceding article to 
Mr. T. F. A. Delprat, of the Netherlands Indian 
Railway Service, who was in executive charge of 
the Fort de Kock branch, and subsequently of the 
section of the main line from Kajang to the coal- 
field, and who has republished in pamphlet form* a 
series of articles contributed by him to the ‘‘ Eigen 
Hrard,” illustrated by excellent photographs of his 
own taking. 








Tue DELAWARE.—The Pennsylvania State Legislature 
has passed a Bill appropriating 100,000/. for the improve- 
ment of the channel of the Delaware. 





* “ Spoorwegaanleg aan Sumatra’s Westkust,” door 





| Th. F, A. Delprat. Haarlem; H. D. Tjeenk Willink. 1891, 
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STATE RAILWAYS IN WESTERN SUMATRA. 
(For Description, see Page 595.) 
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GLASGOW HARBOUR TUNNEL. 


By the opening next month of the Glasgow 
Harbour Tunnel there will be provided a means of 
cross-river communication in the middle of the 
harbour, which has long been required. The 
necessity has been recognised for a score of years ; 
for in the district of Finnieston there are still, as 
was the case 30 or 40 years ago, extensive engi- 
neering works, many cf them owned by shipbuild- 
ing firms whose yards are further down the 
harbour on the opposite side of the river, where 
also the new Cessnock Docks are being completed. 
The only means of sending manufactures across 
was by making a detour round by the Glasgow 
Bridge, a mile to the east. Indeed, Glasgow 
stretches on either side of the river about 4 miles 
west of this bridge, so that traffic over it has 
become so great that a new structure of greater 
width has had to be taken in hand. The building 
of a bridge a mile further west, at Finnieston, the 
site of the new tunnel, has long been discussed, 
but as all the Channe] and some deep-sea steamers 
load between Finnieston and Glasgow Bridge, there 
were difficulties, which need not here be enlarged 
upon, Amongst the suggested schemes were high- 
level bridges, with roads on gradients, hydraulic 
hoists, and spiral ways; semi-high-level bridges, 
with swinging spans, swing-bridges, &c. The 
principal difficulty in the adoption of the swing- 
bridge was, of course, the interruption of steamer 
traflic on the river, and vehicular cross traffic when 
the bridge was open, while the high-level bridges 
were condemned because of the length of the 
approaches. Messrs. Simpson and Wilson, a firm 
of civil engineers who have had wide experience with 
tunnelling works, prepared a scheme which, being 
well considered, readily commended itself to 
Parliament, and authority was granted in the 
session of 1890. Work was soon after com- 
menced. Subsequently the Clyde Trust con- 
structed an elevating ferry steamer, the Finnies- 
ton, which we illustrated and described in vol. 1, 
page 275; but although this vessel works satis- 
factorily, the communication is intermittent. The 
tunnel, therefore, will meet a decided want. The 
contractors for the tunnelling work were Messrs. 
Hugh Kennedy and Sons, Partick, who, it will be 
remembered, were the contractors for the tunnel, 
&c., on the Greenock and Gourock Railway. A 
complete set of hydraulic hoists has been installed 
by the American Elevator Company, the work of 
fitting the girders, &c., for them having been carried 
out by Messrs, Findlayand Co., Motherwell. Before 
entering upon a narrative of the construction, some 
general description of the works is desirable. 

As shown on the plan and section on our two- 
page plate (Figs. 1 and 2), there are three tunnels. 
The vehicular traffic going south has a separate 
subterranean passage, and there is also one for the 
traflic going north, while the central tunnel is for 
passengers only. Both the tunnels for vehicles are 
shown with their connection to the shaft in one of the 
four engravings on page 608 (Fig. 26), and here it 
may be said that the apparent distortion of the arch 
of the tunnel is due to its meeting the curve of the 
shafts. There are only 2 ft. of intervening space 
between the tunnels across the river. The dia- 
meter of the part of the tunnel under the river, built 
in cast-iron segments, is 16 ft., as shown on the sec- 
tions on the two-page plate (Fig. 4); that under 
the quays, where there is boulder clay, is built of 
brick arching, and is 18 ft. in diameter (Fig. 3). At 
their highest points the tunnels are 15 ft. below 
the bed of the river, thus leaving ample room for 
future dredging operations, and 35 ft. and 46 ft. 
respectively below low and high water levels. The 
shaft on the north side is about 400 ft. west of 
Finnieston-street, and 170 ft. from the quay wall, 
while the shaft on the south side adjoins the Govan- 
road, and is 120 ft. from the quay wall. As the 
river is 415 ft. wide, the length of tunnel from shaft 
to shaft is just over 700 ft. Both shafts are round, 
and 76 ft. in diameter. The shaft on the north 
side of the river is 72 ft. 6 in. deep, and 
that on the south side 75 ft. 6 in. deep. In 
each shaft there are six elevators, three for lifting 
and three for lowering, but any and all can be used 
either for lifting or lowering when required. They 
are for vehicles. The passenger tunnel pierces the 
shaft 34 ft. from quay level, with flights of stairs. 
From the shaft it is on a decline of 1 in 3 with steps 
(Fig. 1). The cages for vehicles vary in size due to 
the curve in plan of the shafts, the larger being 
26 ft. 3in. long by 8 ft. 8in. wide. They are 














entered from the street level. The maximum load 
to be lifted is 12,000 lb. = about 54 tons. 

The work of constructing the shafts was started 
on February 3, 1890, and the four years’ operations 
at shafts and tunnels form an interesting narrative, 
and it may be stated here that Mr. Alexander 
Simpson, Jun., was resident engineer. The south 
shaft was first taken in hand. The walls of the 
shaft consist for the greater part of their depth 
of an inner and an outer liner of 4-in. cast iron 
segments, the intervening space being filled with 
concrete consisting of five parts of sand and broken 
stones to two of cement. The total thickness is 
4 ft. Details of the building up of these segments 
are given on the two-page plate (Figs. 22 and 23). 
The upper and lower parts of the completed shaft 
are entirely of brickwork. Theupper soil of sand was 
removed toadepth of 14 ft., when water was reached. 
A double ring of segments, each of 2 ft. depth, was 
built on a cutting edge. Other rings were built 
and filled with concrete as the excavation proceeded, 
pumping arrangements being meanwhile introduced 
to deal with the water. With about 30 men en- 
gaged shovelling the spoil, working night and day, 
the rate of progress per month was equal to adepth 
of 8 ft. of the entire shaft, meaning 2000 cubic 
yards of stuff, and the cost for excavating alone was 
about 5007. Sand was found for a depth of 48 ft. 
At this point boulder clay was met with, increasing 
the labour cost. The bed of clay dipped across 
the shaft from north to south on a gradient 
of 1 in 4; and as the work proceeded great 
care became necessary to keep the shaft plumb. 
It was, of course, being sunk by its own weight. 
The north side of the shaft sank more slowly 
than the south side, the resistance being un- 
equal around the circumference, and the shaft 
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developed a tendency to tilt over to the south; 
indeed, it canted to the extent of fully 1 ft. from the 
vertical. The north side was thereupon weighted 
with several tons of pig iron placed on the top, 
and by this means it was brought back and retained 
in the vertical position while excavation proceeded. 
Water was also poured down the outer circumference 
to reduce the friction, a trench having been dug at 
the surface level. 

The sinking of the shaft by this means was 
stopped when a depth of 54 ft. had been reached, 
it having been decided, principally for economy, 
owing to the presence of the clay, to construct the 
remaining 21 ft. 6 in. of brickwork underpinning, 
instead of iron segments, Two of the engravings on 
page 608 (Figs. 24 and 25) illustrate this part of the 
work. The boulder clay was taken out in sections 
of about 20 ft. wide around the circumference, the 
clay standing perfectly plumb without any support. 
The brick lining wall is 4 ft. thick. Sand, how- 
ever, was found at the south side of the shaft. A 
row of sheet piling 12 in. by 12 in. was driven 
down the inner wall of the shaft, as shown on the 
engraving (Fig. 24), right into the boulder clay— 
in some cases to a depth of 40 ft. These piles 
were driven in March, 1891, and were allowed to 
remain in until the end of 1893 to give the sand 
time to drain. The sand was very fine, and required 
all that time to part with the water. This delay 
was possible as the tunnels pierced the shaft on the 
opposite side of the circumference. The work of 
excavating the sand and filling in the brickwork 
underpinning was done in short lengths, the opera- 
tion, shown on the engraving (Fig. 25), being most 
successful, The bottom of the shaft consists of a 
2-ft. floor of concrete on the boulder clay. This 
south shaft cost nearly 12,000. 
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The north shaft differs from that just described 
in respect that there was no boulder clay, the 
material from top to bottom being sand, and that of 
the worst description. The work was exactly the 
same as at the south shaft for a depth of 17 ft., 
when water was met with. The iron casing in this 
instance was carried right down to the bottom. The 
rate of progress was slower, the average being about 
6 ft. per month, owing to the amount of water 
being much greater. The quantity ultimately dealt 
with was 1200 gallons per minute, to which it 
radually increased as the excavating proceeded. 
The first pump was a large Tangye machine, and as 
the water gradually increased it was decided to 
substitute several of smaller power by the same 
makers, and, finally, three pumps, each capable of 
delivering 500 gallons per minute, were in use. In 
all cases the pumps were at the bottom of the ex- 
cavation, on a stage supported on piles. When 
the excavation reached the bottom of the original 
stage, piles were driven immediately on the 
outside of the piles of the original stage, the 
tops of the one being bolted to the bottoms of 
the other. This process was repeated at the 
successive depths, so that at the finish there was 
one staging of piles from top to bottom, with a 
series of diagonal bracing timbers and walings, 
and with several platforms. The pumps had a 
maximum lift of from 15 ft. to 20 ft., and the head 
of water reached a maximum of just over 60 ft. 

The essential difference between this shaft and 
that on the other side, is, as we have already indi- 
cated, that the iron casing is carried to the bottom ; 
the soft ground, too, necessitated a different floor- 
ing and foundation. In the process of sinking 
the cylindrical shaft there was no need to load 
it; care had to be taken in the opposite direction, 
there being a tendency for some parts of the cy- 
linder to drop and the segments to part. In view 
of this, it was determined to put in an inner lining 
in this shaft. This inner lining also consists of 
iron segments somewhat stronger in section than 
those shown in Figs. 22 and 23, concrete being placed 
between these and the original lining. The upper 
part of the extra lining was of brick. This reduced 
the original diameter of 80 ft. to 76 ft. A similar 
inner lining was constructed in the south shaft. 
Concrete 10 ft. thick was put in over the bottom 
of the shaft, and grouting under the cast-iron walls. 
First a layer cf cement bags, each 2 cwt., was put 
down, and concrete afterwards tipped in situ to 
the required depth, the whole becoming one solid 
mass. In the centre a sump was left, the only bottom 
in this case being the cement bags, which make a 
thickness of 18 in. The water from this sump 
passes with all other drainage water to a corre- 
sponding sump in the bottom of the southern shaft, 
where a permanent pumping installation is pro- 
vided. This we et pee: in our next article. 

Work on the north shaft was started on April 28, 
1890, and finished in July, 1891, the total depth of 
excavation being 83 ft. The cost was not much 
more than that already given for the south shaft. 
The boulder clay difficulty in the one balanced in 
part the extra expenditure in connection with the 
wet sand. Inthe case of both shafts the upper por- 
tion—that above high-water level in the harbour— 
is of brickwork. 

As we have already indicated, there are three 
tunnels, each, for the most part, 16 ft. in internal 
diameter. The two outside tunnels, for vehicular 
traftic, are level from shaft to shaft, being reached 
by hoists, but the centre one pierces the shafts 
34 ft. from the top, thence descending by a gradient 
of 1 in 3, the same level as the outer shafts being 
reached just at the quay walls. This arrangement, 
with stairs in shaft and incline, obviates the neces- 
sity of lifts for passengers. As to the material 
through which the tunnels were excavated, boulder 


two-page plate, and may at this point be described. 
The first air-compressing engine in use was sup- 
plied by Messrs. John Slee and Co., Earlestown, 
Newton-le-Willows. The steam cylinders were 
24 in. in diameter, and the air cylinders 26 in., the 
stroke being 3 ft. The air valves are practically 
noiseless when working at a piston speed of 300 ft. 
to 350 ft. per minute. Steam was supplied by 
three Lancashire boilers, working at a pressure of 
70 lb. to the square inch. There was a large air 
receiver placed at the bottom of the shaft, as shown 
to the right of the engraving on page 608 (Fig. 24). 
There were two types of air locks used. In the 
one case the whole area of the tunnel was closed in 
with brickwork, with the exception of a passage 
5 ft. high by 3 ft. 6 in. wide, the length being 
19 ft. Buckled doors of cast iron 1 in. thick, fixed 
to the cast-iron frame, were fitted at either end, 
and made air-tight by india-rubber bands. These 
doors are illustrated by Figs. 9 and 10. The 
necessary pipes were laid through the solid brick- 
work. The other lock was entirely of iron, and is 
illustrated on the two-page plate by Figs. 5 to 8. 
It consisted of an iron bulkhead, stiffened by 
vertical beams as shown, while the lock (Fig. 8) 
was 5 ft. 7 in. by 4ft. 2in., and was built up of 
dished plates. This lock was constructed by Messrs. 
Fullarton, Hodgart, and Barclay, Paisley. 

The pneumatic shields are also illustrated on the 
two-page plate (Figs. 11 to 19). That first used is 
shown by Figs. 11 and 12. The outer shell was 
17 ft. 3in. in diameter, and measured 7 ft. from the 
cutting edge to the back. It was built up of two 
thicknesses of steel plates each 3 in. thick, double- 
riveted. There were four plates to the diameter of 
the shield. The cutting edge projected about a 
foot in front of thediaphragm. When a shield was 
required for the second tunnel, modifications were 
made on this first design, principally in the direction 
of strength, although during the construction no 
incident developed to make this other than a pre- 
cautionary measure. This later design is illustrated 
by Figs. 13 to 19. The outer shell was the same, 
17 ft. 3in., but it measured 8 ft. 6 in. from cutting 
edge to back. The cutting edge had a stiffening 
ring on the diaphragm. There were two sliding 
doors 6 ft. by 4 ft. 2in., but it was at no time 
found necessary to close the doors, Inside the 
diaphragm there was at the top and bottom 
a girder for stiffening the shield. This is 
well shown on the engraving on the two-page plate 
(Fig. 19). On the platform there were two 
hand pumps, as shown, for working a series of 
13 small hydraulic rams, 7 in. in diameter, 
with a stroke of 2 ft. Immediately behind the 
diaphragm was a series of cast-iron segments 
abutting against each other and forming a com- 
plete circle. The hydraulic cylinders were bolted 
to these and through the skin plating of the shield. 
For grouting behind the tunnel plates there was a 
grouting pan about 2 ft. 6in. by 18 in. From this 
pan there was a hose-pipe with an iron end-piece 
and nozzle. The grouting was done under a 
pressure of 50 lb. to the square inch. Both shields 
were made by Messrs. Markham and Co., Ches- 
terfield. 

The west tunnel was first started, and about 60 ft. 
driven without the use of air pressure or shield. 
The compressed air plant was started on June 1, 
1891 ; but as long as the work was through boulder 
clay little pressure was required. The experience 
throughout the work, it may be stated, was that 
the rate of progress was not affected by the fact 
that the men had to work under air pressure ; but 
the pressure seldom exceeded 101b. When the men 
were working without air pressure, the progress 
was 12 lineal yards for the first month, May, and 
for the June following, when the air pressure was 
first started, 14 lineal yards; in July it was 17 yards. 





clay extends from the south shaft about a third of the 
distance across the river, and this allowed a splen- 
did start to be made with the boring of the tunnels 
from this end. The lining is of brickwork, the 
internal diameter being 18 ft. as far as the quay 
wall (Fig. 3), whereas the iron-lined tunnel is 


in the tunnel are shown on the two-page plate 


(Figs. 20 and 21). 
was arranged so that the shield for the latter could | water of 50 ft. 
be taken through easily. Although the boulder | the air pipes. 


clay extended into the bed of the river 160 ft. 


beyond the quay wall, it was considered desirable | in boulder clay, as the west tunnel was nearing the 

to begin the iron tunnel under the quay wall, and 

there also to start working under compressed air. 
The air locks and shields are illustrated on the 





|half in sand, the progress was 19 yards, and the 
average in the sand under air pressure about 20 
yards a month. 
from 18 lb. when the sand was first reached, to 
'24 lb. when the north — was — Bo 

eet i i ining | highest pressure was reac crossing the middle 
2. a line of the river, when there was a little wet sand. 
This difference in diameter | At high tide there was a head of 60 ft., and at low 


north shaft ; but when the east tunnel got into the 
sand, it was found desirable to add to the air-com- 
pressing plant, and then an engine was supplied by 


In August, when operations were half in clay and 


The air pressure varied greatly, 


Reducing valves were fitted on 


The east tunnel was started from the south shaft, 


the Anderston Foundry Company, Limited, Glas- 
gow. This engine was illustrated and described in 
ENGINEERING, vol. lvi., page 251. Both engines 
were used for the east tunnel, the west tunnel being 
meanwhile deserted. In February, 1892, when the 
air lock for the east tunnel had been completed 
and the air pressure was ready to be turned on, a 
*‘sand back” discovered itself in the boulder clay, 
and the water from the river came flowing into the 
tunnel. It was on a Saturday night. No men 
were in attendance; but the air-lock door was 
closed, so that the tunnel only was flooded. The 
ditliculty, however, was overcome in 24 hours, for 
with a 15-lb. air pressure the tunnel was blown 
completely dry, while the people of Glasgow became 
excited with stories of columns of water 3 ft. to 
4 ft. thick rising 6 ft. above water level. That 
was the only incident that relieved the monotony 
of boring the east tunnel, which was completed in 
November, 1892, and the men went into the west 
tunnel and completed it, as already described, in 
February, 1893. 

The centre tunnel then only remained to be 
driven, and it was completed without a hitch by 
November, 1893, the rate of progress being greater 
than in the other two tunnels. In one month 30 
lineal yards were driven in the middle of the river, 
and in another month 25 yards. The cost of exca- 
vation under air pressure in sand may be taken at 
about 10s. per cubic yard, including every opera- 
tion. The men engaged on the work were well 
paid, being almost all skilled labourers. The miners 
got about 8s.a day. The material was run out in 
bogies as shown in the engravings on page 608 
(Fig. 27), and lifted by a cage from the foot of the 
shaft similar to those in pits. This cage is shown 
to the left of one of the engravings (Fig. 24). 

It has already been mentioned that the passenger 
tunnel joins the shafts 34 ft. from ground level, 
and here the lining of the shafts is of wrought-iron 
segments. At this point the flanges had been 
turned inwards to the shaft so that the bolts could 
be removed and the plates taken off when it came 
to joining the passenger tunnel with the shafts. 
The mouths of the other tunnels piercing the brick 
lining of the south shaft are formed of concrete. 
On the north side, where there were iron segments at 
the junction of the vehicular traffic tunnels, special 
castings were made to bolt on to the shaft plates 
and water-tight junctions formed. These special 
castings were made by the British Hydraulic Com- 
pany, Whiteinch. The plates of the north shaft, it 
may be added, have been coated with iron rust and 
sal-ammoniac so as to make the joints thoroughly 
water-tight. 

(To be continued.) 








ELEOTRIO TRACTION.—No. XVII. 
By Purp Dawson. 
SpEED REGULATORS. 

Speed Regulation and Car Control.—One of the 
most important and till recently the least satisfac- 
tory devices connected with electric traction was 
the mode of speed regulation adopted, consisting 
merely in the use of resistances put in series with 
the motors on the car to decrease the current pass- 
ing through them. This may be compared to re- 
gulating the speed of a hydraulic engine by closing 
the throttle. Until lately this was, with few ex- 
ceptions, the only method employed both in 
America and Europe. The resistances consisted in 
iron wire or plates, for the most part placed under 
the car, the amount of the resistance being re- 
gulated by a contact arm worked from either plat- 
form of the car by means of suitable gearing. 
Amongst the disadvantages of this system may 
be mentioned the burning out of resistance and 
contacts, especially when the rheostat, as is generally 
the case, is subjected to mud and water; but the 
gravest fault of this system consisted in the 
loss of power due to heating effects, and which 
was proportional to the square of the current and 
simply proportional to the resistance. An idea of 
the importance of this quantity may be given by 
stating that it often equalled, and sometimes ex- 
— the power necessary to propel the car 
itself. 

The resistance method has, in all modern equip- 
ments, given way to the mode of speed regulation 
known as the commutated field and series parallel 
system of control; these two can either be used 
separately or in combination. Dr. Hopkinson and 
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Lieutenant Frank Sprague and Mr. F. H. Parshall 
in America, for many years advocated this method, 
and were engaged in designing controlling gear 
embodying this idea. The present ‘‘K” con- 
troller, which is considered the best device of this 
kind, owes a great deal of its success to the carefnl 
study of details, as well as principle, devoted to it 
by Mr. Parshall. 

The commutated field method consists in sub- 
dividing the field coils into a number of sections 
and putting these into various combinations of 
series and parallel, thus varying their resistance, 
and consequently the current and speed. An out- 
side resistance is used at starting, but is thrown out 
immediately thereafter. By this means it becomes 
possible to adjust the magnetic force of the field so 
as to make the motors give out power propor- 
tionately to the amount of work required for 
various speeds and condition of tracks, 
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The range of speed without the use of a rheostat 
is fixed by the limit of temperature to which it is 
safe to heat the magnets. 

The latest and most approved method is, as has 
already been stated, that known under the name of 
theseries parallel system, and now nearly universally 
adopted. This consists in the use of two or more 
motors per car, which by means of a special device 
are thrown into different combinations. 

Fig. 178 shows diagrammatically the various 
relative positions through which the motors pass 
from their first position, when they are in series 
with a resistance thrown in, to their last position 
for high speeds, where they are in parallel and part 
of the field is cut out, this acce'erating the motors. 
The following are the various positions in what is 
known as the ‘‘ K” controller of the General Elec- 
tric Company : 

1. Motors in series and all resistance in circuit. 

2. Motors in series and half resistance in circuit. 

3. Motors in series and all resistance cut out. 

4. Motors in series and shunt around the fields. 

5. Same as position 2. 

6. One motor cut out, the other in series with 
half the resistance. 


8. Motors in parallel with half the resistance in 
series. 

9. Motors in parallel with no resistance in series. 

10. Motors in parallel with shunt round field. 

The points 5, 6, and 7 are only graduating. The 
four economical running speeds are when the con- 
troller is in the positions 3, 4, 9, and 10. 

At first, instead of shunting the fields by means 
of a resistance, the so-called ‘‘loop” method was 
used, which consisted in cutting out part of the 
field in the positions when now it is shunted, this 
latter means having, in practice, proved more 
satisfactory. 

In the case of the G.E. 800 motor the total 


starting resistance inserted is 4 x 1z ohms and 


2 x >> ohms = 6.lohms, or 4 x R; + Ro + R;, of 
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the diagram. And the shunts used are 1.2 ohms 

between L and F; and.’ x ° x § —19 ohms, 
10 10 10 

or as per diagram S, = 1.2 ohms and 8S; + S, + 

S, = 1.2 ohms. 

The object of their being thus subdivided is to 
enable the same controller, resistance, and shunt- 
box to be used in connection with all the classes of 
motors. 

The great gain is due to the counter-electro- 
motive force of the motors being used, instead of 
idle resistance, to cut down the current at starting, 
the starting torque at the same time not being de- 
creased, but remaining the same as if the motors 
were in parallel and double the current used. As 
already shown by the current diagram in a previous 
article, it is exactly at starting that the large call for 
current comes, and we see that by the series parallel 
mode we at once reduce it by half. 

The Tables XLIX. and L. show how great is the 
saving of energy effected by the series parallel 
controller. Not only is there a great saving of 
power at starting, but also four different speeds 
are attained without the waste of current in resist- 
ances and with a high efficiency of the motors ; this 
is also shown in the Tables. 











TaBLE XLIX.—Saving of Power by Series Parallel 
Control on Ordinary Run. 
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| 
Maximum grade, 1.7 per cent. for 453 ft. Weight of car, 8 tons. 

For these most interesting figures the writer ig 
indebted to Mr. J. Hale, of Denver, Col., who 
carried out these tests with the greatest care, and 
the Tables given are compiled from a very large 


TABLE L.—Economy of Series Parallel Control, 
Starting and Running Test. 
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Rheostatic Control : 
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Two motors, no resist-| } 
ance... ae oe 25.1 | 39813.3 12.5) 0.798 
Two motors, weak field | .. | 839.8 | 385 20.4'15.0 1015 





number made under the same conditions. In these 
each motor car had one trailer attached, and the 
passenger load was approximately the same, as also 
were the number of stoppages. It is no exaggera- 
tion to compute the saving in power effected by the 
use of the series parallel controller at about 30 per 
cent. For Fig. 179 the author is indebted to the 
courtesy of the General Electric Company; it 
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DRILLING AND MILLING MACHINES. 
CONSTRUCTED BY MESSRS. H. W. WARD AND CO., ENGINEERS, BIRMINGHAM. 
(For Description, see Page 603.) 
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TasLE LIII.—Horizontal Effort Exerted on Curves at 
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necessary to find out what is the greatest amount 
of work which it will be called upon to do. 

For this purpose the various gradients and loads 
are taken, and calculations made to ascertain what 
the power required will be. Experience and 
numerous experiments have proved that for the 
English climate and grooved rails a tractive power 
of 30 1b. per ton is necessary. For speeds below 
10 miles an hour the effect of the wind may be 
disregarded, and the following formula used for the 
level : 

Horse-power on axle = 

Weight of car in tons x tractive force in pounds 

x speed in feet per minute 
re 33,000 
For gradients the lifting power must be added, 
which is given by : 

Weight of car rod (ag x grade in per cent. x 
speed in feet per minute 
33,000 

If we multiply the figure thus obtained by the 
efficiency of the motor in per cent., we have the 
power taken off the line. 

The following Tables, LI., LII., and LIII., on 
the preceding page, will facilitate calculations. 
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The Funk and Wagnalls Standard Dictionary of the 
English Language. Isaac K. Funk, D.D., Editor-in- 
Chief ; Francis A. Maxcn, LL.D., L.H.D., Consult- 
ing Editor; Danie, S. Grecory, D.D., Managing 
Editor; JoHN Denison CHAMPLIN. M.A.; ARTHUR 
E. Bostwick, Ph. D.: Rossirer Jounson, Ph. D., 
LL D. Associate Editors. Two Volumes. Funk and 
Wagnalls Company, New York, London, and 
Toronto. 
We must confess, though we do so with many 
misgivings, that until a copy of this work was 
before us we had never heard of the Funk and 
Wagnall Company ; it may be, of course, possible 
that the association was created solely for the 
purpose of producing the Standard Dictionary, and 
that—the task completed—they will cease to exist. 
If this be the case, we say advisedly that they have 
done more to deserve fame in a short time than any 
other literary and commercial combination that has 
been formed in the United States. For we presuine 
that the Standard Dictionary has been produced in 
a commercial spirit, though it is difficult to conceive 
how the enterprising publishers will ever see a 
commensurate return for their enormous outlay. 
Before the first copy was completed and ready to 
place on the market, nearly one million of dollars 
had been expended in its production, and although 
the price at which the volumes are sold is very 
small, compared with the value given (the price 
varies from dl, to 4l. 8s., according to the quality 
of the binding), it is hardly to be expected that 
the sales will be numerous enough to cover the cost 
of production in a short time. It should not be 
forgotten, however, that the publishers have the 
whole of that part of the world before them where 
the English language is spoken, and that the 
Standard Dictionary is beyond comparison the 
superior of all its predecessors. It is probable 
that the production of this book stands without a 
parallel in the history of publications. It occupied 
only five years in its creation, and during that time 
the services of 247 editors and specialists were 
retained, as well as those of 500 readers for quota- 
tions. As tothe army of workers occupied in the 
manufacture of the book ; engravers, artists, typo- 
graphers, readers, &c., some idea of their number 
and efliciency can only be obtained by an inspection 
of the volumes themselves. The manner in which 
they are produced gives clear evidence that the 
publishers were determined that the appearance of 
the work should be in all respects worthy of its 
contents, and they have fully carried out this 
determination, for it would be difficult to find a more 
perfect example of the typographic art. As for the 
value of the book asa dictionary, we can but add our 
support to the quite unanimous testimony that has 
been freely given by philologists and literary 
authorities in all parts of the world. The large 
body of scientists who have had the honour to 
collaborate in this great work were selected with a 
view to their special fitness to take charge of terms 
and definitions in every branch of the language ; 
it is hardly necessary to remark that the selection 
was made irrespective of nationality, although the 
great majority of the editors are American. How 
admirably their work has been performed can only 











be realised by a careful examination of the dio- 
tionary itself. About 350,000 vocabulary terms 
are dealt with in the two volumes; this means that 
they are fuller by nearly 125,000 terms than the 
famous six-volume Century Dictionary recently 
issued, while Webster is hardly worth mentioning 
with its 125,000 words. As there are about 2500 
pages, it follows that there are, on an average, 140 
definitions on each page, containing 400 lines and 
3000 words ; so that, on an average, some 20 words 
are devoted to the definition of each term. This, 
however, fails to convey a fair idea of the treat- 
ment and method adopted, for, in numerous cases, 
entire pages are devoted to the consideration of 
single terms. In this respect, indeed, the Stan- 
dard Dictionary is rather a concentrated encyclo- 
pedia than a dictionary, and one of the most difficult 
tasks connected with the work must have been the 
condensation of elaborate and involved descrip- 
tions of facts and processes belonging to the 
sciences and arts. The editors-in-chief might have 
stopped far short in the fulfilment of their pro- 
gramme and yet have fairly claimed that they had 
produced the best dictionary of the English lan- 
guage. We willgive one example of the method 
followed in dealing with an abstruse subject of high 
industrial and artistic importance—that of colour. 
Short essays are given under the sub-heads of 
‘* Luminosity,” ‘* Saturation,” ‘‘ Wave-Length,” 
‘*Exact Definition of Colours,” ‘‘Comparison and 
Relative Definition of Colours,” ‘‘Maxwell’s Disks,” 
‘*Preparation of Standard Coloured Surfaces,” 
‘* Combinations of Disks,” ‘‘ Definitions of Stan- 
dard Disks,” ‘‘ Spectra,” ‘*‘ Typical Colours,” &c. 
We make the following quotation from the editor’s 
announcement on the ‘ Definition of Colours :” 
‘*As soon as an attempt is made to define colours 
accurately, we encounter the question, Who shall 
decide when a particular sample is a correct speci- 
men of the colour in question? In this, as in all 
similar questions, the only safe criterion is usage. 
Therefore, we have followed the usage of those who 
have the most to do with colours, namely, dyers, 
ink-makers, and, in general, those who supply the 
markets with coloured articles. The public is 
guided in its idea of most colours by the samples 
which it sees, and hence is guided by the manu- 
facturers, and should naturally follow their usage. 
Following out this purpose, the editors col- 
lected from scores of various firms, something over 
6000 samples of coloured articles. These were dis- 
tributed about as follows: 3500 silk threads, rib- 
bons, plushes, and other silken stuffs ; 1300 printing 
inks; 500 coloured papers; 300 woollens and 
cottons ; and the remaining 400 were paints, stains, 
pigments, &c. Thus when a type of, say, Magenta, 
was wanted, we took, not the sample of any firm, 
which would only represent their usage, but we took 
all the available samples of all the firms which pro- 
duced magenta goods. From the average of these 
the definition was constructed, and represents the 
usage of all these manufacturers. The definition of 
any sample of magenta was found by a system of 
trials with various proportions of the simple- 
coloured disks, and black and white, until a tint 
was obtained which exactly matched the particular 
sample of magenta. This was done for several 
samples, and the results averaged. It was never 
necessary to determine all the samples, because, 
with very little practice, an observer is able to 
estimate a little way on each side of a sample and 
make the average mentally. It will be seen that 
the Table represents the consensus of scores of 
manufacturers as expressed in their 6000 standard 
samples.” As the component parts of at least 500 
tints, given in percentages as determined by the 
Maxwell discs, are recorded, the amount of labour 
devoted to this one subject may be imagined. A 
very useful feature in this dictionary is the com- 
plete manner in which the lists of synonyms and 
autonyms have been prepared. Other dictionaries 
have given much space to the former, but neither 
the Century nor the International refer to 
the latter. In the Standard 66,000 synonyms and 
about the same number of autonyms are given. 
Under this method the student has an immense 
array of variants placed at his disposal, without the 
trouble of making cross references. 

In the appendix attached to this work are to be 
found exhaustive lists of proper names, standard 
quotations, disputed spellings, disputed pronuncia- 
tions, &c., all on the same scale of completeness 
that distinguishes every page of the book. As 
regards the foreign quotations, much care has been 
bestowed in obtaining the exact English equivalents, 





a point largely neglected hitherto ; the disputed 
orthography and pronunciations of thousands of 
words are dealt with by giving all the various 
authorities, so that the student can arrive at his own 
conclusions. 

Most sincerely we congratulate Messrs. Funk and 
Wagnall on the triumphant success they have 
achieved in the production of the most complete 
dictionary of the English language that is likely to 
be produced for many years, and we trust that the 
financial results of their enterprise may be in full 
accordance with its merits. 
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LL.B. Second Edition. London: Stevens and Sons, 
Limit<d. [Price 2s, 6d.] : 

Report of the Proceedings of the Conference on Inland Navt- 
gation, Birmingham, #ebruary 12, 1895. With Map 
of English Canals. Edited by M. Watton Brown. 
Newcastle-on-Tyne: Published by the Federated Insti- 
tution of Mining Engineers. [Price 1s. } 

The Naval Annual, 1895, Edited by 17. A. BRASSEY. 
Portsmcuth: J. Griffin and Co. é 

The Franklin Institute of the State of Pennsylvania for 
the Promoticn of the Mechanic Arts. A Sketch of its 
Organisation and History. Compiled by WILLIAM H. 
Want, Secretary of the Institute. Philadelphia: 
Publisked by the Institute. 

Administration Reports of the Public Works Department, 
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DOUBLE-GEARED DRILLING AND 
MILLING MACHINES. 

We illustrate on page 601 two excellently de- 
signed machines recently introduced by Messrs. 
H. W. Ward and Co., of the Tudor Works, 
Ladywood-road, Birmingham. The double - geared 
drilling machine shown in Fig. 1 is fitted with 
a number of special motions. Thus there are four 
methods of feeding the spindle, all of which come in 
useful for particular classes of work. By means of the 
lever and ratchet, working on the wormwheel shown to 
the front of the machine, a rapid feed can be given in 
doing light work. The spindle can also be fed by a 


short quick-withdrawal lever, not shown in the illustra- | ¢ 


tion, by the ordinary worm gear and handwheel, and 
finally, byan automaticfeed, which isfitted witha throw- 
off gear, to stop the feed at any desired point. The 
spindle has a long parallel bearing, and is fitted with 
balls top and bottom to take the thrust. These balls 
run in hardened and ground races of special form, by 
means of which such small wear as occurs may be com- 
pensated for. The double gear is balanced, and is 
placed inside the driving cone. It consists of an 
internal wheel, connected with the driving pinions on 
the cone by means of intermediate pinions carried on 
a strong frame keyed to the shaft. When the gear is 
in use, a simple lever fixes the internal wheel, which 
acts as an abutment to the intermediate pinions, thus 
giving motion to the driving shaft. When the locking 
lever is withdrawn, the internal wheel and cone revolve 
together asone. All gears havecut teeth. Work 24 in. 
in diameter and 2 ft. 5in. high can be taken under 
the spindle. The table and bracket are very massive. 
The machine, it will be seen, is entirely self-contained, 
the fast and loose pulleys and driving cone being fitted 
on an extension of the bedplate below. 

The second machine is a double-geared milling 
machine, which is made in various sizes, that iilus- 
trated having a table 20 in. long and 74 in. wide. 
This table is fitted with an automatic traverse, so 
arranged that hand motion can be used at the same time 
and without throwing the self-acting motion out of gear. 
It can be adjusted 6 in. longitudinally. As will be 
seen, the base is very substantial, giving the machine 
the rigidity which is essential to satisfactory working. 
Being of the box type, it is fitted with a door, and 
serves as a cupboard for keeping the cutters, tools, &c. 
A soap trough is supplied at the top. The spindle is 
hollow, and is fitted on a rising and falling saddle, 
which can be adjusted to a nicety, and is provided 
with a registering dial. Thesteady bar which carcies 
the back centre is supported at one end by this 
saddle and at the other by a bracket bolted to the 
bed of the machine. It can, however, be readily 
removed when it is desired to mill an overhanging 
piece of work. Owing to this provision, the spindle 
is very solidly supported, so that very heavy cuts 
can be taken, The machine will pass 18 in. between 
the head and the steady bracket. The spindle has 
a vertical adjustment of 6 in., being, when at its 
lowest point, 2 in. from table to centre, and con- 
sequently 8 in. when at its highest point. The round 
steady bar and back centre can be used without the 
vertical bracket, and the machine generally, and, in 
conjunction with various attachments, is capable of a 
great variety of work. All the gearing is machine cut 
from the solid, and the spindle ground and hardened. 
The London representative of the makers is Mr, 
E. C. Amos, M.I.M.E., 11, Queen Victoria-street, E.C. 





TRAVELLING HYDRAULIC RIVETING 
PLANT 


Tue illustration on page 604 represents an hydraulic 
riveting plant designed by Mr. Ralph H. Tweddell, of 
14, Delahay-street, Westminster, S.W., and sent out 
in 1892 to work in connection with the Sydney 
Western Suburbs Sewerage Scheme, New South Wales. 
The tubes which it was designed to rivet were used on 
the aqueducts and approaches over the Cook’s River 
and Wolli Creek bridges (steel structures made to carry 
them), and on the low-lying lands between the Rocky 
Point Road and the north bank of Cook’s River. These 
mains were jin. thick and the plates 8 ft. long, 
the diameter of the mains being 6 ft. Therivets, ?in. 
in diameter, were all closed by hydraulic pressure as 
the mains were laid, The riveting plant consists of 
a power trolley, on which are placed duplex pumps, 
boiler, coal bunker, rivet-heating furnace, and an 
accumulator loaded to 1500 lb. per square inch. The 
trolley is supported on suitable wheels 4 ft. 84 in. 
gauge. A second trolley carries the riveting ma- 
chine, this being of somewhat special construc- 
tion, having a gap of 8 ft. 6 in. It has two rivet- 
ing cylinders, one on the frame and the other on the 
hob. Each cylinder is of sufficient power to deal with 
q-in. steel countersunk rivets, and has its own work- 
ing valve. A plate-closing fork is also fitted to each 
ram, so that either may be used as a plate-closer 
according to circumstances. The machine is mounted 
on a strong bracket, and is balanced by a counter- 
weight, so that it can revolve easily on a gudgeon 


which works in a standard on the trolley. By means 
of suitable worm gearing the riveter can be readily 
revolved, and thus enable the dies to travel round the 
pipe, when doing the circumferential seams. The 
wheels are so proportioned that one turn of the hand- 
wheel moves the cupping dies the exact distance or 
pitch of rivets. When the longitudinal rivets are being 
driven, of course the whole trolley and riveter are 
simply travelled along the line, and the movements 
correspond to the pitch of rivets as before. Owing to 
the two mains being placed within 15 in. of each other, 
the working room of the outer riveting arm was very 
limited. The water is conveyed to the riveting 
cylinders by means ofa flexible copper pipe, as shown, 
rom the accumulator, and being taken through the 
centre of the gudgeon on which the riveter turns, the 
whole machine is free to revolve in any direction for 
any desired number of revolutions. The exhaust 
water is similarly dealt with, and returns to a tank 
under the power trolley. The total weight of the 
power trolley is 16? tons, and the riveter trolley 203 
tons. 

The machine was guaranteed to rivet up 50 lengths 
a day, but it easily accomplished 60 in that time. ‘The 
rivets are all put in from the inside, and at the manu- 
facturer’s works at Gloucester, the rivets were put in 
at the rate of 2000 rivets per day of 10 hours. The 
fact that this plant was sent out without any spare 
gear, except leather moulds and fire-bars, and finished 
the contract without a hitch, speaks volumes for the 
quality of Messrs, Fielding and Platt’s workmanship. 
The whole plant was erected and worked without the 
assistance of any one from this country. The pumps 
and accumulator are equal to working two or three 
riveters, and it was only under protest from Mr. 
Tweddell that only one riveting machine was sent to 
such a distance for so large a contract, seeing that had 
anything happened to the machine all would have 
been laid aside ; however, fortunately, all went well, 
and the entire arrangement is one well calculated to 
show the advantages of hydraulic riveting. The 
machinery was supplied to the order of Mr. James 
Smith, Billiter House, E.C. ; Mr. George A. Goodwin, 
M. Inst. C.E., Whitworth Sch., of Victoria-street, 
S.W., being the inspecting and superintending engineer 
on behalf of the Sydney authorities. 





ELECTRIC DOCK CRANES. 

TuE development of a port largely depends upon its 
docks, and the facilities for shipping and discharging 
cargo. Two types of cranes—steam and hydraulic— 
have been employed for dock work, and the objections 
to both are fully understood. ; 

Electric cranes are now being introduced, and pro- 
mise to be very successful. The first electrical cranes 
were, however, decidedly failures, to the surprise of 
those who had obtained good results from electric 
motors in workshops. The two cases are not parallel, 
however. The motor of a crane has to start under 
full load, and to stop suddenly aftera very short run, 
whilst a motor, driving a pump or a machine, starts, 
as a rule, under a moderate load, which is gradually 
increasing, and for some time the conditions remain 
unaltered. The crane motor, was, therefore, made to 
run continuously, couplings and clutches being intro- 
duced to transfer the motion. This arrangement 
answers for travelling cranes which may have to lift 
large weights, but ata very moderate speed. In docks, 
however, cranes have to deal with heavy loads at great 
speed, and the motion becomes the more jerky the 
greater the speed, since the force of the shocks in- 
creases with the square of the velocity. For such 
work, only one method has been found sautisfac- 
tory ; the throwing in and out of the electric motor 
must be gradual. The arrangement requires two 
motors to operate independently of one another, the 
one electric motor for lifting, the other for turning. 

The first crane of this type was built by the 
Eisenwerk Actien Gesellschaft (late Nagel and 
Kaemp) in conjunction with Messrs. Siemens and 
Halske, for the Hamburg Government. It was 
a 50-cwt. jib crane, with a range of 36 ft., lifting 
at the rate of 3 ft. a second, provided with one 
50 horse-power motor for raising the load, and one 
of 10 horse- power for swinging it. The first of 
these two motors was amply powerful for the work. 
Long-continued tests of this crane afforded the 
following comparison regarding the coal consumption 
of steam and electric cranes. It has been found that 
one complete operation of the electric crane, com- 
prising lifting of the load of 50 cwt. from the hold 
of a vessel, swinging round, dropping the load, and 
returning the hook to position, occupies 42 seconds, 
and requires 325 watt-hours of electric energy, 
70 per cent. of the indicated power of the steam 
engine being rendered useful in electric energy, as 
measured on the switchboard, The triple-expansion 
engine driving the current generator consumed 6.3 
kilogrammes of steam per horse-power per hour, and 
one operation of the crane, therefore, required 
4 kilogrammes of steam. Under the same circum- 





stances, the steam crane consumed 10 kilogrammes of 


steam. Calculated from the steam consumption, the 
efficiency ratio of the electric crane and the steam crane 
would be1:25. The difference in the coal consump- 
tion would be greater still, since the small boilers of 
steam cranes cannot work so economically as the larger 
boilers of a central electricstation. It was also found 
that a steam crane of a certain type always consumes 
the same amount of steam no matter what the load, 
whilst the current requirements of the electric crane 
are fairly proportional to the load. 

A comparison between hydraulic and electric cranes 
was based upon the following considerations, The 
mean efliciency of an hydraulic plant, as measured 
between the accumulator and the load raised, has been 
found by repeated tests to be about 60 per cent. The 
efficiency of the electric crane, as measured between 
switchboard and load raised, has been found to have 
the same value, 60 per cent. Whilst, however, this 
electrical energy, as read off on the switchboard, can 
be produced by from 8 to 10 kilogrammes of steam per 
horse-power per hour, the hydraulic energy, as measured 
behind the accumulator, required not less than 15 and 20 
kilogrammes of steam. There are several causes for this 
greater consumption of steam in the latter instance. 
The steam pump must be able to start at any position 
of the crank, and can, therefore, work only with 
slight expansion, and a somewhat primitive valve 
gear. The pump has frequently to stop; thence 
arise large losses by condensation. The dynamo 
engine, on the contrary, may run at a higher, more 
economical speed, under more favourable thermal 
conditions, without interruption, and can hence work 
with fuller expansion and a more perfect valve gear. 
When the electric crane is not in action, the current 
charges a battery of accumulators. The outcome of 
the higher steam consumption in the steam pump is 
that the electric crane consumes only about half the 
steam that the hydraulic crane requires. 

After having inquired into these tests, and after 
some experience with another crane, the town of 
Rotterdam ordered six cranes from the Eisenwerk 
(late Nagel and Kaemp) Actien Gesellschaft (see pages 
604 and 605). They have been put up since Novem- 
ber last. Five of these cranes, which have had to 
brave a severe winter, are now at work. They are 
constructed for a range of 43 ft., and a load of 
30 cwt., but can, without risk, lift 45 cwt. If 
this limit should be exceeded, the electric motor 
is automatically disconnected. The lifting takes 
place at a maximum rate of 4 ft. per second, or 
any lower rate desirable; the adjustment is made 
by means of a lever. The rs is fed from the 
central station for power and light which Messrs. 
Siemens and Halske, who also supplied the electric 
motors for the cranes, erected last year. Quite re- 
cently the town of Rotterdam has asked for seven more 
cranes of the same type, but larger capacity, for a 
range of 43 ft., and normal loads of 50 cwt. up to 
maximum loads of 80 cwt. 

The new central goods station on the Rhine quay 
at Mannheim has also been provided with one of 
these cranes, ‘‘ Nagel-Kaemp, Siemens and Halske.” 
This crane commands two lines of track; it can 
lift 50 cwt. at the rate of 24 ft, per second, 
and has a range of 30 ft. The crane, which is con- 
nected with Messrs. Siemens and Halske’s electrical 
power and light central station, has been doing duty 
since October, all through a very damp winter. The 
town of Diisseldorf next followed with five electric 
cranes from the same works for the new Rhine har- 
bour. Then came the goods station at Dresden, and 
Mannheim added two cranes to its plant. On the Elbe 
at Dresden the cranes are actuated by polyphase cur- 
rent motors. In Copenhagen 10 electric cranes are 
being erected, The electrical part of this installation 
is being supplied by the Allgemeine Elektricitits 
Gesellschaft, Berlin, whilst the ironwork is the same 
as in all the other cases. 

The main features of these electric cranes are also 
being utilised in the travelling platforms moving on 
the scaffolding of the Berlin Dome. They have to raise 
granite blocks of 300 cwt. to a height of 200 ft., and to 
place them in position. These platforms are the joint 
work of the Eisenwerk Actien Gesellschaft (late Nagel 
and Kaemp), Hamburg, and of Messrs, Siemens and 
Halske, Berlin. 

This is a very vigorous development of a new branch 
of machinery scarcely known three years ago, 





LANCASHIRE, DERBYSHIRE, AND East Coast Rartway. 
—The contractors for the Lancashire, Derbyshire, and 
East Coast Railway have made good progress with the 
works during the last few weeks. About 400 men are now 
pry ee in the Bolsover Tunnel, while a heavy cutting 
at Scarcliffe is being pushed forward. The earth and 
stone excavated are conveyed by trains to the Svutholme 
embankment, a distance of four miles, The line is prac- 
tically completed from Scarchiffe to Langwith. A heading 
is being driven through from the Langwith and Beighton 
branch, so as to form aconnection with the main line. 
There is still, however, a quantity of rock to be blasted 





and removed. Good progress is being made with the 
Langwith Colliery branch, which is about a mile in length, 
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TWEDDELL’S PORTABLE HYDRAULIC RIVETING PLANT FOR STEEL TUBES. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 2, 1895. 

TuE lull in demand for the past few days has had 
no perceptible effect on iron and steel prices. Fewer 
inquiries have been received, and less interest is mani- 
fested by the managers of those large concerns that 
usually buy at this time for summer delivery. Billets 
and Bessemer pig are held at the advance, but do not 
sell, Plates and shapes for bridge building, _rail- 
road terminaland other work have sold well all through 
the month, and there are now inquiries anticipated 
for western bridge work. Coke rules firm, but demand 
has declined. Anthracite coal production is above de- 
mand. The soft coal regions on the mountains and 
in the block coal regions of Ohio and Indiana are all 
busy, and in several mines manual labour will be sup- 
planted this season by electrical machines. Machine 
shop work has picked up, and the agricultural re- 
quirements are larger. Southern pig-iron makers have 
more iron sold for future delivery than at any time 
for two years. It will be close on to autumn before 
the improving agencies at work will effect a pronounced 
advance. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Only a moderate amount 
of business was done in the pig-iron warrant market last 
Thursday forenoon, but the tone was very firm. It war 
reported, however, that some 15,000 tons of Scotch and 
10,000 tons of Cumberland hematite iron changed hander. 
Advances in price were made which ranged from 1d. up 
to 34d. per ton. The market was flat in the afternoon, 
when the price of Scotch receded to 43s. 8d., but recoverea 
to 43s. Std. per ton. At the close the settlement 
prices were—Scotch irop, 43s. 9d. od ton; Cleveland, 
35s. 74d.; Cumberland and Middlesbrough hematite 
iron, respectively, 432. 104d. and 42s. 74d. per ton. 
Quietness was the rule of the market on a 
forenoon, when only a few thousand tons of Scote 
iron were dealt in. The cash price dropped to 43s. 64d. 
per ton, but rallied to 43s. 84d., and left off at 43s. 74d. 
per ton cash. In the afternoon the tone was more 
markedly flat, and Scotch declined in price to 43s. 6d. per 
ton cash. The settlement prices at the close were, re- 
spectively, 43s. 6d., 35s. 6d., 43s. 9d., and 42s. 9d. per ton. 
Solan to the occurrence of a statutory holiday, no iron 


market was held on Monday. There was a fair turnover 
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CONSTRUCTED BY THE EISENWERK ACTIEN-GESELLSCHAFT, HAMBURG. 
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on Tuesday forenoon, amounting to between 10,000 and 
12,000 tons. The tone was steady and firm. In two or 
three cases small advancesin price weremade. About 10,000 
tons changed hands in the afternoon, and the market 
showed a renewed firmness. At the close the settlement 
prices were 43s. 74d., 35s. 74d., 44s., and 42s, 6d. per ton 
respectively. The market was quiet this forenoon. A 
few lots of Scotch iron were sold slightly below last night’s 
top prices, and 5000 tons of Cleveland iron were also dealt 
in. There was a large business in the afternoon, but prices 
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were unchanged. The settlement prices were, respectively, 
43s. 74d., 35s. 6d., 43s. 104d., and 42s. 6d. per ton. The 
following are the current quotations for several special 
brands of No. 1 makers’ iron: Clyde, 48s. 6d. per ton; 
Gartsherrie, Summerlee, and Calder, 50s. 6d.; Coltness, 
52s.; Langloan, 61s.—the foregoing all shipped at Glas- 
ow ; Glengarnock (shipped at Ardrossan), 492. 6d.; 
hotts (shipped at Leith), 52s; Carron (shipped at 
Grangemouth), 54s. per ton. There are stiil 75 blast- 
furnaces in actual operation in Scotland, as com- 
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Scotch blast-furnace establishments, was lately selling at 
an exceedingly low price, down even at 9/. 103. per ton; 
this week, however, there has been a sharp advance in 
price. Oa Monday, after being done at 9/. 15s. per ton 
prompt, the commodity changed hands at 10/. 5s. for June 
to December delivery. 


Glasgow Copper Market.—Several lots of copper were 
disposed of last Thursday forenoon at an advance of 53. 
per ton, and the market still remained firm in the after- 
noon, when the closing quotations were 41/. 33. 9d. cash 
buyers and 41/. 13. 9d. three monthe. One lot was sold 
on Friday forenoon at 41/. 3s. 9d. per ton cash; and in 
the afternoon 100 tons changed hands at 41/. 3s. 94. four- 
teen days and 41/. 12s. 6d. threemonths. Tuesday’s fore- 
noon market was strong at 41/. 5s. cash and 41/. 152. three 
months. Only one lot of 25 tons was dealt in at 411. 5s. 
per ton casb. The afternoon sales included 100 tons at 
41/. 82. 9d. cash and 41/. 18s. 9d. three months, but prices 
were ls, 3d. per ton down at the close of the market. 
There was a ‘‘ boom” on to-day, both forenoon and after- 
noon. The closing sale was done at 42/. 63. 3d. per ton 
casb. 


Plumbers and Safety Valves for Kitchen Boilers.—At 
last week’s meeting of the Edinburgh Architectural 
Association, Mr. John Burn read a paper on plumbing, 
and he discussed, in a technical way, the questions con- 
nected with all kinds of inside and outside plumber work. 
Discussion followed. The value to be attached to the use 
of safety valves on kitchen boilers came in for a consider- 
able amount of notice. Most of the speakers advocated 
the use of the safety valve, but one speaker declared that 
he was invariably opposed to its use. It was, he said, a 
trap which led people into trouble, by the valve getting 
stiff and unworkable. The proper safety valve was to 
have the pipes properly protected, so that there would be 
no risk of their being frozen. Some of the blame of the 
freezing of pipes was attached by certain of the 
speakers to the practice of having the pipes conducted 
through the house in chaces which were mere ventilating 
shafts of cold air; but it was pointed out that a draught in 
the chaca could be avoided by having the woodwork 
fitted close into the pipes at each floor. There was a 
consensus of opinion that the cisterns should be so 
placed as to be accessible to the occupier of the house as 
to the plumber himself. 


Proposed Railway Extension in Ayrshire.—The Bill for 

romoting the construction of two lines of railway from 

fuirkirk to Mauchline, and from Muirkirk to Dalmel- 
lington, was before a Select Committee of the House of 
Commons yesterday, when the engineer, Mr. Charles 
Forman, Glasgow, gave some interesting evidence for the 
promoters. He confidently expected that the two lines 
would open up a rich mineral district which has hitherto 
been to a largeextent shut outfrom railway communication. 
Muirkirk, from which both lines would start, is on the Cale- 
donian railway system, and thuswould give the Lesmahagow 
coalfields direct access to Ayr, instead of having to send 
the coal by a circuitous route to Ardrossan on the west 
or Grangemouth on the east. He estimated the mineral 
tratlic over the propcsed lines at 500,000 tons per year, 
producing a revenue of 12,500/., while the passenger 
receipts would not unlikely reach 15,0007. per annum, the 
two together being sufficient to pay 44 per cent. interest 
on the proposed capital. The total expenditure was esti- 
mated at 521,860/. Mr. Forman was again under exami- 
nation ata sitting of the Committee to-dav, and he was 
followed by Mr. Somervell, of Sorp, owner of an estate 
which will be traversed by the railway if sanctioned. 
That gentleman is enthusiastically in favour of the scheme. 


Clyde Coast Passenger Steamers.—Three new passenger 
steamers will be placed on the Clyde shortly for the 
gigantic coasting trade of the summer and autumn 
months. One is the Duchess of Rothesay, belonging to 
the Caledonian Steam Packet Company, and intended to 
run in connection with Caledonian Railway trains from 
and to Gourock. Running from and to Craigendoran, on 
the other side of the Firth of Clyde, the Redgauntlet will 
start very soon, carrying the North British flag. Lastly, 
there is the new saloon boat (:lenmore, which is privately 
owned by Captain John Williamson. She is not to be 
tied” to any railway system having termini on the 
Clyde. 

Four P. and O. Steamers under Construction.—In 
Messrs. Caird and Co.’s shipbuilding yard at Greenock 
there are no fewer than four large P. and O. steamers 
under construction, the aggregate burden of which is 
about 22,000 tons. One of them is a sister ship to the 
famous Caledonia, which has recently been doing some 
remarkable steaming to and from the ‘‘ far East,” 


Clyde Contracts.—For a cargo steamer of about 8000 
tons carrying capacity, which Messrz. Russell and Co., 
Port Glasgow, have lately contracted to build, Messrs, 
Rankin and Blackmore, Greenock, have received the order 
to supply a set of triple-expansion engines of 1800 horse- 
power indicated.—Messrs. Blackwood and Gordon, Port 
Glasgow, have just contracted to »uild and engine a steel 
screw steamer, of about 600 tons, for the Glasgow, 
Dublin, and Londonderry Steam Packet Company, for 
their cross-channel goods and cattle trade. 





NOTES FROM THE SOUTH-WEST. 

Cardif’.— Business in steam coal has been comparatively 
quiet ; the best descriptions have made 9s. 9d. to 10s. per 
ton, while secondary qualities have brought 9s. to 93. 3d. 
per ton. The best Monmouthshire steam coal has been 
making 83. 9d. to 93. per ton. essrs. Fillueil and Co., 
of Cardiff and Newport, have obtained a contract for the 
supply of Black Vein and Nantyglo coal to a Portuguese 
railway at 13s. 11d. per ton, delivered at Lisbon. This is 
practically equal to 8s, 6d. per ton at the pit’s mouth. 


There has been little doing in household coal, in conse- 
quence of the near approach of the summer. No. 3 
Rhondda large has been making 9s. 9d. to 10s. per ton. 
Patent fuel has been moderately active. Coke has shown 
little change; foundry qualities have made 15s. to 163. 
per ton, while furnace ditto have brought 123. to 133s. per 
ton, free on board. The imports of iron ore have been 
large ; the best rubio has made 11s. to 11s, 3d. per ton. 
The manufactured iron and steel trades have ruled quiet. 
As regards steel rails, there has been little demand for 
heavy sections, but there has been some inquiry for light 
rails for colliery purposes. 


The ‘* Hecate."—A short time since the dockyard 
officials at Devonport, in reply to an inquiry from the 
Lords of the Admiralty, stated that it would cost abou 
9000/. to refit the Hecate, coast defence ship, with a new 
set of boilers. A special survey of the vessel has since 
been made, and it is found that the vessel with her present 
boilers, providing ordinary care is used, can carry out 
her harbour defence duties efficiently for at least two years 
more. The Lords of the Admiralty have intimated their 
intention of providing in the estimates of 1896-7 the sum 
of 16,000/. for refitting the vessel, and they have approved 
an immediate expenditure of 500/. for making good exist- 
ing defects, 


The Great Western at Cardiff.—Alterations in connec- 
tion with the Great Western station at Cardiff are pro- 
greasing rapidly. The greater part of the work between 
the Taff Vale Railway on the eastern side and the present 
station has been practically completed, and a bridge over 
Penarth-road will soon be finished. The erection of 
new waiting-rooms, &c., is being rapidly pushed for- 
ward ; and as soon as these are completed, other parts of 
the building will be taken down. 


Port Talbot Railway and Dock.—Work in connection 
with the Port Talbot Railway and Dock is being rapidly 
oushed forward by the contractors, Messrs. Pearson and 
son, 
the purpose of fixing a new pair of lock gates in place of 
the old ones, which have seen 60 years of service. The 
new gates have been designed by Mr. J. M‘Conochie, con- 
sulting engineer to the company, and they are being sup- 
plied by Sir W. G. Armstrong and Co., Limited. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Newton, Chambers, and Co., Limited.—At a meeting of 
the board of directors of this company, Mr. ‘Thomas 
Smith, who has for many years held the post of surface 
manager, has been appointed a director, to fill the 
vacancy caused by the death of the late Mr. J. Y. Cow- 
lishaw, of Sheffield. 


Yorkshire Colliertes and the Hull Coal Trade.—The 
official list relating to the Hull coal trade and the York- 
shire collieries, for last month, has just been issued, and 
it shows that business has been slack. The entire quan- 
tity sent from all Yorkshire collieries to the port was 
only 156,094 tons. In the course of the four months 
569,920 tons were sent, compared with 584,312 in the 
corresponding period of Jast year. The exports also show 
a decline, for in 1894 70,717 tons were sent, against 
47,958 this year, showing a decline of 22,759 tons. During 
the four months of this year only 172,083 tons were ex- 
ported, compared with 182,918 tons. The business done 
coastwise last month reached 21,705 ton-, or 5220 tons 
more than was dealt with in March. Of this tonnage 
nearly 4000 tons more were sent to London, the total for 
April being 16,970 tons. 

Improvement in Iron.—A rather unexpected movement 
for the better has taken place in the iron trade, and even 
common qualities of pig have gone up 6d. per ton, with 
smelters cautious as to committing themselves to exten- 
sive future deliveries at the prices of the day. Hematite 
pig has risen at least le. a ton on the week, and is now 
quoted 50s. to 52s. per ton at Sheffield. Lincolnshire pig 
is running at from 87s. to 40:., delivered at local 
stations, and is inquired for where a month ago there was 
no sale. This alteration has affected the various manu- 
factured departments and common bar is dearer. Some 
Indian, South African, and Australian orders are being 
booked, and it is stated that good lines may be antici- 
pated at an early date from the latter markets. Local 
makers of special irons are doing a moderate business, 
but there is no pressure of work. 


Steel and Associated Industries.—Owing to an increased 
call for Bessemer and Siemens-Martin steel on the part 
of consumers, contracts for the former cannot be entered 
into under 5/. 7s. 6d. per ton, and for the latter at 
51.17e. 6d. It is thought that these prices will be exceeded 
in the course of a few days, as there are evidences of an 
increased trade in all the departments where steel is 
chiefly used. Some of the home companies are buying 
railway material more freely, and there are probabilities 
of Indian and colonial requirements being heavier. For 
best qualities of crucible cast steel, the Continent, South 
America, and the United States are remitting good 
orders, and makers of best tools for the shipbuilders are 
buying well. The call for best files, both for home and 
shipping, is steadily improving, and this is always a good 
sign. In armour-plates, best steel is being rolled by tons 
at a time. 


Miners’ Federation of Great Britain.—A meeting of the 
executive of this federation was held at Derby on Friday, 
to consider the reduction of 124 per cent. from miners’ 
wages recently enforced by the Scotch coalowners. Mr. 
B. Pickard, M.P., presided. After prolonged considera- 
tion, it was unanimously resolved that if the Scotch 
miners decided to try to re-obtain all reductions in 





wages made by the owners during the past few months, 





The old dock has been closed since the Ist inst. for 7 





this question should be left with the Scottish Miners’ 
Federation, with the understanding that when this 
occurred the Federation of Great Britain would do its 
best to support the members. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Trade.—Yesterday there was a 
pretty large attendance on ’Change here, but the excite. 
ment which characterised the market a week ago has 
subsided, and there was not a great deal of business 
doing. Buyers were not Psalnck to purchase ro freely 
as they have been of late. The quietness, which was 
looked upon as only temporary, was accounted for by the 
fact that speculators who a little while ago bought pig 
iron for a profit have, during the past few days, been 
realising pretty freely. Makers were very firm in their 
quotations, and pointed to the continued heavy ship- 
ments as showing what a large volume of trade was 
going on, but merchants scld at rates below those 
quoted last week. In the early part of the week 
a few lots of No. 3g.m.b. Cleveland pig iron changed 
hands at 35s. 3d. for prompt f.o.b. delivery, but later on 
few sellers would listen to less than 35s. 6d., and in one 
or two cases 353. 74d. was realised. Producers, nearly all 
of whom have booked considerable orders of late, quoted 
No, 3 at from 35s. 9d. to 36s. Middlesbrough warrants, 
after selling at 35s. 64d., closed at 35s. 7d. cash buyers. 
The lower qualities of pig iron were steady, and in fairly 
good request. No. 4 foundry was 34s. 3d., and grey forge 
33s. 9d., both for early delivery. No. 1 sold at 37s. 3d. 
East coast hematite pig iron was in better demand, and 
prices improved somewhat, but there was still an abun- 
dant supply. Sales were recorded at 42s. 6d. for early 
delivery of Nos. 1, 2, and 3, and some firms asked a rather 
higher figure. Rubio ore was stiff at 12s. ex-ship Teer. 
o-day our market was again quietish. Quotations were 
practically the same as yesterday. The only alteration 
was in Middlesborough warrants, and they eased to 
352. 6d., which was the closing cash price of buyers. 


The Production and Disposal of Pig Iron.—The statistics 
of the Cleveland Ironmasters’ Association, showing the 
make and disposal of pig iron ia the north of England 
during Apri], are the most satisfactory returns issued by 
that body for some considerable time, A reduction in 
stocks was looked for, but the decrease is a gocd deal 
larger than was anticipated. The figures show that at 
the end of the montb, of 141 blast-furnaces built, 90 were 
in operatior, of which 50 were producing Cleveland pig 
iron and 40 hematite, spiege), basic, &e. The make or 
Cleveland pig iron was 123,247 tons, or 627 tons less than 
during March. The production of hematite, &c., amounted 
to 120,560 tone, or 2768 tons below the output during the 
previous month. Of all kinds the total make was 243,807 
tons, being a decrease of 3395 tons as compared with the 
production during March. The total stocks of pig iron 
at the end of April stood at 301,885 tons, being a decrease 
on the month of 14,938 tons. Shipments from the port 
of Middlesbrough reached 105,538 tons of pig iron. This 
is no less than 32,633 tons above those for March, and 
24,160 tons more than the shipments during April, 1894. 


Cleveland Iron Works in the Market.—Y esterday Messrs. 
Willman and Douglass offered for sale by public auction, 
in the board-room of the Royal Exchange, Middlesbrough, 
the Coatham Iron Works, consisting of two blast-furnaces, 
and situate near Redcar. There was not a single bid 
made. The furnaces have not been in operation for some 
time. 

Manufactured Iron and Steel.—We are glad to be able 
to give a rather better account of the manufactured iron and 
steel trades. There is considerably more inquiry for ship- 
building material, and several works are better employed. 
Quotations, however, move upwards very slowly, but 
after the long spell of dulness it is gratifying to see them 
moving at all in the right direction. Common iron bars, 
iron ship-plates, and steel ship-plates are all quoted 
4l, 15s. ; best bars, 5/. 5». ; and iron and steel ship-angles, 
each 4/. 123. 6d.—all less the customary 24 per cent. dis- 
count for cash. Heavy sections of steel rails keep at 
31. 12s. 6d. net at works. 


The Coal and Coke Trades,—Coal may be described as 
steady, and exports are increasing a little. At Newcastle 
best Northumbrian steam coal is 8s. 9d. f.o.b., and steam 
small 3s. 9d. per ton. Gas coal is weak at from 63. 3d. 
per ton f.o.b. Bunker coal keeps quiet at from 6s. 6d. for 
unscreened qualities. Coke is in very good demand, and 
prices are fully maintained. Here good blast-furnace 
qualities cannot be bought under 122. 2d. delivered at 
Cleveland works. 








Tue Late Mr. Ricwarp Duperon.—Mr. Richard 
Dudgeon, the inventor of the portable hydraulic jack, and 
of the roller tube expander, died on April 8 last in New 
York, in which city he had built up a large and success- 
ful business. 





THE WIRE AND SHEET GAUGES OF THE WoRLD.—Mr. 
L. Upcott Gill, of 170, Strand, W.C., has just published 
a set of tables, compiled by Mr. C. A. B. Pfeilschmidt, in 
which the wire and sheet gauges of the world are compared 
with one another. Some such publication has long been 
wanted, as, in spite of the well-meant efforts of the Board 
of Trade, there is, as yet, no universal standard for wire 
and metal gauger, and new ones are constantly being pro- 
posed. No less than 11 wire gauges are compared in the 
tabler, the values of the different numbers being given 
both in inches and in millimetres. The work is excellently 
printed, and is of convenient size. The price is 1s. 
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MISCELLANEA. 
Owrne to a continuous increase in the size of the paper, 
the proprietors of our excellent contemporary the Elec- 
trician have determined to increase the price from 4d. 


to 6d. 

The 19th annual Stanley Show will be held at the Royal 
Agricultural Hall, Islington, N., on November 22 to No- 
vember 30, both dates inclusive. All particulars as to 
space, &c , can be obtained by application to the secre- 
tary, Mr. E, A. Lamb, 57, Chancery-lane, London, W.C. 


The annual general meeting of the Machinery Users’ 
Association was held on hey rer J May 8, at 3 p.m., at 
the Westminster Palace Hotel, London, Sir William 
Houldsworth, Bart., M.P., in the chair, to consider the 
steps to be taken to secure a large majority on the third 
reading of the Rating of Machinery Bill. 


The traffic receipts for the week ending April 28 on 33 
of the principal lines of the United Kingdom amounted 
to 1,441,318/., which was earned on 18,728? miles. For 
the corresponding week in 1894 the receipts of the same 
lines amounted to 1,460,469/, with 18,522? miles open. 
There was thus a decrease of 19,150/. in the receipts, and 
an increase of 206 in the mileage. 


The Gellivara Mining Company (Aktiebolaget Gellivara 
Malmfilt) has, during the year 1894, forwarded 618,282 
tons of iron ore from Gellivara to Lulea, from where ship- 
ments have taken place to the extent of 524,112 tons of 
ore. The net profits for the year amount to 217,345 kr. 
(12,000/.), which it has been decided to add to the reserve 
fund. 

The Londonderry collapse has largely affected the pro- 
motion of mining companies in West Australia, for though 
it is certain that there were a score or more companies 
whose prospectuses were ready for publication, it has in 
most cases been deemed advisable not to go to the public 
just yet. Of the seven companies who have done so, six 
refer to the Coolgardie district and the remaining one to 
the Murchison goldfield, and a total capital of 795,000/. 
has been asked for. In March the capital of the com- 
panies promoted was over one million sterling. 


The Electrical Review for last week contains an excellent 
illustrated supplement on decorative electric lighting. 
The photographs from which the blocks have been prepared 
have been specially taken for the purpose, and include 
interiors of St. Stephen’s Hall, Houses of Parliament, the 
dining hall at Magdalen College, Oxford, the picture 
gallery and library ab Egham College, and a number of 
rooms in private houses. The illustration of St. Stephen’s 
Hall is remarkable in being taken by means of the light 
from the central electrolier which illuminates the chamber. 


The eighth and last general meeting of the present 
session of the Newcastle-upon-Tyne Association of 
Students of the Institution of Civil Engineers was held 
in the Durham College of Science on Wednesday, the 1s 
inst., the president, Mr. Charles A. Harrison, M. Inst. 
C.E., in thechair, when Mr. W. R. L. Forrest, Stud. Inst, 
C.E., read a paper on ‘‘ Railway Stations.” At the close 
of this meeting the annual business meeting of the 
Association was held, when the report of the council was 
received and the officers elected for the session 1895.6, 
The president will be the Hon. C. A. Parsons, M. Inst. 
C. E., and the honorary secretary, Mr. P. M. Pritchard, 
Stud. Inst. C.E. 


At the ordinary meeting of the Civil and Mechanical 
Engineers’ Society, held on Thursday, May 2, a paper on 
‘“‘The Construction of Railway Bridges under 100 ft. 
Span ” was read by Mr. Walter Beer, C.E. The author 
advocated the working out of a set of standard girders for 
spans, starting from 15 ft. to the limit previously men- 
tioned, advancing by increments of 5 ft., as he believed 
that the present weight of locomotives and rolling stock 
had reached the extreme limit. He entered into the 
methods of calculating the strength of the various parts 
of girders, and drew attention to the necessity for 
care in the arrangement of the parts, so as not 
only to give ample strength to them, but to allow 
of their easy construction and of accessibility to all the 
parts for the purpose of painting. The author also gave 
examples and particulars of the cross girders, as well as 
of the main, and pointed out the necessity of properly 
bedding the girders on their abutments, and the effect of 
placing the girders at an angle with the plates on which 
they rested. 


In a paper by M. Normand, contributed to the French 
Association Technique Maritime, the interesting fact is 
mentioned that the machinery for the torpedo-boat 
Chevalier, built by him in 1891, is an exact model of that 
of the boats Revel and Sveaborg, built in 1885, the 
scale being reduced in the ratio of .9 to 1. The 
torpedo boat Balny has also similar engines, the scale 
in this instance being increased in the ratio of 1.19 
to 1. M. Normand claims that the plans for any 
given engine, working satisfactorily at a given speed 
and with a certain pressure, can be executed with 
equal satisfaction on either a larger or smaller scale, 
provided that thespeed is changed inversely to the altera- 
tion of scale. Under these circumstances, the power of 
the machine relatively to the inertia forces is proportional 
to the square of the scale, and its weight per indicated 
horse-power is directly proportional to the scale. These 
rules apply only, it should be said, to the engine proper, 
= not to its accessories, such as the boilers and con- 

ensers, 


In a paper on marine boiler furnaces, prerented to the 
Association Technique Maritime by M. Daymard, chief 
engineer to the Compagnie Transatlantique, the author 
speaks very highly of the Purves formoffiue. The thick- 


still better, 13 millimetres, with which thicknesses the 
furnace should not be more than 4 ft. in diameter with 
the high pressures now in use. He does not believe in 
repairing furnaces, holding that the worn parts should be 
entirely replaced, which with suitable arrangements can 
be conveniently done without removing the boiler from 
the ship. A local deformation is, he states, much less 
dangerous than a lack of circularity from the flues taking 
an oval shape. A very small difference in the two dia- 
meters of the flue at right angles to each other will 
diminish its strength very materially. To prevent the 
serious corrosion which sometimes occurs near the level of 
the grate, he recommends the use of special firebars to 
prevent combustion near the plates. In this way the evil 
can be very greatly reduced. 


Up to the present the ‘‘D. P.” accumulator has been 
introduced by Messrs. Drake and Gorham, who appointed 
Messrs. Johnson and Phillips sole manufacturers for the 
United Kingdom. It has now been decided to form a 
separate company known as the ‘‘D. P.” Battery Com- 
pany, who will take over the whole of the battery business 
as from May 1. The London branch of the company, to 
which all inquiries should be addressed, will be situated 
at 66, Victoria-street, Westminster, S.W., the works 
being at Old Charlton asat present. The company will 
retain the services of Messrs. Drake and Gorham, who, it 
will be remembered, were formerly managing engineer 
and works manager of the Electrical Power Storage Com- 
pany, and were afterwards connected with the Elwell- 
Parker battery, so that they may be said to have had an 
exceptional experience in battery work. The works will 
be under the management of Mr. Claude Johnson, of 
Messrs. Johnson and Phillips, and considerable additions 
to the existing large plant are meditated. 


Ata meeting of the Institution of Junior Engineers held 
at the Westminster Palace Hotel, London, on May 3, the 
chairman, Mr. H. J. Young, presiding, a paper on ‘‘ The 
Warming of Buildings by Hot Water,” was read by Mr. 
Ernest King, Wh. Ex., and Mr. Kenneth Gray, members. 
The subject was treated in two divisions, the first dealing 
with the low-pressure system, and the other with that of 
the high pressure. The authors, having stated the theory 
of circulation and mode of determining the motive force 
in a hot-water apparatus, proceeded to deduce therefrom 
the best arrangement of the mainsand pipes. The extent 
and size of piping to maintain suitable uniform tempera- 
turesin various buildings were then considered, and different 
forms of boilers reviewed, their particular advantages 
being fully discussed. It was shown to be often a matter 
of economy to employ a boiler somewhat larger than 
actually necessary. Passing on to the high-pressure 
system, its leading characteristics were brought forward, 
special mention being made of the pipe joints, boiler coil 
and pipes, and the various ways of circulation. The 
relative merits of the low and high pressure were compared, 
it being stated that the former was more advantageous, 
being initially cheaper, safer, more economical to work, 
and capable of readier and more effectual control. 


The White Star steamer Oceanic arrived in Plymouth 
on Wednesday, May 1, from Hong Kong and Singapore. 
The Oceanic was the pioneer steamer of the White Star 
fleet. She was launched on August 27, 1870, and has there- 
fore been afloat a quarter of acentury. It is given to few 
ocean steamers to do such marvellous work as the Oceanic 
has done. Coming as an entirely new departure, the 
veritable type of the modern passenger liner, with saloon 
and state-rooms amidships, and other innovations, she 
ran 33 voyages with great success, and achieved a high 
reputation for speed and comfort in the Liverpool and 
New York trade. She was then sent out in April, 1875, 
just 20 years ago, to the Pacific, to run between San Fran- 
cisco and Hong Kong, under charter to the Occidental and 
Oriental Steamship Company of San Francisco. At the 
end of 1879 she came home to be reboilered, returning to 
her station in March, 1880, since when she has not once 
been taken off, but has continued uninterruptedly per- 
forming her work with regularity and efficiency, and has 
been the most popular steamer on the Pacific. The 
Coptic, which, until recently, was employed in the trade 
between London and New Zealand, has gone to the 
Pacific to replace the Oceanic. The other White Star 
steamers runnivg in the trans-Pacific trade are the Gaelic 
and Belgic. The Oceanic was designed and built by 
Mezsrs. Harland and Wolff, Belfast, from whose yard 
a roceeded the whole of the steamers of the White 

tar fleet. 


With reference to the claim sometimes made that 
though the work done by the Works Department of the 
County Council is more expensive, it is of better quality 
than when executed by a contractor, the report of the 
architect presented at Wednesday’s meoting of the Works 
Committee is interesting reading. Referring to cottages 
in Yabsley-street and Blackwall-lane, in which the cost 
exceeded the corrected estimate by 25 per cent. in one 
case, and 304 per cent. in the other, the architect states 
that two freights of the stock bricks delivered at the 
beginning of the work were one-third bats, and many of 
them very soft and crumbly, so that if they had been 
provided + a contractor they would have been condemned 
for use in walling, though under the circumstances 
the best of them were allowed to be used, on the under- 
standing that better bricks should follow. As regards 
the joiners’ work, the floor boards brought on the ground, 
and some of which were actually used, were very sappy. 
the back edges in some cases showing where the bark had 
eled off, and this was the case, although the architect 
ad sanctioned the use of such sizes as the manager said 
could be most easily obtained. Many of the roof timbers 
were also full of sap, and the joinery, particularly the 
doors, showed sap or shakes in the smallest styles and 





ness of the metal should not exceed 15 millimetres, or 





sections, In fact, the architect states that in many cases 


he had to strain the specification to permit the use of the 
poor quality of material provided, the chief anxiety of 
the officers of his department being to see how little of 
the defective materials need absolutely be rejected. It 
is worthy of note that practically the only cases in which 
the Works Department can show anything buta large in- 
crease over the estimates isin underground work, where 
inspection is less easy to perform efficiently. 


At a meeting of the Society of Engineers, held on 
Monday evening, May 6, a paper was re: by Mr. Charles 
Mason, Surveyor to the Vestry of St. Martin-in-the- Fields, 
Westminster, on ‘Street Subways for Large Towns.” 
The author, impressing the importance of an improved 
method of underground construction for the reception of 
the numerous maias laid beneath the streets, stated that 
the subject was one requiring the immediate and serious 
consideration of all engineers to public authorities, gas, 
water, electric light, and other companies. The prerent 
system of leaving disused pipes beneath the streets was 
strongly condemned, as materially adding to the risks to 
those using the streets by reason of probable accumulations 
of gas therein. Interesting statistics were given, show- 
ing the enormous annual cost of opening up the pave- 
ments for examination, and repairs to the various 
mains. The author, in explaining the construction 
and uses of existing subways both in the provinces 
and the metropolis, pointed out the chief difficulties 
in the way of their general adoption as being the 
question of light and ventilation, and cost of con- 
struction; also, in his opinion, the ‘single’ system 
was open to objection, as the mains having to be placed 
on one side of the subway, compel the supply pipes to be 
taken across the same for supplying premises on the 
opposite side of the street, thus blocking the passage-way 
and causing obstructions in the flow of the pipes them- 
selves; the difficulties of sewer ventilation were also re- 
ferred to. The author proposed “triple” subways 
having a central avenue for trunk mains, and side 
avenues for subsidiary or service pipes, vaults being 
provided beneath the footways remaining the property 
of the public authority and leased to the adjoining owner, 
thus providing some return for the outlay. 





Pic 1n THE ZOLLVERIN.—The production of pig iron in 
Germany in February was 434,704 tons, as compared with 
403,374 tons in February, 1894. The total of 434,704 tons, 
representing the output of February this year, was made 
up as follows: Puddling and spiegel pig, 131,330 tons ; 
Bessemer pig, 26,141 tons; Thomas pig, 206,999 tons ; 
and casting pig, 70,234 tons. 


THE BATH AND WEST AND SOUTHERN CounTIES SOCIETY. 
—The Taunton meeting of the Bath and West and 
Southern Counties Society will be held from May 29 to 
June 3, 1895, both dates inclusive. A very large number 
of firms are exhibiting implements. A plan of the show- 
yard is now ready, and can be obtained on application to 
wr ‘ams Mr. Thomas F. Plowman, 4, Terrace-walk, 

ath. 





Arrairs AT NoTTincHaM.— The Nottingham Town 
Council has issued its budget for its next financial year. 
The sum required by the council to carry on during the 12 
months is 278,954/.; and after allowing for profits derived 
from gas, water, &c., a deficiency of 194,869/, remains to 
be made good by a rate. To meet this deficiency the 
finance committee has proposed and carried a rate of 5s. 
in the pound, which, it is estimated, will produce 193,500/., 
leaving a deficiency of 1369/., which the committee 
appears tothink may be met by a chapter of accidents. 
At Nottingham, as well as in most other important 
centres, municipal a is becoming serious. At 
the same time it is right to remark that the present Not- 
tingham rate of 5s. in the pound shows no increase upon 
the corresponding rate levied for 1894-5. Nottingham 
has, however, to provide for certain outstanding contin- 
gencies. An outlay of 60,000/., for instance, is contem- 
— upon new sewerage and the purification of the 

een. The question of the water supply is also looming 
in the future. 





THe Late Freperick E. Sicxers.—Mr. Frederick 
Elsworth Sickels, the inventor of the trip-valve gear, died 
at Kansas City on March 9 last. The trip gear was 
invented by him when still an apprentice, but lacking the 
business abilities of Corliss, the latter was able to adopt 
Sickel’s invention, and made a large fortune out of iv. 
Corliss, it is true, added the governor control, but the 
whole trip cut-off gear had previously been worked out 
by the subject of this notice. At the Centennial Exhibi- 
tion, Sickels had an historical exhibition of his inven- 
tions, for which an award was made by the board 
of judges. To a certain extent, no doubt, the invention of 
the trip cut-off gear kept back the progress of steam- 
engine design in the States, as it delayed the develop- 
ment there of the compound system of working. So that 
for many years American engines, though admirable as 
pieces of mechanism, were inferier,as steam engines, to 
the less ingenious but more economical compound engines 
used on this side of the water. Nevertheless a combina- 
tion of the trip-valve gear with the compound or tri-com- 
pound system of working has given us the most economical 
modern engines, and the invention of the former item 
must be attributed to Sickel. The steam steering gear was 
also invented by him, as he was the first to hit upon the idea 
of using an overtaking valve gear, so that the engine only 
ran whilst the steering wheel was being turned, a device 
which is now in universal use. One of these engines was 
exhibited at the 1862 International Exhibition, London, 
but failed to attract attention. Mr. Sickels was born in 
1819, and was thus nearly 76 years old at the time of his 





death, 
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THE ECONOMICS OF COAL. 

As the source of the heat which represents 
something like 98 per cent. of the mechanical 
power utilised throughout the world, coal must 
ever occupy a prominent place in labour economics. 
Its plenteous supply is a rich endowment, pro- 
vided it is properly used. We in Britain have 
realised that ; but now it is incumbent upon us to 
watch the progress of other nations from the same 
standpoint. Equally endowed with ourselves, and 
with a newly awakened energy, some other countries 
emulate our activity in raising coal, and it comes 
then to be a question of facility in winning it, 
of utilising it with the least handling and with 
the greatest efficiency. These latter considera- 
tions open up an immense field, including the 
question as to whether it would be more eco- 
nomical to transmit power generated at the pit- 
head rather than distribute the coal itself. It is 
not, however, our intention to enter into these 
points, fascinating as they undoubtedly are. The 
winning of coal by competing nations is of itself a 
subject worth consideration, since too little is made 
of the influence of foreign nations on the regulation 
of our coal supply. Indeed, when the Royal Com- 
mission on Mining Royalties, &c., was consider- 
ing its report, it recognised the desirability of 
statistics which would enable some comparison to 
be made of the mining industry of various nations. 


2| Mr. Giffen, of the Board of Trade, has met this 


desire, and for the better appreciation of the signi- 
ficance of the Tables given in his report, we have 
prepared some diagrams. 

First, as regards the total production, as shown 
on Diagram No. 1 (see next page), the great pro- 
gress of the United States is pronounced, for in 10 
years they have added 62 per cent. to their output ; 
and this growth has been very steady. The United 
Kingdom, on the other hand, has not made any 
decided advance, for although there was a rise 
in 1891, representing some 13 per cent. on the 
starting point of 1883, there has been a subsequent 
fall. Germany, which comes next on the list, has 
also been making progress, especially when it is 
recalled that in the same period their production of 





lignite has gone up from 144 to 214 million tons,* 
and when it is recalled that the heat equivalent of 
this lignite is about half that of coal, it will be re- 
cognised that their total has gone up in 10 years 
from, say, 63 million to 85 million tons, equal to 35 
per cent., quite a satisfactory increase, especially 
when compared with our practically stationary line. 
France, which comes next, has not done quite so 
well. It began the period under review with 
20} millions and ends with 25} millions. The 
quantity of lignite won remains stationary, if not 
lessening, at about half a million tons, so that the 
increase is equal to 21 percent. Belgium has in- 
creased its total by something like 1} million tons. 
Russia, on the other hand, has increased its 
total from about 4 millions to 6} millions, 
and in view of the greater flow of petroleum, 
the quantity of fuel available shows a most satis- 
factory increase. Austria alone in 1893 produced 
9? millions, against 7.2 in 1883, and Hungary 
slightly increased its total, so that the total is now 
about 11 millions, an addition of 37 per cent. But 
these countries are the greatest producers of lignite, 
and here the output has almost been doubled. 
Austria proper, 10 years ago, won 9.85 million 
tons ; now it produces 16.8 millions, while Hungary 
has increased the quantity from 1} to over 24 
million tons. Moreover, the heat value is 
greater than that found in some other countries, 
and from 3s. 6d. to 5s. is the money value at the pit 
mouth. The production of fuel in Austria is, there- 
fore, equal to about 26 or 27 million tons, the in- 
crease in 10 years being about 40 per cent., greater 
than that of any of the other Continental nations. Of 
the countries not included in the diagram there has 
been little movement, but certainly no retrogres- 
sion. Japan has more than tripled her total of 
1883. It wasin 1891, the latest year for which a 
return is available, 3.2 millions. Italy ranks with 
about 300,000 tons, Sweden 200,000 tons, Spain 
for 1} millions, but to this must be added 26,000 
tons of lignite, the increase over all being about 
20 per cent. Thus, so far as production is con- 
cerned, we stand stationary, with the United States 
excelling us with rapid strides, and the principal 
European countries increasing generally at ratios 
varying from 20 to 35 per cent. for the 10 years. 

The questions of greater moment, however, are 
as to how far we are utilising the latent energy of 
the coal we mine, and how this utilisation compares 
with that of other producing nations. The in- 
fluence on national wealth of the exportation of a 
million tons of coal is not the same as if this fuel 
had been converted into power for the mechanical 
production of manufactured articles. A million tons 
of coal will give 400,000 indicated horse-power 
continuously for 3000 hours, assuming moderate 
efficiency, although in practice much less than this 
is often obtained. But clearly the utilisation of this 
400,000 indicated horse-power would produce a 
greater surplus of wealth than the exportation of the 
million tons of coal. It is largely a matter, of course, 
of finding a market. It is evident that, as a 
nation, we cannot thus use all our coal, hence we 
have to export it. This is not the case in the 
United States. The point, however, for the 
moment is not the exportation, but the consump- 
tion. Diagram No. 2 shows the approximate con- 
sumption in tons. The amount has been arrived at 
by taking into consideration imports and exports. 
It is remarkable to note the similarity of Britain’s 
curve in the two diagrams, but a closer examina- 
tion will show that we are consuming less rather 
than more than formerly. Ten years ago the ratio 
of consumption to total production was 82 per cent. 
Throughout the active period 1889-92 it was about 
76 to 78 per cent., and now that the production has 
fallen the consumption has also fallen, and is 77 per 
cent. Whatever less production there may be in- 
dicated on Diagram 1 seems, therefore, to be due to 
home consumption. We do not think there is less 
economy in household use, and we do not see 
that we can claim the satisfaction of a greatly in- 
creased knowledge of thermodynamics among engine 
users, 80 that the consumption probably represents 
little addition to mechanical power. 

The remarkable fact, again, of this diagram is the 
steep grade of the dash line representing the United 
States, checked only in 1885 and 1889, and here it 
will be seen that the United States uses practically 





* It may be stated that for the United Kingdom and 
the United States the ton equals 2240 Ib., and for Con- 
tinental countries 2206 lb.; but the difference is not 
serious, 
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all its coal. Of course, the United States has a greater 
population; there is greater need for fuel apart from 
manufacture. The consumption per head shows 
this, and in Disgram No. 3 this is plotted out dis- 
tinctly. Thereon it is shown that Britain has a 
greater consumption per capita than any other 
country, although it is now less than at any period 
within the 10 years. The total is 3.30 tons. There 
being five persons to a household, one ton per capita 
will be abundant for average household use, as it re- 
presents 5 tons per annum, which leaves 2.30 tons 
per capita for manufacturing purposes. Now in the 
States wood is more largely burnt both for household 
use and for small factories distant from the mines, 
and, moreover, there is much more abundant use of 
water power than in this country. The census 10 
years ago showed that by this means 1} million 
indicated horse-power were utilised, the ratio of 
water to steam power being 64.1 and water power 
35.9 per cent. of the total. It is easy to conjecture 
that now the water power is equal to the utilisa- 
tion of several million tons of coal, so that instead 
of a nominal difference of 0.89 ton per capita in 
favour of Britain, the real condition, measured as 
fuel and source of power, rather than coal simply, 
would be equal to, if not against, Britain per capita. 
The consumption in the United States, even on 
Diagram 3, moves upwards, as is also known to be 
the case with water power, so that as a manufac- 
turing nation her producing power is undoubtedly 
increasing. As to the influence of cheaper fuel, 
we shall refer to that later. 

The dotted lines on the three diagrams apply to 
Germany, and show that it isan extensive exporting 
country ; but it is pretty evident also that the con- 
sumption has been increasing more rapidly than 
the production, the difference in 1891 and 1892 
being very meagre. The increase per capita, how- 
ever, does not seem great ; but it must be remem- 
bered here that the production of lignite is very 
large, the total being now 214 million tons, and this 
is largely used in home manufacture. It is easily 
won, the production per miner per annum being 570 
tons, and the value at the pit mouth is 2s. 64d., so 
that even although its heat equivalent is but half 
that of coal, it gives the manufacturer an advan- 
tage. Again, wood is used more largely as fuel, 
so that the true consumption of fuel per capita is 
probably understated. The result in France is 
even more unreliable, and here Mr. Giffen, in 
referring to the fact that it is very small for a 
country far advanced in civilisation, says that it 
may be accounted for in a great measure by the 


large quantity of fuel of other sorts, such as turf, | 


wood, and lignite, which are all extensively used in 
that country. Still, the lignite only amounts to 
half-a-million tons. It is more costly to win than 
in other countries, but peat is largely used. It 
will also be seen that France is a large importing 
country, the excess of imports over exports averag- 
ing about nine millions. Thus, while the curve 
showing the consumption per capita is fairly accu- 
rate for Britain ; that for the Umted States, France, 
and Germany is probably understated, so that there 
is no question of their distinct progress in mechanical 
means of production. 

As to the case of Belgium, here, also, coal is the 
great heat agent, so that its position is probably 
fairly stated. There is a fluctuating tendency due 
to the varying activity of trade ; but it can scarcely 
be said that the grade is downwards. It is an 
exporting country, the excess of shipments to im- 
ports being about 4} millions, with a slightly in- 
creasing tendency. ‘The consumption has not in- 
creased much, but is, nevertheless, very satisfac- 
tory. The extensive use of oil as fuel for all 
purposes in Russia, and of timber for household 
use, except in the large towns, makes it futile to 
consider that case. The coal production is scarcely 
an index to the mechanical progress of the nation. 
The production, as we have shown, steadily in- 
creases, there is less importstion, and the con- 
sumption of coal per capita is slightly greater than 
ten years ago, although only about 0.65 now. 
Austria-Hungary isan importing country, and there 
is under this head, as well as in production, a steady 
increase, so that the consumption per capita is 
greater, although only about 0.4. The other im- 
porting countries are Sweden, Spain, and Italy. In 
each case there is not only a greater production, 
but a very much larger importation, so that Sweden 
has increased her consumption per capita from 0.26 
to 0.38 per cent. ; but the other two countries 
stand at about 0.14 ton per capita. 

The influence of the cost or the price of coal must 


steam power will be more readily employed than 
when the price is 10s. or 12s. Of course the econo- 
mical use, whereby the horse-power for a year of 
3100 hours may cost 3/. for fuel as against, say, 101., 
is even amore important factor. It isof more con- 
eequence for the present purpose to know that in the 


always be a powerful factor in the progress of me- | the price of coal is cheaper than in Britain. Ger. 
chanical industries. Thus with coal at 6s. a ton | 


many stands on an equality with us, while Belgium 
usually pays 6d. more and France 3s. more. Cheap- 
ness may have its disadvantages, however, but we 
have yet to learn that it has resulted in less atten. 
tion being paid, in the United States at least, to 
those considerations which insure true efficiency, 
That the lower price has a great influence on its use 
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| 
| United States, as shown on Diagram No. 4, the coal 
has remained since 1888 at about 5s. 4d. per ton 
at the pithead, while in Britain it has fluctuated 
| between 63. 6d. and 8s., and in other countries 
|the range is greater. And here it is interesting 
|to note that the undulation of the curves of 
Britain, Germany, Belgium, and France, is gene- 
‘rally in parallels. It is difficult to arrive at any 
|reason, but one thing it establishes is this, that 
it is quite impossible to omit the influence of 
| foreign competition in determining the factors which 
‘regulate the price of coal. The countries whose 
prices move in sympathy are the great exporting 
| countries, although neither France nor the United 
States come under this definition. As a rule, in 
the smaller producing countries the value is more 
constant, in Spain about 7s., in Italy 6s., Austria 
5s. 9d., and Hungary 8s. Of course the depth at 
| which the coal is worked affects the cost of winning, 
}as well as other considerations associated with 
| labour. 

The report before us, however, does not enter 
‘into that question, but some light is thrown upon 
|it by the details as to the quantity of coal 
| produced per person employed in each year. Of 
|course no consideration can be given here to the 
number of hours worked on an average each year ; 
|but, excepting in the United States, British 
/miners on an average produce more coal than 
jany others, the figure for 1893 having been 256 
tons. This, owing to the strike, is much less 
‘than in the preceding years, 300 being nearer an 
average of recent years, while in the States the 
average is 450 tons, and the amount is not, as in 
England, lessening. Here each miner produces 100 
|tons per annum less than he used to do 10 years 
|ago, whereas in all other countries the prcduction 
‘has been constant, if not increasing. This, of 
|course, must have an effect on price. The fixed 
| charges, too, are the same, so that the lapses into 
idleness of the miners may thus have an effect on 
ie mechanical industries of the country. 


| Estimated Quantity (Tons) of Coal Prcduced per Annum 
per Employé. 


| United United | Ger- 














Year. | Kingdom.’ States. | many. France. | Austria. gium. 
| 41888 | 333 -. | 290 217 219 186 
21889 | 326 421 | 281 221 188 184 
| 1890 | 308 443 268 216 183 174 
| 1891 | 296 453 | 260 198 179 165 

1892 | 281 463 247 197 179 165 
1893 | 256 448 | 254 a a 166 





The United States, it will thus be seen, show the 
| greatest production per employé, and whether it be 
cause and effect cannot be positively affirmed, but 
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within the States is undoubted, and so long as 
Americans can find a paying field for their manu- 
factured goods, the product largely of the utilisa- 
tion of their coal, they are better advised thus to 
turn their fuel to wealth than to export it. 








ELECTRIC WELDING FOR REPAIRS. 

WHEN electric welding was first introduced it 
attracted immediate attention as a remarkable 
example of the way in which electricity lends itself 
to the manifestation of energy at some particular 
spot. There were, however, a good many engi- 
neers who doubted whether the process had any 
wide commercial future before it. It is now some 
years since Sir Frederick Bramwell read his papers 
on the subject before the Institution of Civil Engi- 
neers and the Society of Arts, and during that 
period a considerable number of experiments have 
been made on a large ecale to determine for what 
class of work electric welding is in every way 
superior to ordinary smiths’ work. The result, so 
far, has only been to find a very limited field for it. 
The various operations for which the Thomson or 
low-tension method is available were detailed in 
the reading of Mr. B. A. Dobson’s paper before the 
Institution of Mechanical Engineers last August*, 
and in the discussion that followed it, and were not 
many. With regard to the Benardosor arc system, 
we gave a pretty full account of it in 1891+, and 
wiote concerning it, ‘‘At the present stage of 
development the process offers, perhaps, greater 
facilities for repairs than for new work.” We 
pointed out that faulty forgings, such as pipe tees 
and elbows, could be rapidly made good by aid of 
the arc, and that for repairs of faulty castings it 
offered an excellent means. In the three years 
that have since elapsed, this forecast seems to have 
been fulfilled, and we have not heard that any 
other important use for the process has been dis- 
covered in this country. Messrs. Spencer and Co., 
of Newburn, have made extensive use of the arc 
system of welding for repairing flaws in steel cast- 
ings, and at the same time they have found it most 
useful in the rapid repair of breakdowns. An 
account of what they have done in this respect has 
lately been laid before the North-East Coast In- 
stitution of Engineers and Shipbuilders by Mr. 
Henry Foster, and is so interesting that we pro- 
pose to deal with a few examples. 

The great merit of the Benardos system of weld- 
ing is that it enables small pieces of metal to be 
fused and united with a larger piece, gradually 





* See page 182 of our last volume. 

t See ENGINEERING, vol. lii., page 756. ; 

+ ‘On the Application of the Electric Arc to Machi- 
nery and Boiler Repairs.” 
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building it up to any required form. For instance, 
honeycombs in a casting can be first melted out, 
and then the cavity can be filled and the surface 
gradually brought to the general contour of the 
object. If the defect is the result of wear, the same 
end can be attained. Mr. Foster tells of a steel 
roll in which the wobbler end had become so worn 
that the coupling box turned round withoutdrivingit. 
The roll was taken out and the damaged corners built 
up by aid of the arc to their original s‘ze, the whole 
job being completed within 24 hours. A similar diffi- 
culty occurred with a cast steel helical wheel, weigh- 
ing over 6 tons, belonging to a reversing plate mill. 
The steel was too soft, and so the wobbler ends were 
worn while the teeth were still perfect. The spare 
wheel was put in place, and the ends of the shaft 
that was removed were rapidly restored to their 
original size. In like manner bearings that have 
been worn down to a dangerous amount can be 
built up and re-turned, restoring the shaft not only 
to its original form, but also to its former strength. 
In one instance, owing to a mistake, some shafts 
for driving live rollers were made 24 in. too short. 
The extra length of shaft was electrically welded 
on to each by building up. As an example of a 
bigger job, we take the case of some cast-iron cog- 
ging mill Jive rollers which broke through a part 
where they were 10% in. in diameter. Several 
of these rollers were electrically joined satisfac- 
torily, though, owing to their being unequal to 
their work, they afterwards broke, sometimes 
through the weld and sometimes through the solid 
metal. The teeth of cast-steel wheels which have 
been broken while working, have been also welded 
in at Newburn without removing the wheels from 
their shafts. 

For rapid boiler repairs the electric arc is most 
efticient. It enables a patch to be applied in difti- 
cult places, where riveting would be impossible 
without partly taking the boiler to pieces. For 
instance, Messrs. Spencer had an upright crane 
boiler wasted by corrosion at one point of the 
outer shell. When the defect was cut away, 
there was a hole 5} in. by 34 in. A_ piece 
of mild steel p'ate was cut to fit over the 
hole, with 13 in. lap all round. It was then laid 
in position, and the electric arc struck upon the 
junction of the patch and the boiler shell, so as to 
melt together and thoroughly incorporate the lap 
of the patch with the boiler shell. Under the 
action of the arc the outer edges of the patch plate 
were gradually drawn away to nothing, and made 
to lose themselves in the boiler shell. The whole 
job, including testing by hydraulic pressure, 
was completed in 10 hours. In another case, 
the internal bottom corners of the firebox 
of a locomotive-type boiler were badly wasted, 
owing to the firebars having been originally 
placed so low that the heat played on the plates 
below the level of the water. The defects were re- 
paired by building on and melting into the recesses 
small pieces of mild steel, and thoroughly incorpo- 
rating the new steel pieces with the old steel plate. 
The leaks were stopped, and no further trouble has 
been experienced during the eight months which 
have since elapsed. 

To have at hand a means of immediately repair- 
ing broken parts, often without removing them 
from their places, must be an immense advantage 
to a manufacturer, especially in a rolling mill, where 
breakdowns are frequent and very costly. But the 
expense of the plant stands in the way of its adoption, 
unless other work can be found for it. The mini- 
mum requirement is a current of 300 amperes at a 
pressure of 80 volts, while 500 amperes are prefer- 
able. Taking the latter figure, there is required 54 
electrical, or some 70 indicated horse-power. This 
may be obtained from an engine and dynamo of 
that size, or from a plant of about half the size 
aided by a battery of accumulators ; 30 to 35 per 
cent. of the energy needs to be wasted in resist- 
ances, in order that the total resistance in circuit 
may be not greatly varied as the workman lengthens 
or shortens the arc in his manipulation of the job. 
A low-tension electric lighting installation may be 
used for welding quitereadily, if it beof the necessary 
capacity. Where there is no electric apparatus on 
the premises, it becomes a very serious matter to fit 
one up temporarily for a single job or two, and it 
will only be in extreme cases that such a course 
will be followed. An exception is found, however, 
in ports, where it is quite conceivable that a plant 
fitted on board a barge might find a wide field of 
usefulness in repairs to engines and boilers on board 
ship. Sea-going engineers would do well to give at- 





tention to this subject, asall large passenger vessels 
are now fitted with electric plant of considerable 
capacity. With a piece of flexible conductor and a few 
large arc lamp carbons, it would be possible for them 
to weld up a broken propeller shaft in such a way as 
to enable them to get into port, at reduced speed at 
any rate. The precautions to be observed are not 
many. The metal to be welded, if iron or steel, 
should be made the positive pole; but if of other 
metal, such as lead, should be the negative pole. 
The volts should be between 65 and 95 at the 
machine, and should be reduced by 30 or 35 per 
cent. in the passage of the current to the workman. 
The carbon should not be coppered, and should 
burn with little or no dust deposit. When 
‘* building up,” the metal introduced into the weld 
should be as nearly as possible of the same com- 
position as that of the article to which it is 
welded, and the workman should remove the 


slag formed on the surface of each layer added |- 


before commencing to add another. In cases 
where the part to be ‘‘ built up” projects above 
the neighbouring surface (as, for instance, a 
wheel tooth), each layer of material added should 
be retained in position and prevented from flow- 
ing away while in a molten state, by forming a 
ridge of finely-ground ganister clay round the cir- 
cumference of the layer to be added. When the 
metal in the vicinity of the arc has been under the 
action of the arc for a short space of time, the heat 
gradually extends by conduction to the metal in the 
neighbourhood of the part operated upon, whereby 
the resistance of the metal to the passage of the 
current is increased, and, in consequence, admits 
of a longer are being obtained, and the workman 
should always endeavour to obtain these conditions 
of heating of the surrounding metal, and to finish 
off each layer under the action of a long and steady 
arc; 6in. is a convenient length of are to work 
with. If possible, each layer of new material 
should be hammered. 

Messrs. Lloyd and L!oyd, of Birmingham, who 
introduced the Benardos system into England, had 
a lot of electrically welded bars tested against 
similar bars joined in the ordinary way, and 
found that when of iron the average results of 
electric welding were equal to hand work, and 
when the bars were of steel the electric method 
gave the better effect on the whole, They fitted 
up a large plant in their own works for the repair 
of faulty pipe fittings, and for the manufacture of 
forms which could not be conveniently undertaken 


-by other means, and this has been in operation 


ever since. Other firms have also tried the prccess, 
but it has found its best outlet for mending cast- 
ings, and for doing repair work of the kinds above 
referred to. 





THE WEATHER OF APRIL, 1895. 

Tue characteristic of the weather of April is 
fickleness ; now fair, anon foul; the day may be 
both sunshiny and showery; the sky may be 
cloudy for a while, then clear for a few hours; or 
a brilliant sunshiny day may be succeeded by a 
day of gloom and small rain ; no condition is of 
long duration, except a few fair days with keen 
easterly winds, usually followed by some overcast 
skies, obscured by a canopy of clouds; weather 
commonly never very bad and seldom for long 
good. ‘The poets have not failed to assert this 
characteristic, now so well supported by extensive 
observations strictly meteorological. 

‘‘The uncertain glory of an April day, 
Which now shows all the beauty of the Sun, 
And by and by a cloud takes all away.” 

But ‘‘a light of laughing flowers along the grass 
is spread” by ‘‘green-robed April with her soft 
showers and pure warm sunshine.”’ Such has been 
the month just elapsed. The opening days were 
not genial; the keenness of the air was much too 
bracing. The spring was late, for trees, flowers, 
and crops were very backward, and rain was not 
so much desired as more sunshine and a warmer 
air. The 9th was a very fine day. Thence for 
several days clear skies allowed plenty of sunshine, 
though easterly wind again prevailing from the 
13th to the 18th, the air was keen and dry. After- 
wards the winds were chiefly south-westerly, appre- 
ciably warmer, though with much less sunshine, 
local showers began to be frequent, and from the 
2ist to the close of the month rain fell in good 
quantities in all parts, much to the satisfaction of 
farmers, as the land began to want it. On the 27th 


a thunderstorm occurred over the metropolis. Rain | 





to the amount of 1.1 in. was measured at Stornoway 
on the 6th. Aurora was seen in Ireland and in 
Scotland on the 10th, also in north Scotland on the 
17th and 19th. 

The mean atmospherical pressure and tempera- 
ture at extreme positions of the British Islands, to 
which the Isle of Man is central, were as follows : 








. Mean . 
ad Mean Difference | #8 Difference 
Positions. Pressure. | from Normal. —- from Normal. 
in. | in. | deg. deg. 
North 29.76 below 0.08 | 44 above 1 
South 29.92 ~ 47 below 3 
West 29.84 o 49 above 1 
East 29.88 o 21 46 nil 
Central 29.86 o» 05 47 ” 














The distribution of rain in frequency and quan- 
tity may be inferred from the following results : 








| ; 
Places. Rainy Days. | Amount Praag cael 
in. in. 
Sumburgh .. 19 | 2.60 0.53 more 
Scilly... 15 1.81 0.46 less 
Valentia 18 3.18 0.65 4, 
Yarmouth .. 13 0.95 OTE vs 


The daily general directions of the wind over the 
entire islands give a normal resultant from W.S. W., 
and the departures from the meteorological normal 
values are not sufficiently large to detract from the 
normal character of the month, unless the east of 
England may be regarded as drier than usual. 
Fog and mist were each noted on three days in the 
south-west of England, and on one day in all other 
parts. Clear days ranged between eight in the 
west and four in the east, overcast days between 
18 in the north and 13 in the central district. The 
mean temperature of the air at 8 a.m., Greenwich 
time, for the entire area of these islands, at the 
sea level, was 41.5 deg. on the Ist, 37.5 deg. on the 
4th, 47.5 deg. on the 10th, 43.5 deg. on the 14th, 
50 deg. on the 22nd, 46 deg. on the 27th, 48.5 deg. 
on the 31st. 

The highest temperature, 68 deg., was reported at 
Greenwich on the 20th; the lowest, 22 deg., at 
Sumburgh on the 4th. The greatest atmospheric 
pressure, 30.5 in., cccurred on the 12th ; the least, 
28.9 in., on the 6th. During the four weeks end- 
ing the 27th, the duration of bright sunshine, esti- 
mated in percentage of its possible amount, was for 
the United Kingdom 33.5, Channel Isles 43.5, 
south-west England 38.5, north-east England 36.5, 
east England 35.5, central England 34, south and 
north-west England 33, east Scotland 32, west 
Scotland 31.5, south Ireland 31, north Ireland 30, 
north Scotland 24. The first and last had only 
half as much sunshine as the other two weeks. 
At Greenwich on the 13th there were 10.3, on the 
14th 9.9, and on the 20th 8.1 hours of sunshine. 
Under the favourable conditions of a normal month, 
the death rate of the metropolitan district averaged 
less than 19 per 1000 per annum. 








THE PARIS INTERNATIONAL 
EXHIBITION OF 1900. 

Tue general plan of the next Paris Exhibition may 
now be regarded as practically complete, and it is 
possible to fill in some of the details that we have 
omitted in our former notices. The classification 
and allotment committees have fixed the locations 
of each group, and have also decided on the amount 
of space that shall be given to them ; the methods of 
facilitating the circulation of the public within and 
around the Exhibition grounds have been decided 
on in principle, and after a few more questions of 
detail have been determined on, the complete pro- 
ject for this stupendous scheme, the cost of which 
is estimated at about 100,000,000 francs, or 
4,000,000/. sterling, will be submitted to the ap- 

roval of the Chambers. The area inclosed by the 
undary of the Exhibition will be about 270 acres, 
and of this 100 acres will be covered by build- 
ings of all kinds. The actual size of the in- 
closure will therefore be less than half that of 
the Chicago World’s Fair, which is very fortunate 
both for visitors and exhibitors ; on the other hand, 
the covered area will be considerably larger, and a 
far greater outlay is contemplated than at Chicago ; 
the public may, therefore, anticipate a more satis- 
factory result, both as regards the artistic effect of 
the Exhibition, and their own comfort and con- 
venience. We have already explained that it is 
intended to destroy the Palais de 1’ Industrie ; this 
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work will not be sosimple as might be supposed, as 
it must be carried out with due consideration for 
the numerous uses to which the building is put. 
One half will be first demolished—that facing the 
Seine. By this means a sufficient area will be cleared 
for the commencement of the great avenue which is 
to connect the Champs Elysées with the bridge of 
the Esplanade des Invalides, and for the erection of 
the new palace which is to stand on the right side 
of this avenue. The other half of the Palais de 
l’Industrie will be preserved for two years longer, 
during which time it will be used for the various 
exhibitions now held there. At the end of two 
years the new palace will be completed, and the 
various expositions can be accommodated, setting 
the other half of the Palais de l’Industrie free for 
demolition. Afterwards a second permanent palace 
will be erected on the new avenue, and these, 
which will form prominent features of the Exhibi- 
tion, will remain as monuments after its close. The 
Palais des Champs Elysées, on the right of the 
avenue, will contain the exhibits of modern art ; 
on the opposite side will be the building devoted to 
retrospective art. The former of these buildings 
will have two entrances through rotundas, and 
giving access, on the one hand, to the Champs 
Elysées, and on the other to the avenue, which 
will be known as the Avenue de |’Esplanade des 
Invalides ; it will form a vast rectangle with a cen- 
tral gallery and two wings, but the side nearest the 
Seine will be open, and will, in fact, constitute a 
small park that will be enriched with the choice 
trees and shrubs so numerous in the Champs 
Elysées, and which will have to be displaced to 
a large extent in the alterations that will be un- 
avoidable. In the other wing of the building there 
will be a great covered court, which, after the close 
of the Exhibition, can be utilised for horse and 
similar shows. 

It need hardly be said that practically all the 
trees in the Champs Elysées will be preserved, 
though, of course, many of them will have to be 
shifted, and the landscape gardening very possibly 
improved thereby. In one of the most picturesque 
locations in the park will be erected the pavilion of 
the Government Sévres factory, where processes, as 
well as manufactured articles, will be shown. The 
Esplanade des Invalides, which forms a part of 
the Exhibition, will be connected with the 
Champs Elysées by a bridge that will be a good 
example of modern engineering practice. It will 
be of steel, 360 ft. long and 328 ft. wide; on 
this extensive platform galleries will be erected 
and flower-beds laid out. On the Esplanade there 
will be a series of magnificent structures bordering 
on the main avenue, and continuing the perspec- 
tive commenced by the Fine Arts palaces on the 
Champs Elysées. In this part of the Exhibition 
there will be the buildings devoted to the groups 
of education and teaching, the appliances and pro- 
cesses connected with literature, arts and sciences, 
as well as with the decoration of buildings and 
with furniture. On the esplanade all the trees 
will be preserved, though possibly rearranged, 
and there will be many small pavilions, scattered 
about this part of the Exhibition, devoted to the 
yractical exhibition of processes associated with the 
industrial arts—bronze, ceramics, crystal and glass, 
the working of precious metals, jewellery, horology, 
leather work, &c. The further end of the espla- 
nade will be covered with buildings, and conspi- 
cuous among them will be a great portal placed 
immediately on the axis of the central avenue, the 
bridge, and the avenue on the Champs Elysées. 

We have already referred to the important réle 
it is intended that the Seine shall play in this 
forthcoming Exhibition. It is proposed that not 
only shall the wide sloping banks on each side of 
the river be utilised, but that promenades 
should be arranged on the water level. On the 
right bank of the Seine there will be first a series 
of historical reconstructions, followed by the 
Pavilion of the Ville de Paris, ard the buildings of 
the Horticultural Section, for which there will be 
at least 20 acres covered. At the back and 
parallel with the river, on the road known as the 
Cours-la-Reine, will be a long range of miscel- 
laneous buildings—kiosks, cafés, restaurants, &c. 
Opposite the Trocadéro there will be erected the 
Congress Hall, which no doubt must be of very 
large proportions, seeing that congresses on every 
possible subject have become inseparable attendants 
on Universal Exhibitions. On the opposite side of 


the river, pavilions will be erected for the service of 


de Jena is to be placed the very important structure 
devoted to naval and military exhibits, while close 
by will be the pavilion of ocean and internal naviga- 
tion exhibits. Much care will be given so to 
arrange this water front of the Exhibition that it 
shall be one of the most attractive centres, and as 
during the evenings all the business river traftic 
will be suspended, the position will be admirably 
adapted for the numerous night fétes that will form 
a special feature of the Exhibition. For the accom- 
modation of visitors passing from one side of 
the Seine to the other, there will be two new bridges, 
in addition to the Pont de Jena and the Pont de 
l’Esplanade des Invalides. As we have already 
stated, the ample space on the Trocadéro grounds 
will be chiefly devoted to colonial exhibits, which 
it will be remembered occupied so brilliantly the 
Esplanade des Invalides in 1889. Here will be 
assembled pavilions containing colonial produce, 
mission exhibits, native villages, bazaars, repro- 
ductions of famous buildings, &c. Complete as 
no doubt this part of the Exhibition will be, it 
is difficult to understand that it can be more per- 
fect than the similar display in 1889. As regards 
the Champ de Mars, it is not the intention to erect 
here the long series of buildings more or less 
similar, such as formed the chief features of the last 
two great French Exhibitions. The buildings of the 
Beaux Arts and of the Arts Retrospectifs are to 
remain, as well as the Machinery Hall. Between 
these, and on each side of the Champ de Mars, there 
will be erected long ranges of buildings extending 
down to the Seine ; these buildings are not to be 
uniform in design or in size ; the highest and most 
important will adjoin the Machinery Hall, and they 
will gradually decrease in size towards the Seine, 
where they will be relatively small. It is expected 
that this arrangement will possess many advan- 
tages, amongst others those of an improved per- 
spective, and of showing at a glance the compara- 
tive importance of the groups to which the buildings 
are devoted. Near the Seine the smallest groups 
will we placed, or, at all events, those which do 
not occupy much space, and this system of gradua- 
tion is to be extended towards the Machinery Hall 
until the buildings are sufficiently large to receive 
exhibits of the most bulky nature. It should be 
mentioned that this long range of pavilions is to be 
connected by two galleries, one on the ground level 
and the other on the first floor. It is to be some- 
what regretted that the Machinery Hall of 1889 is 
to be preserved, yet it is doubtful whether it would 
be possible to devise a finer interior for the special 
purpose for which it was designed. It will, how- 
ever, be much altered by the creation of a vast 
salle des fétes in the centre, while the ungraceful 
exterior will be completely masked by the range of 
miscellaneous pavilions to which we have just now 
referred. 

We are glad to see that there appears no evidence 
of a vainglorious desire to make a record at the 
1900 Exhibition with size of buildings ; on the con- 
trary, a leading idea seems to be to reduce the 
dimensions as far as possible and increase the 
number of structures. There must be exceptions, 
of course, in this, such as in the two permanent 
buildings that are to replace the Palais de 1’In- 
dustrie, and in the Electricity Building that will 
form the main architectural feature on the Champ 
de Mars. But, as a rule, it would seem that 
beauty rather than size, and true taste rather than 
ostentation, will be two of the leading characteristics 
of the Exhibition buildings of 1900. 





THE INSTITUTION OF ELECTRIOAL 
ENGINEERS. 

At the meeting of the Institution of Electrical 
Engineers held in the rooms of the Society of Arts, 
Adelphi, on Thursday, April 25, a paper, describing 
a magnetic tester for measuring hysteresis in sheet 
iron, was read by Professor Ewing, F.R.S. 

At the beginning of his paper, the author re- 
ferred to the fact that makers of transformers were 
now appreciating the fact that if the all-day effi- 
ciency of a transformer was to be high, the iron 
must be such that the hysteresis losses were small. 
Some simple method of testing iron for this was 
wanted, as the quality of the metal in this respect 
varied enormously, the loss in some irons being 
three times as much as in others. Even samples 
cut from the same plate showed marked differences 
in hysteresis, and hence, to get a fair idea of the 
average quality of a batch of plates, a considerable 
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number of tests should be made, For this, how- 








ever, some simple and expeditious method of 
testing was required, as the ballistic method was 
slow, and could hardly be called simple. By this 
method the value of the hysteresis was obtained by 
first finding the relation of the induction B to the 
magnetising force H, for a considerable number of 
points in a cyclic process of magnetisation. A curve 
was then drawn through these points, and the area 
inclosed was a measure of the hysteresis. This 
latter was, therefore, arrived at in an indirect way 
from the permeability, which, in itself, was of 
secondary importance so far as transformer iron 
was concerned. 

The new apparatus devised by the author 
measured the hysteresis directly in a single opera- 
tion, and a large number of specimens could be tested 
ina short time. The basis of the instrument was 
the mechanical measurement of the work done in 
causing reversals of magnetism in the iron examined. 
Such measurements had previously been made as 
laboratory experiments, by Mr. L. R. Wilberforce, 
Mr. F. G. Baily, and himself. 

In the machine now brought forward, the iron to 
be tested was cut to a very simple form, and could 
be easily inserted and removed from the machine, 
The magnetism was reversed by turning a handle. 

Fig. 1 was an engraving of the instrument now 
exhibited, the form of which had been reached 
after a good deal of experiment. The iron to be 
tested was cut or stamped in the form of strips, 
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which were 3 in. long and $in. wide. The number 
of these pieces that was taken to compose the 
sample depended on the thickness of the sheet: 
six or seven pieces would, in general, be sufficient 
for the usual gauges of transformer iron, and a 
smaller number if the material tested was the 
thicker sheet used in dynamo armatures. The 
bundle of pieces forming the sample was placed in 
a carrier a, and was covered with a vulcanite 
washer and secured by two clamps b, b. The 
carrier was made to rotate by means of the friction 
pulley c, and driving wheeld. This caused the 
sample to revolve between the poles of the perma- 
nent magnet e, with the effect that its magnetism 
was periodically reversed. The work done in re- 
versing the magnetism, in consequence of hyste- 
resis, caused a mechanical moment to be exerted by 
the revolving sample upon the magnet; and the 
magnet, being supported on a knife-edge at /, in 
line with the axis of the carrier, tended to follow 
the sample and was deflected through an angle 
which served to measure the work expended. 
Since a definite amount of work was done per re- 
versal, whatever the frequency (so long as that was 
not so high as to make a sensible addition to the 
work by inducing currents), the deflection of the 
field magnet was independent of the speed at 
which the carrier revolved, and no special care had 
to be taken to turn the handle at a uniform rate. 
If the rate were very slow the magnet would show 
each individual impulse which it received as the 
ends of the sample passed its poles, but, when the 
speed was sufficiently raised, these impulses blended 
into a steady deflection ; and the speed might be 
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further augmented, to the extent of doubling it, or 
more, without making the deflection change. It 
was only at higher speeds still that the effects of 
induced currents became apparent. The deflec- 
tion was observed by means of a pointer and scale 
above the magnet. The swinging of the magnet 
was checked by means of a dashpot below, consist- 
ing of a vane or spade, moving ina box filled with 
oil. The stability was adjusted to give any re- 
quired degree of sensitiveness, by means of the 
weight 7, which travelled as a nut upon a screw 
fixed to the magnet, and served to raise or lower 
the centre of gravity of the oscillating system. 
The magnet swung about a knife-edge, working 
in an agate trough, and a lifting arrangement like 
that of a balance was provided, operated by the 
handle h, to save the knife-edge from unnecessary 
wear or injury. The pointer was set to zero in the 
middle of the scale by means of a nut which ran on 
a screw projecting sideways from the middle of the 
magnet, and a more delicate adjustment of the zero 
might be effected by means of the levelling screw i. 
In operating, the observer inserted the sample 
and secured it by the clamps, then began to turn 
the handle and let the magnet down on its knife- 
edge. After reading the deflection of the pointer 
to one side, he reversed the direction of rotation, 
read the deflection to the other side, and took the 
sum of the two readings as the total deflection. 
The deflection was proportional, or very approxi- 
mately proportional, to the hysteresis of the iron, 
even when samples widely different in quality were 
compared. 

To insure this, a considerable air space was left 
between the magnetic poles and the ends of the 
sample. The total resistance of the magnet circuit 
was thus high, and that of the sample tested was 
only a small proportion of the whole. Hence such 
changes in its permeability as were likely to be met 
with in practice, would not materially affect the 
total induction through the iron. The author had 
proved the correctness of this statement by means 
of a search coil. The instrument being intended 
for testing for transformer iron, the induction was 
arranged to be about 4000 C.G.S. units for a 
normal size of test sample. By increasing or 
reducing the area of the section of the sample, the 
intensity was increased or reduced, but within 
reasonable limits the relative amounts of hysteresis 
in different samples of iron did not change mate- 
rially when the iron was more or less strongly mag- 
netised. In cutting the pieces for fixing in the 
machine, it was important that the length should 
be always the same. To insure this, the carrier was 
formed so as to serve as a length gauge, and, 
to facilitate the preparation of the plates, two 
hardened steel gauges were provided, between which 
the strip could be clamped and filed down to 
exact length. The width of the pieces required no 
particular care. 

In using the machine he had found that no 
special care was necessary in getting the same 
cross-section in the samples in each case. Thus 
11 strips of thin transformer iron were taken, 3 in. 
long by 2 in. wide, all being cut from the same 
plate. The whole 11 were clamped together in the 
machine and the hysteresis measured. The strips 
were then removed one by one, a fresh reading 
being taken at every reduction in the number. The 
readings of the instrument were plotted, as shown 
in the lower curve, Fig. 3, the upper curve referring 
to a similar test in a poorer quality of iron. It 
will be seen that in each case there is a very flat 
minimum reading corresponding to about seven 
strips. Hence the samples should be so chosen as 
to be roughly about equal in area to seven of these 
strips, and small variations in this area would not 
appreciably affect the results. 

_ The instrument was calibrated by comparing its 
indications with the results of tests by the ballistic 
method, an endeavour being made to have the iron 
in the same state in the two sets of tests. To this 
end ballistic tests were made on rings consisting of 
along strip of thin iron gin. wide. The rings 
were carefully annealed after bending, as even with 
good iron the hysteresis will be increased by such 
bending. The hysteresis loss in these rings was then 
ascertained by the ballistic test for a range of in- 
duction from 2000 to 8000 C.G.S. units. The rings 
were then uncoiled, cut up into 3-in. lengths for 
the tester, straightened, and annealed. The whole 
number of pieces in which each ring was cut was 
then dealt out into packs of five, six, or seven 
pieces according to the thickness, and these packs 
rearranged until each on testing in the machine 





gave nearly the same scale reading. The mean of 
each pack was then taken as a mean applicable to 
the whole ring. 

In making these experiments it was assumed that 
the first and second annealings would bring the 
material into the same physical state. As an addi- 
tional check, long strips were again cut, and tested 
ballistically, but without coiling them into a ring. 
Each strip was 36 in. long and % in. wide, and a 
single one was used in each test. These same strips 
were then cut up and tried on the new tester with- 
out being annealed. In this way seven standard 
samples were examined, the quality ranging from 
exceptionally good to exceptionally bad. The rela- 
tion between the scale readings and the hysteresis, 
as determined by the ballistic method, is shown in 
Fig. 2. The several readings accord very well with 
one another, and the scale reading, it will be seen, 
is nearly, but not quite, proportional tothe hysteresis 
loss. For workshop purposes, however, the zero 
error is unimportant. 
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This error might arise from the fact that the 
induction produced in the tester was not quite so 
high in the bad as in the good iron, but more 
probably it arose from the small amount of work 
done in periodically changing the magnetic dis- 
tribution in the field magnet itself. 

With the instrument two standard samples of 
iron would be furnished, with a table stating their 
hysteresis as found ballistically, expressed in ergs 
per cubic centimetre, and also in watts per pound, 
at an assigned frequency. In testing other samples, 
these standard pieces would be put in the machine 
first, and the deflection noted. The hysteresis of 
other samples could then be found by direct pro- 
portion from the scale readings obtained with them, 
and the known hysteresis of the standard speci- 
mens. Taking the hysteresis of iron at 4000 C.G.S. 
units of induction as unity, its value at other rates 
of induction was given in the following Table, 
which was a general mean obtained from a ballistic 
examination of many samples : 


Induction Relative Amount 
B. of Hysteresis. 
2000 0.33 
2500 0.47 
3000 0.63 
4000 1.00 
5000 1.41 
6000 1.89 
7000 2.41 
8000 3.00 





Several other forms of the instrument could be 
constructed, by making the magnet revolve instead 
of the sample, &c. 

In opening the discussion, Professor Fleming re- 
marked that it was impossible not to admire the 
simple and ingenious apparatus which had been 
brought before them. In looking at the instrument 
it would, however, at first sight, have seemed 
simpler to have arranged it so that the magnet was 
the revolving part, but no doubt several stages were 
gone through in the evolution of the apparatus 
before the final result was arrived at. If, however, 
the specimen was the fixed portion, the effects of 
temperature could be easily investigated. In the 
case of transformers he had found a difference of 
from 10 to 15 per cent. when the temperature was 
raised from 0 deg. to 100 deg. He would also like 
to be assured that the brass caps in which the 
specimen was held had no effect on the deflection. 
This could easily be tested by means of a dummy 
specimen. The instrument would be very con- 
venient for ascertaining whether there was a time 
increase in the hysteresis loss. In some trans- 
formers this certainly did not occur, but in other 
cases there did sometimes appear to be an increase 
of even 40 per cent. with time. 

Professor Carey Foster suggested that the 
‘‘ fan action” of the specimen might have an effect 
on the deflection. Magnetic viscosity would act in 
the same way, and the instrument would be unable 
to distinguish between this deflection and that due 
to the hysteresis of the specimen. 

Professor Ayrton pointed out that the values of 
the hysteresis of two samples of iron at a given 
induction were not necessarily proportional to the 
values at another induction. Thus from some 
figures given in a previous paper by Professor 
Ewing, he found that with two irons having the 
same hysteresis atan induction of 4000, there was a 
difference of 8 per cent. at an indication of 8000, 
and one of 12 per cent. at an induction of 12,000. 
It should also be remembered that even in the 
case of transformers, the hysteresis was not all that 
one wanted to know, as for the design a knowledge 
of the permeability was required. With suitable 
apparatus it was not diflicult to get the permeability 
curve. For the use of mechanical engineerin 
students he had arranged a small separately enelied 
dynamo, having very heavy pole-pieces, and an 
armature driven at a constant speed by a separate 
motor. The specimen to be tested formed the yoke- 
piece for the field magnets. A variable carbon 
resistance and an ammeter were introduced in the 
magnet circuit, whilst a voltmeter was coupled up 
with the armature. The armature being rotated 
ata constant speed, the reading of the ammeter gave 
the value of the magnetising current, whilst that of 
the voltmeter was a measure of the corresponding 
inductance. With this apparatus complete per- 
meability curves of several specimens could be 
obtained in half an hour. 

Professor Forbes thought the instrument de- 
scribed was excellently adapted for the workshop, 
but was not so well suited for the laboratory. The 
reliability of the instrument was well shown by 
the straightness of line in Fig. 2. He agreed 
with Professor Fleming that the possibility of 
eddy currents in the brasswork and in the iron 
specimen itself required consideration, and he was 
inclined to attribute to these the zero error shown 
in Fig. 2. The arrangement of the instrument 
recalled one designed by Professor Elihu Thomson 
in America. In the latter, however, the specimen 
was cut into circular discs, with which acolumn was 
built up. The magnet and not the specimen was 
rotated. The torque then produced on the cylinder 
was measured by the deflection of a pointer, and was 
proportional to the hysteresis. 

Mr. Alexander Siemens reminded the meeting that 
he had brought the results of a number of experi- 
ments on hysteresis before the meeting three years 
ago. His own experience quite confirmed Professor 
Ewing’s statement that samples from the same plate 
varied. In fact, one could hardly look at a bar of 
iron without altering its hysteresis. The attempt 
of his firm to make a ‘‘cable” transformer had 
failed for this reason, since, no matter how good the 
quality of wire used for the iron core of the trans- 
former, the mere fact of laying it into a cable in- 
creased its hysteresis enormously. He thought for 
this reason that the filing of the specimens, as pro- 
posed by Professor Ewing, would be found objec- 
tionable, and for very accurate work the ballistic test 
would still be found the best. With trained observers 
this class of test was not particularly troublesome to 
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execute. He questioned whether annealing was sufii- 
cient to restore the magnetic qualities of a specimen 
perfectly after etraining. For many purposes, how- 
ever, Professor Ewing’s instrument would be very 
handy, and would be extensively used. 

Mr. Ferranti thought the instrument would prove 
very useful, but thought that filing the specimens 
should be dispensed with, and that they should be 
simply stamped to size. 

Mr. Esson suggested that the instrument, whilst 
not so reliable as the ballistic method, was better 
aadpted for rapid tests ; only a manufacturer could 
appreciate it at its full value. 

Mr. F. G. Baily was surprised that the instru- 
ment worked as well as it seemed to do, as the 
effects of the magnetisation of the sample at right 
angles to its length would affect the reading, as 
would also the variation in the retentivity of dif- 
ferent samples of iron. The instrument of Pro- 
fessor Elihu Thomson, described by Mr. Ferranti, 
appeared to be very similar to one he had himself 
used, 

In reply, Professor Ewing stated that the plan of 
revolving the specimen was only adopted after 
mature consideration, and at one time he had quite 
resolved to revolve the magnet instead. That the 
effect of eddy currents was insignificant was clearly 
shown by the fact that the speed of rotation neces- 
sary to obtain a steady deflection, could be doubled 
without altering the latter. As the effect of the 
eddy current increased as the square of the speed, 
this result clearly showed their insignificance in the 
present instance. The suggested ‘‘fan action ” 
was also unimportant, owing to the fact that the 
magnet had quite a considerable amount of 
stability. For many tests the instrument was 
well adapted to the laboratory, since the hyste- 
resis of a large sheet could be investigated in a 
few minutes. With Professor Ayrton’s apparatus 
a considerable amount of work had to be done after 
the experiment, in drawing the permeability curve 
and evaluating its area. Mr. Siemens had ques- 
tioned whether annealing restored the magnetic 
state of a specimen. His own experiments went 
to show that it did if always done in the same way. 
As to the point raised by Professor Ayrton, the 
latter was quite right in stating that the hysteresis 
of two specimens of iron did not bear the same 
proportion to each other at all values of induction, 
but he thought the 8 per cent. quoted must refer to 
an extreme case. The Table given in the paper 
that evening was based upon a very large number 
of experiments, and could be relied on as giving a 
fair average. 

In designing transformers he thought that it was 
unnecessary to test for permeability, as if the 
hysteresis was satisfactory the permeability might 
be taken for granted. 





NOTES. 
WarteR FROM CrySTALLINE Rocks. 
In a communication to the Paris Académie des 
Sciences, M. Nordenskiold gives an interesting 
account of the successful search for water in granite 
and other crystalline rocks, in positions in which 
common opinion would have held the attempt to 
be utterly useless. For a long time considerable 
trouble had been experienced at a number of 
pilot and lighthouse stations in Sweden in obtain- 
ing a suitable water supply. Rain water stored 
in cisterns often became foul, as was also the case 
with spring water carried from the mainland. M. 
Nordenskiold accordingly suggested that even 
on rocky granite islets, sweet water might be found 
by sinking a borehole to a depth of from 100 ft. to 
170 ft. His idea was based on the fact that the 
daily and annual variations of temperature ought 
to cause shearing strains between the upper portions 
of the rocks and those deeper down. These strains 
should cause horizontal crevices, in which water 
percolating from the surface would collect. 
Since even in iron mines exteading well under 
the sea, the water found was never saline, 
M. Nordenskiold concluded that any water found 
in the way suggested would also be fresh. After 
some hesitation, a well was sunk in the small island 
of Arko during the spring of 1894. Ata depth of 
110 ft. from the surface of the ground, corresponding 
to 100 ft. below sea-level, a horizontal fissure in 
the rock was encountered, which afforded a supply 
of perfectly fresh water, amounting to about 4400 
a! per day. After the successful result of 
this first essay, similar wells were sunk in six other 
localities, fresh water in each case being met with 





ata depth from 110 ft. to 120 ft. In each instance 
the rocks passed through were crystalline, being 
granite, gneiss, or diorite. The wells were sunk 
by means of the diamond drill, the holes being 
24 in. in diameter. 


Tue Nortu-East Sea Canal. 

The canal connecting the North Sea to the Baltic 
is now practically completed. The locks and 
bridges have long been in working order, and boats 
trade up and down as far as Rendsburg, as they 
formerly did on the small canal which has been 
superseded, and on about the same terms. Plea- 
sure steamers do this trip twice a day. Beyond 
Rendsburg dredging operations still continue, and 
traffic is not at present desired, but a twin-screw 
yacht, some days ago, accomplished the whole 
journey through the canal in 6 hours, that is, at the 
rate of 10 miles an hour, clearing the Holtenau 
lock on the Baltic in 13 minutes. But the finish- 
ing touches, and in some parts something more, re- 
main to be done, and one cannot but regret that the 
great work should be hurried in its last stages. The 
date of completion of the canal was long ago fixed 
for this summer. The day of the opening cere- 
monies (June 19) has, however, evidently been 
settled without duly consulting those responsible 
for the execution of the work, and the prepara- 
tions for the festivities, which are planned on a 
grand scale, hamper the operations, particularly 
at Holtenau. It would be a great pity if there 
should be any hitch or mishap in the opening 
programme, for a great deal would be made of 
it, although it might mean nothing in a technical 
respect. We hope shortly to place before our 
readers a detailed description of the canal. To- 
day we should like to draw attention to two points 
for which the building of this canal will be re- 
markable, apart from its importance as an engi- 
neering achievement. A sum of money, about 
8,000,000/ , was granted for the work, and this 
sum has not only not been exceeded, but there is 
actually a balance of about 35,0001. left ; ways of 
spending it will, of course, easily be found. The 
second point is that the work will be completed 
within the space of time estimated. It would be 
difficult to find a parallel case in enterprises of such 
vastness. 

THE ORIGIN OF PASSENGER TRAFFIC ON 
Raitways. 

As is well known, the first railways were devised 
for freight traffic, principally for the conveyance of 
coal from the pitheads of the different collieries to 
points of export or distribution. The use of the 
lines for passenger traffic was an afterthought, and 
probably originated from the habit the men still 
have in those regions of riding to and from their 
work hanging on to the rearmost truck. Mr. 
Clement E. Stretton, who has spent so much time 
in examining into early railroad history, concludes 
that there were three steps in the development 
of passenger traffic. In the first place, passengers 
were conveyed by locomotive power on private lines 
either experimentally, or, being workmen, adopted 
this mode of conveyance as the most convenient 
method of reaching their work. Ata later period 
the practice of running mixed trains carrying pay- 
ing passengers was introduced, and finally the 
—e train proper made its appearance. Mr. 

tretton asserts that the first instance of passengers 
riding behind a locomotive was in 1804, when 
Trevithick conveyed a party of 70 over the Peny- 
darran cast-iron tram-road to Merthyr Tydfil, a 
distance of seven miles. In this instance the pas- 
sengerssat on theiron bars with which the trucks were 
loaded. In 1808 Trevithick built an experimenal 
line with a circular track, in London, near Euston- 
square, and gave the public trips round the circle 
at ls. per head. The speed is stated to have been 
12 to 15 miles per hour. In 1812, Mr. John 
Blenkinsop, of the Middleton Colliery, placed a 
locomotive on his railway, and had also built a 
small covered vehicle for the conveyarce of work- 
men from Leeds to the colliery, a distance of 3} 
miles. The locomotive started at 5.30 every morn- 
ing with a train of empty wagons, returning at six 
in the evening. George Stephenson’s “Blucher” 
was put to run on the Kenilworth Colliery line in 
1814, and shortly afterwards Lord Ravensworth 
had one of his four-in-hand coaches mounted 
on flanged wheels and used it for running over 
the line. This example was followed by the 
Duke of Portland in 1817. The Stockton and 
Darlington Railway was opened in 1825, and at 
first mixed trains were run, but the time occupied 





in shunting and making up the various freight 
cars forming the bulk of the train was so great, 
that passengers were disgusted and preferred the 
old stage coaches. Hence the running of these 
trains was abandoned, but they were introduced 
again in 1830 on the Canterbury and Whitstable 
Railway. Later in the same year the first purely 
passenger train was run on the Liverpool and Man- 
chester line, there being on the first day eight 
engines and trains, conveying in all about 600 
people, and the day following this a regular pas- 
senger service was instituted. 


Aw EconomicaL Pumpina EncIne. 

A large pumping engine designed by Mr. E. D, 
Leavitt, and recently erected'at Louisville, Kentucky, 
by the I. P. Morris Company, of Philadelphia, has 
given such good results on trial, that some parti- 
culars of it may be of interest. The engine is of 
the compound type, and has inverted cylinders with 
the pumps below them. The pump-rods are not, 
however, connected direct to the piston-rods of the 
steam cylinders, but to an oscillating beam, to 
which also the crossheads of the steam pistons are 
coupled. The pumps are, however, placed nearer 
the ¢entre of oscillation of the beam than the steam 
cylinders, and consequently have a shorter stroke. 
One end of the beam is prolonged, and to this end 
the main connecting-rod which drives the crankshaft 
and flywheel is attached. The valves are of the 
gridiron type, and are worked by cams. The point 
of cut in the high-pressure cylinder is determined 
automatically by a centrifugal governor, whilst that 
on the low-pressure cylinder is fixed. The pumps 
are of the differential type, first introduced, we 
believe, by Lord Armstrong, in which the piston- 
rod is such a diameter that when within the 
cylinder it occupies one-half the cylinder volume. 
There is but one set of suction and delivery valves. 
During the up-stroke the barrel below the pump 
piston is filled, and at the down-stroke this water 
is discharged half into the main and half into the 
annular space above the piston, from which it is 
finally delivered on the next up-stroke. The en- 
gines were designed to deliver 12,800,000 imperial 
gallons per 24 hours, and to have a duty of not less 
than 110,000,000 lb. of water raised 1 ft. high for 
100 lb. of Cumberland coal. On trial a duty of 
129,600,000 lb. was obtained, Pocahontas coal being 
substituted by mutual agreement for the Cumber- 
land coal originally specitied. The engine indicated 
599.1 horse-power ; the steam consumption, allow- 
ing } percent. for moisture, was 12.15 lb. per indi- 
cated horse-power per hour, and 13.05 lb. per pump 
horse-power per hour. It will thus be seen that a 
mechanical efticiency of over 93 per cent. is claimed. 
These results are, of course, not a record, but are, 
nevertheless, but seldom attained. The principal 
dimensions of the engine are as follows : 


Diameter of high pressure cylinder, 


, ae cag s Sax _ 27.21 in. 
Diameter of low-pressure cylinder, 
te) ns = see « O8I3,, 
Diameter of flywheel .. eo te 36 ft. 
+ high- pressure piston-rod 54 in. 
9 low ” ” ” 
Stroke of each piston ... ‘ 10 fc. 


Mean clearance high-pressure cy- 


linder ... ES Ae as ... 1.585 per cent. 
Mean clearance low - pressure cy- 

linder ... = = — .. 1.5% 90 
Diameters of each differential plunger 34 in. & 24,', in. 
Stroke . a 7 ft. 
Ratio of steam piston areas ... Sis 4tol 
Volume displaced by one stroke o 

one plunger ... ee he ... 830.15 gallons 
Volume displaced by plungers during 

one revolution of engine... ... 660.30 ,, 
Diameter of each discharge pipe 24 in. 





PANAMA RAILROAD. —Notwithstanding general depres- 
sion, the business of this line increased last year both as 
— freights and passengers. The balance avail- 
able for interest and dividend last year was 631,192 dols., 
as compared with 497,363 dols. in 1893, 820,388 dols. 
in 1892, and 962,234 dols. in 1891. Interest on bonds 
absorbed last year 368,739 dols., as compared with 367,158 
dols. in 1893, 342,573 dols. in 1892, and 347,433 dols. in 1891. 
No dividends have been paid upon the company’s share 
capital since 1892. The permanent way is reported to be 
in good condition, 7196 lignum-vite cross-ties having been 
placed in the track and sidings last year; 500 tons of 
steel rails, weighing 60 lb. to the yard, are, however, still 
needed to replace light or defective rails. The wharves 
at Colon have not only been maintained, but have also 
been improved. The rolling stock in service, including 
passenger cars, has been well maintained ; a number of 
old unserviceable freight cars have been demolished. The 
company owns 40 locomotives, 27 local passenger cars, 821 
freight cars, and 30 mi eous Cars. 
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THE NEW PATENT BILL. 
To THE Eprtorn oF ENGINEERING. 

Srr,—I have perused with considerable interest the 
article which appeared concurrently with my letter on 
the above subject. I am, however, surprised to learn 
that the suggested provisions for tiling supplementary 
provisional specifications, with a view to getting rid of 
the ‘‘disconformity” difficulty, are based on Mr. Lloy 
Wise’s proposals of January 29, 1886. My impression 
was that—so far as the Bill relates to this particular 
matter, and I do not propose to deal with any other— 
its scheme is, with one exception, identical with that 
described in a paper read by me before the Chartered 
Institute of Patent Agents on January 25, 1893. 

Mr. Lloyd Wise’s proposals of 1886 were as follows : 
“Abolition of provisional specifications, and that the 

atent should be granted always on the specification 
lodged in the first instance; but that the powers of 
amendment should be greatly enlarged by the iatroduc- 
tion of a system of substitution of one specification for 
another. ... the applicant for a patent should, in the 
first instance, file a complete specification ending with a 
statement of the invention claimed and accompanied by 
drawings.” This is essentially the same as the plan de- 
scribed in your article of last week, but very different 
from that embodied in the Bill, as, by your favour, I will 
show later on. 

The only important respect in which the plan of the 
Bill differs from that suggested by me, is that of making 
the letters patent date from the filing of the original 
application for provisional protection, instead of from 
that of filing the complete specification—a very serious 
difference if the Bill be read in one way, but of relatively 
small importance if it be read in another. The adverse 
criticism contained in my previous letter was based on the 
assumption that the words ‘‘of like date” were to be 
interpreted to mean that the supplementary provisional 
specifications were to be treated as ‘‘of like date” to that 
of the original application. Ib is, however, quite possible 
that the intention of the framers of the Bill is that each 
supplementary provisional specification should only be 
treated as affording priority in respect of the particular 
improvement or development therein described as from 
the date of filing the same. On further consideration, 
this view is rather confirmed. by what at first sight 
appeared to be an error of drafting ; Section 2 providing 
for the tiling of supplementary provisional specifications, 
not only up to the time of lodging the complete specifi- 
cation, but up to the date of acceptance thereof. Mr. 
Mouiton, besides keing an eminent authority on patent 
law, is well versed in the details of practice, and would 
be aware that a month usually elapses between the leaving 
and the acceptance of a complete specification. During 
this interval an applicant might arrive at the conclusion, 
or be advised, that there was something in his complete 
specification which might be regarded as outside his pro- 
visional specification or specifications, and it would be 
open to him forthwith to file a supplementary provisional 
specification in respect of that feature. This would only 
afford him priority in respect thereof as from the date of 
filing this supplementary provisional specification ; but if 
the matter be already described in his complete specifica- 
tion, surely that is sufficient, and the provision for filing 
riggs s ofter the leavirg of the complete seems super- 

uous. 

After the filing of the complete spocification, and the 
sealing of the patent, it is not of much consequence 
whether the patent bear one date or another, if, as a 
matter of fact, the invention was no more wanting in 
novelty at the later date than at the earlier, and provided 
always that no conflicting application was pending at the 
same time. 

The scheme put forward in your leading article, and 
providing for repeated amendments, appears to me about 
as unsatisfactory, both in principle and working, as could 
well be. The example you cite shows that the applicant, 
by means of a series of amendments, ultimately gets a 
patent for an invention which you clearly prove to be 
different, in ‘‘ pith and marrow,” from the invention 
originally described by him ; and that this position having 
been reached, his patent is to be free from attack on the 
ground of disconformity. But how about protecting the 
possible ‘*intermediate applicant”? How about affording 
him “ reliable protection from the date of application for 
a patent,” put forward in your article of the 19th ult. as 
the first essential ? 

As ards the working of such a system, each of the 
applications for leave to amend are to be advertised and 
to be open to opposition—in much the same way, presum- 
ably, as applications for leave to amend are now dealt 
with—a process of a sufficiently tedious and expensive 
character to render it tolerably certain that an inventor 
would prefer to apply for an additional patent and sacri- 
fice a few months of priority (of problematical value) 
rather than go through such a troublesome ordeal for the 
purpose of getting the ground of his original applica- 
tion poe Ar or varied. 

Such a plan would, moreover, throw upon the person 
interested in a pending application the onus of constantly 
watching to see who is trying to steal a march on him, and 
of entering opposition—perhaps several oppositions—a 
nice prospect for the inventor unprepared with patent 
agents’ feas, still less couneel’s. But unless the later 
applicant bestirs himself, his invention may, by amend- 
ment, become embodied in the earlier applicant’s specifica- 
tion, and covered by his patent. What the poor and every 
other honest inventor wants is that he should not be 
anticipated by something which only reaches the Patent 
Office at a later date. 

Is it for the advancement of such a scheme as this that 
Mr. Moulton’s and Sir Richard Webster's efforts on behalf 
of inventors are opposed, and their Bill is blocked? If 


so, it is desirable that inventors and the public should be 
made fully acquainted with the source of the opposition 
and its ulterior objects. Judging from some of the 
criticisms offered, my impression is that the intentions of 
the framers have to a great extent been misunderstwod. 
Reverting to the question of dating the patent as from 
the date of filing the original application, as proposed in 
the Bill, as compared with dating it as from the date of 


d| leaving the complete specification, as proposed by me, 


there are certain points in favour of each mode, and the 
-_ question is on which side the balance of advantage 
ice, 

If the application for letters patent accompany the 
original provisional specification, as proposed in the Bill, 
the term of priority secured by the provisions of the Inter- 
national Convention will run from that date; whereas, if 
the application for letters patent accompany the complete 
specification, the term would run from the later date. 
There are a few countries where an invention, to be 
validly patentable, must not only b3 new in the country, 
but new absolutely, France being one of these. Now, 
during the term of provisional protection here (assuming 
for the moment that the application for letters patent is 
only left with the —- specification), the invention 
may have received publicity prior to the commencement 
of the protected term. The adaptation of our law to the 
provisions of the International Convention is, perhaps, a 
matter of secondary importance, but I may point out 
that the objections advanced under this head to the plan 
put forward in your article apply equally to that adopted 
in the Bill, and, I might add, to the system at present in 
vogue, 

Having regard to the expense incidental to pornos 
and maintaining foreign patents, an inventor woul 
certainly prefer to have his invention, in its developed 
or perfected state, protected by a single patent than by 
several ; and it, therefore, seems more appropriate to 
arrange matters in the way I propose, so as to permit of 
his basing his —. application on his complete specifi- 
tion, instead of on his original provisional, which may in 
substance fall far short of his requirements. This might, 
as regards some countries, necessitate his delaying pub- 
lication pending the filing of his application for letters 
patent and complete specification ; but it would, on the 
other hand, discourage needless delay in the working out 
of the invention and the filing of the complete specifica- 
tion. He would then have his six or seven months for 
testing the value of the invention, and for determining 
the extent to which he should seek protection in other 
States of the International Union. 

However, whether the patent be dated as from the 
original applicatiop, or from the leaving of the complete 
specification, is more a matter of form than of substance, 
so long, of course, as no priority is obtained for any 
invention in respect of which no description of any kind 
has been lodged. 

The great boon conferred by the Bill under discussion 
would be the privilege of filing a supplementary provi- 
sional specification at any stage in the term of provisional 
protection, effecting a record of the improvement deve- 
loped and securing provisional protection in respect of 
that improvement as from the date of filing such supple- 
mentary specification. In addition to these advantages, 
the risk of invalidation on the ground of disconformity, 
and all the difficulties and uncertainties incidental thereto 
are got rid of. The procedure would closely correspond 
with what actually takes place in the ordinary course of 
working out an invention. Are such beneficial measures 
of no importance? I venture to think a large proportion 
of your readers will deem them of very considerable im- 
portance, and accord them a hearty welcome. 

Hitherto patent legislation appears to have proceeded 
on the assumption that an invention is a thing capable of 
being readily defined and grasped ; whereas, what is it in 
reality? The most slippery thing imaginable, at any rate 
during its infantile or immature stages. At its inception, 
the invention may be x. After ruminating for awhile in 
the brain of the inventor, it becomes 2!, then x2, and 
ultimately x”. For the purpose of the claim, however, 
it becomes x” — y, y representing what turns out to have 
been previously known. Now x and 2” — y are, in most 
instances, distinctly different quantities, although em- 
bodying a common element. The Bill before us is, so far 
as I am aware, the first which recognises the uliar 
nature of the product to be legislated for, and which 
makes a rational attempt to adapt the procedure of pro- 
curing letters patent to what actually occurs in the work- 
ing out of an invention, even of moderate complexity. 

I am, Sir, your obedient servant, 
. G. M. Harpinenam. 

191, Fleet-street, London, E.C., April 80, 1895. 

P.S.—The incidental reference to the Gadd and Mason 
case, contained in my letter of last week, was made from 
memory, and was incorrect in regard to there having been 
no “intermediate applicant.” Two days after the patent 
was applied for, a Mr. Pease lodged an application in 
respect of the alternative mode of carrying out the in- 
vention ; but the opposition he instituted to the sealing 
of Gadd and Mason’s patent appears to have been 
unsuccessful. 





To THE EpiToR or ENGINEERING. 

Srr —Seeing that much attention is being paid to the 
new Patent Bill by readers of your esteemed paper, I 
venture to contribute a few remarks, which, owing tomy 
experience as a patent agent, may have some interest. 

The Bill now before Parliament contains several im- 
portant improvements, but I will limit my remarks to 
Section 3. 

If the system of granting provisional protection is re- 
tained at all, a clause similar to Section 3 of the Bill 
should certainly be adopted to avoid one of the most fre- 





quent sources cf litigation. The question whether the 





complete specification describes substantially the same 
invention as the provisional is, in a great many cases, & 
matter of opinion, and will be answered differently by 
different experts. Consequently it encourages infringe- 
ment, is a constant cause of uncertainty as regards the 
validity of patents, and a convenient excuse for protect- 
ing fraudulent infringers. It is one of the questions 
which should be settled once for all by official examina- 
tion, so as to avoid further litigation, except where it can 
be shown that injustice has been done to another inventor 
or patentee, under circumstances which would have 
entitled him to oppose the grant of the patent. Such an 
inventor or patentee is the only person who ought to have 
the right of raising the question of conformity, and the 
right should be retained by him after the grant of a patent, 

use he cannot be required to watch all applications 
for patents and oppose them at the required moment, if 
there is any ground for opposition, although his want of 
vigilance in this respect may justly increase the expense 
of obtaining redress. I am, therefore, of opinion that 
Clause 3 should be adopted on principle, but amended so 
as to exempt from its operations inventors or patentees 
who had applied for a patent for a similar invention in 
the interval between the filing of the provisional and of 
the complete —— 

am, Sir, your respectfully, 


433, Strand, London, May 7, 1895. J. WETTER, 





To THE EprTor or ENGINEERING. 

S1r,—With reference to the further example you give, 
illustrating the working of the alternative plan you 
advocate for the grant of patents, I beg leave to offer the 
following observations, assuming that the scheme is put 
forward for criticism. 

It will be remembered that, with a view to more pre- 
cisely indicating the scope of the application, a claim is 
embodied in the original provisional specification. This 
claim is no doubt of a very indefinite character (as in my 
previous letter I anticipated it would be); but its addition, 
nevertheless, has, according to your showing, an unduly 
restrictive effect, because your first amendment is directed 
not to amplifying the specification, but to widening whab 
you regard as the scope of that claim. But under the 
present practice there is no obvious reason why the patent 
should not be made to cover (a) the pendent water-tubes 
and (b) the annular water-space, and this without any 
amendment at al]. So far, therefore, what we have done 
is to put in a claim, which defines nothing, and then an 
amendment (involving publication) to prevent the claim 
being interpreted in such a manner as to exclude some- 
thing already in the specification! A truly remarkable 
process, but a trifle less satisfactory than our presont 
system, under which neither claim nor amendment would 
have been required. 

The later developments appear to be outside the pro- 
visional specification, and, according to the new Bill 
would be made the subject of supplementary provisional 
specifications, the whole being ultimately covered by a 
single —_— with priority for each feature as from the 
date of filing the specification describing the same. But 
according to the plan proposed in your columns, the in- 
ventor secures priority for all these later improvements 
as from the date of his original provisional specification, 
thus utterly ignoring the rights of possible intervening 
applicants. Commencing with a sheen specification 
of the character sketched, an applicant would, under the 
present practice, hesitate, I should think, to advance in 
his complete specification a specific claim to (say) the 
trumpet-mouthed circulating tubes ; and yet this is what, 
by a series of amendments, the applicant ultimately 
patents in the case under consideration. Such a scheme 
appears to me designed to provide a very troublesome and 
expensive mode of procedure for arriving at a totally 
illegitimate result, 

e matter is too technical in- character to admit of 
being discussed in all its aspects, and I will, therefore, 
confine myself to one other point in which the scheme 
advoca‘ed in your articles signally fails to meet practical 
require ments, 

have in a previous letter pointed out that foreign 
applications under the convention would have to be 
based on the original provisional specification, which, in 
the case you instance, you show to be quite inadequate to 
the inventor’s wants—or, at any rate, his ultimate wants. 
If, however, I understand what I may term the ‘‘ progres- 
sive amendment” scheme, each application for leave to 
amend is tobe advertised, with a view toaffording an oppor- 
tunity for opposition. The germ or essence of the inven- 
tion would, however, be disclosed on the advertisement of 
the — first amendment, and dishonest persons would be 
enabled forthwith to apply in foreign countries and 
colonies. As regards some places, such premature publi- 
cation would actually stand in the way of the inventor 
himself, 

I was not aware that Mr. Imray had suggested that the 
several claims should be dated so as to show at a glance 
the date of priority for the particular subject matter. My 
impreesion was that Mr. Imray was averse to provisional 
protection in any shape or form. But however that may 
be, I see no advantage, but some inconvenience, in datin 
the claims themselves. The provisional (or other) speci- 
fications describing the several features of the invention 
would bear their respective dates of filing ; and this would, 
I apprehend, meet all practical requirements. 

Several other matters of a more or less important cha- 
racter are dealt with ; and, subject to certain amendments, 
the Bill would, I believe, prove of great value to inventors. 
Under these circumstances, it is to be hoped that, on the 
objects of the promoters becoming more clearly under- 


stood, their efforts will be more fully appreciated. 
I am, Sir, your obedient servant, 
H M. HarpincHamM. 





. G. 
191, Fleet street, London, E.C., May 


7, 1896. 
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THE BLACKPOOL TOWER. 
To THE EpIToR OF ENGINEERING. 

S1z,—Referring to the publication of the drawings of 
the Blackpool Tower which appeared in your issue of last 
week, we beg you to correct the statement that Mr. R. J. 
G. Reed acted as engineer to the company. We were 
solely responsible for all the engineering design of the 
tower, and all the drawings, which were made by ourselves 
as engineers, were signed by Mesers. Maxwell and Tuke 
(as architects), and by Hammersley Heenan, representing 
the firm of Messrs. Heenan and Froude. We would like 
to take this opportunity of mentioning that the erection 
of the tower was placed in charge of one of the contractors’ 
staff, Mr. William Gilbert, who is at present erecting 
Wembley Tower ; he designed and carried out successfully 
the electric cranes used in the erection. The manufacture 
of the structural ironwork was in charge of Mr. Oulridge, 
works manager, Newton Heath. 

Yours truly, 
HEENAN AND FROUDE. 
Manchester, May 8, 1895. 





BOILERS IN THE NAVY. 
To THE EpiToR oF ENGINEERING. 

S1r,—I have read your article on the discussion in Par- 
liament on the water-tube boilers with pleasure, I hope 
profit. 

Toward the close you refer to the use of both kinds of 
boilers in the same ship. 

One of the disadvantages brought by the water-tubists 
against the cylindrical boiler is that the latter requires a 
very long time to get upsteam, as it is impossible to push 
the fires, owing to the damage that would thus be done to 
the boiler bottoms. In a large vessel having several 
cylindrical boilers this great loss of time in getting up 
steam might be perfectly obviated if steam was got up in 
one water-tube boiler in the shortest possible time, and 
all the steam this boiler could produce was turned into 
the bottoms of the cylindrical boilers, raising the tempe- 
rature of the water they contained and promoting active 
circulation. By this means steam could be got up in the 
least possible time in the cylindrical boilers. 

Yours truly, 
Mepio Tutissimus Ibts, 





WATER-TUBE BOILERS. 
To THE Eprror oF ENGINEERING. 

Str,—I note your remarks in your issue of May 3 upon 
3 — to Mr. Forwood in the House of Commons, 
when I said that the length of the trial upon which the 
coal consumption of the vessel with Belleville boilers had 
been brought down to 1.7 lb., had nothing to do with the 
case. WhatI had in my mind was, that as the trial to 
which I was referring was a trial expressly made to test 
the consumption, and was carried out by the Admiralty 
for that given purpose, it necessarily extended for many 
hours, but it was quite cena f to give the precise 
number of the hours. As a matter of fact, it waseither a 
10 hours’ or a 12 hours’ trial—I forget which—and what I 
understood Mr. Forwood to mean was that the precise 
length of the trial was a point of importance, whereas, 
provided the trial was long enough for the purpose, its 
precise length was immaterial. Of course I know, as well 
as yourself, that the duration of a coal economy trial has 
a great deal to do with its value, provided the trial is a 
short one ; but I knew perfectly well that it was a trial 
which had extended for many hours for the express pur- 
pose of ascertaining the consumption in a scientific and 
proper manner, and therefore felt and said that the 
precise number of hours that it lasted had nothing to do 
with the result obtained. 

IT am, Sir, yours obediently, 
i. J. REED, 

Broadway Chambers, Westminster, May 8, 1895. 





INDUCED v FORCED DRAUGHT. 
To THE Eprrog or ENGINEERING. 

Srr,—Having read with much interest Mr. Martin’s 
paper at the Institution of Naval Architects, and the 
discussion and correspondence thereon, I beg to offer a 
few remarks upon the subjecw. 

The explanation given by Mr. Milton of the experi- 
ments shown by Mr. Martin must appear to any intel- 
ligent reader as being perfectly satisfactory. I do nob 
notice any reference to the fact that Mr. Martin is silent 
as to the strength of blast used at the trials (if we except 
some vague generalisations as to the limit of blast). This 
figure, which is perhaps the most vital in the whole case, 
is judiciously suppressed, unless we are to suspect Mr. 
Martin, or the engineers who conducted the Admiralty 
trials, of being ignorant of the importance of observing 
and recording the air pressure or suction in the two cases. 
Mr. Martin’s sketches of the gasas entering the tubes 
under the influence of forced and induced draught re- 
spectively are apparently the products of his fancy, and 
must be accepted as such. Now, Sir, I should like to 
put the following simple propositions : 

1. The current of air passing through the grate and 
the tubes of the boiler is propelled in every case by a 
difference of pressure between the air under the grate 
and the air or gas in the chimney. 

2. Such a difference of pressure may be set up either by 
the smaller density of the hot gases (“‘ natural draught ”), 
or by a fan, or steam jet, or blast-pipe, or other device 
in the chimney (‘induced draught ”), or by the introduc- 
tion of compressed air into the ashpit by means of a fan, 
steam jet, or other blower (‘‘ forced draught”). 

3. Supposing that by one of these systems, say, for 
instance, the “induced ” system, a difference of pressure 





of 4in. of water is obtained, why should the effect upon 
the fire be different from that produced by the same 
difference of pressure obtained by the ‘‘ forced dravght” 
system ? 

I should be very glad if Mr. Martin, or any other advo- 
cate of induced draught, would oblige your readers by 
answering this question, and if asatisfactory reply cannot 
be given, I think one may be justified in setting down 
such statements as these: ‘‘The gases being drawn 
through the tubes instead of being forced are more per- 
fectly consumed, and there is no lodgment of ashes in the 
the tubes; or, ‘‘ The tube-ends and other surfaces are 
protected by the partial vacuum which takes place,” as 
mere superstition. The very important question of the 
durability of firebars under the two systems was raised by 
Mr. Martin in the discussion, and again one fails to see 
why, if the strength of blast be the same, forced draught 
is more destructive than induced draught. But if Mr. 
Martin wishes to make his firebars last, let him adopt 
some good form of steam-jet blower, and he will find that 
the steam, liquefying by its own expansion, and again 
evaporating from the surface of the firebars, will cool them 
and make them last much longer than either with natural 
or induced draught, while the fire will be efficiently 
blown. 

The question of the relative volumes of gas which have 
to be dealt with by the two systems was well put by your 
correspondent “Inflation,” and need not, therefore, be 
touched upon by, 

Yours faithfully, 
F, L. Watson. 

The Lordis Engineering Syndicate, Limited, 

Benson-street, Leeds. 








‘A NEW PISTON AND CONNECTING ROD 
ACCELERATION DIAGRAM.” 
To THE EpiTor oF ENGINEERING. 

S1r,—I trust Professor Elliott will not consider me an 
offensive prig if I point out that the construction he gives 
for piston and connecting rod acceleration is given in 
Cotterill’s ‘* Applied Mechanics” (page 103 in the 1892 
edition). It is there described as ‘‘ Mohr’s construction,” 
the proof being asked as an exercise. My mode of ex- 
planation, though, of course, really identical with Pro- 
fessor Elliott’s, is, I think, easier of comprehension to the 
average student. 

Tt is as follows: 

The velocity of the point P is compounded of a velocity 
around I proportional to P I, and a velocity along the 
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connecting-rod. The resultant of these two velocities we 
know to be in a direction parallel to CI. Hence, setting 
off each velocity in a direction at right angles to its actual 
direction, we have PHI as the triangle of velocities, 
H I being the required resultant. Then 


Velocity of P as AS 
VelocityofB BI AB 


The rest would be mere repetition of Professor Elliott’s 
explanation, and can be dispensed with here, 
Yours faithfully, 
H. A. Garratt, Assoc. M. Inst. C.E. 
University College, Bristol, April 7, 1895. 


To THE Eprror oF ENGINEERING. 

Srr,—The graphical process explained by Professor 
Elliott in your last issue, page 586, for finding the ac- 
celeration of a connecting-rod, is very ingenious, but it has 
been well known in Belgium since 1890, where it has been 
found by Professor J. Massan, of Ghent University ; the 
same has given a process for finding the inertia of the 
connecting-rod, which is applicable also when the piston- 
rod does not pass through the centre of the shaft, as in 
the old form of the Westinghouse engine, or in the Fiem- 
ing and Ferguson arrangement of two cylinders on the 
same crank. The paper of Professor Massan was inse! 
in the Annales de l’ Association des Ingéniewrs de Gand, 
vol. xiv., 1890-91, pages 209 to 248. 

Iam, Sir, yours truly, 
Proressor J. BOULVIN. 
Ghent University, May 7, 1895. 











LAUNCHES AND TRIAL TRIPS. 

A NEW steamer, named Grenadier, built for the Tyne 
Steam Shipping Company, of Newcastle-on-Tyne, by 
Messrs. Wigham Richardson and Co, Newcastle, was 
launched on April 25. The steamer is 240 ft. in length by 
30 ft. beam by 17 ft. deep. The engines and boilers are 
also being constructed by Messrs. Wigham Richardson 
and Co., and are expected to propel the vessel, when 
laden, at a speed of between 13 and 14 knots. 





Messrs. Scott and Co., Greenock, have launched a 
steel screw steamer named the Kashing, for the China 








Navigation Company, Limited, the fifth of an order for 
ten. Dimensions: Length, 260 ft. ; breadth, 38 ft. ; de th, 
224 ft. ; and with a carrying capacity of 2400 tons. The 
builders will se iad triple-expansion engines of 1500 horee- 
power indicated. 





Messrs. S. M‘Knight and Co., Ayr, launched on April 23 
the steel screw steamer Girnigoe, built to the order of 
the John o’Groat Steam Shipping Company, Limited 
(Messrs. Duncan and Jamieson, managing owners), Wick, 
to bs employed in the fish-carrying and general Coasting 
trade. Her dimensions are: Length between perpendicu- 
lars, 140 ft. ; breadth moulded, 22ft. ; depth monlded, 
10ft. 64in. The machinery will be supplied by Messrs. 
Muir and Houston, Glasgow. The cylinders will be 20in, 
and 40 in. diameter by 27 in. stroke ; multitubular boiler, 
12 ft. 6 in. diameter by 10 ft. long, 110 lb. working 
pressure, 





The Spaniel, the latest addition to Messrs. Burns’ fleet 
of —- passenger steamers from Glasgow, has just been 
completed. The Spaniel has been built and engined by 
the well-known firm of Messrs. A. and J. Inglis, of Point- 
house, and on April 23 went her official trial between the 
Cloch and Cumbrae Lighthouses, with results satisfactory 
alike to the builders and owners, a speed of 14 knots 
having been maintained on six continuous runs between 
the lights, and when it is stated that the guaranteed speed 
on this trial was 13 knots, it will be seen Messrs, Inglis are 
to be congratulated on the result achieved. The Spaniel’s 
dimensions are: 250 fb. long, 33 ft. 6 in. broad, and 
17 ft. 2in. deep, She has triple-expansion engines, and 
will carry a very large cargo; every facility is provided 
for the quick loading and discharging of traffic by day or 
night, a complete installation of electric light being fitted 
throughout the whole ship. The poop is entirely given 
up to sleeping accommodation for cabin passengers ; and 
on the poop there is a commodious deck-house, in which is 
an attractive dining-saloon, with a table down the centre, 
and on each side small tables arranged in the same style 
as in the railway corridor dining-saloons. On the bridge- 
deck there is a large sinoking-room. The Spaniel has 
been built specially for Messrs. Burns’ trade between 
Glasgow and Liverpool and Manchester, and she made 
her first trip from Glasgow to Manchester on May 1. 


Messrs. William Gray and Co., West Hartlepool, 
launched on the 25th ult. a screw steamer named Elfie, of 
the following dimensions: Length over all, 280 ft.; 
breadth, 37 ft.; depth, 19 ft. 6in. She has been built to 
the order of Messrs. C. Nielsen and Son, West Hartle- 
pool. The engines are of the triple-expansion type, 
working on three cranks. They are supplied by the 
Central Marine Engine Works of Messrs. Gray and Co. 
The cylinders are 19 iv., 304 in., and 51 in. in diameter 
by 36 in. stroke. The boilers, built of steel, work to 
160 lb. to the square inch. 


Messrs. R. and W. Hawthorn, Leslie, and Co., Limited, 
Hebburn-on-Tyne, launched on the 25th ult. a steamer 
named Rakaia. The dimensions of the vessel are 435 ft. 
by 54 ft. by 32 ft. Sheis built to the order of the New 
Zealand Shipping Company, of London, for their Aus- 
tralian trade, and specially fitted for carrying frozen 
meat. The machinery consists of a set of triple-expansion 
engines capable of indicating 3000 horse-power, with 
three large single-ended steel boilers working at a 
pressure of 160 lb. per square inch. 





The steam yacht Speedy, 140 tons yacht measurement, 
just completed for Baron de Barreto, of Brandon Park, 
Suffolk, “ Messrs. Ramage and Ferguson, Limited, 
Leith, from the designs of Mr. Dixon Kemp, 
London, has now finished her natural draught trials 
with most satisfactory results. The first test of speed 
was on a continuous run of five hours, when it was 
found to be. 124 knots. The vessel was then tried 
on the measured mile at Aberlady, when a mean speed 
of 13 knots was obtained, with the engines indicating 400 
horse-power. The principal particulars of this yacht are : 
Length 106 ft. by 16 ft. beam by 11ft. 5in. depth; the 
machinery consists of a set of triple-expansion engines, 
made by the builders, with cylinders 12 in., 19 in., and 
30 in. diameter by 21 in. stroke, steam being supplied from 
a large boiler working up to 180 lb. pressure. 





The s.s, Arkadia, built by Messrs. Craig, Taylor, and 
Co., of Thornaby-on-Tees, to the order of Messrs. A. C. 
de Freitas and Co., of Hamburg, proceeded to sea on the 
30th ult. for her trial trip, which proved highly satisfac- 
tory in every respect. The dimensions of the vessel are 
288 ft. by 41 ft. by 24 ft. 74 in. depth moulded to awning 
deck,and constructed to carry about 2500 tons on 16ft., 
also a large number of passengers. ‘The engines, which 
have been fitted by Messrs. Blair and Co., Limited, have 
cylinders 21 in., 35 in., and 57 in. in diameter by 39 in. 
stroke, with two boilers of 160 lb. pressure, and they gave 
a speed of 114 knots. 





The s.s, Romsdalen, steel screw steamer, built by 
Messrs. Gray and Co., Limited, for Messrs. Erichsen, 
Harland, and Willis, of West Hartlepool, has completed 
her trials in Hartlepool Bay. Her dimensions are : Length 
over all, 310 ft. ; breadth, 40 ft. ; and depth, 20 ft. 10 in. 
The Central Marine Engine Works of Messrs. William 
Gray and Co. have supplied the engines, which are of 
the triple-expansion type, having cylinders 22 in., 35 in., 
and 59 in. in diameter, with a 39-in. piston stroke. The 
boilers are of large size, built of steel, working at 160 lb. 
pressure per square inch. The engine-room department 
is also fitted with Mudd’sevaporator. The average speed 





of the vessel was 104 knots. 
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A TRAMWAY installation of particular importance 
and great technical interest is being installed in 
Dublin by British Thomson-Houston, Limited, of Lon- 
don, which company and its manufacturers, Sir Wil- 
liam G. Armstrong, Mitchell, and Co., Limited, have 
the benefit of the American experience gained by the 
Thomson - Houston, Edison, Brush, and other asso- 
ciated interests in electric tramway work in the 
United States. 

The Dublin electric tramways extend from the City 
of Dublin through the townships of Pembroke, Black- 
rock, and Dalkey, the totel length of lines being 
approximately 84 miles. The present equipment 
under construction includes 20 motor cars with 
trailers. The feature peculiar to the installation is 
the combined use of three - phase and continuous 
current plant. It was deemed advisable to install a 
combined system from the following considerations : 
First, the great length of the line ; second, the rule 
of the Board of Trade that the drop in the earth 
return may not exceed 7 volts; third, the suitability 
of the different sites available, the one at the com- 
pany’s large dépdt, Balls Bridge, being particularly 
suitable in that there is a natural and adequate supply 
of condensing and feed water, and that the present 
buildings are suitable for offices, shops, and so forth, 
while certain further local conditions had also to be 
met, which need not be here discussed. By re- 
ferring to the diagram above it will be seen that 
the Balls Bridge station is about half a mile from the 
City end of the lines. In case the whole current had 
been brought over the rails for return, the drop would 
have amounted to about 20 volts; the cross-section of 
each of the four rails being 74 square inches, it became 
evident that if the road was oe he operated from Balls 
Bridge several points of distribution were necessary. 
The tramway company possess suitable buildings for 
sub-stations at Blackrock and Dalkey ; it was, there- 
fore, decided that the most satisfactory way of meet- 
ing the conditions was to operate the portions of the 
road sufficiently accessible to the main station from 
ordinary railway generators, and to tranemit the 





power to sub-stations at Blackrock and Dalkey by 
means of three-phase current generated in the main 
station. In the diagram are shown two generators 
(A and B) supplying current direct to the trolley 
system. These machines are of 100 kilowatts capacity 
each. Machines C and D are three-phase machines 
generating current at from 2500 to 3000 volts at a 
periodicity of 30 complete cycles per second ; these 
machines are of 120 kilowatts each. The type of 
machine used is shown in Figs, 2and 3, At the sub- 
stations are two synchronous motors, each of 60 kilo- 
watts capacity, driving, by means of an insulated 
coupling, a 500-volt commutating machine. The 
nominal output of each of these sub-stations is 120 
kilowatts, which is considerably in excess of all ordi- 
nary requirements. Thecommutating machines in the 
central station furnish exciting power for the three- 
phase generators. The synchronous motors in the 
sub-stations may be started either from the three- 
phase mains or by the commutating machines, suit- 
able means being provided. In the sub-stations 
are automatic circuit-breakers, such as are com- 
monly used in the practice of the General Electric 
Company of America. Duplicate triple concentric 
cables are laid between Balls Bridge and Blackrock, 
so that in any emergency there will be no failure of 
service, Allowing 14 Board of Trade units per motor 
car with trailer per car-mile, the percentage drop in 
the three-phase main, plus that in the ri main, 
will be less than 8 per cent. With the same weight 
of copper at 500 volts, the drop would amount to 30 per 
cent. The maximum drop in the earth return under 
normal conditions of working will not exceed 2 volts. 
The current density in all of the underground con- 
tacts is so extremely low that any likelihood of trouble 
from electrolysis is avoided. The machinery, as 
well as the general installation, is designed by Mr. 
H. F. Parshall, technical adviser to British Thomson- 
Houston, Limited, and for many years mathematician 
and designer of lighting and power apparatus to the 
American Thomson-Houston-Edison-Brush consolida- 
tion, 
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The electrical engineer acting for the Dublin 
Southern Company’s system of electric tramways is 
Mr. J. Clifton Robinson, who has charge of the work, 
and who is also concerned in the Bristol tramways 
installation, having been specially retained to super- 
intend the construction by the directors of that com- 


pany. 





INDUSTRIAL NOTES. 

Lapour questions in Parliament are making but 
little progress. The Conciliation (Labour Disputes) 
Bill is hung up at the second reading stage, by reason 
of the opposition to the provisions giving great legal 
powers, and especially the incorporation of the Arbi- 
tration Act, 1889, in the Bill. The Government have 
fallen into the error of going from the very mild 
proposals of 1893 and 1894 to the extreme of legal 
compulsion, except that there is no compulsion to 
refer the matters in dispute to arbitration ; but being 
referred, the Board of Conciliation and Arbitration is 
armed with all the powers and authority of the High 
Court of Justice. There is a revolt against this on 
all sides of the House. The second reading will no 
doubt be taken, and then there will be a fight as to 
whether the Bill shall be referred to a Select Committee 
or to the Grand Committee on Law. The preference 
seems to be for a Select Committee as the best for the 
purpose. The Truck Bill has not yet come on for 
second reading, but this is a very small Bill, and may 
not evoke much opposition in debate, whatever may be 
the case in Committee. The Factory Bill is committed 
to the Grand Committee on Trade. This Bill will be 
rather stoutly fought on several grounds. There may 
not be complete accord on the question of raising the 
age of half-timers from 11 to 12 years of age; but 
the general impression is that the amendment will 
be carried, There will be a stronger opposition 
to the clause raising the age at which boys shall work 
at night, from 14 to 16 years of age. The iron and 
steel workers, both of the North of England and the 
Midlands, will oppose this, and in that opposition will 
be found Mr. E. Trow and Mr. W. Ancott, both of 
whom are representatives of the operatives in those 
trades. Then the glass bottle makers, and other sec- 
tions of the glass trades, oppose it also. They say 
that it will complete the ruin of the industry. It is 
said that the Home Secretary recognises the force of 
their contention. Then the tailors require some 
stringent amendments in the Bill as regards the pro- 
vision of workshops, or they say the Bill will be an 
injury to their trade. The women seem disposed to 
fight strongly against the overtime clauses, while the 
dockers demand that docks, wharves, and shipping in 
port shall be included as regards machinery and gear, 
Altogether the Bill will be tediously long in Committee 
if the several opponents rally to the fight. How the 
measure will emerge from the Grand Committee, and 
what its fate will be on report, it is impossible to 
forecast, but it will run perilously near to Whitsun- 
tide before it can again come before the House, 





Nothing fresh has yet occurred in connection with 
the building trades dispute, but presumably the matter 
is under consideration, with the view of negotiation 
at an early date, so as to secure the prolongation of the 
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agreement and working rules for a definite period, 
subject to notice, in case of any difficulty arising which 
cannot be settled by the two parties. In the boot and 
shoe trades there has been some friction already over 
the working rules, mainly at Northampton, and one 
firm of employers have laid claim to the smart money 
deposited of 1000/. On the whole, seeing the strong 
attitude of the two contending parties, right up to 
the eve of the agreement, the interim negotiations 
are going on as well as could be expected, and, with a 
sincere desire to avoid a rupture, it is expected that 
they will end in a formal arrangement, subject 
on some points to the decision of the umpire 
selected. Fortunately, at present, there is no other 
very serious dispute pending, though there are some 
misgivings in Scotland, in Cumberland, and in the 
other northern counties as regards coal-mining. Per- 
haps the opening of the Baltic oe will change the 
situation for the better, as it will largely increase the 
export trade. 





The Unemployed Committee is still dragging along, 
taking evidence, in which very few seem to be at all 
interested. The evidence will, no doubt, be useful 
when the question again crops up, and when it is 
marshalled and indexed for ready reference. The 
experts are to some extent divided in opinion, but 
the major portion of them deem the poor-law to be 
all-sufficient for general purposes, and quite capable 
of coping with any extra strain to the extent to which 
it was felt last winter. But the question still remains 
how best to deal with temporary distress arising from 
non-employment, either by badness of trade or bad 
weather, without affixing the stain of pauperism to 
the recipient of relief. This phase of the question has 
been before the Committee from time to time, but 
hardly to that extent which was hoped and antici- 
pated. It is well that it should be borne in mind, as 
that is the crux of the whole question. On moral, 
social, and parochial grounds it is better and cheaper 
to give temporary relief where absolutely needed, 
than to compel the man, woman, or children to go into 
the workhouse, for that involves breaking up the home, 
however humble, never, perhaps, to be got together 
again. 





The Sixtieth Annual Report of the United Boiler- 
makers and Iron Ship Builders’ Society gives a record of 
the work done during the past year. Reconstituted ona 
better basis, on the model of the Engineers, in 1867, the 
society ended that year with 6405 members, and with 
a balance of 1493/7. At the close of 1894 it had 39,228 
members, and a balance in hand of 157,546 15s. 5d. 
The income for the year 1894 was 107,337/. 193. 2d.; 
the expenditure was 122,344 4s. The latter exceeded 
the former by 15,006/. 4s, 9d. The items of income 
included 89,747/. 3s. 4d. as contributions ; entrances, 
&c., 2602/. lls. 1ld.; interest on moneys, 46441. ; 
payments for rules, reports, &c., 1145/. 17s. 5d.; 
fines, 1059/. 9s. 4d ; returned money, 303/. ; levies for 
accidents, 63391. 8s. ; other levies, 517/. 18s. 3d. ; and 
South Wales, 384/. The rest were smaller items. The 
interesting items of expenditure included the follow- 
ing : Out-of-work benefit, 48,377/. lls. 4d. ; fares to 
situations, 116/. ; sick benefit, 24,359/. 18s. ; surgeons, 
&c., 5470/. 11s. 8d.; accidents, 5010/.; superannuation, 
5636/. 198. 2d.; funerals, 5481/. 4s.; benevolent 
grants, 75191. 3s.; disabled members at doctors’, 
173/. 193. 8d. ; disputes only, 1474/. 13s. 9d. ; total 
for those benefits alone, 102,619/. 12s. Cost of manage- 
ment, exclusive of the printing, most of which is 
repaid, 6048/. 8s. 10d. This sum includes the salaries 
of the general office, the secretaries, presidents, 
treasurers, auditors, and others in 253 branches, and 
of the executive committee. Rent of branch meeting- 
rooms, 777/. 10s. 3d.; grants to other societies, 
6171. 2s. ; law cases, 323/. 8s. 3d. ; offices, 138/.—the 
premises are the freehola of the society. There are 
also several items making up the total. The foregoing 
record for one year’s work is an excellent one, for the 
disputes cost less than 1500/. for nearly 40,000 members 
in all parts of the country. The general record for the 
last 28 years is as follows : 








£ 

Sick benefit, 28 eee sas 342,353 
Surgeons’ attendances, &c. 84,395 
Superannuation allowance eee (oY 
Funeral benefit—members and wives .. 76,926 
Accident bonuses ... kas e .. 47,003 
Out-of-work—donation aud travelling... 467,775 
Fares to situations... 5s a se ,835 
Total for benevolent purposes... ...1,099,028 
Disputes over the whole period ... 81,682 
Grand total ..-1,180,710 


Travelling (or tramp) benefit ended with 1883, since 
which date the unemployed have home donation, with 
the allowance of fares to situations. 

The report gives a number of useful tables relating 
to labour, both as regards the society itself and other 
societies similarly constituted, especially as to the nine 
chief unions, from 1875 to the end of 1893. 


The cost 





of disputes in the Boilermakers’ Society was nearly 9 
per cent. of the income in 1884; during the last five 
years the highest was 2 per cent. of the income, the 
average being under 1? per cent. The percentage of 
unemployed in 1893 was larger in this society than in 
any other ; the same is true of last year, though all 
the other reports are not yet to hand. In the percent- 
age of superannuated members it is level with the 
Carpenters, but below the other societies—two-thirds 
below the Engineers, and three-fourths below the 
Tropfounders. As regards sickness, the percentage is 
higher than several others, but it is below the Smiths 
and the Steam-Engine Makers, The compensation 
recovered under the Employers’ Liability Act was 
2023/. in 1894. The highest was 300/., at Hull; the 
next highest was at Belfast, 234/.; there were two 
sums of 250/. and 220/.; one for 120/., and three for 
1007. each. All the rest were below 100/. After con- 
gratulating the members on their steadfastness to the 
union, and upon the growth of the union, the report 
turns to another subject, not often touched upon in 
annual reports, namely, the character of the indi- 
vidual as the mainspring of success, with thrift 
and self-help as the basis. It refers with some- 
thing like contempt to ‘‘the spurious sympathy and 
spasmodic zeal of professional politicians, having an 
axe to grind, ever ready with some trumpery remedy 
of a tentative nature when the exigencies of distress 
compel attention.” It goes on to say that it rests 
with the State to remove some of the causes of the 
evils, but the workers themselves can mitigate the 
sufferings and miseries which they suffer by self- 
reform. It points out that increased wages and 
leisure, unless properly used and wisely directed, are 
more dangerous and fatal than the want of them. It 
says: ‘‘ There is no use in blinking, or glossing over, 
the fact that improvidence, thriftlessness, and loose 
living are largely responsible for much of the misery 
around us.” Homes and families are in abject 
wretchedness and poverty by gambling and intemper- 
ance. The members are urged to shun these causes of 
the evil as they would a plague-stricken spot. It is 
urged that the sporting publications should be ex- 
changed for Smith’s ‘‘ Wealth of Nations” and other 
good books, so that with leisure and intelligence they 
may use their opportunities for good, at home, in the 
society, and as citizens of a free State. Few men dare 
speak so plainly as Mr. R. Knight, the respected eecre- 
tary of this flourishing society. 


The forty-fourth annual report of the Amalgamated 
Society of Engineers gives a full account of the pro- 
ceedings and finances, for the year 1894, of the greatest 
trade union in the world. Started in 1850 by the 
amalgamation of the several local and separate unions, 
the total membership at the close of 1851 was 11,829, 
with an income of 22,107/., and an expenditure of 
11,4887. Last year the total number of members was 
75,510, the income being 268,371/., and the expen- 
diture 293,132/. In the intervening years the society 
has — in numbers, expanded over the civilised 
world, and has conferred almost untold blessings upon 
its members and their families, and aided similar 
societies in the same kind of useful work. The chief 
sources of income were: Contributions, 255,954l. ; 
entrance fees, 3459/. ; interest on funds, 4481/. ; sales 
of rules and goods, 2547. The expenditure included : 
Out-of-work benefit, 141,465/.; sick benefit, 41,324. 
10s.; superannuation, 56,432/.; funerals, 11,101V. ; 
benevolent grants, 5896/. ; other grants, societies, loss 
of tools, &c., 1568/.; and dispute benefit, 1900/. 
These benefits alone cost 258,687/., equal to 3/. 8s. 63d. 
per member for the year. Some of the more recent 
apostles of trade unionism have complained of the 
large expenditure on provident benefits, as compared 
with the expenditure on disputes, or what is called 
trade purposes ; but, rightly understood, this is the 
chief merit of the Engineers’ Society and of similarly 
constituted trade unions. As some criticism has recently 
appeared respecting the cost of management, more 
details are given with regard to it than formerly, that 
is to say, the amounts are itemised more numerously, 
and they are worked out in percentages, as well as per 
member per year. The total salaries of all officers, 
for 544 branches, for the general office, for the district 
offices, for the organising committees, delegations, &c., 
was 14,585/. 12s. ; printing, stationery, postages, pro- 
perty, &c., 5327/. 1s, 2d.; rent, rates, taxes, &c., 
2186/. 2s. 3d. ; legal charges, 738/. 5s. 8d. The total 
amount was 22,837/., or 6s. O}d. per member. The 
cost per member in 1851 was 3s. 10d. ; in 1861, 4s. 10d. ; 
in 1871 about the same, 4s. 93d. ; in 1881, 6s. 13d. ; in 
1891, 7s. 54d. ; in 1894, 6s. 03d. In these amounts are 
included the expenses of a general executive council. 
The increase of expenditure at the chief district offices 
is given; in the four largest the total in 1881 was 
269/. lls. 1d. ; in 1892 it was 453/. 2s. 2d.; and in 
1894 it was 703/. 7s. 5d. The increase of expenditure 
varies ; the cost of committees is less than in either of 
the three preceding years ; the average for four years 
being 2600/7. 12s. 9d. The cost of delegates has in- 
creased; salaries have increased, but then there is 
a large increase in members, The cost of the general 








office from 1863 to 1894 has varied very little, ranging 
from 5.ld. to 5.87d. for the average of each three 
years. A total cost of under 6d. per year for genera] 
management is but trifling for so large and wealthy 
a — which pays in benefits 3/. 8s. 6d. per year per 
member. 





The average number of unemployed during each 
month in the year was close upon 7000 members, all of 
whom were supported from the funds ; the average for 
the year was equal to 8.4 per cent. of the members, 
The total sick members supported were 1800, or 2.3 
per cent. ; on superannuation 2430, or 3.2 per cent, 
This large number was supported and kept off the 
rates. ‘The average age at death was 49 years for 
members, and 45 for their wives. The age at death 
is higher by five or six years than formerly, showing 
improved general conditions of health and surroundings, 
The rather high rate of contributions is explained by the 
numerous levies, 18 in all, equalling 10s.4d. per member 
for 1894. Though the cost of disputes was small, the 
society gave 1064/. 10s. to assist strikes in various parts 
of the country. The amalgamation of the Metal Planers 
with the society augmented the number of members by 
1000, of whom 991 were admitted full members. The 
Society has now a reserve fund for the superannuated 
members of 14,808/., this sum to be used wholly for 
that purpose in case of emergency. The total funds in 
hand, exclusive of property, were 174,902/., or 2/. 6s. 4d. 
per member. The summary of benefits paid during 
the last 44 years is shown by the following Table : 





Total Per 
Amount, Member. 
Donation benefit — out of £ eB. a. 
work ae i Si 1,995,615 52 211 
Sick benefit... es a 884,112 2113 of 
Superannuation allowance 724,248 14 511 
Funeral benefit (members 
and wives) = a 270,948 612 4} 
Accident benefit ... Ss 63,942 114 3 
Benevolent grants (relief 
of distress) si Sk 91,411 2 011} 
Assistance to members and 
other trades sf - 112,211 210 0% 
Total amount (44 years) 4,142,487 100 19 11? 


In the Lancashire districts the indications of a re- 
vival in trade in the engineering branches are but 
slowly manifesting themselves. In most departments, 
the establishments are steadily getting better off for 
work, and the prospects are generally regarded as 
hopeful for the near future ; but for the most part the 
position is one of little more than moderate employ- 
ment, except in special cases. There is a gradual decline 
in the number of unemployed, and full time is becom. 
ing more general, but no real spurt of activity has set 
in as yet. 





In the Wolverhampton district things are slowly but 
decidedly improving. Inquiries are numerous for 
finished iron, and a fair amount of business is antici- 
pated, and is, indeed, being arranged with shipping 
agents and colonial exporters for bars, sheets, hoops, 
and angle iron. Two or three large orders have 
recently been placed by London and Liverpool mer- 
chants. Home consumers are also giving out orders 
more freely, and some heavy orders have been re- 
ceived from abroad. 





In the Birmingham district trade is more brisk. 
There has been an increased demand for some descrip- 
tions of iron and steel, but the makers could not get an 
advance in prices. Steel is in brisk request, and there 
is more demand for sheets, especially for Australia and 
South Africa. Iron for foundry purposes is also in 
better demand ; the supply being more limited, the 

rices are firm, The engineering branches are quiet, 
ut better than they were, as also the constructive 
work generally. 





The May Day demonstrations passed off quietly 
generally, though there were a few skirmishes with the 
police, mainly in Austria and Hungary. In London 
the Socialists cut but a sorry figure, the gathering on 
the Embankment being only about 2000 strong. The 
great trades demonstration took place on Sunday last, 
as arranged by the London Trades Council and the 
Legal Eight Hours Committee. In the park there were 
nine platforms, the arrangement being one for each 
of the two great bodies organising the demonstration 
alternately, so as to avoid jealousy and friction. The 
one general resolution was for an eight-hours day for 
all trades, or for an alternative of 48 hours per week, 
as a maximum. The Legal Right Hours Committee 
resolution included a demand for adult suffrage. 

It is proposed to constitute a wages board in con- 
nection with the rivet trade in the Rowley, Black- 
heath, and Old Hill districts, so as to arrange terms 
and conditions for this very poorly paid trade. 








The Midland goods guards are taking steps to 
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improve the conditions of their service. For over a 

ear the movement has been taking shape, and a 
memorial is about to be presented to the directors on 
the subject. It is stated that out of the 1900 em- 
ployed 1600 are taking part in the movement, and 
that the Amalgamated Society of Railway Servants 
will give financial support if needed. The delegates 
had a preliminary interview with the superintendent 
of the line, but the result was not regarded as satisfac- 
tory. The men will now seek an interview with the 
board of directors, so that the matter shall be 
thrashed out without an intermediary. The men ask 
some change in working hours rather than in wages. 

The action of the Great Eastern Railway Company 
in discharging some of its employés for taking part in 
public movements in which the company is concerned 
is still causing a good deal of feeling in the far East of 
London, and the Amalgamated Society of Railway 
Servants is taking some action in the matter. 





The executive of the Miners’ Federation, at their 
last meeting, passed a resolution expressing regret at 
the recent determination of the coalowners in Scot- 
land further to reduce wages, considering it to be un- 
called for. They then go on to say that if the Scotch 
miners decide to try to regain the reductions made, the 
federation will do its best to support them. But the 
responsibility is wholly thrown on the Scotch miners 
to take the initiative in the matter. The question 
will now be submitted to the Scotch miners as to 
whether they will accept the reduction or resist it. 
After their experience last year, there can be little 
doubt as to the result of the ballot. 





HEAT ENGINES. 


The Development of the Experimental Study of 
Heat Engines.* 
By Professor W. C. Unwin, F.R.S., M. Inst. C.E. 
(Concluded from page 592.) 

The Experimental Theory (Hirn and the Alsatian 
School).—A year or two before Isherwood began his 
experiments, an Alsatian engineer, M. Hirn, had dis- 
covered and measured cylinder condensation. Hirn’s 
father was artistic designer to a factory where printed 
calicoes were made, and Hirn was at first in charge of the 
chemical laboratory of the factory. His first independent 
commercial adventure was in 1855, when he introduced 
mineral oil, obtained in Alsace, for lubricating purposes. 
One of his earliest scientific papers was an account of 
researches on the friction of lubricated surfaces, which 
was refused by more than one scientific society, and since 
its publication remained little noticed. In this = 
results quite recently obtained are anticipated, and it is 
atill one of the most valuable treatises on friction. The 
chief interest of Hirn’s life was in purely scientific 
research, especially investigations of some of the most 
abstruse physical problems, The study of the steam 
engine, begun with a view of verifying Joule’s ———— 
was merely an interlude in a series of investigations, mostly 
dealing with more abstract departments of science. But 
Hirn formed a school of engineers devoted to the carrying 
out of experiments on the steam engine. He formulated 
the methods of engine testing adopted almost without 
change ever since. He brought to the analysis of the 
results an extremely acute intellect. He was the first to 
realise that the complexity of the actions in a steam 
engine was so great that a purely rational theory was 
impossible, and that the engine could only be studied 
usefully by (to use a phrase of Professor Cotterill) checking 
theoretical conclusions step by step by reference to 
experiment. 

oule’s discovery attracted Hirn’s attention, and he set 
to work in 1854 to verify, by an exact engine test, whether 
the difference between the heat received by an engine and 
discarded in the condenser was the equivalent of the work 
done. His two most important memoirs relating to the 
steam engine, are a memoir on the utility of steam jackets 
in 1855-6, and another on the use of superheated steam in 
1857. _In these researches he devised a method of accurate 
engine tests, involving the measurement of all the 
quantities of heat received by or rejected from the engine, 
which, with hardly any change at all, is the method of 
accurate pane gr sae og adopted ever since. Under his 
influence and direction, engine tests were carried out in 
Alsace for many years, and the results exactly analysed. 
It may be recalled that the admirable series of engine tests, 
the first tests in which the heat quantities were accurately 
measured in this country, which were made by Mr. 
Mair Rumley and described in three papers on indepen- 
dent engine tests in the Proceedings of this Society in 
1882, 1885, and 1886, were trials carried out strictly in 
accordance with Hirn’s methods. 

As with Lord Kelvin, so with Hirn. It was the 
recognition of an apparent conflict of Joule’s discover 
with Carnot’s law which first attracted his attention. It 
was the attempt to determine whether part of the heat 
supplied to an engine disappeared as work which 
determined the form of his trials. His experiments of 
1854 showed that ‘“‘heat in a steam motor is not only 
dispersed, but actually disappears, and the power 
obtained is exactly proportional to the heat which dis- 
appears as heat to reappear as motive power.” Some 
rather later and more careful experiments enabled him to 
verify Joule’s equivalent by the actual results of a large 
engine test to an accuracy of about 1 per cent. 

* The ‘‘ James Forrest” lecture of the Institution of 
Civil Eogineers, delivered on Thursday, May 2, 1895, 








Hirn’s heat measurements in the engine trials of 1854-6 
showed the important and even unaccountably large 
influence of the steam jacket on the steam consumption. 
Its effects could not in any way be explained as merely 
the arrest of external radiation, for the decrease of heat 
losses in the engine proved to be larger than the heat 
yielded to the cylinder by the jacket. It was in studying 
the action of the jacket that Hirn came to perceive, and, 
before any one else, to directly measure the initial conden- 
sation of steam in the cylinder. 

The following are some results obtained a few years 
later by Hirn and Hallaner on a Corliss engine. Working 
without a jacket, the initial condensation was 62.3 per 
cent. The proportion of water in the steam at release is as 
41.4 per cent., so that 20.9 per cent. at least was re- 
evaporated during expansion. Working with a jacket, 
the initiai condensation was 46.5 per cent., or 16 per cent. 
less than in the unjacketed trial. Further, the proportion 
of water present at release was only 15.3 per cent., so 
that 31.2 per cent. had been evaporated during expansion. 
Hence the gain from the jacket in those cases where it 
produces a considerable effect arises in two ways. The 
prejudicial initial condensation is considerably diminished, 
and more heat is given back from the cyliuder wall during 
expansion, when it is partially used in doing work, and 
less during exhaust, when it does no useful work. 

The discovery of initial condensation and the proof of 
the powerful action of asmall amount of heat transmitted 
from the jacket, both pointed to the conductivity of the 
cylinder wall as the cause of the large waste of steam, 
which the constructors of the rational theory had 
neglected. The cylinder is cooled during expansion, and 
still more during exhaust, by an action analogous to 
internal radiation to the condenser. Before any work can 
be done in the next stroke, the wall has to be re-heated b 
condensing fresh steam. The extreme facility wit 
which steam yields or abstracts heat by condensing and 
evaporating, accounted for the rapidity of the action. 
The magnitude of the condensation increases with the 
range of temperature to which the cylinder wall is 
subjected. It is larger in condensing than in non- 
condensing engines, and larger with high ratios of 
expansion, 


Hirn’s Experiments, 1873-5,—Thermal Units per Stroke. 
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Some time ago I ventured to say that there was 
no trustworthy engine test which showed that the 
consumption of steam with a jacket is greater than 
without the jacket. I believe that is still true, but, 
undoubtedly, the economy due to the jacket varies in 
different cases from 30 per cent. to very nearly zero. 
Roughly, the jacket is more useful with small engines 
than with large; with slow engines than with fast 
engines ; but all this amounts to little more than say- 
ing that the jacket is most useful in those cases where 
the initial condensation is largest. Just in proportion as 
the engine, whatever its type, is of the highest class and 
most scientific design, the jacket is less useful. No one 
probably designed better simple engines than Corliss, 
and Corliss did not use jackets. In an experiment by 
Delafond, on a large Corliss engine at Creusot, the jacket 
effected an economy of only 2 per cent. The same rule 
holds with compound engines. Hirn found an economy 
of 25 per cent. due to the jackets, in a Woolf engine, 
tested in 1855, but since then the compound engine has 
been improved, and the advantage of the jacket is less. 
Professor Witz made very accurate experiments with a 
large compound engine of about 500 indicated horse- 
power, provided with jackets both to cylinders and re- 
ceiver, Thetrials were strictly comparable, the pressures, 
temperature ranges, and total power developed being 
nearly the same. The total condensation in the jackets 
was 12 per cent. of the steam used, so that the jackets 
were notinactive. Yet the absolute saving of steam due 


to the jackets was 4 per cent., or allowing for heat saved 
by returning the jacket drainage to the boilers, 6.6 per 
cent. 


_ It is, perhaps, probable, that as the temperature range 
in the cylinder is diminished by compounding, the 
temperature gradient from the jacket tothe interior of the 
cylinder is diminished, and the rate of transmission of 
heat decreased. It appears, then, that as engines are 
better designed, the jacket is of less use, and it is not by 
means of the jacket that the waste due to cylinder con- 
deneation can be got rid off, or the highest economy of 
which the steam engine is capable reached. 

The jacket reduces, but it does not prevent, initial con- 
densation. Hirn looked for some more powerful way of 
heating the cylinder wall without causing condensation ; 
he found it in superheating. He constructed in 1855 
a superheating apparatus in the flues of the boiler 
at Logelbach, which still exists. The experiments with 
superheated steam were carried out between 1855 and 
1856, and showed clearly the effectiveness of the method 
in reducing condensation. Superheating came largely 
into use in the years 1860-70 in this country, in marine 
engineering pratice, having been introduced here by John 
Penn. In every case in which it was used, an economy 
of coal was realised. Generally the economy amounted 
to from 15 to 20 percent. It was ascertained that this 
was due strictly to economy of steam, and not to the 
utilisation in the boiler of heat previously wasted. But 
the use of superheated steam in this country was gra- 
dually abandoned, partly, no doubt, from some practical 
difficulties, but chiefly, I believe, because practical 
engineers had no clear idea why superheating should 
produce so large an economy, and they were not 
indisposed toabandon a complication, the action of which 
= could not satisfactorily explain to themselves. 

n Alsace, superheating has never been entirely 
abandoned, and during the last ten years, hundreds of 
boilers have been — with superheaters. So far as 
I can ascertain, no difficulty arises in using steam super- 
heated to 500 deg. Fahr., and in good and large engines 
the steam consumption is reduced, when the superheatin 
amounts to 100 deg., by 15 per cent. on the average. 
have no doubt myself that superheating will be largely 
used again. The practical difficulties exist, but they are 
not insuperable. 

No possible improvement of the steam engine, of which 
we have any knowledge at this moment, offers anything 
like so great a chance of important economy as 
the reintroduction of superheating, and especially of 
superheating to at least 100 deg. or more above the 
saturation temperature of the steam. I obtained in 
Alsace, on a very good 500 horse-power compound mill 
engine with jackets, and every appliance for economical 
working, an economy of 15 per cent. Mr. Mair Rumley 
has fitted a superheater to a Babcock boiler supplying a 
triple engine, and has obtained an economy of 10 per 
cent. In both cases the economy is economy of steam, 
and therefore is not due to any increase of boiler surface, 
or increase of efficiency in generating the steam. Lately 
Professor Schréter, of Munich, has been experimenting 
with a small special compound condensing engine of only 
60 indicated horse-power, running at the moderate 
piston speed of 380 feet per minute, and with the not 
excessive boiler pressure of 165lb. per square inch. The 
high-pressure cylinder is not jacketed. The low-pressure 
is jacketed with receiver steam. In this case, in a tube 
superheater of a rather special construction in the uptake 
of the boiler, the steam is superheated to 670 deg. Fahr., 
or nearly 300 deg. above the saturation temperature 
corresponding to the pressure. In two trials of six and 
eight hours’ duration, periods quite long enough for 
accurate determination of results with so accomplished an 
observer as Professor Schréter, the consumption of steam 
was only 10.2 lb. per indicated horse-power hour, and 
the consumption of German coal of moderate quality only 
1} lb. per indicated horse-power hour. The steam con- 
sumption is the lowest on record for any engine of any 
type or size, and is very remarkable for so smal! an engine. 

t is often argued that as very little heat is required to 
superheat steam, it cannot produce much effect. The 
answer is that a small amount of heat rightly applied in 
preventing initial condensation produces a disproportion- 
ately large effect. That is consistent with the strictest 
principles of thermodynamics. In the Schmidt engine 
only 8 per cent. of the heat was used in superheating the 
steam, and to this 8 per cent. the remarkable economy is 
due. In asteam jacket acting well, about 12 per cent. of 
the steam used is condensed, and to this 12 per cent. the 
advantage of the jacket, which often reduces the amount 
of steam used in the cylinder by 20 to 30 per cent., is due. 
But the heat from a jacket is much less efficiently a: plied 
than the heat taken direct to the interior of the cylinder 
by superheated steam, and used primarily in maintaining 
the temperature of the admission surface. Further, the 
quantity of superheat brought into the cylinder in a given 
time increases with the s of the engine, while jacket 
heat diminishes in effect as the speed is greater. The 
action of the superheated steam is shown clearly enough 
on the indicator diagrams. In my own trials in Alsace 
the wetness of the steam at cut-off in the high-pressure 
cylinder jacket, but without superheating, was 35 per 
cent., with steam superheated 100 deg. it was only 15 per 
cent. Inthe trial with the Schmidt engine there was no 
moisture at cut-off in the high-pressure cylinder, and the 
steam remained dry nearly to the end of the stroke. 

Conflict of the Rational and £. J Theories 
(Zeuner, Hirn, and Hallauer).—On the appearance of 
Isherwood’s researches in 1863, the discrepancy between 
the rational —— and the results of experiment, was 
recognised by Rankine and others. But the conditions of 
cylinder condensation are so complex, that for a long time 
the more theoretical writers practically ignored both 
Hirn’s and Isherwood’s results. Zeuner, perhaps, had 
pushed the rational theory to the furthest limit of 
detail and with the greatest insight into practical 





conditions. But it was not till 1881 that he 
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began to explicitly admit the largeness and impor- 
tance of the condensing action in the cylinder. Zeuner 
then was disposed to attribute initial condensation to the 
presence of a permanent and not inconsiderable mass 
of water in the clearance space of the engine. No doubt 
it is simpler analytically to deal with the thermal changes 
of the steam, plus a given mass of water, than with the 
thermal changes of steam, water, and a varying area of 
solid cylinder wall. In opening a discussion with Hirn 
in 1881, Zeuner wrote that if the presence of water in the 
clearance space was conceded, the Alsatian calculations 
would be greatly shaken, and ‘‘the enormous influence 
which they attributed to the cylinder wall would in future 
be attributed in part, perhaps chiefly, to the water in the 
clearance space.” He thought it conceivable that, in 
certain cases, the whole of the initial condensation was 
due to water in the clearance space. There thus arose a 
rather angry controversy, which has been summed up in 
the question, ‘‘ Is it water or iron?” Ido not know that 
this controversy has been as yet completely decided, or 
that, perhaps, an absolute decision is possible. I cannot 
help thinking that Hirn, with the clearness of view due 
to his experimental work, had, on the whole, the best of 
the controversy, and I do not know that anything better 
or more instructive can be said than the words in which 
he finally summed up his position. ‘‘ We recognise,” he 
said, ‘‘that the interpretation of the Alsatians differs 
from that of M. Zeuner, not at all in that it denies 
the possible ym of water in the cylinder (we are not 
so hydrophobic), but in that it admits that that water, 
varying in quantity, is presented only temporarily, is 
carried away and renewed stroke by stroke, and acts 
chiefly as the medium between the steam and the cylinder 
wall. In the Alsatian explanation the action of the water 
raises the thermal action of the sides. In Professor 
Zeuner’s view the water is permanently present and acts 
independently of the cylinder sides.” 

We may note that Mr, Donkin has been able to show 
by direct thermometric observations a considerable fiuc- 
tuation of temperature in the innermost layer of the 
cylinder wall. and that more lately Professor Carpenter, 
of Sibley College, has obtained photographic records of 
the fluctuations of temperature by using a thermopile and 
a recording galvanometer. 

Recent Experiments (Willans).—It has been quite im- 
possible in this lecture to do more than select one or two 
of the most important of the experimental investigations 
during the last fifty years. But I should not like to omit 
all reference to the two series of experiments of the late 
Mr. P. W. Willans. Mr, Willans’ work is, no doubt, 
well known to all steam engineers, and needs no detailed 
description. However purely practical the object Mr. 
Willans had in view, his experiments were made in the 
true spirit of scientific research. No trouble was too 
much to secure accuracy to the last decimal, no possible 
cause of error was so trivial that its investigation was 
reckoned unnecessary. A few experimenters—Isherwood, 
Gately and Kletsch, and others—had made experiments on 
a methodical system, varying a single factor at a time. 
Willans carried out the method of experiments in series 
on a scale which, till he proved that it could be done, no 
one would have supposed possible. There is a series of 
non-condensing and a series of condensing trials ; in each 
there are trials of simple, compound, and triple engines ; 
and for each of these, again, trials with initial pressure 
varied, with expansion varied, and with speed varied. 
The results, tabulated in the clearest way, form a quarry 
of scientific data, but at present, in the main, an 
unworked quarry. Perhaps that statement will seem 
surprising ; and of course I am expressing only my own 
view, for which I claim no infallibility. What Mr. 
Willans might have done had he been spared, it is im- 
possible to say. He had the most active mind and the 
widest experience devoted perhaps at any time to the 
study of steam problems. But, so far as his papers go, 
they are confined to the description of his experiments. 
On the causes and laws of cylinder condensation there is 
little in his papers except some acute observations on 
special anomalies observed. Willans himself said that 
“he was unwilling to suggest any theory to account for 
the various results shown in these tables.” But without 
a theory they remain as individual results for a particular 
engine, of a particular size and type, in particular con- 
ditions. Without a theory, no one can use these results, 
say, to predetermine the steam consumption of any other 
engine of a different size or in other conditions. What 
they do make clear is that the variation of steam con- 
sumption in different cases is exceedingly complex, so 
complex as sometimes to seem capricious. 

Let me protest as strongly as possible, again with the 
reservation that I am stating my personal view, against 
the tendency to suppose that the great work of Willans 
can be summed up in a so-called Willans’ law, or that 
that law, handy as it may be for practical steam engi- 
neers, is more than a quite subordinate part of Willans’ 
work, The Willans law is nothing more than the 
empirical descriptive statement tiiat the relation of total 
steam consumption and indicated or effective horse-power 
can be very approximately expressed by a linear equation 
for the case of an unjacketed engine working with a fixed 
cut-off. Further, nothing is done in Willans’ papers to 
fix what is the linear equation for any given engine. So 
far as those papers go, and until some kind of theory 
taking account of initial condensation is discovered, we 
can only find the relation of steam consumption and 
horse-power for any given engine by making two accurate 
trials of the engine itself. Willans’ law leaves us, in 
regard to any given engine, in the same position as an 
astronomer with anewcomet. When the comet has been 


observed for a sufficient period, and some of its positions | be revived with much advantage. 





Willans’ law is being used, I am afraid, by many engi- 
neers with little discretion. I find engineers who assure 
me that they plot tests of automatic expansion engines in 
straight lines, and that they find nothing wrong. But, i 
Willans was right that the relation of steam consumption 
and horse-power for a throttled engine was linear, then it 
is demonstrable that the relation for an engine with vary- 
ing expansion or varying speed must be of a more com: 
plex kind. I am driven to conclude that, as to steam 
consumption with varying load, engineers are content 
with rough approximations. " 

Willans himself says nothing whatever as to any possible 
rational basis for the Willans law. He put it forward 
purely as the result of plotting his experiments. Later, 
Captain Sankey showed that the total steam consumption 
of an engine working adiabatically with fixed ratio of 
expansion would also follow ey | but not exactly, a 
straight-line law if all clearance losses, radiation and 
exhaust waste, and back pressure loss were neglected. 
The adiabatic law is inconvenient in forming an equation 
for the relation of steam consumption and horse-power, 
and the actual expansion curve of an engine is much more 
nearly an isothermal than an adiabatic, because the 
steam receives heat from the cylinder wall. If weassume 
isothermal expansion (and really, so far as the area of 
the diagram is concerned, it matters little what law of 
expansion is assumed), it is easy to find a formula for the 
total steam consumption of an engine working without 
clearance loss or exhaust waste. I have found such a 
formula and plotted the results, both for a condensing and 
@ non-condensing engine, in the diagram. I have found 
that the lines plotted are not exactly, but very nearly, 
straight lines. ‘That carries us a certain way, but it is an 
enormous jump to assume, without examination, that the 
steam wastes in the engine, amounting to from 20 to 50 
per cent. of the steam used, and arising from causes of the 
most complex kind, depending on the volume of the 





frictional work of the engine, and the piston about one. 
fourth. Mr. Ransome has studied experimentally the 
action of governors, and lastly, Professor Dwelshauverg 


f | Déry has attempted a general experimental study of all 


the dynamical actions which affect the motion of the 
engine. 

Since 1845, purely scientific men, scientific experi- 
menters and practical engineers, have all been engaged in 
the study of the steam engine. I do not believe that any 
one of the three can claim all the credit for the improve. 
ant of the steam engine to the exclusion of either of the 
others. 

What has been achieved is shown in the following 
Table: 

Lowest Steam Consumption. 











Steam per 
atl = | Boiler | Piston — 
Power, | Pressure.) Speed. | power 
| Hour, 
Simple. hea 
Sulzer .. = 234 87 372 18.40 
Corliss .. 137 62 ee 17.50 
Compound. 
Dujardin oo 548 90 570 13.46 
Sulzer .. 247 8 | 493 13.35 
Wheelock £90 160 612 12.84 
Leavitt.. 643 135 871 12.16 
Triple. | 
Sulzer .. <a 615 41 | 616 | 11.85 
Allis . 574 120 | 203 11.68 
Compound Super- | 
heating. 
Schmidt .. .. 76 180 | 380 | 10.17 





Representing, perhaps, rather the acientific than the 


clearance, the action of the cylinder wall, the loss of the practical interest, I do not think that the mathematical 


toe of the diagram, the waste expansion between the | and physical researches, 
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cylinders, and other causes of loss, that this also can 
be expressed as a simple linear function cf the horse- 
wer. 


Now, in the first edition of his ‘‘ Treatise on the Steam | 


Engine,” which appeared in 1878, Professor Cotterill had 
seriously attacked the problem of cylinder condensation 
from the theoretical side. After Hirn, he was one of the 
first to recognise that the action of the cylinder wall was 
a superficial action, and, further, what had not before 
been recognised, that it depends in some way on the ad- 
mission surface reckoned per pound of steam used. Ha 
therefore studied the action of a plate of metal in the 
cylinder, so thin that it would follow exactly the tem- 
perature changes of the steam. On comparing the results 
of this assumption with the data obtained in engine tests, 
it appears that the temperature cycle in the cylinder wall 
cannot be, except in limiting cases, identical with the 
temperature cycle of the steam, and this introduces a 
complication. Nevertheless Professor Cotterill found it 
possible to give a partly rational, partly empirical, formula 
for cylinder condensation. The ratio of the water present 
to steam present at cut-off is : 


ee 
d J/N 
where C is a constant for any given engine, and has 
only a limited range of values for engines of widely dif- 
ferent sizes and proportions. But, according to this 
formula for unjacketed simple engines, the initial con- 
densation has a fixed ratio to the steam present at cut-off. 
In the diagram lines for steam present at cut-off are 
given, calculated in the manner already described. Above 
these has been set up the condensation by Cotterill’s law, 
and the total steam consumption at various loads is then 
given by a line very nearly straight and closely agreeing 
with a Willans’ line. 

But now, if Cotterill’s formula is trustworthy for 
determining the condensation in a throttled engine work- 
ing at various pressures, there is no reason why, with the 
same restrictions as before, it should not apply to an auto- 
matic expansion engine. A diagram may be drawn show- 
ing first the curves of steam consumption calculated by the 
formula mentioned before, which gives the steam present 
at cut-off, and above them curves of total steam consump- 
tion obtained by adding values of condensation calculated 
from Professor Cotterill’s formula. 

The curves on the two diagrams agree well with 
Willans’ results, and they differ from Willans’ lines in 
being obtained entirely by calculation, without experi- 
menting on the engine. It would not be right to make 
too much of the coincidence, but I thought it would be 
interesting to show that theory and experiment converge. 
A good deal has yet to be done, but the discussion in Pro- 
fessor Cotterill’s treatise has done more than anything 
else to throw light on the conditions which promote or 
hinder cylinder condensation, and on the means useful in 
securing economy of working. 

I should have liked, had time permitted, to mention 
another direction of experimental research which pro- 
mises to be useful. 

The purely dynamical actions in the engine, like the 
thermal alee, have proved too complex for any purely 
rational treatment. Here, also, it is necessary to check 
the results of theory step by step by reference to experi- 
ment. The total friction of engines has been determined 
by various methods, and proves to be more nearly inde- 
pendent of the load than the earlier writers assumed. 
Hirn converted the beam of his engine into a flexion 
dynamometer, which drew a diagram of the effective 
work of the engine, and some method of this kind might 
Professor Carpenter 


fixed, a probable orbit can be calculated. The straight- | and Mr. Preston have attempted experiment on the 


line law leaves the steam consumption of a new engine as 
unknown as the elliptic law the orbit of 9 new comet. 
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friction of different parts of the engine, with the striking 
result that the crankshaft bearings absorb nearly half the 





of which I have tried to give an 
account, have had no influence on the practical business 
of the engineer. 

Ot a few only of the more salient points in the history 
of the steam engine has it been possible in this lecture to 
give even a brief and imperfect account. The omissions 
I know are almost innumerable. I can only hope that no 
fault or omission of mine obscures the lesson that science 
and practice go hand in hand. 








AUSTRALIAN RalLway Economiks,—The severe economy 
enforced in the management of the Government railways 
of Victoria, New South Wales, South Australia, and 
Queensland is shown in the fact that, notwithstandin 
the a oy of the times, the net revenue acquir 
upon the lines in the year ending June 30, 1894, was 
3,075,2047., as compared with 2,639,095/. in the year 
ending June 30, 1890. The amount of capital expended 
at the close of June, 1894, was 104,134,929/., as compared 
with 91,480,517/. at the close of June, 1890. The length 
of line worked at the close of June, 1894, was 9453 miles, 
as compared with 8207 miles at the close of June, 1890, 





CATALOGUES.—We have received from Messrs. Doulton 
and Co., of Lambeth, London, a copy of their new illus- 
trated catalogue of — appliances. As was to be 
expected, the contents of this price list appeal more to 
architects than to engineers, but many of the specialities 
enumerated will also be of interest to the latter. Amongst 
these items may be mentioned the excellent trough closets 
for factories, supplied by the firm, whilst municipal engi- 
neers will find a large selection of automatic flushing 
tanks, syphons, manhole covers, and other fittings required 
in main drainage works. A description will also be 
found of the metallo-ceramic joint, recently introduced by 
Messrs. Doulton, owing to which leaden pipe can be sol- 
dered directly to the earthenware outlets of closets, &c. 
In their private as opposed to their professional capacity, 
engineers, like others, will also be attracted by the variety 
and the excellence of the various ctyles of baths, illus- 
trated and described in the second section of the catalogue. 
The printing and general get-up oi the volume in question 
are excellent, a large number of the illustrations being 
eemne in colours, and it is provided with a very clear 
index. 





ProJECTED LARGE BRIDGE IN COPENHAGEN.—A syndi- 
cate has applied for a concession for the building of a 
large hanging ferry bridge across the Copenhagen har- 
bour, from the Nyhaon corner across to the island of 
Amok, on which a _— of Copenhagen is located. 
The bridge is intended to bring about additional railway 
facilities for that part of the town which lies east of the 
harbour, so that it can obtain more direct connection with 
the new free harbour. It is proposed to transform the 
Nyhaon canal toa boulevard, and to connect it with a 
new broad thoroughfare on the other side of the harbour 
by means of the projected bridge. This is to be on 
similar lines to the one builta couple of years ago at Por- 
tagulete, the port of Bilbao, which, it is understood, has 
worked most satisfactorily. The bridge is proposed to 
be about 130 ft. above water level, and attached to 
it, by means of wire ropes, is the ferry platform, 
which it is proposed to make 50 ft. long and some 27 ft. 
broad, so that the centre of it has accommodation for two 
ordinary railway carriages, or eight carriages with horses. 
On the sides will be covered accommodation for foot 
ae, and any ferry bridge A be able to ey at 
the same time passengers or —— and car- 
riages. The crossing will ac rather less than a minute, 





and it is confidently expected that the trip over and back 
can be completed in about four minutes, 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888 

The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. . ss 

Where inventions are communicated from abroad, the Names, 
&e., of the Commu nicators are given in italics, 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


10,113. H. P. Holt, London. Gas Motor Engines. 
(6 Figs.) May 24, 1894.—This invention relates to means of 
reversing gas motor engines, of economising lubricant in working 
them, and of preventing the disagreeable odour which charac- 
terises the discharged products of combustion when the cylinder 
is supplied with excess of lubricant. Reversal of a gas motor 
engine is effected in the following manner. The ignition of the 
combustible charge in the cylinder being arranged to take place a 
little before the crank reaches its back centre, the speed of the 
engine is reduced until the flywheel has not sufficient momentum 
to carry the crank over its back centre. Then a charge is intro- 
duced, which is compressed, and the effect of ignition before the 
crank reaches the back centre is to propel the piston in the reverse 
direction. In order that the cams which work the exhaust and 
supply valves and the ignition apparatus may occupy positions on 
the valve countershaft relatively to the crank to suit both direo- 
tions of revolution, the valve gear is arranged as shown in Figs. 1 
and 2. Eis the valve countershaft which, as usual in gas engines 
of the Otto cycle, is driven at half the speed of the crankshaft, 
and carries loose upon it the cam e which has on it a lateral pro- 
jecting tooth e'. On the shaft E is fixed a boss with a projecting 
egment e2, According as the shaft revolves in one direction or 
the other, the one or the other face of the segment e? acting 
against the tooth e' drives the cam e, This cam acting on the 


PSS iN — ~S 
i > 
Y 


iY § 





rounded end (or it might be on a roller) of the lever e? moves the 
stem c4 of the exhaust valve once in every two revolutions of the 
crankshaft of the engine. On the same cam is a protuberance e5 
which moves the gas supply valve, and there is also at a suitable 
part of the cam a protuberance e6 for working the ignition 
apparatus. The exhaust valve, the gas supply valve, and the 
ignition gear are all of the ordinary kind. A spring ¢’ presses the 
cam ¢ against the boss e?. The reduction of pressure in the gas 
supply pipe when gas is drawn into the cylinder is utilised to 
operate lubricating apparatus, as illustrated in Figs. 3 and 4, 
applied to the horizontal cylinder C of a gas or oil motor engine. 
G is areservoir containing oil, and situated over an aperture 
leading intoa part of the cylinder where it is never uncovered by 
the piston. At the bottom of the reservoir G there is a hole pro- 
vided with a valve the stem g! of which is connected to a disc g? 
which operates as a piston. Above the disc g? there is a chamber 
connected by a pipe g? with the pipe which supplies gas or oil 
vapour to the inten Whenever by the suction caused by the 
charging stroke of the main piston the pressure in the supply 
pipe is reduced, the disc g? rises, raising the valve y! and thus 
allowing a little oil to flow past the valve stem into the cylinder. 
The path of the oil is surrounded by a glass cylinder g4 through 
which the dropping of the oil can be seen, so that the attendant 
can regulate the quantity by means of a screw g5 by which the 
upstroke of the stem g! may be adjusted. A small pipe 9° admits 
to the space above the oil sufficient air to maintain downflow of 
the oil when the valveis open. (Accepted March 27, 1895.) 


2992. W. T. Sugg, London. Self-Regulating Gas 
Burners. (2 Figs.) February 11, 1895.—According to thie 
invention a cylindrical cap of steatite is interposed between the 
float and the case, and is fixed in the case in such a manner that the 
gas cannot pass between it and the case, and as the two steatite 
portions will expand and contract, if at all, in the same ratio, the 
gas will be obliged to pass through the float, and thus be properly 
governed. In the arrangement shown in Fig. 1, Ais the metal 
case, and A! a steatite cover which is formed in one with the jet 





B, and is made to fit into the part A, which contains the governor. 
The part A is formed with a threaded stem, and is of two diameters 
internally. In the smaller diameter is fixed, by means of a little 
red lead at the bottom edge, the steatite cap, or small gasholder 
or cylinder O, having preferably, at one side, an elongated open- 
ing into the space between the cap C and the larger diameter of 
the case A, The same effect may be produced by making the 
case of the same diameter internally, and the cap of two dia- 





Set screws y are provided, which, on being screwed up, press on 
the front side of the nuts d. 
vertical adj 

will result 
e, and at the same time of the screw-threaded nuts d, 
side of the bosses at 1, 2. 

perfectly locked and held rigidly in position when the set screws g 
are tightened 


screws ¢, because they have more bearing surface in the bosses, an 
the application of pressure on the top of the thread at 1 and 2 
will not ‘‘ strip” or ‘‘ burr” the thread, as would be the case if a 


governor D of the usual construction, having an opening of the 
proper size in the top. E is a disc of gauze, which serves to 
break up the flow of gas, and prevent noise. In the modification, 
Fig. 2, the part A! is made of metal, and carries at its upper end 
the jet B. In this case, the part Al fits tightly on to the part A. 
(Accepted March 27, 1895). 


GUNS AND EXPLOSIVES. 


17,307. E. Rubin, Thun, Switzerland. Cartridges. 
{1 Fiz.) September, 1894.-In this improved cartridge the pro- 
jectile d is guided at its forward portion in a neck of the cartridge- 
case «, and is provided with a collarcl, the external diameter of 
which is equal to the internal diameter of the cartridge-case. The 
piston, consisting of the projectile d and its collar cl, is normally 
in contact with a projection a1, which may be formed by an 
internal corrugation of the cartridge-case. Initial expansion of 











17.307, 


the gases is rendered possible in the case of this cartridge, since 
the piston can move at the instant of explosion without material 
resistance through the distance allowed by the space in front of 
it in the cartridge-case. As soon as the collar c! strikes against 
the forward neck of the cartridge-case, it is left behind in the 
said case by the projectile. The latter then moves into the rifling 
of the gun-barrel, and meets the resistance of the gun-barrel 
itself to its propulsion by the explosion gases. (Accepted March 27, 
1895) 


LIFTING AND HAULING APPLIANCES. 


10,345. J. S. and J. Hobrough, Norwich. Ap- 
paratus for Transport. and Dumping Earth Re- 
moved by Dredgers. [5 Figs.) May 28, 1894.—a is » tram- 
road fulcrumed on a bar b fixed to the turntable c. d is a trestle 
carrying the turntable c, and ¢ an independent lighter or float 
carrying the trestle d. /,g are trestles limiting the see-saw 
movement of the tramroad a, and h is the dredger carrying the 
trestle g and also a crane (not shown) provided with a grab for 
dredging. i is a dog for holding the crane chain j, and k a lever 
for putting the dog in and out of ~ with the said chain, the 
said lever passing through a slot / in the upper framework m at 
one end of the tramroad « and through a slot in the dog i which 
slides in the upper frame m. One end of the dog ¢ is provided 
with a slot o, while the other end is connected to a lever p 
situated near the other end of the tramroad a by means of the 
chain q which passes over the pulleys 7 ands. ¢ is an opening in 








the frame m to receive the crane chain j, and wu is the wagon on 
the tramroad for conveying and dumping the dredged material. 
The operation of the apparatus is as follows: The wagon being 
charged by the crane, the dog i is caused to slide in the frame m 
by means of the lever k so that the crane chain j can be caused 
to enter the opening ¢, whereupon the dog 7 is moved back and 
engaged with the chain j, as shown in Fig. 2. The chain is then 
raised by the crane to tilt the platform or tramroad sufficiently to 
cause the loaded wagon to runto the other end of the tramroad. 
When passing the lever p, the wagon strikes the same by means of 
a projection p', thereby operating the dog i and —— the 
crane chain, and leaving the crane free to continue the dredging. 
When the wagon reaches the other end of the tramroad its 
contents are dumped and the tramroad again tilts over by means 
of the counterweight v, so that the wagon runs again towards the 
dredger end of the said tramroad. (Accepted March 27, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


6808. W. Thomlinson-Walker, Walmgate, York. 
Adjusting the Bearings of S &c. [2 Figs.) 
April 5, 1894.—The improvements relate to bearings that are ad- 
justable vertically by means of screws. In carrying out this in- 
vention there is cast in each of the bosses B, B a cavity C, anda 
slot hole D at right angles to C. Each of the cavities C is formed 
with ‘‘ risen surfaces ” c, which are accurately machined or faced 
ag with each other at the same “setting” as the vertical 

oles D. In each recess C and between the “‘ risen surfaces” c 
a nut d isinserted. The nuts d are screw cut with a square thread 
to receive, and into which accurately fit, the square-threaded 
vertical adjusting screws e¢ of the shaft or spindle bearings E 
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By means of a recess f, when the 
ustment has been effected, the screwing “ home” of g 
in the forcing of the vertical adjusting screwed spindles 
ainst the 
Each part of the device will then be 


up. Square threads are adopted for the — 


24,639. 
R 


H. E. Fuller, London. Machinery 
oll Nails, Spikes, &c. (3 Figs.] December 21, 1893. 
his invention relates to a machine for making nails, spikes, 
and like articles by pas a rod or wire between three or four 
revolving rollers having their axes in the same plane and their 
ripheries engraved or otherwise pre so as to constitute 
ies by which the articles are shaped to the desired form. Each 
of the rollers is made in the form of a double cone having a com- 
mon As the dies have to be tempered, are subject to wear, 
and have to be changed for different shapes of articles, it is pre- 
ferred to make them separately and fix them in grooves formed 
in the peripheries of the rollers. The rollers are mounted in bear- 
ingsin a suitable framing, their peripheries meeting each other, 
and their shafts are connected by bevel gear, so that they all 
revolve in the same direction with the same circumferential 


for 





velocity. S' is the main shaft driven by any suitable motor, and 
driving the first roller R', which has on each side of it a bevel wheel 
W! driving a bevel wheel W2 and W on the one side of each of 
the other rollers R2 and R*. The shaft S! and also the shafts S2, S3 
of the other rollers revolve in pairs of bearings B', B2, and B3 fixed 
onthe frame F. The pairs of bearings B? and B? have their bushes 
made adjustable by keys K2, K? so as to set the rollers R2, R3 up 
till their edges are in suitable proximity to each other and to R!. 
Each of the rollers is grooved circumferentially to receive the dies 
D which are held in place by setting screws E. The figures show 
three rollers which are adapted to make — &c., of triangular 
section, but four rollers may be similarly constructed and 
arranged, adapted to make spikes, nails, or the like of approxi- 
mately rectangular section. (Accepted March 27, 1895.) 


RAILWAYS AND TRAMWAYS. 


9263. J. H. Greathead and B. Mott, London. 
Bogies for Railway Rolling Stock. [2 Figs.] May 10, 
1894.—It is customary at present for two complete bogies to be 
provided to each carriage, each bogie consisting of four wheels. 
Now, according to this invention, one bogie is arranged to ay 
the adjacent ends of two carriages, the one pair of wheels being 
under the end of one carriage and the other r being under 
the end of the next adjacent carriage. he same takes 
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9263 


place throughout the carriages composing the train. In the case 
of block trains, especially where the entrances are at their ends 
on a platform between the carriages, the weight of the train is 
considerably reduced and the distance over all throughout the 
train is also iderably | d. The two adjacent ends of the 
carriages are over and supported by one bogie, and the pivots or 
centres are outside the wheels. A, B are the adjacent ends of the 
two coaches, C is the platform between them ; D, E are the pivots 
or centres of the bogie. (Accepted March 27, 1895). 


9677. H. Imray, London, (A. W. Pigutt, Sandgate, 
Queensiand.) Dust Shields for Axles of Railway Roll- 
ing Stock. [4 me May 17, 1894.—The improved dust shield 
comprises a plate A of metal, such as galvanised iron, formed 
with a hole fitting the axle, and around the hole a flange B 
turned back so as to be at an acute angle with the surface of the 
plate. Parts C of the plate are punched go as to — as sprin 

tongues on the other side of the plate. The axle-box is made wit 





Fig.4 
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an internal recess D which on the upper side is open anu is 
covered bya plate E. The plate A is introduced through the 
opening into the recess D, and then a wooden plate F, having a 
hole through it for the axle, is pushed down behind the plate, the 
springs C pressing the wood back and the plate forward. The 
axle-box with the dust shield in place is then put upon the axle. 
The flange B catches most of the oil that might othenwiee leak out 
= soe) shield, and returns it to the axle-box, (Accepted March 


STEAM ENGINES, BOILERS, EVAPORATORS, 
Cc. 
6977. T. Lowther, Hughesofika, Russ. 








meters externally. Inside the cap C is placed the steatite float 


V-threaded screw were adopted. (Accepted March 27, 1895). 





ja. 8 
Generators. [13 Figs.) April 7, 1894.—In this odie 
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various arrangements of steam boilers are described and illustrated, 
of which we here illustrate a typical example. In this arrange- 
ment there are 15 drums 1 arranged in five vertical rows over 
two furnaces 2 and their flues 3, the lowest drum 1 in the central 
row and in each outer row being carried by a girder or other suit- 
able support 4, which may also serve to carry the firegrates 2a. 
The drums in each row are connected together at their ends by 
vertical flanged pipes 5, and at their intermediate portions by 
small vertical water-tubes 6. They are also connected at their 
ends with the drums in the adjacent row or rows by diagonal 
fianged pipes 7. The intermediate portions of the drums in the 
second and fourth rows are connected with the intermediate por- 
tions of the drums in the central and outer rows by two sets of 
comparatively small water-tubes 8 arranged diagonally in two 
planes inclined in opposite directions. The small water-tubes 6 
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6977.8. 

and 8 may be placed in position and expanded in place from the 
interior of the drums, access to which is obtained through man- 
holes 9 in their ends. The two uppermost drums 1a are larger 
than the other drums and serve as steam drums, and are con- 
nected together and to the uppermost drum in the centre row by 
a number of T-shaped superheater vipes 10 arranged in the upper 
part of a flue 11 connected with the uptake lla and with two 
zigzag flues 12 and 13. These flues 12 and 13 lead from the 
fnrnaces 2 in a backward and forward direction as indicated 
by the arrows, and are formed partly by the drums and partly by 
elabs or tiles 14 of refractory material placed upon some of the 
inclined rows of water tubes 8 for a part of the length of such rows 
asshown. The feed water is admitted to the lowest drum in each 
or some of the rows: in the example illustrated the lowest drum 
of the second and fourth rows are provided with inlets 15 for feed 
water. The uppermost and lowermost drum in each vertical row 
may be connected by an external circulating pipe or pipes. 
(Accepted March 27, 1895). 


9606. N. Chandler, Hednesford, Staffs. Steam 
ines. [4 Figs) May 16, 1894.—This invention has re- 
ference amongst other features to an improved construction and 
arrang t of bined single-acting compound engines, 
whereby the same are specially adapted for use as a reversible 
marine engine. Fig. 2 isa diagram showing in plan the relative 
arrangement of the cylinders and valve casings. There are three 
sets of single-acting vertical compound engines, each comprising 
a high-pressure cylinder 1, low-pressure cylinder 2, and valve 
casing 3, with steam piston valves 4 and 5, and exhaust sleeve 
valve 6. The axes of the several cylinders are arranged in a 
common vertical plane a b, and the axes of the pair of cylinders 








1, 2 of each engine, and of the corresponding valve operating 
rod 7, are in a vertical planec d inclined to the plane a }, as shown 
in Fig. 2, so that the cylinders can be brought close together. 
The engine pistons work on to a common crankshaft 8 having 
three cranks arranged 120 deg. apart, and located within a closed 
crank chamber 9. The reversing valve gear for each set of 
engines comprises an eccentric 11 fixed on the crankshaft 8 near 
to one of the webs 12 of the corresponding crank, and directly 
opposite to thecrankpin 138. The eccentric rod, or its equivalent 
such as a plate 14, as shown, is arranged to work in a lateral 


direction approximately at right angles to that of the valve-rod 


to be operated, and is jointed by a pin 14a to a crosshead or slide 
block 15 (which may be in two parts) mounted to work in a guide 
16 (or there may be more than one) that is normally inclined to 
the horizontal, but the angle and direction of inclination of which 
can be readily changed. It may be for this purpose carried by a 
rock shaft 17 that extends through one end of the crank chamber 
9. Motion is imparted to the corresponding valve-rod 7, and set 
of valves 4, 5, and 6, by a link 7a jointed to the lower end of the 
valve-rod, and to the eccentric rod or plate 14 at a point 14) 
between the crosshead or slide block 15 (or blocks) and the centre 
of the eccentric 11, so that a compound motion will be — 
to the lower end of the valve-rod as a result of the lateral 
angular and vertical movements of the eccentric-rod caused by 
the eccentric and inclined guide respectively. The arrangement 
is such that the engine will be caused to run in one direction 
when the guide 16 is inclined in one direction, and in the — 
direction when the guide is oppositely inclined, the engine being 
brought to rest when the guide is turned into a horizontal posi- 
tion. The adjustable guides 16 of the reversing gear for the 
several sets of engines are carried and worked by the same rock 
shaft 17, so that they will all be operated at the same time, it may 
be by a hand lever 18. (Accepted March 27, 1895). 


24,538. R. Reuter, Paris. Apparatus for Utilising 
the Heat of Hot Gases, &c. [7 Figs.) December 17, 
1894.—Apparatus according to this invention is designed to effect 
a considerable saving in the fuel used in steam generator furnaces 
by utilising a great part of the heat of the products of combus- 
tion escaping from the furnace. For this purpose, these products, 
on issuing from the flues or tubes of the generator, are caused to 
pass through an arrangement of pipes which afford a large radiat- 
ing surface, and around which the air to support combustion is 
caused to pass on its way to the furnace. Inside these pipes 
there are arranged a series of tubes which are connected at one 
end with the feed-water supply and at the other end with the 
generator. The tubes 4 in or through which the products of 
combustion pass are made of thin sheet metal ; their ends fit in 
holes in two tubeplates a, and they are supported inside a cham- 
ber b by plates c formed with holes through which the tubes h 

. The tubeplates a are fixed to the bottom, the top, and the 
wo sides of a box or chest d, and serve to separate the chamber b 
from a chamber e and a chamber /. On issuing from the tubes or 























fiues of the generator, the gases enter through an opening 4 into 
the chamber ¢, then pass through the tubes / into the chamber /, 
and issue thence into the chimney through an opening i. The 
air to support combustion in the furnace enters the chamber 1) 
through an opening j, and passes out through an st k after 
having traversed the whole length of the tubes A in a zigzag 
manner, the supports c serving as baffles. From the opening k 
the air travels through a suitable conduit to the underside of the 
grate of the furnace of the generator. The water for feeding the 
generator 8 through pipes / which are arranged in the tubes 
h, each tube h containing a pipe /. All these pipes 7 communi- 
cate with one another at their front and rear ends by means of 
pipes py and g. The feed-water supply pipe m is connected to a 
pipe 2. which enters the chamber /, and from which the water 
passes through a pipe o into pipes p, whence it distributes 
amongst the pipes 7. After traversing these pipes, the water 
passes at the forward end of the apparatus into pipes q which lead 
into a pipe r, whence it 8 into the generator by means of 


pipes sand y. (Accepted March 13, 1895). 
TEXTILE MACHINERY. 
7949. R. Silcock, Poulton-le-Fylde, Lancaster. 


Apparatus for Remo Fibre from Cotton-Seed. 
(6 Figs.) April 21,1894.—This invention relates to improvements 
in machinery in which emery or corundum surfaced discs, ar- 
ranged at intervals from each other on a common shaft, are 
rotated at a high speed within a box or casing, the fibre on the 
cotton-seed being removed by being rubbed or ground off by con- 
tact with the revolving discs. Various methods have been adopted 
for Te up or pressing the cotton-seed against the revolving 
discs, but in all such arrangements it is found that whilst the fibre 
gets rubbed off around the body part of the seed, small tufts of 
the fibre remain on each side of the seed. Now, according to the 
present invention, instead of leaving the sides of the discs plain 
or flat as has heretofore been the practice, grooves or channels are 
formed in the sides of the discs. The outer orlarger diameter of these 


of materials for increasing its weight when desired. The chambers 
may be arranged in any convenient manner. In the particular 
form indicated, ballast or similar material is employed to weight 
the roller. The chambers } are formed by radial walls a, and are 
each divided by wallsc perpendicular to the axle ofthe roller. Access 
may be had to the interior of each part of the roller by meang 
of the hinged and bolted doors d for the purpose of introducing or 
removing the ballast or other material. The chambers may 
however, be otherwise arranged parallel with each other in a 





horizontal or vertical direction. If water be used for weighting 
the roller, the doors are made water-tight, or water-tight covers 
are employed, and the water is introduced and removed through 
suitable inlet and outlet pipes. The volume of each chamber 
being known, it is possible to adjust the weight of the roller with 
great ease and y. This method of weighting is preferable 
to that of applying external weights, as by this device the weight 
is not added to the axle and friction is thereby avoided. (Accepted 
March 138, 1895). 





MISCELLANEOUS. 


9387. C. Schmitz, Berlin. Combustion of Fuel. 
(1 Fig.] May 11, 1894.—This invention relates to a method of 
producing a mixture of coal dust and air for use as fuel in fur- 
naces, according to which the mixture of coal dust and air is 
compelled, before entering the fireplace or furnace chamber, 
to pass through a storage receptacle provided with means 
whereby a suitable motion can be imparted to the air, 80 as to main- 
tain the mixture of coal dust and air uniformly of the composi- 
tion desired for the time being. From a hopper A the coal 
dust with its impurities is conducted by means of a feed roller 
B into a current of air produced by means of a fanC. This air 
current carries the coal dust through a passage D into the store 
chamberF. The velocity of the air whilst passing along the con- 
duit Dis so adjusted as to allow anything suspended in it and 
heavier than the fine coal dust, such as larger pieces of coal and 
mineral admixtures, to fall down and be collected in a veesel E. 











In the store chamber F, the air arriving from the passage D, and 
still holding the coal dust in suspension, is kept in motion by 
means ofafanG. The velocity of the air is so adjusted that it 
holds in suspension exactly that percentage of coal dust which 
it can burn in the most advantageous manner. When a larger 
quantity of coal dust is introduced into the store chamber F than 
the air in motion therein is capable of maintaining in suspension, 
the excess thereof falls down and is collected at the bottom of 
the store chamber, whence it is diecharged from time to time into 
a vessel H placed underneath the store chamber. From the store 
chamber F the mixture of coal dust and air is carried off through 
one or more —_ J, and is caused by means of a fan or by 
the natural draught to pass into the furnace or furnaces. (Ac- 
cepted March 27, 1895). 


3484. W. Carter and the Hydraulic Engineering 
Company, Limited, Chester. Hydraulic Stop Valves. 
{1 Fig.) February 18, 1895.—This invention has for ita object to 
permit the stuffing-boxes of valves, more particularly those used 
in high-pressure hydraulic systems, to be packed at any time with- 
out taking the pressure off the mains or interfering with the work- 
ing of the machinery actuated by the hydraulic pressure. The 
accompanying figure shows a vertical section of a hydraulic stop 








grooves are concentric with, and the inner grooves slightly eccen- | 
tric to, the axis of the disc. The grooves may be of various forms in | 
cross-section, but preferably the outer side of the outer groove is 
made parallel with the axis of the disc, whilst the inner side of the 
groove epee | slopes upinwardly. The object of these grooves 
is that the seed in contact with the sides of the revolving discs | 
may, in addition to a rolled or spun lengthwise against the 
flat or plain portion of the discs, be caused to spin endwise | 
against the sides or edges of the grooves so that the small tufts of | 
fibre hereinbefore referred to may be rubbed off. Figs. 1 and 2 | 
show a disc of the kind referred to, in which the grooves a, @ are 
eccentric and the groove concentric to the axis of the disc. 
Fig. 3 shows a modification of the arrangement of the grooves on 
the side of the disc, the grooves ¢, ¢ being curved tangentially. 
(Accepted March 27, 1895.) j 


VEHICLES. 


1571._H. Reifenrath, Niederlahnstein, Germany. 
Road Rollers. (2 Figs.) January 23, 1895.—This invention 











relates toa road roller provided with chambers for the reception 








valve to which this invention is applied. A is the valve, which 
when closed is screwed against the seating B. On the back of the 
valve A there is formed a valve face D, which, when the valve is 
full open, bears against a seating E provided in the cover, forming 
a water-tight joint preventing access of water to the stuffing-box F, 
in which the packing can be renewed, while the valve is quite open 
and the main is under full pressure. (Accepted March 27, 1895). 


UNITED STATES PATENTS AND PATENT PRAOTIOB. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand. 
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THE GLASGOW IRON AND STEEL 
COMPANY’S WORKS, WISHAW.* 
(Continued from page 539.) 

TuE mills are situated immediately west of the 
Bessemer converters, and in line with the melting 
furnaces, as will be seen by referring to the plan 
on page 536 ante. There isa double line of rails 
between the melting furnaces and the mills, and on 
the same floor level there are vertical heating and 
soaking furnaces, with a double set of ten holes in 
each. The lids of these are lifted and shifted by 
a Bessemer hydraulic crane in the case of the bar 
cogging mill, while in the case of the vertical wash- 
heating furnaces for the plate mill the covers are 


and subsequently are swung on to the cradle 
and lowered to the live rolls, as in the case of 
Bessemer ingot. The mills are designed to roll 
ingots up to 10 tons, and may be used for rolling 
heavy armour-plates, if it be deemed desirable. Our 
purpose is now to follow the ingot with the inten- 
tion of describing the rolling mills and their 
engines. 

The first mil], as will be seen by reference to the 
plan, Fig. 22, published on page 536 ante, is the 
34-in. bar cogging mill. This mill was made by 
Messrs. Miller and Co., Coatbridge, and consists of 
one stand of mill housings. The rolls are 34 in. in 
diameter by 8 ft. long, and have a lift of 18 inches. 





They are made with the necessary grooves for slab- 


other flat side. Much time was lost in getting it 
back again, and it involved the attention of a man 
keeping it on edge with aforked bar. Time and 
money were both lost, and it occurred to Mr. 
Williamson to alter the arrangement of the tilterby 
making two hydraulic cylinders and toggle joints 
with lower arms, as shown by Figs. 36 to 39 on our 
two-page plate this week. These turn the bar up in 
either direction, and hold it as required. The slab 
or bloom is carried from one groove to the other 
in the rolls. The mill is thus nominally auto- 
matic, turning over the ingots and passing them 
from side to side without manual labour. 

The mill itself is driven by a pair of reversing 
engines, made by Messrs. Lamberton and Co., 











Fic. 55. Hor Stas SHEeaRs at THE WisHAW STEEL WorkKS; ConstTRUCTED BY Messrs. Joshua Buckton anv Co., Limitep, LErFps. 


raised by hydraulic apparatus fixed on a traveller, 
which traverses over each set of soakers and floor 
furnaces. It has been stated that from the Bes- 
semer casting pits the hot ingots are transferred, 
stripped, placed into the heating floor furnaces, and 
withdrawn by hydraulic jib cranes, being drawn 
thither by a steam travelling crane and swung on to 
the lowering cradle, which has an hydraulic cylinder 
to serve as brake, and thus it lays the ingot gently 
on to the line of live rollers of the cogging mill. 
Likewise, when working from the Siemens melting 
furnace casting pits the hot ingots are drawn from 
the pits by a portable steam crane and lowered into 
the heating pits or furnaces, as the case may be, 


* In our previous article, in the issue of April 26, the 
mill engine was called a compound instead of coupled 
engine, while the wet bottom producers on page 536 were 
entitled Dick’s instead of Duff’s patent, as indicated in 
the descriptive article, 








bing and blooming. The rolls are balanced by 
hydraulic pressure, and the screws are worked by a 
pair of steam engines and worm gear attached to 
the top of the screws. They have a set of adjust- 
able finger pointers, worked from the screws on to 
an indicator plate secured on each of the roll 
standards, to show the thickness and amount of 
draft given to each groove in the rolls. The blooms 
are carried on a set of live rollers at the back and at 
the front of the mill. One roller on each side of 
the cogging rolls has a groove for guiding the 
blooms into either of the grooves in the mill rolls. 
The tilter at this, as at the other mills, is worked 
by hydraulic pressure, and was made by Messrs. 
Miller and Co., on F. Finlayson’s patent system. 
This tilter was made originally with a single ram 
and crosshead into which square blooms tilted ; but 
when a flat piece had to be turned up on edge, the 


Coatbridge. The cylinders are 46 in. in diameter 
by 60 in. stroke. The engines are geared 2} to 1, 
and are coupled by claw clutch to the driving 
spindles, working on to a pair of steel helical 
pinions, in strong housings, fixed on to the wall and 
placed between the engines and the mill bed. 

The blooms, after having been rolled, are trans- 
ferred across to the guillotine, where the ends are 
cropped off, and thence on to the roughing and finish- 
ing mills. One set of three skids is arranged at the 
front and another set at the back of the cogging 
mill for skidding the bloom across to either the hot 
shears or to the finishing mills. These skids are 
worked by a pair of small vertical engines geared 
up to a cross-shaft, on which are mounted three 
grooved wire-rope pulleys, one of which is for 
stretching and keeping the endless wire rope 
taut. The skid carriage, with pusher, runs in 





tilter could not keep it from falling over to the 





the hollow of a 12-in. channel, which guides and 
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preserves the wire rope. The under portion of 
the wire rope runs in a hollow recess in the floor. 
The live rollers are driven by a pair of horizontal 
engines, geared about 3 to 1. The countershaft 
runs along the roller frames, carried in brass 
stepped bearings, having steel mitre wheels gearing 
on tv the live roller shafts, also in stepped brass 
bearings in the roller frames. Part of the mitre 
wheel gearing is covered in with cast-iron box- 
shaped plates, and part bedded level with the 
floor. 

The roughing and finishing rolling mill is in 
immediate connection with the bar cogging mill. 
It is driven by a pair of reversing engines made by 
Messrs. Miller and Co., having cylinders 42 in. 
in diameter by 60 in. stroke, working direct on to 
the mill spindle by disengaging clutches. The bar 
finishing mill has rolls 24 in. diameter, having two 
stands of housings, with hand-screws and hydraulic 
balances, and it rolls sections up to 12-in. channel 
bars. There is, likewise, a set of three skids at the 
front and another set at the back of the mill, anda 
set of live rollers at the front and at the back, driven 
by a pair of vertical engines to each set. At the 
finishing mill there is a long shoot for allowing the 
long bars, when being roll<d, to run up over the 
floor to be out of the way of any other machinery. 
There is, too, a 20-ton overhead travelling crane, 
driven with rope power, so that there are ample 
facilities for changing the mill rollers on the 
shortest notice. 

On the delivery side of the finishing mill there 
is a long row of live rollers for running the bars 
up to the two hot bar saws, a distance of 245 ft. 
from the centre of the mill rolls. This length 
is roofed over. Angle bars, over 280 ft. long, 
have already been rolled and sawn in their re- 
quired lengths. When short lengths are requiced 
the two saws can each deal with them. At each 
saw bed there is a gauge bar, marked off in 
feet and inches, halves and quarters ; likewise a 
shaft carried in brackets, with balanced stopper bars 
that can be shifted and adjusted for fixed lengths of 
bars at the various temperatures. The bars, as cut, 
are delivered sideways on skids along the hot bank, 
where they are turned over, measured, marked, 
and inspected, and finally loaded on to trucks 
alongside the loading bank ready for despatching by 
rail. 

The large slab cogging mill is illustrated by Figs, 
40 and 41 on our two-page plate, on which also 
are illustrated several accessories of this and the 
other cogging mill, viz., tilters, pusher, and tipping 
cradles. ‘The mill shown by Figs. 40 and 41 was con- 
structed by Messrs. Lamberton and Co., Coatbridge. 
It has one stand of housing and hydraulic balances. 
The rolls are 8 ft. 6 in. by 40 in. in diameter, and have 
a set of flattening and edging grooves to roll 54 in. 
on edge by 12 in. into slabs about 10 tons weight. 
The mill is fitted with live steel rollers at back and 
front. The dimensions of these will be seen from 
the engravings. There is also in this case, too, a 
hydraulic tilter, as already described, capable of 
dealing with ingots of 10 tons weight. The 
live rollers are driven by a pair of small vertical 
engines with cylinders 9 in. in diameter by 15 in. 
stroke, and geared in the ratio of 3 to 1. The 
shafts and mitre wheels are all made of steel, 
with strong cast-iron frames. The roll and pinion 
housings are likewise made of cast iron. The 
pinions are 48 in. in diameter, and are made of 
steel, with helical teeth, 3 ft. length over teeth, 
and are flanged on each end. The mill spindles 
are made of steel, and are of great length to reduce 
the angle when in their highest position. The 
weight of the top spindle is carried on two 
bearings fixed to two channel bars, the one end 
of which is hung at the pinion housings, while 
the other end is suspended by links from the top 
roll chock bearings, and carries the opposite half of 
the coupling box and spindle along with the top 
cogging roller. The top spindle is fitted with 
spherical wobblers. The slings for carrying the 
top spindle and box relieve the wobblers of a 
great amount of tear and wear. 

This mill is fitted with steam screwing down 
gear, similar to that fitted to the plate mills, to 
be described and illustrated in our next article. 
The screwing down gear is driven by a pair of 
engines, and geared to suit the speed of 
raising and lowering the rolls as required. An 
indicator is fitted to guide the screwer for each 
thickness, for either edging or slabbing. These 
operations are performed by two lads standing 
on an elevated platform ; one handles the screws 


and live rollers, while the other handles the tilters. 
When the slabs are rolled down to their respective 
sizes, they are carried forward on live rollers to 
the hot bloom shears, there to be cut to length 
and weight, to be subsequently delivered on to 
bogies ready for transferring tu the plate mill wash- 
heating furnaces. The hot bloom shears are illus- 
trated by Fig. 55, on page 623, and we shall 
describe them later. 

To one of the mills there has been fitted an 
hydraulic patented plate adjuster the full width of 
the roller tables, one set at each side of the mill. 
This arrangement, which is specially suited for 
slab or plate mills, consists of a pusher bar, 
having two hydraulic cylinders, as shown by 
Figs. 42 to 44 on our two-page plate. The bar of 
the adjuster is placed across the live rollers, so 
that the plate being rolled, after passing through 
the rolls, travels over the bar. If the plate does not 
happen to be square with the rolls, a pin is inserted 
in one of the holes of the bar, which being driven 
over by the hydraulic cylinder, pushes the plate 
into line with the mill rolls. Heavy plates 
are often rolled, and the necessity to finish the 
operation with a good heat makes it desirable to 
obviate any chance of the plate jamming by 
running into the neck of the rolls. This is 
attained with the pusher arrangement illustrated. 
It is worked from the handling platform, excepting 
the operation of dropping in the pin. 

Hydraulic tipping cradles are fitted to both the 
40-in. and the 34-in. cogging mills. Figs. 45 to 48 
show the tipping cradle for the former, and Figs. 49 
to 51 that for the latter, mill. They are very similar 
in construction, and each answer the same purpose. 
The cradles are situated at the end of the live 
rollers of the mills. There they receive the ingots 
as they are drawn from the soaking or floor heating 
furnaces. The ingots are lifted by a set of patent 
dogs (to be illustrated later) hung on to the end of 
the jib of a portable steam crane, and are swung 
round on to the cradle. The ingot is lowered on to 
the cradle on end, but at a slightly inclined angle 
to the vertical, at which the ingot stands. The 
dogs are then disengaged ; the cradle with the ingot 
is then lowered through a quarter of a circle by a 
hydraulic ram, which acts more as a brake than as 
amotor. A hydraulic hand slide valve is operated 
by a boy, relieving the pressure, and the ingot is 
then gently lowered on to the usual horizontal live 
rollers. The tipping cradle for the 34-in. mill has 
a vertical hydraulic cylinder with connecting links, 
as shown on Figs. 49 to 51, while the cradle for 
the 40-in. mill has a horizontal cylinder, as shown 
on Figs. 45 to 48. 

For the 40-in. mill (Figs. 40 and 41) a special 
arrangement of tilter is provided, as shown, on 
either side of the live rollers. The hydraulic me- 
chanism is mounted on a four-wheel carriage on 
either side of the rollers and working independently 
of each other. These carriages travel on guide 
rails. On each carriage there are two tilter arms 
connected to one hydraulic ram with links and bell- 
crank lever, so that by the operating of the 
cylinder the ram tilts up the arms and so turns 
the slab over, or raises it on edge, at will. The 
rams and tilters on either side work in oppo- 
site directions, and can thus be brought within 
6 in. of each other, so that a slab can easily be held 
on edge or shifted from the one side of the mill 
rolls to the other. The carriages themselves are 
pushed forward by an independent hydraulic 
cylinder and piston ram, the former fixed to the 
bedplate at the mill, the carriage travelling under- 
ground, while the tilters pass between two of the 
usual live rollers. As in the case of the other 
hydraulic tilters, the water supply is through tele- 
scopic pipes which allow the carriage to travel back- 
ward and forward and still maintain the water con- 
nection. The hydraulic pressure in all cases is 
500 lb. per square inch. 

The slab cogging mill is driven by a pair of non- 
condensing reversing engines, made by Messrs. 
Crow, Harvey, and Co., Parkgrove Iron Works, 
Glasgow. These engines are illustrated by Figs. 
52 to 54, on page 630. The cylinders are 46 in. in 
diameter by 60 in. stroke, and the engines are 
geared in the ratio of 1? tol. They are of good 
substantial design, and have piston slide valves, 
straight link motion balanced, and are fitted with 
steam reversing gear. The engines are handled 
by the driver, who is mounted on an elevated 
platform in front of his engines and mill, from 
which he can observe the operations at the mill 








and have the engines under his eye at the 








same time. There is an operating slide valve and 
steam stop shut-off valve, having in combination a 
small steam pilot valve by which the engines are 
heated up, and by which they can be operated 
upon without using the large valve. 

The engines are fitted with sight feed oiling appa- 
ratus and escape valves on the cylinders, drain 
pipes, and pressure gauges. The cylinders and 
valve casings are covered with composition, neatly 
cleaded, with mahogany and brass hoops. 

The engines and mills, as shown, have massive 
beds and frames, and are bedded and secured by 
strong bolts and washers to massive concrete foun- 
dations, provided by the Glasgow Iron and Stel 
Company. 

The hot slab shears, illustrated on page 623, were 
made by Messrs. Joshua Buckton and Co., Limited, 
of Leeds, under Wicksteed’s patent, by which the 
blooms are admitted into the machine over a 
depressing table of live rollers, and the cut slabs 
are discharged over the fixed anvil at the front of 
the machine. The machine will cut slabs 42 in. 
wide by 12 in. thick. The width of the shear slide 
is 46 in., with a stroke of 14in., giving sufficient 
clearance beyond the specified dimensions of the 
cut slab. The length of the cut slabs is accurately 
adjusted by an hydraulic gauge, which will stop the 
bloom or push it into position for cutting to the 
fraction of an inch to any length from 6 in. up to 
8 ft. long. As the shear slide descends upon the 
bloom it is preceded by an hydraulic pressure foot, 
which presses the slab and holds it down parallel 
on the bolster, so that when the knife begins to cut 
it is impossible for the bloom to tilt, which would 
have an effect of producing an oblique cut. By 
the use of the hydraulic pressure foot, however, the 
cut section of the slab is absolutely square with the 
surface. Similarly, the portion of the bloom from 
which the slab is cut is prevented, by the support of 
the depressing table, from assuming any angle 
other than an angle of 90 deg. from the vertical 
line. Hence both the severed edges are perfectly 
square. 

The shear proper is driven by a pair of reversing 
engines, clearly shown on the engraving, and there 
is a small pair of independent engines, for driving 
the live rollers that feed in the blooms over the 
depressing table, and another small pair of inde- 
pendent engines for driving the live rollers which 
discharge the slabs after they have been cut. The 
whole of these engines are driven and controlled by 
one man, standing on a handling platform, from 
which he commands a view of the cogging mill rolls 
and of all the operations of the shears. The 
machine is adapted to exert a pressure of some 
2500 tons in cutting a slab, and can complete five 
such cuts in one minute. The shear steelings are 
consequently not in contact with the hot bloom 
during the cutting stroke for more than five seconds. 
The machine is practically unbreakable, as it is 
made strong enough to resist a pressure of 4000 
tons, and so to pull up the engines, however fast 
they may be running, in case of a cold bloom being 
put between the knives. In one of these machines 
2000 tons of varying sizes of slabs, large and small, 
tosuit miscellaneous requirements, can easily be 
cut into exact measured lengths each week. 


(To be continued.) 





THAMES BRIDGES.—No. XI. 
20.—Putney Roap Bripce. 


In 1726 the villages of Putney and Fulham ap- 
plied to Parliament for sanction to construct abridge 
over the Thames to accommodate the traffic, which 
was even then not inconsiderable. The funds 
being subscribed, and the request appearing reason- 
able, permission was granted, and in 1729 the 
timber structure was completed which was to dis- 
figure the river and impede its traffic for a century 
and a half. It was a wooden viaduct, originally of 
some 28 openings, spanned by heavy beams of 
timber that rested on the groups of piles that 
formed the piers and obstructed more than half the 
waterway. Many of the spans were only 14 ft. 
wide, and there was but little regularity or system 
either in the design or construction of the work. 
During the later years of its obstructive existence, 
the impediment it offered to traffic and the flow of 
the river had indeed become intolerable, and some 
of the central piers were removed, iron girders being 
placed across the opening thus increased to 72 ft. 
The Metropolitan Board of Works about 15 years ago 
addressed itself to the task cf improving the exist- 
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ing state of things. The bridge not only ob- 
structed the navigation, but it was not wide enough 
to accommodate the traffic, and was rapidly be- 
coming unsafe. It, as well as its companion, the 
aqueduct, were, therefore, condemned, and the 
erection of a new bridge was sanctioned, not on the 
actual site of the old bridge, but on the site of 
the aqueduct somewhat higher up the river, 
which it was to cross at right angles, instead of 
obliquely, like the old Putney Bridge. The illus- 
tration on page 626 gives an excellent idea of the 
new bridge, the appearance of which undoubtedly 
suffers much from the fact that high-water level 
is only a very little below that of the springing of 
the arches, eo that the piers are scarcely visible at 
high tide. The distance acrors the river is divided 
into five spans, of which the centre is 144 ft., and 
the two others on each side, 129 ft. and 112 ft. The 


commencing at the back of the abutment. These 
arches are 20 ft. span, and terminate in a brick 
abutment 8 ft. thick. Beyond this the approach 
is continued in solid formation partially supported 
by concrete retaining walls. On the Fulham side 
the approaches are similar, with gradients of 1 in 
35 and 1 in 40, partly in solid formation and 
partly in arched vaults, and there are subsidiary 
roads leading into the main approaches on both 
sides of the river. 

The removal of the Chelsea Water Works aque- 
duct, and of the old Putney Bridge, formed parts 
of the general contract. The aqueduct, which had 
been in existence a good many years, was built in 
nine spans, diminishing from 90 ft. in the centre to 
60 ft. at the ends. The piers were each formed of 
a group of six cast-iron screw piles braced to- 
gether and eunk atout 14 ft. below the bed of the 
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arches are all segmental, and the radii and central 
heights above Trinity datum are as follow : 


Spans. Radius, Headway. 
ft. ft in ft. in. 
144 144 0 20 0 
129 136 6 17 0 
112 127 0 13 9 


The width of the arches between the exterior 
faces is 47 ft.; the thickness of the two central 
piers is 19 ft., and that of the others 18 ft. In the 
centre of the bridge the height of the roadway above 
Ordnance datum is 38 ft. 6in., and from this point 
the gradients fall on each side with a slope of 1 in 45, 
as far as the centres of the two spans adjoining the 
banks. The approaches are not very important, 


but on the Surrey side, their construction involved 
the appropriation of a part of Putney churchyard. 
The general gradient on the Surrey side, com- 
mencing from the centre of the land arch, is 
1 in 35, and the road is for a large part of its 





length carried on a series of seven brick arches 





river. They supported two longitudinal wrought- 
iron plate girders connected by transverse bearers 
attached to the lower flanges; on these were laid 
two 24-in. and two 12-in mains. The headway 
above Trinity high-water mark decreased from 
22 ft. in the centre, to 16 ft. at the ends. Prior 
to the removal of the old aqueduct a temporary 
aqueduct was constructed on the up-stream side of 
the old bridge. The old bridge was not removed 
until the new bridge and its approaches were com- 
pleted, so that there was no interruption to the 
traffic. 

The foundations for the new bridge were con- 
structed by means of, and within, rectangular iron 
caissons, of which three were used for each pier; 
the total length occupied by them (transversely to 
the axis of the bridge) is 84 ft., each caisson being 
26 ft. long and 30 ft. wide. A space of 3 ft. 
was left between the caissons, which are made with 


the excavation of materials from within it. The 
caisson is composed of wrought iron plates formed 
into a double skin, one 3 ft. 6 in. within the 
other, both skins being strengthened by sets 
of horizontal diagonal bracing, at intervals of 
3 ft. 6in. The bottom of the caissons was finished 
with a cutting edge to facilitate sinking; they 
were sunk within timber pile dams. The caissons 
were erected upon wooden stagings on the site of 
the pier, and after completion were lowered to 
the bed of the river by screws ; the cutting edge 
caused them to penetrate into the ground, and ex- 
cavation was carried on simultaneously, while the 
space between the inner and outer skins was gradu- 
ally filled with concrete to increase the weight. As 
soon as each caisson had reached its permanent 
position, and the clay within it was removed, 
the excavation was continued for a further 
depth of 3 ft., and for a distance of 2 ft. outside 
all four sides of the caisson. Following close on 
this work, the cutting edges of the caissons were 
underpinned by covering the whole surface of the 
enlarged excavation with a bed of concrete 12 in. 
thick, and on this were placed immediately 
beneath the cutting edges of the caissons a course 
of Bramley Fall stone in blocks 4 ft. by 4 ft. and 
2ft. thick. When this was done, the work of 
filling up the caissons with concrete was proceeded 
with ; it was set in 12-in.*layers up to the top, 
where it served as the foundation surface for the 
masonry of the piers, the upper and temporary 
caisson lengths having been added in the mean- 
time. As explained above, the three caissons were 
separated by two spaces of 3 ft. each, and when 
the permanent work had been carried up to the 
top of the caissons, these spaces were bridged over 
by courses of Bramley Fall stone 3% ft. wide, 
3 ft. thick, and 6 ft. long, so that a con- 
tinuous platform for the masonry was pro- 
vided. The abutments on each side were 
built behind a timber cofferdam with double walls 
4 ft. apart, and filled with puddled clay. They 
are of granite ashlar facing backed with brickwork, 
the whole set in cement mortar, and the voids filled 
with Portland cement concrete. The masonry 
facing is of horizontal courses of headers and 
stretchers, the former 3 ft. deep from the face, and 
the latter 4 ft. 6 in.; the courses are 2 ft. 3 in. and 
1 ft. 6 in. deep respectively ; the Victoria Em- 
bankment facing was set as a standard of finish and 
excellence of workmanship. A flight of river steps 
adjoining the bridge, is built of York stone. The 
masonry of the piers is similar and in all respects 
equal to that of the abutments ; drainways, 6 in. 
and 9 in. in diameter, lined with stoneware pipe and 
set in cement, are formed in the piers for carrying 
off the surface water from the roadway. After the 
piers and abutments were completed, the centring 
on which the arches was erected was put in 
position. The staging for each span consisted 
of nine wrought-ircn ribs, the construction 
of which was similar for each span, although 
the dimensions varied; the ribs were of plate 
webs, with carefully contoured plate and angle- 
iron flanges with vertical stiffeners at intervals, 

and they were braced together throughout their 
whole length. These ribs were carefully supported 
by heavy timber staging resting on piles, there 
being six bearing points in the length of each rib. 
In order to interrupt navigation as little as possible, 
a clear opening of 30 ft. was preserved in the centre 
of each of the smaller spans, and 55 ft. in the largest 
span, a clear headway of 12 ft. in the centre and 
11 ft. at the sides at Trinity high-water level, being 
preserved. The centring ribs were all held up to 
their work by blocks and wedges at each point of 
support. After the centring was erected, timber 
strips 9in. wide by 3 in. thick were laid on, and 
secured to, the top flanges of the ribs, and adzed to a 
regular surface. To these strips were fastened the 
lagging boards, which were spiked to the strips and 
formed a continuous bearing for the voussoir 
stones of the arch. Two special precautions were 
taken after this centring was completed ; the tops 

of the laggings were adjusted to the exact curve of 

the arch, and the centring was heavily loaded to 

ascertain that there was no danger of settlement 

under the weight of the superstructure. On this 

centring the stones forming the arch were laid, 

each stone being carefully cut to shape ; the depth is 

about 4 ft. 6 in., increasing to the skewbacks, and 

finished over the piers with a reverse arch. All the 

stones across the bridge are at least 4 ft. long, and 





corners rounded by a radius of 7 ft. The caissens 
were used for sinking into the clay and facilitating 


they break joint with an overlap of not lees than 
18 in. The sides of the arches were faced with 
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granite, carried up to the bottom of the coping with 
a slight batter, and the surfaces are dressed to a 
finish corresponding with that of the piers and 
abutments. When the arches were completed, and 
all five spans were carried forward at the same time, 
the outer surfaces from end to end were covered 
with a thick coating of Claridge’s asphalte, which 
was also carried some distance up the inside 
of the outer spandril walls. Seven spandril brick 
walls 1 ft. 104 in. thick were then erected at equal 
distances apart on the extrados of the arches, and 
on top of them, beneath the roadway, was laid in 
cement a course of Bedford landings 9 in. thick, 
and wider than the brickwork of the spandrils. On 
these were laid Bedford landings 9 in. thick, and of 
such a size that they took their bearing over the 
centre of the spandrils, This formed the platform 
of the roadway, and upon it was laid lime concrete 
to receive the granite sets that formed the road sur- 
face. The footpaths on each side are, of course, 
higher than the roadway, and beneath one of them 
are laid two lines of 24-in. and two lines of 12-in. 
cast-iron water pipes, thus affording the accommoda- 
tion to the Chelsea Water Company which they 
lost by the removal of the aqueduct. The contrac- 
tor for this bridge was Mr. John Waddell, of Edin- 
burgh, and the contract price was 244,000/. 


21.—HAMMERSMITH BRIDGE. 


Old Hammersmith Bridge, which occupied the 
site of the existing structure, was built for a 
private company with a capital of 80,000I., of 
which 45,0001. were spent on works, and 35,0001. 
on the purchase of land ; the Act of Parliament 
was obtained in 1824, and the bridge, which was 
the first suspension bridge erected near London, 
was opened for traflic in 1827. The engineer of 
the company was Mr. Tierney Clark, who had 
already achieved much reputation by other works 
of a similar character. The general appearance of 
the bridge is shown in the sketch on page 625, and 
the following particulars are of sufficient interest 
to place on record. The distance between the 


abutments was 822 ft. 8in.; divided into three 
spans, a central one 400 ft. 3in. wide, and two 
half-spans, that on the Middlesex side 142 ft. 1lin., 
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and that on the Surrey side 145 ft. 6 in.; the two 
piers were each 45 ft. wide, and on them were 
erected stone towers 64 ft. high above high water ; 
these towers, two on each pier, were 22 ft. 
wide at the base, and they were connected over the 
roadway with an arch 14 ft. span. Most of the 
ironwork, including the chains, was manufactured by 
Messrs. Brown, Lenox, and Co., of Newbridge, near 
Cardiff. The chains were eight in number, made of 
links 8 ft. 9? in. long between the centres of the pin- 
holes ; of the eight sets, four were built up of six 
links, and four of three links, the size of the links 
throughout being 5in. by lin. Each link was 
tested with a load of 45 tons before being accepted. 
The chains passed over cast-iron saddles resting on 
rollers at the top of the towers, and were taken 
back to anchorages in the abutments ; the total 
weight of iron used was 472 tons. The platform 
was framed in timber carried by vertical rods sus- 
pended to the chains, which had a rise from the 
centre to the saddles in the towers of 29ft. The 
width of the roadway, which was covered with 
granite, was 20 ft., and there were two side paths 
5 ft. wide each. 

The bridge was a light and certainly an inex- 
pensive structure, but it answered its purpose well 
for half a century, and appears to have been a 
tolerably good investment for the shareholders. 
About 1870, however, the condition of the bridge 
was a subject of considerable anxiety, especially on 
the occasion of the Oxford and Cambridge boat 
race, when the platform would be crowded with 
11,000 or 12,000 people. When the bridges over 
the Thames were acquired by the municipality, and 
set free of toll, Hammersmith Bridge passed into 
the hands of the Metropolitan Board of Works, and 
was more carefully controlled for a few years, until 
at last it was finally condemned, and the present 
bridge, of which particulars are given below, was 
erected in its place. 

In 1884 the contracts were let by the Metro- 
politan Board of Works for the erection of a tem- 
porary foot and carriage bridge ; for the removal of 
the old Hammersmith bridge, and for the erection of 
the present structure. The temporary bridge was to 





be entirely completed and opened for traftic before 














thedemolition contract was commenced. It consisted 
of piles carrying longitudinal timbers that spanned 
the narrow openings between the piers, with the 
exception that four wider openings were provided 
for purposes of navigation, these openings being 
spanned by wrought-iron longitudinal and cross 
girders, The approaches, which were not incon- 
siderable, were composed partly of earthwork and 
partly of trestles. The piers consisted of groups 
of piles, five under the centre line of each longi- 
tudinal balk (for the larger spans the number of 
piles in each group was increased to nine); at the 
ends of the piers groups of fender piles were driven, 
connected with walings, and protected by floating 
booms. The piles were driven to a depth of at 
least 10 ft., and were none of them less than 13 in. 
square. The width of the roadway was 23ft., and the 
platform was made of 12 in. by 6 in. planking spiked 
to the longitudinals; on these were bolted four 
wrought-iron tram-plates for the whole length of 
the bridge, and between them, and spiked to the 
planking, was a covering of oak boards 5} in. by 1 in. 
A footway was provided on one side of the plat- 
form, and was separated from the carriage-way by 
atimber kerb12in. by9in. The four larger spans, 
which were 55 ft. wide, were crossed by wrought- 
iron web-plate girders 5 ft. deep ; resting on the 
bottom flanges of these, and riveted to the web- 
plates of the longitudinals, were transverse girders 
18 in. deep, and placed 5 ft. apart. These girders 
carried the timber platform constructed as above 
described. The removal of the old bridge was 
almost complete as the masonry towers were taken 
down to the level of the roadway, after the whole 
of the suspended platform with the chains and sus- 
pension rods, anchorages, toll and other buildings 
had been removed. The manner in which this work 
was carried out was prescribed in general terms by 
the specifications as follows: The demolition of the 
existing superstructure of the bridge was commenced 
by the gradual removal of the whole of the macadam 
with which the platform was loaded ; followed by 
the road and footway planking, cross-girders, c., 
in such a way as was found best suited to maintain 
the form of the chain curves and the general equi- 
librium and stability of the whole structure. After 
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this had been done, the chains were lightened by 
removing successively, ‘series of links commencing 
at the piers, until the weight was so far reduced 
as to render the detachment from the saddles 
convenient. Finally the last part of the chain 
was detached from the saddles and lowered into 
barges moored beneath. Clearing away the other 
part of the work was a comparatively simple matter. 

As the Surrey pier of the old bridge had showed 
signs of weakness, it was necessary to underpin it, 
as well as to strengthen and enlarge the abutments 
on each side of the river. The pier was inclosed 
within sheet piling of timbers 12 in. by 6 in., 
driven at least 18 ft. 6 in. into the bed of the river 
and 4 ft. below the bottom of the underpinning. 
The space between the piled inclosure and the 
piers was then filled with close-rammed, well- 
puddled clay to the level of the pile heads, that is, 
3 ft. above Ordnance datum, and clay puddle was 
also placed around the outside of the inclosure, so 
that no water could percolate to the pier. Two 
shafts, each 7 ft. 6 in. by 6 ft., were then sunk in 
the masonry pier, which had been removed to the 
level of the old bridge roadway ; these shafts were 
sunk to a depth of 6 ft. below the York landings 
that formed the bottom of the old foundations. 
From these shafts, and running in opposite direc- 
tions, two headings were driven, measuring 6 ft. 
high and 5 ft. wide, the roof of the headings being the 
underside of the York landings ; the headings were 
extended as far as the sheet piling inclosing the 
pier. From the headings numerous cross galleries 
of the same size, 6 ft. by 5 ft., were driven, for the 
most part as far as the sheet piling. As each of 
these galleries was completed, the floor was covered 
with 3 in. of Portland cement, and it was then filled 
up with brickwork in cement, commenced at the 
outer end, and built up to the underside of the York 
landings. It was evident that this part of the work 
had to be finished with great care, and that the 
headings and galleries had to be securely timbered 
as they were driven, to prevent any settlement of the 
pier, or shifting of the clay through which they were 
cut. No two galleries were driven near together 
until one had been completed and filled with brick- 
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work. In this way the whole of the clay beneath 
the pier was removed for a depth of 6 ft. and re- 
placed by brickwork on a bed of Portland cement. 
As the galleries were filled with brickwork, the 
headings were also filled until the work of under- 
pinning was completed ; finally the shafts were 
closed with solid brickwork in cement bonded into 
the existing masonry ; the clay puddle was removed, 
and the piles driven around the pier were cut off at 
the bed of the river. The alterations to the abut- 
ments were very extensive ; the width was increased 
about 14 ft. 6 in., from 41 ft. 4 in. to 56 ft., and 
the depth was doubled, from 46 ft. to 92 ft. ; the 
old anchorage chambers and chain tunnels were re- 
moved or filled with Portland cement, and the 
masonry beneath the ends of the tunnels at the 
back of the old abutments was cut away so 
as to form a bond for the new work. The 
enlargement of the abutments was completed 
entirely with concrete (one of Portland cement 
to six of Thames ballast) set in layers 12 in. 
thick; the excavations for the lengthening and 
widening of the abutments were carried down 
to at least the same depth as the masonry of the 
existing abutments. On the river front the concrete 
was faced with Portland stone ashlar masonry to 
a depth of 2 ft. below the existing ground level, 
the character of the finish corresponding with that 
of the old work. Elm fender piles 12 in. square were 
placed on the face of the new portions of the abut- 
ment and anchored into the concrete. New chain 
tunnels and anchorage chambers were formed in 
the concrete mass. The former are 6 ft. 6 in. 
high and 4 ft. 6 in. wide, set at an angle of 30 deg. 
with the horizontal, and lined with a 9-in. ring of 
brickwork in cement, round which the concrete was 
set. Two anchorage chambers were built at the 
back of each abutment, each pair connected by a 
circular brick tunnel 5 ft. 6 in. in diameter. The 
chambers and tunnels are of brickwork set in Port- 
land cement, the roof of the chambers being 9 in. 
York landings, carried by cast-iron joists, the 
level of which is immediately below the road- 
way of the approaches. Access to them from 
above is given by openings covered with gratings. 
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The chain tunnels lead into the anchorage chambers, 
but not with their full section, which is reduced 
by means of cast-iron tapering tubes, 5 ft. long, and 
set in the concrete ; the size of these tubes dimi- 
nishes from 4 ft. by 1 ft. 6in. to3 ft. 2in. by 1 ft. 6 in. 
They extend back to the anchor forgings and York 
landings, against which the anchor plates take their 
abutment. There are three courses of landings, each 
12 in. thick ; the face of the abutment into which 
they are built, and which forms one side of the 
anchor-chamber, is, for a certain thickness, made of 
fine ballast and Portland cement, and sheet lead is 
introduced between the landings and the anchor- 
plate to insure a uniform bearing. The chain 
tunnels, which can be entered from the road, are 
drained into the anchor chamber. At a distance 
of 17 ft. from the face of the abutment is the central 
line of the saddle castings over which the chains pass 
to the anchorage. They are bedded on, and bolted 
to, two courses of stone which form a base, the 
heights being so adjusted that the curvature of the 
chains of the side spans of the bridge is the same as 
the curvature of the chains of the centre span. These 
abutment saddles and the anchorage chains, for 
a length of 43 ft. 6 in (measured from the face of 
the abutment), are covered with an ornamental iron 
casing, the design of which harmonises with the 
other architectural features of the bridge. Prepa- 
rations were made for erecting the new towers on 
the existing piers by cutting the top surface of the 
latter down until a sound and level area was ob- 
tained. The towers are wrought-iron framed struc- 
tures, the upright members of which are connected 
by complete systems of vertical and horizontal 
bracing, the two towers on each pier being con- 
nected by wrought-iron braced girders. The up- 
right members of the towers are bolted to bed- 
plates secured to the masonry of the piers. To 
effect this, a sufficient number of chambers were 
cut in the sides of the piers, and holes were bored 
from the top into them. The positions of these 
holes corresponded to those of the holding-down 
bolts of the towers. Cast-iron anchor-plates were 
introduced into the chambers to receive the 
bolts, 17 in. in diameter, fastened by nuts, and 
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connected to the bases of the towers. In 
order to obtain a true bearing for these, 
cast-iron bases are bolted to the foot of each 
wrought-iron stanchion (there are 12 of these to 
each pier), and the holding-down bolts are secured 
to them. After this work was completed and care- 
fully adjusted, the chambers that had been cut in 
the sides of the piers were filled with brickwork and 
faced with stone. At the top, the group of stanchions 
forming each tower was connected by a platform of 
wrought-iron plates, and to them were bolted the 
cast-iron bedplates of the chain saddles, the under 
surfaces being planed quite true to give a uniform 
bearing. The top of the saddle baseplate was 
planed for the reception of the rollers, which are of 
hard steel held together in a frame; the upper 
roller plate laid on the rollers is also of cast iron ; 
on it is placed the saddle, which is built up with 
10 steel plates and shallow packing pieces, each 
somewhat wider than the thickness of the links of 
the chain. The parts forming the saddles are firmly 
secured together bythrough bolts. Thearrangements 
of bedplates, roller frames, and saddles, are practi- 
cally the same for the towers and abutments, and 
the saddles for the upper and lower chains are alike. 
The towers and connecting arches are inclosed in 
ornamental cast-iron casings, the general design of 
which is well shown in the illustration on page 627. 
There are four sets of chains, formed of steel links, 
all being similar. Each set consists alternately of 
eight links 9 in. deep by 1} in. thick, and nine 
links 9 in. by 1 in., so that they have a uniform 
sectional area throughout. There are two sets of 
chains on each side of the bridge, the upper set being 
24 in. above the lower set, measured from centre to 
centre vertically ; the versed sine of the chains in 
the middle span is 35 ft. at 60 deg. Fahr., measuring 
from the centre of the chains at the centre of the 
tower, and the centre of the chain at its lowest 
point. The specification required that the steel 
of which the links are made should have a break- 
ing strain on samples of 2} square inches area of 
not less than 72,000 lb. per square inch, and an 
elongation of 12 per cent. in 24in. The minimum 
limit of elasticity of the wrought iron employed was 
26,000 lb. per square inch. The link bars of the chain 
were finished in sets of eight and nine, both for the 
outer form of bar and head, and for the pin-holes, 
6 in. in diameter, which were drilled in each set at 
one operation ; a play of ,), in. was allowed between 
the pin and the hole. Wrought-iron plates, 4 in. 
thick, were placed on each side of the centre pair of 
links, and to these were attached the suspension 
rods through the intermediary of screw couplings ; 
below these the rods are 8} in. wide and # in. thick, 
and turned up at the bottom so as to form a flat 
stirrup 12} in. long by 8} in. wide and § in. thick ; 
to these the cantilevers carrying the footpaths and 
the ends of the iron girders, which are curved to 
give a camber of 3 in., are attached. These cross- 
girders are placed 8 ft. apart, and they are stiffened 
by longitudinal distance pieces connecting them at 
intervals across the width of the bridge. The 
bridge is also stiffened by longitudinal girders, and 
a lattice parapet formed of bars 2 in. by jin. of 
closely intersecting lattice, riveted at the intersec- 
tions, and to angle irons running the whole length of 
the bridge, and secured also to the standards bolted 
to the ends of the cantilevers ; these parapets are 
surmounted by a teak handrail. The foundation 
of the carriage road consists of timbers not less than 
40 ft. long, 12 in. wide, and 10 in. deep, laid close 
together and so as to break joint; on this wood 
paving setts 9in. by 3in. by 5 in. are secured and 
laid on tarred felt in strips. The footway planking 
is 3in. thick and 9in. wide, laid closely and as- 
phalted. Timber curbs separate the footpaths from 
the carriige-way, and are protected with curb plates. 

The chains of the new bridge were erected on a 
suspended staging extending between the towers, 
and from them to the abuiments. This staging 
was carried on two pairs of light chains composed 
of the links of the old chains, and adjusted to 
curves to suit the new work. When these were 
huog one above the other, a bracing of scaffold- 
poles was introduced from one pair of chains to 
the other, and a light flooring was laid. This 
served as a platform for building up the permanent 
chains, which were connected, link by fink, from 
the anchorage upward, and from the towers down- 
ward. When this was completed, the temporary 


staging and chains were removed and a platform was 
suspended from the permanent chains, on which the 
transverse and longitudinal girders, &c., 
erected. 


were 
The new bridge was designed by Sir 








Joseph W. Bazalgette for the Metropolitan Board 
of Works, and the contract was secured by Dixon, 
Appleby, and Thorne for the sum of 82,177/. 
Operations were commenced in November, 1884, 
and the new roadway was thrown open to the public 
on June 18, 1887, by the late Prince Albert Victor 
of Wales. 

Hammersmith Bridge is the most westerly of the 
London bridges coming under municipal jurisdic- 
tion, either of the City of London, or of the London 
County Council, and it will be of interest to devote 
some space to a consideration of the history and 
the nature of the control exercised by these impor- 
tant authorities, over the numerous and important 
highways across the Thames. We may take the 
present opportunity of saying, that the illustrations 
of the Thames bridges we have already published, 
as well as those which will follow of the up-river 
series, have been prepared from photographs taken 
for this journal, by Mr. J. A. C. Branfill. 





THE IRON AND STEEL INSTITUTE. 

THE annual general meeting of the Iron and 
Steel Institute was held on Thursday and Friday 
of last week, the 9th and 10th inst. 

There were six papers down for discussion, as 
stated in our announcement column of last week. 
It was found, however, that owing to unforeseen 
difficulties the papers of Mr. H. M. Howe and Mr. 
W. J. Keep were not ready, and in their place a 
paper by Mr. James S. de Benneville, of Philadel- 
phia, on ‘‘Ternary Alloys of Iron” was substi- 
tuted. The meeting was held at the Society of 
Arts, in consequence of the theatre of the Institu- 
tion of Civil Engineers being under reconstruction. 

The chair was taken at 10.30 on Thursday morn- 
ing by Mr. E. Windsor Richards, and after the 
minutes of the last meeting had been read and con- 
firmed, Mr. Brough, the secretary, proceeded to 
read the 

Report OF THE CoUNCIL. 

It appears that the Institute is increasing rapidly 
in numbers, there being a net addition to the roll 
of membership for the last year of 55 persons, 
which equals an increase of nearly 4 per cent. 
Reference to last year’s meeting was made, and it 
was stated that Mr. James Forrest, Secretary of 
the Institution of Civil Engineers, had been pre- 
sented with a piece of plate, as a permanent testi- 
monial of the regard of the Institute, and of its ap- 
preciation of his unfailing courtesy over a lengthened 
period. The report also stated that two volumes of 
the Journal had been published during the past 
year, these containing together 1334 pages of letter- 
press and 50 plates. This is the largest amount of 
printed matter ever issued in one year by the 
Institute, with the exception of the literature 
relating to the American meeting. In addi- 
tion to the papers read before the Institute 
and the discussions and correspondence relat- 
ing to them, the volumes contain abstracts of 
the contents of 1132 papers relating to iron and 
steel, published in other home and foreign tech- 
nical journals and Transactions. Figures relating 
to the finances of the Institute were next read by 
the treasurer, Mr. David Dale. Mr. Dale, as is 
well known, was the treasurer appointed when the 
Institute was first started, and has occupied the 
post ever since. Having, however, been elected 
to the position of President, it was necessary he 
should resign the treasurership, and Mr. William 
Whitwell has been appointed to succeed him. Mr. 
Windsor Richards, in moving the adoption of the 
report from the chair, referred especially to the ser- 
vices of Mr. Dale. In consequence of Mr. Whit- 
well having accepted the position of treasurer, 
there was a vacancy in the list of vice-presidents, 
and this had been filled by Mr. Andrew Carnegie. 
As this appointment had in turn created a vacancy 
on the Council, Mr. F. W. Webb, of Crewe, had 
been appointed to that position. 

A vote of thanks to the President and the Council 
for their services during the past year was next 
moved and carried. Mr. Windsor Richards briefly 
returned thanks, referring to the autumn meeting, 
which is to be held in Birmingham. 

Mr. Windsor Richards then vacated the chair, 
his term as President having expired, and Mr. Dale 
took his place. : 


THE BrssEMER MEDAL. 
The first duty of the new President was to pre- 
sent the Bessemer medal, which had been awarded 
to Mr. Henry Marion Howe, of Boston, Massa- 








chusetts, a member of the Institute, in recognition 
of his valuable contributions to metallurgical litera. 
ture. As it was impossible for Mr. Howe to be 
present, he had asked Professor Roberts-Austen to 
receive the medal for him. Mr. Dale, in making 
the presentation, referred to the excellent work 
done by the recipient, in consideration of which the 
Council had, on the motion of Sir Lowthian Bell, 
awarded the highest honour it was in their power 
to give. 

Professor Roberts-Austen, in returning thanks 
on behalf of Mr. Howe, said that the latter had 
done for metallurgy what his renowned country. 
men, Lowell, Emerson, and others, had accom- 
plished for literature. Professor Roberts-Austen 
next proceeded to read a letter received from Mr. 
Howe, in which the latter expressed, in felicitous 
terms, his appreciation of the honour conferred 
upon him. 

THE PRESIDENTIAL ADDREss. 

Mr. Dale then delivered his Presidential Address, 
It had been anticipated that this would be of more 
than usual interest, an expectation which was due 
to the well-known ability of the President, and of 
the interest, both of an intellectual and a practical 
nature, that he has taken in industrial matters, 
more especially those bearing on the relation 
between employers and employed. The expecta- 
tion was fully borne out by the event, and it 
may be said that the Transactions of the Insti- 
tute do not contain a more thoughtful or more 
scholarly address than that added to the Pro- 
ceedings at the last meeting. As we deal 
with this address to some extent on another page, 
our abstract will not be so full as it otherwise 
would have been. Mr. Dale chose as the subject of 
the address a review of the changes which have 
taken place and the progress that has been made 
in the iron and steel industries, since the founda- 
tion of the Institute in 1869, referring to the influ- 
ence of the Public Education Acts and the advance 
of technical instruction. The author went on to 
speak of the work of the North of England Board 
of Conciliation, and the introduction of local dis- 
trict boards. 

Turning to the more material side of the last 25 
years’ progress, the address made an interesting 
reference to the fact that in the Transactions 
of the Institute in the year 1870, Mr. C. M. 
Palmer, now Sir Charles Palmer, in a paper 
on ‘*Tron as a Material for Shipbuilding,” even at 
that date, found it not unnecessary to argue at 
some length the question of iron versus wooden 
ships, and to emphasise the various points of 
superiority of iron over wood as a shipbuilding 
material. At that time steel was only beginning to 
be used in the construction of ships, but Mr. 
Palmer prophesied the substitution of steel for iron 
at no distant date. As a shipbuilder speaking to 
iron-makers, he said it remained for those he 
addressed to assist pregress by designing methods 
of cheapening and rendering practicable the use of 
steel in ship construction, so that, whether in pre- 
paration for war or peaceful pursuits of commerce, 
the maritime pre-eminence of England among 
nations might be retained, and an endeavour made 
to increase the prosperity of the country and pro- 
mote the happiness of mankind. The appeal thus 
made for cheap steel, the President said, had been 
amply responded to, but to what extent it had 
tended to promote the happiness of mankind he 
thought might possibly be left an open question. In 
1879, he stated, 88 per cent. of the total tonnage 
launched in the United Kingdom was of iron, but 
in 1893, 96 per cent. of the total shipping output 
was of steel. At the time Mr. Palmer wrote, steel 
ship-plates cost from 18/. to 201. per ton, having 
fallen during the preceding ten years from about 
401. per ton. At the present time they could be 
bought at 4/. 15s. per ton ; iron plates standing at 
about the same price. In steel rails the price has 
come down in a somewhat parallel degree. In 1871 
they were about 11/. per ton; at the beginning of 
this year the price was 31. 10s. per ton. 

Reviewing the startling contrast between the 
values of the present time and 25 years ago, 
Mr. Dale referred briefly to the important processes 
that had arisen during that period. He referred 
first to the Bessemer process, reminding his hearers 
how, encouraged by the Emperor Napoleon III., 
Mr. Bessemer took up with ardour the study of 
metallurgy, and erected small experimental works 
at St. Pancras. The story of Bessemer’s early 
struggles, and the heroic way in which he grappled 
with difficulties of all kinds, overcoming obstacles 











TENN ERIE I RHO oc, 


May 17 1895 ] 


ENGINEERING. 


629 











by industry and courage allied with intellectual 
gifts of the highest order, has already been told in 
these columns. The tale is one of engrossing 
interest, and, as the President told it, received 
additional effect from the fact that the great 
metallurgist was himself present, following the 
reading of the address with evident interest. 

When Bessemer read his now historic paper 
before the British Association in 1856, Siemens had 
for about ten years been occupied with the question 
of the economy of heat, and to this end had turned 
his attention to the regenerative principle, a prin- 
ciple which had been foreshadowed as early as 1817 
by the Rev. Dr. Stirling, of Dundee. The working 
out of the Siemens furnace was due, not to any 
lucky hit, but to a well-considered application of 
first principles. It was the dynamical theory of heat, 
then new to the scientific world, which led Siemens 
to approach the study of the economy of fuel from 
the starting point of the usual basis of establishing 
scientific truth. It was the thorough training in first 
principles which has so long characterised the educa- 
tional system of Germany, as compared with the 
opportunities afforded in our own country, that pro- 
duced the valuable additions to our equipment in the 
domain of applied science, which will ever be con- 
nected with the name of Siemens. About 1861 the 
Brothers Siemens applied the regenerative prin- 
ciple to the manufacture of steel by the open- 
hearth process. In 1862 Mr. Attwood filed a patent 
for the production of steel by melting together 
wrought iron and spiegeleisen. In 1863 a large 
furnace was constructed at Mont Lucgon for the 
manufacture of steel on the open hearth, with an 
alumina lining of mineral bauxite, suggested by Le 
Chatelier. Siemens, as Bessemer had done before 
him, came to the conclusion that his process could 
only become established as a success by having works 
under his own control, so the Sample Steel Works 
were started at Birmingham. Experimental furnaces 
were also erected in 1866 by the Tharsis Copper 
Company. In 1868 Mr. Ramsbottom adopted 
the Siemens furnace at Crewe, and in the same 
year old iron rails were converted into steel for the 
Great Western Railway Company, andthis led to the 
formation of the Landore Siemens Steel Company. 
Siemens also experimented in 1869 with a rotary 
furnace intended for the direct production of iron 
from ore. Reference was also made in the address 
to the Puddling Committee of 1870, and to the 
various attempts to introduce mechanical puddling 
made at different times; the efforts of Danks 
of Cincinnati claiming attention. In 1872 a com- 
mission reported that the question of mechanical 
puddling was practically solved by the Danks 
process, and that the old-fashioned puddling fur- 
nace was destined very shortly to become a thing of 
the past. The late Mr. Edward Williams’ well- 
remembered opinion on this subject was quoted. 
In 1874, Danks’ plant had been put down by Messrs. 
Hopkins, Gilkes, and Co., Messrs. Bolckow, 
Vaughan, and Co, the EKrimus [ron Company, and 
the North of England Industrial Iron Company, as 
well as by Mr. Robert Heath in North Stafford- 
shire. Further experience did not, however, bear 
out the glowing expectations originally formed. 
Mechanical troubles and the old difficulty with the 
lining had not been successfully overcome. Whether 
from the largely increased substitution of steel for 
iron, or from whatever cause, the mechanical 
puddling furnace has not maintained the place 
which it was expected to fill. Although the annual 
production of puddled iron in the United Kingdom 
still amounts to not far short of 1} millions of 
tons, or about half the quantity made in 1882, it 
is still produced by the old imperfect process of 
hand puddling, which once seemed to be doomed to 
extinction. 

The removal of phosphorus next claimed the 
President's attention, a subject which naturally 
led up to the consideration of basic lining, ex- 
periments in this direction having been made by 
Siemens and by Le Chatelier as early as 1863. In 
1872, Mr. Snelus patented the use of lime and 
limestone, magnesian and otherwise, for the lining 
of furnaces in which metals or oxides are melted or 
operated upon while fluid. It was reserved, how- 
ever, for Messrs. Thomas and Gilchrist, with the 
practical assistance of Mr. Martin and Mr. Windsor 
Richards, to bring the matter to a practical com- 
mercial success, in a manner that will be within the 
memory of most of our readers. The President 
remarked that the main and primary object of the 
basic treatment was the removal of phosphorus, 
and it would appear at first sight desirable to start 





with a metal already as low as possible in this hurt- 
ful ingredient ; buts» far from this being the case, it 
had been found to be of advantage to employ a pig 
very rich in phosphorus. It was, indeed, he said, 
not a little remarkable to find at the present day 
that the phosphorus removed from the pig in the 
processof puddling and contained in the resulting tap 
cinder, was being returned to the blast-furnace to 
form phosphoric pig.. After all the long cycle of 
change which the phosphorus had passed through 
since first it found an apparently mistaken resting- 
place in the Cleveland hills—after passing through 
the blast-furnace, the puddling furnace, a second 
time through the blast-furnace, and then through the 
basic Bessemer converter—it was at last fulfilling its 
most legitimate function as a fertiliser of the soil, 
entering as a constituent into the kindly fruits of the 
earth, eventually, it might be, reaching its ultimate 
goal in helping to build up the brain of the chemist 
and the ironmaster. 

The address next went on to contrast the output 
of blast-furnaces 25 years ago, which probably did 
not exceed 400 tons par week, with the production 
of the furnaces of the present day, when 1500 tons 
has been obtained from each of two furnaces at 
Dowlais, working on a 50 per cent. ore. In America, 
as is well known, these figures have been largely 
outdone, and a phenomenal output of 2367 tons 
from one furnace in one week has been attained, 
working on 62 per cent. ore; the consumption of 
coke being 17 cwt. to the ton. 

The next section of the address was devoted to 
the quotation of figures dealing with the production 
of iron and steel since the year 1869, both in Great 
Britain and in foreign countries. These figures are 
of great value, but considerations of space prevent 
our quoting them in full here, and we must refer 
our readers to the report of the address, which 
will be published in the volume of the Transactions 
in the usual way. Figures dealing with the quan- 
tity of ore used, with the prices of pig iron, rails, 
and plates, and with the imports and exports of 
the United Kingdom and other countries, were 
also given. 

The remainder of the address was occupied by the 
masterly consideration of the economic aspect of 
the iron and steel trades, to which we have already 
referred. 

A vote of thanks to the President for his ad- 
dress was moved by Sir James Kitson, who said it 
was unnecessary to remind the meeting of the part 
Mr. Dale had taken in conciliation during labour 
disputes in thenorth. The injury and suffering to 
the working classes which had been removed by the 
exertions of the President had produced ineatim- 
able benefits. His efforts had been to substitute 
peace for war, and of him it might be truly said, 
‘¢ Blessed are the peacemakers. ” 

Reading the figures of the address, Sir James 
was reminded that if we had not arrived at perfec- 
tion in manufacture, there was not much left to 
hope in regard to striking developments in metal- 
lurgical practice of the future. He would impress 
upon the meeting the desirability of seeking the 
extension of our industry within the Imperial 
domains. The Secretary of State for India, in con- 
versation with him, had held out the promise of 
considerable increase in Indian railways during the 
next three years, it being thought that during that 
period half-a-million to one million per annum more 
than was spent during the past three years, would be 
expended. Within a short time a company would 
be promoted with a view to carrying a railway from 
Delhi to the coast, the cost of which would be about 
2,000,0007. He would impress upon Ministers the 
desirability of turning their attention to an exten- 
sion of commerce in this way, rather than to sub- 
jects which often occupied attention. He feared, 
however, the difficulty arose with the Indian 
authorities, who put restrictions on the ex- 
penditure of capital. Theie efforts were well 
meant, but they had the effect of checking 
development. Another feature he would dwell 
upon was the necessity of iron and_ steel 
makers following the American example in one 
respect. Mr. Carnegie had told them how much 
could be done to enlighten those who might use 
iron and steel. If a large hotel—perhaps of 14 
storeys—was to be constructed, Mr. Carnegie or 
his representatives would instruct the architect 
how to use steel in the building, and would often 
contract to do the work if necessary. Architects 
were thus taught how to use this most excellent 
and cheap material for their purpose. 

Mr. Victor C. W. Cavendish seconded the vote 





of thanks. He thought that the address was a 
good augury of the success with which Mr. Dale 
would occupy the presidential chair during the term 
of his office. 

Mr. Dale returned thanks in a few brief words. 


Merat Mixers. 


The first paper read at the meeting, and the only 
one taken on Thursday, was a contribution by Mr. 
Arthur Cooper, entitled ‘‘ Metal Mixers as Used at 
the Works of the North-Eastern Steel Company.” 
This paper we shall publish in full shortly, with 
the illustrations. Originally a mixer of 150 tons 
capacity was erected at the North-Eastern Works ; 
this had a hydraulic cylinder for tipping overhead. 
At first blast-furnace iron only was used in the 
mixer, and this was treated in the converters 
independently of the cupola iron. The ladles 
supplying the converters were filled half with 
mixer iron and half with cupola iron, but it was 
found ultimately that the best results were ob- 
tained by passing the cupola iron also through the 
mixer. Encouraged by the results, an additional 
mixer, the same as the first, was erected. At first 
the lining was solely of firebrick, but lately it has 
been the custom to repair the worn parts with 
ganister. From the beginning of May, 1893, the 
whole of the molten iron used, consisting of about 
2000 tons of blast-furnace iron, and from 1800 
to 2000 tons of cupola iron each week, had been 
passed through one or other of the two vessels. 
The author warned steel-makers against the conclu- 
sion that a mixer will cure all the ills to which 
steel-making is subject, for inferior and unsuitable 
iron cannot be made into good steel. The charges 
to be defrayed, such as royalty, labour, main- 
tenance of plant and tools, and haulage of molten 
metal, which altogether amount to a considerable 
item per ton of finished production, must also be 
taken into account. Notwithstanding these, there 
are certain great advantages to be derived from the 
use of mixers, and more regular results can be ob- 
tained even from blast-furnace iron alone. If, how- 
ever, equal quantities of cupolairon are melted with 
carefully mixed pig, a converter metal can be main- 
tained of almost uniform composition, and provid- 
ing the manganese in the iron does not fall below 
1 per cent., a considerable reduction in sulphur is 
effected. Further, a reserve of molten iron is 
always available, and the weight of each charge can 
be controlled with far greater certainty than is 
practicable when each charge is tapped separately 
from the blast-furnace or cupola. Carburising can 
therefore be effected with much greater precision. 

Mr. David Evans opened the discussion on this 
paper. He said he could support what the author 
had stated in his paper as to the advantages of the 
mixer, and he based his conclusions on experience 
gained at Eston. He thought it right to say, how- 
ever, that the mixer was first introduced by 
Captain Jones at Messrs. Carnegie’s works in 
America. At Eston they had two mixers similar 
to that described in the paper, excepting that the 
ram was placed below. He thought the arrange- 
ment illustrated by the cartoon on the wall of the 
theatre was the safer plan. He would endorse 
what had been said as to the exact weight that 
could be obtained for each charge, and they secured 
a longer life for the converter lining, the difference 
amounting to 30 per cent. A large number of 
these mixers were at work on the Continent with 
good results. 

Mr. Carnegie had been requested to repeat some 
statements that he had made on the previous even- 
ing. He said that in mixers they were about to 
construct there would be a capacity of 600 tons, in 
place of the 200-tons size formerly used. Their 
new mixers would be precisely on the plan now 
adopted by Mr. Cooper, and it was an illustration 
of how great minds arrived at the same conclusions 
that this should be the fact, as the design had been 
worked out in America independently. They had 
blast-furnaces in America producing 400 tons a day, 
that was 2800 tons for the week’s work, but they 
were building furnaces that would produce 500 tons 
a day. 

Mr. E. P. Martin said that the mixer fulfilled 
all that it was desired todo. He would ask the 
author, however, whether in working direct from 
the blast-furnace the loss in yield was greater than 
when the mixer was not in use? With the ganister 
lining, was the removal of sulphur less than with 
a brick lining ? 

Mr. Cooper, replying to these questions, said 
that the logs in yield was estimated at half of 1 
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er cent., but they depended a good deal on the 
Giesbdeetonen people, whether they sent iron to the 
mixer or iron and slag. He could not say that 
there was any difference in the removal of sulphur 
due to the ganister lining. 

Mr. William Whitwell said he could not speak too 
highly of the working of the mixer in regard to 
regularity. The metal produced here was not so pure 
as the better qualities made in Germany, but there 
was no doubt that the material obtained would take 
the place of the production of puddled iron. This 
they might regret, as ironmasters had an affection 
for the old system and the men who worked it. 
He hoped to see an improvement in the quality of 
the material, and he could then congratulate the 
author still more than he at present did. 

Mr. Le Neve Foster remarked that Mr. Cooper 
had referred more especially to the Bessemer con- 
verter, and he did not think that the mixer had 
been used in connection with the Siemens furnace. 
The speaker would point out, however, that it was 
applicable for both systems of manufacture. The 
working of iron direct had been frequently tried 
and given up, but in certain works in the United 
States there was a practice of placing scrap steel in 
moulds, and running molten iron on the scrap, the 
whole, while hot, being charged into the Siemens 
furnace. In this way 10 cwt. of scrap were 
used to a ton of pig iron run on. It was 
claimed that by this method the furnace was 
more quickly charged, and thus there was 
& saving of heat, in addition to the benefit 
attained by the heat from the molten metal. It 
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was said that where this process was followed an 
output of 20 per cent. more steel was obtained from 
a given furnace than had been reached with the 
ordinary method. He thought that the mixer used 
in conjunction with this process would afford great 
advantages, 

Mr. Massenez said he could only confirm the 
good results quoted by the author ; they had also 
been reached on the Continent where these mixers 
were in use. He referred to six of them now at 
work, two others being in process of construction. 
Five were working on basic pig, and one with hema- 
tite. They were well satisfied with the uniformity 
of the product, and the saving in labour that was 
effected. Hecould see no reason why they should 
not be used for the Siemens process. 

Mr. Snelus looked on the process as one of great 
importance. Fifteen or sixteen years ago he had sug- 
gested it, but there had been a disagreement on the 
subject with Mr. Edward Williams, who thought 
that the proper way would be to mix the ore. The 
statement of Mr. Carnegie that they were about to 
use 600-ton mixers was very surprising. He would 
point out that bringing the silicon in the metal low 
in the mixer would give several important benefits. 
Every one knew it afforded means of reducing the 
sulphur, which was a benefit when manganese was 
present. 

Mr. E. Windsor Richards said he could easily 
understand the necessity Mr. Carnegie had of enlarg- 
ing the mixers. He had spent a week at the works 
in the United States, and had seen twelve 10-ton 








ladles charged at one time. The output there was 
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enormous ; they were working with 15-ton con- 
verters, and from one mill were producing 8000 
tons of rails per week. He sat in the mill and 
watched the working, and was satisfied the figures 
were correct. During the month he was there, 
they had produced 128,000 tons of ingots. He had 
tried the introduction of molten iron into the 
Siemens furnace, when at Eston, and found no 
advantage from the process. Mr. David Evans 
had made the same experiments since, and confirmed 
his results, 

Mr. Cooper, in replying to the discussion, said 
that the loss of silicon in the mixer was about .02 
per cent., but the great advantage was the mixing 
together different grades of iron. For instance, 
the lowest silicon in iron was about .4, whilst the 
highest silicon in other examples would be 1 to 1} 
per cent.; by mixing, the average of these figures 
was obtained. In regard to sulphur, the bulk of the 
iron used contained an average of 0.5 percent. They 
claimed to lose in the mixer about 0.3 per cent., but 
here again the advantage was gained by the mixing 
of the purer with the more impure qualities. 


Lire SuBSCRIPTIONS. 
The President, Mr. Dale, next moved a resolu- 
tion in virtue of which members could compound 
their annual subscriptions by the payment of the 
sum of 311. 10s.; they would then become life 
members. The sum mentioned was arrived at as 
an average of life membership in other societies in 
proportion to the annual subscription. 
Mr. Carnegie seconded this resolution, pointing 
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out the great advantage it was, especially to foreign 

members, not having to pay annual small sums. 
The motion was carried unanimously, and the 

meeting then adjourned until the next day. 


ARSENIC IN STEEL. 


The second day of the meeting, Friday, the 10th 
inst., was chiefly devoted to the reading and dis- 
cussion of Mr. J. E. Stead’s paper on the ‘‘ Effect 
of Arsenic on Steel.” This paper we shall print in 
full, with the illustrations, shortly. 

The author commenced by saying that the in- 
vestigations of Messrs. Harbord and Tucker were 
conclusive in showing that a large amount of arsenic 
in steel is objectionable, but the results did not 
prove that small quantities are harmful. It 
appeared, however, to be the general impression 
that if a large quantity of arsenic is injurious, a 
small quantity must necessarily be proportionately 
s>. In order to arrive ata conclusion on this point, 
the author approached Mr. David Evans, of 
Middlesbrough, suggesting to him that an investiga- 
tion should be made on the subject. Mr. Evans 
cheerfully co-operated with the author, and the re- 
sult was a series of tests and experiments, the details 
of which formed the basis of the paper. An ac- 
count of these experiments will be given in these 
columns when we publish Mr. Stead’s paper in full. 
The general conclusions the author arrived at, were, 
that between 0.10 per cent. and 0.15 per cent. of 
arsenic has no material effect on the mechanical 
properties of steel for structural purposes. The 
tenacity is but slightly increased, the elongation is 
apparently not affected, and the reduction in area 
for the fracture test pieces, is practically equal to 
that of the same steel without the addition of 
arsenic. With 0.20 per cent. of arsenic, the differ- 
ence, though slight, was noticeable in the case of an 
acid open-hearth steel, but even then, the only 
serious difference evidently caused by the arsenic, 
is the ioferiority of the bending properties of pieces 
cut from the plates across the direction of rolling 
after they had beentempered. With larger amounts 
of arsenic, however, the effect is decisive. With 
1 per cent. the tenacity is increased, the elongation 
is slightly reduced, and the contraction materially 
reduced ; the bending properties of the steel are, 
however, fairly good. When the arsenic amounts 
to about 14 per cent. the tenacity is still further 
increased and the elongation and contraction of 
area are still further reduced, whilst the bending 
properties are poor. With 4 per cent. of arsenic 
the tenacity is increased, and the elongation 
and contraction become nil. It should be re- 
marked, however, that the author considers 
the trials with steel containing the higher percent- 
ages of arsenic cannot be looked upon as altogether 
satisfactory, on account of the very small size of 
the ingots made, and the consequent small amount 
of work put upon them before the bars were tested ; 
further trials are therefore required in regard to this 
matter. 

The effect of quenching the steel after heating 
to a red heat in every case where arsenic was pre- 
sent in large quantities was to improve its bending 
property. Hot working is not affected in the 
slightest degree by even 4 per cent. of arsenic. 
When heated below the burning point, such 
material can be readily hammered and rolled. It 
may, therefore, be concluded that arsenic has not 
the slightest tendency to produce red-shortness. 
Arsenical steel does not appear to be more liable to 
corrosion ; in fact, oxidation is retarded by the 
presence of small quantities of arsenic. Welding 
is made more difficult by even small quantities 
of arsenic, and electrical conductivity is ma- 
terially reduced. In bringing his paper to 
a close, Mr. Stead stated that he proposed 
following up the investigation further, and to 
lay the results before the Institute at a future 
meeting. In an appendix tl.e author gave the 
method he had used for determining the arsenic in 
iron ores, steel, and pig iron. 

Mr. David Evans opened the discussion on Mr. 
Stead’s paper. He said that the author came to 
him, and pointed out the unexpected results that 
had been obtained in analysis as to the amount 
of phosphorus in steel when arsenic was present. 
The speaker, recognising the importance of the 
subject, gladly promised Mr. Stead any assistance 
in his power in carrying out the investigations, and 
the result was one that would be of great value to 
steel-makers. He recognised that phosphorus 
and arsenic should not be linked together, as they 
were really great enemies, and it was to overcome 








this that he gave facilities for the experiments to 


be made. Asa result, previous ideas on the effect 
of arsenic in steel must be rejected. It was shown 
that 1 per cent. of arsenic might be present with- 
out detriment, unless, perhaps, the steel were 
required for welding. Indeed, the experiments 
would almost lead to the conclusion that a small 
quantity of arsenic was beneficial, and the figures 
quoted by the author showed how a much greater 
disturbance is caused by asmall quantity of carbon. 
The paper showed that there was no comparison 
between the effects of phosphorus and arsenic, and 
they should cease to be considered together. 
Manganese approached far more closely in effect to 
arsenic in steel. It was also worthy of notice that 
arsenic tended to prevent corrosion. He hoped 
Mr. Stead would continue his experiments, and 
gladly offered him further assistance. 

Mr. Edward Riley thought it was good to know 
the amounts of arsenic contained in commercial 
steel. He had found ,°; per cent. in spiegeleisen. 
He would state that in any analysis made by him 
he was always careful to separate the arsenic from 
the phosphorus. Mr. Whitwell had said the pre- 
vious day that the German steel was better than 
that made in England ; with this Mr. Riley did not 
at allagree. He had the results of 109 analyses of 
commercial steel—axles, tyres, springs, rails, and 
plates—and he found that the average percentage 
of arsenic present was no more than .005, with 
phosphorus .036. Many of the samples were quite 
free from arsenic. The greatest amount he had 
found was .036 per cent.; this was in a sample of 
spring steel. He was very glad to hear that arsenic 
had so little effect, as it would save a great deal of 
trouble in the future in determining it. The 
arsenic generally came from spiegel and ferro- 
manganese, but he had found arsenic in hematite 
ores. He had made tool steel with arsenic to the 
extent of 1 per cent.; this was made into a drill, 
which worked well for a time, but when hardened 
was brittle and coarse-grained, so as to be practi- 
cally useless. 

Mr. F. H. Wigham said that, judging from the 
results given in Mr. Stead’s paper, it appeared 
evident that the presence of arsenic in structural 
steel containing from 0.10 per cent. to 0.40 per 
cent. carbon had not the injurious effect that had 
been supposed. Thanks to the courtesy of George 
Cradock and Co., of Wakefield, he had had an 
opportunity of trying some of Mr. Stead’s samples 
under a treatment which differed much from that 
required for structural steel, viz, wire-drawing. 
In this process the cold treatment subjects the steel 
to tests and conditions. that would be difficult to 
pass with indifferent steel, and which he thought 
were more severe than the conditions structural 
steel has to pass through. The results which he 
had obtained were not sufficiently far advanced to 
lay before the meeting in detail, but he would be 
pleased to hand them to the secretary, if desired, 
in afewdays. Although in some of the tests given 
in the paper there was no very great difference be- 
tween the normal and arsenical steels, it was not 
to be overlooked that the carbon was diminished 
as the arsenic was increased. With further samples 
of rod containing 0.30 per cent. carbon and 0.25 
per cent. arsenic, the results were much below 
those of the normal steel. The elasticity was 
irregular, the variations in applying the load by 
fixed differences were irregular, and the torsions 
were much reduced. The remark of the author re- 
specting tensile strength and torsion of wire should 
be carefully noted, because if the torsion of wire is 
poor, breaking strain increasing is of no value, 
because toughness is a necessity. These poor results 
on a carbon of .30 with arsenic .25, show that the 
ill effect of arsenic appears long before .80 carbon 
is reached, and if there was such a result on a com- 
paratively low carbon, he would be constrained to 
ask what effect would a much lower quantity of 
arsenic have on higher carbon steel suitable for 
tempering? If, as Mr. Stead had said, 0.10 per 
cent. of carbon showed a similar disturbance as 
0.20 per cent. arsenic, and yet .25 per cent. arsenic 
shows so injuriously with .30 per cent. carbon, 
what, the speaker asked, would happen if much less 
arsenic were present with a high carbon? because 
the difference in the quality of .30 carbon and .40 
carbon wire drawn down is wil. Yet arsenic had 
shown in the steel the marked differences he had 
pointed out. It appeared to be evident, the speaker 
continued, that arsenic is better absent altogether, 
if possible, at any rate from high carbon steel. 
Mr. Wigham added that should Mr. Stead at a 








future time go further into this matter, he would be 
glad to render any assistance he could to elucidate 
the subject. 

Mr. Tosh, as a maker and seller of hematite pig, 
said he welcomed Mr. Stead’s paper. It was cus- 
tomary amongst consumers to say that phosphorus 
could not exceed .04per cent., but if arsenic wasto be 
taken with phosphorus, and was to give .015 percent. 
in excess, buyers would ask for an allowance. If they 
were told that the percentage consisted largely of 
arsenic, they said they looked on that material as 
being as bad as phosphorus. It was, therefore, satis- 
factory to have Mr. Stead’s paper to bring forward. 

Mr. Paul said Mr. Stead had made an appeal to 
members to join in the discussion and make sug- 
gestions for his guidance in further following up the 
research. It was in this spirit that the speaker 
wished to make a few remarks, and not with any 
intention of criticising the paper in a captious spirit. 
Within the last few years, he pointed out, physical 
research in connection with steel has been much 
handicapped by reason of the difference in interpret- 
ing what is meant by such terms as ‘‘ a good heat,” 
a ‘low blood-red heat,” &c. His impression was that 
a good red heat was about 700 deg. Cent., or what 
some blacksmiths popularly described as ‘soldier 
red.” Now that the Le Chatelier pyrometer, as 
perfected by Professor Roberts-Austen, was avail- 
able, he would suggest that it was most desirable 
temperatures should be stated in some other 
manner. The best results obtained of samples of 
steel that had been heated and quenched by one 
experimenter may be very different to those re- 
corded by another operator; for the molecular 
changes of some steels vary greatly within narrow 
limits of heating. The speaker thought it might 
be of service if he mentioned that he had used with 
great advantage different shades of red glass asa 
ready means of judging temperature. The glass 
was standardised by being compared with the 
colour of a mufils the temperature of which was 
indicated by Le Chatelier’s pyrometer. The 
author’s conclusion that arsenic steel bends better 
after quenching in water was certainly strange, and 
the subject would well repay further investigation. 
The speaker’s observations certainly pointed to a 
contrary result. He had tested a sample of steel 
of the following composition: Carbon .3, silicon 
.180, arsenic .5. This was heated to 500 deg. Cent. 
and quenched in water. On striking it, in order to 
bend it, it was found to be so brittle that piece: 
snapped off short. The appearance of the fracture 
indicated a much closer grain, and it was a lighter 
shade in colour, than the normal steel treated 
in the same manner. That the tempered or 
quenched tests in Mr. Stead’s series should bend 
better in the low carbon series was what might 
have been expected, and was in keeping with every- 
day practice of normal soft steels. It seemed pro- 
bable, however, that arsenical steels may behave 
differently to ordinary steel, and the fact was 
borne out by another experiment he had made. A 
sample of steel, already described, was heated to a 
bright yellow, and allowed to cool, when it could be 
bent double, but when heated to 700 deg. Cent., 
and allowed to cool, it only bent to an angle of 
about 100 deg. It should be borne in mind that 
in everyday practice of making steel, it is under 
the control of the metallurgist to either make a 
steel which shall be very subject to molecular 
change on heat treatment ; or, on the other hand, 
to make a steel in which it is difficult to bring 
about molecular changes other than by quenching 
on extreme temperatures. It, therefore, appeared 
to the speaker as though arsenic might safely be 
classed with silicon and manganese, for the peculiar 
physical changes on heat treatment between normal 
steel containing no silicon and another in which the 
only difference is the presence of arsenic, are not 
due per se to the arsenic, but rather that its presence 
is an indication, like manganese and silicon, that 
there is either a difference in the quantity or com- 
position of the occluded gases in the steel. That 
this is probable was borne out by the fact men- 
tioned by the author, who had said that the frac- 
tures of ingots proved that arsenic apparently re- 
duced the size of the grain. In this case Mr. Stead 
had said that the honeycombing was so great that 
the fractures were not satisfactory. This clearly 
showed that even previous to mechanical work on 
the ingot, the grain is small. 

Mr. C. H. Ridsdale, of the North-Eastern Steel 
Company, said he was sure all steel-makers would 
feel grateful to Mr. Stead and his co-workers for 
the excellent and useful paper which he had con- 
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tributed. It was to be hoped that this would, once 
for all, lay the bogey arsenic. The speaker had 
kept himself pretty well informed of what was being 
done in this matter, and had also followed up the 
necessary analytical methods. He had frequently 
tested the raw materials used by his company, but 
had never found much arsenic. He gave the 
results in this respect of tests of samples taken over 
long periods, the general result being that of top 
cinder there was a trace. Metal : No. 1 maker, .015; 
No. 2 maker, .023 ; No. 3 maker, .020. Metal, as 
poured into the converters (another period), .025, 
speigeleisen .025, ferromanganese .030, steel (one 
period) .025, steel (another period) .030 ; con- 
verter slag, nil. The presence of .02 to .03 per 
cent. in the steel he had always regarded as 
having no practical mechanical effect, a conclu- 
sion which Mr. Stead’s paper showed they 
were quite justified in having arrived at. Indeed, 
it was quite clear, from what had been said as to 
basic Bessemer steel with up to even .18 per cent. 
of arsenic, that the effect of .03 per cent. on the 
mechanical and physical properties is, for practical 
purposes, totally negligible. But whilst the con- 
sumer in no way suffers from the presence of 
arsenic within the limits stated, this small quantity 
may, in an indirect way, cause annoyance to the 
maker, particularly in the case of basic steel, as 
that material is more closely watched for phos- 
phorus than acid steel. The speaker referred to 
the fact that, unless first separated by methods 
too tedious for regular use, as they took five or six 
hours at the least, the quantity of arsenic men- 
tioned makes the phosphorus appear higher than 
it really is by from .01 to .02 per cent., according 
to the manner in which the phosphorus estimation 
is conducted. Theoretically every .03 per cent. of 
arsenic, if estimated as phosphorus, should show 
an equivalent of .0126 per cent. If this could be 
relied upon, it would not so much matter when 
testing samples in which the arsenic was known to 
be practically constant, as then the right allow- 
ance could be made. Unfortunately it did not 
come down regularly, but varied considerably with 
different temperatures, and generally upsets the 
results. Mr. Ridsdale next referred to the presi- 
dential address of Mr. Windsor Richards, delivered 
at the last spring meeting, in which the author de- 
plored the frequent discrepancies of analyses and 
then dwelt upon the want of standard methods. He 
had quoted an instance of three samples of steel 
tested for phosphorus by different chemists in 
America. The results were that No. 1 sample 
varied from .035 to .042, showing a discrepancy 
equal to .007 ; No. 2 sample varied from .041 to 
.056, the discrepancy being .014; whilst in No. 3 
sample the variation was from .019 to .033, the 
discrepancy again being .014. Mr. Richards had 
spoken of the vexation and loss occasioned in this 
way. There was no doubt that arsenic was ina 
great measure responsible for many of the dis- 
crepancies that were met with. Mr. Babbett 
Thurlow, in a paper read before the American 
Institute of Mining Engineers, had drawn attention 
to the different quantities of arsenic precipitated at 
different temperatures, and the speaker had madea 
few experiments on the same lines. This he had 
done by adding definite quantities of arsenic to a 
steel containing .056 per cent. of phosphorus. The 
results which he gave fully bore out the points 
referred to. Mr. Ridsdale has kindly furnished us 
with a copy of the figures, which we give in the 
form of a Table : 
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Arsenic Arsenic Equivalent | : 
present per added equal Percentage | a in Percentage 
100 Parts to Per if estimated) ® ae aaa 
Phosphorus. Cent. as | . 
Phosphorus. 
| 70 deg. F. | 180 deg. F. 
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&9.30 -05 -0210 = = 
0% 0 
178.60 .10 .0420 { ‘080 = 
9 vf ‘ 067 .061 
287.90 15 0630 {tes = 
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357.20 .20 .0840 {061 ‘sol 


The Table shows clearly that results much too 
high are obtained when arsenic is present ; and if 
only small quantities, up to 0.3 per cent., are 
present, there is an additional error when allowed 
to settle at a high temperature. As the proportion 
of arsenic to phosphorus increases, the speaker 
went on to point out, the results tend to come 








slightly lower and more irregular. In this respect 
arsenic behaves like vanadium, the effect of which 
on the precipitation of phosphorus the speaker had 
described in a paper read before the Society of 
Chemical Industry in February, 1888. Mr. Rids- 
dale found that with small quantities of arsenic, 
such as were present in the steel produced by his 
company, not muchabove half that of the phosphorus 
present, results which are practically correct may 
be obtained by settling at 70 deg. Fahr., and allow- 
ing the constant arsenic equivalent. So much, 
however, does the irregularity increase as the pro- 
portion of arsenic incteases, that when the arsenic 
is several times the phosphorus it is difficult to 
get at all accurate results. As an instance of this, 
the speaker mentioned that a well-known hematite 
pig used for high-class work, but containing about 
.05 per cent. of arsenic and .01 per cent. of phos- 
phorus, was tested by several chemists with most 
divergent results. Equally annoying results, Mr. 
Ridsdale continued, were obtained when testing 
many metal samples ; and his object in speaking 
on the subject was to draw attention to the inter- 
ference of arsenic with phosphorus estimations. 
He would emphasise the importance, therefore, of 
providing against this disturbing effect present in 
ordinary methods of procedure by letting the pre- 
cipitate settle at a low temperature (70 deg. Fahr.), 
and deducting the ascertained constant for arsenic 
present. 

Mr. Tucker said that in the experiments he had 
made with Mr. Harbord, which had been referred 
to, the ingots operated on were honeycombed, as 
they did not know at that time the use of alumi- 
nium, to which Mr. Stead had referred. It might 
also be that, in consequence of the imperfect con- 
struction of their furnace, greater oxidation in 
ingots took place. He would like to know at what 
limit Mr. Stead noticed the smell of arsenic to 
which he referred. 

Mr. Windsor Richards said there was one point 
in which the meeting would be unanimous in not 
agreeing with Mr. Stead, and that was in his re- 
nunciation of credit in the preparation of the 
paper. The question was one of the greatest in- 
terest to steel-makers, and it was of commercial 
importance that arsenic and phosphorus should 
no longer be bracketed together. Mr. Ridsdale had 
made reference to the remarks contained in his 
(the speaker’s) presidential address, and had 
appeared to think that the percentage of .014 phos- 
phorus he had mentioned as existing in steel was of 
small importance. When, however, a steel-maker 
was under contract to supply steel of a certain 
analysis, and an eminent analyst, say Mr. Edward 
Riley, found he had to reject a cargo of steel rails 
after they had been placed on board for shipment, 
it was no trifling matter. They had to get three or 
four chemists to analyse the steel, the ship being 
kept in the meantime, with demurrage of probably 
251. a day, until at last it was found that the steel 
was innocent, and it was the fact that arsenic and 
phosphorus were bracketed together that caused 
the apparent excess of the latter material. In regard 
to standard analysis he was glad to state that Sir 
Frederick Abel had reported on this subject to the 
Council of the British Association for the Advance- 
ment of Science, and the figures he had quoted 
would be given in the next volume of the Pro- 
ceedings. 

Mr. Edward Riley here said that he always gave 
in his analyses phosphorus and arsenic separately. 

Mr. Ridsdale wished to explain that he did not 
want to convey the impression that the difference 
of .014 phosphorus was not important, but he 
wished to show how that difference might be 
brought about. 

Mr. Snelus said that he had found arsenic to 
exert considerable influence in introducing iron 
into zinc to make a special alloy. Speaking from 
memory, and subject to correction, he found that 
12 per cent. of iron could be introduced into zinc, 
but when arsenic was present they got about 30 
per cent. of iron into the zinc. The facts, though 
not bearing directly on the experiments quoted by 
the author, were of collateral interest. 

Mr. Bauerman said it would appear from the 
Table that carbon had a good deal more to do with 
the results of the figures than arsenic, and although 
arsenic might be described as another phosphorus, 
it was a very weak phosphorus so far as any de- 
teriorating effect on the steel was concerned. 
Nevertheless, arsenic did give some rigidity to the 
steel, and to that extent was similar to phosphorus. 
He would like to see how the steel referred to, 








containing arsenic, would behave at extreme low 
temperatures, as then rigidity would become ob- 
jectionable. That fact was also true of nitrogen, 
which might also be described as a feeble kind of 
phosphorus. The grain in the steel appeared to be 
altered by arsenic, and that had an analogue in the 
manufacture of shot, the lead being made hard by 
the addition of a small quantity of arsenic. 

Mr. Harbord said he had long considered that 
arsenic was not so bad as it was thought to be, but 
there were not sufficient experiments on the sub- 
ject to enable a definite opinion to be formed. He 
was, therefore, glad when Mr. Stead approached 
him on the subject, to co-operate in making the 
experiments. All the tests were very carefully 
carried out, and he was sure that the samples did 
contain the exact amount of arsenic stated. In the 
paper read by Mr. Tucker and himself in 1888, 
it was stated that .17 of arsenic had an injurious 
effect on cold bending, but there was no red- 
shortness. In his tests in welding there was found 
a slight difference, for with .17 arsenic the steel 
could be welded, but not so easily as when arsenic 
was not present. His smith made some welds 
with .15 arsenic, but he had great difficulty in 
doing so, and had to make three tries before he 
succeeded. He did not agree with Mr. Paul that 
arsenic was similar to manganese, as it had more 
effect on the welding properties. 

Mr. Paul here said that he only intended to 
convey the impression that the effect of manganese 
and arsenic would be similar in regard to physical 
behaviour. 

Sir Henry Bessemer said that he had not intended 
to speak, as his medical attendant had forbidden 
him to do so, on account of a weakness of the throat 
from which he was suffering. He was, however, so 
interested in the discussion that he could not allow 
the subject to pass without confirming what had 
been stated. This he was able to do from very 
early experience in his own work. When he was 
endeavouring to introduce the material which bore 
his name, he made a high quality steel from 
Swedish pig, for which he paid 6/. to 7/1. aton. He 
found, however, that some ores were almost equal 
to Danomora pig, but as they contained notable 
quantities of arsenic, he felt inclined to reject them, 
although they were otherwise pure; there was no 
sulphur, and only a trace of phosphorus. He was 
then producing a tool steel, and ultimately found 
that no injury whatever was due to the arsenic. 
The steel was, perhaps, Jess brilliant, but practi- 
cally as good, 

Mr. Stead, in replying, said he was very gratified 
at the discussion which had followed the reading of 
his paper. One of the chief problems raised was 
what companion arsenic should have. Should it be 
divorced from phosphorus and given a fellow more 
suitable to its character ? Perhaps manganese might 
be selected, or perhaps silicon. Arsenic was not 
like phosphorus, however, except in the one fact 
that it increased tenacity and reduced contraction of 
area, but both manganese and silicon did this also. 
Phosphorus, however, reduceselongation materially, 
which arsenic does not. Mr. Edward Riley acted 
in the best way in determining phosphorus, which 
should be removed from the arsenic, even if the 
process were tedious. As to Mr. Ridsdale’s 
remarks, there certainly was an extraordinary 
variation found in analysis. In one case the 
maker of a certain pig found it to contain 
three times the phosphorus that the analysis 
which he (Mr. Stead) had made, showed it 
to contain. That was rather an unusual cir- 
cumstance, to find the maker of the iron giving it 
a worse character than another person. Chemists 
on the Continent showed great differences, and this 
was due to the arsenic, in the varied manner it 
came down, the difference varying from 500 to 5000. 
It was, therefore, important to get rid of the 
arsenic first. Mr. Riley had asked where the 
arsenic came from. It came from the ores, and 
sometimes from the spiegel; both Cleveland ores 
and Cumberland hematite have arsenic. He agreed 
with Mr. Wigham that further trials were required 
to determine the effect of arsenic with high carbon 
steel, and he proposed to carry these out. He ad- 
mitted want of accuracy in regard to temperatures, 
as suggested by Mr. Paul, but this was intended to 
be a practical paper, and the matter was treated 
on the usual lines of manufacture. Still he agreed 
that greater accuracy would be an advantage, and 
in future experiments he would take care that 
point was observed. He would point out that 
in the sample of steel referred to by Mr, 
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Paul, the .3 of carbon itself would have a harden- 
ing tendency and mark the effect of the arsenic. 
Mr. Paul’s experiments as to heating and 
bending specimens, showed the difference between 
phosphorus and arsenic. If the sample had con- 
tained phosphorus in place of arsenic, it would have 
broken like spiegeleisen. Mr. Tucker had pointed 
out that his experiments were with small ingots, 
and oxidation might take place, but the speaker 
had stated that small quantities of arsenic were 
not injurious, but large ones. The remarks of Mr. 
Snelus were of interest. 


THe Mines or Expa. 

A paper on this subject by Mr. Herbert Scott 
was next read. It contained matter of historical 
and geological interest, and gave details of the 
present system of working. 

As the time for concluding the meeting had 
arrived, the President was forced to announce that 
any discussion on this paper would have to take 
place by correspondence. Owing to lack of time, 
also, the papers of Mr. Sergius Kern, on the 
‘* Manufacture of Steel Projectiles in Russia,” and 
Mr. James S. de Benneville, on ‘ Ternary Alloys 
of Iron with Chromium, Molybdenum and 
Tungsten,” were not read. The meeting then ter- 
minated with the usual votes of thanks. 

As already stated, the autumn meeting will 
take place in Birmingham, commencing Tuesday, 
August 20. 





THE UNION TERMINAL STATION AT 
ST. LOUIS. 
(Continued from page 564.) 

Tue annexed plan, Fig. 1, gives a clear idea 
of the arrangement of the station yard and build- 
ings. It will be seen that the main tracks over 
which trains from all parts of the Union converge 
to St. Louis, are almost at right angles to the sta- 
tion, and that from near Twentieth-street on the 
one hand, and Eighteenth-street on the other, four 
tracks converge, as far as Poplar-street, a little 
above which there is a long signal bridge ; from 
the narrowest point the tracks fan out to the 
station building, where there are 30 tracks 
under cover. The principal buildings in the 
station yard are those of the Adams Express Com- 

any, the Pacific Express Company, the American 

)Xpress ye de and the Wells Fargo Express 
Company. There is also, central with the axis of 
the train-shed, a power-house and signal tower. 
Before proceeding to describe the station yard 
arrangements, we may say a word about the 
illustrations which we publish on page 638. 
Of these engravings, Fig. 2 shows the main 
entrance on Market-street to the station build- 
ing and train-shed. The doors on the lower 
level give access to the general waiting-room, 
and the stairway leads to the grand hall, a part 
of the interior of which is shown by Fig. 5; 
this view gives a good idea of the arcaded gallery 
and the springing of the arched roof. Fig. 3 shows 
one of the elaborate electroliers used for illuminat- 
ing the grand hall; Fig. 4 illustrates the western 
approach to the station. The power-house shown 
on the plan is located due south of the station 
building, and 1687 ft. from it ; as stated above, it 
is on the central line of the station building. The 
size of the power-house is 67 ft. by 134 ft.; on the 
west side is the boiler-room, 54 ft. by 62 ft. ; this 
is followed by the steam heating apparatus, in a 
room 20 ft. by 34 ft.; the engine and dynamo room 
is 54 ft. by 62 ft. In the boiler-room are four 
Babcock and Wilcox boilers, each of 250 horse- 
power, and able collectively to work to 1250 horse- 
power. The furnaces are fitted with chain 
grates, and burn slack coal. In the engine-room 
there are three Buckeye engines, one of 200, 
and two of 100 horse-power. Each of these en- 
gines is coupled direct to a Siemens and Halske 
dynamo, the larger of 140 kilowatis, and the 
other two each of 66 kilowatts. The energy from 
these dynamos supplies 293 arc lights, and 3500 
incandescence lamps, which are distributed through 
the station building, train-shed, station yard, ex- 
press buildings, &c. There are 20 miles of con- 
ductors in the lighting system. It is found that 
this installation is insufficient for the demand, and 
a fourth engine of 400 horse-power, and a 500- 
kilowatt dynamo is to be added. When this is 
running there will be 350 arc lamps and 5000 incan- 
descence inthe system. In addition to the above 


there is a 5 horse-power engine and dynamo, 





PLAN OF UNION TERMINAL STATION, ST. LOUIS, U.S.A. 
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used for charging storage batteries, the current for 
which is used for operating the interlocking 
circuits, indicators, bells, &c. There are also two 
air-compressors and engines, each of 55 horse- 
power. The air is compressed to 80 1b. or 
100 Ib., and is employed for throwing over 
the switches and signals, for charging air 
cylinders on trains, and for operating the system 
of pneumatic tube conveyors in the station build- 
ing. Above the power-house is the signal tower, 
which controls the movements of all the trains 
within a radius of 1500 ft. The daily business 
done here is very heavy, involving the movements of 
247 trains per hour, during some hours of the day, 
which means the shifting of 1600 switches and signals 
perhour. There is nowhere else so large and im- 
portant an installation of the Westinghouse electro- 
pneumatic signal system, and experience has shown 
that it meets all requirements admirably. The 
plant consists of the air compressors and_ storage 

tteries already referred to ; the interlocking 
apparatus (see Fig. 6, page 638); the announcing 
instruments, and the switches and signals. The 
air is taken from the compressors (one of these of 
55 horse-power is sufficient for the work) through 
a 3-in. main to a convenient centre, whence the 
distribution is made to the various signal and switch 
movements by #-in. pipes. The current from the 
storage batteries is led to the switch and signal cy- 
linders, passing on its way through the interlock- 
ing machine, which is placed in the cabin at the top of 
the tower, commanding the whole of the station 





yard ; there are 131 levers in the machine, arranged 
in two parallel rows, 66 in the upper, and 65 in 
the lower, row. Over the levers is placed the 
interlocking mechanism, which prevents the move- 
ment of any lever until all the other levers involved 
with it in any combination shall have been placed 
in a certain position; this part of the work is 
mechanical, and is checked by an electric lock that 
prevents the completion of the stroke of the lever 
until the switch or signal has made its full move- 
ment. An additional safety device is introduced 
by rubber rollers connected on one side with the 
locking shafts, and on the other to hard rubber 
strips; both rollers and strips have phosphor- 
bronze bands inserted, and the wires from the 
battery are connected with the bands in the strips, 
the wires passing to the switch and signal valves 
being joined to the machine. The rollers revolve 
with the movement of the locking levers, and con- 
tact is made or interrupted by the want of con- 
tinuity in the bronze bands, and all of the 
levers and rollers must be in the required positions 
to produce any desired combination, or the switch 
or signal will not be operated. It would be impos- 
sible to convey a clear idea of this complicated 
mechanism without the aid of detailed drawings, 
but it may be said, in general terms, that if aswitch 
lever in the machine is in one of its extreme 
positions, a slight movement excites the lock magnet 
and releases the lock at the switch cylinder; a 
further advance excites one of the outside magnets 
and discharges the other, which causes the cylinder 
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McELROYS WATER-TIGHT DOOR. 
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valve to shift, admits the compressed air, and 
throws over the switch. If the movement of the 
lever is continued, the lock magnet is discharged, 
and the cylinder valve is locked in its new position. 
The operation of the signals is simpler since the 
air-pressure is used only to open the signal, and 
when released it returns to ‘“‘ Danger” by gravity. 
There are controlled at this station 119 points, 
including 99 single switches; 68 dwarf signals, 
and 33 main line signals, all being provided with 
compressed air cylinder valves and locking magnets. 
A wall model of the station yard faces the operator, 
and every movement set up in the yard is simul- 
taneously produced on the model. Announcing 
instruments are placed in the cabin ; these inform 
the operator as to the condition of the tracks, and 
instruct him as to what trains are ready to enter the 
station, and which ones are waiting to depart. 


(Zo be continued.) 





McELROY’S WATER-TIGHT DOOR. 

WE illustrate on this pase a form of water-tight 
door which is being introduced by Mr. Thomas Niccol, 
engineer, of 93, Hope-street, Glasgow, and of whicha 
number have already been supplied to the Japanese 
Government and to the Red Star and other ocean-going 
steamship lines. The arrangement of the door, which is 
known as ‘‘ McElroy’s quick-lowering and indicating 
water-tight door,” will be easily understood by a refer- 
ence to Figs. 1, 2, 3, and 4. Fig. 1 isa front view, show- 
ing the door partially lifted. For ordinary purposes 
the door is lifted or lowered by the screw rod either 
from below, by means of the handle H, or by a box 
key from deck ; and even by this ordinary action it is 
very quick in its movements, one man being able 
to lift a 4-ft. door full open in 40 seconds, and to 
close it in 20 seconds. There is a gearing rail 
E, Fig. 1, the underside of which is level with the 
top opening of the door. This rail is always made of 
cast steel, and is bolted to the door frame. The spiral 
rod R and screw shaft for lifting the door are 
stepped in this rail. It has also a projection for carry- 





wheel on the lower end of the screw shaft. From 
the illustrations it will be seen that the screw rod 
passes up between two brass wormwheels. These 
wheels, when the door is descending, revolve out- 
wards, so that should any coal or obstruction of any 
kind be lying on top, it is immediately thrown off. 
The mechanism of this door is as follows: In the rod 
R is cut a spiral groove, and in the brass screwed 
bush O (Figs. 3 and 4) there is cast a feather which 
fits into and works in this groove as the door goes up 
and down. Starting with the door closed, if the man 
in charge wishes to lift it, then with an ordinary 
spanner he gives the rod R a half-turn inwards towards 
the door ; this motion pulls down the end of the lever 
L (Figs. 3 and 4), thereby tightening the friction strap 
on the large wormwheel, and so the wheels become 
fixed, and form a nut through which the screw rod 
passes; the door can then be lifted from above 
or below. Supposing, now, the door is open, 
and requires to be closed quickly, then applying 
the spanner to the rod R, as above, a half-turn out- 
wards from the door is given. By this action it will 
be seen that the end of the lever at the nut N is lifted, 
thus opening the jaws of the friction strap, and 
allowing the brass wheels to revolve loose on their 
spindles, The door is thus free to run down, but in 
order that its speed may be regulated, aspring is fitted 
in the box D(Fig. 1), which grips the rod R, so that 
the workman has got to overcome the tension of this 
spring by pulling on his spanner, and by this means 
he is able to regulate the door’s descent, to stop it in 
any position (by merely relaxing his pull), or to let it 
down instantaneously. 

Whilst the door is being lifted or lowered, the feather 
in the screwed bush O, running in the spiral groove 
on rod R, causes the rod to give a half-turn, and thus 
indicates on deck if the door is open or shut. This 
spring in the box D renders it impossible for the rod R to 
turn through shock from gun-firing or any other sudden 
shock, such as the ship pitching heavily. A safety 
catch T is provided, by which, if desired, all possi- 
bility of the door being lowered can be avoided when 
men are working below it. This catch can be thrown 
free either from deck or below, since a half-turn of 
the handle H in the lifting direction knocks it on 
one side, freeing the door, which can then be lowered. 





THE DISENGAGING COUPLING OF THE 
‘NEW YORK.” 

On page 631 we give illustrations of the dis- 
engaging coupling used in the United States cruiser 
New York. The design is interesting from the fact of 
so large an amount of power being transmitted through 
it, at also from the fact that we have in our own 
Navy ships similar in design to the New York, having 
two sets of engines for each of the two propellers. The 
eneral arrangement of machinery in H.M.S, Blenheim 
is the same as that in the New York, excepting that 
the latter vessel is fitted with the disengaging coupling 
we now illustrate. There is a short line shaft between 





ing the mitre-wheel which gears with the mitre- 


and to the after end of this line shaft and to the for- 
ward end of the crankshaft of the after engines, are 
attached flanges 2 ft. 8 in. in diameter and 54 in. and 
34 in. thick respectively. These flanges are simi- 
larly cogged to a depth of 4 in. There are eight 
cogs on each flange, 64 in. wide at the points, 
and extending across the flanges. A steel sleeve, 
3 ft. 2 in. outside diameter, 2 ft. 8 in. inside dia- 
meter, and 10 in. long, is grooved inside to fit on 
the cogs on the flanges. The two sets of engines are 
both connected up to drive their | pian by run- 
ning up the sleeve over the cogged flanges, and thus 
keying the latter together ; and in the same way the 
forward set of engines is thrown out of gear by with- 
drawing the sleeve. The operations are performed 
by means of hand-worked bevel and worm gearing, 
the train of which is clearly shown in the illustra- 
tions. The two screws which move the sleeve work 
in eyes on a recessed loose collar. The go-ahead 
faces of the cogs are fitted with steel liners 14 in. 
thick. The planes of all the faces of the cogs, if 
extended, would be tangent to a 3-in. axial cylinder, 








The details of the arrangement are clearly shown 
in our illustrations, Fig. 1 being a side elevation, 
Fig. 2 a plan, Fig. 3 an end elevation partly in 
section, and Figs. 4, 5, and 6 separate details as 
indicated. 

On trial the collective power given off by all the 
main engines was 16,947. Of this 8635 horse-power 
was exerted by the two sets of starboard engines and 
8311 horse-power by the two sets of port engines, 
Dividing this again, we find that in the starboard 
engines 4295 horse-power was due to the forward set 
and 4340 horse-power to the after set ; on the port side 
the forward engines gave 4170 indicated horse-power, 
and the after ones 414] indicated horse-power. The 
engines are three-stage compounds, with cylinders 
32 in., 47 in., and 72 in, in diameter by 42 in. stroke. 
The boiler pressure on trial averaged about 176 lb., 
the revolutions about 135 per minute—equal to about 
944 ft. per minute piston speed. The ship is 380 ft. 
long, 64 ft. 3 in. wide, and the average speed on four 
hours’ run was 21 knots. 

The chief objection — against the use of two sets 
of engines on one line of shafting is that the wear of 
bragses and journals will be less rapid in the forward 
engines, which will be less frequently;used. The prin- 
cipal object of duplicating the engines is to secure an 
engine that will not be so large as to be uneconomical 
at the moderate speeds chiefly required in war time, 
whilst there will be a reserve of power for fighting 
purposes. It would seem that the expectations in this 
respect have hardly been fulfilled in the case of our 
own two big cruisers, for we are informed, on what 
we believe to be good authority, that the Blenheim is 
very seldom under steam with the engines disconnected. 
The Americans appear to have been more fortunate. 
In the first place, by reason of the disengaging ~~ 
ling now illustrated, the forward engines can 
thrown into gear in from 10 to 20 minutes. No special 
arrangement has been made to allow for the difference 





the two sets of engines which belong to each propeller, 


in the wear of brasses, but, after 18 months’ service 
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with the after engines only in operation, no appreci- 
able difference has been found in the two engines. 
short time ago, we are informed, the New York ran 
from New York to Hampton Roads with all her engines 
in operation, and made an average speed of 19.6 knots 
during a considerable portion of the run, though the 
forced-draught fans were not used. The run was not 
made on trial-trip form, the coal not being selected, 
and the ordinary personnel of the ship only being 
engaged, 

Sn the official coal consumption trial, made pre- 
viously to that last mentioned, the ship ran between 
New York and Philadelphia with both forward engines 
disconnected, for a period of eight hours. At the time 
four only of the six main boilers were in use. The 
steam pressure was 1351b.,and the total indicated horse- 
power of both sets of main engines 4422, divided fairly 
equally between the two. he average revolutions 
were 91 per minute. It will be seen, therefore, that 
each set of engines was giving out roughly about one- 
half the power developed on the full-speed trial—that 
is to say, the total indicated horse-power for main 
engines on the economy trial was not very much more 
than a quarter of that developed on the full speed 
trial. The average speed by log on the former trial 
was 15.73 knots. The fuel burnt on the official full- 
speed trial could not be ascertained with sufficient 
accuracy to be of use, but on the consumption trial it 
was 2.08 lb. per indicated horse-power per hour of 
**picked Pocahontas” coal, This was with 14.56 Ib. 
burnt per square foot of grate per hour, the heating 
surface per indicated horse-power being 4.48 square 
feet. 

We give these particulars of the New York’s 
performance because they bear on the question of dis- 
connecting engines. It is to be regretted that the rate 
of fuel consumption on the full-power trial is not known, 
but it must evidently have been very high ; as, indeed, 
is a necessity in ships where so much has to be sacri- 
ficed to a maximum speed. It would have been inter- 
esting had the New York made two consumption trials, 
one with the steam the boilers could most economically 
generate distributed between all four sets of engines, 
and another with only two sets of engines in use, the 
total power developed being that required to drive the 
ship at that speed most often required during cruising. 

The New York was dentaund by the United States 
Navy Department at Washington, the machinery being 
designed by the Bureau of Steam Engineering, of which 
Commodore Melville is the chief. The details of the 
official trials are taken from an exhaustive paper con- 
tributed to the American Society of Naval Engineers 
by Mr. E. R. Freeman, Passed Assistant Engineer, 
U.S.N., and Mr. M. A. Anderson, Assistant Engineer, 
U.S.N., to whom we beg to express our thanks. We 
would also take this occasion of expressing our fre- 
quent indebtedness to the Journal of the Society for 
much valuable information on the subject of trials 
made mostly in the United States Navy. It is nota 
very gratifying thing to the people of the foremost 
maritime country of the world that we should so often 
have to go abroad for instruction on marine engineer- 
ing questions, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 8, 1895. 

Tue attempt to mark prices up has failed in parts. 
Concessions are being made in Western Pennsylvania 
on midsummer deliveries. Open quotations have not 
been changed, but actual selling prices are fraction- 
ally higher than 60 days ago. There is a hesitancy 
among large consumers over the placing of all mid- 
summer requirements at this time. Some few plate 
and structural mills have most of their capacity for 
three months engaged, though not in full. Steel rail 
makers report a backward demand. Girder rails are 
doing well, Tinplate mills are crowded with work. 
Cast pipe contracts are crowding in, and some mills 
have contracts that will not be completed until Oc- 
tober. Bar, sheet, and skelp mill work has been 
plenty for several weeks. The stronger probability 
of good crops is giving more confidence. Financial 
conditions are improving. The over.production of 
anthracite coal has demoralised the market. Cotton 
moved up a few points. Petroleum is strong. There 
is an undertone of confidence in all commercial 
centres. 


FAST RUNNING ON THE PENNSYLVANIA 
RAILROAD. 

WE have received from the Pennsylvania Railroad 
Company an official report of the run of the special 
newspaper train from Philadelphia to Atlantic City vid 
Camden and Atlantic Railroad, made on Sunday, April 
21 last. The particulars are as follows : 

The train consisted of one combined passenger and 
baggage car No. 5116, and P. R. R. class ‘‘ P” locomotive 

Yo. 1658. 

This locomotive and car were taken out of regular ser- 
vice, not in any way having been specially prepared for 
fast movement, The locomotive ran the 4.1 pm. train 
to Atlantic City on Saturday afternoon, and was returned 
to Camden Saturday night for this special movement. 











The principal dimensions of locomotive No. 1658 are as 


A | follows : 

Number of pairs of driving wheels 2 
Diameter of driving whee : 78 in. 

ne cylinders Ds 
Length of stroke... ais Ss 24 ,, 
Pressure of steam per square inch 175 |b. 
Weight of locomotive in working 

order.. see sie Sat 122,600 Ib. 


Fuel used *:) Bituminous coal 


The boat connecting with this train left Philadelphia 
exactly at 5.30 a.m. Newspapers were transported on 
it in an ordinary baggage truck, On arrival at Camden 
the truck was hauled to car and newspapers transferred. 

The train left Camden Station at 5.357 a.m., and 
arrived at Atlantic City at 6.214 a.m. 


Running time from Camden to 


Atlantic City... 5 ne 45? minutes 
Distance, Camden to AtlanticCity 58.3 miles 
Average speed os ere ... 764 miles per hour 


From Liberty Park to Absecon, 49.8 miles; running 
time, 374 minutes. Average speed, 79.7 miles per hour. 
From Berlin to Absecon, 35.6 miles; running time, 
25? minutes. Average speed, 82.9 miles per hour. 
From Winslow Junction to Absecon, 24.9 miles; run- 
ning time, 16 minutes. Average speed, 83 miles per hour. 
Fastest mile, 41 seconds—equivalent to a speed of 87.8 
miles per hour. ‘ . 
Special Newspaper Train, Philadelphia to Atlantic City, 
vid Camden and Atlantic Railroad, Sunday, April 21, 
1895. Statement Showing Running Time between Stations, 


Distance from 


"ae te Station. Time. 
Philadelphia 5.30 
Camden 5.35? 
1.9 Liberty Park 5.38 
4.0 Collingswood 5.40 
5.4 Westmont 
6.5 Haddonfield 5.42 
9.4 Ashland 5.444 
11.1 Kirkwood 5.454 
12.2 Lindenwold 5.464 
13.5 Lucaston et 
16.1 Berlin 5.49 
18.7 Atco 5.52 
22.5 Waterford 5.544 
24.5 Ancora 5.56 
26.8 Winslow Junction 5.574 
30.0 Hammonton 6.00 
32.1 Da Costa 6.01 
36.1 Ellwood 6.04 
41.0 Egg Harbor 6.073 
43.8 Germania 6.09% 
46.2 Pomona 6.11 
51.7 Absecon Gist 
57.4 Drawbridge 6.20 
58.3 Atlantic City 6.214 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was a 
pretty numerous attendance on ’Change here, but the 
market was not so cheerful in tone as it has been lately, 
and quotations were somewhat easier. Merchants, in fact, 
accepted considerably lower rates than have recently 
ruled, but producers of pig iron, nearly all of whom are 
pretty well off for work, were not at all disposed to reduce 
their quotations, regarding the lull as only temporary, and 
accounting for it by speculators realising. It was said 
that a good number of people not connected with the 
iron trade, who invested a little money in warrants 
some time ago, had, during the past few days, 
been selling. Several makers still named 36s, for 


early f.o.b, delivery of No. 3 g.m.b. Cleveland pig | 


iron, and would not quote below that figure, but others 
were prepared to sell at 35s. 9d. A few odd lots were 
sold by merchants at as low a figure as 35s. 4$d., and 
buyers reported that they experienced no difficulty in 
purchasing the ruling quality at 35s. 6d. For delivery to 
the end of next month 35s. 9d. was said to have been 
accepted for No. 3. The lower qualities were somewhat 
easier, in sympathy with No. 3, but as a rule 34s. 6d. was 
asked for No. 4 foundry, and 34s. for grey forge. Middles- 
brough warrants opened at 35s, 10d. and closed 35s. 8d. 
cash buyers. East coast hematite pig iron was in fair 
request, but there was an abundant supply ; from 42s, 6d. 
to 42s. 9d. was generally named for early delivery of 
Nos. 1, 2, and 3. Rubio ore was quoted 12s. ex-ship Tees. 
To-day the market was flav. Information from other 
iron-producing centres was of a discouraging kind, and 
this, of course, unfavourably influenced affairs here. 
There were plenty of sellers of No. 3 at 35s. 6d. Middles- 
brough warrants eased to 35s. 6d., which was the closing 
cash price of buyers. 


Manufactured Iron and Stecl.—There is not much new 
to report with regard to the manufactured iron and steel 
trades. If anything. there is a slight improvement, but 
it is really only trifling. More inquiries are reported, 
and quotations for shipbuilding material have an upward 
tendency, but advances are very slow. Several firms, 
however, are better employed than they were a_ little 
while ago, and it is some consolation to see the trade 
generally moving slightly in the right direction. Bar 
makers still complain of slackness, and prospects in this 
branch are certainly not bright. Common iron bars are 
quoted 4/. 15s.; best bars, 5/. 5s.; iron and steel ship- 


plates each 4/, 15s. to 4/. 17s. 6d.; and iron and steel ship- | i 


angles each 4/, 12s, 6d,—all less the customary 24 per 








cent. discount for cash. Heavy sections of steel rails 
remain at 3/. 12s. 6d. net ab works. 


The Coal and Coke Trade.—Coal, on the whole, is 
steady, and is in fairdemand. (On Newcastle Exchange 
best Northumbrian steam coal is about 8s. 9d. f.0.b., and 
second qualities 8s., whilst steam small is 3s. 6d. Gag 
coal is quiet, and some local contracts in the market are 
expected to be decided shortly at prices considerably 
below those of a year ago. Bunker coal is irregular, and 
varies in price from 6s. 3d. to 7s. 9d., according to 
quality. There is no alteration in manufacturing coal, 
Household coal, as is generally the case at this season of 
the year, is very dull. Coke keepsstiff. Here the demand 
is heavy, and the price of 12s, 3d. is maintained for good 
blast-furnace qualities delivered at Cleveland works, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Improvement in the Heavy Trades.—Taken all round, 
the iron and steel trades of the district have shown an im- 
provement since the opening of the month. The rise last 
month of 5s. per ton in the price of common bar, now 
51. 103. per ton, indicated that makers were aware require- 
ments were heavier than was indicated by the market, 
and that stocks were being worked down, whilst new con- 
tracts were not being issued. This has led to buyers, 
whose stocks were running low, coming forward, and 
business lately has been of a healthier description. 
Though agents of Staffordshire houses are very active 
throughout Yorkshire, a large percentage of orders for 
common and marked iron is being placed locally. Some 
very fair lines for cable and other irons used in the 
shipyards have also been received within the past few 
days, and travellers are sending in more encouraging 
reports. Pig iron remains at last week’s quotations, but 
hematite is realising 50s. to 52s. per ton at Sheffield or 
equal. More cheertul reports are coming in as to work at 
the foundries, but the competition is still very keen, and 
there is dissatisfaction in some quarters as to the want of 
uniformity in prevailing wages. At the steel foundries, 
business, that was flat, shows a slight tendency to 
revive. Agents of Bessemer billets report that the 
tone of the market is upward, and they are chary 
of accepting contracts for heavy forward deliveries 
at 5. 7s. 6d. per ton, which is the ruling market rate. 
In connection with railway material, there are some 
important inquiries from India and on Australian account, 
but the home market is quiet. It is stated that the 
Manchester, Sheffield, and Lincolnshire Company have 
placed the contract for the tyres of their 76 new loco- 
motivesin Germany, buta Sheffield firm has obtained the 
order for the wheel centres. As has been previously 
stated in these columns, there has appeared to be an 
understanding for years past in this country as to 
prices of tyres, and this may cause a revision of rates. In 
regard to cast steel, the demand is principally on United 
States, South American, and colonial account, and only 
best qualities are asked for, the principal orders being 
in the hands of the leading firms. Orders from the 
collieries for both iron and steel are also coming in a little 
more freely. 

Engineering and Associated Departments.—Some of the 
machinists, mostly those engaged on agricultural work, 
are finding the home trade slack during the present 
season, but there has been a good demand for export. 
Flatness in the cotton and wool industries has had a 
serious effect, but there seems a slight recovery, and pro- 
spects are brighter. Makers of traction and light engines 
are fairly well off for work in every part of the district, 
and the number of unemployed mechanics is now com- 
paratively small. The engineers’ departments in the large 
mills at Sheffield engaged on armour-plates and large 
ordnance and marine torgings, are very busy, and likely to 
be for many months to come. In the minor branches of 
the engineering trade there are not the complaints that 
were noticeable in the earlier months of the year, and it 
may be taken that the industries generally are in a satis- 
factory condition. 


The Strike at North Gawber and Woolley Collieries.— 
This continues, but the men have not been unanimous in 
their action. Some have resumed work, but have given 
in their notices again. There has been little or no nego- 
tiation for a settlement, and so far there seems to be little 
disposition to make any effort in that direction on either 
side. The pits had been running only three days per 
week before the strike took place, and the Beamshaw pit 
is still working. 


The Coal Market.—There has not been much improve- 
ment in the demand for steam coal. Values are weak, 
and contracts are said to have been entered into recently 
at as low as 6s. a ton pit price. Barnsley hards are 
6s. 6d. to7s. ; seconds, 6s.; riddled slack, 4s. to 5s.; pit 
slack, 2s.; gas coal, 6s. to 7s. 





NOTES FROM THE SOUTH-WEST. 

Dock Matters at Gloucester.—The half-yearly meeting 
of the Sharpness New Docks and Gloucester and Berkeley 
Navigation Company was held on Wednesday at 
Gloucester, Sir W. H. Marling, Bart., in the chair. The 
accounts showed a diminution in receipts of 2651/., as 
compared with the corresponding period of last year ; 
this was attributed to the severe frost of last winter, 
which closed the Worcester and Birmingham Canal 
during 42 days, and the Gloucester and Berkeley Canal 
during 22 days. The chairman claimed that the 
management had been economical, as, while the tonnage 
receipts were 2651/. less, the actual diminution in the 
available balance was only about 23007. The directors, 
in rrr of the policy indicated in their last report, 
had entered into contracts for an extension of the south 
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entrance pier at Sharpness Docks, and for the erection of 
600 ft. of quay wall on the north side. The dredging of 
the docks the company would probably carry out 
themselves, to a uniform depth of 25 ft., which would 
greatly facilitate the dealing with large vessels. The 
chairman proposed the payment of a dividend of 24 per 
cent. upon the A preference stock, leaving 3827. 11s, 1d. 
to be carried forward. 


Defences of Plymouth.—During the past few months, 
the Defence Committee at Plymouth has spent 2000/. in 
laying foundations and making —— arrangements 
for an immense boom to defend the harbour in time of 
war against hostile torpedo-boats. The Lords of the Ad- 
miralty have sanctioned a further expenditure of 3500/., 
of which 2500/. will be spent in providing chains and wire 
cables and spars, while the remaining 1000/, will be ex- 
pended in labour. 


The ‘*Ferret."—The Ferret, torpedo-boat destroyer, 
went out from Plymouth on Thursday for a three hours’ 
full-power trial of her machinery with forced draught. 
The following were the mean results: Pressure in stoke- 
holds, 4.6 in.; vacuum, starbodrd 26.5, port 26.5; re- 
volutions, starboard 338.1, port 334.4; indicated horse- 
power, 4300. The highest indicated horse-power obtained 
was 4430, the same which the contractors obtained during 
a full-power trial on the Clyde, when aspeed of 27.5 knots 
per hour was registered. On Thursday the speed attained 
was 25.5 knots per hour. The engines worked extremely 
well, and the boilers (of the Normand type) generated 
steam without priming. Messrs. Laird Brothers, of 
Liverpool, the designers and builders of the Ferret, have 
received an order for some 30-knot boats recently designed 
by the Admiralty, 


Cardif.—The steam coal trade has shown more activity, 
and the best qualities have advanced to 10s. and 10s. 6d. 
per ton, while secondary qualities have brought 9a. to 
9s, 6d. per ton. The house coal trade has exhibited no 
improvement. No. 3 Rhondda large has made 9a. to 
93. 6d. per ton ; foundry coke has made 15s. to 16s., while 
furnace ditto has brought 13s. to 133. 6d. per ton. Iron 
ore has been in good demand ; the best rubio has made 
lls. to 1ls. 3d. per ton. The manufactured iron and 
steel trades have shown rather more activity, the demand 
for steel rails on foreign account having improved ; heavy 
= have made 3/. 12s. 6d. to 3/. 15s. per ton at the 
works. 


Municipal and County Engineers.—The members of the 
South Wales district of the Incorporated Association of 
Municipal and County Engineers visited Cardiff on 
Saturday. The principal feature of the ~~ was a paper 
by Mr. Harpur, borough engineer, upon the growth of 
Cardiff. Mr. Harpur stated that in 1871 the population 
of Cardiff was 56,911, while it is now estimated at 
155,637. Cardiff might thus justly claim to be one of the 
most rapidly increasing towns in the United Kingdom. 
An expenditure of 32,0007. had been recently made for elec- 
tric lighting. A sanatorium had been provided upon a site 
12 acres in extent. The cost of the building and furnish- 
ing would amount to 37,000/., exclusive of the cost of the 
land. Roath Park would involve an estimated outlay of 
55,0007. Mr. Harpur was highly complimented upon his 
paper. The Mayor entertained the members of the asso- 
ciation at luncheon, Mr. A. M. Fowler, of Manchester 
and Westminster, the President of the Association for the 
year, responding to the principal toast of the occasion. 


South Wales Coal and Iron.—The shipments of coal | ¥’ 


from the four principal Welsh ports in April were as 
follows: Cardiff — foreign, 704,079 tons; coastwise, 
130,617 tons. Newport—foreign, 196,108 tons; coastwise, 
63,640 tons. Swansea—foreign, 102,072 tons; coastwise, 
54,646 tons. Llanelly—foreign, 15,580 tons; coastwise, 
7369 tons. It follows that the aggregate shipments 
of coal from the four ports in April were—foreign, 
1,017,839 tons; coastwise, 256,272 tons. The shipments 
of iron and steel from the four ports in April were: 
Cardiff, 5784 tons; Newport, 255 tons; Swansea, 220 
tons; Llanelly, nil ; total, 6159 tons. The shipments of 
coke were: Cardiff, 9766 tons; Newport, 320 tons; 
Swansea, 504 tons; Llanelly, nil ; total, 10,530 tons. The 
shipments of patent fuel were: Cardiff, 28,937 tons; 
Newport, 6226 tons; Swansea, 16,236 tons; Llanelly, 
mil; total, 51,399 tons. The aggregate shipments of 
coal from the four principal Welsh ports during the 
four months ending April 30 this year were as follows: 
Cardiff, 4,008,248 tons; Newport, 1,083,036 tons ; Swan- 
sea, 545,998 tons; Llanelly, 73,607 tons; total, 5,710,889 
tons. The aggregate shipments of iron and steel were: 
Cardiff, 10,403 tons; Newport, 3115 tons; Swansea, 
887 tons; Llanelly, nil; total, 14,405 tons. The aggre- 
gate shipments of coke were: Cardiff, 34,571 tons ; New- 
port, 1820 tons ; Swansea, 4602 tons; Llanelly, nil ; total, 
41,003 tons. The aggregate shipments of patent fuel 
were: Cardiff, 96,079 tons; ewport, 14,504 tons; 
Swansea, 62,331 tons; Llanelly, nil ; total, 172,914 tons. 


The Ebbw Vale Works.— Mr. F. Hilton, general 
manager of the works of the Ebbw Vale Steel, Coal, and 
Tron Company, Limited, has resigned his appointment. 
Mr. Allen, one of the directors, is expected to act tem- 
porarily as manager. 


The ** Andromeda.”—An Admiralty memorandum re- 
ceived at Pembroke on Monday intimated that a new 
first class cruiser, which is to be commenced at that yard 
during the current year, will be named the Andromeda. 
She will be of an improved Blake or Royal Arthur type; and 
although no detailed particulars are to hand at present, 
it is believed she will be one of four cruisers of the follow- 
ing dimensions: Length between perpendiculars, 435 ft. ; 
ditto on the water-line, 455 ft. ; extreme breadth, 69 ft. ; 
mean draught, 25 ft. 3 in.; displacement, 11,000 tons ; 
bunker capacity, 2000 tons; mean speed, 204 knots per 








hour. The Andromeda will be laid down in the slip 
vacated by the Renown. 





NOTES FROM THE NORTH. 

Gascow, Wednesday. 
Glasgow Pig-Iron Market.—The warrant market was 
strong and animated last Thursday forenoon, fully 25,000 
tons of iron being dealt in. As prices rose, the ‘‘ bears ” 
covered freely. Scotch advanced to 44s. 14d. per ton casb, 
equal to a gain of 54d. On Cleveland and hematite irons 
the gain was from 3d. to 5d. per ton. Scotch was heavily 
bid for at the afternoon market, and the price rose another 
moos 4 per ton. The closing settlement prices were— 
tch iror, 44s. 3d. per ton; Cleveland, 35%. 104d. ; 
Cumberland and Middlesbrough hematite iron, respec- 
tively, 4le. 114d. and 43s. per ton. On Friday forenoon 
the market was again much animated, and prices were 
very strong. Scotch iron was bought freely on behalf of 
outside investors, and the cash price rose rapidly to 
44s. 74d. per ton. A reaction took place, and the final 
rally was to 44s. 54d. It is probable that 20,000 tons 
were sold. A few lots cf Cleveland and hematite irons 
changed hands, and prices rose 2d. to 24d. perton. There 
was less buoyancy in the afternoon. Buyers of Scotch 
having apparently been satisfied, sellers offered warrants 
rather freely, and the cash price fell to 44s. 14d., being a 
drop of 6d. from the top price. The closing settlement 
prices were, respectively, 44s. 14d., 35s. 104d., 44s. 6d., and 
42s. 74d. per ton. The ‘‘ boom” in pig iron continued 
on Monday forenoon, when very large and animated deal- 
ing took place. It was calculated that some 30,000 tons 
of Scotch, 5000 tons of Cleveland, and 5000 tons of 
hematite irons changed hands. Scotch moved between 
44s, 64d. and 44s. 5d, per ton, leaving off at 44s. 54d. 
sellers. Cleveland rose 34d. and hematite irons 44d, to 
64d. per ton. There was less doing in the afternoon, and 
on a few realisation sales prices gave way rather sharply— 
from 24d. to 4d. per tov. Abt the close the cettlement 
prices were 44s, 3d., 36s., 44s. 9d., and 42s, 9d. per 
ton, respectively. Tuesday’s forenoon market was less 
animated, but about 10,000 tons of Scotch iron were sold, 
and of Cleveland a few lots, and less support being forth- 
coming, the price of the former dropped 14d., and of the 
latter 4d. per ton. Hematite iron gave way 2d. per 
ton. In the afternoon there was more business doing, 
but the tone was flaton a pressure of sales. About 15,000 
tons of Scotch were dealt in, and probably 5000 tons of 
other sorts. Scotch closed 3d. down from the morning, 
Cleveland 24d., and Cumberland and Middlesbrough hema- 
tite irons 4d. and 2d. per ton respectively. The settlement 
prices were, respectively, 43s. 9d., 35s. 9d., 44s. 3d., and 
423. 6d. per ton. The market was less excited this fore- 
noon, but still a fairly good business was done. About 
10,000 tons of Scotch iron changed hands at advanced 
prices. Things were a little easier in the afternoon, 
when a large business was done. The settlement 
prices were, respectively, 43s. 9d., 35s. 6d., 44s. 44d,, 
and 42s, 6d. per ton. The following are a few of 
the prices of No. 1 special brands of makers’ iron: 
Clyde, 48s. 6d. per ton; Gartsherrie, Summerlee, 
and Calder, 51s.; Coltnese, 52s. 6d.; Langloan, 61s. 
—the foregoing all shipped from Glasgow; Glengar- 
nock (shipped at Ardrossan), 49s. 6d. ; Shotts (shipped at 
Leith), 52s.; Carron (shipped at Grangemouth), 54s. per 
ton. There are 76 blast-furnaces in actual opera- 
tion in Scotland, as compared with 74 ab this time last 
ear Four of them are making basic iron, 27 are work- 
ing on hematite iron ore, and 45 are making ordinary iron. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 7317 tons, against 4402 tons in the corre- 
sponding week of last year. They included 240 tons for 
Australia, 190 tons for Germany, 770 tons for Russia, 778 
tons for Holland, 350 tons for China and Japan, smaller 
uantities for other countries, and 4382 tons coastwise. 
The stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood at 282,618 tons yesterday afternoon, 
as compared with 282,778 tons yesterday week, thus 

showing a decrease for the week amounting to 170 tons. 


Sulphate of Ammonia: Further Advance in Price.—A 
further advance of 2s. 6d. per ton was made in the price 
of sulphate of ammonia in the Glasgow market on Mon- 
day, when business was done at 101. 7s. 6d. for spot 
delivery. 


Finished Ironand Steel.—A fairly hopeful feeling is now 
showing itself in the finished iron and steel trades, but it 
cannot be said that the improvement in business bears any 
close relation to the advance in prices. Steel-makers are 
securing 51. per ton, less 5 per cent., and it is said that 
1s, 3d. more has been obtained for ship-plates. Makers 
of malleable iron, however, are not so fortunately placed, 
as consumers of that material steadily refuse to pay the 
increased prices asked. 


Glasgow Copper Market.—This market was very excited 
last Thursday, owing to the advance in prices reported 
trom New York, and the statement also that American 
producers have resolved upon a restriction policy as re- 
gards production. Over 300 tons of the metal were sold 
in the local market, and the price advanced to 431. 2s. 6d. 

r ton cash, thus showing a gain of 4/. 2s. 6d. per ton 
adi the end of March. Some 500 tons changed hands 
on Friday forenoon, when the cash price ranged between 
431. 12s. 6d. and 431. 18s. 9d., and three months between 
44]. 2s. 6d. and 44/. 10s. per ton, each reacting to the lower 
figures. In the afternoon sales were done down to 
431. 16s. 3d. per ton three months, being a drop of 6s. 3d. 
Over 400 tons changed hands on Monday forenoon, and 
brokers were much excited. The cash price rose to 
44]. 15s., and three months to 45. 5s. per ton, the market 
closing strong with sellers at 45/. 6s. 3d. Prices fluctuated 
rather violently in the afternoon, cash business being 
done down to 44/. 2s. 6d., and the three months’ price 








reaching 44/. 13s. 9d. per ton. Close on other 400 
tons were dealt in. Quite as large a quantity of the 
metal changed hands yesterday forenoon, but at easier 
prices. Between 200 and 300 tons changed hands in the 
afternoon, and by the close the prices had declined 
7s. 6d. to 8s. 9d. per ton respectively. This forenoon 
150 tons of copper were dealt in. Eventually the price 
weakened, and recovered to 44, 52. cash. In the after- 
noon 100 tons changed hands, 


Royal Scottish Society of Arts.—The twelfth wasting of 
the current session of this Society was held last Monday 
night, Dr. Wm. Taylor, President, in the chair. Several 
reports were submitted by committees on papers which 
had recently been contributed. The communications 
recommended to the favourable consideration of the prize 
committee were as follow: By Mr. Ferranti, on ‘‘The 
Electricity Meter and its Evolution;” by Mr. Ireland, 
on ‘A Portable Copying Press ;” by Mr. Frazer, on ‘‘ A 
Graphic Method of Recording Weather Observations ;” 
and by Mr. W. B. Blaikie, on ‘‘The mosphere ” 
(which the committee thought worthy of the highest 
reward). After the transaction of some other formal 
business, Mr. J. Cicero Smith describec, by means of 
diagrams on the screen, and exhibited a working model of 
his “‘ Direct Reading Micrometer Wire Gauge.” Ab the 
close the communication was remitted to a committee for 
consideration and report. Mr. W. B. Blaikie gave on 
his “‘ Cosmosphere,” by aid of an electric lamp representing 
the sun, a demonstration of the retrogradation of the 
shadow of an azimuth sundial. On the motion of the 
President, Mr. Blaikie was awarded a hearty vote of 
thanks. Lord Provost M‘Donald was admitted an 
ordinary fellow of the Society. 


New Shipbuilding Contracts —Messrs. Murdoch and 
Murray, Port Glasgow, have secured an order to build 
two saloon steamers for passenger service on the River 
Amazon. These steamers will be similar in design and 
dimensions to the four steamers which they built last year 
for the same owners. The engines are to be supplied by 
Glasgow firms. Messrs. A. Rodger and Co., of the same 
town, have contracted to build a large screw steamer of 
5500 tons deadweight carrying capacity for Mr. Hugh 
Hogarth, Glasgow and Ardrossan. She will be supplied 
with triple-expansion engines. The same builders have 
just laid down the keel of a 1600-ton sailing ship as an 
addition to the ‘*‘ Glen” Line of Glasgow. 





Coat IN ILLINOIS.—It appears that 72 new coal mines 
were opened out last year in the State of Illinois, while 
120 were closed or abandoned. Notwithstanding the 
decrease of 50 indicated in the number of mines in 
working, the production last year exceeded that of 1893 
by 2,087,288 tons. A number of small mines were 
abandoned where their working was unprofitable ; buei- 
ness is now concentrated in the larger mines, with 
improved facilities for working them, The mining of 
coal by machinery is rapidly increasing, 10 more mines 
having adopted the system last year, 





AN INSTALLATION OF ELEVATORS IN AN EDINBURGH 
WanreEnHousk.—In Messrs. Charles Jenner and Co.’s new 
building in Princes-street, Edinburgh, the Otis Elevator 
Company, Limited, 4, Queen Victoria-street, London, 
E.C,, have installed an elevator plant and five elevator« 
upon a system heretofore not made use of in this country, 
though used often in the United States. The plant is 
hydraulic, working under 80 lb. pressure from two 
working steam pumps, there being three passenger 
elevators and three service elevators and an hydraulic 
crane. The peculiarity of this installation is that a pres- 
sure tank is placed at an elevation of about 90 ft. ina 
tower of the building, this tank being of 3500 gallons 
capacity. The hydrostatic height is about 40 lb., the 
remainder of the pressure being obtained by compress- 
ing the air in the tank. From this tank leads a 4-in. 
pipe which is connected to a smaller pressure tank of 
1500 gallons capacity directly above the pumps. The six 
machines take water directly from this 1500-gallon tank 
by separate pipes, and the two pumps work directly to 
this tank. It will thus be seen that the 4-in. pipe between 
the two tanks acts not only as a delivery from the pump, 
but as a supply to the machines, the lower tank acting as 
the air chamber. 





Tur Tynz.—The April returns of the River Tyne 
Commissioners show a continuance of a serious decrease 
of trade. The coal and coke shipments from the Com- 
missioners’ docks during April amounted to 175,841 tons, 
as compared with 218,702 tons during April, 1894, a 
decrease of 42,861 tons. These figures bring the total for 
the first four months of the year to 607,484 tons, as 
against 856,877 tons during the corresponding feriod of 
last year, a decrease of 249,392 tons. The vessels loaded 
and despatched amounted to 178, of a tonnege of 116,113 
tone, as compared with 222 vesselr, of a tonnage of 
157,021 tone, during April, 1894, a decrease of 44 vessels 
and 40,908 tons. These figures make the total for the 
first four months of this year, 629 vessels, of a tonnage of 
429,937 tone, as against 839 vessels, of a tonnage of 570,306 
tons, during the first four monthe of 1894, a decrease of 
210 vessels and 140,369 tons. There is an increase of 4155 
tons in the merchandise handled, the total being 21,842 
tons, for last month, as against 17,687 tons during April, 
1894, but for the year up to the end of April the total 
has been 58,214 tons, as compared with 64,492 tons during 
the corresponding period of 1894, a decreate of 6078 tons. 
The number of vessels laid up in the river at the end of 
April was 82, of a tonnage of 72,086 tone, as against 93 
vessels, of a tonnage of 80,357 tons, at the end of March. 
The number of veseels launched during April was 8, 
making a total of 22 since the beginning of the year. 
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FOREIGN COMPETITION. 

THE comprehensive but somewhat hackneyed 
title which we have chosen as a heading for this 
article has received a wider meaning of late, a fact 
whichis brought hometo ussomewhat vividly through 
the address delivered last week by Mr. David Dale 
on taking office as President of the Iron and Steel 
Institute. No one is better qualified tospeak upon 
the industrial aspect of the iron and steel industry 
than Mr. Dale. His long and close connection with 
the trade, together with the active part he has taken 
in the conciliation of labour disputes—with such 
signal benefit to all parties concerned—has, as we 
state in another column, put him in a position to 
learn all that it is necessary to know on this subject. 
The wide grasp of a virile yet philosophic mind 
enables him to arrange these facts in orderly 
fashion, so as to produce a well-balanced and com- 
plete picture, such as is presented in his presi- 
dential address. 

Mr. Dale gives figures showing the progress 
made in this industry during modern times, and if 
we take only the British figures, the result is 
gratifying. For instance, 25 years ago the weekly 
output of a blast-furnace probably did not exceed 
400 tons per week ; but by improved methods of 
working we can now get more than three times 
that amount. This is a very satisfactory advance, 
but our self-complacency is somewhat rudely dashed 
when Mr. Dale reminds us that in the United 
States 2367 tons of iron have been produced by one 
furnace in a week; and still more when Mr. Car- 
negie later tells us that this figure, large as it is, is 
by no means the limit. The magnitude of produc- 
tion of iron per furnace is by no means the sole 





g| gauge by which success in the industry is to be 


judged. If this fact stood alone, we should have 
less cause to reconsider the typically national 
opinion in regard to the unassailable position of 


9| British industrial supremacy. 


The fact, however, by no means stands alone, 
for Mr. Dale goes on to tell us in the next para- 


®| graph of his address that in 1869 the total produc- 


tion of pig iron throughout the world was estimated 
Of this quantity the 


United States 14.5 per cent. ; leaving 39.2 per cent. 


,| for the rest of the world, out of which France and 


Germany each contributed a little over 11 per 
cent. In 1892 the total had risen to no less than 
26,859,544 tons, of which the United States made 





34.6 per cent. ; the United Kingdom, 25.4 per cent.; 
Germany, 18.4 per cent. ; whilst France declined to 
7.5 per cent. We will add to these figures relating to 
pig iron those given by Mr. Dale which refer to steel. 
In 1869 we find the total production of steel in the 
world was put down at 670,155 tons; in 1892 it 
was 12,019,114 tons. In 1869 the United Kingdom 
contributed 41 per cent. of the total, Germany 24 
per cent., France 16.5 per cent., and the United 
States 4.7 per cent. In 1892 the United States 
stood firat with 35.2 per cent. of the whole make 
of the world; the United Kingdom contributed 
24.7 per cent., Germany 21.7 per cent., and 
France 5.5 per cent. 

No doubt the comparative decline of British iron 
and steel production is largely due to what may be 
described as artificial causes in the shape of duties or 
the State restrictions of foreign countries. These 
are beyond helping, and we need not look on them 
with much misgiving, for what Protection grasps 
with one hand it loses from the other. If the 
United States put a prohibitive duty on rails, our 
steel-makers may sigh as they look on the splendid 
market that is closed to them, but we know that 
every dollar of that duty means so much insurance 
to us against competition in neutral markets at 
large. This is borne out by the figures, as we find 
that the export trade of America in iron and steel 
is insignificant at present, so that the magnificent 
total of that country is to be attributed to the ex- 
tension of home demands. What the future may 
produce if the home market becomes insufficient 
to keep the enormous productive power of the 
country fully employed is, however, a problem well 
worthy of consideration. Of one thing we may be 
sure, that the energetic American steel-makers will 
not allow their works to lie idle if there is a chance 
to cut into foreign markets. Whether the pro- 
tective system of the country will destroy that 
chance, whether the ingenious nature of the people 
will enable them to produce cheaply, in spite of 
protection and higher wages, or whether the fiscal 
scheme of the nation will be reformed, are matters 
that may supply food for interesting speculation 
upon which each can found his own conclusion. 

At the present time, however, it is Germany 
which is our growing rival in neutral markets. In 
1887 we exported 4,143,000 tons of iron and steel, 
not including machinery. In the same year Ger- 
many exported 1,260,000 tons. Last year our ex- 
ports had fallen to 2,545,000 tons, against which the 
German total was 1,439,000, The country that ranks 
next in importance as our rival is Belgium, which 
in 1887 exported 503,000 tons, and in 1893, the 
last year of which statistics are given, 406,000 
tons as against our 2,857,000 tons for that year. 

The figures given in regard to Germany are 
undoubtedly extreme, and do not represent a fair 
average for past years. That, however, is not the 
important question, the thing we are chiefly in- 
terested in being how far they may be taken as a guide 
for the future. In looking at the diagram Mr. Dale 
had prepared, by which the relative exports of 
different countries were shown, one could not but 
be struck by the great irregularity of the British 
curve compared to that of other countries. The 
line representing our own exports in iron and 
steel soars away to empyrean heights like a chain 
of mighty Alps overshadowing the lower foothills of 
the German line, or the less considerable eleva- 
tions of Belgium and France; whilst the short 
piece of United States exports represents the level 
plain below. Starting from our lowest point in 
1878, the British export line is but 12 divisions on 
the scale above the German line, but then a steep 
and sudden rise begins, checked somewhat in 
1880-1, until in 1882 we reach our Everest of 
4,353,000 tons. That has never been overtopped. 
Germany in the meantime had made but a slight 
advance, rising but one division in the scale during 
the four years, whilst we had soared through about 
21 divisions, so that we overtopped our nearest 
rival in the iron and steel markets of the world by 
32 divisions on the diagram, each division repre- 
senting 100,000 tons. After 1882 we commence a 
descent almost as rapidly as we made the ascent, 
but Germany plods on, and during the next year 
actually rises another division, an advantage which 
she slowly loses during the next two years, whilst 
we are tumbling from the heights. This brings us 
to 1885, when we are still 21 divisions above Ger- 
many. Than we soar again for another two years, 
surmounting nine divisions, whilst Germany follows 
our example, respectfully gaining two divisions, 
Then another fall and another rize, Germeny 
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sharing in the former and not the latter ; and this 
brings us to the eventful year 1890. At that time 
our record was 4,001,000, whilst that of Ger- 
many was 950,000, so that we were 30 divisions 
above our rival. Since then we have been falling 
rapidly, whilst Germany has been gaining steadily, 
so that the latest figures give us a superiority in 
height on the diagram of only 11 divisions. We 
are lower than we have been since 1879, whilst 
Germany has never been so high, as far as the 
records go. On the whole, then, Germany has 
reduced our lead of 3,200,000 tons of 1882 to 
1,100,000 tons of last year. With regard to 
Belgium and France, there is not much to say. As 
their trade sympathised little with our periods of 
inflation, so they suffer little in our time of depres- 
sion. Their curves are flat ; little soaring and less 
sinking. That, perhaps, is the happier state, 
though the average elevation may be inconsider- 
able. 

The problem that is of interest is, whether the 
lines on the diagram of Britain and Germany will 
continue to approach, or shal! we have another rise, 
as we had between the years 1878 and 1882, or 
between 1885 and 1889? Mr. Dale holds out hope 
from the promised development of railways in the 
Kast ; but here again, too, there is a note of warn- 
ing, though not for the immediate future. Asia, 
Africa, and Australia are almost virgin fields for 
railway enterprise. Who is to supply the rails, 
locomotives, and other rolling stock that must so 
surely be required, and which these continents 
cannot, as yet, make for themselves? Will it be 
Germany or will it be England that shall trace the 
next peak on the diagram, one that may, perhaps, 
exceed in altitude all that has gone before, for 
after all but a small part of the earth has been 
supplied with railways, and civilisation spreads 
apace with the steam engine asapioneer. And 
here it is that Mr. Dale’s warning note comes in : 
‘* What the effect may be upon the markets of the 
world of events now passing in the East no one can 
foretell, but the spirit which has been awakened is 
strikingly indicated by a statement made in America 
by the President of the Pacific Commercial Com- 
pany, who had just returned from Japan, that the 
Japanese assert that within five years they will be 
the largest exporting country in the world ; their 
programme being to exercise their unsurpassed 
imitative faculty in reproducing the various manu- 
factures of the world by the aid of their cheap 
labour, which they think will enable them to under- 
sell all the nations of the West.” 

It is natural that just now the Japanese should 
not lack confidence, but we may comfort ourselves 
by the recollection that commercial supremacy is 
the prize gained by the leader in a race. So long 
as the Japanese are content only ‘‘ to exercise their 
unsurpassed imitative faculty,” they must wait on 
the initiative of other nations. If we are foolish 
enough to sit down and expect existing relative posi- 
tions will always be maintained, we shall certainly be 
beaten by the cheaper labour of the East, but that 
is a course we do not fear this country will follow. 
Still it is well to remember there was a time, not 
very long ago, when British ironmasters scorned 
the idea of Continental competition, but we are 
now finding the rivalry of Germany and Belgium a 
very real thing. One of the conditions that have 
helped to build up this rivalry exists in an accen- 
tuated degree in the East. 








JAPANESE SHIPPING. 

Dr. Francis Excar read a paper before the 
Japan Society of London, on the 8th inst., upon 
‘* Japanese Shipping.’’ It has naturally excited 
great interest, as it describes the growth of Japan’s 
naval power, and shows what that power is and 
what it is likely to become in a very striking 
manner. We are convinced tat few who are not 
personally acquainted with Japan and the Japanese 
were prepared to hear such an account of the 
maritime progress of that interesting nation as 
Dr. Elgar gives. It must be surprising to many to 
learn that steel shipbuilding and marine engineer- 
ing are already established industries in Japan ; 
and that the time may not be so very far distant 
when, instead of being a good customer for warships, 
and mercantile steamers built in England, Japan 
may not only build all she requires for herself, 
but become one of our competitors in the ship- 
building trade. The progress that has been 
made in this direction during the last quarter 
of acentury is truly marvellous. Dr. Elgar says 





that about 250 years ago ‘it was forbidden to 
build in Japan vessels above a certain size that 
would be large enough for long sea voyages. The 
size was limited to 500 koku, or about 76 tons 
measurement, and a vessel was not allowed to have 
more thanone mast.” A fatal blow was thus given 
to the foreign trade and the shipping of Japan. The 
Japanese Minister, Mr. Kato, remarked, at the close 
of the discussion, that the rulers of the country at 
that period ‘‘ were by no means aware of the far- 
reaching consequences of the step they took in pro- 
hibiting the construction of ships beyond a certain 
size. As soon as the prohibition was put into 
operation, the enterprising spirit of the Japanese 
with regard to foreign commerce, which till then 
had been rapidly coming to the front, gradually 
dwindled away, until at last the people almost forgot 
the existence of nations and peoples outside the 
confines of their own borders. They were awak- 
ened from this state of existence about 40 years 
ago by a foreign expedition which compelled 
them to open some of their ports to commerce; and 
when they awoke they discovered to their surprise 
and dismay that there were many nations in the 
world besides their own, and that many of them 
were more powerful and more civilised than Japan. 
Ever since that time, and especially since the 
restoration of the Imperial power to its proper 
place 28 years ago, the whole nation, from the 
Emperor downwards, had resolved that they must 
do everything in their power to make up for the 
neglect of the past, and fortify themselves for 
taking part in the race of the world, and they had 
acted on that resolution.” 

Dr. Elgar shows that the Japanese have acted to 
some purpose in the manner described by the 
Minister in his eloquent and interesting speech. 
Several small wooden men-of-war were procured by 
some of the feudal princes after the ‘‘ awakening ” 
referred to by the Japanese Minister about 40 
years ago; but little real progress was made till 
about 25 years ago. This has resulted in the 
creation of a navy comprising 33 ships of all 
classes, among which are an armourclad, the Fuso ; 
three cruisers, with small belts of armour at the 
water-line ; seven fast steel cruisers of modern 
construction, protected by deck armour ; six steel 
unprotected cruisers ; and one torpedo gunboat of 
modern type. One of the cruisers, the Yoshino, 
is, perhaps, the fastest in the world, as she is re- 
ported to have reached a speed of 23 knots on trial. 
Four of the other protected cruisers have trial 
speeds of 18? and 19 knots, and the remaining 
three a speed of 16 knots. Two of the 19-knot 
cruisers were built in Japan, in the naval yard at 
Yokosuka. Two more steel cruisers of an improved 
type, to have a speed of 20 knots, are being built 
and engined at ie same yard, and a third is in 
progress in the new naval yard at Kuré, near 
Hiroshima, in the Inland Sea. Two large battle- 
ships are being built in this country, one at the 
Thames Iron Works, and one at Elswick. The 
Japanese also possess 40 torpedo-boats, 16 of which 
were built in Japan. 

This navy is now increased by 12 vessels taken 
from the Chinese, which include the armourclads 
Chen-Yuen and Tsi-Yuen, the coast defence 
armourclad Ping Yuen, the deck-protected cruiser 
Kwang Ting, and six gunboats of the Alpha Beta 
class. As Dr. Elgar says, when the vessels now 
building are completed, and the Chinese ships are 
repaired, the Japanese Navy will be one of great 
power. Not only so, but it contains all the elements 
of development and progress. The Japanese 
‘* have acquired with the ships the ideas and know- 
ledge which are necessary to understand them in 
all the details of their construction and use, to 
enable them to produce such ships for themselves, 
and to train officers and men who can use them 
effectively in action. It is one of the most 
striking instances in the history of the world 
of the acquisition and assimilation of knowledge 
that we would have thought in Europe were foreign 
to the genius of the people.” Dr. Elgar praises 
highly the officers of the Japanese Navy, who have 
raised the modern naval service of Japan to a high 
state of efficiency. Hesays: ‘* Many reasons have 
been given for the success of the Japanese Navy 
against the powerful ships of the Chinese, but these 
have chiefly related to the construction, the arma- 
ments, or the speed of the ships. Speaking asa naval 
constructor, and one acquainted with the principal 
ships on both sides that fought the battle of the 
Yalu, I should say that the battle was won by the 
good organisation, discipline, training, and bravery 








of the Japanese seamen, and the knowledge, ski)] 
and determination of the commander and officers, 
It was a struggle between a highly organised and 
efficient naval service on the one hand and a very 
inferior one on the other ; and the difference in the 
manner in which the ships were handled and fought 
appears to have been sufficient to override all con. 
siderations of the relative qualities of the arma- 
ments or of the ships themselves. I should think 
it very probable that if the Japanese had had the 
Chinese fleet and the Chinese the Japanese fleet 
the ultimate result would have been the same.” 

Dr. Elgar also gives a very interesting account of 
the rise of the modern Japanese mercantile marine 
after the expedition to Formosa in 1874, and of its 
present position ; and here again is much matter 
for wonder and for reflection. It appears that on 
October 1 last, the Nippon Yusen Kaisha (Japan 
Mail Steamship Company) owned 60 vessels, with 
an aggregate net tonnage of 60,500. This company 
has regular lines to Shanghai, Corea, the northern 
Chinese ports, and Bombay ; and to Vladivostock 
in summer. It also sends occasional steamers to 
Hongkong, Honolulu, and Australia. There 
are two other steamship companies that trade 
to Chinese and Corean ports. The coasting trade 
of Japan and the trade between the various islands 
is carried on entirely by Japanese vessels. In 
1892 there were 131 shipping companies in Japan 
owning vessels of European type. These com- 
panies then possessed 643 steamers of 102,322 tons, 
and 778 sailing vessels of 45,994 tons, and the 
number and size of these increase greatly every 
year. There were also in 1892 as many as 53 
shipyards employed in building vessels of European 
type, which included 44 steamers. Most of these 
vessels were very small, but the facilities for work 
and the demand for larger steamers are rapidly in- 
creasing. 

Dr. Elgar stated he has heard that steamships 
of moderate size can now be built in Japan at much 
less than the price for which they could be built 
and delivered in an English port. This strange 
sign of the times was afterwards confirmed by Mr. 
Martell. There seem to be good grounds for 
believing that Japan will become a great shipbuild- 
ing country. Dr. Elgar says ‘‘the Japanese are 
highly qualified for, and are very successful at, all 
the work which is required on the construction of a 
modern ship and her machinery. In saying this, I 
am able to speak from experience, as it was my 
duty to watch the matter closely in Japan for 
nearly a year and a half, and to report to the 
Government upon any improvements that might 
be required in the working of the naval] yard at 
Yokosuka about 14 years ago. In all the various 
branches of shipbuilding and marine engineering, 
the Japanese mechanic is excellent. He is as 
intelligent as the best European mechanics, at 
least as careful in his work, and I am inclined to 
think he is quicker in perception and has a lighter 
touch. The Japanese are more subject to dis- 
cipline, and are most industrious and painstaking. 
Labour difficulties, that are so common here, are un- 
known there. Wages are very low, and are, of 
course, paid in silver or its equivalent, and I do 
not know of any inferiority or inefficiency on the 
part of the Japanese mechanic.” 

Dr. Elgar has done good service in putting for- 
ward so prominently the useful information con- 
tained in his paper. It includes, besides the points 
already mentioned, an interesting description of 
the construction and equipment of the ancient 
galleys and trading junks of the Japanese. It is 
only fair to Japan that we should realise her 
strength and her real position as one of the civilised 
and important Powers of the world ; and it is an 
advantage to us to know what we have to deal with 
in the extreme East in the way of sea power and trade 
competition, which are now becoming so formid- 
able. The Japanese Minister assures us that the 
object of the Japanese Government has always been 
peace and the peaceful development of their 
country, and he hopes that the endeavours of his 
country will receive the cordial sympathy of the 
English nation. Dr. Elgar says the chief interest 
which Japan has is that of peace, and of being left 
free to develop her native industries and foreign 
trade, and to improve the condition of her people, 
and in this, he points out, we have a guarantee 
that the growing influence of Japan in the East 
will not be dangerous to the cause of peace in the 
world, 

We accept these assurances of the aims and 
objects of Japan, and welcome her into the arena 
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of free and open trade competition—a competition 
which we do not doubt will, in the long run, 

for the benefit of the world, and for our own advan- 
tage as well as that of the Japanese. It was 
characteristic of modern Japan, and illustrative of 
much which has been achieved by it, that the 
Japanese Minister should declare his intention, at 
the close of the meeting, to send Dr. Elgar’s paper 
for publication to the magazine of the Society of 
Maritime Affairs in Japan. 








THE DEVELOPMENT OF NAVAL 
ORDNANCE. 

Tue reserve which is so characteristic of the con- 
structors of ordnance and warships in France, is 
remarkable for its absence with the technical ad- 
visers of the Forges et Chantiers de la Mediterranée, 
especially of those in whose able hands is placed the 
charge of the great ordnance department that now 
occupies a front rank among the gunshops of the 
world. So far as the director, M. Canet, is con- 
cerned, there is scarcely a detail connected with 
the construction of his system of ordnance that he 
has withheld from the public, through the medium 
of our columns; and of late his colleague, M. P. 
Merveilleux du Vignaux, has read several papers 
before technical societies in France on quick-firing 
guns and other vital matters connected with naval 
armaments, in which are recorded the most modern 
practice in France. For it may, we think, be 
claimed by the Forges et Chantiers that in 
matters connected with ordnance they are in ad- 
vance, not only of all other private makers in 
France, but that their practice is ahead of that 
followed in the Government arsenals. Anything 
emanating, therefore, from the Forges et Chantiers, 
whether coming direct from M. Canet or from his 
colleagues, is worthy of careful consideration as 
being the expression of the latest and most re- 
sponsible opinions of gun manufacturers who 
claim, not without good reason, to be abreast 
of ourselves, where they are not in advance, in 
matters relating to the manufacture of guns, the 
fabrication of new powders, and the making of pro- 
jectiles. We had occasion recently to refer in some 
detail toa valuable paper read by M. du Vignaux on 
the subject of quick-firing guns (see ENGINEERING, 
vol. lviii., page 753). Since then he has contributed 
an essay on ‘** Naval Artillery and the Armament 
of Ships ” to the French Marine Technical Associa- 
tion, and we propose to refer to this in some detail. 
M. du Vignaux points out that the three principal 
qualities required of an efficient battleship, are 
speed, powerful armament, and protection. It is 
to the consideration of the second of these qualities 
that he chiefly addresses himself. He maintains 
that, so far as France (the Forges et Chantiers) is 
concerned, the development in the construction of 
ordnance has been, during the last few years, very 
remarkable. This is due to improved material, im- 
proved design, and the perfection of the new 
powders. The steel employed can be always relied 
upon for uniformity and for those characteristics 
which are now considered necessary in making first- 
class ordnance. The specified breaking strength of 
French gun steel ranges as high as 70 kilogrammes 
per square millimetre (44.5 tons per square inch), 
with an elastic limit of 38 per cent. The changes 
introduced in design refer chiefly to reducing 
the number of parts, to increasing the length of the 
bore, and to alterations in the nature of rifling, the 
dimensions of the powder chamber, &c. Attention 
has also been especially given to insure ample longi- 
tudinal strength. The main objects in view have 
been, and still are, to reduce the size of calibres, to 
increase the velocity of projectiles of moderate 
weight, to flatten trajectories, and, of course, to 
widen the area and depth of the dangerous zone 
commanded by these high-velocity, long-range guns. 
The importance of a low trajectory is repeatedly 
emphasised by M. du Vignaux, suggesting that, 
although its advantages are beyond dispute, its 
vital importance is not yet sufficiently recognised. 
‘“‘The nearer that the trajectory approaches the 
ground, the greater is the extent of the dangerous 
zone, that is to say, the space in which a target of 
a certain height is constantly exposed to the fire of 
the enemy. If the dangerous zone increases, a ship 


must take a longer time to pass through it ; the 
hostile fire can be more prolonged, and there is a 
greater chance of hitting the target even if the 
range has been miscalculated.” Fewer changes in 
elevation are required with a flat trajectory in 
following a moving object, and this is a matter of 








high importance, since the gunner can deliver a 
larger number of shots in a given time—one 
of the important conditions of modern war- 
fare — without having his attention diverted 
by having constantly to change the angle of 
the gun. These advantages are well known and 
universally admitted, but they cannot be insisted on 
too often. Securing increased velocity is a subject 
to which the Forges et Chantiers have paid special 
attention, and what M. du Vignaux has to say about 
itis worth consideration. ‘‘ To increase the velocity 
there are two conditions that must be fulfilled : the 
employment of very slow powders specially adapted 
to the gun in which they are to be used, con- 
tained in a chamber of suitable proportions, and a 
lengthening of the bore sufficiently to allow the 
expanding gases to perform a maximum of work 
through a comparatively long distance.” Armstrong 
in this country, and Canet in France, have made, 
and placed on record, the results of valuable experi- 
ments with increasing lengths of bore; those of 
Canet are especially interesting. Two years agoa 
Canet 10-centimetre (3.94 in.) gun, 80 calibres in 
length, was tested, and gave an initial velocity of 
1026 metres (3365 ft.) per second ; somewhat later a 
rate of 1200 metres (3936 ft.) was obtained with an 
experimental gun of the French marine. It has, 
indeed, been clearly proved that guns of these 
extreme lengths can be made and used without 
being exposed to excessive strains. Of coursethe pro- 
portion just referred to is an excessive one, and guns 
of 80 calibres could not be mounted conveniently on 
board ship; that, however, is another question ; suffi- 
cient has been done to prove that the old propor- 
tions of 30 or 35 calibres must become obsolete ; 
indeed, have already become so. M. du Vignaux 
freely admits the impossibility of mounting such 
long guns, even those of 45 calibres or 50 calibres, 
on ships designed to carry the older and shorter 
models, and he advocates meeting this difficulty by 
constructing vessels to suit the guns, and not to 
adapt the latter to the confined limits now provided. 
For the present it would appear that a length of 
50 calibres for the larger natures is as high a pro- 
portion as can be advocated with expedience. He 
considers that initial velocities of 800 to 850 metres 
(2625 ft. to 2790 ft.), combined with moderate 
calibres, represent the highest practical efficiency at 
present attainable, and that with increasing lengths 
and higher powder pressures, the calibres will be 
still further reduced. In his opinion the advance 
made has been sufficiently great to justify the 
substitution of the 24-centimetre (9.45 in.) for 
the 27-centimetre (10.63 in.); and of the 19- 
centimetre (7.47 in.) for the 24-centimetre. 
“‘This reduction of calibres brings with it a 
a considerable diminution in the weight of the gun, 
the mountings, and the ammunition, in the dimen- 
sions, and consequently in the weight of the turret 
armour and that of the ammunition hoists. The 
reduction thus effected allows of a corresponding 
diminution in the tonnage of the ship, or if the ton- 
nage remains the same, in an increase of the arma- 
ment, in the engine power, or in the amount of 
coal carried.” 

Another obvious advantage in the reduction in 
the weights of guns and mountings is that it facili- 
tates the manceuvring by hand in place of hydraulic 
or other power. We have recently investigated 
this question, and illustrated it by the latest prac- 
tice of M. Canet,* and we can, therefore, dismiss it 
on the present occasion with a few words. We 
have seen that, beyond reasonable doubt, hydraulic 
power—at all events for handling heavy guns—is 
to be superseded in the French Navy by electricity ; 
but M. Canet, to whom this advance is due, has 
done something more; he has so arranged his 
latest types of gun mountings, such as those on 
board the Latouche Tréville, that the whole of the 
operations of training, supplying ammunition, 
loading, &c., can easily be performed by hand, in 
the event of a breakdown in the power installation, 
with but little delay, and certainly with no undue 
exertion on the part of the men. This great ad- 
vance has been achieved by reductions in the 
weight of the guns and mountings, and by a careful 
balancing of the turret and the gun. According 
to M. du Vignaux, this question of hand manceuvring 
has been carried so far in the French marine, ‘‘ that 
experience has clearly demonstrated that in the 
future it is quite possible that all these operations 
may be performed by hand, and that power, 
whether hydraulic or electrical, will be abandoned 


* See ENGINEERING, pages 19, 35, 69, 104, and 136 ante, 





for guns of medium calibres. The complication of 
mechanical appliances for this purpose is out of all 
proportion to their usefulness.’ 

M. du Vignaux makes some interesting observa- 
tions on the storing of ammunition—especially that 
for quick-firing guns—on board, and particularly 
with reference to the best manner of dealing with 
smokeless powder. He says that the most im- 
portant point to be cared for is to avoid high tem- 
peratures in the magazines; many experiments 
made on this subject have proved that brown pow- 
ders, in the course of time, suffer considerable 
changes and become more violent and sudden in 
their action. This peculiarity has led to serious 
accidents in the French Navy, as on the Duperré 
and the Cordelia. More recently, other investiga- 
tions have been conducted with smokeless powders 
with a gun-cotton base, similar results having been 
arrived at. The danger appears to be still greater 
with the nitro-glycerine powders, from which 
exudations are likely to occur. Technical opinion 
in France seems to lean to the desirability of con- 
verting the magazines into cold stores ; it is claimed 
that the temperature should néver exceed 35 deg. 
Cent. (95 deg. Fahr.), and that this should be 
maintained by ventilation and cold air circulation, 
or, preferably, by the installation of a special 
cooling plant to maintain the temperature below 
safe limits. But it appears quite clear that, neither 
in France nor in any other country, does sufficient 
knowledge or experience of the smokeless powders 
exist at present ; and the recommendation is made 
that each gun using ammunition of this class should 
be provided with appliances for testing the powder 
from time to time, and especially with pressure- 
gauges to record any variations that exist in its 
explosive energy. 

As regards the arrangement of the armamené on 
board, it is evident that important changes have 
been rendered necessary by increased speeds and 
consequent greater rapidity of evolution. The 
object mainly kept in view is so to dispose the 
various guns as always to keep a maximum number 
free for concentration on a target, and to extend 
their angular range. M. du Vignaux states that 
the system of mounting guns in battery on board 
cruisers, and in redoubts on ironclads, is becoming 
obsolete, and is giving place in France to the 
arrangement adopted on the Capitan Prat, the 
Lazare Carnot, and the Jauréguiberry, where the 
heavy guns are mounted at the four angles of a 
lozenge, and the smaller calibres along the sides of 
that figure. This arrangement, it is claimed, 
possesses important advantages, as it allows of a 
heavy fire being delivered in each direction with a 
maximum number of guns, and with the most simple 
form of protective works. In speaking on this part 
of the subject he emphasises the following points: 
1. ‘‘The necessity of unifying as far as possible 
the nature of the materiel, in order to increase ease 
of working, and the exchange and renewals of parts. 
A reduction in number of different calibres on board, 
because any slight loss in offensive power would be 
more than compensated by the advantages arising 
from a smaller variety of ammunition, &c. 2. It 
becomes more and more necessary that the ship 
should be designed for its armament. If this arma- 
ment be not installed under the best available 
conditions ; if the guns interfere with each other’s 
angles of fire; if the men serving the guns are 
hampered by want of room, or by imperfect ap- 
pliances, rapid firing is impossible.” 

An interesting and valuable part of M. du Vig- 
naux’s essay is that relating to the fighting value of 
aship’s armament, and the best means of estab- 
lishing a comparison between the offensive powers 
of different vessels. Such a comparison is not the 
simple matter it may appear to be, since many 
elements, and some unknown quantities, must be 
included in the computation. The following is a 
list of the elements that have to be considered in 
making the calculation : 

1. The various calibres, and with them the 
weights of projectiles. 

2. The initial velocities. 

3. The number of guns constituting the arma- 
ment. 

4, The number of rounds that can be fired by 
each calibre in a certain time. 

5. The angular range of each gun. 

6. The ease with which the various guns can be 
manceuvred. 

7. The accuracy of fire and the chances of useful 
firing, a condition which obviously varies in large 
calibres and in quick-firing guns. 
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COMPARATIVE STRIKING ENERGY PER MINUTE ON THREE TYPES OF SHIPS, ARMED WITH TWO TYPES OF ARTILLERY, 














| 
Total Striking Energy per Ship 


Ratio of Striking Energy to 





Striking Energy per Gun and per Minute. and per Minute. | Displacement. 
Type of Ship. Armament. oor eT = eee 
Type A. Type B. Type A. Type B TypeA. | TypeB. | Typed. Type B. 
— —— _——< " - ’ — _—— —— — _ —_——_— —- |__| - 
metric | foot- metric foot- metric | foot- | metric | foot- | metric | foot- | metric| foot- | metric foot- metric  foot- 
tons tons tons tons tons, | tons. | tons. tons. | tons. | tons. tons tons | tons tons tons tong 
2 gurs, 24 centimetres (9.45 in.) 5,275 | 17,037 5,005 16,166 6275 | 17,037 | 0005 =: 16,166 | | 
ce & (4.72 in.) 16,440 | 53,101 | 14,832 47,907 it .. | 14,882 | 47,907 | | 
17,542 | 56,660 | | | 
(1) Battleship ..< 2 mortars, 15 centimetres (5.90 in.) 1,102 3.559 sa es oe - 28,913 | 93,338 24,403 | 78,821 | 9.14 | 20.52 7.71 24.90 
4 guns, 57 millimetres (2.24 in.) 5,376 | 17,364 4,176 13,488 | | 
6093 | 19,689 4566 14,748 | 
co, Cae " (1.46 in.) 720 | 2325 390 1,259 | | 
6 ,, 15 centimetres (5.90 in.) 80,160 126,424 35,340 114,148 | 
55,590 | 179,525 | 50,172 162,055 
tea °° (4.72 in.) 16,440 53,101 | 14,832 47,907 | 
(2) Ceuiser 4 70,470 | 227,618 57,912 |187,055 | 20.80 | 65.57 | 17.03 55.06 
10,, 57 millimetres (2.24 in.) 18,440 | 43,411 6,960 22,480 
14,880 | 48,062 | 7740 | 25,000 
be: Se us (1.46 in.) 1,440 | 4,651 780 2,519 | 
{ 2 10 centimetres (3.94 in.) 5,936 | 19,173 6,362 17,319 5936 19,173 632 , 17,3:9 | | 
(3) Torpedo-, | 14,C00 | 45,220 | 9,538 | 31,637 | 15.25 | 49.26 | 10.38 33.52 
catcher (6 ,, 57 millimetres (2.24 in.) 8,064 | 26,016 4,170 13,469 8064 | 26,046 | 4170 | 13,469 | 


with ammunition. | 

In addition to the foregoing, the following ele-| 
ments have also to be considered : | 

9. The speed of the ship and its manceuvring | 
power. 

10. The radius of action of the ship. 

11. The stability of the ship. 

It may be admitted that all the foregoing ele- | 
ments should be duly considered, but it will be at | 
once seen that to value them accurately would be 
impossible. After all, the moet interesting and the | 
most useful information is the total striking energy 
in a given space of time possessed by a ship. Care 
must be taken, however, in proceeding on this 
basis, and the armament must be classified, pro- 
bably somewhat as follows : 

1. Large-calibre guns. 

2. Quick-firing guns of from 10 to 16 centimetres 
(3.94 in. to 6.29 in.) calibre. 

3. Quick - firing guns of calibres less than 10 
centimetres (‘3.94 in.) 

Of course it must be borne in mind that as all 
the guns cannot be usefully fired at the same time, 
the efliciency depends, to a large extent, on the 
manner in which they are arranged, and how many 
can be concentrated on a given object. Moreover, 
it must be remembered that the value of fire from 
different natures of guns, varies in other respects 
than that of foot-tons of striking energy delivered 
in, say, @ minute. A quick-firing gun, even of a 
moderate calibre, may easily throw a greater weight 
of steel with a higher energy, in a minute, than a 
34-centimetre (13.39-in.) gun can do. But it 
would be very misleading to estimate the former at 
the same value as the latter ; it may be greater or 
less, according to circumstances. One round fired 
from a 34-centimetre Canet gun sunk a Chinese 
battleship during the engagement at Yalu, a result 
that could not have been attained by the greater 
number of foot-tons delivered by the quick-firing 
gun in the same time. 

It is clear, therefore, that in establishing com- 
parisons between the striking powers of different 
ships, it is necessary to classify the different natures 
of ordnance and to reduce them to a unit of time. 
M. Vignaux takes one minute as his unit, and he 
gives the following list of practical firing speeds (at 
sea) per minute : 

Calibres. 
24 centimetres (9.45 in.) 
19 and 20 centimetres (7.47 in. 
c 


Rounds per Min. 


eee eee Pa) 
and 7.87 in.) .75 


15 ,, 16 (5.90 629,,) 5 
a ,, a4 ei (4.72 ,, 5.51...) 6 
10 centimetres (3 94 in.) Be ces 
65 millimetres (2 56 ,, ) 10 
57 : (2 24 ,, ) 12 
47 a (1.85 ,, ) ot = Py |: 
37 s W624 i. oh.) 22a 


We regret that want of spaca prevents us from 
reproducing the Tables of comparative efliciency 
that M. du Vignaux has elaborated on the fore- 
going and some other data. We, however, make a 
short extract of some of the figures in the annexed 
Table, referring to nine typical ships. 

M. du Vignaux considers that with the method 
of comparison he advocates, it is possible to appre- 
ciate closely the result of substituting, within 
reasonable limits, quick-firing guns of the heavier 
natures, for the slow-firing guns of large calibre. 
It is evident such an exchange must not be carried 
too far, because fighting ships—cruisers, for example 
—should be provided with some guns as heavy as 
those to which they are likely to be opposed, The 


8. The rate at which the guns can be supplied | policy of increasing the quick-firing armament, and 


reducing the number of heavy guns, is being fol- 
lowed in France in such ships as the Dupuy de 
Léme, the D’Entrecasteaux, and the Jeanne d’Arc. 
Associated with this modification are the improve- 


|ments in the guns themselves to which we have 
|referred at the commencement of this article: 
| longer range, lower trajectories, and higher veloci- 


ties. M. du Vignaux considers that the quick- 
firers of 37, 47, 57, and 65 millimetres (1.46, 1.85, 
2.24, and 2.56 in.) should be much more numerous 
and more powerful than those in actual service. 
In France the higher calibres most commonly used 
are the 10, 14, and 16 centimetres (3.94, 5.51, and 
6.29 in.), the latter representing the extreme limit 
for a quick-firing gun as the term is now applied. 
Owing to the weight of the ammunition to be 
handled, this calibre appears to be too large, and 
may, with advantage, be replaced by a 15-centi- 
metre (5.590 in.) long bore. As for the larger and 
slower firing guns, the 24-centimetre (9.45-in.) is 
the heaviest that can be mounted with advantage 


'on the largest vessels, while the long 19-centi- 


metre (7.47 in.), which, with a velocity of 800 
metres (2624 ft.) can penetrate 30 centimetres 
(11.81 in.) of steel at a distance of 2000 yards, 
will probably be found a sufliciently formidable 
weapon, especially as there seems no reason why 
the velocity should not be carried to 900 metres 
(2952 ft.), and the penetrative power at 2000 yards 
to 35 centimetres (13.78 in.). 














| Numberoi ait 
| ~~ Striking 
Name of Ship. | Ton-| Rcunds | Total Striking Energy per 
| nage. | per Energy per Ton of Dis- 
| Minute(all Minute. 1 t. 
\Calibres). =—"-~ 
metric; foot- | met. | foot- 
| tons tons tons tons 
Capitan Prat ..| 6,990) 46.50 41,147 | 182,900 5.880 19.00 
Presidente Pinto 2,080! 23.00 27,632 | 89,251 | 13.280 42.89 
9 de Julio .| 8,550) 39.00 46,626 | 150,600 | 13.140 42.44 
25de Mayo ..) 3,200] 3475 34,005 | 109,886 | 10.620) 34.30 
Blake ..{ 9,000) 32.50 59,287 | 191,497 | 6.588 21.28 
Barfleur.. --/10,500} 33.50 43,684 | 141,100 4.160 13.43 
Dupuy de Léme | 6,300) 30.75 34,265 | 110,675 | 5.349| 17.28 
Brooklyn.. ..| 9,180) 18.75 62,784 | 202,780 | 7.819) 25.25 
Piemonte .| 2,480) 23.00 49,602 | 160,214 64.73 


20.041 
| | 








M. du Vignaux makes a very interesting com- 
parison between the three types of ships, carrying 
armaments as provided by the French marine, and 
similar armaments of the more powerful guns 
such as are now made by the Forges et Chantiers. 
The types selected are: (1) an ironclad ; (2) a first- 
class cruiser ; and (3) a first-class torpedo-catcher. 
The comparative armaments are: (A) Canet’s latest 
pattern high velocity guns ; and (B) the standard 
guns installed in the French Navy. 

We have by no means exhausted the suggestive 
material contained in the essay of M. du Vignaux, 
but we have said enough to show the direction 
which is being given in France to the development 
of artillery and the armament of ships. The Forges 
et Chantiers continue to lead the way in these 
matters as they have done for some years past, and 
the French Marine Department appears to be fol- 
lowing at a respectful distance. But it is no un- 

| common thing for private enterprise to outstrip the 
| fettered pace of official routine. 





| THE WILLANS ENGINE. 

On Thursday, the 9th inst, Mr. Mark Robinson 
read, before the Institution of Electrical Engineers, 
a paper ‘‘On the Recent Development of the 
Single-acting High Speed Engine for Central 











Station Work.” Although the title was thus 
somewhat wide, his remarks were confined to the 
Willans engine, and even this subject provided him 
with so much matter that we shall have to condense 
his remarks very greatly to bring them within the 
compass of our available space. He commenced by 
referring to a remark, in a professional paper, that 
electricians had little cause to boast about their 
work in developing high-speed engines, for if they 
‘*had stuck to the builders of mill engines and 
marine engines, instead of trying to strike out a 
new line of steam engines for themselves, electric 
lighting would have been very much the gainer.” 
It was one of the objects of the paper to inquire 
into the justice of this charge. Mr. Robinson 
observed that out of the 101,390 indicated horse- 
power installed in lighting stations in Great Britain, 
53,340 indiczted horse- power were Willans engines, 
and 4000 indicated horse-power high-speed engines 
of other kinds, so that there cannot be many 
engines of the mill type. 

In addition. to its general characteristics of single 
action, high speed, and absence of backlash, the 
Willans engine has three special features that Mr. 
Robinson says have not yet attracted as much 
attention as they deserve. These are (1) the system 
of packing rings for pistons, valves, and glands; 
(2) the special provision for internal drainage ; and 
(3) the Cornish cycle or ‘‘transfer plan.” In the 
piston there are two rings, of the same thickness 
throughout, and exactly fitting the cylinder 
before they are divided. These rings are one 
above the other, the divisions in them break- 
ing joint. Inside them is a cast-iron spring 
ring, turned eccentric, and slightly too large 
for the cylinder. This, of course, is divided to 
enable it to be sprung inside the two outer rings. 
The follower, which holds these rings down, is a 
thin steel plate, very slightly dished, so as to have 
a slight initial pressure on the top of the rings. It 
is perforated to let the steam enter the space be- 
hind the rings. This steam tends to push out the 
rings lightly during the up-stroke, and compara- 
tively strongly during the down-stroke. The rings 
are held against the lower flange of the piston, not 
only by the spring follower, but also by the steam 
pressure on the top of the rings. On the up-stroke, 
when there is less pressure against the rings, the 
friction against the cylinder is sufficient to keep 
them seated on the piston body. The piston valves 
are on the same system as regards constant pres- 
sure, and the rings and other parts are pressed 
against each other, but they are not steam packed. 
As is well known, the valves are placed in a 
hollow trunk passing through all the pistons, 
and are worked by an eccentric on the crankpin. 
They are all strung together upon a steel tie-rod, 
with a kind of spring washer under the nut at the 
end. All parts are free to slide upon each other 
sideways, and all are designed to be held together 
without the possibility of hammering upon each 
other, by the pressure of the steam in the steam 
chest upon the uppermost valve, and by the spring 
washer referred to. The gland rings, used instead 
of stuffing-boxes, are upon exactly the same system 
as the main piston rings. They are simply piston 
rings pressed inwards instead of outwards, and 
guarded from end play in thesame manner. Steam 
is admitted behind them, as in the main piston. 
Three years’ experience shows that the wear in the 
cylinders is less with the steam packed rings than 
when the outward pressure was given entirely by 
springs (Fig. 1). 
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The drainage arrangements in the Willans 

engine are practically perfect. The piston is dished 
down in the centre, not so much with the idea 
that the water lying on the piston will drain into 
the centre by itself, but to utilise the inertia of the 
water to drive it towards the centre during the 
rapid up-stroke of the piston. There is a ring of 
ports in the trunk flush with the surface of the 
piston, and, of course, moving with it, and during 
the whole exhaust stroke there is a rush of steam 
from the sides towards these ports in the centre, 
sweeping over the face of the piston, and assisting 
the action referred to. The water is out of the 
cylinder before the port closes, nor is there any 
clearance space in the port where it can lie. 

In the Cornish single-acting pumping engine 
the steam acts only on the top of the piston, the 
space below being at that time in communication 
with the condenser. The steam from the upper part 
of the cylinder does not exhaust direct to the con- 
denser. In Watt’s Cornish engine there is an extra 
valve that cuts off the space below the piston from 
the condenser at the moment when the steam above 
the piston commences to exhaust, and the exhaust 
takes place from above the piston into the space 
below it, and not direct to the condenser. The 
piston ascends in equilibrium. Fig. 2 is a theo- 
retical diagram from a simple engine, in which the 
working cylinder opens alternately to the boiler 
and the condenser. Fig. 3 shows the same cy- 
linder working on the Cornish cycle, the two dia- 
grams being obtained from the two ends of the 
cylinder, in place of the single diagram (Fig. 2) for 
oneend. There is the same expansion, but not the 
same exposure of the cylinder to the condenser tem- 
perature. The upper face of the piston, the upper 
cover, and the upper part of the cylinder (par- 
ticularly if the piston be deep) are never in connec- 
tion with the condenser. The fall of temperature 
is divided over two stages ; hence a great reduction 
in initial condensation, and marked economy. This 
method of working has been superseded by com- 
pounding, but Mr. Willans used it sometimes in 
connection with his low-pressure cylinder (see 
Fig. 1). It is useful in cases where, for some 
extraneous reason, such as a great fluctuation of 
load, it is convenient to cut down the stages of 
expansion, as in an engine for electric railway work. 
In the high-pressure and intermediate stages the 
Willans engine works necessarily upon the Cornish 
cycle ; the ‘‘ transfer” is applied in those stages as 
a matter of course. It is, perhaps, the most 
distinctive feature in the Willans engine, and is 
highly advantageous to it. 

Mr. Robinson holds that, generally, a single- 
acting engine has a higher brake efficiency, when 
fully loaded, than a double-acting engine. The 
perfect lubrication, due to the splash of the oil, and 
the absence of backlash, tell in its favour. On the 
other hand, the numerous piston and other rings 
add somewhat to the friction. This, however, is 
reduced by the special design and by accuracy in 
manufacture, and after some months’ running it is 
not uncommon to find the brake efficiency as high as 
92 per cent., but at the works it is rare to get more 
than 90 per cent., and 89 per cent. would not be 
thought unsatisfactory. In a _ triple-expansion 
engine 87 and 88 per cent. is a good result when 
new. Mr. Willans’ diagrams have shown that the 
engine losses are as great at light as heavy loads. 
A comparison between single and double-acting 
engines was afforded by some experiments made at 
Messrs. Siemens Brothers’ works, and detailed in 
a paper read by Mr. Alexander Siemens before the 
North of England Institute of Mining and Mecha- 
nical Engineers in December last. The Willans 
engine had three cranks and the Belliss engine two 
cranks, both running at 350 revolutions per minute. 
The following Table shows the result : 





| | 
Horse-Power 





—— Electrical Indicated | Lost in Engine 
Horse-Power. Horse-Power. | and Dynamo 
| Combined. 
poe | 
Willans set ..| 231.2 262.9 87.7 
elliss ,, .. 230.4 271.6 41.2 
Willans set .. 114.6 149.2 34.6 
Belliss ,, .. 120.3 144.7 24.4 
Willans set .. 60.9 95.7 34.8 
Belliss _,, 60.5 79.4 18.9 





Mr. Robinson remarks that there is much in these 
figures which is with difficulty reconciled with any 
probable assumption as to the respective engine 
and dynamo losses, but there is no doubt that in 
the double-acting (Belliss) engine the friction 








becomes very small at light loads. It looks as 
though at light loads the bearing friction almost 
disappeared ; probably the crankpins and shaft 
floated in their brasses, in consequence of the oil 
being forced in under pressure. 

In answer to the allegation that the small steam 
consumption of the Willans engine is not main- 
tained after it has been at work for some time, and 
that losses occur from wear and tear, Mr. Robinson 
quoted some figures obtained by Dr. A. B. 
Kennedy at one of the Westminster Electric Supply 
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stations, and which were given at a meeting of 
the Institution of Mechanical Engineers, on April 
24, 1895. When allowance was made for the lie 
load factor, the steam used in the pumps, and the 
loss by condensation and leaks, the steam con- 
sumption, after several years’ work, was not greater 
than when the engines were tried at the maker’s 
works. A new series of condensing engines has 
recently been designed, and one of these—a triple- 
expansion engine driving Messrs. Gunning and 
Campbell’s flax mill at Belfast—was found after 
six months’ work to havea consumption of 12.48 lb. 
of steam per indicated horse-power. It may be 
reckoned that the new series of engines will be 15 
per cent. superior in economy to the old ones when 
condensing. 

The Willans engine has now been running long 
enough for account to be taken of its rate of wear. 
In March of this year an engine that had been 
running at 400 revolutions per minute 14 hours 
a day for five years, was taken down and gauged. 


The high-pressure and low-pressure trunks showed 
no perceptible wear. The high-pressure cylinders 
were found ;;), in. larger than the standard size, 
and the low-pressure cylinders the same. They 
were quite round. The piston and gland rings were 
replaced without repairs. An engine of special 
construction in a London electric supply station 
was tested last February, after four years’ work. In 
one cylinder, ovalling ranging from ;¢55 to zypp in. 


W. | was found, and in one part there was wear of nearly 


ys in. The other cylinder showed half this wear and 
no ovalling. An engine of 650 indicated horse- 
power, driving a cotton mill, was taken down for 
inspection last Easter, after three years’ work. The 
inspector sent by Mr. Michael Longridge reported 
one cylinder ;,h9 in. worn, one cylinder ;;y5 in., 
and the low-pressure cylinder ;j)5 in. worn. 

The subject of vibration has recently been dealt 
with in a paper contributed to the Institution of 
Naval Architects by Mr. Robinson and Captain 
Sankey, and which was printed in extenso on 
page 557 ante. It was referred to briefly in the 
paper before us, as was also the question of 
governors, dealt with by Captain Sankey before 
the Institution of Mechanical Engineers, whose 
paper will be found on page 192 ante. 

ig. 1 shows the most recent type of Willans 
triple- expansion condensing engine in section. 
The steam is distributed throughout by the hollow 
piston-rod R. It enters from the steam chest by 
the oblique cut-off ports. By the movement of the 
line of piston valves, which works inside the piston- 
rod (driven by the eccentric shown), the steam 
passes into the high-pressure cylinder, at the 
beginning of the stroke, by the holes or ports 
shown just above the high-pressure piston. Cut-off 
is actually effected by the oblique ports in the 
steam chest, which, at a point in the stroke either 
pre-arranged in the design of the engine or con- 
trolled by the governor, pass behind rings, or a 
sleeve, so disposed as to prevent the further supply 
of steam for that revolution. After the steam has 
worked expansively in the high-pressure cylinder, 
the valve passes above the ports and opens commu- 
nication from the working end of the cylinder— 
i.e., the space above the piston, to the space below 
it, which is called the high-pressure receiver, but 
which is equally a steam chest for the intermediate 
pressure or intermediate cylinder. During the up- 
stroke the steam is simply transferred from one 
side of the piston to the other ; the whole cylinder, 
including the ‘‘ working end,” at that time forms 
part of the receiver. When the next down-stroke 
commences, the steam in the high-pressure receiver 
is passed into the intermediate cylinder, and so on 
to the low-pressure cylinder. In the second, or 
exhaust, half of the third revolution it passes from 
the low-pressure cylinder—i.e., from its upper end 
to the lower end, of course, without material change 
of volume or pressure. It is only during the first 
half of the fourth revolution that it finally passes 
away from the ‘‘ transfer chamber” to the ‘‘ ex- 
haust chamber,” the latter being in permanent 
communication with the condenser. 

The cushioning arrangement is special to the 
Willans engine. The guides take the form of 
bored cylinders, and the crossheads are pistons 
without rings. The top of the guide cylinder is 
closed, and on the up-stroke the air in it is com- 
pressed to the extent necessary to cushion the 
pistons and other parts. 

Mr. J. 8. Raworth was asked by the President 
to open the discussion. He said that the members 
of the Institution had had a great treat in listen- 
ing to a paper by a man who had become as 
good an engineer as he was an adept in the 
literary art. Some of them did not take 
sufficient pains in finishing their papers, and 
might study with advantage the example before 
them, in which melodious words were united in a 
harmonious composition. The electric industry 
owed a great debt to Mr. Willans for enabling them 
to introduce electric light into cities under conditions 
that would otherwise have rendered its use very 
difficult. In London the advance could not have been 
so rapid if that engine had not been at their dis- 
posal. He (the speaker) was a great admirer of 
inclosed engines, and he attributed many of the 
advantages that Mr. Robinson credited to the 
single action, to the fact that the engines were 
entirely covered in. From the title of the paper 


he imagined that Mr. Robinson was going to give 
a history of the single-action engine; he found that 
he had confined himself to a single variety of it. 





There were, however, many single-action engines 
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before that of Willans. The latter engine dated|ing magnet that weighed many tons, the pressure|season. This in itself ought to account for a large 
back to 1874. It was then, however, a very |on the bearing being always steady in one direction, | proportion of the differences in the amounts con- 


ordinary contrivance, consisting of a train of three 
pistons, each piston acting as the valve for the next 
cylinder. It was in that stage of its development 
principally useful as a launch engine. In fact, it 
was a Brotherhood engine with the three cylinders 
in line, and without the rotating valve. No doubt 
the great commercial success of the Brotherhood 
engine in connection with the direct driving of 
dynamos, stimulated Mr. Willans to produce the 
central valve. Mr. Raworth perfectly agreed 
with Mr. Robinson that the remark, in a leading 
professional paper, that electricians would have 
done better if they ‘‘had stuck to the builders 
of mill engines and marine engines, instead of 
trying to strike out a new line of steam engines 
for themselves,” was all nonsense. According to 
the paper there were in all the lighting stations in 
Great Britain engines of 101,300 indicated horse- 
power, and of these Willans and Robinson had 
supplied 53,340. Now the Brush Company had 
supplied 31,000 indicated horse-power, so, assuming 
that neither of them was guilty of exaggeration, 
the industry evidently had not been greatly in- 
debted to the millengineers. He admitted that he 
had often consulted them, but they always failed 
to grasp the situation. They knew the requirements 
of a mill, but not of adynamo. They did not un- 
derstand its infinite flexibility, and how it responded 
immediately to every fluctuation of load. They 
did not realise that the governor must act instantly 
and exactly, as the engine was not steadied by an 
extensive system of shafting. At Leicester he 
had recently met Mr. Hudson, the distinguished 
engineer of Messrs. Hick, Hargreaves, and Co., 
and had talked the matter over with him. That 
gentleman had acknowledged that the difficulty 
was great, and that there was not a mill engine 
in Lancashire that could comply with the oner- 
ous requirements of a central station. There 
seemed to be a wave of opinion passing over the 
country just now that the small high-speed engine 
was merely a temporary expedient, and that it 
must soon give place to the slow-speed long-stroke 
engine. That was, however, an entire mistake. 
lf this view were correct, and municipal funds 
could only be properly expended in the pur- 
chase of slow-moving and long-lasting engines, then 
the same argument would apply with even greater 
force to the beam engine. When he was ap- 
prentice a similar controversy was afoot. At 
that time the horizéntal engine had not at- 
tained to the hoary-headed respectability it now 
enjoyed. It was then the new and cheap inter- 
loper, and all the antique virtues were con- 
centrated in the beam engine. If corporations 
wanted an engine to last 80 years and cost very 
little in repairs, by all means let them put in beam 
engines. The capital expenditure and the yearly 
interest, however, would be enormous. 

Mr. Raworth added that he was an admirer of the 
Willans engine, and had used it with success. Mr. 
Robinson had explained its good features most 
admirably. It had, however, one serious defect. 
The section on the walls reminded him of a Chinese 
puzzle, and it was not possible always to have a 
Japanese on hand to work it out. If it were 
required to get at the lower piston, or the con- 
necting-rod, the entire column had to be taken to 
pieces. However, in spite of its apparent com- 
plication, it worked well. Mr. Robinson attributed 
its high speed of revolution to its constant thrust. 
That, however, was a specious argument. A 
Willans engine of 360 indicated horse-power had a 
stroke of 9in. Now, did any one ever see a 
double-acting engine of like power with such a 
short stroke ? Obviously not, because the loss from 

ort clearances would be excessive. But the 

Villans engine had practically no port clearance, 
and so its stroke could be very short. It was this 
reason, and not the system of constant thrust, that 
rendered its high speed of rotation possible. The 
real advantage of constant thrust was the automatic 
taking up of wear. In double-acting engines a very 
little wear set up knock, and a very small amount 
of knock made an excessive noise, just as a 
little boy with a drum could deafen a village. Mr. 
Robinson admitted that for extreme speeds, such 
as those on a torpedo-boat, a double-acting engine 
was necessary, and the reason was evident. He 
also attributed the freedom from wear in the brasses 
to the constant thrust, but that was quite contrary 
to the speaker’s experience. The Mordey alter- 
nator, made by the Brush Company, had a revolv- 








and they had had the greatest difficulty with the 
bearings until they introduced forced lubrication. 
While they had double-acting engines running with 
500 1b., 700 1b., and even 1000 lb. on the square 
inch of the bearings, it was difficult to get the 
alternator to run with 70 lb. to the square inch. 
The constant thrust did not give the oil a chance 
to get between the surfaces. 

A very large claim was made for the Willans 
engine as regards brake efficiency. Now that wasa 
point which he contested. Any ordinary well 
designed and constructed vertical engine would 
give a higher brake efficiency. The Brush engines 
and dynamos at the City of London Electric Light- 
ing Company’s Bankside station had been tested by 
Professor Kennedy, and gave a combined efficiency 
of 83 per cent. Mr. Mordey did not claim more 
than 90 per cent. efliciency for the alternator, and 
it might, therefore, be safely assumed that it did 
not give more. That left 92 per cent. for the 
engine, which was not of any special construction. 
The ordinary vertical engine, that could be bought 
ready-made in a shop, would give 90 per cent. and 
upwards. But not so the slow-running horizontal 
engine. That had to drag backwards and forwards 
a piston, weighing a ton or more, on a railway with- 
out wheels, and it consumed a lot of power in doing 
so. In conclusion, he repeated that the electric engi- 
neers were much indebted to Messrs. Willans and 
Robinson, and he thought that the improvements 
introduced into the engine since the death of the 
late Mr. P. W. Willans were of much value. 

Mr. W. H. Booth addressed the meeting con- 
cerning the ‘‘ Cornish Cycle.” The paper stated 
that : 

‘*In double-acting engines, the exhaust steam passes 
direct from one — to the next, placing the two in 
communication through the receiver, and, therefore, 
exposing the first of the two to the same temperature as 
the second ; in the Willans engine, each cylinder exhausts 
successively in the Cornish manner, and the power de- 
veloped in each is represented, as in the Cornish engine, 
by two diagrams, that from the cylinder proper, and that 
from the receiver. The effect is that the temperatures of 
the high-pressure and the intermediate cylinder, for 
instance, do not overlap, as in other engines they do, 
and the range in each is consequently smaller.” 

To show that the temperatures do not overlap in 
a compound engine, Mr. Booth drew diagrams on 
the blackboard, but his remarks in explanation 
were very imperfectly heard. Mr. ‘Tremlett-Carter 
also referred to the Cornish cycle. He contended 
that although the exhaustion of the steam took place 
at two stages, yet every particle of iron in the 
cylinder was exposed to the temperature of the 
exhausting steam. 

The discussion was then adjourned until Thurs- 
day, May 23. 


EFFECTS OF TEMPERATURE ON THE 

STRENGTH OF WROUGHT IRON. 

THE pioneers of mechanical engineering, men 
who had never seen a tensile test made in the 
whole of their experience, had very little doubt 
but that iron and steel were lees reliable in winter 
than in summer. As is frequently the case, 
however, this view was not confirmed by the earlier 
of the investigations directed towards this point. 
The first experiments on the subject were, per- 
haps, those of Sir William Fairbairn, but they 
were directed mainly to ascertaining the strength 
of iron at the temperatures at which it is likely to 
be exposed in boilers, rather than at temperatures 
below freezing. Still, his experiments, so far as 
they went, did not indicate a loss of strength, and 
Knut Styffe, who investigated the matter with 
much care, confirmed this, and also concluded that 
the extensibility did not suffer either. Other ex- 
perimenters, however, got somewhat discordant re- 
sults, some finding the strength and extensibility 
both to be increased at low temperatures, whilst in 
other cases a slight decrease has been noted in the 
percentage elongation ; others, again, have noted 
absolutely no difference in the behaviour of the, 
metal under test whilst the temperature ranged 
from freezing to boiling point. It has long been 
known that rail breakages are more frequent in 
winter than in summer, and the same is also true 
of car axles, but it has been pointed out that in those 
countries in which this phenomenon is most 
marked, the winters are very severe, and in conse- 
quence the road-bed gets out of shape, and the 
shocks and concussions to both rails and axles are 
consequently much more serious in the winter 








tributed to the scrap pile by the two seasons respec- 
tively. Still, in spite of this, and of the absence 
of any indication in laboratory tests of a loss of 
endurance from a reduction of temperature, many 
practical men still maintained the opinion that 
iron and steel were really more brittle in winter 
than in summer. 

For certain purposes the rough workshop tests of 
material give more accurate information as to its 
value, and with greater ease, than the refined 
laboratory tests, which require large and expen- 
sive plant. By means of the common bending test, 
Mr. Strohmeyer was enabled to show conclusively 
the great loss of ductility occasioned by working 
steel at a blue heat. Tensile tests made afterwards 
confirmed the result, but its first establishment was 
due to the common bending test of ductility, which 
can be carried out by any workman that can wield a 
hammer. Another favourite workshop test, and one 
which will probably never be abandoned for certain 
purposes, is the impact test, invariably used for rails, 
tyres, and axles. For these purposes it has the great 
advantage of being of the same nature as the shocks 
and concussions to which failure of these parts is 
commonly due in practice, and further, it is easy to 
conduct the tests on full-sized specimens, so that 
there is less risk of such errors as may arise when 
experiments are confined to specimen bars, differ- 
ing possibly in constitution from the finished 
article. A very extensive series of experiments* of 
this nature, which has been continued over several 
years, at great cost of time, money, and personal 
exertion, has been recently completed by Mr. 
Thomas Andrews, of the Wortley Iron Works, 
Sheffield. These experiments go to show that 
the indications, as to the comparative endurance 
of iron at a temperature below freezing point 
and at 212 deg. Fahr., obtained in the ordinary 
tensile tests, are unreliable, and that there is in 
fact a decided loss of ductility and of capacity for 
enduring punishment at the lower temperatures. 
Mr. Andrews’ experiments were made on full-sized 
railway car axles, made out of ‘‘ best best” iron at 
the Wortley Works. The axles in question were 
7 ft. 3 in. long over all, 5) in. in diameter at the 
shoulders, and 4} in. in diameter at the centre, the 
weight being 423 lb. The metal used had an ulti- 
mate strength of about 213 tons per square inch, 
with an elongation of between 18 and 20 percent. 
onl0in. The following analyses show the chemical 
characteristics of the metal. They referred to dif- 
ferent samples, but are of the same nominal quality 
of metal : 








: . 4 Iron (by 
Combined ta: le Phos- | Man. $i 
asbon, Silicon. | Sulphur. phorus. | ganese. | Differ 
| ence). 
0.068 0.158 0.007 0.108 | 0.360 99.299 
0.038 0.117 0.019 0.246 | 9.112 | 99.468 





The first series of experiments were made some 
10 years ago, and consisted in breaking 42 of the 
above axles by the impact of a falling weight ; 
some of which were broken at a temperature of 
7 deg. to 10 deg. Fahr., whilst the others were 
heated to 212 deg. Fahr. The axles to be tested 
were immersed for 2? hours or more in a tank 
containing either a mixture of snow and salt, or 
hot water, as the case might be. The temperature 
of the metal was obtained from a second similar 
axle drilled near its centre, with a hole for a 
thermometer. This axle was placed in the tank 
and removed from it at the same time as the axle 
to be tested. This latter was, when ready, sup- 
ported on a couple of cast-iron blocks secured to a 
heart-of-oak bedplate, located immediately under 
the tripod with which the falling tup was manipu- 
lated. This latter was of chilled cast iron, and 
was of rounded form, weighing 1 ton, and was 
allowed to strike the axle direct without the inter- 
position of any saddle. The clear span of the axle 
between bearings was 3 ft.6in. After each blow 
the permanent deflection was measured and the 
axle re-immersed for 15 minutes in the heating or 
cooling tank, as the case might be. It was then 
placed in position for a second blow, being half 
turned round, so that alternate blows were struck 
on opposite sides. The total of the permanent sets 





* Andrews on “The Effect of Temperature on Strength 
of Railway Axles,” Min. Proc. Inst. C.E., vols. [xxxvii., 
xciv., andcv. Andrews on ‘‘The Effect of Chilling on 
1 Impact Resistance of Metals,” Min. Proc. Inst. C.E., 
vol. ciii, 
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gave, of course, a measure of the work done on the 
material. Some of the results obtained in this 
first trial are given below : 

TABLE I. 


\ 
| 
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The remaining tests showed results of a practi- 


cally identical nature, the amount of punishment 
the axles were capable of standing being much 
greater at a high temperature than at one below 
freezing point. There were, however, afew excep- 
tional cases. Thus, axle No. 1, tested with a drop 
of 6 ft. at a temperature of 7 deg. Fahr., stood 47 
blows, the accumulated permanent deflection 
amounting to no less than 62 in. Axles 3 and 6, 
tested at the same temperature, with a drop of 
10 ft., stood, in the first case, 22 blows, and in the 
latter 34, the accumulated permanent deflections 
being respectively 54% in. and 86 in. When, how- 
ever, the broken halves of these axles were again 
tested—one at a temperature of 70 deg. and the other 
at 100 deg. Fahr.—the warm half showed the greater 
endurance. ‘The fracture in the cold tests was 
more crystalline than in the warmer ones. Some 
peculiar phenomena were observed as regards the 
rate of cooling of an axle immersed in the freezing 
mixture. Two and three-quarter hours were re- 
quired to reduce its temperature to 0 deg. Fahr., 
and though left for 17 hours in the mixture, no 
lower temperature was reached, though the tempera- 
ture of the mixture used was —4 deg. Fahr. This 
anomaly is not easily comprehensible provided due 
care was taken in making the readings. Experi- 
ments made to determine the difference between 
the outer and central layers of the axle when im- 
mersed in the freezing mixture showed that at no 
time was this difference great, the maximum diver- 
gence noted being 4 deg. Fahr. 

The results obtained by this preliminary series 
of experiments showed that though there were 
many points requiring further investigation, there 
was on the whole a decided loss of ductility in 
the axles tested at the lower temperatures. No 
explanation of the behaviour of the exceptions 
to this rule has, however, yet been attempted, and 
it would be interesting to have chemical analysis of 
the metal in these cases, with a view to ascertaining 
whether it differed in any marked degree from the 
rest of the batch. As is well known, exceed- 
ingly small differences in the chemical com- 
position of iron may make enormous differences in 
its physical properties, thus affording a remark- 
able instance of the importance of those ‘‘ next-to- 
nothings ” on which Sir Frederick Bramwell once 
so pleasantlylectured. The mode of testing adopted 
seems unimpeachable, the precaution of turning 
the axles half round after each blow being obviously 
necessary, as otherwise the resistance of the axles 
would have been enormously increased, owing to 
the plastic flow of the metal, after the first blow or 
two, equalising the stresses on the cross-section in 
the same way as when a beam is strained beyond 
its elastic limit in an ordinary transverse test. 
If the experimenters, through inadvertence, had 
omitted to turn axles 1, 3, and 6 round between 
the blows, the exceptional behaviour of these three 
could easily be accounted for. Such a mistake, 
however, is practically impossible, as, apart from 
the security afforded by Mr. Andrews’ high reputa- 
tion as a careful experimenter, the axle itself forms 
arecord of the direction of the last blow, its per- 
manent set showing this in an unmistakable 
manner. Weshall deal with Mr. Andrews’ further 
experiments in a future article. 





NOTES. 
Tur Bouzey Dam Faiture. 

Some further particulars of this catastrophe are 
given in last Saturday’s issue of Le Génie Civil. 
The section of wall washed away was 570 ft. long, 
and the breach had an average depth of 32 ft. 
This section had suffered considerably in previous 
years, no less than four vertical fissures having been 


~| described in our issue of the 3rd inst. 


discovered in it at different times, and there were 
besides two similar cracks in that part of the wall 
which has been left standing. Four of these six 
were discovered in 1884, after the partial failure 
But after 
the repairs and strengthening works had been 
completed, the reservoir was filled without further 
accident. Since then the wall has been examined 
twice daily by a watchman, and it was just after 
one of these tours of inspection that the failure 
took place. The foundations of the dam do not 
appear to have been injured, thus showing that 
the repairs executed in 1884 had been well de- 
signed, though unfortunately, as already pointed 
out in our previous article, the strengthening had 
not been carried up to a sufficiently high level. 
But the idea of the engineer in charge seems to 
have been that it was sufficient to take steps 
to prevent any further sliding of the structure 
on its base, and he failed to recognise that 
the upper portion of the walls was too light 
for its work. The cracks aforementioned were 
in the habit of opening during the winter and 
closing up during the summer, and the extremes 
of temperature attained during the last cold season 
being so great, the masonry may have been sub- 
jected to considerable strains from this cause. An 
examination of the wall still standing shows also a 
horizontal fissure, but whether this has been caused 
by the tearing away of the central portion of the 
dam during the accident, or existed previously, is 
not yet known, but will doubtless form one of the 
points to be investigated by the Government Com- 
mission. We may add that a short account of the 
structure is also given in a paper by Mr. W. Bell 
Dawson, C.E., published in the Minutes of Pro- 
ceedings of the Institution. of Civil Engineers, 
vol. ly., pages 217 to 219, as well as in the paper 
read at the International Inland Navigation Con- 
gress, referred to by Mr. L. F. Vernon-Harcourt 
in our issue of May 3. 


Tue Lecat Fare To Catals. 


On Tuesday last a very important judgment was 
given as to the maximum fare the London, Chat- 
ham, and Dover Railway Company can charge 
for conveying a first-class passenger from Victoria 
Station to Calais Pier. The plaintiff, Mr. Charles 
Norris Nicholson, sought to recover 11. sterling in 
respect of overcharge on five journeys. The de- 
fendants first said he had paid by special contract ; 
they then amended their defence, and paid 11. into 
Court. The plaintiff then amended his claim, ask- 
ing for a declaration that he was entitled to be 
carried from Victoria to Dover at 3d. per mile, 
and from Dover to Calais for 8s., with an 
additional sum of 2s. 5d. for harbour dues. The 
defendants again then amended their defence, 
and set out various Acts by which they said they 
could charge 1/. 1s. from Victoria to Dover. 
The whole fare charged was 1l. 13s. 6d., but the 
defendant urged that it should be only 1/. 10s. 2d. 
Mr. Justice Mathew, in giving judgment, went 
over the evidence. The defendants claimed that 
they could make an extra charge of 2s., over the 
3d. per mile rate, upon the journey from Victoria 
to Calais; also 2s. 1d., or other reasonable sum, 
for conveying the plantiff along the Admiralty Pier 
and transferring his luggage on to the boat. They 
said their system was made in sections. One was 
the Mid-Kent, constructed under the powers con- 
ferred by 19 and 20 Vict., upon which they could 
charge 1s. for two miles. The Victoria and 
Pimlico Company, constituted under another Act, 
were entitled to charge 1s. for two miles near 
Victoria. It was urged by the plaintiff, however, 
that any powers conferred by those statutes were 
taken away by the Act of 1860. The defendants 
said that that was an unreasonable construction to 
put on the Act of 1860. He (the judge) did not 
think so; in respect of these two sections of the 
line the defendants were only entitled to make a 
charge of 3d. per mile. With regard to the 
additional service, there was no power to make any 
extra charge beyond the ordinary mileage rate. 
The company paid about 1100/. a year for the use of 
the Admiralty Pier, and as they carried 100,000 
passengers a year, the cost for each person was 
small, As to the charge for transferring the 
luggage, which was enforced whether a passenger 
had luggage or not, he did not think the railway 
company had any right to make it. The case was 
distinctly analogous to transferring luggage from 
one platform to another, which was part of the 





ordinary contract of carriage. The plaintiff was 








entitled to a declaration on the terms asked for, 
namely, that 11. 10s. 2d. was the proper charge ; 
also judgment for the amounts he had been over- 
charged, withcosts. Stay of execution was granted 
if appeal were entered within a week. 


Tue INTERNATIONAL Rattway ConaREss. 

As has already been announced, the Inter- 
national Railway Congress will this year meet in 
London. Amongst the delegates will be found 
many of the most noted railway engineers of the 
world, so every effort should be made to interest 
our distinguished guests. The large railway com- 
panies have already taken time by the forelock, 
and have arranged a series of visits to their works, 
stations, and goods yards, for June 27, 28, and 29. 
Special trains will, of course, be run for the accom- 
modation of the visitors. The excursions at present 
arranged for are as follows: London and North- 
Western Railway, Thursday, June 27, a train will 
leave Euston at 8.30 a.m., and arrive at Crewe at 
11.45 a.m. The locomotive works will then be 
open to inspection, lunch being provided at 1 p.m. 
A train will leave Crewe for Liverpool at 5 v.m., 
and for Manchester at 5.10 p.m. Visitors can 
stay overnight at either of these towns. Those 
staying at Liverpool can, on Friday, June 28, 
take aspecial train at 8.45 a.m. to inspect at Edge- 
hill the system of shunting by gravitation from 
the series of gridiron sidings. At 10.20 4.mM. a 
train will leave Edgehill for the wagon works at 
Earlestown, where lunch will be provided at 1 p.m. 
The train back to London will leave Earlestown at 
2p.m. Alternative excursions to the Ship Canal 
Works, the Lancashire and Yorkshire Carriage 
Works, and the Overhead Railway at Liverpool 
have also been arranged for. On the Saturday 
a train will be run at 9 a.m. from Euston to the 
carriage works at Wolverton ; lunch at 1.15 p.m. 
The Midland Company have arranged for a 
special train from St. Pancras on June 27 to 
their locomotive, carriage, and wagon works, 
and their shunting sidings at Derby and Beeston. 
Lunch will be provided at Derby. A choice of 
trains is given to Manchester and Liverpool in the 
afternoon, where, on the next day, any of the visits 
already described can be made. The train back to 
London will leave T.iverpool at 3 p.m. on the Satur- 
day. The Lancashire and Yorkshire Company will 
provide special trains to and from their works at 
Horwich, where lunch will be provided. The Great 
Western Company have arranged for a train to leave 
Paddington for Swindon at 9.30 a.m, on June 27, 
where the locomotive, carriage, and wagon works 
will be open to inspection, lunch being provided at 
1.30 p.m. The return train will reach London at 
6.15 p.m. On the Friday a train for the Severn 
Tunnel will leave Paddington at 9.30 a.m., lunch 
being provided at Sudbrook. In the evening the 
party can proceed to Cardiff, and on the next day, 
Saturday, visit the Bute Docks and the Barry 
Docks, lunch being provided at 1.30Pr.m. The 
train back to town will leave Cardiff at 3.15 p.m., 
reaching Paddington at 7.15 p.m. The Great 
Northern Railway Company and the North-Eastern 
Railway Company will run a special express to 
Darlington for the Royal Agricultural Show, should 
at least 50 visitors desire to avail themselves of it. 
The train in question will leave King’s Cross at 
8.30 a.m., reaching Darlington at 12.15 noon, and 
the return train will leave Darlington at 5.30 p.M., 
getting back to King’s Cross at 10.45 e.m. Lunch 
and dinner will be provided at York. The first 
locomotive which ever drew a passenger train can 
be seen at Darlington. The northern companies 
will also offer facilities for exoursions to various parts 
of Great Britain and Ireland after the close of 
the Congress, while the southern companies will 
carry them to places of interest on the south coast. 





Ture Nort Sea-Baitic CANAL.—As soon as the canal 
has been opened, a canal board, which has its seat in Kiel, 
will take over the management of this new waterway. 
Herr Lewe, president of the canal commission, has been 
appointed director of the board. There will be three 
canal inspectors, domiciled at Holtenau, Renzburg, and 
Brunnsbiittel, who have under them a number of canal 
masters. At the Saat tg there will bearepair 
shop for tug-boats, dredgers, &c, The shipping is under 
the management of a shipping inspector. There will be 
120 pilots, under the control of a chief pilot ; 50 pilots will 
be stationed at Holtenau, 50 at Brunnsbiittel, and 20 at 
Renzburg. There will be 15 tug steamers. The speed, 
superintended by pilots, is not to exceed 5} knots, so that 
the passing the canal, the total length of which is between 
61 and 62 miles, with sto pages, will take about 13 houre. 
The canal is lighted by electric incandescent lamps, some 
830 ft. distant ; at the bends they are closer together, 
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ROYAL METEOROLOGICAL SOCIETY. 
THE monthly meeting of this Society was held on 
Wednesday evening, the 15th inst., at the Surveyors’ 
Institution, Westminster, Mr. R. Inwards, F.R.A.S., 
President, in the chair, 
Mr. G. J. Symons, F.R.S., and Mr. G. Chatterton, 


M. Inst. C.E., read a paper on “‘ The November Floods of 


1894 in the Thames Valley,” which a had prepared at the 
request of the Council of the Royal Meteorological Society. 
This consisted of asystematic description of thecauses which 
led to the great floods of November last, and an analysis 
of the records obtained from the Thames Conservancy 
Board, from the engineers of several of the towns along 
the river, and also from rainfall observers throughout the 
Thames watershed. The information was given chiefly 
in the form of tables, one of the first being a chronological 
history of floods in the Thames Valley from the year 
9 A.D. down to the present time. This was followed by a 
short description of the damage wrought in November, 
1894, which was illustrated by a number of interesting lan- 
tern slides. Details were then given of the levels reached 
at various places in all the ae floods from 1750 to 
the present time. The authors exhibited a map showing 
the relative elevation of all the parts of the Thames 
Basin, and then gave details of the rainfall for each 
day from October 23 to November 18, 1894. The 
results obtained by the Thames Conservancy Board, 
showing the flood levels at each lock, were ex- 
hibited on a longitudinal section from Lechlade to 
Teddington, and the hydraulic inclinations from lock to 
lock were shown in a tabular form. The volume of flood 
water, as gauged by the Thames Conservancy at Tedding- 
ton, rose rapidly from 4000 million gallons per diem on 
November 12 to 10,250 million gallons on the 16th, 
12,800 million gallons on the 17th, and to over 20,000 
million gallons on the 18th, when the discharge reached 
its maximum. The last-named discharge is equivalent to 
0.37 in. over the whole watershed of the Thames above 
Teddington Lock. 

Mr. F. J. Brodie also read a short paper ‘‘On the 
Barometrical Changes Preceding and Accompanying the 
Heavy Rainfall of November, 1894,” from which it appeared 
that the latter half of October was characterised by 
unusually bad weather, es 
and southern parts of the British Isles. The torrential 
rains of November 11 to 14, which actually caused the 
floods, were due to two secondary depressions, which 
developed a certain amount of intensity as they passed 
over the southern part of England. 





MISCELLANEA. 

WE understand that the French Government are so 
well satisfied with the aluminium second-class torpedo- 
boat built last year by Messrs. Yarrow and Oo., that 
they have put five more similar boats in hand. 


The annual dinner of the old students of King’s College, 
London, will be held at the Holborn Restaurant on 
Monday, June 24, when the Right Rev. the Lord Bishop 
of London, D.D., will preside. 


The first 14months’ working of the Corinth Canal does not 
show a very favourable result, aa the receipts have been 
326,826 francs, and the expenses, without allowance for 
either interest or maintenance, 312,414 francs. To pay 
the interest on the capital only, a profit of upwards of 
3,000,000 francs should have been made. 


An historical exhibition of clocks and watches was 
opened at the Aquarium, Westminster, on Wednesday 
last, some 2000 specimens being on view. Many of these 
are curious pieces of mechanism, and will illustrate the 
slow and laborious path over which the art has climbed 
to its present state of perfection. 


In a communication to the Comptes Rendus of the 
Paris Académie des Sciences, M. Guntz states that in 
separating argon from the air, lithium is a better metal to 
use for absorbing the nitrogen than the magnesium used 
by Professor Ramsay, since, with the latter, the metal 
has to be maintained at a high temperature, whilst lithium 
rapidly absorbs the gas when raised to a dark red heat. 


The traffic receipts for the week ending May 5 on 
33 of the principal lines of the United Kingdom 
amounted to 1,496,625/., which was earned on 18,728} 
miles, For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,479,125/., with 18,5223 
miles open. There was thus an increase of 17,500/. in the 
receipts, and an increase of 206 in the mileage. 


The Manchester Ship Canal Company publishes the 
following approximate statement of traffic: April—mer- 
chandise in sea-going vessels, 78,804 tons, value 95281. ; 
in barges, 18,727 tons, value 464/. ; passengers, &c., 313/,; 
total revenue, 10,305/. (against 6544/. for the correspond- 
ing month last year). Four m)nths—merchandise in 
sea-going vessels, 300,525 tons, value 33,242/.; in barges, 
77,762 tons, value 1568/.; passengers, &c., 386/.; total 
revenue, 35,196/., against 26,1411. for the corresponding 
period last year. 


M. Renault, professor at the Museum, Paris, has re- 
cently devised a neatly arranged dry battery. Each cell 
consists of a carbon vessel, in the bottom of which is 

laced chromic acid mixed up with gelatinous silica, this 
atter ing the remarkable property of absorbing 60 
times its volume of water. On the top of this jelly a disc 
of porous earthenware is laid, which supports a zinc spiral 
immersed in a second layer of gelatinous silica, this time 
without the addition of the chromic acid. The cell is 
claimed to be very compact for its power. 

The Stora Kopparbergs Bergslags Company in Sweden, 
which is one of the largest concerns of its kind in northern 


cially in the more western | , 





Europe, has, during last year, turned over 9,898,712 kr., 
or about 550,000/., of which sum the — works are 
credited with 40,000/. ; the iron works with 225,000/., and 
the sawmills with 285,000. The net profits amount to 
1,483,500 kr., or 82,4001., which is between 30007. and 
40007. less than the net profits of the previous year. It is 
proposed to pay a dividend of 60 kr. per share (3/. 6s. 8d. ), 
to add 500,000 kr. (27,700/.) to the reserve fund, and to 
carry forward 400,000 kr. (22,000/.). 


As a result of nearly 40,000 tests of timber made at the 
laboratory of the Washington University at St. Louis, 
under the direction of the forestry division of the Depart- 
ment of Agriculture, the following facts have been deter- 
mined : Seasoned timber is about twice as strong as green 
timber, but well-seasoned timber loses its strength with 
the absorption of moisture ; timbers of large sections have 
equal strength per square inch with small ones when they 
are equally free from blemish ; knots are as great a source 
of weakness in a column as in a beam ; long-leafed pine is 
stronger than the average oak, and bleeding timber does 
not impair its qualities. 


A plan is to the fore in Russia comprising the construc- 
tion of a canal intended to connect the Baltic ports with 
those of the Crimea. The cost is put at about 20,000,0007. 
There do not appear to be any great technical difficulties 
in the way of the canal, which would proceed from Riga, 
follow the Dwina, and, further on, the Beresina and the 
Dnieper, finally entering the Black Sea at Cherson. The 
length of the canal will be about 1000 miles, depth 30 ft., 
and width 230 ft.; it is proposed to light it by means of 
electricity. With a speed of 6 knots, a vessel would pass 
through the canal in the course of six days. It is also 
proposed to connect the towns in the neighbourhood of 
the canal by means of smaller canals, 


We are informed that the Edison and Swan Company 
are about to ascertain, in a court of law, whether they 
can enforce ey the following clause in the 
agreement under which they allow licensees to work cer- 
tain of their patents: ‘‘The licensee shall not make or 
allow any discount, commission, return, gift, or allowance 
to customers greater than the discount from time to time 
allowed by the company.” It is alleged that this clause 
as been disregarded, especially as concerns lamp-holders, 
by certain licensees, to the detriment of others, and the 
proceedings referred to have been instituted chiefly for 
the protection of the latter. It isan evidence of the 
bitter competition between electrical engineers and manu- 
facturers that such a course as this has been considered 
necessary. 


The passenger lifts at the new residential flats, Welling- 
ton-court, Knightsbridge, were tested on Tuesday last, 
with a view to prove the efficiency of the safety devices 
supplied by Messrs. R. Waygood and Co., Limited, the 
builders of the lifts. The cars are suspended by four 
steel wire ropes, the failure of any one causing cams or 
grippers tobe pulled into action by the remaining sound 
ropes. There is also a fifth rope of lighter make, which 
runs idle, its only duty being to = the cams into action 
in the highly improbable event of all the four lifting ropes 
breaking simultaneously without first having brought the 
safety apparatus into action. The apparatus was tested 
by the severing of one of the ropes at the most trying 

fee (near its anchorage) while Mr. Walker, chairman of 
eta of Messrs. R. Waygood and Co., Limited, was 
in the cage, which was instantly stopped by the cams 
gripping the timbers at the back of the girders, erected for 
that purpose. 

The statements occasionally made by Parliamentary 
counsel are really astonishing. In opening the case 
for the purchase of the water companies by the Lon- 
don County Council, Mr. Balfour Browne stated that 
he would show that the water supplied to London was 
not fit to drink. Of course it is possible that Mr. 
Browne knows more about the rend of a water supply 
than the eminent engineers and scientists who formed 
the recent Royal Commission on the question, but the 
unprejudiced observer is hardly likely to conclude that 
this is the case. Even without going into scientific 
details, the wholesomeness of the London supply is 
well shown by the death-rate from enteric fever, Which 
is much lower per 1000 than in Glasgow, though 
this latter town has the advantage of a supply from 
Loch Katrine. There isso much to be said in favour of 
municipal control of water supplies that it is a pity the 
case should be weakened by false statements as to the 
purity of the present supply. 


In the Labour Gazette for May preliminary figures are 
given with regard to the trade disputes of 1894. No fewer 
than 956 disputes were reported as beginning in that year, 
but in regard to 30 of them no particulars were obtained. 
The remaining 926 affected about 306,000 persons 
being grou as follows: Building trades, 178 
disputes and 14,000 persons; clothing trades, 68 and 
6400; engineering, metal, and shipbuilding, 182 and 
25,500 ; mining and quarrying, 183 and 204,000; 
textile trades, 186 and 38,700; seafaring and dock 
labour, 38 and 4100; miscellaneous, 91 and 13,300. 
Of this total of 926 disputes a settlement was reported in 
811, affecting 294,000 persons; the 115 disputes (affecting 
12,000 persons) of which no settlement was reported 
having terminated without being formally settled or being 
still in progress. As regards actual results, about 51,000 
workpeople, engaged in 280 disputes, were partially suc- 
cessful ; 152,000, en in 219 disputes, were success- 
ful; 42,000, en in 151 disputes, were unsuccessful ; 
while in the case of 161 disputes, involving 49,000 ns, 
the result was indefinite or not reported. Stated in per- 
centages, 17.4 were successful, 14.3 were partially success- 
ful, 15.8 were unsuccessful, and 16.5 were indefinite or 
the result was not known. 





THE NEW PATENT BILL. 
To THE Eprror or ENGINEERING. 

Siz, — Notwithstanding the paternal regard of Mr. 
Hardingham for his supplementary provisionals, and his 
guarantee of the good intentions of the promoters of the 
new Patent Bill, I trust that clauses 2 and 3 will not be- 
come law. Mr. Hardingham appears to think that the 
loss of a L peripes by discon os is the one great evil to be 
abolished at any cost, whereas I look upon it as a penalty 
to be inflicted in case of fraud or non-compliance with an 
important principle of patent law. 

The Patents, &c., Act of 1883 iztroduced three great 
changes in the law: 1. The grant of a patent for one 
invention only, but allowing more than one claim (section 
33). This abolished the former practice of embracing 
several distinct inventions in one application, with its 
well-known evils. 2. The grant ofa patent to an inventor 
or inventors, who might be joined by some other person 
or persons. This changed the former practice of granting 
the patent to the inventor or inventors only, and the 
change is regarded with general favour. 3. The dating of 
a patent from the date of application, instead of from the 
sealing of the a, which former course also led to 
many evils. ow I think that Mr. Hardingham will 
agree that these changes were great improvements over 
the former law, and are generally approved; and yet 
clauses 2 and 3 directly and indirectly revert to the old 
practice, whatever may be the good intentions of the pro- 
moters of the Bill. 

Many inventors apply for a patent with a complete 
specification, drawings, and claims; having previously 
worked out their several inventions and matured their 
thoughts ; and every possible encouragement should be 
given to such inventors, No disconformity can ever be 
raised against them, and the date of their application 
settles their priority without question. 

But if three ype | a week previous to this 
date—apply with provisional specifications for three 
several patents which embrace the same subject matter 
as in three of the complete applications, they may fully 
and completely anticipate the latter. Now if the three 
provisionals are examined, we may find the first to dis- 
close a hazy idea of the alleged invention, with a vague 
foreshadowing of the means required to carry it out, and 
its applicant may really and honestly work out during 
the protective period of nine months the actual means 
which will anticipate the complete applicant. But there 
is no disconformity between the provisional and complete 
specifications. 

The second provisional may also be from an honest 
applicant, and contain a clearer idea of the invention, 
and a clear idea of a means of carrying it out. But in 
the nine months’ period he works out a better means of 
accomplishing his object, and describing both means in 
his complete, he sets up disconformity between his two 
specifications. , 

The third provisional may be from an applicant who is 
ready to accept ideas from any quarter, and the broader 
his title and the more discursive his description the better 
chance he has of claiming the work of others in his com- 
plete specification. Disconformity is the only thing he 
need fear, and Mr. Hardingham would abolish that. 

But a great deal has been made of the second instance, 
in which an applicant, without fraudulent intent, sets up 
disconformity by describing a better means in his com- 

lete than in his provisional. But the effect is the same, 
inasmuch as he has given a false date to his invention. 
The fact is, he has made two inventions, and if he 

roperly applied for a patent with his later date, he would 
“ anticipated by the complete application ; while if it is 
admitted under the date of the provisional application, 
the second invention would be protected from a time 
when it had no mental existence. 2 

I trust the advocates of the Bill will see that section 33 
would be absurd if supplementary provisionals were 
allowed, each describing a fresh development, while the 
law cannot discriminate between two inventions made at 
two different dates by one individual, and two inventions 
made by two individuals on those dates. It seems to be 
forgotten by many that the permission to file a provisional 
specification instead of a complete application is in the 
nature of a boon; of great value if not abused, but a 
source of great danger to those who fully satisfy the law 
if not safeguarded. Consequently it is not the provisional 
applicant who should be especially favoured by a age 
in the law; it should rather be the applicant with the 
complete invention. 

The proposal in clause 2 that any person or persons who 
have obtained provisional protection may file supple- 
mentary provisionals is a monstrous one; and if enacted 
as it stands would allow every member of a firm or joint 
stock company, joined with the original inventor, to add 
improvements. From this it will be seen that if the Bill 
is passed we should have a plethora of inventions, and of 
inventors, under one application ; while if the suggestion 
that the claims or the several provisionals be separately 
dated, we should have a plethora of dates also. 

I an, Sir, yours faithfully, 


J. SINCLAIR FarRFax. 
433, Strand, London, W.C., May 14, 1895, 








FRENCH Biast FurnAces.—The number of furnaces in 
blast in the Longwy district at the commencement of 
April, 1895, was 26, while there were nine furnaces out of 
blast at the same date. The number of furnaces in blast 
in the Nancy district at the commencement of April, 
1895, was 16, while there were seven furnaces out of 
blast. The production of pig in the Longwy district in 
the first quarter of this year was 198,270 tons, and in the 
Nancy district 107,820 tons, making an aggregate of 
396,090 tons. 
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BALANCING OF LOCOMOTIVES. 
To THE EDITOR OF ENGINEERING. 


Srr,—The following historical facts may be worth read- 
ing. Messrs. Sharp and Roberts, of Manchester, balanced 
revolving parts by counterweights in the wheels about 
the year 1837. Mr. W. Fernihough added additional 
weights to balance the reciprocating parts by their hori- 
zontal component in 1845. 

M. Le Chatelier worked out the whole theory of the 
subject, supplied rules for eliminating couples due to the 
various planes of action, and confirmed them by actual 
experiment in the workshops of the Paris-Orleans Rail- 
way and on the road in 1849. Since then independent 
nvestigators have repeated the distinguished Frenchman’s 
work with more or less elaboration. 

In 1855 Mr. D. K. Clark wrote: ‘‘ The centrifugal dis- 
turbance vertically . . is by far the least important 
element of instability of locomotives. But though the 
means of obtaining a complete balance were thus early 
pointed out. . . English engineers generally have not 
appreciated the importance of extending the balance be- 
yond the revolving parts.” , 

The same authority recommended that the coupling- 
rods of inside cylinder engines should be pinned on the 
line of resultant counterweight ; and further noted that 
with the small dimensions then in vogue the rods might 
be treated as in the plane of the weight, except, of course, 
in the case of outside framing. ; 

The following extract appears quite up todate: — 

‘To reduce as far as possible the reciprocating weights 
. . . the piston should be of wrought iron, the cross- 
head and slides should be hollowed out, and the con- 
necting-rods as simple and light as possible . . . Mr. 
M‘Connell has lately patented a light form of wrought- 
iron piston and the formation of piston-rods and connect- 
ing-rods from wrought-iron tubes; the object being to 
combine lightness and strength.” 

So much for the state of affairs 40 years ago. Now, 
with your permission, Sir, a brief space for personal 
explanation and apology for failing to observe Mr. 
Rolfe’s earliest indication of adherence to the “ rational ” 
system. 

"The foundation of my argument is that money and mass 
can overcome the disadvantages of vertical disturbance, 
but cannot improve speeds except by eliminating in the 
first place longitudinal oscillation. In combating the fol- 
lowing, I may have apparently neglected Mr. Rolfe’s 
statement of his own successful practice, but I could not 
let pass the leaving a part unbalanced to equalise crank 
effort (January 12, 1894); “‘ if they (reciprocating parts) are 
too many for one wheel, leave part of them unbalanced ” 
(March 23, 1894) ; ‘‘ reciprocating parts. . . I contend 
should be more ignored ” (April 6, 1894) ; and so on, 

In conclusion I beg to assure Mr. Rolfe that I have no 
intention to let the anonymity, assumed for sufficient 
reason, veil ‘‘sneers” and ‘‘sarcasm,” which are the 
imagined product merely of his interpretation of my 
perhaps faulty expression, 


April 3, 1895. 


Yours, &c.. 
cD TD 





To THE EpIToR oF ENGINEERING. 


Sir,—Want of time has prevented me writing ere this, 
and with your kind permission I will briefly reply to the 
letters of the last few weeks on the above subject. 

1. Balancing Coupling Parts.—I must thank Mr. Rolfe 
for drawing my attention to my obvious slip in paragraph 3 
of my letter published on February 15. I have usually 
considered all coupling parts (for one side of the engine) 
as concentrated in a plane between those of the counter- 
weight and coupling-rod, instead of allowing for them 
separately ; evidently this plane would be that passing 
through the centre of gravity of the whole system of 
coupling parts, though I am afraid I have not determined 
its exact position in every particular case, the excuse (not 
reason) being that the off counterweight is in any case 
small, and the angle of deviation ditto. Mr. Rolfe’s 
exposé of August 24 is in fact the expression of the process 
described above, as he takes into account the moments 
. the various parts due to their position in different 
planes. 

The error is entirely mine, and I much regret having 
attributed to my honourable friend things that he did not 
say. Being et pre, pressed for time when I wrote my 
last letter, I did not look up his exposé, the result being a 
good example of the ‘‘more haste less speed ” mode of 
progression. 

2. “J. D. T.’s” Letter of March 1.—I rubbed my eyes in 
astonishment at the opening sentence of this epistle, 
wondering greatly how ‘‘ J. D. T.” has managed to arrive 
at this remarkable conclusion re distribution of reciproca- 
ting counterweight. Mr. Rolfe somewhat unkindly 
suggests that “‘ J. D.T.’s’ powers of discernment are on 
the wane,” though he evidently manages to detect greater 
unanimity on this point than is perceptible to ordinary 
intelligences. May I venture to suggest that the means 
by which ** J. D. T.” has convinced himself of ‘‘the ac- 
quiescence of your correspondents,” in what he evidently 
regards as his own particular method, are none other than 
the very simple process of et comme quantités 
négligeables all those who differ from his views? Well, 
this is happily a free country, and ‘J. D. T. ” is fully 
welcome, so far as I am concerned, to all the satisfaction 
he can derive from this delightfully elementary method of 
exclaiming ‘‘Q. E. D.” I trust, however, that he will 
acquit me of any desire to unduly carp and cavil if I 
respectfully venture to suggest that his ipse dixit does not 
prove his case, and that his ingenuity would find more 
profitable employment in so doing than in evading the 
very plain questions I have at various times put to him, 
and enunciating vague generalities carefully wrapped up 








in that exuberance of verbosity which he himself con- 
demns, and which Mr. Rolfe so accurately describes in the 
last paragraph of his letter of March 29. 
T am, Sir, yours faithfully, 
NovoyE VREMYA. 





ELECTRIC TRACTION. 

To THE EDITOR OF ENGINEERING. 
_ Smr,—I delayed answering Mr. Philip Dawson’s letter 
in your issue of April 12 in order to make inquiries as to 
the size of the cable cars in Chicago. When I spoke of 
the cars as being capable of carrying 100 passengers, I did 
so from my own observation. As many as ten cars 
have been coupled together in one train, carrying 1000 
passengers. But Mr. Dawson states so positively that 
there are no such cars running in Chicago, that it struck 
me an alteration might have been made since I was there. 
I am informed that such is the case; that, with the ex- 
tension of the system, smaller cars have been introduced, 
which now exceed in number the large cars, but that some 
of the large cars are still running on the principal routes. 
The change must have m a very recent one, because 
the Practical Engineer of last September gives the size 
of the Chicago cars as for 100 passengers. Such a change 
might easily have taken place at any time, even during 
the progress of this correspondence, and your readers can 
judge for themselves whether that entitles Mr. Dawson 
to insinuate that I have been guilty of misrepresen- 
tation. 

It is an easy matter for Mr. Dawson to say that I 
“juggle with figures.” Over and over again I have 
pointed out the inconsistencies in some of his Tables, 
especially in Table IV. (ENGINEERING, January 4), 
and asked him to explain or justify them. All he 
does is to say I ‘‘ juggle with figures,” and that the 
Table is in accordance with American experience, The 
figures in the Table are plain enough, giving the com- 
parative cost of electric and cable traction installations 
in parallel columns, and showing that an electric system 
would cost only 1500/. as against 18,0001. for cable, which 
last, he says, includes ‘‘cost of metals and their laying,” 
which must also be included in the 1500/. for electric 
equipment, otherwise the comparison is an obviously 
falseone. Of that 15007. Mr. Dawson sets down 5001. for 
cost of conductors, leaving only 10007. for all the rest, in- 
cluding all the electric generating plant, motor cars, and 
the ‘‘metals and their laying.” Now where is the 
juggling in that? The figures are Mr. Dawson’s, and not 
mine. I challenge Mr. Dawson to produce one particle 
of evidence, whether American or English, to justify 
these figures. Also to show how he makes out 1 lb. of 
coal produces 50 per cent. more steam to drive an engine 
for working an electric system than for a cable system, as 
shown by his figures in Table IV. Mr. Dawson has 
never yet answered me on these points, but slides off 
them on to other issues. The figures are. so incon- 
sistent and improbable that I am justified in asking 
Mr. Dawson to produce some sort of evidence in proof 
of their correctness. All he saysis that they ‘‘ hold good 
for America,” and that the New York pe line (a most 
expensively constructed line with duplicate cables) cost 
30,000/. per mile; an answer like that of the Irishman 
who applied for a situation as foreign correspondent, 
and when asked if he could speak French, replied, ‘‘ Well, 
= exactly, but I have a cousin who can play the French 

orn !” 

Mr. Dawson says I have ‘‘ started a crusade against 
electric traction in Irish and English daily papers.” I did 
nothing of the sort. The subject was already under dis- 
cussion in the papers referred to before I joined in the 
discussion. I imagine I had as much right to do so as 
Mr. Dawson has to advocate electric traction. It is quite 
true that the windmills which Mr. Dawson says I was 
tilting at, falling short of their supply of wind, soon 
ceased working. The correspondence in the provincial 
papers ceased, but in place thereof a London weekly 
electrical paper took the matter up, and wrote, calling 
my letters ‘‘ pitiful drivel,” expressing astonishment 
at my ‘‘impudence” and my ‘“‘deplorable ignorance,” 
and saying that I was not worth answering, and 
therefore they would not answer me, and so forth, 
but at the same time taking the trouble to quote one 
passage in which an obvious misprint (the omission of 
a plural s) obscured the sense. All this fuss was made 
out of my having avoided the use of technical electrical 
terms in writing to a non-technical daily paper, and, being 
chiefly desirous of giving the general public a fair 
idea of the matter, using the more generally understood 
terms applied to the pressure and flow of water in pipes. 
_ they were under the necessity of taking hold of some- 
thing. 

The statements which Mr. Dawson says were ‘‘manifest 
absurdities,” were all taken from authoritative sources, 
viz., papers contributed to the American Institute of 
Electrical Engineers by Mr. J. H. Vail and by Mr. 
Farnham, the evidence given before Lord Cross’s Com- 
mittee (1893) on Electric Powers (Protective Clausez), and 
a pamphlet issued by the “Series” Electric Traction 
Syndicate, to which were attached the names of Professor 
Fleeming Jenkin, Professor Perry, and other electricians. 
Mr. Dawson entirely misrepresents me when he says 
I spoke of buried metal-work ‘‘losing its conductivity.” 
Referring to electrolytic corrosion of the rails, and Major 
Cardew’s evidence to the effect that the more you remove 
the corrosion from pipes and other buried metal-work, the 
more you will transfer it to the rails, I pointed out, in as 
farniliar phraseology as I could, that the capacity of the 
rails for the return current must become reduced by that 
corrosion reducing their sectional area at certain points, 
just as the capacity of a pipe for the conveyance of water 
might be reduced by the choking of the bore by internal 





incrustation. In support of this I quoted Mr. Preece’s 
evidence before Lord Cross’s Committee. 

To prove the superiority of electric traction, Mr. Dawson 
gives some figures of results of cable and electric traction 
from the Pittsburg Citizens’ Traction Company, which, 
if he had taken the trouble to analyse, he might not have 
been so ready to produce in support of his contention. 
These figures show the cost of electric traction to be 
5.49d. per car-mile, and cable 6.92d., or 24 per cent. 
higher than electric. But we find that the 1,838,915 miles 
run by the cable carried 11,539,649 passengers, or 6.4 per 
car-mile, while the 589,321 electric miles carried 2,368,968 
passengers, or only 4 per car-mile, and the 20 electric 
cars were run so as to average about 2000 more miles per 
car per annum than the 68 cable cars, with corresponding 
reduction in rate of drivers’ and conductors’ wages per car- 
mile. Thus, although the cost per car-mile on the cable 
line was 24 per cent. higher than that on the electric line, 
the useful work done in the living and paying load carried 
was 60 per cent. higher on the cable line. erhaps Mr, 
Dawson would call this ‘‘ juggling with figures,” because 
it works out against him. 

But, as I have before pointed out, these American 
figures are no criterion for electric traction in this country. 
The Board of Trade rules in this country alter the con- 
ditions of —> so many ways that it would be 
extreme folly to e our estimates of the working of 
electric traction upon any results obtained from America, 
where there are no such restrictions and stringent regu- 
lations as here, where they work at nearly double the 
voltage and double the speed that is allowed here, and 
where, consequently, the working costs might be expected 
to be only about half what they would work out to here. 

Mr. Dawson takes the trouble to quote a Mr. Higgins 
to prove that “‘ financial disaster is brought about by the 
injudicious installation of the cable.” This wonderfully 
deep truism no one is likely to dispute. Financial disaster 
is naturally brought about by the ¢njudicious installation 
of any work, whether cable, electric, or anything else. 
No one who has given any attention to the matter would 
think of putting down a cable line where the traffic would 
not support a quick service. Mr. Dawson says the limit 
is less than one minute ‘*headway” to make a cable 
— pay. How comes it, then, that in Birmingham 
the cable system paid on a 74 minutes’ service ; that ona 
5 minutes’ service the profit on 34 miles of road reached 
14,000/., or 14 per cent. on the capital outlay; that on a 
34 minutes’ service it reached 15,500/. ; and on a2 minutes’ 
service it reached nearly 20,000/.? There is nothing in 
any American experience to encourage the hope of any- 
thing in the least approaching such profits being made on 
any electric system in this country under the Board of 
Trade regulations. 

Yours, &c., 
JOHN STURGEON, 

24, Victoria-chambers, Leeds, April, 1875. 








DOMESTIC BOILER EXPLOSIONS. 
To THE Eprror OF ENGINEERING. 

Srz,—It is clearly stated in my last letter that the 
apparatus has a head of 72 ft. ; the pressure gauge shows 
an increase of pressure over that due to head ; and that 
the water flows freely from the store cistern to boiler, I 
have not stated that the boilers are supplied from the 
streeb main; but if they were so connected, and the cir- 
cuits closed, then additional pressure would be necessary 
to drive the circulation. 

Now, Sir, my arguments are: 1, That safety valves 
are failures. 2. That all systems requiring such abomi- 
nable fittings are bad. 3. That my system is absolutely 
safe and efficient. You admit there was additional pres- 
sure in the case given by “‘ Alexis,” and that the safety 
valve did not act, owing to its being overloaded. Itisa 
clear case of inefficiency. A safety valve, to be efficient 
for domestic boilers, must be sensitive enough to act, no 
matter how slight the increase of pressure. You say, 
‘*shows just what would happen if the pressure in the 
boiler exceeded,” &c. The fact is that it did exceed to 
the extent of being able to force all the water out of the 
cylinder ; hence the collapse. The questions you have 
now to decide are: Is this additional pressure always 
present? or was it caused by the expansion pipe bein 
frozen? My experience is that it is always there; and 
have no doubt many of your readers have seen boiling 
water forced out above the roof; and in all such cases, if 
the cold supply pipe is examined, it will be found cold, 
for is it not supplying water to the boiler or cylinder, to 
be forced out of a pipe the end of which may be 10 ft. or 
more above the store cistern; and it will continue the 
supply until the ardour of the boiler is checked. 

I quite agree with you that “the pressure on the boiler 
cannot exceed that due to head,” if it is left alone, but I 
totally disagree with any one who asserts that the applica- 
tion of heat to a kitchen boiler does not affect the pres- 
sure. To me the question of additional pressure is one of 
how much; I am satisfied as to its existence; and what 
is more to the point, I have given a reason. 

That all the existing systems of hot-water apparatus 
are explosive cannot be denied; and to show the exact 
amount of reliance to be placed in the so-called safety valve, 
I copy the following from a circular recently issued : 

*“‘Tmportant Caution ! — safety valves are 
acknowledged to be the most simple and efficient known. 
But for the sake of an immediate extra profit, worthless 
imitations are sometimes recommended by unscrupulous 
vendors, Besides the trouble, expense, annoyance, and 
fancied security, which follow the adoption of such imita- 
tions, there is absolutely increased danger. Householders, 


therefore, cannot be too careful in making sure that the 
safety valve adopted can be relied upon, and not a dan- 
gerous and worthless sham.” 

He also claims that his valves are from 10 to 20 times 
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more efficient than ordinary valves. This is crying 
‘* stinking fish” with a vengeance; but worse remains, 
for he quotes ENGINEERING thus, ‘‘a suitable safety valve 
forms a perfect guarantee against danger.” I deny it, 
and I challenge you to produce your valve and make good 
your assertion. It is rank quackery to recommend such a 
cure for a defective system. The only certain remedy to 
adopt is the low-preesure system, which is absolutely non- 
explosive. I an, Sir, yours faithfully, 

7, Grant-street, Liverpool. Henry Cray. 

{[Mr. Clay makes some singular statements. In the 
circulating system he refers to, he states that the water 
flows freely int» the boiler from a store cistern situated 
72 ft. above it, although, in his previous letter, he said 
that the pressure on the boiler was some 10 lb. to 15 1b. per 
square inch above that due to the head! How can he 

ossibly reconcile these statements? As for hot water 
rhe thrown out of the rising pipe of a circulating sys- 
tem to a height of 10 ft. above the level of the supply 
cistern ; that, of courae, is simply due to the rising pipe 
not containing ‘‘ solid” water, but mixed water and steam, 
the result being a reduction in the weight of the rising 
column. With regard to the case referred to by ‘‘ Alexis,” 
we explained that the safety valve did not act simply 
because there was no rise of pressure to cause it to act. 
The passage to the supply tank being clear, the boiler of 
course relieved itself that way. This is clearly not a case 
of inefficiency. We also entirely differ from Mr. Clay as 
to the alleged necessity for the safety valve on a domestic 
boiler to bs so sensitive as ‘‘to act no matter how slight 
the increase of pressure.” All that is necessary is that 
the valve should act promptly if the pressure rises above 
that which is known to be a thoroughly safe pressure for 
the boiler to sustain. This condition gives a margin 
sufticient to allow of the load on the valve being 
sufficiently above that due to the head on the boiler to 
insure the non-leakage of the valve.—Ep. E.] 





LIME v. CEMENT. 
To THE EpitToR OF ENGINEERING. 

Sir,—I reply to your correspondent “ W. J. W.” in 
your issue of April 26, I am not able to inform him 
exactly what the destructive property contained in the 
sand was, in the particular instance mentioned in my 
letter upon this subject in your issue of March 1. 

The ingredients used in conjunction with lime, to make 
mortar, are of several natures and require special atten- 
tion and care in their selection, for these admixtures 
exercise very different effects upon the qualities of the 
respective combinations into which they enter. 

The failure of mortar is caused by neglect of precautions 
in considering the nature of the ingredient with which 
the lime is to be mixed. 

It is generally accepted that all sand used for this 
purpose should be perfectly free from “earthy” or 
‘* clayey” matters, although there are certain sands 
which make exceptions to this rule, but these are only 
found in particular parts, as, for instance, a kind of sand 
found in very large quantities in some parts of France, 
and used largely there for river works. 

The safer plan, however, is to guard against the use of 
sand containing the matters mentioned. Clays are rarely 
used in their natural state in combination with lime, but 
when burnt form an excellent ingredient. 

It may be stated, however, that mortar made so should 
not be exposed to the action of salt water, for though it 
may appear to set in such a position quite firm, at first, it 
crumbles into powder at the expiration of a few years. 

For building dwelling-houses it is by far the best to use 
mortar made with sand (fresh water) free from ‘‘ earthy ” 
or *‘clayey ” properties or other impurities, 

The user will then be sure to be on the safe side. If 
such sand is not obtainable, engine ashes will take its 
place. If the lime and ashes are thoroughly ground 
in a mortar mill, it would be difficult to find a mortar 
superior in any way to the product. I should prefer 
mortar made with ashes to that made with any kind 
of sand for ordinary purposes. 

““W. J. W.” says the sand he is using “‘is extremely 
bad, in fact, can hardly be called sand at all.” It would 
be well for him to discontinue the use of such sand, 
and obtain some other ingredient for mixing with the 
lime. 

Salt-water sand should not be used for any work above 
the ground level. 

The study of the quality of mortars contributes to a 
great extent to success in building. 

Yours faithfully, 
Swansea, May 4, 1895. CuaRLes T. RUTHEN, 








PORTLAND CEMENT. 
To THE Eprtor OF ENGINEERING. 

Sir,—Referring to the report in your last issue of a 
meeting of the Society of Engineers, at which Mr. D. B. 
Butler read a paper on ‘‘ Portland Cement,” in which he 
referred to edge-runner mills, which are now being largely 
substituted for millstones, he stated he did not consider 
that edge-runner mills produced so large an amount of 
impalpable powder as millstones. This may be correct in 
edge-runners that continuously travel on a path concen- 
tric with the vertical shaft, but from arecent trial which 
took place at the Queenborough Cement Company’s works 
with a small size edge-runver mill, such as described in 
your issue of August 17, 1894, and erected on an 
existing mill-house, the mill produced 63 cwt. of finished 
cement in one hour, with only a trace of residue on a 
50 x 50 mesh. It gave 30 per cent. residue on a 
32,000 mesh. The horse-power was less than that 
required for a pair of millstones producing 20 cwt. per 
hour with 7 per cent. residue on a 50 x 50 mesh and 40 
per cent. on a 32,000 mesh. This trial took place in the 








presence of the managing director of the company, and 
should prove that there are edge-runner mills producing 
cement equal to that of millstones. 
Yours faithfully, 
W. R. TAyYLor. 
Medway Works, Rochester, May 1, 1895. 





BALANCING MARINE ENGINES. 
To THE Epiror OF ENGINEERING. : 

Sir,—The sweeping statement of Mr. Mark Robinson, 
which appears in your last issue, should not be allowed to 
pass unchallenged. He states that no system of balance- 
weights can produce a perfect balance of reciprocating 
engines. Now first take his own Fig. 7, page 558. _ 

If the big engine marked 420 lb. be placed opposite the 
two small ones marked 210 lb., as shown in Fig. 1 adjoin- 
ing, the engine is not approximately, bub perfectly, 
balanced in all respects. ) 

Next, take a two-crank engine; say an ordinary com- 
pound engine with cranks at 90deg., and the low-pressure 
piston a good bit heavier than the high, to take a more 
general instance than the statically balanced Willans 
engine. 

Then each engine can be perfectly balanced indepen- 
dently of the other in the following manner. We need 
only consider one engine, as a precisely similar process 
serves for the other. 

In Fig. 2 A Bis the engine to be balanced, A’ B! the 
other engine, 
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Outside the main bearing put a crank and bob- 
weight opposite the engine crank, in the line C D, and 
let them be heavier than those of the engine. 

Further along the shaft put a lighter crank and bob- 
weight in the same direction as the engine crank, in the 
line E F, and make difference of bob-weights = weight 
of piston, &c. ; also distances of bob-weights respectively 
from engine centre line, inversely as their magnitude. 
For example, if moving parts of the engine are 3 tons, the 
big weight may be 4 tons, and the small one 3, and their 
distances from the engine 1 and 4 respectively. 

Of course the distribution of the revolving and recipro- 
cating weights must be proportional in each case. 

I think that no proof is needed for the above; it is a 
case of the resultant of two parallel forces. 

Of course bob-weights below the shaft of a screw ship 
would ke awkward and perhaps impossible, but that is a 
totally different question from the possibility of perfectly 
balancing an engine. 

Well, then, this system being excluded, are we really 
unable to obtain perfect balance with less than six cylin- 
ders, as proposed by Mr. Robinson and Captain Sankey ? 
Let me show how it can be done with a single crank. 

Fig. 3 speaks for itself. The revolving balance-weight 
counterpoises the crank and half the weight of the con- 
necting-rod, while the bob-weight at the outer end of each 
rocking lever, together with as many pumps as you like 
to hang on, must statically balance the purely recipro- 
cating parts and the other half of the connecting-rod. 

Observe that if one or more cranks are thrown out when 
cruising at reduced power, the remaining part is perfectly 
balanced in itself; in Messrs, Willans’ plan all six cylin- 
ders are necessary for perfect balance. 

Your obedient servant, 
C. A. Matruey. 

60, Cadder-street, Pollokshields, Glasgow, 

April 29, 1895. 





THE CONSERVATION OF ENERGY. 
To THE EpitorR OF ENGINEERING. 

S1r,—While I have no exception to make to your 
general statement as to the relativity of all human know. 
ledge, I feel as if a few words of explanation might bs 
useful to prevent what you have said from being misused 
gee who are making a business of misleading the 
public. 

While it may be true that our confidence that two and 
two cannot make five is of a higher order than our con. 
fidence that the law of gravitation is universal], and the 
conservation of energy absolute, yet is not this a differ. 
ence of os the result of our progressive evolution, and 
may not the time be coming when one will be as near 
to absolute knowledge as the other ? 

It is stated on good authority by Buckle that some 
native Africans are not able to see that two and two make 
four, but that when sheep are bought from them for 
two quids of tobacco each, it will not satisfy them to 
give them four quids for two sheep, but each animal 
must be separately exchanged for two quide. 

Is not our practical realisation of the relation of 
numbers the result of ancestral experience, and may we 
not hope that our descendents may have an equally in- 
tuitive perception as to the relation of the various forms 
of energy? Without waiting, however, for this as a 
practical question, is not our experience on the conserva- 
tion of energy already sufficiently extended to warrant 
us in treating it as a practical axiom on which we may 
safely base our actions in all practical questions ? 

Clerk Maxwell’s name properly gives great weight to 
anything he has said, even if it is of the nature of a dream 
about demons, but if even Homer sometimes nods, may 
not a modern physicist ‘‘ drop off ” when he lays aside the 
conception of material substances, and turns his mind 
upon what supernatural agencies might accomplish in a 
domain of dematerialised matter? 

Allow me in this connection to present to you a letter 
which I have just received from Professor J. Burkitt 
Webb, of our Faculty, in response to an inquiry as to his 
views concerning Maxwell’s demon engine. 

Very truly yours, 
Henry Morton. 





“ April 29, 1895. 

“President Morton,—The reference to Maxwell’s 
‘familiars’ in the article in ENGINEERING, which refers to 
your article in Cassier’s Magazine, calls to mind the 
impression produced when I first read Maxwell’s ‘ Theory 
of Heat.’ It was delightful reading until I came to his 
well-known demoniacal suggestion on page 328, and this 
sounded like a painful discord. 

‘Tn the first place, there seemed to be no force in it, 
because most people would agree that the Creator could 
interfere with his own laws if He wanted to. Thus we 
may hold that the quantity of matter in the universe is 
constant, and yet, if it was created, the Creator might 
certainly be able to add to, or subtract from, it. Now 
Maxwell’s demons, notwithstanding his claim that they 
are ‘essentially finite,’ are supposed to have the attri- 
butes of the Creator, inasmuch as they must be spirits of 
infinite, or very superior, intelligence, able at once to 
discern what particles should be, and what should not be, 
let through the partition, and having no material bodies. 
Incidentally, it seems quite appropriate that they should 
be popularly called demons, in accordance with the sup- 
position that such beings are experts in matters involving 
the manipulation of high temperatures. 

‘“This suggestion of Maxwell struck me otherwise as 
somewhat crude, like the machines often proposed by 
inventors, which could never be constructed, and would 
not operate if they could be. Thus the partition, separat- 
ing the two spaces and in which the doors are to be 
located, must be amaterial partition, for we know of, and 
consequently can assume, no other ; and doors in such a 
partition, being also material, could not be operated with- 
out energy. ‘The operation of the doors without loss of 
energy is, therefore, inconceivable, and the same objection 
holds against material bodies forthe demons. This being 
the case, it is unnecessary to go farther in showing that 
the proposed plan for elevating the temperature of a gas 
is not in accordance with natural laws. 

* But there is another quite interesting view of the 
case, which places the device, for thus accumulating heat 
and using it toruna heat engine, far below the plane of a 
real ‘ Yankee’invention, for had Maxwell his demons orga- 
nised and his engine ready to start, he would need only to 
change his instructions somewhat to make the thing a 
greater success than he imagined. Thus in giving orders 
to the demons it would be much better to tell them to let 
all molecules through the partition toward the engine, but 
to let none back, so that nothing would be needed for the 
production of mechanical power but a compressed air 
engine and reservoir with the patent demoniacal surface 
or partition. That is to say, if the reservoir were made 
so that demons could let molecules into, and not out of it, 
or if the walls were filled with minute, frictionless, im- 
material, or demoniacal check valves, which would let 
particles in and not out, then we could automatically 
keep the pressure up in sucha reservoir, without caring to 
raise its temperature, while we ran an air engine from it. 

‘This, as you see, is a legitimate child of what seems 
to me the first absurdity, and would at once make per- 
petual motion (that is, automatic power supply) theoretic- 
ally possible. 

‘* There is, however, a curious side issue which might 
be developed in case the demon engine above suggested 
could be put into operation. For the demons to let all 
molecules through, and none back, would be as if a farmer, 
desiring to collect all his unwilling cattle in a pen, might 
seb some one to driving them rapidly about the field, 
so that, when one cams accidentally toward the gate 
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of the former, he could open it and let that one through, 
taking care to do so only when none on the inside would 
come out. Of course, after a while the smarter cattle, at 
least, would begin to steer clear of the gate, and this 
might lead us to regard with favour Tyndall’s unorthodox 
suggestion that the germs of everything, intelligence in- 
cluded, may exist in the original atom, and to conclude 
that after a little the molecules would, perhaps after a 
consultation between their component atoms, see the 
point and avoid the demons and their doors, in the fear 
that some additional and unauthorised service was to be 
gotten out of them, even if they did not get the hint of it 
from those molecules which returned to them fagged out 
with their efforts in running the engine. 
‘* Respectfully, 
“J. Burxirr Wess. 

‘*P.S,—A copy of my Vice-Presidential Address before 
Section D of the American Association for the Advance- 
ment of Science in 1885 accompanies this. On page 4 you 
will :% yo incidental protest against Maxwell’s theory. 
—J. B. W.’ 





EARLY GREAT WESTERN LOCOMOTIVES. 

To THE EDITOR OF ENGINEERING. 
S1r,—Considerable attention has recently been given to 
the subject of ‘‘10-ft. driving wheels.” It is a well-known 
fact that a celebrated engine named the ‘“‘ Hurricane” was 
constructed in 1838 for the Great Western Railway ; ib 
had the largest driving wheels ever made, namely, 10 ft. 
in diameter, and the only ones of that size. Mr. G. A 
Sekon, in his new book on ‘‘ The Great Western Railway,” 
maintains that another engine named the ‘‘ Ajax” had 
also ‘‘10-ft. wheels.” As an important link in loco- 
motive history, it should be recorded that the working 
drawings of the ‘‘ Ajax” were at the Chicago Exhibi- 
tion, and the driving wheels were 8 ft. in diameter, 
and not 10 ft. Mr. Sekon has also in his book intro- 
duced some doubt into the history of the engine 
“North Star,” and has stated that this engine was 
made for a Russian railway. Of course it is well known 
that this was not so, but in order to put the question at 
rest, it is only necessary to turn to the Railway Gauge 
Report of 1846, page 7, where Mr. Robert Stephenson 
was under examination with reference to the engines he 
supplied to the Great Western Company. He said: ‘‘I 
adopted the 7-ft. wheel in making some engines for them. 
I may as well state that the engines which were originally 
made for the Great Western by me were not designed for 
the 7-ft. gauge ; they were designed for an American rail- 
road witha gauge of 6 ft. . .. Theframes were widened, 
and the axles were lengthened.” This statement by Mr. 
Stephenson fully confirms the correctness of the working 
drawings which were shown at the Chicago Exhibition to 
illustrate the four engines named ‘“‘ North Star,” ‘‘ Morn- 
ing Star,” ‘‘ Evening Star,” ‘‘Dog Star,” as being built 
upon a gauge of 6 ft., and intended for an American rail- 

road, but afterwards altered for the Great Western line. 
Yours truly, 
Criement E. Stretton, C.E. 
Saxe-Coburg House, Leicester, May 7, 1895. 





SWEATING IN DRAWING OFFICES. 
To THE EpIToR OF ENGINEERING. 

Srr,—The above may appear a rather harsh term, but 

I am convinced that few, if any, engineers employed in 
drawing offices will consider it inappropriate. When I 
was a marine engine draughtsman (and it is of this class 
in particular I wish to speak), not so very many years ago, 
we were looked upon as men of, at least, average intelli- 
gence, and were remunerated in a suitable manner. It 
must not be forgotten that the ranks of the leading 
engineers of the day are recruited from drawing offices. 
But what a difference is there at the present moment ! 
Never were marine engine draughtsmen required to be 
so highly trained, and to have such an amount of varied 
knowledge at their finger-ends, and yet how their salaries 
have depreciated ! Their average pay is now little better 
than an ordinary fitter’s. I have been surprised lately to 
hear of the way in which an old, and one-time leading, 
firm treats ibs drawing staff. The work done is chiefly 
naval engines, for which, of course, the best men are 
necessary. This firm requires its draughtsmen to take all 
responsibility as to accuracy, &c., of the drawings se 
turn out, and to be capable of doing any class of work 
that may be given them. For this they now offer 
salaries scarcely exceeding 1002. per annum, The 
draughtsmen are paid by the hour, like labourers, 
and must Jose all time except in case of illness, 
when two-thirds is paid. An attendance book has to 
be signed on arrival each morning at 9 o’clock, and at 
9.5 line is drawn, and every one signing beneath is 
made conscious that he has transgressed. In addition 
to this, half an hour per day has been recently added 
to the working day, but no corresponding increase has 
taken place in the salaries, Why should salaries be 
getting beautifully less year by year? The men are better 
educated than ever they were, and their work requires 
more skill. When an engineering firm goes “‘ rocky,” the 
first place where economy is sought is in the drawing 
office. Young men are introduced by specious promises, 
alas! never to be realised, and they soon get disgusted, 
and many a promising young engineer has been lost by 
having his spirit broken in a drawing office. What is 
needed is a better appreciation by the employers of the 
part played by this important portion of their staff, and 
economy arti Br right direction—thefactory—where, 
either by better management or newer systems of doing 
work, pounds may be saved with profit to both masters 
and men, instead of seeking to squeeze blood out of a stone 
by sweating the drawing office staff. Sweating wasever a 








suicidal policy, and ought to be beneath the dignity of 
any respectable engineering firm. 
Yours faithfully, 


W. H. Reynotps, 
London, E C , May 6, 1895. 





TRADE CATALOGUES. 
To THE Epiror oF ENGINEERING. 

Srr,—I note that several of your correspondents are 
giving their views in regard to the desirability of cata- 
logues of standard size, and that various sizes have been 
proposed as a standard. It may interest you to know 
that a standard has practically been adopted in this 
country, especially by builders of machinery, and it is 
probable that a majority of the catalogues now received 
by the journal (the American Machinist) with which I am 
connected, are of the size recommended by it, i.e., 6 in. by 
9in. This size corresponds to the publications of the 
American Society of Mechanical Engineers and of other 
technical societies in this country, and seems well adapted 
to answer the purpose of almost any builder of machinery. 
Would it not be well for English manufacturers, if they 
adopt a standard at all, to adopt this same size, which 
would be a great convenience, as American and English 
builders of machinery frequently exchange catalogues, 
and are likely to do so still more in the future? In order 
to secure the adoption of a standard size, it is necessary 
not only to call attention to the desirability of a standard, 
but to suggest and advocate some definite standard, and 
so far as I can judge from this distance, it would seem as 
though no better definite standard could be advocated in 
your country than the one which seems now likely to be 
universally adopted here, ¢.¢., 6 in. by 9 in, 

ours truly, 
Frep. J. Miuizr, Editor. 

New York, April 25, 1895. 





SEPARATING IRON PARTICLES FROM 
BRONZE BORINGS. 
To THE EpitoR OF ENGINEERING. 

Srr,—I should be very much obliged if any of your 
correspondents could inform me who are the makers of 
the best machines for separating particles of iron from 
bronze borings on a large rcale. I have seen the illustra- 
tion of a machine consisting of a brass drum revolving 
around electro magnets. The mixed metals are dropped 
on to the drum, and the bronze falls off, but the iron 
adheres, and is carried round and scraped off. I have 
not been able, however, to find the makers of this 
machine. 

Yours truly, 
JOHN DEWRANCE. 

158, Great Dover-street, Londor, S.E., May 11, 1895. 





ASSISTANT ENGINEERS IN THE NAVY. 
To THE EpIToR OF ENGINEERING. 

Sir,—Has not ‘‘S. E.” misunderstood all but the 
heading to my letter, which you kindly added for me? 

I merely called attention to an unfair, misleading limit, 
lest others might be influenced by it. For the sake of 
brevity only one example was given from your valuable 
advertising columns. It illustrated the majority for other 
appointments besides that of draughtsmen, and so it 
follows that those who probably have much better 
opportunities of judging than the Lords of the Admi- 
ralty, do not lay so much stress on the ‘‘day course.” 
Fortunately, the Admiralty standard is not the gene- 
rally recognised one, else what would become ot the 
pupils of eminent engineers, apprentices who have profited 
by evening lectures, young men who preferred the ad- 
vantages of general country shop and home study, and 
the vast majority of engineers who have never been near 
a ‘‘day course”? 

The present fashionable name, ‘‘colleges for technical 
education,” reminds one of the schoolmaster Holofernes in 
‘*Love’s Labour’s Lost.” The words may stand for a great 
deal, or nothing worth having, A surveyor schoolmaster 
I knew, expressed himself thus about a simple piece of 

round: “I calculated the area by in-ter-po-la-tion and 
| aor SS The scholastic love of words has not died 
out. But a definite, and generally recognised, standard 
of qualification for engineers is wanted, before they are 
allowed to risk lives and interests by their actions and 
advice. The Institutes and Board of Trade regulations 
for marine engineers appear the best so far. 

Perhaps ‘“‘S. E.” is a little bit ashamed of his, or her, 
own remarks to honour them with his, or her, name. In 
that case who would discuss whether ‘‘ one year’s attend- 
ance at a day course” is any ‘‘ guarantee” of qualifica- 
tion for ‘‘ people to sit down to dinner ”? 

TI am, Sir, yours truly, 


April 25, 1895. Hamitton D. Cripps. 








Paciric TELEGRAPHY.—The cost of a Pacific cable from 
Vancouver to Honolulu, including three years’ mainten- 
ance, is estimated by the Canadian Government Director 
of Telegraphs at 2,000,000/. 





A Pocket Reapy Rerckoner.—A very handy and 
comprehensive ready reckoner has been issued by Mr. 
Henry Frowde, of the Oxford University Press, which 
should be assured of a wide field of usefulness. Although 
so small as not to incommode the waiscoat pocket, it con- 
tains 640 pages of tables of fractions of pennies, advancing 
by sixteenthe, and of fractions of shillings up to a pound, 
multiplied by numbers up to 10,000. In addition, there 





are interest and discount tables, English equivalents of 
metric measurer, &c. In all respects it is the most use- | 
ful compilation of its kind with which we are acquainted. ' 


THE FATAL ACCIDENT AT WOOD GREEN. 


AT 8 a.m. on February 28, as a North London train of 
empty coaches was passing through the facing junction 
bstween the down slow and down Enfield lines at Wood 
Green station on the Great Northern main line, the lead- 
ing axle of the engine broke inside the boss of the right- 
hand wheel. The train did not at once leave the rails, 
but the right-hand corner of the engine frame struck the 
south end of the ramp of one of the platforms, and sliding 
up it caused the engine to turn over on its left side. 
The driver and fireman were thrown under the engine 
and instantly crushed to death, while the guard in the 
front brake was thrown down and bruised. The engine, 
which was running bunker first, was an eight-wheeled 
tank passenger engine with leading (in this case trailing) 
bogie, and four wheels coupled, and after the accident 
it was found lying on its left side across the down goods 
and down Enfield lines with its then leading axle broken 
in two places, its coupling-rods fractured, and bogie 
frame, tanks and frame, &c., much damaged ; its right- 
hand leading wheel was lying at the foot of the platform 
ramp, and the bogie and frame were standing upright 
on the ballast a few yards in the rear of the engine. 
The leading brake van was in the 6-ft. way, tilted over to 
the left, and behind the bogie was the front third-class 
vehicle, standing on its wheels across both lines. The rest 
of the train remained on the rails uninjured, and there 
was no telescoping of the coaches, thus showing that the 
continuous brake had been duly applied. The junction 
is an exceedingly easy one, to the left, with 18-ft. switches, 
and al in 14 crossing, and it does not appear to have in 
any way contributed to the accident; in fact, owing to 
the curve of about 23 chains radius having been provided 
with a check rail—a piece of refinement by no means 
obligatory on the company—the engine was kept on the 
rails, and had it not been for its striking the platform 
ramp, it would have probably been brought safely to 
rest, as the regulator had been closed and the brake 
a 5 before it turned over. 

ieutenant-Colonel Yorke in his report attributes the 
accident to the breaking of the then leading axle in the 
right-hand wheel seat, close to the collar which separates 
the journal from the wheel seat just inside the boss. The 
appearance of the axle denoted that there had been a 
previously existing fracture at this place, extending over 
about one quarter of the sectional area of the axle. 
Though recent, this fracture was clearly anterior to 
February 28. When the engine turned over, the left- 
hand leading wheel was broken short off, the axle being 
fractured a second time close to this wheel, but this frac- 
ture was undoubtedly the effect and not in any way the 
cause of the accident. The axle was of steel, and was 
25) years old, having run 578,020 miles in that time. Ib 
had been under more than one engine, having been placed 
under the last in November, 1887. In 1889 new tyres were 
fixed on the wheels, and in December, 1892, and in 
October, 1894, the engine was in the Bow shops for repairs 
and turning up of the tyres. On all the above dates the 
axles were examined with a view of detecting any flaw, 
but no defect was discovered. As the Inspecting Officer 
goes fully into the methods of examining and testing axles, 
we cannot do better than reproduce his remarks in 
extenso : 

‘*The examination on such occasions takes place after 
the axle has been removed from under the engine. Ib is 
carefully cleaned and placed in the lathe, and after it has 
been exposed to the vibration produced by the cutting 
tool during the process of turning up the wheels, the sur- 
face of it is closely examined with a magnifying glass, 
Should it not be necessary for the tyres to be turned up, 
similar vibration can be set up by striking the wheels and 
axle a heavy blow, or by rolling them along rails and 
causing them to collide with another pair of wheels or 
other obstacle, orinsomesuch manner. The effect of the 
vibration produced by any of the above methods is to 
cause the oil which has penetrated into the flaw to appear 
on the surface of the axle in a fine black line, which can 
be easily detected by the eye with the help, if necessary, 
of a magnifying glass. 

“On February 27, i.¢., the day before the accident 
occurred, the engine was in the shed all day for washing 
out, and engine examiner James Ridgeway examined the 
wheels and axles, in accordance with his duty, so far as it 
was possible for him to dp so under the circumstances, and 
with the means at his disposal. All he could do was to tap 
the wheels and axles with a hand hammer, and examine 
by eye such portions as are visible. Such examination 
must necessarily be very incomplete, as the journals are 
concealed, and only the centre portion or body of the 
axle is visible. Moreover, tapping the axle with a hand 
hammer while the great weight of the engine is resting 
upon it, would probably not set up sufficient vibration to 
enable a flaw to be detected in it either by sound, or in 
the manner already described, even where the surface of 
the axle is visible. As regards the tyres of wheels, the 
case is different, A tyre is shrunk on to its wheel, but is 
distinct from it, and a broken tyre can be detected by the 
sound given out by it when tapped with a hammer, even 
when the weight of the engine is resting on it. At any 
rate, Ridgeway seems to have made the usual examination 
of the axles of engine No. 109 on February 27, and, so far 
as he could ascertain, they all appeared to be sound. 
There can, however, be no doubt whatever tkat the pre- 
viously existing partial fracture, which was discovered in 
the broken axle after the accident, existed on February 27, 
and was probably at least a month old. But no examina- 
tion of = axle, such as described above, whether in the 
workshops or in the shed, and whether the axle was under 
the engine or not, would disclose a fracture or flaw 
pretirns.9 as this was, within the boss of the wheel. 

** Locomotive axles when new are, according to the 
modern practice of large companies, subjected to tests for 
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tensile strength, ductility, and also to chemical analysis. 
Some companies also make use of the ‘drop test,’ that is 
to say, the axles must be capable of sustaining without 
fracture a certain number of blows from a heavy weight 
(2000 lb. to 3000 Ib.) falling from a height of 20 ft. or more, 
the axle being supported in bearings 34ft. apart. For 
these purposes it is usual, when the axles are supplied by 
contract, for the contractor to provide, at his own expense, 
one additional axle in every 50 supplied, and the com- 
pany’s inspector selects and tests any axles he may think 
proper out of the 51. The axles tested are held to repre- 
sent correctly the quality of the casts from which they 
are made. here practicable, the 50 axles represented 
by the axle tested are to be made from the same cast of 
metal. In the case of a less number than 50 axles 
being ordered or made from the same cast, an end is left 
on one axle from each ingot, from which test pieces may 
be cut. 

‘* Each company has its own specification as to these 
tests, but there is not much difference between them. 
Each axle has a number and the date of its manufacture 
stamped upon it, and a special register is kept, in which 
are recorded the results of the tests and of the subsequent 
examinations to which each axle has been subjected. 

“ As regards the examination of old axles, the method 
adopted by all railway companies is practically the same 
as that already described. Whawar an engine or tender 
is lifted, the bearings of each axle are well cleaned, and the 

















to find that science has hitherto failed to discover some 
practical means of testing masses of metal, such as railway 
axles, for flaws that are concealed from view. The present 
tests for new axles are extremely valuable, so far as they | 
indicate that the quality of the metal from which a number | 
of axles (perhaps 50) have been made is up to specification 
and of the highest class, but they do not prove that the 
whole of the remaining axles, of which the one tested is a | 
sample, are perfect in their manufacture, and absolutely | 
free from flaws or defects. And the subsequent exami- 
nation of axles when taken from under their engines | 
is purely superficial and only capable of detecting flaws | 
which reach the surface, and are not concealed from 
view. 

‘** What seems to be required is some test, possibly by 
means of electricity, magnetism, or sound, which could 
be readily applied at suitable intervals to each individual 
axle, and by which it can be ascertained whether the axle 
is structurally perfect throughout. Whether such a test | 
is possible I cannot say, but the subject seems to be one 
which is worthy of consideration, and of more scientific 
investigation (as distinguished from the rougher methods 
of the workshop) than, so far as I can ascertain, it has 
hitherto received. 

“Tt has sometimes been suggested that it is desirable 
to fix a limit of age, either in years or miles, for all loco- 
motive axles, after reaching which, whether they are 
apparently sound or not, they should be withdrawn from 
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journals and other parts subjected to a very careful 
examination, in the manner already explained, with the 
view of ascertaining whether there is any indication of a 
flaw in the material or any other defect. Should anything 
of the kind, however slight, be discovered, the axle is at 
once removed. 

**Tn respect of the testing of new axles and the examina- 
tion of old axles, the practice on the North London Rail- 
way is, I am informed, similar in all particulars to that 
adopted by other railway companies, but there is no 
definite record to show what tests were made 254 years 
ago, though it is believed that they were similar to those 
now in force. 

‘*T have made inquiries from several of the leading 
railway companies in the kingdom, and by the permission 
of the locomotive superintendents of the North-Western 
and Great Western Companies I have visited the loco- 
motive works at Crewe and Swindon, so as to make myself 
acquainted with the methods adopted for the testing of 
new axles and the examination of old axles, and I am 
unable to discover that there is any practicable test at 
present known which will disclose a flaw in that portion 
of a locomotive axle which ia within the boss of its wheel, 
and therefore concealed from view. 

‘** Doubtless the mileage run by the broken axle is high, 
but no limit of age, either in years or miles, has ever been 
laid down for locomotive axles, though it is usual to sub- 
ject all engines to a special examination when they have 
run 250,000 miles, and after every subsequent 100,000 
miles. This examination, which is identical with that 
already described, occurs, as a fact, on the North London 
Railway and on most other lines at much shorter inter- 
vals, for it ismade whenever the tyres require to be turned 
up, which probably takes place after each 40,000 to 
60,000 miles run by the engine. And this was the case 
with the axle that broke on February 28. Its average 
yearly mileage was about 23,000 miles, and it was 
examined, as stated, in 1887, 1889, 1892, and 1894; that is 
to say, at intervals of two to three years, or of 46,000 to 
69,000 miles. 

‘The fractured surface had a crystalline appearance, 
and there can, I think, be little doubt that both the 

revious (partial) fracture and the complete fracture of 
‘ebruary 28 were due to age combined with the effects of 
the severe frost. . 

**Taking all the above circumstances into considera- 
tion, I am of opinion that no blame can be attributed to 
any servants of either the Great Northern or the North 
London Railway Companies in connection with this 
lamentable accident. can 

**Tt must be admitted that itis somewhat disappointing 














use. But the locomotive superintendents of railway 
companies have not as yet seen their way to act upon this 
suggestion. 

“Tt is right to mention that it is now the custom of all 
the companies with whom I have been in communication, 
including the North London Company, to make the wheel 
seat of every axle slightly larger in diameter than the 
journal and body. In this way the strongest part of the 
axle is that inside the wheel, and failure of an axle in 
the wheel seat is consequently nowadays extremely 
rare. This modern form of design was not adopted in 
the axle which led up to the disaster under consideration, 


and it will be seen from the drawing that the diameter 


of = wheel seat was the same as that of the journal and 
bo y.” 





CaraLocur.—The new illustrated catalogue of lifting 
machinery, just issued by Messrs. Joseph Booth and 


Brothers, of the Union Foundry and Iron Works, Rodley, | 


Leeds, contains complete descriptions of a very large 
variety of hand and power cranes, both of the travelling 
and stationary type. Amongst the most interesting of 
these is an 8-ton electric crane used in the erection of 
the Wembley Tower. 





Frencu Raitways.—The length of line in operation in 
France at the close of 1894 was 22,750 miles, as compared 
with 22,4633 miles at the close of 1893. It will be seen, 
accordingly, that 286i miles of new line were opened in 
France last year. The aggregate revenue collected upon 
all the French lines last year was 48,415,005/., as com- 
pared with 47,480,5377. in 1893. In these aggregates the 
six great companies figured for 46,410,350. and 
45,520,232. respectively. 


ANTWERP AND RorrerDAM Rattway.—The gradual ex- 
tension of the business of this undertaking is reflected in 
the progressive increase of its rolling stock. In 1865 the 
company owned 88 locomotives and 94 tenders. In 1875 
the corresponding totals had grown to 179 locomotives and 
101 tenders. In 1885 there was a further advance to 
202 locomotives and 128 tenders. This year there are 
203 locomotives and 124 tenders upon the system. It 
will be observed that the company’s locomotive stock has 
remained about stationary during the past 8. 
This is accounted for by the fact that there has been 
no ae in the length of line worked during that 
period, 


——= 


INDUSTRIAL NOTES. 


Lazour ‘questions in Parliament make but slow 
progress atany time; at present very slow progress ig 
being made with the Factories Bill in the Grand Com. 
mittee. Atthe end of last week the Committee was 
still at clause 5at the adjournment, which clause was 
resumed on Tuesday. The sanitary provisions as to 
overcrowding are carried. They provide that, both in 
factories and workshops, the working place shall be 
deemed to be overcrowded, so as to be injurious to 


| health, if the number of cubic feet space to each person 


employed is less than 250, and during the working 
of overtime less than 400 cubic feet to every person 
employed. This will strike a blow at systematic over- 
time, for many workshops have not the available space 


| to allow of 400 cubic feet per person for a large number, 


Power is given to the Home Secretary by order to 
modify this section. Power is given to prohibit work 
being carried on in any place where it is shown to be 
injurious, or rather dangerous, to health, or life, or 
limb, until the works ordered to be done are executed, 
But it is provided that the inspector shall not take 
proceedings where the local authority is autho- 
rised to do so. But the inspector may give notice to 
the sanitary authority to take such action as the law 
allows. Power is also given to make order as to the 
use of a dangerous machine, either to prohibit its use, 
or cause alteration or repair so as to avert the danger. 
If in the opinion of the inspector there is imminent 
danger, an order may be made on ex-parte complaint 
to that effect. Fines may be imposed not exceeding 
40s. for any offence against the sections as to dan- 
gerous places, or dangerous machines. Clause 5 imposes 
a penalty not exceeding 20/. for employing persons in 
places injurious to health. This, to all intents and 
purposes, applies either to the factory or workshop of 
the employer proper, or to the contractor employed by 
the occupier. Therefore it will apply to outworkers, 
for sub-section (2) says: ‘‘ This section shall apply to 
any place from which any work is given out, and in 
the case of the occupier of that place, as if that place 
were a workshop.” But there is a proviso (3) to the 
| effect that the section shall not apply except in the case 
| of persons employed in such classes of work, and in the 
| case of persons giving out employment and employed 
| within such areas, as may from time to time be specified 
by the Secretary of State by order in accordance with 
section 65 of. the principal Act. As regards sanitary 
grounds and personal safety the provisions are, there- 
fore, extended to out-workers. 





The quiet, slow improvement in the engineering 
industries is again manifest in connection with the 
Amalgamated Society of Engineers. The improvement 
which set in some months ago has continued without 
interruption, except such as the severe weather 
caused some time ago. Fewer men are out of employ- 
ment, and fewer also on the sick list, and even in 
receipt of superannuation. The total membership 
is now 77,070, of whom 4867 were on donation 


| benefit, 2157 on sick benefit, and 2559 in receipt of 


superannuation allowance. The diminution was, on 
donation, 246 ; on sick pay, 864 ; and on superannua- 
tion, 4; total decrease of 1114. The cost of benefits 
shows a decrease from 1s. 5}d. last month to 1s. 23d, 
per member per week. Thus the expenditure is once 
again less than the income. The Australian report 
is far from satisfactory; trade is bad, worse than 
last reported, with a substantial increase in the 
number out of work. There do not appear to be 
any signs of revival, The report of the American 
‘and Canadian Council is more favourable, for it 
|states that there is abundant evidence to show that 
trade is improving, and that there is a gradual 
| decrease in the number of members in receipt of 
| benefits. The thirteenth competition for the Allan 
and Newton Memorial prize takes place this year. The 
— student will be entitled to 5/. 12s. 8d. in 
money or books, competitors being limited to members 
or sons of members connected with the engineering 
trades. It appears that further progress has been 
made towards a settlement of the dispute between the 
shipwrights and engineers as to the demarcation of 
work. The Director of Dockyards is to be assisted 
by expert assessors, and four gentlemen have been 
selected, two representing the shipwrights— Professor 
Biles and Mr. J. P. Wilson, of Palmers’, Jarrow ; and 
two representing the engineers—Mr. J. Flannery, of 
London, and Mr. T. Neish, of Glasgow. Itis expected 
that a statement on the subject will be made in the 
House of Commons on Vote 8 as to the course which 
the Government will take in the matter. The expecta- 
tion is that some reasonable settlement will be arrived 
at to remove the causes of complaints which have so 
often been made for some years past. 





The report of the Ironfounders’ Society shows a 
more distinctive improvement than any report for 
some time past ; but it is very slow in its manifesta- 
tion. Altogether there was a decrease of 165 in the 
number of unemployed, 150 of whom were on donation 





benefit, There were fewer members on the several 
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benefits than there has been for more than a whole 
year. But there is another side to the picture : while 
the Engineers have been increasing in membership, 
the Ironfounders have decreased by 158, one branch 
alone showing a decrease of 52 members, some expla- 
nation as to which is promised in a future report. As 
regards the state of trade, the details show that in 46 
places, with 5102 members, trade was from good to 
slack, as against 43 places, with 4808 members, last 
month. The other side shows even more plainly that 
improvement has set in. Last month trade was very 
slack to very bad in 81 places, with 10,393 members ; 
this month it was in the same condition in 78 places 
only, with 9941 members. The difference is not great, 
but it shows the transference of three places and a 
total of 432 members from the lower to better condi- 
tions. The total decrease on the funds was 327, the 
decrease being under each of the five heads. On dis- 
pute benefit there were only two members. The cost 
of benefits is still large—about 1s. 3d. per member per 
week, There was also a decrease in the funds of 
1262/. 13s. 2d., leaving a balance of 16,143/. 12s, 8d. 
The voting in favour of a special fund for superannua- 
tion was for an annual investment, according to the 
financial strength of the society, as a reserve fund for 
superannuation members, The society is pressing a 
claim upon the Government to appoint foundry in- 
spectors for each district, such inspectors to be taken 
from the ranks of the Ironfounders’ Society. A very 
curious item of news is given: the London branches 
had decided to take part in, and help to pay for, the 
Eight-Hours Demonstration ; but the Woolwich branch 
declined to do either, because the Government had 
granted them the eight-hours day. 





In the Lancashire districts a gradual improvement is 
manifest in the several branches of the engineering 
trades, most departments securing an increasing 
weight of new work ; but the complaint is that, as yet, 
there is a general absence of what may be termed 
“activity.” Stationary engine builders are, as a rule, 
well engaged, considerable orders having been recently 
secured. Machine tool makers also are getting better 
off for work, generally ; locomotive builders have a 
fairly busy time in prospect; and the boilermaking 
branches are busier than they were. While this is the 
case, the general run of engineering establishments 
throughout the districts are but moderately employed ; 
nevertheless the outlook is regarded as hopeful, and 
there is a confident expectation of a steady improve- 
ment in all branches of the engineering and cognate 
industries, A careful analysis of the returns of the 
various branches of the Amalgamated Society of Engi- 
neers bear out the view that up to the present the firms 
are but moderately employed. Indeed, their reports 
scarcely go so far, inasmuch as the term ‘‘ bad” is em- 
ployed to describe the state of trade in the whole of 
the 24 branches in the Manchester and Salford dis- 
trict ; and in the 10 branches of the Oldham district 
nine report the state of trade as bad, and one only as 
moderate. On the other hand, the Bolton district is 
said to be moderate ; and in a large number of other 
places throughout Lancashire many are moderate and 
many are bad. But this may only imply that several 
men are still out of work in the places specified as bad, 
or that they may not be all on full time. Often the 
term ‘‘ good” is only employed where overtime is worked 
generally. The Ironfounders report the state of trade 
to be bad in a large proportion of cases throughout 
Lancashire. In the iron trade generally there is a de- 
cided improvement, with an upward tendency; so 
marked is it, indeed, that neither makers nor mer- 
chants have been eager to sell. In the finished iron 
trades there is an improvement also, more inquiries 
and more business put through ; but prices are slower 
to move than in the raw material. 





In the Wolverhampton district things are looking 
hopeful for a tolerably busy time. Specifications for 
the completion of contracts recently entered into are 
coming in steadily, and fresh orders, which had been 
kept back as long as possible, have been, and are, 
being placed for prompt delivery. The chief reason, 
doubtless, is that prices are tending upward, and 
no time is to be lost to fix contracts before any 
material advance is made in the price. The 
same thing applies to finished material. Con- 
sumers and merchants have been keeping their stocks 
low for some time past, and now they are anxious to 
increase their supplies before a rise of importance 
takes place. Export agents are also busy completing 
their negotiations, as an advance is required for forward 
deliveries. If prices have not as yet advanced mate- 
rially, they are much firmer, and a quickening _ is 
anticipated. In some classes and qualities outside com- 

etition is still rather severe, which helps to keep prices 
rom rushing upwards, as otherwise they might do. The 
constructive branches of trade are better employed. 
The engineering branches only admit that they are 
moderately off as yet, but the improvement is visible. 
The Ironfounders speak of trade as improving ; only 
two are unemployed. 








In the Birmingham district there is a decided im- 
provement in the local iron market, the tone being 
more hopeful and firm. The volume of business has 
not, as yet, been largely increased, but the selling 
prices are higher, both for crude and finished iron, 
though the standard quotations have not been altered. 
The principal advance has been in pig iron, as some 
descriptions are rather scarce. There is a larger de- 
mand for wrought iron, chiefly for sheets for galvanis- 
ing purposes. Mild steel is in brisk demand, and has 
been for some little time. The advance, so far, in 
prices is about 6d. per ton for crude iron, and from 
2s. 6d, to 5s. for finished iron, according to the 
quality and purposes for which it is required. The 
engineering branches are still only moderately em- 
ployed, for in all of the six branches, there is an 
average of 18 in each out of work ; and in the iron- 
founders, 13 are out of work. 





The Amalgamated Society of Carpenters and Joiners 
are able to announce a substantial gain in this month’s 
report. In the Manchester district there has been 
a substantial advance; the wages have been raised 
from 84d. to 9d. per hour, and the working hours have 
been reduced from 52 to 494 per week, in winter to 47 
hours, as at present. In order to gain this the men 
agreed to waive two points out of the four which they 
submitted to theemployers. The new terms will come 
into operation on June 1 next, and will affect several 
thousands of men in the district comprised within what 
is called the ‘‘ Manchester district.” In the Blackburn 
district also the wages have been raised from 8d. to 
84d., with increased rates for overtime. The working 
hours now are 49 hours, with six weeks at 44, and six 
weeks at 414 hours per week, according to the season 
of the year, or approximately an eight-hours day all 
through the year. In the Burnley district wages have 
been raised to 8d. per hour, and the time of working 
has been made uniform at 49} in summer and 464 in 
winter. In the sonth of England wages have been 
raised and the working hours reduced in several 
instances, and also in Scotland and Ireland. The 
society now has 674 branches and 43,354 members. 
The total unemployed was only 1514, sick 997, and 
superannuated 504. The work of organisation is 
carried on by six special agents or organisers at a total 
expense of about 300/. for the last quarter, or about 
1200/7. a year. The society is anxious to push home 
the fair wages resolution of the House of Commons by 
insisting upon a penalty in all contracts for any 
contravention of the principle, either as to wages, 
sub-letting, hours of work, &c. On the question of 
organisers some of the branches protest against the 
expensive system, and decline to propose or vote for 
any such organisers or expenditure. The question 
of labour representation is again causing some friction, 
especially in one of the Manchester branches. The 
opponents support the principle, but they appear 
to condemn its application, especially when their own 
chief officer is the man chosen as the representative. 
He is now a magistrate and a poor-law guardian, and 
one would have thought that the society, as a whole, 
would be complimented thereby. 





The textile trades in Lancashire do not appear to be 
in a very flourishing condition. In the Spinners’ 
branch the percentage out of work is close upon 5 per 
cent., which the society regard as a ‘‘rather high 
figure.” Altogether the society had to deal with 27 
dispute cases in the month, several of which have been 
settled, but some remain unsettled. But they are not 
of a serious character, and most of them will be 
arranged without difficulty. There were 36 accident 
cases dealt with, all of a minor character. In the 
Spinners’ Union there are 490 half-timers out of a total 
of 9661 members, This class will be affected by the 
Factory Bill if the age is raised to 12 years. 





The London Labour Conciliation and Arbitration 
Board held its annual meeting last week, and deter- 
mined to support the Bill of Sir John Lubbock in pre- 
ference to the Government Bill. The proposals of the 
Government have rather tended to produce a reaction 
against whatever feeling there was in favour of more 
stringent legal provisions. But it is hardly likely 
that the Government will stand by the sixth clause of 
their Bill in its present shape. With that clause 
omitted, and Clause 5, as to county councils, also 
omitted, the Bill might go through after examination 
by a Select Committee. 





The proposed Industrial Union of Employers and 
Employed, to which attention was called in ENGINEER- 
ING @ year ago, is soon to be launched by a preliminary, 
or rather an inaugural conference, to be held in London 
during next month. The object of the Industrial 
Union is to promote a peaceful solution of labour diffi- 
culties when they occur, but, more particularly, to 
prevent, as far as possible, their occurrence. Many 


well-known employers and labour leaders have alread 

signified their general adherence to the proposal, and, 
doubtless, a general scheme will be formulated at the 
The object is not to interfere 


inaugural conference, 





with existing bodies or organisations, but generally to 
work with them. Neither the functions of employers’ 
associations, of trade unions, nor boards of conciliation 
already in existence will be interfered with, but the 
union will do its best to promote improved relations 
between employers and employed, and thus pave the 
way for such methods of conciliation as may be of use 
in labour controversies. The union originated at 
Coventry, but its adherents now include a large num- 
ber from various great centres of industry in the 
kingdom. 





Some little hitch appears to have occurred in con- 
nection with the recent dispute in the boot and shoe 
trades, when the joint committee met at Leicester on 
Friday last. Mr. Inskip, the general secretary, 
refused to be present. It is said that serious diffi- 
culties have arisen as to the interpretation of the rules, 
which the men demand shall be submitted to Sir 
Courtenay Boyle. The meeting was for the purpose 
of drawing up a statement for welted work for men’s 
_— particularly as to the Leeds and Northampton 

ranches of the trade. The difficulty appears to be 
as to the capacity of the machines, which point will be 
referred to Sir Henry James, but who is at present laid 
up with gout. 





No further action likely to cause disquietude in the 
building trades has arisen, but no definite step has been 
taken to settle the code of working rules. The dispute 
isnot even alluded to in the Carpenters’ and Joiners’ 
report, except indirectly, where reference is made to 
the action of the Free Labour Association. 





The long-continued and persistent agitation among 
the postal employés is soon likely to come to a head. 
The men have formulated their case in a pamphlet 
of 16 closely printed pages, commencing with the 
year 1890, after the strike which resulted in what 
is known as the Raikes scheme; this abolished the 
classification system in London, and the grouping of 
the men into zones or districts. The very elaborate 
statement deals with auxiliary postmen, London 
and provincial, rural postmen, the minimum wage, 
arrangement of duties, junior postmen, inadequate 
wages, promotion, confidential reports, intimidation, 
pensions, punishments, and fines; stoppage of allow- 
ances, overtime; holidays, and citizens’ rights. The 
whole case may be summarised thus: 1. Refusal to 
officially recognise the Postmen’s Union; 2. Unfair 
treatment of auxiliary labour ; 3. Low minimum wage ; 
4. Small annual increment; 5. The unsatisfactory 
pension system ; 6. Confidential reporting as to con- 
duct ; 7. Inadequate wages of rural postmen ; 8. Em- 
ployment of boy labour; 9. Slow promotion; and 
10. Bad system of routine duties. The men submit 
that the whole case, as thus presented, shall be 
inquired into by a competent authority ; they suggest 
a Select Committee. It is probable that an inquiry 
will be conceded, but that it will be by a Departmental 
Committee, composed of men taken from other depart- 
ments, with one or two from the Post Office. There 
is a prejudice as to referring it to a Departmental 
Committee, but the official view is that the Govern- 
ment stand in the relation of employers, and that they 
are responsible to the public as a whole, and, therefore, 
that they have the right to appoint their own Com- 
mittee of Inquiry in their own way. The fight will be 
for a Select Committee of the House of Commons, 





The mineowners and the miners’ representatives 
have been holding a conference with respect to 
the Coal Mines Regulation Bill, but through some 
mistake as to the day of meeting, the notices 
were too short for a full attendance. The object 
of the conference was to see whether, and to 
what extent, they could agree upon the clauses of the 
Bill, and as to amendments to be proposed thereto in 
Committee. This wise course may pave the way for 
such improvements as may be urgently needed, even 
if the representatives cannot agree upon all points in 
the measure. The conference was adjourned, in order 
to get a fuller meeting. 





The Departmental Committee of the Board of Trade 
have been taking evidence with respect to the im- 
portation of prison-made goods, especially as to mats 
and brushes. According to the evidence tendered, the 
imports must be considerable in those two branches of 
trade. Lord Farrar has been publishing a leaflet 
against any interference, on the ground that we get 
the goods at the expense of a foreign Government. 
But this view will hardly be sufficient for the men 
whose labour is interfered with. The main difficulty 
is as to how we can interfere under our free import 
system, 





The Amalgamated Society of Smiths and Strikers 
now have 49 branches and 2201 members. The in- 
come is at the rate of 4153/. a year. No dispute of 
any magnitude has taken place during the last half- 
year, with the result that the funds of the society are 
increasing fairly well. 
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STABILITY OF TANK STEAMERS. 


On the Transverse Stability of Floating Vessels containing 
Liquids, with Special Reference to Ships carrying Oil 


in Bulk.* 
3y Mr. W. Hox. 
INTRODUCTION. d 

1. THE circumstance that a great many ships carrying 
oil in bulk suffer from instability during the act of loading 
and discharging, and excersive stability when loaded, led 
me some time ago to investigate the effects of liquids on 
the stability of floating vessels. _ f 

In the pursuit of this inquiry, I reconsidered the 
theory, and cast it in a formt that explains in a simple 
manner the often obscure, and in many cases unexpected, 
¢ffects of liquids in floating vessels. This was followed 
by an application to an oil ship, in order to ascertain how 
to obviate the defects enumerated above, and under 
what conditions they were remediable, and also in order 
to lay down, if possible, general but, nevertheless, easily 
applied rules for tbe selection of suitable dimensions and 
internal arrangements for this kind of vessel. Both these 


investigations are here presented, the theory, though, in | 


an abbreviated form. 
TuHeory. 
2. Let us assume a vessel of weight D, containing free 
liquid of weight A. Letg, (Fig. 1) represent the centre 
of gravity of the liquid 4. Let also By be the centre of 


buoyancy, My the corresponding metacentre, G the centre 
of gravity of the weight D— A (total weight, less 
liquid), and G the upright centre of gravity of the total 
weight LD. Incline the ship an angle 0. G remains on 
the centre line, the centre a buoyancy (if referred to its 
position at upright B,) travels along a curve By By to 

3g, and the centre of gravity of the liquid travels along 
& CUFVE Jo Jy, tO GY, 

3. Ib is evident, without special proof, that an equi- 
valent solid weight (say a ball of iron), rolling in a smooth 
frictionless tube of the same shape as the curve 9) 99 Yo 
can be substituted for the moving liquid. Or the tube 
can be dispensed with altogether, by attaching the weight 
4 to a line suspended from the successive centres of curva- 
ture Cy Cg Coo Of the path gy 7, and the motion of a liquid 
can be compared to that of a pendulum of varying length 
and travelling centre of suspension; and, as the mere 
lengthening or shortening of the line does not in any way 
alter the effects produced by the suspended weight A, it 
finally follows that for any mcmentary inclination the 
system of a floating vessel, with a moving liquid therein, 
can be transformed into a vessel holding an immobile 
weight, by fixing the weight A in the momentary centre 
of curvature of its path. naae 

4. To the point cg for any arbitrary inclination 0, by 
virtue of its property of causing momentarily equal effects 
to those of the actual centre of gravity, 98, I have in the 
subsequent pages given the name of “‘the virtual centre 
of gravity of the liquid.” 


* Paper read before the Institution of Naval Architects. 

+ I fiad that the treatment of the theory here adopted 
is analogous to that adopted hy Messrs. Pollard and 
Dudebout, in their great and exhaustive work, “‘ Théorie 
du Navire ” (see vol. ii. (1891), pars. 111, 112, and 113). 








5. The different elements of stability are now obtained 
as for ordinary vessels. Letting ©) Cg Cy, be the curve 


of virtual centre of gravity and Gy Gg Gy. that of the 
actual centre of gravity of the system, 
Metacentric height, H 
Righting arm, R = 
Vertical displacement, T 


Mg U 
Cg U =GaV 
Ba V — By Gy 


from which it is seen that the metacentric height is 
measured from the virtual centre of gravity, and the 
vertical displacement from the actual centre of gravity. 
Hence the relations existing between the metacentric 
height and the righting arm for varying inclination (see 
1892 paper) are alone exhibited by the curve of virtual 
centre of gravity, and those between the righting arm 
and the vertical displacement alone by the curve of actual 
centre of gravity, except in the special case of the curve 
of virtual centre of gravity being a point on the middle 
line, when the work can also be obtained by a reference 
to the virtual centre of gravity. 

6. The most important application of this theory relates 
to the upright position, where R=0 and T= 0. The 
treatment of this special case can be stated as follows: 
To ascertain the effect of free liquid on the initial 


stability of a vessel, place the liquid—or rather its equiva- | 


lent weight—in its virtual centre of gravity and proceed 
as for ordinary veesels, 


_ 7. This treatment places the effects produced by liquids 
in a much clearer light. For although it may be diffi- 
cult to see immediately why, say, for instance, 100 tons 
of free water placed in the bottom of the ship should 
reduce the stability, and possibly to such an extent as to 
cause a considerable list, the effect of placing 100 tons, 
tay, 20 ft. to 30 ft. above the upper deck (which position 
may often be the virtual centre of gravity of the liquid) 
(Fig. 2) is easily comprehended. The effects are in both 
cases exactly similar. 

8. The virtual centre of gravity of the liquid being the 
centre of curvature of the curve of actual centre of 
gravity of the liquid (Fig. 1), its height above the actual 


centre of gravity of the liquid is * {t., i denoting the 
v 


moment of inertia of the surface of the liquid about a 
longitudinal axis through its centre of gravity, and v the 
volume of the liquid; from which it follows (1) that the 
position of the virtual centre of gravity is independent of 
the weight and density of the liquid, and (2) that liquids 
having no free surface, have coincident actual and virtual 
centres of gravity, and should therefore be treated as fixed 
bodies. 
APPLICATIONS, 

9. The theory of the transverse stability of vessels con- 
taining liquids has assumed a certain importance since 
the introduction of steamers carrying oil in bulk. Under 
certain conditions (section 1) many of these steamers give 
considerable trouble, partly from a faulty design and partly 
from insufficient experience in their management. I shall 
pass over the latter trouble as being of a fleeting character, 
and turn to the former and more serious trouble, for it 
was to ascertain what can be done in order to produce an 
a oeepanane design that this investigation was under- 

en. 





10. It is well known that oil ships, although they may 
take a considerable list when loading and discharging, are 
often exceedingly stiff when loaded. This listing may be 
due either to instability or to unequal distribution of oj] 
in a transverse direction. 

Now, it is a curious fact that it is impossible to know 
beforeband whether the list is due to the former cauce or 
to the latter. However, it is almo:t always attributed to 
the latter, with the natural result that liquid is acded to 
the higher side in order to cet the ship right. if now the 
ship is stable, nothing vexatious occurs ; but if the list ig 
due to instability, once the ship is well upright, she in. 
stantaneously heels over on her other side to a much 
larger and possibly dangerous angle, thus considerably 
aggravating her condition. 

11, What has just been described would never happen 
to an oil ship having no centre-line bulkhead. Adding 
thereto the fact that the generally excessive stability in 
the loaded condition would be lessened if the oil was 
carried to the upper deck, it appears that—at all events, 
as regards stability—oil ships would be much improved if 
the centre bulkhead was suppressed, and the oil carried 
tothe upper deck. For these reasons the ship which is 
treated in the subsequent calculation is supposed to be 
thus designed. 

12. It is the current practice to use some of the oil tanks 
for carrying water ballast onthe return voyage. Onsuch 


occasions several tanks may be run up simultaneously, 


“2? 
% Pe N90 


causing the ship to list over to an uncomfortable degree. 
But to give the ship sufficient stability to withstand such 
severe and, withal, unnecessary treatment would be 
detrimental to her when loaded, so this possible condition, 
which can be obviated by so simple an expedient as to fill 
one tank at a time, it would be a mistake to provide for. 

13. Now, sea water being denser than oil, it has a more 
damaging effect on the ship’s stability (sections 6 and 8), 
and, as generally the ship’s bunkers are full at the time the 
water ballast is run in, it appears, considering conjunctly 
theargumentsin sections 9 to 13, that the most stringentrule 
that needs be laid down in determining the most suitable 
design and general arrangement of oil steamers is: ‘‘ An 
oil steamer should be so designed that, with bunkers full, 
her tanks can be consecutively filled one at a time with 
sea water, while the others are either completely full or 
completely ——: without causing any listing whatever ; 
whereas in the loaded condition her stability should be 
just sufficient to insure absolute eafety.” 

14. This problem can in practice be solved either by 
restricting the lengths of the individual tanks when the 
principal dimensions are predetermined, or by fixing 
suitable dimensions (7.¢., length and breadth, for depth is 
determined by draught) when the deadweight is given, 
and some special length of tank desired. 

15. Fig. 3 graphically shows how the problem has here 
been treated. The vertical scale represents the moulded 
draught of ship. Curves A A, B B,, C Cj, are ordinary 
curves of transverse metacentres above the top of keel for 
three different breadths of ship—.95, 1.0, 105 breadth. 
Ly is the centre of gravity from the top of keel of the 
light ship with bunkers full (weight D — A) at the 
moment the filling of the first tank commences. Curve 
Lo E, G, L, E, Ge Le. Es; Gs Ls Ey G4 Ls represents the 
positions of the virtual centre of gravity of ship (weight 





D), and, therefore, in conjunction with the curves 














May 17, 1895.] 


ENGINEERING. 


653 











A A;, B By, C Cy, gives the metazentric heights at any 
draught (section 5) ‘ om 

16. By examining curve Ly E, G; L, E, Gy Ly. &e., it is 
seen that the virtual centre ot gravity immediately the 
filling commences rises very rapidly (to Uj), then falls 
steadily until the water has attained a height about equal 
to the half-breadth of tank, when it commences to rise 
again, and continues so until the upper deck at side is 
reached at G;. Then it rapidly falls to L,, and the tank 
is full. At the filling of each subsequent tank the same 

henomenon is repeated with practically no variations, so 
this feature does not call for further comment, 
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had been placed 56 ft. above the top of the keel, 7.¢., on 
the top of the chart house, 

18. Carve Lo F, L, F:, &c., on the other hand, shows 
the corresponding positions of the actual centre of 
gravity. Combined with curve A A, this curve gives the 
metacentric heights at any draught if the tanks are con- 
secutively filled with immobile instead of mobile cargo. 
At L,, Le, Ls, and Ly the curves coincide. Here the 
tanks are completely full, the liquid is unable to shift, 
and the difference in the stability of ships carrying 
immobile and mobile cargoes is then nil, as previously 
stated in section 8. 
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17. The effect of loose water on the position of the 
virtual centre of gravity is most strikingly shown by this 
curve. At the point Uj, for instance, only 15 tons of 
water have been admitted into the bottom of the tank to 
a height of 3 ft. above the keel. The virtual centre of 
gravity has in the meantime risen six-tenths of a foot, 
whereas the metacentric height has been reduced by 9 in. 
This considerable change is due to the great height of the 
virtual centre of gravity of the liquid at this level. As 
shown by Fig. 2, it is nothing less than 56 ft, So by 
admitting 50 tons of water into the bottom of the ship the 
same condition of initial stability has in effect been 
established as if a 50-ton weight of solid matter (say iron) 





R 
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19. I have added, merely as a matter of curiosity, the 





curve Lo Q T for the purpose of showing approximately 
what would be the positions of the centre of gravity | 
during the loading of a ship if the holds were all being | 
filled simultaneously with immobile cargo. This curve, | 
compared with curve Lo F; Li Fe, &c., shows the differ- | 
ence between loading all compartments simultaneously, 
as in ordinary cargo steamers, and consecutively, as 
in oil steamers. Compared, on the other hand, with 
curve Lo Ei Gi In Fy, &c, it exhibits the much 
greater demand made on the stability of oil steamers 
in loading in proportion to that made on ordinary cargo 
steamers, \ 


20. Reverting to the curve of virtual centre of gravity, 
the point of least stability occurs just when the water has 
risen to the height of the upper deck. The whole problem 
can, on this account, be considerably simplified. In 
practice it is admissible to omit all the intermediate 
points on the curve of virtual centre of gravity, and con- 
sider the points of least stability G,, Go, &c., alone. We 
can, therefore, 5 a discard the elaborately obtained 
curve Ly E, G, L, EF, Ge Le, &ec., and for it substitute the 
simple curve G, G2 G, Gy. This curve is easily calcu- 
lated, because, for its completion, only the virtual centre 
of gravity for one — of liquid is required, viz., the 
upper deck at side, and the actual centre of gravity for 
the tank completely full. For the amount of liquid added 
from G, to Gz is equal to that added from L, to Ly, &e., 
on the perfectly legitimate assumption that the few tanks 
requiring to be filled to insure sufficient stability are all 
similar. The first point G, is fixed by the weight (A) and 
virtual centre of gravity of the water admitted to the 
upper deck at side, and the other points Gz, Gs, Gy, &c., 
are fixed by the weight and the actual centre of gravity 
of the water when the tank is completely full, the whole 
calculation being simply one of weights and moments, 
which, therefore, need not be further explained. 

21. In this way three sets of curves were calculated, 
consisting of one set for each of the three different 
breadths assumed. The first set, GG,, H H,, K K,, 
relates to a tank, the length of which is 5 per cent. of the 
length of ship; the second set, M M,, NN,, OO, to a 
tank 10 per cent.; and the third set, P P;, KR R;, S8;, to 
a tank 15 per cent. of the length of ship. 

22. By examining these curves of maximum heights of 
virtual centre of gravity, and the corresponding curves of 
metacentres, it will be noticed that the minimum meta- 
centric heights occur, roughly speaking, at 14 ft. 10 in. 
draught, from which it plainly follows that, if the ship 
under consideration is provided with sufficient stability 
at this draught, she will possess sufficient stability at any 
other draught. This draught being approximately 
equal to one-third breadth of the ship, the general 
and simple rule may be laid down that ‘“ if the 
draught equal to one-third breadth is successfully 
attained without any sign of instability, no listingof any 
consequence will subsequently take place.” However, in 
passing, it may be pointed out thatif the centre of gravity 
of the ship and coal combined (D — A) is low relativately 
to the centre of gravity of the oil tanks, the direction of 
the curves G G,, MM), &c., will be more vertical than 
shown in Fig. 3, with the result that the critical draught 
may attain three-eighths breadth; but, as under these 
circumstances the instability that may take place after 
the draught equal to one-third breadth is exceeded, would 
be of a very trivial nature, and of short duration, the 
simple rule just laid down may be sufficiently accurate 
for all practical purposes. 

23. The metacentric heights obtained by measuring 
the horizontal distances at 14 ft. 10 in. draught between 
the curves of maximum heights of the virtual centre of 
gravity GG,, H H,, K K, M M,, &c., and the correspond- 
ing curves of metacentres A A), B b,, C C,, were now 
used in making the final diagram shown in Fig. 4, the 
abscisece of which are breadth —- depth, and the ordinates 
length of tank in percentage of length of ship for various 
values of metacentric heights in percentage of the depth. 
This diagram is applicable to any size of oil ship possess- 
ing the following chief characteristics: Coefficient of 
fineness .800 at ,’, depth ; light weight, plus coal, ,’, cubic 
number, this number being length x breadth x depth ~ 
100; and centre of gravity above keel of ship and coal, 
i; depth ; but it may be used with advantage for other 
ships not deviating too much from that for which the 
diagram specially applies, at least, in the preliminary 
stage of a design. 

24. The Diagram 4 is applied as follows: 

(1) Required to know the length of tank for an oil ship 
of the following dimensions: Length, 320 ft.; breadth, 
42 fo.; depth, 29 ft. The abscissa is here: 

B_ 42 

dD 29 
Assuming a stability margin at the critical draught of 
2 per cent. of depth = 7 in., the diagram tells us imme- 
diately that the length of tank ehould be 8.7 per cent. of 
the length of ship, or 28 ft. 

(2) Assuming the size of tank fixed, 4 10 per cent. of 
the length of ship, or 32 ft., what breadth is required in 
order to insure a stability margin of 5 per cent. of depth, 
z.¢e., @ metacentric height of 1 ft. 5in.? The diagram 
gives the required breadth = 1.53 x depth = 44 fb. 5 in, 

25. Diagram 4is instructive in several ways. It shows, 
for instance, the comparative value of varying the breadth 
of ship and the length of tank, for the purpose of providing 
a definite amount of stability. Assuming a stability 
margin, say 1 per cent. of the depth, the diagram shows 
that by ———e the breadth, say from 1.412 depth 
to 1.48 depth, the length of tank can be doubled. This 
means, in aship 343 ft. long, 42.4 ft. broad, and 30 ft. 
deep, that for an increase in breadth of 2 ft. the tank can 
be made 48 fb. long instead of 24 ft. Hence it follows 
that, if a ship is deficient in stability, but little is gained 
by reducing the length of tank. To gain, for instance, 
3in. metacentric height, the length of tank hus to be re- 
duced about 6 ft. in an ordinary oil ship, whereas the 
same gain of stability can be obtained by adding only 7 in. 
to the breadth. From which it can be inferred that the 
safest and most effective way of modifying the stability 
or determining the best dimensions of oil ships, when 
draught and depth are given, is first to fix the most suit- 
able length of tank, and then take from the diagram the 
breadth necessary to insure sufficient stability. ; 

26. A further inspection of Fig. 8 discloses the impor- 
tant fact that if a ship is provided with sufficient stability 
to withstand the effect of filling with sea water one tank 


= 1.4. 
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at a time, the others being either completely full or com- 
pletely empty, her stability in the loaded condition is all 
that can be desired. It may, to some, appear excessive ; 
but in the first instance it must be remembered that the 
diagram exaggerates the stability at the load draught by 
about 6in., for the curves of gravity G G, &., have 
neither been corrected for sheer, nor increase of rise of 
floor towards the ends of the vessel; and, secondly, it is 
probably safer to send oil steamers to sea with somewhat 
more stability than experience has shown that ordinary 
cargo steamers require. 

27. Considerable stress has been Jaid on the importance 
of having no free liquid in any of the other tanks during 
the process of filling and discharging (sections 12 and 13). 
The effect of free liquid is equivalent to placing an equal 
weight aloft somewhere, the height depending on the form 
of the liquid (section 8). Referring to Fig. 3, a small 
quantity of liquid is allowed to enter No. 4 tank, while 
No. 3 tank is being run up (to U;). The dotted line 
showing the new position of the virtual centre of gravity, 
crosses the curve of metacentres A A, at V,, the ship is 
unstable, and listing immediately takes place. 

28. In the applications the initial stability has alone 
been considered, for in modern ships ample initial stability 
at the load draught, and sufficient initial stability at the 
critical draught, are both a guarantee of adequate stability 
at the most extreme angles of inclination that may 
actually occur. 

29. Coming finally to ships of different arrangements of 
tanks, viz , ships having a centre-line bulkhead, and ships 
carrying oil only to the second deck, their treatment is 
similar to that here adopted, and presents no novel fea- 
tures. Generally the oil-tight centre-line bulkhead 
enables one to give a ship less beam, and it therefore 
lessens to some extent the stability in the loaded condi- 
tion ; whereas although a ship carrying oil only to the 
second deck may be made slightly narrower without run- 
ning any risk of listing at the critical point (about one- 
third breadth), this arrangement has the disadvantage of 
providing excessive stability in the loaded condition, 
which disadvantage is of an especially destructive nature 
in steamers carrying oil in bulk. 

30. The circumstance that the majority of tanks in 
modern oil ships have rectangular surfaces simplifies the 
calculation of the virtual centre of gravity to a consider- 
able extent. Itsdistance from the top of keel is equal to 

Actual centre of gravity of liquid above top of keel 
, , length of tank x breadth’ _ 

is volume of liquid in tank 
Actual centre of gravity of liquid above top of keel 
thx breadth? = 
area of section 
Actual centre of gravity of liquid above top of keel 
breadth? 
y x height of liquid’ 
when y is the coefficient of fineness of the tank section, 

31. In the special case of vessels having no rise of floor, 
the virtual centre of gravity is an infinite distance from 
the top of keel, when the height of liquid is infinitely 
small (section 30). 
be added to the moment of ship in order to determine 
the effect of an infinitely small quantity of liquid is then 
xo=-%, 

0 
which quantity can be shown to equal 
moment of inertia of bottom surface 
cubic feet to a ton of liquid 
, . length x breadth 
= Ax 


Ln ¥ 
tf iiesaiad 


= 


35 
~ Lx Be for salt water, 
420 
, Ss 
= bx B , for oil, 
48U to 540 


the number in the denominator varying with the density, 
when L is the length of tank, and B = breadth at the 
bottom. 

CoNCLUSION, 

32. This investigation has proved that in regard to 
stability there are no difliculties in the way of either 
carrying oil to the upper deck, or in suppressing the 
centre-line bulkhead, if proper care is originally bestowed 
on the selection of the principal dimensions. This fact is 
valuable, for it shows that at least some of the defects 
attending the present oil ships could be easily remedied. 
Should it, moreover, be found that the additional duties 
of the centre-line bulkhead could be discharged by other 
means, it appears plain that it could advantageously be 
suppressed, and the material now employed in its con- 
struction be used in strengthening other parts, a change 
which on the whole would result in a stronger, a less 
te and, for general pur oses, a more accessible 
ship. 

f APPENDIX A, 

33. Three years ago I had the honour to lay before this 
Institution a diagram which represented more faithfully 
than then existing diagrams what really takes place when 
a ship is being inclined, for this diagram was based on 
the plausible assumption that the centre of gravity of the 
immersed volume, ¢.¢., the centre of bucyancy of the ship, 
has, owing to the resistance offered vy the water, no 
lateral displacement during the inclization. Possessing, 


moreover, several collateral advantages, it has been 
thought interesting to add such a diagram here for a 
vessel containing free liquid. 

34. A stability diagram drawn as indicated takes the 
form shown in Fig. 5, 


The different curves are lettered 


The moment of liquid which has to | 


as the corresponding curves in Fig. 1. The centre of 
buoyancy curve Bo Bg By in Fig. 1 disappears in Fig. 5, 
and all the points of the metacentric My Mg My lie on 
the vertical through By. The centre of gravity G of the 
weight D — A travels along the curve G G G, the actual 
centre of the liquid A along go 99 gs, and the virtual 
centre of gravity of the liquid A along co cg cw. Hence the 
actual centre of gravity of the whole system D travels along 
Go Gg Gyo, and the virtual centre of gravity of the same 
system along Cy Cg Coo; and for any arbitrary inclina- 
tion 0, ; 

Metacentric height, H = Mé@ U, 

Righting arm, R = Cy U = Go V, and 

Vertical displacement, T = G, V. 

35. The same diagram exhibits in an unmistakable 
manner the difference between the stability of a vessel 
containing free liquid and a vessel containing an 
equivalent weight fixed in the upright centre of 
gravity of the liquid. The curve go g g shows a curve 
described by a fixed weight placed at the start in 
the upright centre of gravity of the liquid. Contrast it 
with the curve go gg gao which represents the travel of the 
free liquid. In the latter case, the liquid remains help- 
lessly near the middle line, doing practically no work 
whatever, whereas in the former case the equivalent fixed 
weight rapidly ascends as the ship is inclined and offers a 
considerable resistance. Further, the curve of centre of 
gravity of the total weight D, instead of taking the form 
shown by Gv Gg Gyo, as for a ship containing free liquid, 
takes now the form (i) Go Go. The onecurve placed in 
comparison with the other exhibits the difference in effect 
produced by free liquid and immobile cargo. 

APPENDIX B. 

36. The curve representing the actual path of the centre 
of gravity relatively to the centre of buoyancy, on thesup- 
position that the centre of buoyancy is, owing to the re- 
sistance offered by the surrounding water, devoid of 
lateral translation, and described in my 1892 paper for 
ordinary ships, and in this paper (Appendix A), for 
vessels containing free liquid, possesses several geo- 
— properties, which are interesting, and may be 
useful, 

Let, in Fig. 6, the curve Go Gg be the actual path of 
the centre of gravity relatively to the centre of buoyancy, 
and let the ordinate Go V and the abscissa Gy V be T 
and R respectively. Ifa normal is drawn to this curve 
at Gy , it intersects the vertical through the centre of 
buoyancy (on which the metacentres are situated) at 
Mg. Now the value of the subnormal 


My V= Rd R _ H = metacentric height. 
al 

for 

dR_H 

agvT R 
(1892 paper, Appendix B). Hence the normal to the 
curve goes through the metacentre; and thus we can, 
when the curve f (R, T) is given, by drawing normals to 
this curve, easily find the corresponding metacentres Mg 
and metacentric heights Mg V = H. Here is, then, 
a distinct advantage gained over the ordinary stability 


diagram, as represented by Fig. 1, from which the posi- 
tion of the metacentre cannot be constructed 





| 











37. It follows from the preceding sect. 36 that thestability 
of vessels can be represented by a pendulum, consisting of 
a variable rod, Gg Mg, suspended in the momentary 


metacentre My, and of a bob, Gg, equal to the weight of 
ship, which bob, in swinging, deecribes the path G, Gg, 
Let the length of the pendulum Mg Gy be L, and 

L= VR? + H’ 
Its inclination towards the vertical 


a = arctan R 


H 
or may be obtained from the expression 
R 
tana = = 
- 


38. Should the curve of righting arm f (R, @), be known, 
instead of the curve f(R, T), L and a are obtained by 
simple geometrical construction. Let, in Fig. 7, curve 
A BC be the curve of righting arm. Find the metacen- 
tric heights, according to the method proposed by the 
late Professor Jenkins. Let B Mg be a tangent to the 
curve at 0, B V be 57.3deg., and Mg V is the metacentric 
height at @ = H. Then from V set off V Gy = righting 
arm = R; and, connecting Gg with My, My Gg = L= 
length of pendulum, and a = angle of inclination. Know- 
ing now R, H, L, and a for varying 0, the distance 
travelled by the centre of gravity = 


G,Gy=/Lae, 
and the radius of curvature of Gp Gg is calculated from 
1 1 da 
hy L or] 7] 


when p, = radius of curvature. 

39. Now, a pendulum such as described truly exhibits 
all the phases of a ship’s stability. If the pendulum bob 
hangs vertically below the point of suspension, the ship 
is in stable equilibrium ; if it is deviated from the vertical, 
and set free, it returns to its position of equilibrium, as 
would also the ship do. When the deviation (a) is 90 deg., 
the force required to keep the bob in its position is a 


maximum, and the ship has attained its position of maxi- 
mum righting arm. When the pendulum is raised above 
90 deg., the force decreases, as does the ship’s stability ; 
and, finally, when the pendulum bob is plumb above its 
point of suspension (a= 180 deg.), its equilibrium is 
mixed. If released, the bob either returns the same way 
it came, i.¢., the ship returns to upright, or it continues 
its course until it has swung through 180 deg., and hangs 
vertically again (a = 360 deg.), which position corresponds 
to that of a ship in equilibrium after turning turtle. 

The different values of H, R, and T for some values of 
a are: 








| 
a | ii. | R of 
deg. | 

0 | L | c0) Y) 
90 a) max. = L T 
180 — L (negative) a) | max, 
270 oO min. = —L T 
360 L | 0 





Nore.—a, which is the deviation of the pendulum, must not 
be confounded with @, which is the inclination of the ship, 


40. The stability of vessels containing liquids can be 
explained by a somewhat similar device. It was shown 
in section 3 that the action of a free liquid was equiva- 
lent to that of a weight suspended in a line from the 
virtual centre of gravity of the _e Hence the sta- 
bility of vessels containing liquids can be illustrated 
(Fig. 8) by a rod of variable length suspended in the 
momentary metacentre, and from the free end of which 
(which end is the virtual centre of gravity) is hanging in 
a line of variable length, a weight equal to the total dis- 
placement of et The inclination (a) of the rod (Fig. 8) 
being determined by the expression, 


T 
dR 
ib follows that the rod Cy Mg is always normal to the 
actual path of the centre of gravity at Gg. And in order 
to find the metacentre Mg , or the length of the pendulum 
Cg Mg = L, draw from Cg , t.¢., from the virtual centre 
of gravity, Cg Mg , parallel to the normal through Go. 
The point of intersection is the metacentre Mg , and 
My U = H is the metacentric height. The length of 
pendulum = L = »/R? + H2 as before, from which it is 
seen that the construction of L and a from the curve of 
nt id arm is in this case similar to that for ordinary 
vessels, 


LAUNCHES AND TRIAL TRIPS. 

THE trial trip of the ».s. Helge, built by the Elsinore 
Iron Shipbuilding and Engineering Company, Elsinore, 
Denmark, to the order of the Steam Navigation Company 
Danmark, of Copenhagen, took place on May 7 in the 
Sound, and was considered very satisfactory. Her dimen- 
sions are 270 ft. by 37 ft. 114 in. by 17 ft. 10? in. depth of 


tan a = 





| hold. The engines are of the triple-expansion type, and 


during the trial trip the engines indicated 1000 horse- 
power, the result being a mean speed of 11} knots. 


On Thur-day, the 9th inst., there was launched from 
the yard of Messrs. C. S. Swan and Hunter, Wallsend- 
on-Tyne, a steel screw steamer named the Josephine, 
which has been built on fine lines to carry about 7000 tons 
deadweight on an average speed of 11 knots at sea. She 
has the following dimensions: Length between perpen- 
diculars, 400 ft,; breadth, 47 ft.; depth moulded, 
31 ft. 6 in.; and will be fitted with engines having 
cylinders 27 in., 44 in., and 71 in. in diameter by 51 in. 
stroke, which will be supplied with steam at 170 lb. pres- 
sure from two boilers 14 {t. 6 in. in diameter by 17 ft. long, 
and one auxiliary boiler 10 ft. 6 in. in diameter by 10 ft. 
long, constructed by the Wallsend Slipway and Engineer- 
ing Company, Limited. 





On the 9th inst. Messrs. Ramage and Ferguson, 
Limited, launched from their shipbuilding yard at Leith 
a steel steam yacht of 280 tons, yacht measurement, built 
to the order of Mr. Robertson, of Washingley Hall, 
near Peterborough, and detigned by Mr. Sv. Clare 
J. Byrne, Liverpool. Her principal dimensions are: 
Length, 149 ft.; breadth, 21 ft.; depth moulded, 12 ft. ; 
while the machinery consists of a set of triple-expansion 
engines having cylinders 13 in., 21 in., and 34 in. in dia- 
meter by 22 in. stroke, supplied with steam from a steel 
boiler working at 165 lb. pressure. On leaving the ways 
the yacht was named the Lady Sophia. 


On Friday, May 11, Messrs. Lobnitz and Co., Renfrew, 
launched the first of three steamers they are building for 
the United Steamship Company of Copenhagen. The 
vessel in question will take a cargo of 3500 tons, and is 
also arranged for a few passengers. The engines are 
triple-expansion, and are made by the builders. On leav- 
ing the ways the steamer was named the Nicolai II. 








The s.s. Turrethill was launched from the yard of 
Messrs. William Doxford and Sons, Limited, of Sunder- 
land, on the 11th inst., having been built to the order of 
the Broomhill Coal Company, Toventie. 





The s.s. Turret Crown was taken on her official trial on 
the 11th inst., when a mean speed of 11? knots was re- 
gistered. The total deadweight capacity of the vessel is 
3200 tons on 18 ft. 34 in. draught. She has been built by 
Messrs. William Doxford and Sons, Limited, of Sunder- 
land, to the order of the Turret Steam Shipping Com- 





pany, Limited. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 

The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. 

Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


$224, J.G. W. Aldridge, London. Improvements 
in Electric Lighting. [4 figs.) April 25, 1894,—This inven- 
tion has for its object to provide a simple and efficient means of 
regulating the light to requirement ; and consists essentially in 
mounting two lamps of different candle-power on opposite sides of 
a switch fitting, by which either lamp, or both lamps in series or 
both lamps in parallel, can be put into circuit at pleasure, or both 
lamps cut out of the circuit. Preferably the switch is of the 
cylindrical or plug type with the contact strips arranged round 





the circumference. The two electriclamps a, b are situated in one 
globe c and are secured to the two-way fitting d. The globe c is 
attached by means of ordinary holders which are hinged or jointed 
at e and whose free ends are forced up or down as the screw / is 
screwed in or out. The switch (not shown) has two metallic con- 
tacts and one insulated part, so that the lamps can be arranged 
simple, in parallel, or in series. In this case the lamps are sup- 
to be of equal power. An ordinary switch is employed for 
urning the light off and on. If desired a single switch may be 
employed for both turning the lamp off and on and for regulating 
the light. (Accepted April 3, 1895). 


9878. C.T. J. Vautin, London. Production of an 
Alloy of Tin with the alkaline Me &c. (2 Figs.) 
May 21, 1894.--This invention relates to an electrolytical process 
for the production of alloys of the alkaline metals, viz., sodium, 
potassium, and lithium, and of the metals of the alkaline earths, 
viz., calcium, strontium, and barium with tin placed as a molten 
cathode beneath a fused electrolyte of one or more of the salts of 
the said metals. To carry this process into effect there is pro- 
vided a bath of molten metallic tin A, at the bottom of a rever- 
beratory furnace B, or a pot or crucible C. The furnace and 
crucible are provided with grates D, and flues E, so that sufficient 
external heat may be applied to melt the bath of tin A, and to fuse 
the superincumbent electrolyte F, which is protected from volatili 
sation by a shield of refractory tiles G or a cover H. When the 
electric current is performing its work in the furnace or pot, suffi- 
cient additional heat is thereby generated to keep the electrolyte 
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and underlying bath in a molten condition. The bath of tin A is 
connected as the cathode of the electrolytical current. An anode 
or anodes K, preferably of carbon, and protected by tubes L of 
refractory material, such as fireclay, are placed in the electrolyte 
F, The electrolyte F consists of one or several of the salts of the 
alkaline metals or of the metals of the alkaline earths, the said 
salt being previously reduced to powder, or to a finely divided con- 
dition. en the current —_— the cathode of tin being molten 
and the electrolyte fused, the base of the electrolyte is reduced at 
or on the surface of the tin, and is alloyed with the cathode of 
molten tin, forming an alloy of commercial value which may be 
removed when the tin is saturated to the required extent with the 
reduced metal. Should the reduced salts of the metals to be re- 
duced give off, at the anodes, gases capable of commercial utilisa- 
tion, such as chlorine from the chlorides, the said gases may be 
collected by the pipes M from the protecting tubes L over the 
anodes, (Accepted March 27, 1895). 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


8295. H.P. Holt, London. Gas Motor or Oil Motor 
Cars. [6 Figs.) April 26, 1894.—When a car is driven by a gas 
motor or oil motor engine having its cylinder situated in the 
vertical line of one of the axles or nearly so, the pressure in its 
cylinder acting om the connecting-rod, when it is in a position 
inclined to the axis of the cylinder, produces a vertical resultant 
force which, acting through the ig8, Causes certain vertical 
oscillation of the car. This invention relates to means of lessen- 
ing this oscillation. For this purpose, as shown in Fig. 1, instead 
of fitting the axle-box A to slide vertically, it is arranged to slide 
in a line A B at right angles or nearly so to the line BC of the con- 
necting-rod when it is exerting ite maximum downward thrust 
on the car, thus eliminating the vertical resultant force. When it 
is inconvenient to fit the axle-box to slide obliquely, the cylinder 
is placed at such an inclination that the recoil force acting in it 
shall be opposite and nearly equal to the vertical resultant of the 
thrust of the connec ing-rod. To reduce oscillation only when 
the car is at rest, and the engine still running, the arrangement 





shown in Fig. 2is employed. For pagar | the of the car and | directly, or indirectly by means of a rod i, to the plunger 


starting and stopping it, a lever Lis employed by which the driv- 
ing gear of the axles is connected, disconnected, or varied. This 
lever is connected through a cam lever D having an arm E and a 
chain F, to a weight G on one arm of a lever H, the other arm of 
which bears on the stem K of the gas supply valve M through 
which there are several small holes. When the lever is in the 
middle position shown, to stop the car, the weight G takes such 
a position that the valve M closes, reducing the gas supply of the 
cylinder charge, the piston, therefore, being thus subjected to 
correspondingly reduced pressure. But when the lever L is moved 
to either side, thecam lever D and weight G are raised, the valve 
M being thus held open. Instead of thisarrangement reduction of 





the gas charge may be effected by means of the governor in the 
following manner: The governor is usually provided with an ad- 
justment such that the engine can be run at reduced speed when 
the car axles are disconnected from the engine shaft. The governor 
is arranged in such a manner that, when it is so adjusted, it acts 
on the gas supply valve so as not to cut off the gas but to admit 
the gas to the cylinder at a later period of the charging stroke, 
the preesure resulting from combustion of the charge being thus 
materially reduced. In order that the governor may thus act, 
the cam that opens the gas valve has a step S such that when the 
valve lever, which this cam actuates, is moved by the governor 
off the part U on to the part V of the cam, it is actuated so as to 
open the gas valve ata later period of the charging stroke. (Ac- 
cepted March 27, 1895). 


GUNS AND EXPLOSIVES. 

ee vue ny, gay eh ang Cc. pate nga on 
castle-on-lyne. ‘er us for cavy 
Guns. [5 Figs.) May 28, 1894.—a is the gun and b the incline 
down which it recoile. cis the carriage supported on the wheel 
c' and pivoted at c? to the slide d working in guides dl. cis a 
trough supported on rollers c3 pivoted to the carriage and having 
on its underside two rows of teeth el gearing with the pinions c+ 
on the shaft c5 which works in bearings cé fixed to the carriage c. 
The rear end of this shaft carries a bevel pinion c7 gearing with 
the rack d2 on the slide d. jis the hydraulic ram by which the 
ammunition is pushed up to the gun; its end is fixed to the slide 
d, and f1 is the rammer whereby the gun is loaded. g is the cage 
of the ammunition hoist ; it is made in three compartments, one 
for the shot h and each of the other two for a half powder charge 
j. Each compartment is furnished with a door or flap g1, which 
is normally kept closed by reason of its lug ge bearing against the 
wall of the hoist. & k are the doors of the hoist, one being pivoted 











at the top and the other at the bottom. These doors are operated 
through the cranks k' and rods /' by the hydraulic cylinder /. The 
— eing in the positions shown in fulllinesin Figs. land 2, the 

rs kk are opened, assuming the tions shown in dotted lines 
in Fig. 2, and the shot rolls out intothe trough e¢, raising the door g’. 
The ram / now pushes the slide d, carriage c, and trough é, up the 
incline b. ——- the first part of this motion the wheel c! is running 
on the lower and steeper incline d', and the carriage c is therefore 
gradually turned about the pivot c2 from’a horizontal to an inclined 
position parallel to the incline b. This angular motion causes the 
pinion c’ to traverse the rack d?, thereby rotating the shaft c5 and 
pinions c4, and turning the trough e axially from the position 
shown in Fig. 2. When the parts reach the positions shown in 
dotted lines in Fig. 1, the ram /, slide d, carriage c, and trough e 
are arrested, whilst the rammer /! continuing to move forward 
ramsthe shot h home. The parts then return to the positions 
shown in full lines in Figs. 1 and 2, and the two halt powder cases j 
are successively put into the gun ina similar manner. (Accepted 
April 3, 1895). 

HYDRAULIC APPARATUS, 
3772. H. Davey, London. Water Pressure 

(2 Figs.) February 21, 1895.—a and b are motive-power cylinders 
provided with admission and exhaust valves. c is a plunger con- 
ne sted to the pump by means of the rod d, connecting-rods ¢e and 
7, quadrants 9, 7', and pump-rods h, h}. This plunger is connected 


j workin; 
in a water cylinder k, having at the ends air vessels /, A. These 
air vessels /, /! are —_ filled with water a0 that when the plunger 
j is moved in one direction or the other, the air above the water 
in one of the air vessels is compressed, whilst the air in the other 
is rarefied. In this way when the plunger is moving from one end 
of its stroke, it is assisted by the pressure of the air compressed in 
the air vessel at that end, and in moving from mid-position towards 
the other end, its motion is retarded by the compression of the air 
in the air vessel at the end towards which the plunger is moving. 
Thus the motion of the motive power plunger c is assisted at the 

inning of the stroke, and retarded towards the end of the stroke, 
in this way compensating for the inertia of the pump rods and 
connections, and the inertia of the water column actuating the 





motive power plunger c. To minimise the loss of energy arising 
from shock in the motive power water column caused by the fluc- 
tuations in velocity of the column, a water-pressure cylinder and 
air vessel, Fig. 2, are employed. pis the motive power water pipe, 
q @ plunger working in a cylinder 7, connected to the pipe p._At- 
tached to the a @ is a piston s working in a cylinder ¢. From 
the cylinder ¢ is a pipe « connected to the air vessel v. Some water 
is placed in the air vessel v. w is a plunger attached to the piston 
8 and working in the cylinder 2, and y, y' are valves in the cham- 
ber z. Any leakage past the p'ston s passes into the cylinder z, 
and on the descent of the — w, the air and water present are 
forced out and into the air vessel v, so that the latter ie, by this 
means, kept charged. (Accepted March 27, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


8242. J. Dymon Crediton, Devon. Driving 
Puliey. (5 Figs.) April 26, 1894.—In this improved pulley the 
rim A, which is preferably made of wrought iron, is provided 
with one or more inte radial flanges a preferably formed in 
one piece with it. On the hub B, which is preferably a forging or 
stamping, are one or more radial flanges bdirectly opposite the — 
or flanges a on the rim A. The arms C connecting thehub B to the 
rim A are attached to these flanges by bolts or rivetez. To give in- 
creased stability and rigidity it is preferred to attach the arms C 


Fig. 3. 




















alternately to one and the other side of the flanges as shown in 
Fig. 1 so that alternate arms cross. When the pulleys are of the 
split type, small flanges a! and b! are formed on the rim and hub 
respectively to provide a means of attaching the parts to one 
another by bolts. As a modification each alternate arm may be 
placed at a tangent to the hub instead of at right angles to it as 
shown, the tangential spokes on one side of the wheel being, if 
desired, laid in the oo. direction to those on the other side. 
(Accepted April 8, 1896). 


8990. W. Anderson, Altrincham, and George 
Richards anda Co., Limited, Broadheath, Cheshire. 
Machines for Freniog Metal, [3 Figs.) May 7, 1894.— 
The figures illustrate a side Pog machine. A T-slot A 
extends the full length of the bed X. In this slot are 
two adjustable —_ B, BI. A sliding bar C with rack teeth 
cut in it is pl on the cutting head or saddle Y. The 
bar O is actuated by trip levers D, D'. Gearing into the 
sliding bar C by means of a pinion E is a o t G, 
on the front end of which is a feed disc H. On the other 


























end a bevel wheel I serves to drive the back shaft K through 
bevel pinion V, The backshaft K has a screw thread L on the 
end, and works the lever M, which is connected to the strap 
forks N. On thec G isa handle O for starting, revers- 
ing, and stopping the machine. S and 8! are loose pulleys, running 
in opposite directions; P is the driving pulley. To start the 
machine, the cross-shaft G is revolved by means of the handle O; 
this revolves the backshaft K about one-eighth of a turn, and 





moves the strap fork N from the pulley 8 tothe pulley P. The 
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cutting head Y then moves until the trip lever D comes in con- 
tact with the stop B. This causes the sliding bar C to revolve 
the cross-shaft G about one-quarter turn in the opposite direction 
to that when starting the machine, and so reverses the action, 
and at the same time puts on the feed by means of the feed disc 
H. The triplevers D and D' are arranged so that when the sliding 
bar C, which connects the levers D and D!, has moved sufficiently 
to reverse the machine, the lever 1) clears the top of the stop B 
when on the cutting stroke, and the lever D' is brought into 
position to strike the stop B! when on the return stroke, and so the 
action is repeated at each stroke of the cutting head Y. By this 
arrangement the sliding bar C is at rest immediately the machine 
is reversed, so that if the momentum of the pulley P should carry 
the cutting head Y too far, or if a belt should break, the head Y 
can buffer against the adjustable stop B if on the cutting stroke, 
or against stop B! if on the return stroke, buffer spri: gs T and T1 
being fixed on the head Y for that purpose. The cutting head Y 
can be stopped or reversed at any part of the stroke by revolving 
ee G by means of the handle 0. (Accepted April 3, 


10,056. J. Case and E. Kain, Sheffield. Instan- 
taneous Grip Parallel Vice. [4 Figs.) May 24, 1894.— 
The rack A is inserted in an opening formed in the fixed half of 
the vice jaw F, and has a vertical motion at its toothed end by 
reason of being supported by a pivot or fulcrum J. The disen- 
gaging lever B may he a plain bar corresponding to the slotted 
opening formed in the rack. The front end is preferably hollowed 
and enlarged to correspond to the contour of the screw D, over 
which it projects sufficiently to afford a bearing for a portion of 
the operator's hand when it is desired to lift the rack out of con- 
nection wita the loose nut C, to enable the movable half of the 
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vice head E to be slip 


d for any c e 
loose jaw E, with its guide bar G, the screw D, the nut C, and the 
lever B, all move together to the new position on the bed- 





plate H. On releasing the lever B, the teeth of the rack A 
will automatically engage in the teeth of the nut C, where- 
upon any desired increase of gripping force can be applied 
by rotating the screw D in the ordinary way, the rack A 
affording the nut C a firm abutment against the fixed half 
of thehead F. To again release the grip, it is only necessary 
to turn the screw D slightly in the opposite direction, when, by 
pressing upon the Jever B, the rack is again disengaged to allow 
of the vice being instantaneously adjusted to work of different 
dimensions. A box cover L is fitted to the bedplate to keep all 
clean, (Accepted April 3, 1895). 


MINING, METALLURGY, AND METAL 
WORKING. 


8183. W. P. Thompson, Liverpool. ly R. Bonehiil 
end E. T. Gautier, Brussels.) Process and Apparatus 
for Extracting Metals from their Ores. [3 Figs.) 
April 25, 1894.—This invention relates to an improved furnace for 
smelting and refining ore at asingle operation. 1 is the furnace 
for emelting the ore. The ore mixed with fuel is inserted in the 
furnace by the opening 2 in the roof. This opening for charging 
is closed by means of a slab 3 of fire-resisting material when the 
charge has been inserted. 4 is an opening in one of the furnace 
walls, through which the workman evenly distributes and levels 
the charge ; it is closed by a door of fire-resisting material. 5 are 
dampers or valves regulating the admission to the flues 6 and 7. 
7 is the flue by means of which the volatile substances reach the 
passage 8 on their way to the depositing chamber 9. 10 is a pipe 
conveying steam into the depositing chamber in order to moisten 











volatile substances by the condensation of the steam and pre- 

nt them rising. The steam pipe opens into the depositing 
amber below a metallic plate 14 inclined towards the bottom in 
order to deflect towards the latter all the volatile substances 
which enter the chamber 9 by the flue 8. 13 is a sheet metal plate 
closing three sides of the compartment 9 and only allowing a 
passage at 11. The gasesand the uncondensed steam escape by 
this e llin order to reach the chimney through the flue 12. 
15 is an opening, closed by a door, by wh‘ch the condensed volatile 
substances are removed from the chamber 9, The passage 8 is 
formed of firebricks, and is at an inclination ; it is supported by 
a metallic part 16 in order to allow a free space beneath it for the 
tuyeres 17 by which the blast is conveyed into the furnace. 
In order to obtain a uniform pressure of wind, the air from 
the blowing apparatus passes through a regulating cham- 
ber 18, shown in dotted lines in Fig. 2, before entering 
the tuyeres. The bed 19 of the furnace is inclined from one 
end to the other along the whole length of the furnace in the 
opposite direction to the inclination of the roof 20, in order to 
allow of the gases reaching more easily the flue 6, and thus 
diminishing the wear and tear of the roof. 21 is the opening from 
which the liquid metal flows or the vent for emptying the furnace 
at any desired moment. 22, 23, 24, and 25 are a series of tapping 
holes for the slag placed one above the other. The slag is allowed 
to flow off by the hole 22 until the metal reaches that level. The 
hole 22 is then stopped and the hole 23 opened in order to allow 
the slag to run away until the metal reaches that level ; 23 is then 


hole 21. 25 is an overflow for the slag ; its object is to prevent slag 
rising into the tuyeres. (Accepted April 3, 1895.) 


RAILWAYS AND TRAMWAYS. 


7883. M. Reynolds, Wolverhampton, Staffs. Loco- 
motive Engines. [11 Figs.) April 21, 1894.—According to 
this invention, the boiler, engine, coal bunker and water tank, 
&c., are preferably mounted on three bogie carriages and two 
independent axles. Running from end to end of the locomotive 
is an outer casing in the form of a corridor divided into three 
compartments. The front compartment A is for the engine- 
driver, and extends in front of the smokebox. The driver has thus 
a clear view of the line through the look-out windows, and is not 
subjected to the blaze from the firebox during stoking operations. 
Adjacent to the driver’s compartment is the engine-room B. The 
engine cylinders are bolted to a cast-steel bedplate secured to the 
frame plates. To increase the available adhesive force, when the 
maximum tractive effort of the engine is required, discs, such as 
G, Fig. 1, are employed, for the purpose of coupling the driving 
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wheels with the wheels of the independent axle in front of the 
crank axle. By means of steam, air, or vacuum cylinders fitted 
with pistons and rods, or by screw or other mechanism, these discs 
are forced between the wheels with sufficient pressure to couple 
the wheels, and thus to temporarily convert the locomotive into a 
four-wheeled coupled engine. The stoking compartment is at 
the rear of the engine-room, between the boiler and the coal 
bunker and water tank. Inthe upper part of the firebox and in 
the place of the usual brick arch there is fixed an arched or other 
water chamber H and connecting tubes H!, to give a greater 
heating surface in the firebox and a better circulation of the water 
through and around the firebox. An air distributor K is arranged 
in the firegrate. The big-ends of the connecting-rods are con- 
structed to permit of the ready removal or adjustment of the 
brasses without the necessity for moving the engine. (Accepted 
April 3, 1895). 

10,172. E. Hopkinso Manchester, Lancaster. 
Vehicles for Electric ilways or Tramways. 
{4 Figs.) May 25, 1894.—This invention relates to an improved 
collecting bar carried on the roof of an electric vehicle. Contact 
is made with the conductor by the upper surface of the bar a, 
which is supported by the members } which are connected to the 
supports or standards d (affixed to the vehicle) by means of pins 
¢ forming joints which are in the same horizontal line, and give 
freedom of movement of the bar about the said pins as a horizontal 
axis. The movement round the horizontal axis is limited by 
springs /, one end of each spring being attached to the standard d 
at 72, and the other end being attached at 73 toa portion of the 








ld 
levne 
collecting bar or its support as shown at e. The bara in its 
normal ition lies as shown in a vertical plane through the 
smntenle 4, but when displaced by the friction of its passage 
along the under surface of the conductor, or by meeting any 
obstacle, it will move about the horizontal pins c as a centre ; its 
motion being limited by the springs / which restore it again to its 
vertical ition, when the obstruction no longer exists or the 
obstacle is ed. The bar a may have the form of a roller turn- 
ing upon pins fixed in the top of the vertical members }, and may 
have extensions 7 turned down at an angle so that should the 
conductor leave the collecting bar laterally, it may more easily 
regain its position. (Accepted April 3, 1895). 
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6386. W. Harman, Stockton-on-Tees, Durham. 
Steam Boilers. (2 Figs.) March 30, 1894.—The object of this 
invention is to mae pd a steam boiler with feed water through an 
ap! tus designed to intercept a portion of the heat passing out 
with the waste products of combustion, and which being in excess 
of the temperature required in the uptake for the proper working 
of the furnace, has hitherto been discharged to waste. is 
invention utilises the heat so intercepted for raising the tem- 
perature of the feed water, as distinguished from an apparatus 
for effecting the same purpoee by absorbing heat from the live 
steam or live gases of the boiler furnace or from some other source 
of heat extraneous to that required for working a boiler in the 
ordinary way. According to the present invention the inlet for the 
ordinary supply of feed water is united at a to coils of'pipe a', a2, a3, 
which are a convenient form of heat-intercepting apparatus 
placed in the boiler uptake b so as to intercept heat from the 
waste products of combustion passing from the boiler flues. 
These coils communicate with each other, and with the outlet or 
delivery pipe c, direct to the boiler, and are controlled by the 


the boiler water space into the coils, and controlled by a non- 
return valve f designed to be automatically brought into action 
when the ordinary supply of feed water into the coils from the 
pipe el happens to be expelled or ae by a suddenly 
apna ongr pressure of steam within the coils of the pipes a!, a2, a3, 
n order to isolate the apparatus from the heat of the waste pro- 
ducts of combustion, so that the apparatus may be used to inter. 
cept heat or not at will, there are provided a series of louvre 
boards g connected to the same operating lever mechanism go 


zA\\ 
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that by means of a controlling lever the louvres g may be 
closed together to form a screen shutting off the waste products 
of combustion from the feed-heating apparatus, or may be set 
Open so as to leave the apparatus fully exposed to the heat of 
the waste products of combustion. When the louvre boards g 
are closed, and no water is passing through the coils, a current 
of cold air is allowed to pass through the air valve i to keep the 
apparatus cool, and this is further facilitated by providing an air 
space j which allows the current of air to freely circulate in 
we and then pass to the funnel b'. (Accepted April 3, 


VEHICLES, 


9855. J. Huxtable, Filleigh, Devon. Journals, 
Axles, or Bearings for Road Vehicle and other 
Wh &c. [7 Figs.) May 21, 1894.—According to this in- 
vention, the axle or y EY A is made rectangular, having its 
outer end threaded at A! to receive a nut B; C, D are two cones 
formed of metal, having holes through the centres thereof, such as 
D', these holes being of corresponding configuration to the section 
of the axle or spindle A. The cones C and D are adapted to slide 
on to the axle A having their smaller ends towards each other, 
but separated by a distance piece E, d of a of 
leather washers. 





The cones C and D are prevented from turning 
on the axle A, by reason of its form of section and the corre- 
spondingly sha holes in the cones. The interior of the hub F 
of the wheel F! tapers inwardly from each side, of similar size 
and taper to the above-mentioned bearing cones C and D, the 
central part therein being made parallel and of a diameter about 








equal to the smallerend of the cones. The interior cone C and 
the distance piece or spring E having been slidden on to the axle 
A, the wheel F is then placed in ition and secured by the outer 
cone D being slidden on the axle A. The outer cone D is held 
in position the nut B applied to the projecting end A' of the 
axle. By edjeiting the nut B upon the axle-end A!, the cones C 
and D are brought closer together, being slidden longitudinally, 
and are thereby kept in close contact with the hub F or interior 
bearing surface of the wheel, and compensation for the wear is 
thereby effected. Efficient lubrication of the bearing is provided 
by forming the cones C and D, as shown in Fig. 3, with interior 
chambers, which may be packed with cotton waste or other ab- 
sorbent C!, Dt, Exterior oiling holes C2, D2 are provided for the 
introduction of oil into the cones, and apertures C3, D3 by which 
the oil is fed to between the frictional surfaces of the bearing. 
(Accepted March 27, 1895). 





UNITED STATES PATENTS AND PATENT PRAOTIOB. 

Descriptions with illustrations of inventions patented in the 
United Btates of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedfcrd- 
street, Strand. 








Tue AmericAN CoaL TRrapE.—The production of 
anthracite in February was 3,133,246 tons, as compared 
with 2,344,511 tons in February, 1894, and 3,084,156 tons 
in February, 1893. The stock on hand at the commence- 
ment of February, 1895, was 700,176 tons, as compared 
with 881,550 tons at the commencement of February, 
1894, and 532,375 tons at the commencement of February, 
1893. The corresponding stock at the close of February, 
1895, was 630,658 tons, as compared with 859,509 tons at 
the close of February, 1894; and 601,854 tons at the close 
of February, 1893. It follows that the consumption of 
February, 1895, was 3,203,764 tons, as compared with 
2,366,552 tons in February, 1894, and 3,014,677 tons in 
February, 1898. The aggregate production for the first 
two months of this year was 6,196,781 tons, as compared 
with 5,032,532 tons in the corresponding two months of 
1894, and 6,153,736 tons in the ce ee age ag age months 
of 1893. The aggregate consumption in the first two 
months of this year was 6,347,036 tons, as compared with 








stopped and 24 opened, and finally, when the metal has reached 


the level of this latter hole, the metal is allowed to run out by the 


check valve d for shutting off the heated feed water from the 
boiler when desired, ¢ is an auxiliary supply pipe leading from 


4,901,901 tons in the corresponding period of 1894, and 
6,209,750 tons in the corresponding period of 1893, 
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MODERN FOUNDRY PRACTICE. 
(Continued from page 535.) 

Greensand Moulding.—A moulder is not encum- 
bered with many tools that are of necessity his 
own property. He can easily carry them all on his 
person. These are principally a few ‘‘sleekers,”’ 
which are best when all made of steel, though 
they are often made simply of cast iron. They are 
of various forms, and are called ‘‘pipe,” ‘‘square,” 
“flange,” ‘* button,” and “‘O.G.” sleekers. A few 
square-shaped trowels of different breadths—one 
pointed of heart-shape for going easily into corners, 
one or two cleaners, add to these a 2-ft. rule and 
a small pair of callipers. The other tools are pro- 
vided by the foundry in which he works, and these 
are, a square-mouthed shovel, a ‘‘small” and a 
hand rammer, as shown in Fig. 12, a dog rammer, 
preferably square-faced (Fig. 13); two or three 
sieves or riddles of different degrees of fineness, 
say, from } in. to ;% in. in the meshes, dry brush, 
straight -edge, spirit level, swab pot, hammer 
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(Fig. 15), and rapping bar (Fig. 14), two or three 
prickers of various sizes, which are merely long 
pieces of pointed steel wire; gate pins and gate 
cutters and a few drawing spikes; and for dry- 
sand moulding a pair of bellows, some blacking 
brushes, and a loam saw. 

It is necessary here to advert briefly to the kinds 
of sand used by founders. ‘They cannot all use 
exactly the same kinds, however they may re- 
semble in their elements, for this depends very 
much on the locality of the foundry and the nature 
of the sand that can be most readily and cheaply 
obtained there. Here the judgment of the ex- 
perienced founder is called into requisition, for on 
this point undoubtedly a great deal of the success 
of a foundry depends. There are few districts 
that do not provide sand suitable for some pur- 
pose or other in foundry operations. A trial has 
to be made to test its qualities. All shipping ports 
have advantages in this respect, for many small 
craft bring sand as ballast from various quarters, 
and sell it to the nearest foundries. The principal 
constituents of a good sand for greensand mould- 
ing are silica, with a small proportion of magnesia. 
It should be free from lime. The silica is what 
enables the sand to resist the burning action of 
the metal, and at the same time renders it open 
or porous, which permits of the free egress of gases 
while pouring ; but it has little cohesiveness, and 
does not readily form into a compact or firm 
mould. It requires something, such as magnesia, 
to give it the plastic character. A little alumina 
is good, but this does not well resist high tempe- 
ratures, and should, therefore, never form an element 
in sand that is used for steel castings. There is 
usually good moulding sand found in all coal mea- 
sures, and in the vicinity of the new red sandstone. 
The sand of the London basin is famous for its excel- 
lence as a moulding sand. It is particularly well 
suited for fine ornamental work. The sand of 
Scotland is coarser, but better suited for heavy 
castings. Belfast sand is valuable in mixture for 
facing, and is largely used in brass-moulding. Rock 
sand is rather close, but strong and plastic, and is 
much used for making cores. (Good moulding sand 
should have the following properties: It should be 
porous to allow of the free escape of air, sufficiently 
cohesive to mould well and to resist pressure. It 
should not be much affected by high temperature, 
and should leave the casting with a fine smooth 
skin, A few experiments with different kinds of 
sand whose properties are not known to the 
founder, will soon enable him to form an opinion 
as to how they should be mixed to arrive at success- 
ful results. In preparing it for ‘‘ facing,” or going 
next to the pattern, there is usually added about 





put through a fine sieve not more than } in. in the 
meshes. The coal-dust gets burnt out, and this 
renders its frequent renewal necessary. 

Let us now observe the process of moulding a 
common piece of machinery, say a ‘‘ plummer- 
block,” an illustration of which appears in Fig. 9, 
with its prints p p of the shape of the holes re- 
quired. These holes have to be formed by cores 
made separately in wooden core-boxes, shown in 
Figs. 10 and 11. Every casting that requires small 
holes such as could not be formed in the pattern, or 
moulded if formed there, must have in addition to 
the pattern these other patterns of internal forms 
called core-boxes, one box for each form of core re- 
quired. On commencing to mould this plummer- 
block, the moulder selects a position, and lays the 
pattern on the floor to see what size of hole it will 
take, for this is one of those things most easily 
embedded on the ground; and with his square- 
shaped shovel he cuts out a hole somewhat larger 
and deeper than the pattern, as shown in the 
section, Fig. 9. Then he sifts a little fine sand of 
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are in a founder’s stock. A somewhat larger size 
of the same form is used for ‘ flasking” furnace 
bars. A gate pin P is then laid in the best position 
for ‘‘running” the casting. This may be direct 
on the top of the pattern if the moulder thinks that 
can be done with safety ; but in this case it is 
better on one side, and two channels cc (see Fig. 1, 
page 535 ante) are afterwards cut, by the gate cutter, 
to the edge of the mould. The entering metal thus 
runs into the mould more gently, and without the 
danger of damaging any fragile part. The gate 
pin is usually from 1 in. to 1} in. in diameter. 
It forms a passage for the metal just sufficiently 
large to fill the mould at a moderate speed. If 
to be cast very hot, a small gate is best; dull 
metal requires a wider passage. A little facing 
sand is now laid over the pattern, then some ordi- 
nary sand thrown in to fill the box. It is then 
rammed first with a small rammer, and when 
scraped off with a shovel, rammed firmly between 
the bars with the dog rammer. Four stakes are 
driven into the ground at the corners, so as to 





ran : . en —-— 4 





Fig? 7. 
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the proper degree of humidity (just sufficiently 
damp to hold well together when squeezed in 
the hand without leaving moisture on the skin), 
puts some of this into the hole, with perhaps a 
slight sifting of facing sand (usually an addition of 
Belfast sand and coal-dust with the ordinary black 
sand of the foundry floor), and on the top of this he 
beds down the pattern, pressing or hammering it 
down firmly so as to give the necessary degree of 
hardness underneath, and the top of the pattern will 
now be about level with the ficor. He may place a 
weight on the top of it to keep it steady while he 
packs the sand all round, sometimes using the small 
hand rammer, sometimes his fingers merely, and 
taking care to keep the facing sand next the pattern. 
When the sand is heaped up above the surface of 
the pattern, he rams it somewhat firmly with the 
‘*dog ” rammer, or by treading it simply with his 
feet. The proper degree of firmness is important, 
so as just to bear the pressure of metal, and this is 
only learnt by practice. First with the shovel and 
then with a straight-edge he scrapes away the sand to 
the level of the pattern, and ‘‘sleeks” the surface 
with his trowel, rather wider all round. than the 
covering box will require, firming with his fingers 
any soft parts that may be close to the pattern. 
Then brushing away any loose sand from this pre- 
pared surface, he sprinkles a thin layer of ‘‘ parting 
sand.” ‘This is a dry, gritty sand, nearly white in 
colour, of fine grain. It has no cohesion, and is 
therefore used for all joints or partings to make 
the parts separate readily. It is usually kept in a 
very dry or warm state, over some stove fire- 
place. When good parting sand cannot be got, the 
burnt sand that is scraped from the surface of cast- 
ings answers very well, but its dark colour is un- 
favourable, as not always showing the joint or 
bearing clearly. Red brickdust or blast-furnace 
cinder finely ground serves as a substitute. Good 
parting sand allows the upper part of the mould 
which may be formed on the top of this joint to 
part readily without leaving any of the upper sand 
attached to the pattern or joint. 

The moulder, after sprinkling this parting sand, 
places an iron box (plain top part) over the pat- 
tern, as shown at T, Fig. 9. It requires to bea 
few inches longer and wider than the pattern 
all round, so as to form a sufficient bearing. 





1 part of coa!-dust to about 15 parts sand ; and this is 


insure that the top part when lifted off will be re- 
placed, when closing, in exactly the same position. 
The gate pin is withdrawn, and a small hollow is 
made around the upper edge to fcrm a mouth for 
dropping the metal into. : 

The top part is now ready for lifting off, and, 
if small, this can be done by hand. Every 
moulder gets his neighbour to help him with 
lifting off and on of box parts, and it requires 
to be done simultaneously, and as if by one 
hand, to preserve the part level. If large, the 
box is lifted off by a crane. It is then turned 
over carefully and laid on its back, while kept a 
little way off the ground by three bricks or other 
skids. The loose parting sand being brushed away, 
and a little water tae swabbed round the edges of 
the pattern to keep the sand well together there, the 
pricker may be thrust in diagonally under such 
parts as may be deemed necessary—this will be 
principally under the jaw of the plummer-block. 
The moulder then wants to draw the pattern, but 
before doing so, he must loosen it a little in its 
place. This he does by placing a pointed bar of 
iron in a small hole B, Fig. 1, in the centre of 
the pattern, holding the bar with his left hand and 
striking it as low down as possible with a hand 
hammer. This shakes the pattern a little side- 
ways, and permits of its easier withdrawal. If 
there are no drawing straps fixed to the sides of the 
pattern, he then knocks in a couple of spikes. His 
neighbour takes one while he takes theother, and the 
pattern is gently and slowly withdrawn, keeping it 
as level as possible, and rapping it lightly with a 
hammer while it rises to shake down any part 
that might otherwise incline to rise with the pattern, 
The mould is now examined ; broken parts, if any, 
are mended ; but if the pattern is well made, with 
slight taper on the vertical sides, there will be no 
such es parts, and thus the moulder is saved 
a great deal of unnecessary trouble. He feels with 
a light hand all surfaces as to their firmness, and it 
is here that the skill of the moulder is most required 
in the fortifying of weak parts with long spike 
nails made for that purpose, and, while giving firm- 
ness, preserving the form of the pattern as closely 
as possible. Fillets are carefully rounded off such 
corners as require these, and the gate channels cc, 
Fig. 1, page 535 ante, are cut from the mark of 





This is a common form of box, many of which 





the gate pin to the side of the mculd, _ 
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THE BLACKPOOL TOWER. 


MESSRS. MAXWELL AND TUKE, ARCHITECTS; MESSRS. HEENAN AND FROUDE, ENGINEERS. 
(For Description, see Page 660.) 
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The next proceeding is to put a smoother surface 
on the mould, and this is done by shaking over the - ; jae . 
mould a fine canvas bag filled with peaseflour, and cas bE: Fig.16. 
next a similar bag filled w.th finely ground char- 1 oe f/ 
coal. This deposits a fine film of blacking over the Fal By." 
surface. The top part is of course dusted with these ST RSER EBB cength of Gurder 14:27 
ingredients at the same time. The peaseflour is AG 8 EEA ES gles 
sometimes dispensed with. Its purpose is to make DAS VERS ef Pop ge 
the blacking adhere better to the mould. It readily a 

ke 


Floor level 











absorbs moisture from the sand, and thus forms a SY \KES A <6 See NON, Ae 
kind of paste which holds the powdered charcoal at NY 

better to the surface. The blackened mould now 
takes a fine polish from the trowel and sleekers 
when passed lightly over it. The vertical surfaces 
cannot so easily take blacking, or be sleeked after. 
The moulder has to see that these vertical surfaces 
are made up of sand with a good deal of coal-dust | 
in its composition, and thus render the blacking|! 
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THE BLACKPOOL TOWER. 
MESSRS, MAXWELL AND TUKE, ARCHITECTS; MESSRS. HEENAN AND FROUDE, ENGINEERS, q 
(For Description, see Page 660.) 
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the less necessary. Some ornamental articles can- 
not, from their form, be polished by hand sleekers, 
but the patterns of these ornamental articles are 
frequently of metal, generally iron or brass, and 
as they are made with a well-polished surface, all 
the moulder has to do is to warm the pattern 
slightly, and brush over the surface a little black- 
lead. Then he stamps the pattern into the black- 
ened mould, and, when it is again withdrawn, the 
mould has a finely-polished surface. 

The cores, which are usually prepared by an 
apprentice, are then put into their prints, and the 
mould is ready for ‘‘closing.” This is is done by 
carefully turning over the top part, and laying it 
on, guided by the stakes at the corners. The 
top part may be lifted off again to examine 
whether the cores have touched the upper part 
without being crushed, and to see that no parts 
have dropped. If all right, it is closed finally. 
To prepare the mould for casting, a weight of 
cast iron is laid on the top of the box—resting 
only on the iron bars. This weighting to resist 
upward pressure is not necessary in the case of 
two-part boxes that inclose the whole mould, for 
these two parts can be clasped or clammed together 
by the snugs for that purpose. The mould is now 
ready to receive the liquid metal. Here it may be 
mentioned that moulders generally have a great 
dislike to casting with very hot metal, unless the 
article to be cast is so thin that ‘‘ dull” metal would 
not run through it. They prefer that the metal 
should be rather ‘‘ dull ;” that is, when it has 
cooled sufficiently to become of a yellowish colour, 
not white. Excessively hot metal puts the mould 
to a very severe test. It quickly burns up some of 
the constituents of the sand, and so produces a rough 
surface ; it is so fluid it finds its way too readily to 
where it is not wanted, such as into ‘‘vents” of 
cores, and thereby produces a ‘‘ waster.”” When 
an article has been cast dull, it presents a much 
smoother appearance, and casts quietly, and that is 
the moulder’s reason for preferring dull metal. 
But the casting cannot possibly be so solid in its 
internal structure as it might have been if cast 
‘‘hot.”” The reason of the solidity is plain. The 
hot metal is so lively it throws out readily any gases 
that are generated in the mould at the time of pour- 
ing, and closes up solidly before it sets. Dull metal 
is too sluggish to expel its gases. These remain in 
the metal in the form of air-bells, or little spherical 
holes, which are exposed when the engineer cuts 
below the surface. Every founder ought to be care- 
ful, therefore, that any articles which have to be 
planed, turned, or operated upon with cutting tools 
should be cast ‘‘ hot,” otherwise he will in all pro- 
bability have them thrown back upon his hands 
with some uncomplimentary remarks. And the 
engineer should note that appearances are decep- 
tive. It is far better to sacrifice external looks in 
a casting and thereby gain solidity. And what 
matters the roughness of the skin when that skin is 
planed off ? 
(To be continued.) 





THE BLACKPOOL TOWER. 

In our issue of March 24, 1893, we gave a prelimi- 
nary description of the general scheme for the 
Blackpool Tower, which was then just about to be 
commenced. The tower has now been completed, 
and we are enabled to give a description of the 
work as actually carried out, together with illus- 
trations of the details of the structure. 

The object of erecting the tower was simply to 
provide additional attraction to the town of Black- 
pool, and recreation for the great crowds of people 
who annually frequent this popular seaside resort 
from the manufacturing districts of Lancashire, 
Yorkshire, and neighbouring counties. 

The general scheme of the Tower Company com- 
prises a block of buildings about 280 ft. by 170 ft., 
situated in the beat part of the town, immediately 
facing the Parade, and containing within its walls 
the old aquarium and menagerie, commodious 
dancingand assembly-room, diniag-room, restaurant, 
bars and promenades, in the centre of which rises 
the steel structure of the tower, 500 ft. high, having 
its elevator hall at 55 ft. above the ground, and 
underneath it, between the tower legs, a circus and 
water show. The outer margin of the property 
facing the main streets is utilised for shops, which 
are in great demand. 

The ground plan showing this arrangement is 
illustrated in Fig. 4, on the two-page plate published 
in our issue of May 3, from’ which it will be seen 


that, the tower proper occupying the middle of the 
site, the engineering features of the lower portion, 
up to about 90 ft., had to conform to the general 
requirements of the architects for communication 
between the rooms of the surrounding buildings. 

Unlike the Eiffel and Wembley Towers, the width 
of base was necessarily restricted, but it was con- 
sidered that the defects in appearance on this 
account would be compensated for by the mass of 
surrounding buildings, forming, as it were, a base 
to the tower, with smaller turrets and pinnacles to 
lead the eye up to the tower above. The elevation 
of the tower structure, which we gave in Fig. 1 
in our issue of May 3, will illustrate this. 

The foundations of the tower are in boulder clay, 
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section of the pillars is L-shaped, the other two 
sides being solid only where the braces are con- 
nected to the pillars. In the original section there 
would have been 12 angle-irons running up the full 
length of the pillar, exclusive of those required for 
gussets at the connections. In the form adopted 
there are eight angles, including those required for 
gussets. 

The pillars up to the 85-ft. level are straight and 
2 ft. 3in. wide, back to back of angles, but the 
section is diminished by leaving off a plate on 
each side between the 55-ft. and 85-ft. levels. The 
bracing between the pillars up to the 85-ft. level is 
a single system of lattice struts, to allow of passages 





being made through the legs, but above this level 
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and consist of four large blocks of concrete 35 ft. 
square and 12 ft. thick under the four corner legs 
of the tower. The bottom of the excavation in 
each case was sloped towards the centre of the 
tower, so as to be at right angles to the axis of the 
leg. In the upper portion of the concrete were 
placed rolled joists to distribute the pressure of the 
leg pillars evenly over it. On top of the joists are 
four steel bedplates, and on these rest the base 
girders of the leg. The base girders are of box 
section, 3 ft. deep by 2 ft. 4 in. wide, and are 
joined together so as to form a frame 16 ft. 6 in. 
square, at the corners of which rest the four main 
pillars of the leg. The base girders are held down 
by four steel bolts 3}in. in diameter at each corner, 
making 16 to each leg, which pass through the 
base girders and concrete, and are secured to cast- 
iron washer plates at the bottom Also the ends of 
the base girders are prolonged towards the outside 
of the tower, and are built into the surrounding 
keep wall, which affords additional weight for 
resisting any tendency to lift on the windward side 
(see Figs. 6 and 7, in our issue of May 3). 

The main pillars of the leg are connected to the 
base girders by strong gusset brackets and also by 
four angle-irons 4in. by 4 in. by } in. passing down 
the four corners of each pillar to the sides of the box 
girders, and forming stiffeners to them ; the rivets, 
therefore, through these angles and the webs of the 
girders are in direct shear when any stress comes 
upon them tending to lift the leg. The pressure 
due to the weight and the thrust of the pillars on 
the box girders is resisted by strong diaphragms at 
each intersection immediately under the leg pillars, 
as shown in Figs. 8 and 9, in our issue of May 3. 

The legs are carried straight and uniform in 
width from the base to a height of 85 ft. Each is 
formed of four pillars 16 ft. 6 in. apart centre to 
centre horizontally, inclining towards the centre of 
the tower about 1 in 64 on the sides, and 1 in 9 on 
the diagonal (Figs. 15 and 16, page 658). 

The contract drawings were got out with a 
+ shaped section for the main pillars, but on further 
consideration, when the actual working drawings 
were commenced, this was altered to a box-shaped 
section, having the two outer sides solid and the 





inner sides open; in reality, the main effective 
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it is formed of a double system of channel irons. 
The bracings between the pillars themselves always 
connect to gussets on the open sides of the boxes, 
while the main girders between the legs always 
connect to the solid faces. 

The first transverse girders between the legs are 
those carrying the projecting galleries above the 
circus (see Figs. 22 and 23, page 659). These girders 
are carried bythe outer pillars only. The gallery seat- 
ing is supported in front of them by projecting canti- 
levers, and is balanced by frames on the opposite 
sides built into the walls (see Fig. 7, cross-section). 
The girders themselves are of lattice type, 5 ft. 
deep, having flanges stiffened along the edges with 
L-irons to resist twisting. 

The first main floor, at 55 ft. level, is carried 
on strong lattice girders 6 ft. deep, stiffened by 
arches between the inner pillars of the legs (see 
Figs. 15 and 18, page 658). These support inter- 
mediate lattice girders, which carry the rolled 
joists and the concrete of the floor. From this 
level the main lifts take people to the top of 
the tower, consequently the intermediate floor 
girders have to support the buffer beams and 
occasionally the shock of the descending cabin, and 
a portion of the weight of the guides which reach 
to the 400-ft. level. The whole weight of these 
guides is not intended to come upon the floor, as 
they are fixed to cross-girders at every stage above. 

This main floor (Fig. 18) is reached by commodious 
staircases and by auxiliary lifts from the entrance 
hall on the ground floor. From this level an iron 
staircase is constructed around the framework of 
the lift guides, for the use of workmen, ascending to 
the height of 203 ft. ; above this level, as the width 
of the tower would not permit of its being used, 
iron ladders were substituted in leg No. 2, by 
means of which the top of the tower can be easily 
reached. These ladders also afford a ready means 
of access for inspection and oiling of the lift ropes 
and guide pulleys, which are carried up the same leg. 

Fig. 19, annexed, shows a plan of the girders 
carrying the 85-ft. floor; these bind together the 
tops of the straight portions of the legs, and form, 
as it were, a table on which the upper portion 


| of the tower stands. 


The girders are stiffened underneath by arches 
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(see Fig. 18, page 658, and Fig. 25, page 662), 
which tend to increase the stiffness of the structure, 
and at the same time form a pleasing feature in the 
great hall underneath. The floor is stiffened hori- 
zontally by strong diagonal corner girders, and the 
centre portion of the floor, within the octagon thus 
formed, is raised up a few steps, so as to give a 
more advantageous view when the surrounding pro- 
menade is crowded. The arches themselves are of 
an open trough shape in section, of the same width 
as the girders above, and each pair is connected 
together at intervals by four small transverse 
lattice braces. 

The roof of the surrounding space within the 
keep wall terminates against the sides of the tower 
at this level, and the outside edges of the floor are 
protected by a parapet of concrete panelled on the 
outside to give an architectural effect. 

(To be continued.) 


LITERATURE. 


A Text-Book of Mechanical Engineering. By WILFRID 
J. LixenaM, M.1I.M.E., Head of the Engineering De- 
partment at the Goldsmiths’ Institute, New Cross. 
London: Chapman, Hall, and Co., Limited. 1894. 

Tue writing of a text-book on mechanical engineer- 
ing is not a task to be attempted with a light heart, 
although in constructional engineering it has been 
pretty successfully accomplished in Trautwine’s 
remarkable pocket-book. To be of any use either 
to student or apprentice, the different processes 
must be described in detail. Hitherto, works of 
this class have too frequently been written by 
men but imperfectly acquainted with workshop 
processes, who have felt it necessary to conceal 
their ignorance of small but important practical 
points by a cloud of generalities, which the 
reader could probably have supplied himself. 
Mr. Lineham makes no attempt to do this, but 
his descriptions are obviously based upon a sound 
knowledge of workshop requirements, and by means 
of his very amply illustrated letterpress, a clear 
impression is conveyed of the various processes 
dealt with. In fact, there are upwards of 700 
engravings, nearly all of which have been specially 
prepared for the work, and must have entailed no 
small labour onthe author. To thoroughly explain 
even a simple operation, several drawings, showing 
separately the different stages, are often necessary, 
and this fact has been fully appreciated in the 
volume before us. 

Commencing with moulding and casting, the 
methods adopted for preparing several typical cast- 
ings are minutely described. This leads to an 
explanation of patternmaking, though it is a de- 
batable point whether this should not have the 
priority of place. As regards the quality of iron 
for different classes of work, it may be pointed out 
that for a good chill the use merely of a strong iron 
in itself is insufficient. Up till quite recently the 
best results were obtained by the use of charcoal 
iron, and to get equally good results with coke iron 
it is essential that the silicon shall be low. Mr. 
Gruson keeps it below about .8 per cent., and the ex- 
perience of American car-wheel builders points to 
the same result. Phosphorus, also, appears de- 
trimental, and in American car-wheels will usually 
be found below .45 per cent. 

Coming to patternmaking, by a curious slip the 
author in his list of the woods used in pattern- 
making omits all definite mention of yellow pine, 
which is more used than any other timber for 
the purpose, and is a sweet wood to operate 
on, only being beaten, to our mind, by mahogany. 
Sycamore cuts nicely, and stands up well, but 
warps out of shape in no time, and has thus 
been abandoned by many firms. As_ regards 
the actual construction of the patterns, there are 
several in which personally we would proceed 
a little differently, but the predilections of 
patternmakers are bound to differ. No mention 
is made of the useful mitre cutters, introduced 
from the States, by means of which the some- 
what tedious process of truing up the different seg- 
ments of built work on ashooting board is avoided. 
This is never a very nice job, as the plane is 
worked at a disadvantage, so that the tool in 
question is a distinct boon. With reference to 
cutting out cylindrical core boxes, our own experi- 
ence is all in favour of the use of a wooden tem- 
plate and red keel, and the use of a right-angled set 
square, as described on page 56, is only convenient 
as a check when the work is nearly completed. 








various materials, and here, excusably enough, 
the author is somewhat sketchy in his matter, 
as a complete treatment of the subject would run 
to a large treatise. The typical fracture of 
wrought iron, given on page 177, approaches 
more closely to a birch broom than any we have 
met with in a somewhat extensive experience of 
metal testing. A really excellent account of the 
various forging processes is given in Chapter 
IV., which is prefaced by a description of the 
tools and appliances used. As in the sections 
on moulding and patternmaking, the forging 
of several typical pieces of smith work, both light 
and heavy, is described in detail, every successive 
step being amply illustrated. With respect to tem- 
pering, our own preference is for a cold chisel rather 
harder that is recommended by Mr. Lineham. It 
is true there is more risk of the point breaking, 
but the tool works better and is more satisfactory 
to both its user and his employer, however much it 
may be disliked by a lazy tool-fettler such as we 
have met with more than once in the past. On the 
whole, less time is lost in reforging a broken chisel 
than in trying to drive a soft one through cast iron 
by main force, resulting, as it does, in frequent visits 
to the grindstone. 

The next two chapters are devoted to a descrip- 
tion of machine tools, marking off, &. All the 
principal types of machine are described and 
illustrated by detail drawings supplied by several 
of the principal makers. But little is said as to 
the use of such machines, which is unfortunate, as 
even many old firms do not know how to get the 
hest results from their plant. One firm we know of 
finish steam engine cylinders 20 in. to 30 in. in dia- 
meter with two cuts, and the finished work is 
of exact size. A plug gauge placed on the cylinder 
will float for hours on the air below it if the open- 
ings are closed. The finishing cut is made by a 
reamer, the roughing cut bringing the dia- 
meter very nearly to size. The difficulty is, 
however, to get the reamer to stand to gauge, 
and it is here that most failures occur, as _ if 
fed through slowly it soon becomes too small. If, 
however, it is crowded through as fast as it 
will go, it keeps its size well ; as has been proved, 
not only by the experience of the firm in question, 
but by that of the American car-wheel makers, 
with whom it is common for one man to bore 100 
car wheels per day of 10 hours. 

For the cylinders referred to above, a #-in. feed 
is adopted for the finishing cut, and the same 
general practice is also employed for turning up 
crankshafts where a feed of 2 in. is used for the 
finishing cut. Of course these high finishing feeds 
require accurate tool grinding, but this is not the 
difticulty nowadays that it was not so many years 
ago, when it was common to see a lathe hand 
sharpening his tools on a stone running perhaps an 
inch or more out of truth. The remainder of the 
first part of the volume under notice is devoted to 
boiler work, the various tools and operations being 
fully described and illustrated. 

Part IT. is entitled ‘‘ Theory and Examples,” and 
the first chapter contains a description of various 
testing machines most copiously illustrated. This 
is followed by a discussion of the strength of various 
machine parts. With respect to torsion, however, 
the author gives an erroneous graphic method of 
determining the strength of shafts of non-circular 
sections, the curious point being that he himself 
states the method to be inaccurate, and, indeed, for 
most sections it is not even approximately correct. 
Why, under these conditions, it should have been in- 
cluded would be unintelligible, were it not that in 
the preface the author claims the method to be 
original, and hence apparently its presence must ke 
put down to asort of paternal affection—‘‘ A poor 
thing, but mine own.” For determining the resist- 
ance to bending of solid beam sections, the author 
advocates the graphic method. From an educa- 
tional point of view this plan has many advan- 
tages, as the eye is directly appealed to, but in 
practice the work will usually be done more quickly 
and more accurately by calculation, using a small 
sliderule. At least, this is our experience, and, like 
the dying merchant who advised his son to be 
honest, we have tried both plans. Elementary 
mathematics only has been used in the volume, and 
tightly, as in a hand-book of the character in ques- 
tion results are what is wanted mainly, and such as 
depend upon the calculus may, therefore, be taken 
for granted, since anybody who does understand 
the calculus can work out the proof for himself, 





Chapter III. deals with the properties of the 





and to one who does not, the whole would be un-' 


intelligible. Several reproductions of general 

arrangements of locomotives, marine and stationary 

engines, are given in this section, and at the same 
time details of the principal working parts are also 
included. The volume is intended mainly, we 
understand, as an aid to the May examinations of 
the City Guilds Institute, but will also be found 
useful in the drawing office. The work is by far 
the best illustrated text-book we have yet met with, 
and the preparation of the drawings must, as we 
have said, have involved immense labour on the 
part of the author, who is to be congratulated on 
the production of a really excellent work. 
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ELEOTRIO TRACTION.—No. XVIIL. 
By Purp Dawson. 


Car WIRING AND EQUIPMENT. 

Besipes the controller and reversing switch, 
there are several other devices needed on an elec- 
tric car, such as main motor switches, lightning 
arresters, and impedance or ‘‘ kicking ” coils, start- 
ing and shunt resistance, &c. 

Fig. 181, page 663, is a plan showing the connec- 
tions of two motors as effected by the various posi- 
tions of the controller. The contact cylinders of the 
controllers are developed and laid out flat, the dotted 
lines, numbered from 1 to 10, showing the relative 
positions which the contact blocks and brushes 
occupy in the 10 points of the controller. The 
connections of the lighting circuit, magnetic blow- 
out, main cut-out, &c., are also clearly shown. 
Each motor is connected by switches to the con- 
troller, so that in case of one motor going wrong 
the driver or ‘‘ motor-man” can instantly cut it 
out and run on with only one motor, 

Both the starting and shunt resistances are com- 
posed of iron strips sandwiched with asbestos strirs, 
and closely packed in an iron frame set in insulat- 
ing and fireproof brick. For the fuses the use of 
thin copper wire is nearly universal, and in most 
cases they are put in so as to go at 50 amperes. 
The fuse-boxes are generally put under the plat- 
forms, and near enough to the dashboard to be 
readily accessible from the front. 

The main cut-out or motor switch is always in 
duplicate, and is worked from each platform, being 
generally put just over the motor-man’s head, so as 
to be easily reached by him. Thecurrent is always 
turned off here whenever the motor-man leaves his 
car. 

As shown by Figs. 182 and 183, the wires connect- 
ing the motors, resistances, shunts, snd controllers 
are all encased in one cable well taped and braided ; 
each wire is cut off just at the right length, and is 
provided with a teg and number corresponding to 
numbers on the terminals of the motors and other 
apparatus, thus making it impossible to make any 
mistakes in connecting up. The car is lighted by 
one or more groups of five incandescent lamps put 
in series on the motor circuit, and provided with a 
fuse and cut-off switch. The head lights of the 
cars are mostly oil, so as to prevent the possibility 
of their going out if, by any chance, the current 
were to stop. 

Each car should be provided with a lightniog 
arrester and choking coil on the trolley wire side, 
as the series field coils of the motors are in most 





cases sufficient to prevent any damage from that 
ground side of the circuit. 

Fig. 184 shows the connections. An extremely 
useful and much used tyre, the Ajax, has already 
been described, and need not be again referred to. 
The wiring of the car may be divided into two 
classes, the roof and floor wiring, the former com- 





prising the main circuit coming from the trolley 
and the car lighting. 

The roof wiring is done at the sheps of the car 
body builders ; the remainder is completed after the 
car body has been mounted on the motor truck. 
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THE BLACKPOOL TOWER. 
MAXWELL AND TUKE, ARCHITECTS; MESSRS. HEENAN AND FROUDE, ENGINEERS, 
(For Description, see Page 660.) 
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ELECTRIC TRACTION: THE WIRING OF 
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All the cables used should be well taped and braided 
and covered with rubber and canvas tubing. The 
ground wire should be run under the car floor, and 
not, with the main connecting cables, under the 
seats. Table LIV. gives a list of the various 
materials required to equip an electric motor car. 


Tasie LIV.—List of Supplies necessary for the 
Electrical Equipment of a Motor Car. 
Quantity. 
Trolley complete | 
E in motor switches .. 
i Lightning arrester with self-induc- 
tion or “kicking ” coil ‘<u 
P Starting rheostat 
i Shunt box P 
y rallel controllers 
Controller handle 
Reversing handle 


re bo et 











Cable for connecting up, made up ; 
having all the wires = nd 
numbered ae 


Wood and braes corner cleats 
s:in. rubber tubing ... 

i -in. insulating tape ... 

1-in, adhesive tape 

1}-in. iron wood screws 

din. brass ecrews 
o. 7/13 L.S.W.G. cable a 

Copper wire motor fuzes (50 amperes 
for 15 horse- power and 100 amperes 
for 25 horse- ania mand 

Solder 


Car “Lighting. 


Combined switch —- cut-out 
Keylees lamp sockets 


Quantity. 

. 2sets,each from 
30 fo. to 36 ft. 
long 
30 fb. 


1 Ib. 
1 ”” 


75 ft. 


20 per car 
1 Ib. 


on 
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Torque Jbs. at | Ft. 


in Ye oF Synchrenism 


No. 16 L.S.W.G. sat nae insu- 


lated wire... ; 55 fb. 
4 ampere fuze wire... 
16 candle-power incandescent lamps 5 


Brass cleats and staples 


Besides the Ajax lightning mien already de- 
scribed, there exists another which has been largely 
used in America in connection with electric trac- 
tion plants. This is the Wurts non-arcing railway 
lightning arrester. It consists of two brass elec- 
trodes separated by 4 in. of insulation, into which 
narrow grooves have heen burnt. On the top of 
this a tightly fitting insulating cover is fixed. 

74 rinciples on which this arrester is based are : 

That experiment has shown that a static dis- 
Pia will jump over a non-conducting surface 


more easily than through an equal air space, and. 
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that a carbon groove over the non-conducting sur- 
face very much facilitates the discharge. 

2. That an arc in order to be maintained 
must be fed by the vapours of the electrodes, and 
that if these fumes are prevented, the arcing will 
not take place. 

The passage of an electric spark across an air 
gap is so instantaneous that it, so to speak, breaks 
through the air; but a pencil-mark across a piece 
of ground glass will very much facilitate the pas- 
sage of the electrical discharge, although it will 
intercept the passage of acurrent. The resistance 
between the two conducting surfaces of the light- 
ning arrester is over 50,000 ohms, so that it is not 
a cause of leakage. 

Before concluding this section on motors and 
car equipments, it may possibly be not out of place 
to say a few words regarding the application of 
alternating current motors to traction. 

For street railways it may be stated generally 
that no very great advantages would accrue from 
the use of alternating currents, as the motor would 
probably not be much lighter or cheaper. Besides 
the difficulty of efficiently regulating the speed, 
two overhead conductors at least would be necessary. 
But, apart from this, although polyphase motors 
have been designed which start under full torque, 
if this torque be exceeded the speed of the motor 
will fall rapidly and the torque will decrease rapidly. 
Fig. 185, for which the author is indebted to the 
courtesy of Mr. H. F. Parshall, shows this clearly, 
the three curves being the results of a series of 
tests on an induction motor—the top at full speed, 
the second with some resistance in the armature, 
and the lowest with a greater resistance in. It will 
be noticed that in no car was the torque of 1810 
foot-pounds exceeded, and that the moment after 
this was reached it rapidly decreased. The best 
method for speed regulation so far has been found 
in putting a variable non-inductive resistance in the 
secondary circuit, the starting current being gra- 
duated by a variable resistance in the armature 
circuit. With our present knowledge, the only 
good motor for street car work is the continuous- 
current series-wound type now in general use. For 
long-distance railroads the advantages of polyphased 
or alternating currents are very great. There is no 
doubt that for long-distance power transmission 
this is the only economical method. The one note- 
worthy case of the application of alternating cur- 
rents in connection with street railways is that of 
Portland, Oregon. Here the power is transmitted 
20 miles by high-tension alternating currents, and 
transformed at Portland into a continuous current 
at 500 volts. This large and interesting plant will 
be fully described in this journal later on. 

An application of this method is also being 
made at Dublin by the British Thomson-Houston 
Company, which is constructing the electric tram- 
ways there. 





THE NEW BRITISH ORUISER 
“ TERRIBLE.” 

On Monday next there will be launched from 
the shipbuilding yard of Messrs. James and George 
Thomson, Limited, Clydebank, for the British 
Navy, a cruiser of a new type, regarding which 
enormous interest has been excited, not only in 
this country but in all maritime countries, in view 
particularly of the great experience and progressive 
spirit which Sir William White has brought to bear 
on the design. In general dimensions, and par- 
ticularly in detail, one finds evidence that the 
compromises which must always enter into a dis- 
position of the units of displacement have been 
wisely made : and the performances of the vessel 
will be lookei forward to with the greatest interest, 
and all the more so in view of the decided step that 
has been taken in the introduction of the Belleville 
water-tube boiler. The cruiser is the largest yet 
constructed, and is destined to be the fastest, espe- 
cially in service, while her coal endurance exceeds 
that of most cruisers afloat. To these qualities Sir 
William has succeeded in adding that aggressive 
power which is desiderated in all fast cruisers, and 
has given a measure of protection that is satisfactory. 

This problem of the protection of cruisers is 
unquestionably the most difficult. In the days of 


St. Vincent, the Nile, and Trafalgar, ships could | 
afford to dispense with protection, for the guns 
were not of the same penetrative power, and, 
moreover, the fractures in the wooden hulls were 
more easily dealt with; but the designer of 
ordnance has altered all this with his modern wea- 





pons, and even within a comparatively few years the 
type of cruiser has been materially modified. We 
have now almost forgotten the belted cruiser in 
Britain, and it is difficult to realise that, as late as 
1888, we built belted cruisers, although in 1877 we 
first adopted the protective deck in small cruisers. 
The Terrible now marks the furthest stage in this 
development. The chief characteristic of a cruiser, 
as distinguished from a battleship, is that protec- 
tion is a secondary consideration, and is sub- 
ordinated to the securing of those qualities that 
make for speed and for that radius of action which 
is essential to the war service of the class. The 
introduction of the quick-firing and machine guns 
has made imperative the change which has been 
taking place between the time of the Iris in 1877 
and the Terrible now. The quick-firing principle 
was for some years restricted to smaller calibres, 
varying from the size of the rifle bullet up to the 
1? in. of the 6-pounder gun. But in recent years 
it has been extended first to the 12-pounder, having 
a calibre of about 2? in., and also to the 4.7-in. gun, 
firing 36-lb. projectiles, and later to the 6-in. gun, 
firing a shot of 100 lb. weight. Finality has by no 
means been reached, for quite recently Sir William 
Armstrong, Mitchell, and Co. have tried a gun of 
8in. calibre. In the case of the 6-in. gun the 
rapidity of fire is 10 rounds per minute, with a 
penetration in wrought iron of 8} in. at 2000 yards 
range, so that the protection from guns emitting 
projectiles of such destructive effect had to be con- 
sidered. The crew especially had to be protected ; 
so that the tendency is now to discard the belt 
protecting the water line, and to distribute the 
available weight in a protective deck, with armoured 
shelters at various points for the crew and for the 
guns and their mountings. 

The Iris, as we have said, was the first having a 
protective deck without gun protection ; it was 
followed by the Leander and Arethusa of 1882, 
with a 14-in. protective deck. In the next year 
there came a remarkable vessel—the Esmeralda, 
built at Elswick for the Italian Navy. It attained 
a speed of 18} knots—fast for that date—and had a 
l-in. deck and two 25-ton guns. In 1885 the 
British Government yards turned out the Thames 
and Mersey, with a deck which varied from 2 in. to 
3 in. in thickness. They each had two 15-ton guns 
and ten 6-in. guns. These vessels, however, were 
all of comparatively small size, none exceeding 
4300 tons displacement, and the British Admiralty 
up to quite recent years preferred the belt protection 
for larger cruisers. Abroad, however, there was 
readier recognition of the greater value of the pro- 
tective deck arrangement, and in 1887 Messrs. 
Thomson, Clydebank, designed and constructed 
the Reina Regente for the Spanish Government, 
and there is little question that the superior speed 
gained, with the moderate displacement, by adopting 
the protective deck, and thus economising weight, 
had a material influence. This Spanish cruiser was 
318 ft. 6 in. long, 50 ft. 6 in. beam, and 5000 tons 
displacement, and the protective deck was from 
3} in. to 4fin. thick. The Reina Regente was thus 
one of the first, if not the first vessel in which the 
deck was of adequate thickness to resist the impact 
of shot and shell from guns of considerable calibre. 
Yet machinery of sufficient power (12,000 indicated 
horse-power) was placed on board to give 20} knots. 
The Aurora class, built about the same time, had a 
narrow 10-in. belt with approximately the same 
power of resistance as the 4?-in. sloping part of the 
arched protective deck ; but owing to the greater 
weight the engines could only be of 8500 indicated 
horse-power, so that with about the same displace- 
ment the speed was quite two knots less. The 
vertical belt has advantages. Although the pro- 
tective deck prevents projectiles finding their way 
to the vital portions of the ship, the sides of the 
ships are, of course, still liable to perforation 
even by guns of the smallest calibre, and conse- 
quently the spaces in the vicinity of the water 
line above the protective deck may be flooded. 
| Thus vessels with the whole broadside armoured, 
after the manner of the French Dupuy de Lime, 
| would be the most effective, but the question of 
| weight must be considered. The belt usually pos- 
|sible, in consideration of weight, is therefore 
| carried only such a small distance above the still- 
water level that, in the case of rolling or ina heavy 
seaway, water would be admitted through the 
holes made in the thin upper plating. 

In the Japanese cruiser Chiyoda, built by Messrs. 
Thomson in 1889, in addition to a protective deck 
of chrome steel lin, thick, there is side armour 











44 in. thick to protect the sides from small explo- 
sive shells, leaving the protective deck to save 
the ship against heavier ordnance. This has been 
further extended, as we have indicated, in the 
Dupuy de Léme, and also in the battleships of the 
Royal Sovereign and Majestic classes. In the 
case of the Royal Sovereign, the 18-in. belt is 
8 ft. 6 in. above the water level, with a 4-in. nickel 
steel armour above, while in the Majestic c!ass the 
belt is 9 in. thick right up to 15 ft. above the water 
line, the latter having Harveyised steel, which is 
probably equal in resisting power to 12-in. com- 
pound steel. The effect of the different distribu- 
tion in the matter of weight is interesting. In the 
Royal Sovereign class the vertical armour weighed 
3100 tons, in the Majestic about 300 tons less; 
but in the former case the protective deck is flat ; 
in the latter arched, which gives greater resistance, 
and thus the weight is 200 tons more, so that there 
is practically no difference in total weight, although 
in the Majestic the area protected is very much 
increased, and the reduction in thickness more than 
compensated for. This, however, is a digression, 
although, perhaps, justified. 

A distinct advance was made at the Admiralty 
in connection with the protective deck when Sir 
William White adopted a 6-in. deck in the 9000- 
ton cruisers Blake and Blenheim, the latter having 
a speed of 214 knots, and it is not too much to say 
that if equivalent vertical, instead of inclined 
armour, had been adopted, the greater thickness 
necessary for armour would have given so much less 
weight for machinery as to have materially affected 
this result. All the cruisers of the Naval Defence 
Act are of the protective deck class, the first-class 
7350-ton cruisers having decks from 23 in. to 5 in. 
thick, the greater thickness being on the inclined 
parts at the sides, while the second-class cruisers 
had decks of from 1 in. to 2 in. thick, and in the 
case of the Talbots, which are improvements on 
these, the deck is 1} in. to 3 in. 

This story of the evolution of the class is impor- 
tant, as justifying the dependence on deck protec- 
tion only in such a large and fast cruiser as the 
Terrible, for there can be no doubt that with the 
highly-curved armour deck adopted, the shot-resist- 
ing property is probably as great as with a weightier 
vertical belt, and it is essential that such a deck or 
belt should resist high explosive shells. Now the 
protective deck of the Terrible has a greater rise of 
arch than in any cruiser yet built. The crown of the 
armoured arched deck is 34 ft. above the water line 
at the centre of the vessel, while at the sides the 
edges of the deck join the hull 7 ft. below the water 
level, whereas it is usually only 53 ft. The rise of 
the arch is thus 10} ft, and the deck is 4 in. thick, 
except towards the fore and after end, where it is 
3 in. It is formed of three layers of mild steel 
plates riveted together. In this case, moreover, 
the machinery, although of a vertical type, is 
wholly under the protective deck, the length of 
stroke and of the connecting-rods of the propelling 
engines having been reduced, so that the cylinders 
would not, as in most previous cruisers, project above 
the deck, and thus necessitate armoured protection 
round the cylinders. The construction of the pro- 
tective deck is shown by Fig. 4 on our two-page 
plate and Fig. 5 on page 670. Further protection 
is afforded by coal bunkers extending for the length 
of the machinery above and below the protective 
deck—a distance of 252 ft. of the central portion of 
the vessel, or about one-half of the total length. 
These bunkers form, when filled with coal, a solid 
belt. The coal thus carried totals 3000 tons, giving 
the cruiser a good radius of action. The bunkers 
are subdivided by water-tight transverse bulkheads, 
so as to limit the loss in buoyancy caused by a shot 
entering the side of the vessel, Again, the hull is 
divided into 236 water-tight compartments. Some, 
of course, are of small size, while others, such as 
those containing the boilers and engines, are of 
considerable capacity. The guns are all specially 
protected, but we shall describe the features of 
this protection when we come to deal with the guns 
themselves. 

We have said that the Terrible is the largest 
cruiser yet constructed, and here the dimensions 
may be given : 


Length between perpendiculara 500 ft. 

» overall .. bss eee 538 ,, 
Breadth ... eee eve 71 29, 
Depth to upper deck ... 43 ft. 4 in. 
Weight of hull and armour ... 8480 tons. 
Draught (loaded) cs : 27 ft. 
Total displacement 14,250 tons. 
Coal capacity 3000 tons 
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DIMENSIONS, &v., OF THE LARGEST CRUISERS OF SEVERAL NATIONS. 
—_—————_ pa SS a ee —— | ) j ia Pe 2 — 
— Russia | FRANCE, Unirep Srartes. AUSTRIA, | FRANCB. GERMANY. | ITALY. | Sprain. | Great Britany. 
| | 
eee ee ey eee Se —- | —-_—_—— eS Da ee tee (eee ee Se ee ee ee 
a a | ‘* D'Eotre- | 6s +.” ** Kaiserin “* Dupuy de “ Kaiserin “ Giuseppe | “* Emperador “ hie” 
Rurik | Columbia : 4 : P Hi Terrible 
— F casteaux ” | 1 ‘ Maria Teresa” | Lome” Augusta” Garibaldi” | Carlos V.” (Twin- in Qs 
Twin-Screw. (Twio-S rew). | (Triple-Ser-w). (Twin Screw). | (Triple-Serew). (Triple-Screw) | (Twia-S rew). | Screw). | (Twio-Surew). 
Displacement .. .. tone 10,923 | — 8ilé 7475 5270  6207—O 6052 =| «= 6500 | 9090 | 14,200 
Length wo «60 ew) | 806 £8. Cin. 384 it. 412 ft. 351 ft. 374 ft. 393 ft. 825 ft. 380 ft. | 500 ft. 
oo. li a ar e7ftt. | 58ft. 6in. 58 ft. 2 in. 52 ft. 6 in. 51 ft. 6 in. 49 ft. 3 in. 5, | 67 ., | 71 ft. 6in. 
Ratio of length to breadth =. 5.91 6.56 7.08 - 6.68 7.26 7.97 5.L08 5.67 6.99 
Draught <a? meee 26 ft. 23 ft. 6 in. 22 ft. 6 in. 20 ft. 23 fc. 6 in. 23 ft. 23{t.7in, | 25 ft. | 27 ft. 
Horse-power Sse ee 13,250 14,000 21,500 | 10,000 14,000 12, 13,000 | 18.500 | 25,000 
Speed sa ee «ws Aemot 18 19 22.8 20.0 20.0 20.0 20.0 20.0 | 22.0" 
Coal capacity ..  .. tons 2000 1000 2400 | 660 900 He 600 | 1770 1500 or 3000 
Coal endurance at 10 knots... 20,000 i 13,000 | 4500 4000 10,000 Be | 13, | 
Armament ‘ an .. Four 8-in, guns | Two 24-cm. guns One 8-in. gun | Cwo24cm.Krupp Two 19-cm. Twelve 15-cm. | Two 25-cm. guns | [wo 23 cm. Hontoni:| Two 9.2 in. guns 
Sixteen 6 in. ,, (9.5 in.) a ee | Eight 15-cm. | Six 16-cm. Q.-F. | Eight 87-mm. |Tenl5-cm. ,, | Hight 14-cm. Q -F.|[welve 6 ia Q.-F. 5» 
Six 4.7-in. Q.-F. | Twelvel4-cm.Q.-F. Eight 4 ,, Q.-F. Q.-F. guns | [Twelve 65-mm. and F, Q.-F. | Fourld ,, ,,; | »» 12-pdr. ,, a5 
Eighteen small guns (5.5 in.) guns Twenty-four | 47-mm. Q -F. Five torpedo |Six12-cm. guns| Two 7 ,, ,,  |Nineteensmail Q.-F. 
Q.-F. guns. Sixteen small Q.-F. Twenty small Q -F.!small Q.-F. guos| Eight Mexim tubes Q.-F. Four 57mm. ,,_ | and Maxim 
| guns guns Four torpedo /|Four torpedo tube: Ten 57-mm. i » 9»  |four torpedo tubes 
Seven torpedo | tubes guns, Q.-F. Two Maxim ,, | (submerged) 
| ubes Ten 37-mm. Six torpedo tubes | 
| (two submerged) uns, Q -F. | 
wo Maxim 
24 = (4in. over ma- 
Protection .. oa ss 4 10 in. belt. | 4 in. deck |Deck - 4 o on | Unarmoured 4-in. belt 2-in, belt Deck _ Chinery 
| ( slope | | | 3 in, at ends 
sig ope ae ae 7 i * In the case of the ‘‘ Terrible” the speed is with 1 natural draught. 7 re 
Armament .. Two 9.2-in. 22-| consists of two 9-in. 22-ton breechloading guns, | necessary here to mention that every precaution 
ei —_— fitted the one on the poop and the other on the|has been taken to provide against a complete 
Gin. end 30 | forecastle, and having a height above load water| breakdown. All auxiliary machinery is in dupli- 
smaller guns | line of 37 ft. and 324 ft. respectively. These guns | cate, there being in all 87 engines in the ship, all 
Indicated horse-power of engines are mounted in barbettes, and are protected by| placed under the protective deck. To these and 
_(natural draught) .. Pein 2 25,000 armoured shields of dome shape and revolving|to the other interesting features in the ship we 
Speed ... «. 22 knots. with the gun. There are eight quick-firing|shall refer in our subsequent articles. 
Diameter of Cylinders : guns on the main deck, two firing forward| The contract for the Terrible was only placed 
One high-pressure... ww. 45 in. on the line of the keel, and two firing aft, | with Messrs. Thomson at the beginning of last 
One intermediate re aes 70 ,, while on the upper deck are other two guns firing | year ; but owing to the novelties involved in the 
—e tee ane aes ] z forward and two aft, and, in addition, two 12-| design, a start could not be made until March 12. 
pine perminute . 110 pounder guns can fire forward and two aft, so that | The first frame was erected on April 4, and the 
nee yee both bow fire and stern fire have had great atten-| vessel was completely framed by the middle of 
a 48 tion. The 6-in quick-firing guns will be most|July. The progress, as mentioned in the memo- 
Total gratearea.. ... .. ... 2,200 sq. ft: | effectively protected by armoured casemates, com-|randum of the First Lord of the Admiralty, was 
., heating surface ... ia ... 67,800 ,, pletely surrounding the gun, while the shot and | greatly retarded owing to the strike of the Scotch 
Working steam pressure in boilers ... 260 lb. powder are conveyed along passages immediately | miners; but notwithstanding that, the Messrs. 
” » | abengine ... 210 ,, : under the protective deck, and surrounded by the | Thomson have accomplished a greater achievement 
Cooling surface area in condensers ... 25.000 sq. ft. | coal bunkers, which form a belt of great depth along | in cruiser building than any other firm. The pro- 
Total estimated cost ... oes .- 708,3510. 


As affording some indication of the great step 
in advance taken, we append a Table giving the 
leading dimensions of some of the large cruisers 
built or building for our own and foreign navies, 
and also the relative proportions of length and 
beam. From these it will be seen that the Terrible 
is comparatively a fine ship, and a view of the 
vessel as it lies on the ways, ready for launching, 
discloses the remarkable fineness of the lines of 
the hull, especially at the forward end, where they 
converge in a strong ram; while at the after end 
the vessel has a long counter of somewhat peculiar 
form, nearly 40 ft. in length. 

The hull is built on the double-bottom principle, 
the outer and inner skin being carried up to the 
level of the protective deck, which is also sup- 
ported on bulb beams and on the water-tight 
bulkheads. The two bottoms are 4 ft. apart 
at centre and 2 ft, 6 in. at the bilge, increas- 
ing to 4 ft. at the protective deck level. In 
the region of the machinery the depth is increased 
to 8 ft. and the section strengthened. Fig. 2, on 
our two-page plate this week, shows this portion of 
the vessel. A series of plate girders bind the 
bottoms together with thwartship intercostals. 
There is no centre-line keel, the external keel 
being the central strake, consisting of two thick- 
nesses of plates. Bilge keels have been fitted, and 
as the vessel is wood-sheathed, these bilge keels, 
which are 224 ft. long and 3 ft. deep, are formed 
of teak logs of -section with brass covering. The 
stem, weighing 15 tons, and the sternpost and 
A-frames, of 50 tons, are of phosphor bronze. To 
the details of construction we may refer in a sub- 
sequent article. 

We have already indicated the extent of the 
division of the ship by bulkheads. The space given 
up to machinery, 252 ft. long, is divided by a 
middle line longitudinal bulkhead and several trans- 
verse bulkheads into ten compartments, of which 
two are utilised for the twin set of triple-expansion 
four-crank engines, and eight for the 48 Belleville 
boilers. The bulkheads and longitudinal division 
walls for the coal bunkers are utilised as much as 
possible for the supporting of the protective deck, 
in addition to the beams already referred to. 

The armament, as we have indicated in the Table, 








the machinery spaces. From this passage to the 
inside of the casemates the ammunition is raised 
in an armoured tube, so that in no case is it for 
any time exposed to the enemy’s fire. 

While deferring fuller details of these features of 
the vessel for a subsequent issue, one or two points 
regarding the propelling machinery may be given. 
The most important point in this connection is the 
adoption of the Belleville water-tube boiler. There 
are in all 48 boilers, located in eight boiler-rooms, 
arranged symmetrically on either side of a centre- 
line bulkhead. The four after spaces on either side 
of the vessel contain eight boilers arranged respec- 
tively in three groups, the forward and after 
group consisting of two boilers side by side, 
the centre group of two pairs placed back 
to back, and fired from athwartship stokeholds. 
The remaining 16 boilers are placed in four forward 
boiler-rooms, all arranged in pairs on each side of 
the bulkhead, and fired from longitudinal stoke- 
holds. This arrangement was necessary, owing to the 
fineness of the vessel forward. These boilers exhaust 
into four funnels, oval in section. The total grate 
area of the 48 boilers is 2200 square feet, and the 
total heating surface 67,800 square feet. To the 
details we hope to refer later; but it should be 
stated here that the working pressure in the boilers 
is 260 lb., and is reduced by a Belleville reducing 
valve to 210 lb. per square inch on the high-pres- 
sure piston. 

The engines are of the four-cylinder triple-expan- 
sion type, developing a total power of 25,000indicated 
horse-power under natural draught conditions. The 
diameters of cylinders are: high-pressure, 45 in.; 
intermediate, 70 in.; and the two low-pressure 
cylinders, 76 in. ; the length of stroke being 4ft. 
The high-pressure cylinder is placed at the forward 
end, and is fitted with piston valves of the inside 
type, having improved adjustable packing rings, while 
the other cylinders are fitted with treble-ported flat 
valves, The cylinders are bolted together to provide 
sufficient longitudinal stiffness ; and to increase their 
stability in cases of ramming strong struts are 
fitted between the high-pressure cylinders and the 
forward structures of the vessel, as well as trans- 
versely between each cylinder. The engines aresepa- 
rated by bulkheads, and areasplendid job. We shall 


gress through the successive stages will be appre- 
ciated by reference to the engravings on our two- 
page plate and on page 670. The quantity of 
material worked into the hull is 5300 tons, and the 
launching weight will be about 7000 tons. The 
launching ceremony, it may be added, is to be per- 
formed by Lady Overtoun, of Overtoun, Dum- 
bartonshire. 

; (To be continued.) 





New ZEALAND PopuLation.— The inorease in the 
population of New Zealand in January this year, through 
the excess of arrivals over departures, was 1427. The 
corresponding gain in January, 1894, was 963, 





O¥FICIAL YEAR-Book OF THE SCIENTIFIC AND LEARNED 
Socrzt1zs.—We have received from Messrs. Charles 
Griffin and Co., London, a copy of the new edition of the 
‘*Year-Book of Scientific and Learned Societies of the 
United Kingdom.” This very useful work has now 
reached its twelfth annual issue. The information given 
includes the names and addresses of all the officials of the 
various societies, in addition to which is included a list 
of the titles of all the papers read before the meetings or 
published in the Transactions during the past 12 months. 
From the section on ‘‘ Mechanical Science and Archi- 
tecture,” it appears that there are 25 engineering societies 
and nine architectural societies in the United Kingdom. 
The volume is strongly bound and well printed, whilst an 
index, giving the names of each society referred to in the 
book, permits of ready reference being made to any 
information desired. -This index contains nearly 1200 
entries. 





CaTALOGUES.—We have received from Messrs. 8S, Moor- 
house and Co., of the Victoria Works, Stalybridge, copies 
of their sectional price lists. The first of these has 
reference to engine and boiler mountings, and contains 
illustrated and fully priced descriptions of different 
patterns of water gauges, blow-off cocks, stop valves, 
pressure gauges, and similar appliances. The second 
deals with valves and cocks, and the third liet with lubri- 
cators ; in each case the variety of patterns offered is very 
large.—The illustrated catalogue issued by Messrs. John 
Hetherington and Sons, Limited, of the Ancoats Works, 
Manchester, contains beautifully executed engravings of 
various patterns of lathes, planing machines, milling 
machines, and other metal-working tools. Many of the 
examples refer to machines of exceptionally large size. 
No description of any of these machines is given, however, 
either as to construction or capabilities, which is, perhaps, 
a doubtful policy, especially for firms doing any consider- 
able export trade. A large number of process blocks, 
showing scenes on the nchester Ship Canal, are 
included amongst the illustrations. 





illustrate and describe them later, so that it is only 
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THE BORCHARDT REPEATING PISTOL. 
MESSRS. LUDWIG LOEWE AND CO, ENGINEERS, BERLIN. 
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revolver from the exertion of having to rotate the 
chambers and compress the spring each time. 
@ = The Borchardt repeating pistol is manufactured by 
Messrs. Ludwig Loewe and Co., of Berlin, whose 
agent in England is Mr. H. F. L. Orcutt, of 145, 
@ 51 Cannon-street, London, As shown by the illustra- 
tions on this page, it departs considerably from the 
usual form of such a weapon, the stock being continued 
backwards to provide for the —- mechanism. 
@ The cartridges are contained in the grip, and as they 
are fired there is no perceptible difference in the balance 
of theweapon. The barrel (Figs. 1, 2, and 11) is of con- 
siderable length, and is capable of sliding in guides in 
the grip 3 (Figs. 4 and 11), together with the receiver 
34 (Fig. 11). The breech-block 41 is guided in the 
receiver by means of two ribs, and is held up 
firm against the force of the explosion of the charge 
by means of two links 47 and 49 (Figs. 4, 7, and 11), 
which at the time of firing are inline. The link 47 is 
pivoted to the breech-block, and the link 49 to the re- 
ceiver. When a cartridge is fired, the barrel is forced 
backwards by the recoil, the receiver, the breech- 
block, and the two links all moving together, the parts 
being in the positions shown in Figs. 3to5. But after 
a very short motion the roller 52 (Figs. 4, 7, and 11) 
strikes the curved path 19, whereupon the two links 
are brought into the toggle joint position shown in 
Fig. 9, and the breech-block 41 is drawn clear back 
from the barrel. In going back it takes the empty 
shell with it, by means of the extractor, until the shell 
strikes the ejector 14, andis thrown out. The top cart- 
ridge in the magazine is held by the feeding spring 
68 to 71 (Figs. 10 and 11), ready to be inserted into the 
chamber on the return of the breech-piece. The lips 
at the mouth of the magazine allow the base of the top 
cartridge to project a little into the path of the breech- 
block, whose return is effected by the springs 31 and 17. 
The former is fixed to a pinin the grip at one end, and 
is pivoted to the link 49 at the other end (Fig. 8), while 
the spring 17 limits the movement of thelink 49. The 


cartridge case, inserts a new cartridge, and compresses | effect of these two springs is to move the parts from 

the striker spring, by the force of the recoil. Of| the position shown in Fig. 7 to that in Fig. 8, imme- 

course it cannot be kept in action for an indefinite | diately the back stroke is completed. _ 

period, like the Maxim gun, as the supply of cart-| We have thus seen how the breech is opened, the 

Up to this number, how- —- shell extracted, a fresh cartridge put in 
positio 


WE have described at various times automatic mili- 
tary arms, like the Maxim gun, automatic rifles to be 
used from the shoulder, like the Rees magazine rifle,* 
and now comes an automatic pistol, which extracts the 
ridges is limited to ei 
~ | ever, it can be fired as 





t as the trigger can be pulled, 


* See ENGINEERING, yol, lii,, page 626. and that without the disturbing effect that arises in a| closed, It remains to be seen how the striker spring 





n and driven into the chamber, and the breech 
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is compressed and the lock cocked. The front end of 
the forward link 47 has, on the left side, a projecting 
nose, which draws back the firing bolt as soon as the 
opening of the breech takes place. The firing bolt 
43 (Fig. 3) is a hollow cylinder, with a projecting lug 
on one side, and a spiral spring 44 (Fig. 8) in its 
interior. This spring takes against the screw plug 42 
which closes the rear opening of the breech-block. ‘The 
lug on the firing bolt is engaged by the nose of the 
sear 35. The trigger 10 moves in a circular groove in 
the side and forward of the grip. When it is pulled, 
the wedge-shaped end presses the front arm of the 
sear inward, and raises the nose of the sear arm suffi- 
ciently to release the firing bolt. 

The movement of the breech-block and links is so 
rapid that the finger cannot release the trigger 
before they have reloaded the pistol. There is, there- 
fore, a special contrivance to prevent the whole 
eight cartridges being fired off in a second or so. In 
order that the sear may not strike solid against the 
still raised wedge-shaped end of the trigger, a yield- 
ing pin 39 is fitted into the forward end of the sear. 
This pin rests on the spiral spring 40, and recedes 
when it strikes against the trigger, and after the trigger 
has been released, snaps forward behind the wedge- 
shaped end of the latter, so that the firing can be re- 
peated. 

The cartridges, eight in number, are contained 
within a case 61 to 67, which is pushed up into the 
hollow grip, and snapped there by the spring 8. This 
case can be withdrawn at any time to see how many 
remain. Spare cases can, of course, be carried to 
expedite the loading in the heat of battle. The spring 
8 also secures the ‘“‘ safety” 7 in both positions, This 
latter is fitted into vertical grooves in the side of the 
grip. When pushed upwards by the thumb, it locks 
the sear and trigger, and prevents every motion of the 
mechanism. 

Fig. 2 shows the method of introducing the first 
cartridge into the chamber. The grip is held in the 
right hand, and the knob on the link 49 drawn back 
by the left hand until the breech-block is past the 
base of the top cartridge. The breech-block is then 
allowed to return, pushing the cartridge before it. 
The pistol is now loaded and cocked, and if it is not 
to be fired immediately, the ‘‘ safety ” must be pushed 
upwards to prevent accident. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 16, 1895. 

THE improving demand for railway equipment and 
supplies is the most interesting feature of the situation 
this week. Engines and cars and machinery for shop 
work are being ordered for early delivery. Traffic 
conditions are more encouraging, and the better de- 
mand for certain classes of American securities is 
helping to strengthen confidence. Iron and steel mill 
work is coming along in larger volume, though the 
improvement is not great. Plate and structural mills 
are faring the best, and orders for 5000 tons are re- 
ported this week in Pennsylvania mills. Wages dis- 
turbances are obstructing production at a few mills 
and furnaces in the western end of the State, but 
matters will soon be satisfactorily arranged. The 
volume of work for July and August delivery is 
increasing. Prices are sometimes marked up a little 
in the newspapers, but they are about where they 
have been for several months when contracts are 
closed, excepting in Bessemer and billets, and the 
advances here are not particularly important. Manu- 
facturers east and west live in hope of a sudden ex- 
pansion of demand, The general commercial and 
industrial conditions are gradually improving. Money 
is readily obtainable at a moderate rate of interest. 
House and shop building is absorbing more capital 
than last year. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Business in the pig-iron 
warrant market was very quiet last Thursday forenoon, 
and, as selling orders preponderated, with no eager 
buyers about, prices were flat. About 20,000 tons were 
sold, 15,000 tons being Scotch. The price of Scotch de- 
clined 4d. per tor, and other sorts dropped from 14d. to 
5d. per ton. In the afternoon the market opened fiat, 
with a pressure of sales on local account. Scotch warrants 
dropped to 43s. 2d. cash, a loss of &d. per ton on the day, 
but at the finish there was a rally of 2d. per ton. About 
15,000 tons were thus dealt in—nearly all Scotch. At the 
close the settlement prices we tch iron, 43s. 44d. per 
ton ; Cleveland, 35s. 44d. ; Cumberland and Middlesbrough 
hematite iron, respectively, 43s. 6d. and 42s. 44d. per ton. 
The market was somewhat excited on Friday forenoon. 
Scotch iron was offered at first, and the cash price fell to 
43s. 3d. per ton; but there were ready takers then, and 
quotations rallied to 43s. 4d. Some 12,000 tons changed 
hands. A good demand ruled for Cumberland hematite 
iron, of which about 8000 tons were dealt in, and the 
price advanced 14d. per ton. The price of Cleveland fell 
24d. per ton. In the afternoon there was renewed heavy 
selling of Scotch iron by recent buyers at higher prices. 
The cash price touched 43s., closing 1d. better. Other 
sorts declined in price from 2$d. to 64d. per ton. Quite 





25,000 tons were dealt in, the bulk of the iron being 
Scotch. The closing settlement prices were, respectively, 
43s. 14d., 35s., 438. 44d., and 41s. 9d. per ton. Business 
was quiet on Monday forenoon, but the tone of the 
market was stronger. As sellers held off, the few 
deals entered on resulted in a gain of 24d. per ton 
from Friday, in the case of Scotch iron. Advances in 
price were also made by other irons. The afternoon 
market was inactive, but prices were well maintained ; 
indeed, Scotch iron advanced another 1d. per ton at 
433. 5d. cash. At the close of the market the settlement 
prices were 43s, 44d., 35s. 3d., 43s. 6d., and 42s. 3d. per 
ton respectively. Business was very quiet on Tuesday 
forenoon, but gun were again very firm. About 15,000 
tons of Scotch iron were dealt in, at from 43s. 44d. to 
43s. 5}d. per top. One or two lots of Cleveland and 
Cumberland hematite iron found purchasers, and the 
price advanced 1d. per ton in each case. Middlesbrough 
Iron rose 4d. per ton. There was rather a nervous tone 
about the market in the afternoon, and on a few sales 
being made, Scotch for cash fell 14d., and other 
sorts 14d. to 5d. per ton. The sales amounted to 
about 15,000 tons, principally Scotch. The settle- 
ment prices at the close were, respectively, 43s. 9d., 
353. 14d., 43s. 74d., and 423, 3d. per ton. Business was 
very quiet this forenoon. A few thousands tons of Scotch 
iron were disposed of, and one or two lots of Cleveland and 
hematite iron changed hands. Prices declined 1d. per 
ton. Business was still inactive in the afternoon, but it 
stiffened up a bit on a few purchases being made, and 
prices improved all round. The settlement prices at the 
close were, respectively, 43s. 3d., 35s. 14d., 433. 74d., 
and 42s. 44d. per ton. The following are the current 
uotations for several special brands of makers’ iron, 

o. 1: Clyde, 48s. 6d. per ton; Gartsherrie and Summer- 
lee, 50s 6d.; Calder, 51s.; Coltness, 52s.; Langloan, 61s. 
—the foregoing all shipped at Glasgow; Glengarnock 
(shipped at Ardrossan), 493. 6d. ; Shotts (shipped at Leith), 
52s.; Carron (shipped at Grangemouth), 54s. perton. There 
are now 77 blast furnaces in actual operation in Scotland, 
as compared with 73 at this time last year Four are 
making basic iron, 27 are working on hematite iron ore, 
and 46 are making ordinary iron. The stock of pig iron in 
Messrs. Connal and Co.’s public warrant stores yesterday 
afternoon stood at 282,403 tons, against 282,618 tons yes- 
terday week, thus showing a decrease for the past week 
amounting to 215 tons. 


Glasgow Copper Market.—The price of copper went 
back 5s. per ton last Thursday forenoon, when the sales 
amounted to 150 tons. In the afternoon there was some 
excitement in the market, and the three months’ price 
broke to 43/. 10s. per ton, thus showing a drop of 20s. 
from Wednesday’s latest quotations. The finish was 
only 1s. 3d. per ton better. Some 100 tons were dealt in. 
Flatness was the rule on Friday forenoon. The sales 
amounted to 200 tons, and the price dropped 13s. 9d. per 
ton at 42/7. 183. 9d. three months sellers. In the afternoon 
the market was still easier, sellers quoting 42/. 12s. 6d. 
three months, There were 100 tons sold. On Monday 
forenoon one or two lots were dealt in, realising 42/. 15s. 
per ton cash. Only one lot was sold in the afternoon, 
when the price rose other 5s. per ton. A couple of lots 
changed hands yesterday forenoon, and the three months’ 
price showed a rise of 2s. 6d. at 43/. 13s. 9d. sellers. A 
reaction took place in the afternoon, the price receding 
3s. 9d. per ton. The sales only reached 100 tons. 
Business was at a complete stand to-day, and prices 
declined both forenoon and afternoon. 


New Composite Steam Pipe.—Mr. R. D. Smillie, elec- 
trical engineer. Glasgow, has patented a composite metal 
steam-pipe which, he claims, meets the requirements of 
increasing pressures, and at the same time possesses all 
the advantages of a copper pipe. The pipe may be de- 
scribed as consisting of a thin interior shell of copper, 
wound with steel wire. On last Friday numerous 
interested gentlemen visited the works of Messrs, 
Mechan and Sons, Elliot-street, to see the pipe sub- 
jected to various tests, the steam being supplied by a 
Haythorn tubulous boiler. Among others present were 
Professor Watkinson, Mr. James Deas (Clyde Trust 
engineer), Mr. Lang (City line), Mr. J. D. Dunlop (Port 
Glasgow), Mr. William Paris (Glasgow Iron and Steel 
Company), Mr. Walter Paterson (Anchor line), Mr. 
David Johnstone (Allan line), Mr. Russell (Port Glasgow), 
Mr. Ferguson (Paisley). Outside the thin shell of copper 
there is coiled a steel wire on the method adopted in 
making guna, with the exception that the wire is made 
into one continuous external sheetp by treatment 
in a bath of molten alloy. The copper is .128 in. 
in thickness, and the coiled steel wire has a 
thickness of .084 in., so that the total thickness of 
the 9-in. steampipe is only .212 in., the weight being 
24.3 lb. per lineal foot. The semi-public trial of the pipe 
made last Friday has excited such a great amount of 
interest among engineers that it is proposed to have 
another practical exhibition of its capacity for withstand- 
ing very high steam pressures, 


Locomotive Contract.—Messrs. Sharp, Stewart, and Co., 
Atlas Works, Springburn, Glasgow, have received an 
order for eight very heavy locomotive engines for the 
Cape. 

Shipbuilding Contracts. —Merssrs. Russell and Co., Port 
Glasgow, have contracted to build a steel sailing ship of 
1800 tons register for Messrs. Crawford and Rowatt, 
Glasgow, to replace the Port Errol, which was destroyed 
by fire in Lamlash Bay (Arran) some months ago. They 
have also contracted to build two steel sailing barques, 
each of 1300 tons register. These contracts bring - 
the total amount of new shipping booked this mont 
by Port Glasgow firms to upwards of 13,000 tons 
register—four steamers and four sailing vessels.—For the 





Ocean Steamship Company of Liverpool, of which Messrs, 
Alfred Holt and Co, are the managers, Messrs. Scott and 
Co., Greenock, have contracted to build two steel screw 
steamers, each of 7000 tons deadweight carrying capacity, 
The length of keel will be 406 ft., and the engines, which 
will be of the triple-expansion type, will each be of 4000 
indicated horse-power. It is said that several new 
features will be adopted in the construction of these 
engines, the aim being to have aminimum of weight with 
a maximum of stability. These two steamers will be 
alike the largest yet built by Messrs. Scott and Co., and 
the largest in Messrs, Holt and Co.’s extensive fleet, 


Hastie’s Patent Rudder Brakes.—Four steamers at pre- 
sent in course of construction at Greenock for the Penin- 
eular and Oriental Steam Navigation Company are all to 
to be fitted with Messrs. Hastie’s patent rudder brakes, 
These four steamers are designed to aggregate 22,000 tons, 


Dispute at Clydebank over Belleville Boilers.—For some 
time past the boilermakers and engineers at Clydebank 
have heen at loggerheads with reference to which body 
of workmen should fix up the Belleville boilers which 
Messrs. Thomson have to fit into H.M.S. Terrible, as 
part of their contract. After much disputing on ths sub- 
ject, it was eventually agreed by the two bodies of work- 
men to ask Mr. David J. Dunlop, shipbuilder and en- 
gineer, Port Glasgow, to arbitrate in the dispute. The 
proposal met with the approval of Messrs. Thomson, 
and Mr. Dunlop having accepted the position, the 
hearing of the two sides of the case came off yesterday in 
the Central Hotel, Glasgow. Both boilermakers and en- 
gineers were represented by several prominent members 
of their respective trade unions, and a number of em- 
ployers were also present by invitation. Mr. Dunlop 
will shortly give his decision in the reference. 


Edinburgh Royal Society.—At an ordinary meeting of 
the Royal Society of Edinburgh held on Monday evening, 
Mr. A. Herbertson submitted a communication on 
hygrometric researches at Ben Nevis, Fort William, and 
Montpellier, and Professor P. G. Tait submitted one on 
measures of the force exerted by a current of air on a 
rotating cylinder. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
rather large attendance on ’Change at the weekly iron 
market held here, but affairs were very quiet. An 
attempt was made to rush up the price of warrants, but 
this had practically no effect upon quotations for makers’ 
iron. Only a moderate amount of business was done, but 
what transactions were recorded were mostiy for legiti- 
mate business, very little being done by speculators. 
No. 3 g.m.b. Cleveland pig iron sold at 35s. for prompt 
f.o.b, delivery, and buyers reported that they could easily 
purchase at that price. Some sellers, however, would 
not quote No. 3 below 35s. 3d., which figure, they 
said, had been realised. Middlesbrough warrants, 
at one part of the day, touched 353, 5d., but they 
closed quiet at 35s. 14d. cash buyers. The lower 
qualities of pig iron were fairly steady. No. 4 foundry 
was 34s. 44d. to 34s. 6d., and grey forge 33s. 9d. to 34s., 
both for early delivery. The demand for east coast 
hematite pig iron was only moderate, and as the supply 
was very plentiful, quotations were weak, For early 
delivery of Nos. 1, 2, and 3, 42s, 3d. was accepted, but 
one or two firms asked a rather higher figure. Spanish 
ore was a little firmer, owing to some improvement in 
freights. Rubio was put at 12s. 14d. ex-ship Tees. 
Freights have advanced to 5s..14d. Bilbao- Middlesbrough, 
and 5s, 3d. is said to have been paid in one or two cases. 
To-day our market was quiet. There was practically no 
alteration in quotations. The business transacted was 
chiefly for early delivery. Middlesbrough warrants, 
after easing to 35s. 1d., closed 353, 14d. cash buyers. 


Desulphurising of Iron Ore.—At a meeting of the 
Cleveland Institution of Engineers, in the Cleveland 
Literary and Philosophical Society’s lecture hall, Mid- 
dlesbrough, Mr. Charles Wood read a paper on a new 
economical desulphurising calcining kiln. After describing 
the difficulties of eliminating sulphur, and the drawbacks 
of the present methods of calcining, he drew attention to 
the Davis Colby ore roaster or gas kiln, particulars of 
which had been forwarded to him by his friend Mr. O. 
W. Davls, of Middlesbrough, Kentucky, U.S.A. The 
kiln is the outcome of a series of experiments originating 
in the necessity of thoroughly expelling sulphur from a 
limonite ore to be used in the manufacture of charcoal iron 
for car wheels. The process in the past ten years had de- 
veloped to such a stage not only for desulphurising, but for 
eliminating moisture, chemically confined water, carbonic 
acid, &c., from iron and other ores, that it had practically 
reopened the question of the economy of the preliminary 
roasting of iron ores and limestone before being charged 
into the furnace, which, in many cases, had been unpro- 
fitable. The body of the kiln is made up of a series of 
concentric firebrick walls, enclosing an annular combus- 
tion chamber, which surrounds an annular ore space, with 
a circular interior chamber that acts as a draught stack. 
The gas passes through small openings into the combus- 
tion chamber surrounding the kiln, and the burning gases 
are drawn across the ore, which occupies the annular sec- 
tion during its descent through the kiln, and then they go 
through the openings into the interior well into the circular 
chamber, and out through the draugbt stack. The heat 
from the burning gas strikes the descending ore at the 
top, and expels the first atom of sulphur, which esca 
into the central flue, and as the ore descends, gradually 
approaching nearly to white heat, the last atom of sulphur 
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escapes. The annular ore space gradually widens from 
the top to the bottom, to prevent hanging. 


Manufactured Tron and Steel.—These two important 
branches of the staple industry are in a very unsatisfac- 
tory state. Thereare a good many complaints of scarcity of 
work, and new orders are very difficult to obtain. Com- 
mon iron bars are put at 4/. 15s.; best bars, 5/. 53. ; 
iron ship-plates, 4/. 153, ; steel ship plates, 4/. 17s, 6d. ; 
and iron and steel ship-angles, each 4/. 12s. 6d.—all less 
the usual 24 per cent. discount for cash and f.0.t. Steel 
rails remain at about 3/. 12s. 6d. net at works for heavy 


sections. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Movement in the Iron and Steel Trades.—The altera- 
tion for the better in connection with the iron and steel 
trades, towards which attention was drawn last week, 
still continues, and the improved values which were then 
indicated have been fully maintained. The pig-iron 
market has already benefited, and stocks are being cleared 
on genuine local requirements. Lincolnshire smelters 
have put up prices 1s. to 1s. 6d. per ton, and are 
now realising about 35s. per ton in Sheffield, or equal. 
Local smelters are following suit, and are increasing 

uotation, at the same time declining to commit 
themselves to heavy forward deliveries at prevailing rates. 
Those engaged in the trade express an opinion that bottom 
prices have been touched for the present at least. In 
manufactured irons district makers are following the 
example of their Staffordshire competitors and revising 
prices for an increase. This is inducing regular con- 
sumers to come forward, and enlarged business is result- 
ing. In connection with the heavy steel trade it may 
be noted that inquiries for railway material are on the 
increase, though orders are coming in slowly at present. 
It is almost certain that dearer prices will rule in 
this department ab an early date. Hematites, delivered 
in Sheffield, range from 50s. to 52s. per ton, and Bessemer 
billets of special carbons used in the local trade fetch 
5l. 7s. 6d. Though there is no extra pressure of work in 
this branch of the steel industry, the outlook is healthy, 
All the armour-plate houses are doing well. Those 
engaged in the crucible cast steel department complain of 
a falling off in orders, but that is usual at this season of 
the year. 


Hallamshire Steel and File Company, Limited.—The 
report of the directors states that the net profit for the 
year is 17891., which, added to 253/. brought from last 
year, amounts to 2043/., out of which it is proposed to 
pay a dividend of 12s. per share, absorbing 1800/., and 
leaving 2437. to carry forward to next year. The usual 
depreciations and provisions have been made. 


Neepsend Rolling Mills Company, Limited. — The 
directors in their annual report state that the hope of an 
improvement in trade, which was confidently felt through- 
out the country at the time the last annual meeting of the 
company was held, has not been realised. Notwithstanding 
all disadvantages, the accounts show a substantial profit, 
which would have been considerably larger but for the 
long and severe frost, which greatly interfered with the 
business, The directors regret that they are unable to 
recommend the payment of a dividend, of which at the 
January meeting they felt sanguine. 


Serious Agitation in the Coal Trade.—The coal trade is 
now very depressed ; prices are low, and stocks ab many 
of the pits are heavy. There are frequent complaints 
that the collieries are far too full of men, so that it is 
impossible for them to earn a fair week’s wage. At the 
Carlton Main Colliery, where some 1200 hands are em- 
ployed, they are threatening to strike, on grounds that 
appear trivial. The strike of the North Gawber and 
Woolley men is becoming serious, as during the week 
there have been grave disturbances as a consequence of 
the struggle, pot many union men are leaving the ranks 
and resuming work. 





NOTES FROM THE SOUTH-WEST. 
Water Supply of Pontypridd.—Messrs. J. Aird and 
Sons have commenced a new reservoir above Mardy, in 
the Rhondda Fach Valley, for the Pontypridd Water 
Works. As soon as further accommodation can be pro- 
vided for workmen, a larger number will be engaged. 
The reservoir will cost about 60,0000. 


Great Western Railway.—A large number of men em- 
ployed by the Great Western ——— Company at New- 
port have been discharged. These reductions in the work- 
ing staff have taken place in consequence of the consider- 
able falling off which has occurred this year in the com- 
pany’s revenue—upwards of 170,000/. The directors pro- 
pose to hold over for six or twelve months all work which 
dces not requ‘re immediate attention. 


Water Supply of Newport.—The construction of new 
water works at Wentwood was discussed at the last sitting 
of the Newport Town Council. In answer to questions 
put by various members. Mr. Goldsworthy said a diffi- 
culty had arisen between the contractor and the engineer 
as to the construction of an embankment. With re- 
ference to the puddle trench, when the specification was 
drawn a depth of 50 ft. was mentioned as a sort of guide 
for a price, and the price was to increase as the depth in- 
creased. The council had already gone down 82 ft., but 
they would not stop boring until they had found a solid 
bottom. 

Cardif.—The steam coal trade has been fairly active, 
the demand having been of about aver: importance. 
The best steam coal has made 10s. 3d. to 10s. 6d. per ton, 
while eecondary qualities have brought 9s. 3d. to 93. 6d. 


r ton. Household coal has shown scarcely ~ change ; 

o. 3 Rhondda large has made 9s. 6d. to 9s. 9d. per ton 
Foundry coke has brought 15s. to 16s. ; and furnace ditto, 
12s. to 13s. 6d. per ton. The manufactured iron and steel 
trades have shown little change. 


The ‘* Renown.”—The propelling machinery of the 
Renown, the latest addition to her Majesty’s Navy, con- 
sists of two sets of triple-expansion engines, each with 
three vertical cylinders, the diameters of which are: 
High-pressure, 40 in. ; intermediate- pressure, 59 in. ; low- 
pressure, 88 in. The high-pressure cylinders are fitted 
with piston valves, and the intermediate and low-pressure 
cylinders with double-ported slide valves. The length of 
stroke is 51 in. The engines are estimated to make 100 
revolutions per minute with forced draught; and under 
these circumstances they are required to develop, col- 
lectively, 12,000 horse-power ; while with natural draught 
they are required to develop 10,000 horse- power. he 
engines and boilers are being supplied by Messrs. 
Maudslay, Sons, and Field, at a cost of 83,560/., exclusive 
of 3135/. for auxiliary machinery not included in the 
specifications. The Renown has bunker storage for 800 
tons of coal at load draught, but in cases of emergency 
another 800 tons can be stowed on board. 


More Cruisers.—Two new cruisers which are to be laid 
down at Devonport are to be named the Arrogant and the 
Furious. The plans have been received, and the drawings 
show that the vessels will be of an altogether new type. 
Their length will be that of the existing medium second- 
class cruisers of the Astrea type, 320 ft.; but they will 
have a large beam, the plans providing for a breadth of 
57 ft., only 3 ft. less than the Edgar type of first-class 
cruisers, each of which has a length of 360 ft. From the 
ram, right aft, as far as the termination of the engine and 
boiler rooms, the protective deck. is to be built of 2-in. 
nickel steel plates, which have been first treated by a 

ening process. The Arrogant and Furious are to be 
built without a poop, but in order that protection may be 
afforded by the superstructure, each vessel is to have a top- 
gallant forecastle, extending right aft to the vessel’s waist, 
Their armament has not yet been decided upon, beyond 
the fact that all the broadside guns, together with the bow 
and stern guns, will be of the quick-firing type. The Arro- 
gant is to be built on No. 5 slip, and the blocks have 
already been laid in readiness to receive the keel-plate, 
—. it is not expected that the keel will be laid down 
until the end of this month. When the Prince George is 
launched in August, preparations are to be made for 
laying down a second-class cruiser on the slip, to be named 
the Gladiator. 





FOREIGN AND COLONIAL NOTES. 
Central Asian Gold.—Mr. Portorsky, a Russian mining 
engineer, has discovered some rich deposits of gold in 
the neighbourhood of Bokhara. Mr. Portorsky has ad- 
dressed a report upon the subject to the Russian Govern- 
ment. He states in this report that the deposits which 
he has discovered are practically inexhaustible. 


Indwe Railway.—Upwards of 2000 natives are now en- 
gaged upon this South African line. The works are 
generally easy, and there is a good supply of sandstone 
and ballast. The line will probably be completed to 
Indwe by the close of October, and when it is ballasted 
throughout, traffic will be commenced upon it. The line 
will open up some valuable coal seams. 


Indian Gold-Mining.—The Colar gold-field, which, in 
the first half of 1894, showed some reduction in its 
— more than made up the deficiency in the second 
half of the year. The total yield for 1894 comes out at 
209,714 oz., as compared with 207,135 oz. in 1893. In 
1892 the yield was 163,140 0z.; in 1891, 130,137 0z.; and in 
1890, 104,932 oz. 


Coal in the Southern States.—The quantity of coal raised 
last year in Alabama was 4,377,077 tons. The output in 
Georgia was 254,111 tons; and in North Carolina, 13,150 
tons. The value of the coal raised in Alabama last year 
was 3,982,000 dols. The value of the Georgia output was 
299,290 dols., while the coal raised in North Carolina was 
valued at 20,300 dols. Production fell off considerably 
last year, as compared with 1893. 


Gold in the Transvaal.—The production of gold in the 
Transvaal last year showed an increase of 34 per cent. as 
compared with 1893. The profit realised last year was 
estimated at 1,567,000. It is expected that this year’s 
profit will exceed this total. It is not, however, until 1896 
that the effects of recent improvements in working will be 
fully realised. 


Central America.—A Central American Exhibition is 
to be opened at Tegucigalpa, Honduras, in February, 
1896. The exhibition will consist of works of art, 
machinery, and industrial and agricultural products of 
Central America and the United States, 


Odessa Tramways.—The Odessa Tramways Company 
has declared a dividend for 1894 at the rate of 7 per cent. 
raonum. The company’s lines are partly worked by 
orses and partly by steam power. The number of pas- 
sengers carried last year was 11,854,656, as compared with 
10,312,562 in 1893, 9,363,811 in 1892, 9,285,024 in 1891, and 
9,336,326 in 1890. The net revenue acquired last year 
was 35,572/., as compared with 30,5577. in 1893. 
German Enterprise in Egypt.—It is proposed to found 
a German joint-stock company for constructing railways 
in Egypt. Concessions are stated to have been obtained 
from the Egyptian Government. 
American Railroads.—An official report states that 156 
completed American railroads are now in the hands of 
receivers. Of these lines 106 passed from the control of 





shareholders to the possession of bondholders during the 


12 months ending June 30, 1894. The lines represent an 


. | aggregate capital of about 500,000,0007. 


American Patents.—In the course of last year, 20,803 
patents were granted in the United States. The number 
of patents which expired in the same period was 12,920. 
More patents were issued last year to citizens of Connec- 
ticud than to inhabitants of any other State, 


Dry Docks for the American Navy.—A dry dock for 
American ships of war, recently constructed at Port 
Royal, South Sesdine, has been tested with satisfactory 
results. This dock is the first of three intended to 
accommodate American line-of-battle ships; the two 
others are at New York and Puget Sound. 


Ivory in Holland.—Antwerp is one of the principal 
markets for ivory ; the sales effected increased last year 
to 583,177 lb., while in 1888 they only amounted to 
14,109 lb. There is no reason to fear an immediate ex- 
haustion of ivory supplies, as great quantities are still in 
native hands in Africa, 


Russian Railways—The Moscow, Jaroslaw, and 
Archangel Railway Company has been authorised to 
issue 4 per cent. obligations to the extent of 27,500,000 
roubles, with a view to the construction of a line to Arch- 
angel. The obligations are guaranteed by the Russian 
Treasury. 

The North German Lloyd.—This important German 
Transatlantic navigation company gives its shareholders 
no dividend for the past year. The profits realised in 
1894 were only 213,179/., as compared with 491,277/. in 
1893. The falling off in German emigration last year 
largely accounted for this discouraging result. 

Belgian Iron in China.—China imported last year 
22,731 tons of Belgian rolled iron, The corresponding 
imports in 1893 were 18,209 tons. 





LAUNCHES AND TRIAL TRIPS. 
Messrs. Earur’s Shipbuilding and Engineering Com- 
ny, Limited, launched from their yard at Hull, on the 

th inst., a composite armed yacht named the Ivy, whick 
they have constructed for the service of H.B.M. Niger 
Coast Protectorate. The boat measures 204 ft. between 
——— by 34 ft. beam by 16 ft. 6 in. in depth, and 
is divided by water-tight bulkheads into nine separate 
compartments. A teak deckhouse, 130 ft. long and 20 ft. 
wide, containing the principal state-rooms, is built on the 
upper deck, and its top is extended to the sides of the 
vessel to form a spacious shade deck. Her machinery is 
on the triple-compound three-crank principle, drivin 
bronze twin-screws, and steam is supplied from two stee 
boilers, to work at 150 lb. pressure. 





On Monday last the new screw steamer Tiger, recent 
completed by Messrs. Ropner and Son at their shipbuild- 
ing yard, Stockton-on-Tees, for Norwegian owners, had 
her trial trip from the Tees to the Tyne. The steamer 
is 324 ft. long, and is designed to carry 5000 tons on 21 ft. 
draught. Her engines, which are by Messrs. Blair and 
Co., work up to 1100 effective horse-power, and are sup- 

lied with steam at 160 lb. pressure by two large steel 
ga ; they worked smoothly throughout, giving a speed 
nots. 


The steel screw steamer Wicklow, built by Messrs. 
Blackwood and Gordon, engineers and shipbuilders, Port 
Glasgow, as an addition to the fleet of the City of Dublin 
Steam Packet Company, went down the Firth on May 16 
on her official trial ran. The principal dimensions of the 
Wicklow are: Length, 260 ft.; breadth, 34 fb. ; depth, 
16 ft. 9 in. ; while she registers 1250 tons gross, The 
engines, which have been constructed by the builders, 
are triple-expansion, of 2750 indicated horse-power. On 
ond first run. on (ita laste bel i —— she 
made a 8) oO! nots, being 1} knots over her 
nero Be 2a 





THE INTERNATIONAL RAILwAy Concress : Erratum. 
—With reference to our note on page 645 of our Jast issue 
concerning the excursions which have been arranged in 
connection with the forthcoming International Railway 
Congress, the time at which the train from King’s Cross 
for the Agricultural Show at Darlington will reach the 
latter town should be 1.45 p.m., instead of 12.15 as 
given. 





A New Form or Ste Ruiz.—Mr. Henry Cherry, of 
21, Festing-road, Putney, is now introducing a form of 
slide rule which, although very accurate, is nevertheless 
exceedingly compact. It consists of a scale 100 in. long, 
printed on a card. Instead of being continuous, however, 
the scale is divided up into 20 sections, placed one under- 
neath the other, the space occupied being about 5 in. by 
2kin. To use the rule, a piece of transparent paper is 
taken, which is placed over the scale, and ticks made 
opposite the ends of the same. A third tick is then 
made, without moving the paper, opposite the number 
with which it is desired to multiply or divide. Then in 
dividing this third tick is placed opposite the dividend, 
and the answer read off opposite one of the other two 
ticks. In multiplying, one of the two end ticks is placed 
opposite the second factor, and the result read off oppo- 
site the tick corresponding to the second factor. he 
pared papers, having the ‘‘ end” ticks already on them, are 
supplied with the scale, and being of varnished paper, 
can be used again and again, the ticks being easily 
washed off. For special purposes these papers also have 
scales engraved on them, thus ~——' complicated 
operations to be effected at one setting. It will readily 
be seen that, with suitable secondary scales of this nature, 
the instrument can be used tor purposes for which the 





ordinary slide rule is but badly adapted. 
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THE BUILDING OF HMS. “TERRIBLE.” 
CONSTRUCTED BY MESSRS. JAMES AND GEORGE THOMSON, LIMITED, CLYDEBANK, GLASGOW. 
(For Description, see Page 664.) 














Fic. 5. Protective Deck ; Avaust 3, 1894, 
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Fig, 6. Upper Deck ; Aveust 3, 1894, 
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Protective Deck; JuNnE 12, 1894. 
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TORPEDO-BOAT DESTROYERS. 

On Friday last the new theatre in the new build- 
ing of the Royal United Service Institution was well 
filled to hear Mr. Thornycroft read a paper on the 
subject of ‘‘ Torpedo-Boat Destroyers.” Since guns 
were first sent afloat, and men ceased to shoot each 
other from boat to boat with arrows, chop with 
battle-axes, or prod with spears, hardly anything 
has influenced more the craft of the naval architect 
than the introduction of the torpedo-boat. As every 
one knows, that step was due primarily to Mr. J. I. 
Thornycroft. Others may at times have trodden 
closely on his heels, but come what may, the credit 
of having initiated excessive speed afloat rests with 
the author of the paper under notice. He it was 
who stultified all the predictions of naval architects 
as to the impossibility of getting beyond a certain 
speed on certain dimensions, and who compelled 
the learned to reconsider all their most cherished 
convictions. The exact influence that torpedo-boat 
building has had on the development of the modern 
ocean liner can never be known, but of this we may 
be sure, that it has been very considerable. 

Weare reminded of these facts by the paper read 
on last Friday, and, in passing, we are pleased to 
congratulate the Royal United Service Institution 
on being comfortably settled in their new quarters, 
which contrast so favourably with the dingy old 
building on the other side of Whitehall Yard. 

Mr. Thornycroft commenced his paper by a 
graceful reference to the contribution by Mr. 
Yarrow at the recent meeting of the Institution of 
Naval Architects, wherein a description was given 
of the second-class torpedo-boat conatructed at 
Poplar for the French Government. The success 
of this craft has led to the building of several other 
vessels in France of a like description, as our 
readers are aware. Mr. Thornycroft traced the 
development of ideas which have led to the de- 
stroyer of the present day. He did not point out, 
however, that one of the first suggestions—so far as 
we know, absolutely the first—to construct small 
vessels expressly for the destruction of hostile 
torpedo-boats was due to a naval officer, now dead, 
and appeared first in the columns of ENGINEERING 
in the description of an imaginary sea fight de- 


: scribed as ‘‘The Battle of Port Said.” 


The Rattlesnake was the earliest of a class of 
boats commissioned specially for the destruction of 
torpedo-boats. She was 550 tons displacement, 
and was the first of the ‘‘catchers”—an unfortu- 
nate name, which was subsequently dropped for the 
very sufficient reason that they could not catch. The 


‘ Sharpshooters of larger size, 800 tons, came next, 
8] and the class was still further enlarged in the design 


of 10 other vessels, of which the now celebrated 
Speedy wasone. The latter vessel obtained about 


| 1000 indicated horse - power more than any of her 


sister ships.* The speeds of these vessels on trial 


1} were taken by log, and are quite untrustworthy, a 


fact Mr. Thornycroft was too polite to point out in 
his paper, but which must have been in his mind 


“* An account of the trials of the Speedy will be found 
in ENGINEERING, vol, lvi., pages 579 and 611, 





when he remembered the power developed and 
_ assigned speeds for the different vessels of this 
class. 

The Rattlesnake and her numerous progeny can, 
however, hardly be described as torpedo - boat 
‘* destroyers ;” certainly they are not “‘ catchers ;” 
and it is only within the last year or two that we 
have had real destroyers. These have been de- 
signed on the true principle which is best expressed 
by the homely adage of ‘‘Set a thief to catch a 
thief ;’ for they are simply torpedo-boats, only 
bigger, faster, and more powerful than any torpedo- 
boats that have gone before. The first tried of 
these was the Hornet, which had ordinary boilers 
of the loco-marine type, and, though her perform- 
ance was at the time considered phenomenal, she 
did not make the speed that her later sisters have 
developed by aid of the water-tube boiler. In the 
last 10 torpedo-boats built for the Admiralty, as Mr. 
Thornycroft reminds us, the speed has been over 
23 knots, and in some cases has reached as much 
as 25 knots. It is evident, therefore, that al- 
though there’may be conditions of weather which 
will give the larger vessels of the Rattlesnake class 
the advantage, in spite of the 6 or 7 knots more 
speed of the torpedo-boats in smooth water, yet 
the larger vessels cannot be considered efticient 
‘* destroyers,” unless they have considerably the 
advantage of speed in all weathers. 

The destroyers have more than once been de- 
scribed in ENGINEERING.* These vessels, like all 
classes in the Navy, have continually increased in 
size as greater demands have been put upon them. 
The Daring was 185 ft. long and 19 ft. wide; the 
Ardent was about 200 ft., whilst in the latest class 
of 30-knot destroyers for which the orders have been 
given out, the dimensions have been still further in- 
creased. To judge from what Mr. Thornycroft says, 
however, we are not likely to see a further growth of 
dimensions in these small high-speed vessels. The 
matter is important, and the conclusions the author 
of the paper has arrived at being somewhat contrary 
to general opinion, we will quote the passage in 
full: ‘‘The very large power required for the 
torpedo-boat destroyers—of which the Daring may 
be taken as an example—to attain their speed, in- 
dicates the enormous difficulties which bar the way 
to attaining equal speed in larger vessels, for 
although there is economy of power to be obtained 
generally by increased size of vessel, this rule 
is subject to complete reversal under certain 
conditions which can be explained by Froude’s 
law of corresponding speeds, which show that 
although we can attain a speed of 30 knots 
economically in a vessel of about the size of the 
present destroyers, if we increase the displace- 
ment three or four times the performance is far less 
satisfactory ; and if we go on increasing we shall 
not arrive at a size favourable to this speed until 
we get to the largest dimensions.” This statement, 
taken in conjunction with a previous expression of 
opinion made by the author as to the limitations of 
efficiency in the screw propeller—limitations which 
appear to have been very closely approximated to 
in the destroyers--seems to show that a halting- 
place is in sight in regard to dimensions and speed 
of vessels of the torpedo-boat class. The prospect 
is not unwelcome from many points of view. So 
long as it was sufficient to get a faster boat simply 
by the brute-force principle of bigger boats and 
bigger engines and boilers, the least well-informed 
builders, having the command of cheap labour and 
cheap materials, could always go one better than 
their less favourably situated competitors in regard 
to commercial considerations’ by adopting the 
designs of better-informed constructors and adding 
somewhat to the dimensions. This is notoriously 
the method that has been followed in certain cases 
of late ; the Admiralty not only countenancing the 
principle, but rendering such active assistance in 
carrying it out as comes near a breach of good faith. 
It is hardly necessary to point out how detrimental 
such a course must be to the development of 
marine engineering practice, for it is certain con- 
tractors will not keep an expensive staff and devote 
time and trouble to difficult investigation in order 
to inform their competitors how to beat them 
by the aid of local advantages. This, however, is a 
question which we have dealt with somewhat fully 
on & previous occasion, and it is satisfactory to find 
now that the simple expedients of copying one’s 





* See description of Daring and Ardent, ENGINEERING, 
vol. lvi., page 674, also description of Havock and Hornet, 
vol. lv., page 848, and vol. lvi,, page 544, 
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neighbours, but just giving a little more for the 
money, will not be available. 

Some of the diagrams shown on the wall of the 
theatre were interesting. The curves of perform- 
ance of the Daring’s progressive trials* showed 
that at about 12 knots the coefficient of perform- 
ance reached its hightest value, being as much as 
250 when calculated by the usual Admiralty formula. 
When the speed was increased to 18 knots it fell 
to 200, which, as Mr. Thornycroft said, is a very 
good performance. At 24 knots a temporary 
minimum was obtained. After this point had been 
reached, the coefficient improved up to the point of 
the highest rate of steaming, which was at the re- 
markable speed of 29 knots. The phenomenon is 
now, thanks to the investigations made with torpedo- 
boats, one generally recognised, but as it is not 
altogether explicable, Mr. Thornycroft’s statements 
are valuable. He points out that it was evident, 
from the formation of the wave surface, that, as the 
speed increased, after a certain rate the disturbance 
became distinctly less. 

The curve of slip shown was also instructive, as 
indicating the large amount of work wasted in 
wave-making with these boats steaming at about 
24 knots. With some of the screws tried, when 
taxed beyond a certain limit, a sudden increase in 
slip was developed, and it was found that this was 
due to the insufficient blade surface, which caused 
the loss of pressure at the back of the blade, so that 
the available head could no longer cause the water 
to keep pace with the retiring screw blade. 

Mr. Thornycroft made reference to the form of 
stern which his firm have made peculiarly their own. 
By a diagram of the wave profile he shows that 
there is very little squatting at the stern when 
running at high speed ; a circumstance that would 
be anticipated from a consideration of the design, 
and which we can amply confirm by practical obser- 
vations made when these boats have been making 
their trials. The observations are very easily made 
in this case, as the sharp turn of the plating at the 
stern may easily be noted from the deck, and right 
aft the water rushes from beneath this with a direct- 
ness and velocity which conclusively prove that the 
stern cannot be submerged. We can also bear testi- 
mony to the fact that this flat duck-tailed stern is 
not affected by the blows of seas, as the counter 
cf a yacht is apt to bein rough water. This remark 
applies to the vessel under way, but we believe the 
trouble is apt to be developed to an uncomfortable 
degree if the boat is anchored in a seaway. The 
abrupt change in tke volume of displacement due 
to the flat stern, which prevents the boat from 
squatting when pressed, also prevents her leaving 
the water readily, and vessels constructed in this 
manner can—contrary to the preconceived opinions 
of many—be driven in a heavier sea than boats of 
ordinary shape. Owing to this and to the position 
of the propellers, there is no fear of racing in rough 
water. There are some other points of interest 
connected with this detail of design, and, indeed, 
the matter is so interesting that it is well worthy of 
a paper to itself. One matter Mr. Thornycroft 
mentioned which might form the tubject of an in- 
teresting memoir from his pen was observed in con- 
nection with the trials of the Speedy. In that 
vessel, which has the ordinary ship-shaped stern, 
when running at high speed there was noticed at 
about 20 ft. from the stern a wave which rose about 
2 ft. above the deck level. This wave was especially 
pronounced when the ship ran suddenly into shallow 
water, as she did in one place near the Nore, when 
entering the channel to the Medway entrance. 
According to our observation on the trials of that 
vessel, the wave not only rose higher but approached 
nearer the ship in the shallow water. In the case 
of the flat-sterned craft of the torpedo-boat and 
torpedo-boat destroyer type. this wave is not pre- 
sent. How far this tends tuwards efficiency, and 
the immediate causes, would, as we have said, form 
a most interesting study. 

The paper which we have now under notice 
also discussed the advisability of protecting the 
destroyers, in their vital parts, by armour. As 
is well known, armoured torpedo-boats have been 
built, and doubtless the armour would be of value 
under certain conditions of warfare. Mr. Thorny- 
croft allows that for the torpedo-boat destroyer 
protection to the conning tower can be afforded, 
but he would go no further in this direction, as 
protection of the machinery would involve the 
addition of too much weight. When it is remem- 





x An account of the Daring’s progressive ‘trials was 
given on page 850 of our fifty-seventh volume. 





bered that the total weight assigned to all machi- 
nery in these vessels, including funnels, uptakes, 
auxiliary machinery, spare gear, and water in 
boilers, is but 115 tons—or, to put the matter in a 
still more striking light, but 58}1b. per indicated 
horse- power given off bythe main engines—it will be 
seen how serious a matter it would be to attempt to 
protect any considerable area by even thin armour. 
The effect, we are told, of protecting the whole of 
the machine space with #-in. high-grade steel, which 
is only sufficient to stop the Lee-Metford bullet, 
would mean the addition of 13 tons in weight. 
This would reduce the speed by 1 knot, which 
Mr. Thornycroft thinks would be too large a loss 
for what would be gained in protection. Light- 
ness, the paper goes on to remark, is one of 
the most essential features when high speed is 
required jin a small vessel, and in the torpedo- 
boat destroyer the whole design must be prepared 
with this in view. The real protection of the 
vessel is its speed, which enables it to reduce 
within a very short period the time it is under fire. 

These views are by no means universally ac- 
cepted by experts, but the subject is too large 
a one to be discussed at present. Naturally the 
value of the arguments on both sides depends on 
the peculiar duty which the boat is intended to 
perform, so that the feature which might be a 
virtue in one case, would be a positive disadvantage 
in another. This consideration brings home the 
desirability of designing vessels for one special 
class of duty, and not, in trying to fit them 
for all occasions, render them unserviceable for 
any. The difficulty in this case is to determine 
what the proper functions of any given vesgel are 
likely to be in warfare. We have so little to 
go upon in the shape of actual experience—in spite 
of the China. Japanese war, which has proved all 
but valueless—that every forecast must be based 
on the most slender foundation of evidence. Still, 
it is only by weighing carefully and constantly all 
chances and probabilities, that any estimate can be 
formed of what would be likely to happen. The 
Intelligence Department is suppored to fulfil this 
function. Doubtless the working of an Intelligence 
Department must be secret, but some indications, 
however slight, of the best-kept secrets are liable 
to come to the surface; but we seldom see any 
indications that the Intelligence Department 
does things to justify its name. That is not the 
fault of the personnel so much as the manner in 
which the department is starved. It would be of 
great value to the service, as tending to cultivate 
the opinion of naval officers, if the Royal United 
Service Institution would initiate a discussion on 
the respective military qualities of the various types 
of torpedo craft, beginning with the torpedo gun- 
boats. No doubt so intelligent an observer as Mr. 
Thornycroft has opinions on the subject, but his 
province lies outside the fighting characteristics of 
the craft he produces. 

The destroyers are armed with one 12-pounder 
quick-firing gun, five 6-pounder quick-firing guns, 
and two tubes for 18-in. torpedoes. It is the 
opinion of a good many naval officers that this 
composite armament is not advisable—that either 
the torpedo tubes should be removed or the 
gun armament considerably reduced; the 12- 
pounder gun, especially, being considered too 
heavy for any work likely to be required in de- 
stroying torpedo-boats, whilst it is not powerful 
enough to be used with effect against larger vessels. 
It is said that the destroyers are not expected to 
cope with vessels larger than themselves; but in 
that case why fit them with torpedoes, which are 
not desirable weapons for the destruction of small 
craft? These questions, and many others of a like 
nature, however, are too complex to be properly 
discussed here, but it would be useful if we could 
receive the opinions of competent persons on the 
various problems involved. 





EFFECTS OF TEMPERATURE ON THE 
STRENGTH OF WROUGHT IRON. 

In our issue of May 17, we give an account of 
some preliminary experiments made by Mr. Thomas 
Andrews, F.R.S., of the Wortley Iron Works, 
on the strength of iron axles subjected to an impact 
test at different temperatures ; we now propose to 
deal with his further experiments as described in 
the Minutes of the Proceedings of the Institution 
of Civil Engineers, vols. xciv., ciii., and cv. 

In this second series of experiments a much 
smaller drop was adopted, and at the same time pre- 


cautions were taken to cool the axles to be tested in 
a gradual manner. For this purpose the axle was 
placed inside an iron grating or cage, which prevented 
it coming into direct contact with the freezing mix- 
ture. The height of drop adopted was 2 ft. 6 in. 
while the weight used and span between bearings of 
axles were the same as in the previous experiments, 
For the warm tests the axles were placed in a water 
bath and slowly raised to 100 deg. Fahr., and kept 
at this temperature for one hour before proceeding 
to break them. In each case the axle was after 
every blow replaced for 15 minutes either in the 
water bath or cold cage, as the case may be. The 
results obtained are given in Table IT. : 


TabBieE II. 


Cold Tests at 0 deg. Fahr. Warm Tests at 1(0 Deg. Fahr, 


" } 
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22.8 | 


Averag:| 27.906 37.1 


Average 18.203 | 


The tup weighed 1 ton, and the height of fall was 2 ft. 6 in. 


It will be seen that on the average the warm axles 
were able to withstand about 50 per cent. more 
punishment than the cold ones ; and that whilst of 
the warm axles no single one was broken under 12 
blows of the tup, one of the cold ones was broken 
at the second blow, and that half of them broke 
with less than 12 blows. The best warm test is also 
much better than the best of the cold ones. The 
most remarkable feature of the test is, perhaps, 
however, the want of uniformity, considering that 
the quality was supposed to be the same throughout. 
Had steel axles, in an inspection test, shown such 
variation, there would have been good reason to 
reject the lot ; but engineers in general are prepared 
to put up with variations in the quality of iron 
which would cause them to scrap the whole invoice, 
if of steel. This is, of course, justifiable enough, 
as there is no excuse for non-uniformity in the 
case of steel, the process of manufacture being so 
thoroughly under control. The difference in the 
two materials was very marked when the change 
from iron to steel became general in the boiler and 
ship yards. The percentage of plates rejected for 
defects fell at once. 

In order to investigate more particularly the 
effects of sudden chilling, Mr. Andrews made a 
number of experiments in which iron forgings were 
slowly heated to different temperatures, and then 
rapidly chilled by being plunged in water. It 
was found that even when the range of tempera- 
ture through which the sudden chilling took place 
was but 100 deg. Fahr., there was a con- 
siderable difference in the bars cooled slowly 
and those rapidly chilled as described. This is a 
result which would, we imagine, have scarcely 
been anticipated, as most people would have 
expected the temperature range to be too small to 
show any material difference. Asa matter of fact, 
however, the annealed forgings stood on an average 
of 23 experiments 31.7 blows each, with an average 
accumulation of the permanent deflections amount- 
ing to 18.83 in. The chilled forgings, on the other 
hand, stood on an average of 23 experiments 20.7 
blows, with an average accumulation of deflec- 
tions equal to 12.07in. As before, individual 
results varied greatly. One of the chilled axles, 





indeed, stood 98 blows, whilst the test of the 
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annealed ones stood but 71. Hence it is evident 
that a considerable number of experiments are 
necessary to get reliable indications. When the 
temperature from which the metal was chilled 
was equivalent to a red or white heat, the detri- 
mental effects became very marked. In one case 
the forging failed at the first blow, whilst the 
strongest only stood 14 blows, and the average of 
31 experiments was 2.42 blowsonly. The forgings 
used in these experiments were round bars 44 in. 
in diameter, and 3 ft. 6 in. long between bearings. 
As before, the tup weighed 1 ton and fell 2 ft. 6in. 

It will be seen that none of Mr. Andrews’ ex- 
periments have been made on steel, and until this 
metal has also been examined in a similar way, it 
will remain a moot point as to how far the conclu- 
sion arrived at for iron will hold for steel. Every 
one is familiar with the important changes in the 
physical characteristics of a metal which may be 
caused by a small percentage of a foreign body. 
Thus 3 per cent. of lead added to gold renders the 
whole mass brittle, and iron is, if anything, still 
more sensitive to the action of small quantities of 
foreign bodies. Hence it must remain to a cer- 
tain extent doubtful as to whether steel axles 
would act in a similar way to the iron ones. 
Certainly one would expect the results, whether 
favourable to the use of steel or the reverse, 
to be very much more uniform, and not to show 
such extraordinary variations in the resistance of 
different specimens, as is exhibited in the above 
Table. Considering the importance of the matter, 
and also the fact that steel is so rapidly replacing 
iron for axles, as well as for nearly everything else, 
it is to be hoped that some of our large steelmakers 
may see fit to continue Mr. Andrews’ work, and 
extend his results to the more popular metal. 

Mr. Webster’s experiments, described in Min. 
Proc. Inst. C.E., vol. lx., hardly cover the ground 
sufficiently, as the number of specimens of each 
particular metal tested was somewhat limited. The 
conclusion arrived at was that, in so far as ordinary 
tensile tests were concerned, both iron and steel were 
more ductile at low temperatures, whilst their break- 
ing strength was not reduced. With cast iron, how- 
ever, tested transversely, a diminution both in 
strength and flexibility was observed. With the 
impact tests, however, all the metals tried, proved 
to be both weakened and less ductile at low tem- 
peratures. Colonel Greck, who spoke in the discus- 
sion following Mr. Webster's paper, stated that the 
Russian Government require all acceptance tests of 
rails to be made at a temperature of about 2 deg. 
below zero Fahr. This gentleman also gave a 
Table showing the results of some tests made at 
the Osnabruck Steel Works on 365-lb. rails, 
and it is interesting to note how much more 
uniform were the results obtained than in the 
experiments of Mr. Andrews. The maximum dif- 
ference in the deflection of the specimens tested 
under similar conditions was, in the Osnabruck 
experiments, only some 8 per cent., instead of 35 
per cent. or more, as in Mr. Andrews’ experiments 
on wrought iron. It is true that the results given 
by Col. Greck are only 12 in number, and perhaps 
greater differences would have been shown on a 
more extended investigation, but certainly we 
should be surprised if anything like the same 
amount of variation were found with steel as Mr, 
Andrews has observed in the case of iron. Whether 
iron or steel suffers the most from cold must be left 
for some future investigator to determine, and till 
then there is bound to be considerable difference of 
opinion between the makers of the two metals. 
Since, however, steel has steadily displaced iron 
for railway axles, as for every thing else, there is 
little doubt that our locomotive superintendents 
have concluded that it is now the more reliable of 
the two. The substitution in America has been 
hastened by the fact that iron-makers there have, 
it is stated, found it necessary to reduce the 
quality in order to compete with cheap steel, and 
complaints have been rife amongst the master 
mechanics of the great American railroads as to 
the difficulty of securing iron of the same quality 
as that furnished 16 or 20 years ago. 





THAMES BRIDGES.—No. XII. 

WE have now given illustrations, with detailed 
descriptions, of all the Thames bridges within the 
metropolitan area, commencing with the Tower 
Bridge, and ending with that at Hammersmith. 
Before following the course of the river higher 


somewhat into the methods by which these very 
expensive structures are managed and maintained. 
Evidently it is an important matter that property 
worth several millions of money should be wisely 
administered, and that its care should be entrusted 
to competent hands. On this score the ratepayers 
of London have, fortunately, no cause for anxiety. 
The bridges within the bounds of the ancient City 
of London, other than the railway bridges, are 
under the care of the Bridge House Estates Com- 
mittee, while those beyond this boundary are in 
the charge of the London County Council. These 
two bodies are, of course, entirely distinct, and we 
will deal with the older one first. 

The Corporation of the City of London is 
one of the most ancient bodies in the kingdom, 
and its records show a constant succession of 
capable men and a uniform policy. It was in 
existence before Parliament, and it has seen the 
downfall of more than one Royal House ; while 
the State has been rent by civil war, and the Church 
torn by dissension, the citizens of London have 
always known that their material affairs were 
safely guarded, and that neither king, protector, 
nor prelate could attack them without the certainty 
of having to encounter a formidable opposition. 





The secret of success has lain in the fact that 
municipal dignity has always been confided to the 


Mary Overies. Its exact origin is, however, un- 
known. It was, of course, of timber, and was 
swept away on November 16, 1091, in the course 
of a violent storm which blew down 600 houses. 
The tide rose to a great height, and carried away 
the structure, or at any rate much of it. It must 
have been repaired or rebuilt, for in ap. 1136 
it was destroyed by fire, and was again repaired. 
In 1163, according to Stow, and in 1176, according 
to other writers, Peter of Colechurch commenced 
the construction of the first stone bridge across 
the Thames. The story of this bridge, with an 
illustration of it, was given on page 75 ante, and 
need not be retold. It lasted, by aid of continual 
patching and rebuilding, well into the present cen- 
tury, and from faults of its original construction 
was acontinual drain on the funds allocated to its 
maintenance. 

It will be a surprise to many to learn that perfect 
and exact accounts of every penny spent on Lon- 
don Bridge since the year 1381, with the exception 
of the accounts relating to the years 1445 to 1448, 
are in existence and in splendid preservation. Fur- 
ther, there is a series of documents of earlier date 
—charters, grants, deeds, leases, and the like—from 
the end of the thirteenth century. The earlier 
accounts were kept in Latin, and were exe- 
cuted with the exquisite care and splendid 
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hands of men of business, who had shown their 
capacity to manage private affairs of great magni- 
tude before they were entrusted with those of 
their neighbours. Their training had been such 
as to remove them as far from the hide-bound 
conservatism of the official as from the destruc- 
tive reforming energy of the professional poli- 
tician. They knew when to adventure everything 
in a contest with the king, and how to husband the 
City’s resources during long periods of inactivity. 
It is no part of our duty to write a history of civic 
management, other than that connected with the 
Thames bridges, but that alone is quite sufficient 
to show that a corporate body may exist for 
hundreds of years without betraying the slightest 
evidence of senility ; nay, further, that each suc- 
ceeding generation may see it more active, more 
robust, and more enterprising. 

The Corporation of the City of London has in 
its keeping the Tower Bridge, London Bridge, 
Southwark Bridge, and Blackfriars Bridge. It is 
only within the past 130 years that three out of 
the four have come into existence. From the time 
of the Saxons up till the year 1749 there was only 
one bridge—London Bridge—within what is now 
called the metropolitan area. That bridge has 
probably always been in the keeping of the Cor- 

ration. The date of its erection is not known, 

ut a fierce battle was fought in 1008 for its posses- 
sion between the Danes in Southwark and the Saxons 
on the north bank. King Ethelred led his forces 
against the bridge by land, while his ally, Olaf, of 
Norway, attacked it in his ships, and pulled up 
some of the piles. This bridge is referred to in the 
laws of Ethelred, and Stow attributes its construc- 





towards its source, it will be interesting to inquire 








tion to the pious brothers of the monastery of St. 





penmanship that characterise the documents of 
the age. Some of the initial letters are of great 
beauty, but such ornaments are sparingly intro- 
duced, as is befitting in relation to such prosaic 
matters as the collection of rents and the payment 
of workmen. Up to 1272 the accounts were kept 
in a chamber of the Guildhall. They were then re- 
moved to the chapel on the bridge, and early in 
Elizabeth’s reign they were transferred to the 
Bridge House, at the southern end of the bridge. 
Now they are at the Guildhall again, securely kept 
in the strong room. In addition to the accounts 
and deeds there are two ‘‘bokes of evydences” 
containing transcripts, extracts, and memoranda 
relating to the Bridge House Trust. One of these, 
known as the ‘‘ Register of Deeds,” was presented 
by the bridge wardens to the Common Council on 
September 6, 1515, and was stated to contain a 
transcript of all the evidences concerning the bridge. 
How rich would be our knowledge of history if 
all corporations had felt the same sense of the 
dignity of their position and the importance of their 
actions as the Corporation of London ! 

The origin of much of the funds dealt with in 
these accounts is lost in obscurity. Part was de- 
rived from tolls, but the greater portion seems to 
have been the result of private contributions, 
There is evidence that in 1122 there were lands 
belonging to what is now known as the Bridge 
House Estate. William Rufus, in 1097, imposed a 
tax for rebuilding the bridge and for other public 
works. For building the stone bridge, Archbishop 
Richard, Becket’s successor at Canterbury, and 
Cardinal Hugo di Petraleone, the Papal legate, 
made contributions. The architect, Peter, chaplain 
of St. Mary Colechurch, built the splendid chapel 
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on the bridge entirely at his own expense. Henry 
II. aided the erection by giving the proceeds of a 
tax on wool. King John, in 1213, gave ‘‘ God's 
pence,” taken from foreign merchants, for the same 
object. Henry III. behaved in a very different 
spirit, for he seized the bridge revenues, along with 
many others, for the use of his own exchequer. As 
a cheap compensation he authorised the brethren of 
the chapel of St. Thomas to solicit charitable dona- 
tions for the bridge in all parts of the kingdom. 
The King appears to have relinquished the bridge 
revenues after a time, but in 1265 he took them 
again, and granted them for five years to the 
Hospital of St. Katherine. In 1269 he granted them 
to Queen Eleanor for six years. There was no love 
lost between the Queen and the citizens at any 
time, and in 1272 they were in dispute about 
the bridge revenues. Edward I. appointed a 
Commission to inquire into the allegation that the 
(Jueen did not repair the bridge, and shortly after 
the Corporation seem to have regained possession 
of the funds. In 1280 the fall of the bridge was 
feared, and the King authorised an appeal to the 
benevolent, with the effect that in a short time the 
finances of the bridges were put on a satisfactory 
footing. All the gifts that have been received since 
that time can be found recorded in a book on the 
Tower Bridge* by Mr. Charles Welch, Librarian 
to the Corporation of London, to which we are in- 
debted for much of our information. This work 
was published last year, and contains practically all 
the information on the subject of the Bridge House 
Estates in the possession of the Corporation. 

It was evidently accounted a patriotic and chari- 
table action to leave money or property for the 
repair and maintenance of the bridge. It was of im- 
mense importance that easy communication should 
be maintained between the two banks of the river, 
while the injudicious design of the structure, added 
to the absurd plan of allowing it to be encumbered 
with houses, required that constant and expensive 
repairs should be carried out. Mr. Welch says that 
the history of the bridge isa narrative of repairs. 
Eighty years after its completion in 1209 men were 
afraid to pass over it. In 1289 a subsidy was 
granted for its repair. In 1389 a conference of 
ecclesiastics considered the question, and in 1425 
an Act declared it too dangerous to permit carts 
with iron tyres to pass over. In 1436 one of the 
arches fell, and was subsequently replaced by a 
wooden structure. In 1504 foundations were put 
in for a new pier, and in 1523 objections were 
raised to an extension of the waterworks beneath 
the arches. In 1530 stone for two new arches 
was bought, and in 1548 new piles were driven. A 
committee was appointed, early in the reign of 
Queen Elizabeth, ‘‘ to view the defaults of London 
Bridge.” The history of the bridge in the eighteenth 
century consists of doubts whether the bridge 
would stand, surveys, reports, and schemes for a 
new bridge. Evidently there was need for plenty 
of money. 

In a rental prepared in 1358 by the wardens, 
Richard Bacon and Joshua de Helfield, the bridge 
property is described as situated in London, South- 
wark, Hatcham, Camberwell, Lewisham, and Shal- 
ford. Thenumber of shops on the bridge was138, and 
the rent 1601. 4s. Ina return of 1601-2 the yearly 
revenue is 472/. 11s. 8d., and the total rent of the 
estate 1546/. 16s, Among the property from an early 
period was Stocks Market, occupied by butchers 
and fishmongers, with 38 ‘‘cupboards, over the 
stalls, for drapers. In 1382 the market produced 
a rent of 32/. 18s. 8d. It is interesting to learn 
that on November 1, 1319, a butcher named 
William Sperlyng, who had exposed two putrid 
carcases for sale, was put in the stocks, and the 
bodies were burnt beneath him, a very practical way 
of bringing the nauseousness of his offence home 
to him. The market was on che site of the pre- 
sent Mansion House, and disappeared from the 
accounts about 1564. The earliest account (1381-2) 
opens with arrears of 22/. 1s. 3d., the total receipts 
being 7551. 193s. 6d., the expenditure 6991. 19s. 2}d., 
and the balance 56l. Os. 3}d. In 1550-1 the 
wardens suffered loss by two falls in the price of 
silver. On July 9 they had 404l. in silver coin, 
which depreciated one-fourth ; and on August 17 


* «History of the Tower Bridge and of other Bridges 
over the Thames built by the Corporation of London, in- 
cluding an Account of the Bridge House Trust from the 
Twelfth Century, based on the Records of the Bridge 
House Estates Committee,” by Charles Welch, F.S.A., 
Librarian to the Corporation of London. J,ondon ; Smith, 
Elder, and Qo, 


761. 9s. 3d., which lost one-third. It is interesting 
to learn that fluctuations in the value of silver are 
not so modern as is often supposed. Early in the 
sixteenth century the estate seems to have been in 
a flourishing condition, for the wardens were able 
to lend money for public objects, but during the 
Civil War the condition was reversed, and we find 
that in 1648-9 the wardens borrowed 11001. at 7 per 
cent. interest, which fell to 6 per cent. in 1666-7. 
The prosperity in the early part of the sixteenth 
century was marred later by the loss of a large 
number of quit rents paid by many of the greater 
abbeys and monasteries dissolved by the Statute of 
1539. Sixteen years later a portion of the Bridge 
House funds was invested in the purchase of 
monastic lands from the Crown. 

The supreme control of the bridge has always 
been in the hands of the Corporation, who exercised 
authority through the Common Council, although 
the Court of Aldermen seem to have had some 
power. Matters of minor importance were deputed 
to a committee, consisting of two aldermen and 
four commoners, while the executive power was in 
the hands of a keeper or warden. Peter of Cole- 
church was the first of these. His office is styled 
‘* proctor” in an undated deed of a house belong- 
ing to the bridge trust and situated in the parish of 
St. Dionys Backchurch. There were usually two 
wardens, or, as they are now called, bridge-masters. 
In 1382 the salary was 10]. each. In 1562 it had 
risen to 261. 13s. 4d., and in 1597 to 50I.; it is now 
2501. In 1491 the method of election was fixed by 
the Common Council ; four candidates were to be 
named by the Mayor and Aldermen, and two of 
these elected by the Commonalty. The election 
still rests with the Commonalty or Livery, and 
takes place on Midsummer-Day at a Common Hall 
for the election of Sheriffs and others. Towards 
the end of Elizabeth’s reign the wardens lost much 
power, and a committee undertook a good deal of 
the management. The Committee for letting the 
City and Bridge House Lands continued with 
enlarged powers and duties till 1818, when its func- 
tions were delegated to two committees, the City 
Lands Committee and the Bridge House Estates 
Committee. The warden and his staff were located 
in a building, called the Bridge House, on the 
south bank of the river, and very early this building 
gave its name to the trust which administered the 
affairs of the bridge. Thus, in a.p. 1272, we find 
that Isabella la Juvenne, by her will, left property 
to the house of the bridge (Domui Pontis London). 
The accounts for 1414 show that a quit-rent of 
16 pence was paid for ‘‘le Brighous.” 

For eight or nine hundred years there existed 
but one bridge over the Thames within the metro- 
politan area. But in 1749 Westminster Bridge (not 
the present structure) was completed, and the 
contrast between its wide roadway and ample 
accommodation and the restricted size of the pas- 
sage between the houses on London Bridge, led to 
an agitation for an improvement in the City. The 
result was that in 1758 the houses were taken down, 
and the entire width of the bridge rendered avail- 
able for traffic. To compensate for the loss of rents, 
Parliament authorised an extra toll to be demanded 
on the bridge, for tolls had always to be paid, but 
this raised so much discontent that next year the 
Legislature granted 15,0001. in place of the extra 
toll. By the Act of 1767 the sum of 30,000/. was 
appropriated for the redemption of the tolls, which 
were leased to a man named Neale. Diftliculties, 
however, arose in the negotiations, and the tolls 
were continued till 1782. At the same time that 
the houses were demolished, a large central span 
was built, the total amount spent on the alterations 
being 100,000. The old bridge, however, was 
quite unsuited to the exigencies of the traftic both 
over and under it, and the agitation for better 
means of communication was continued for years, 
until the new bridge was determined on, as already 
explained in our previous article. To render this 
possible, an Act was obtained for an extension of 
the coal dues for 21 years at the rate of 6d. per 
chaldron, and powers obtained to raise one mil- 
lion sterling on this security. The total cost of 
the new London Bridge and of the street improve- 
ments necessary to give access to it was 2,556,1701., 
obtained from the following sources : 


In this way the new London Bridge was built 
It rapidly became very crowded, but in spite of all 
proposals for its improvement, it has served its 
purpose ever since, and is likely to do so for years 
to come. 

While the old bridge was standing, an attempt 
was made to relieve the congestion of traffic by 
erecting a bridge at Blackfriars. This bridge 
was commenced by the Oorporation in 1760 
the architect being Robert Mylne. The structure 
was 995 ft. in length and 45 ft. in width, and com- 
prised nine semi-elliptical arches. The total cost 
of the bridge and its approaches was 230,000/., in- 
cluding 12,2501. paid to the Watermen’s Company 
as compensation for the loss of the Sunday ferry, 
The great arch was opened for passage on October 1 
1764 ; foot passengers were allowed across in 1766, 
and all classes of traffic on November 19, 1769. 
The money was raised on the security of the 
Bridge House estates. A toll of 4d. per foot- 
passenger on weekdays, and 1d. on Sundays, was 
levied up to June 22, 1875. The bridge was re- 
paired in 1833 at a cost of 105,158/., and was 
rebuilt entirely in 1864, as described on page 185 
ante, 

In the early part of this century, when the 
agitation for the reconstruction of London Bridge 
was at its height, a private company came forward 
with a scheme for diverting a part of the traffic into 
another channel. In 1811 they obtained an Act to 
build Southwark Bridge, and the works were begun 
in 1813. It was, however, contrary to the tradition 
of the Corporation to have bridges within their 
jurisdiction under private control, and negotiations 
were begun for the purchase of this bridge in 1849. 
They fell through, however, to be renewed in 1853, 
and again dropped. In 1857 the Bridge House 
Committee consulted the Metropolitan Board of 
Works again, and were advised to wait. In June, 
1864, the Board of Works promoted a Bill for the 
purchase of the bridge by them, one of the pro- 
visions being that the Bridge House Committee 
should pay 50,0001. towards the cost. It did not, 
however, meet with the approval of the Corporation 
that they should pay for works that would be out 
of their hands, and they opposed the Bill, which 
was thrown out. As a temporary measure the 
Southwark Bridge Company agreed to open the 
bridge free for six months for 1834l., and for a fur- 
ther six month at 27501. additional. The money was 
paid out of the City cash, as there was no power to 
use the Bridge House funds for such a purpose. 
The bridge was opened free on November 8, 1864, 
and has remained so ever since. Finally, on June 
12, 1868, the bridge was purchased for 200,000I. 
Southwark Bridge, however, did very little to 
relieve London Bridge, and for years the question 
of further accommodation was never allowed to 
sleep. It would be wearisome to detail all the 
commissions, reports, committees, and public meet- 
ings connected with the question. Gradually, 
however, the conviction grew that the remedy lay 
in affording a means of crossing the Thames at a 
lower point than any of the existing bridges. Plans 
were got out for high-level bridges, low-level swing 
bridges, steam ferries, and subways (see page 2 
ante), and it was not until after years of discussion 
that the design of the City architect, Mr. Horace 
Jones, for the present Tower Bridge, was accepted, 
and the general features of the design settled. 
Mr. J. W. Barry was associated (page 7 ante) with 
Mr. Jones, but the facts have been so recently 
narrated by us, that it is needless to refer to them 
further. ‘The original estimate was 750,000/., but 
was exceeded, the actual cost being 1,045,154/., 
which was raised on the Bridge House estates. 

According to Mr. Welch, the following sums 
have been spent by the Corporation during the 
present century on bridges : 


£ 
London Bridge and approaches 715,246 
Blackfriars Bridge _ Bee 506,289 
Southwark Bridge wn 218,868 
oh 3,500 


Peg’s Hole (Stratford) 
Tower Bridge ; 


At the time that London Bridge was built the 
Bridge House Estate was not so rich as it is now. 
It is not that it has received any great accession of 
property in the meantime, but that it has benefited 
by the falling in of leases, and by the great rise in 
values during the last 50 or 60 years. The enormous 
cost of replacing old London Bridge was quite 
beyond the means of the estate, and accordingly 
supplementary sources of revenue had to be found, 


1,045,154 











Contributed out of and raised upon £ 
estate charged for bridge purposes... 820,318 
Government grant ie ae be 192,000 
Coal and winedues_... dss 1,000,000 
Out of Corporation’s own estates... 16,421 
Realised from sale of surplus lands... 626,930 





as mentioned above, Jt must be remembered that 
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the new means of communication across the river 
was only a part of a great plan of street improve- 
ment, which included Moorgate-street and Kin 
William-street on the north bank, and the Boroug 
on the south bank, the total cost being debited to 
the bridge. Similarly, at Blackfriars, large sums 
were spent on the approaches, and this fact accounts 
for the discrepancies between the figures we now 
give and some of those published in our articles on 
the construction of the bridges. 

In the year ending December 31, 1832, the total 
income of the committee was 32,716]. 14s. 43d. 
Of this 1212/7. was balance from the last account, 
30,1361. was derived from rents and quit-rents, 
7501. from dividends, and the rest from other 





sources. The expenditure was as follows : 
£ 8s. d. 
Rents, &c. ... A 203 18 10 
Taxes and trophie 581 7 7 
Repairs... aos eu ase 1,484 2 9 
Masons, carpenters, and others 979 15 0 
Benevolences $35 “en a 107 13 4 
Salaries sie aa 1,472 0 0 
Payments by order wai 1,540 1 9 
Redemption of land tax... 32112 9 
Audit te oes ae fox 6210 0 
Cash paid pursuant to Act of 
Parliament for the rebuilding 
of London Bridge sd 24,863 11 7 
Balance in hand ... 1,100 0 94 
32,716 14 44 


This account shows that the committee had an in- 
come well over 30,000/., and that their expenses, 
apart from the building of the bridge, were under 
7000/. 

We will now turn to the state of affairs in 1893, 
and see how the financial condition had altered. 
The following is an abstract of the accounts for that 
year : 


Dr. £ Sy a 
Balance in hand ... «» 104,012 10 62 





Rents and quit-rents 89,663 3 2% 
Interest on securities 1,982 19 1 
Other items 2,830 10 9 
198,489 13 74 
Cr. 
Management of estate and col- 
lection of rents... as 7,630 9 0 
Rents and taxes ... roe 4,352 14 3 
Pensions ... ict es. sic 250 16 5 
Lighting, cleaning, &c., of Lon- 
on Bridge S54 zea we 1,421 8 8 
Lighting, cleaning, &c., of Black- 
friars... 8 a i 1,445 16 9 
Lighting, cleaning, &c., of South- 
wark.. oa 5% ee 1,289 5 0 
Miscellaneous Pr ee 12517 4 
Pailiamentary expenses... me 1,216 17 9 
Transfer to Tower Bridge ac- 
count to meet expenditure ... 105,000 0 0 
Interest on loans... : 16,196 5 0 
Ditto 15,753 10 0 
Ditto 4,370 12 6 
Loans repaid 25,257 10 0 
Balance 14,218 10 114 


198,489 13 7} 


In the interval of 61 years the income had 
risen from about 31,0001. to 95,000/., so that it is 
easy to understand that the committee could under- 
take the building of the Tower Bridge without 
extraneous aid. The balance in hand of 104,012I. 
was evidently part of a loan raised to meet the 
contractors’ accounts as they fell due. Altogether 
1,060,000/. was raised to meet this expenditure, 
but in 1893 it was being paid off at the rate of 
25,2571. 10s. a year, in addition to interest at 
33 per cent. on the bulk of it, and 3} per cent. on 
the remainder. The expenses of management of 
the estate and the bridges amounted to 16,4761. odd 
per annum. 

Our readers will have noticed the gradual change 
that has taken place in the methods of the estate. 
Originally it was, for administrative purposes at 
least, separate from the Corporation. It had its 
own premises, its separate staff, and its independent 
accounts. The wardens, or bridgemasters, were the 
trustees, and had practical control of its property 
and affairs, subject, of course, to the Corporation, 
but with practically a free hand as long as they ful- 
filled their duties satisfactorily. Gradually the 
Bridge House Committee grew in numbers and im- 
portance, and themasters declined in power, until now 
their duties are largely ceremonial. Simultaneously 
the staff became more and more merged in that of the 
Corporation. The surveyor became only a minor 
official in the office of the City surveyor; the 
accounts were put in the hands of the City Chamber- 











lain, and so on, the useless expenses of two se te 
establishments being saved. The Bridge House 
Committee have gradually assumed all the responsi- 
bility, and no one can deny that they have carried 
out their task well and wisely. Their latest work 
—the Tower Bridge—is worthy of the greatest city 
in the world, both from an engineering and an 
architectural point of view, and when the cost of it 
has been defrayed, we have no doubt that another 
generation of Londoners will find themselves 
equally well served. .The members of the com- 
mittee change, but its traditions will survive. 








NOTES. 

Tue Errect or FreEzinc on Cement Mortars. 

In an article recently published in Engineering 
News, Messrs. P. L. Barker and H. A. Symonds 
give the results of a large number of experiments 
they have carried out on the effect of freezing on 
cement mortars. Most of the specimens were 
tested transversely, but control experiments in 
tension were also made. In order to reproduce 
the conditions of actual work as closely as possible, 
the various specimens were caused to set under a 
pressure corresponding to the average weight of a 
course of masonry 18 in. deep. These speci- 
mens measured 5 in. in length by 1 in. square 
in cross-section. They were tested on a 4-in. 
span with a central load, and after breaking, the 
long fragment was again broken on a 23-in. span. 
Six brands of cement were used, and were mixed 
with screened sand in various ratios, and then 
allowed to set at low temperatures. Both salt and 
fresh water were used in gauging the specimens. 
The conclusion arrived at, based on over 6000 
results, is that Portland cement mortar suffers 
no surface disintegration under any condition of 
freezing, but that in most cases its strength is re- 
duced, in some cases by as much as 40 per cent. 
Rosendale cement is disintegrated when ex- 
posed to frost when setting, and its co- 
hesion may be entirely destroyed by immersion 
in water which becomes frozen round it. 
Salt water prevents this disintegration to a large 
extent, but seems to have an injurious effect on the 
strength. The cement below the disintegrated sur- 
face is stated to be increased in strength when the 
Rosendale cement is used. A mixture of a natural 
rock cement and of Portland cement gave very 
satisfactory results, asits surface did not disintegrate, 
and its strength was increased by the freezing. 
Portland cement is injured less proportionately 
as the percentage of cement in the specimens 
is reduced. Lime mortar is ruined by alternate 
thawing and freezing, but fairly good results can be 
obtained in the case of brick masonry when the 
mortar is kept frozen for some time after laying. 


Stream Tramways In Iraty. 

In a recent issue of the Minutes of the Proceed- 
ings of the Institution of Civil Engineers, an 
interesting account is given of the steam tramways 
in Italy. The paper in question is translated from 
the Italian of Mr. P. Amoretti by Mr. P. W. Britton. 
The total length of these lines is, it appears, about 
1875 miles. In the first place, the lines started as 
suburban roads in the neighbourhood of the prin- 
cipal cities, but these separate systems have now 
been largely connected up, though in places a 
difference in gauge has prevented this being done. 
In Lombardy, however, goods traftic can be carried 
by these lines for a distance of more than 100 
miles, and at Pisa regular railway cars are passed 
over the tramlines. The lines are laid on the 
roads, the top of the rail being level with the road 
surface, and it is not now necessary to pave 
the space between the lines, metalling being largely 
used. To prevent ordinary vehicles running 
on the lines, this metalling is often left rough, so 
that whilst there is no obstruction to a carriage 
crossing the street, there is no inducement for it 
to remain on the lines. The roads vary from 26 ft. 
to 33 ft. or more in width. Where this latter limit 
is exceeded, the tramway is separated from the rest 
of the road by a line of kerb stones. In the city 
streets, the rails are usually laid in the centre, but 
in narrow parts are put to one side, a minimum 
distance of 4ft. being maintained between the 
outer rail and the nearest house wall. The rails used 
generally weigh 36 lb. per yard, which is considered 
sufficient for engines up to 10 tons inweight. Where 
this limit is exceeded, or the traflic is heavy, the 
weight is increased to 42 lb. per yard. The rails 
are of T-section, and are spiked to oak sleepers. 
Curves with radii of only 60 ft. are common, and 








are passed round easily, as the longest rigid wheel 
base is but 5 ft. 3 in., whilst at the same time the 
gauge is eased at these places. The steepest 
gradient worked by ordinary engines is that be- 
tween Rome and Tivoli, where one of 1 in 144 has 
to be surmounted. In Genoa there is a grade of 1 
in 15, and in Turin several of 1 in 20. Almost all 
the lines are single-track. The speed was origi- 
nally fixed at 8$ to 9 miles per hour, but these 
limits have been raised to 12 miles, and in some 
cases to 15 miles per hour. The cost of construc- 
tion has been about 12801. to 19201. per mile, ex- 
clusive of land, station buildings, or rolling stock. 
The gross returns average about 4001. per mile per 
annum, and the working expenses about 75 per 
cent. of this, the surplus allowing a dividend of 
3 per cent. to be paid on the ordinary shares. 


Sarety EXPLosives. 

Great strides have recently been made in the 
manufacture of so-called safety explosives, and so 
recently as January 18 of this year we published 
some particulars of trials carried out under the 
auspices of the North of England Institute of Min- 
ing and Mechanical Engineers. The Prussian 
Government, in its endeavour to safeguard the lives 
of the miners, has taken a step in the right direc- 
tion by instituting trial stations of its own, and 
by establishing the merits or demerits of the 
various explosives, with regard to safety or other- 
wise, by tests conducted by officers specially trained 
for that purpose. The second of these stations has 
been built at Schalke, in the Westphalian mining 
district, and an exhaustive report has just been 
published, as the result of trials conducted with 
the view of ascertaining the behaviour of those 
explosives generally employed in the Westphalian 
district for underground blasting operations, and 
especially their behaviour in respect of their capa- 
bilities of causing explosions of firedamp and fine 
coal-dust. The chief object aimed at in these 
series of trials was to establish relative values for 
the various explosives, and the following Table 
summarises the results of the first series, in which 
charges of various weights (but always placed so 
that the front of the cartridge was cut off level with 
the mouth of the cannon) were fired into mixtures 
of coal-dust, of firedamp, and into mixtures of 
both. The weights given are the smallest charges 
with which an ignition of the mixtures was ob- 
tained : 











| én | he 
| Sn | 28 
A BAP | a | Fas 
am 8 " | 9 | x 
Name of the Explosive. | . 3 ass aa 85° 
“| oe | oe #2 | Bae 
| 85 | B82 | 86 | £88 
6° | eo" | 6° | & 
Gelatine-dynamite 1.76 | 6.2 1.58 6.5 
Guhr-dynamite 2.04 6.5 1.06 | 6.8 
Gesteins-carbonite 2.85 | 7.0 
Securite .. sé 5.31 | 6.4 
Wetter-dynamite .. 2.40 6.3 1.80 | 6.6 
Roburite .. <a + 5.40 6.1 4.57 | 5.8 
Westphalite* .-| 8.80 7.0 8.80 6.3 
Dahmenite*.. --| 8.80 7.1 8.80 63 
Progressite* --| 19.40 6.75 19.70 | 7.25 








* Refilled into non-paraffined cartiidge-cases. 


Coal-carbonite, with charges of even 21 oz., and 
with 7.3 per cent. firedamp mixtures, gave no 
ignition. It is, however, only about one-third as 
strong as the other explosives mentioned, con- 
taining only 25 per cent. of nitro- glycerine. 
In the second series the charges were placed 
lower down in the bore of the cannon, so that 
a free space of about. 6 in. to 6.7 in. was left 
in front of the cartridge, but no tamping was 
used. Coal-carbonite could not be included in this 
trial, as owing to the presence of nitro-glycerine in 
this compound, a refilling into cartridges of larger 
diameter was not considered safe. Gelatine dyna- 
mite, securite, and the other carbonite likewise 
were omitted. However, a new explosive, dah- 
menite, only recently put on the market, was 
included, and this proved itself the safest of all 
those tried. Only itegy of 20.6 oz., with 7.2 per 
cent. of firedamp, were able to cause an explosion, 
the next in merit being progressite with 10.5 oz. ; 
then an older variety of dahmenite, with 10 oz. ; 
then westphalite, with 9 oz. ; roburite, with 5.3 oz. ; 
and wetter dynamite, 2.8 0z. The author of the 
report draws attention to the part played by the 
paraffin of the cartridge-cases, and submits the fol- 
lowing explanation. The temperature of explosives 
is different with different explosives, and varies 
according to the weight of thecharge. Each explo- 
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sive has, therefore, a certain relative nature which 
would be in proportion to the weights necessary to 
gasify and ignite the paraffin. The paraffin once 
ignited, increases the length and the intensity of the 
flame of explosion, and thereby produces ignition 
of the coal-dust atmosphere with smaller charges 
than would otherwise be necessary to produce the 
same effect. The full report appeared in the paper 
Gliickauf, published in Dortmund, and is signed by 
Berg Assessor Winkhaus. 





THE CLICHY SYPHON. 
To THE EpitoR oF ENGINEERING. 

Sir,—Noticing in your issue of April 26 last a descrip- 
tion of the Clichy syphon, I was surprised to see that no 
mention was made that Mr. Greathead had designed the 
shield which so successfully drove the tunnel, though a 
full description was given. I think it only in fairness due 
that when a gentleman like Mr. Greathead has spent so 
much of his life improving and perfecting this system of 
tunnelling, as at present carried on at the Blackwall 
Tunnel, Waterloo and City Tunnel, and, as illustrated in 
your last week’s ENGINEERING, at the Glasgow tunnels 
and many others, that the credit due to him should be 
acknowledged. 

It is an Englishman’s boast to give honour to whom 
honour is due, and I think you will agree with me that 
every credit and honour is due to Mr. Greathead in this 
particular class of work. 

Yours truly, 
CHARLES MARKHAM. 

Broad Oaks Iron Works, Chesterfield, May 16, 1895. 





INDUCED v. FORCED DRAUGHT. 
To THE EpiToR oF ENGINEERING. 

Sir,—I have perused with interest Mr. Martin's short 
but interesting paper on ‘‘ Induced Draught,” read before 
the Institution of Naval Architects, and the subsequent 
controversy carried on in your columns; for the question 
at issue of mechanical draught applied to the combustion 
of coal in boilers, is of the utmost importance. 

A system under the induced draught principle is, I am 
sure, what we will ultimately arrive at in the future, and 
my reasons for such an opinion may be put forward in the 
following manner : 

1. An engineer, no matter how strongly he objected to 
induced draught, would not object to a system of boilers 
on shore or at sea having a height of funnel as great as 
was practically possible. Now induced or suction 
draught is simply an artificial funnel height, the height 
being measured by the vacuum sustained by the fan at 
the base of the funnel. 

2. If careful observation is made of the two systems 
**induced” and ‘‘ forced” draught when in actual 
practice, there will be noticed a distinct difference in the 
behaviour of the flame and gases in the furnace, combus- 
tion.chamber, and tubes. For it can be plainly seen, 
when working a boiler on induced draught, that the flame, 
both in passing along the furnace and into the combustion 
chamber, and so through to the tubes, seems to avoid actual 
contact with the heating surfaces, consequently does not 
give out its heat locally, though at the same time, before 
the smokebox end of the tubes is reached (when the boiler 
is designed for high rates of combustion), the temperature 
of the gases is exceptionally low, thus showing that actual 
contact between flame and the heating surfaces is not 
necessary for the furnace gases to part with their heat. 

On the other hand, if we observe a boiler working under 
forced draught (either closed stokehold or closed ashpits), 
we cannot but notice (if the rate of combustion is 4 
say over 30 lb. per square foot of firegrate) that the action 
of the flame against the furnace combustion chamber end 
and tubeplate is most marked, thus localising the work to 
be done by transmission of heat through the heating sur- 
faces of the boiler ; and when working under a high air 
pressure, the blowpipe action of forced draught and the 
intense heat generated in the tips of the flame, as a result 
of this action, is assuredly detrimental to the boiler. 

3. A free command of evaporative power in the boilers, 
for any length of time, without the heavy increase in cost 
shown by all forced draught systems, ia one of the best 
arguments in favour of suction draught. 

{r. Martin’s experiments, showing the action of flame 
entering the tube mouths, have been most severely, and, I 
consider, unjustly criticised; the action explained by 
Mr. Martin is exactly what does occur, taking into con- 
sideration that in the experiment cold air was drawn in 
round the flame, instead of what would occur in the com- 
bustion chamber of the boiler, where the hot gases at the 
temperature of combustion, say 2000 deg. to 2500 deg., 
ee be drawn in round the flame; thus the hot gases 
would be in actual contact with the rurface of the tubes, 
and as they were cooled out by such contact would take 
up heat from the flame until a point below ignition was 
reached. 

‘* Inflation ” in his letter seems to consider that if we 
use an exhauster, such as a fan, to draw the escaping 
gases from the smokebox, there will be an enormous in- 
crease in weight, whereas the increase in weight over 
and above the air supply, is simply the gases from the 
coal, or, in other words, if we use, say, 22 lb. of air per 
pound of coal, a forced draught fan will have to supply 
this 22 lb , the induced aust fan under similar condi- 


tions having to pass through to the funnel 23 lb. weight of 
s per pound of coal consumed, neglecting all fine 
istinctions due to clinker and ashes formed. 
In regard to their highly dilated state, we might take 
as an example a boiler under the induced draught 
system burning up to 45 1b. per square foot. The tem- 





perature of the gases passing through the fan will be 
about 450 deg; the increase in volume is only 1: 1.7, 
if we assume the expansion of the gases passin 
through the fan to be similar to the expansion of an ra 
weight of air under the same heat conditions. Adding 
to this increase in volume the quantity derived from the 
coal burnt, the increase in volume of the gases pass- 
ing through the exhaust fan, as compared to air passing 
through the pressure fan is 1 : 1.785. But when we con- 
sider the marked advantages of suction draught over 
forced draught, the increase in size for the fans is a small 
matter. 

The objection that the fans in a ship-of-war are in a 
dangerous ge and unprotected, will not hold good, 
for we could, with equal results, place the fans on the 
stokehold floor, where they would perform their functions 
quite as easily as at the root of the funnel. 

Yours faithfully, 
W. T 


Newcastle-on-Tyne. 





To THe EpIToR oF ENGINEERING. 

Sir,—Mr. F. L, Watson’s letter of May 10-has not 
elicited any reply, and I am, therefore, loth to allow the 
statements, as they stand there, to pass unchallenged. I 
have worked long and perseveringly at the question of 
‘induced draught,” and I have abandoned it as 


thoroughly unsatisfactory. But this I wish to say, that | be 


to me it appears there is a fundamental difference in prin- 
ciple between the two systems which, for brevity’s sake, 
we may call “forced” and “induced ” draught. Con- 
sider a cylinder, as per sketch, in which a number of 
discs, Cy, Cy. Cy, &c., are placed, which can move without 
friction and be perfectly tight; these discs are held apart 
by small springs, the spaces between are filled with air, 
the ends of the cylinder being open to the atmosphere. If 
it is now proposed to move the discs in the direction from 
A to B, this can be done by blowing into A, or by ex- 
hausting the air from the end B; but it is evident that 
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in the first case the discs will arrive at the end B closer 
together than in the een position, and in the second 
case they will arrive at B further apart. In both cases 
we may have the same difference in pressure between the 
A and B sides, but the result is altogether different. This 
simple example appears to me to show the weak and 
— points of both systems very clearly. 

1. I wish to quote Mr. Watson’s letter to make my own 

meaning clear: ‘‘If Mr. Martin wishes to make his fire- 
bars last, let him adopt some good form of steam jet 
blower, and he will find that the steam, liquefying by its 
own expansion,” &c. The steam liquefying by its own 
expansion means, of course, that the steam cools by expan- 
sion. It is but reasonable to say that the products of 
combustion will also cool if expanded. Consider the 
discs in the cylinder as representing the products of com- 
bustion, then it is evident that induced draught cools 
them by drawing apart or expanding, whereas forced 
draught may be taken to prevent expansion. There is no 
doubt, therefore, but that induced draught does not so 
strongly heat the tube-plate as forced draught does; the 
tendency of the first system being to diffuse, and of the 
second to concentrate heat. 
_ 2. If bysome such process as blowing air in, or exhaust- 
ing air from the cylinderends, it is proposed to move a maxi- 
mum quantity of these discs, it appears evident that forced 
draught is most efficient, and increases in efficiency, 
whereas induced draught is wasteful in the extreme, and 
increases in wastefulness as the process is more energeti- 
cally applied. 

3. It seems probable that the pulsations of a locomotive 
blast improve matters, but certainly any centrifugal 
arrangement for induced draught appears to be the last 
thing to be thought of, as the expanded gases lose in specific 
gravity and make a most inefficient medium for a fan to 
work in. Yours pee Ae 




















_To THE Eprtor or ENGINEERING. 

Sir,—Since the reading of my paper on the above 
subject before the members of the Institution of Naval 
Architects, some correspondents have freely expressed 
opinions which should not pass unnoticed. 
_ Tam aware that few have had an opportunity of acquir- 
ing information upon the working of induced draught, 
which may account for some amount of lack of discern- 
ment as to its nature. 

I deemed it necessary to introduce only the outlines of 
a few experiments and figures of actual results at the 
meeting, but any one acquainted with Admiralty trials 


>A) | >. 
R) mal ' | Water Line Be 
s--« 4] U D |k 6 
> : 
t 





ora 


L x 
a YP ee 


would be aware of the elaborate arrangements invariably 
made for taking and recording all particulars. There is 
nothing lef to ** fancy.” 

In order to make the subject clearer, I send you a 
sketch of a 6-ft. tube fitted with water gauges to indicate 
the flow of the gases under equal fan-power with induced 
and with forced draught. ‘The gauges are placed 6 in. 
from each end of the tube. When this tube is subjected 
to induced om the velocity of the air passing through 
doubles itself from gauge to gauge. On reversing ‘the 











process, by forcing with the same fan speed, only } in, j 
indicated at the inlet end, and at the ee is 
hardly any perceptible pressure, clearly showing the dis. 
tinctive nature of the two systems, and bearing out 
Mr. Marshall’s observation that with forced draught “ the 
first foot of the tube is worth all the rest.” 

It is difficult to understand how any misconception can 
exist on this point, as it is well known that no locomotive 
would work with forced air. Besides, you cannot get the 
full power of boiler with it, as the air is forced into the 
boiler-room, and has to find its way between ashes and 
clinkers which rapidly accumulate, and cannot be over- 
come by any speed of fan. 

I beg to state, for the information of your correspondent 
Mr. F. L. Watson, thav I believe the average power of 
draught on the Gossamer’s trials was 2 in. in the eye of 
the fan; but of this I have no positive record. In the 
case of the Polyphemus the records I have on this point 
are as follows: 


Base of Funnel. Smokebox. Kye of Fan. 
# in. 1.3 in. 1.7 in. 


I presume that Mr. Watson is not acquainted with marine 
practice, or he would not advocate jets of steam for pre- 
serving furnace bars. Steam must be condensed, and the 
— to the boiler, or salt water would have to 


used. 
I have only now to add that the boilers of the Gos- 
samer are not 4500 horse-power, or anything approaching 
thereto. In the ‘* Navy List ” they are set down at 2700. I 
regret that I have not mentioned this point before, as it 
might have saved ‘‘ Air Lock’ the trouble of comparing 
the trials to ‘‘experiments with the family tea-kettle on 
the kitchen fire,” in your issue of the 3rd inst. 
W. A. Martin, 

Pocock-street, Blackfriars-road, S E. 





PREVENTING VIBRATIONS IN MARINE 
ENGINES. 
To THE Epitok or ENGINEERING. 

Sir,—In the interesting paper on a‘‘ Method of Pre- 
venting Vibrations in Marine Engines,” published in your 
issue of April 26, the authors observe, under the 6th 
point concerning the difference of the inertia forces in the 
upper and lower half of stroke, ‘‘it has been a common 
error, hitherto, to underestimate the importance of this 
difference.” 
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May I ask you to have the kindness to remember a 
letter you kindly published in your issue of May 27, 1892, 
on page 655, in which I clearly point out the cause of 
the incomplete balancing of Mr. Yarrow’s engines in a 
manner identical with that of the authors, and put it 
down as conditio sine qué non that the bob-weights should 
be placed opposite to the ——— and worked by an 
eccentric, the stroke of which bears'the same proportion 
to the length of its rod as the stroke of the engine to its 
connecting-rod. 

As for the precision of balancing with three identical 
engines, working with cranks 120 deg. apart, the degree of 
precision yd be demonstrated in a more simple manre’, 
in showing the vertical motion of the centre of gravity of 
the moving parts, than either by the formula put forth by 
the authors or that of Radinger in his famous ‘‘ Dampf- 
maschinen mit hoher Kolbengeschwindigkeit,” edition 
1892, in which the force of inertia 
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gravity = (0.000004) , and the maximum force of inertia 
= 0.000072 of the analogous maximum of the unbalanced 
engine. This would make nearly 0.9 Ib. only in engines 
similar to those described by the authors. 

The situation of the centre of gravity has been found as 
follows (supposing the three engines to be identical) : 

EF Gis an arcus designed with the length of con- 
necting-rod from its Png dead centre; O F is the radius 
of the cranks, a, 6, c the momentary position of the crank- 


pins. MakeQS = 1} +asth, and you find in OS 


the distance of the centre of gravity from the centre of 
stroke. 

In this way you find the whole vertical displacement of 
the centre of gravity, making six full oscillations while the 
system makes one revolution, and as the centre moves 
nearly so as if driven by a connecting-rod of infinite 
length, the force of inertia for moving the whole mass may 
be established. 

I remain, Sir, yours respectfully, 


. WITTENBERG. 
Nagy-Kanizsan, May 17, 1895. 








BALANCING MARINE ENGINES. 
To THE EDITOR OF ENGINEERING. 

Sir,—In reply to Mr. Matthey’s letter upon the state- 
ments contained in the paper by Captain Sankey and my- 
self (read before the Institution of Naval Architects this 
spring), I do not think he has given us reason to withdraw, 
or to modify, anything whatever. Mr. Matthey’s first figure 
shows a perfectly balanced engine, with only three cranks, 
but I have to remark (1) that this form is distinctly 
pointed at in my observations at the close of the paper, 
which were printed with it in ENGINEERING, page 559. I 
said: ‘There is only onecase in which bob-weights (can) 
balance both couple and force, namely, when they equal 
the pistons in weight, move in the same line with them, 
and in opposite directions.” This is exactly the engine 
shown by Mr. Matthey, who hag, of course, used his large 
bob-weight as a piston. I am perfectly familiar with 
this type of engine, and have illustrated it in a paper 
read recently before the Institution of Electrical Engi- 
neers. 2. The paper Mr. Matthey criticises was read 
before the Naval Architects, and had exclusive reference 
to marine engines ; it would have been waste of time to 
discuss a balance engine which, on shipboard, must be a 
horizontal engine, and which, if it is not to have dead 
— must have six cranks. In other words, Mr. 

fatthey’s engine has the same number of cranks as 
advocated by us, and less convenient arrangement of 
cylinders. 

Mr. Matthey’s Fig. 2 is surely intended for a joke. IfI 
can understand it at all, it is to show how you can balance 
piston A (3 tons) by bob-weight D (4 tons) and bob-weight 
E(1 ton). Quite so, but this is only his own Fig. 1 over 
again, and as it has all to be repeated for his other piston, 
we come again to six cranks, with 14 tons of bob-weights 
to balance every ton of piston, and with the drawback, 
as before, of having to hang half the bob-weights under 
the ship’s bottom. 

In his Fig. 3, Mr. Matthey, no doubt, obtains an 
approximate balance, subject to making his links of such 
length that they shall not, by their obliquity, cause the 
counterweights to vary their velocity differently from that 
of the main pistons. Iam not clear that when this is 
worked out, the counterweights will be quite so neatly 
housed as they are in the drawing. But even if this gave 
rise to no difficulty, we should lon doubled our piston 
weights uselessly, and have added two sets of links and 
rocking beams. We have, in fact, come back to our 
three sets of pistons in another form, with a mechanical 
substitute for cranks. In a marine engine, with no 
dead centre, the whole business must be doubled, eo that 
we return again to six lines of parts, of some sort or other. 
The six (or five) crank engine, recommended in the paper 
before quoted, has no useless material in — 
nor in cranks, or links for driving them, and I believe 
that, power for power, it cannot fail to weigh considerably 
less than the counterweighted two-crank engine proposed 
by Mr. Matthey. The lightness of the several lines of 
parts, and their shorter stroke, justify a higher number 
of revolutions, and so again act favourably upon weights, 
while any one, who has experience in interchangeable 
work, will know how many counterbalancing advantages 
attach to the use of several small and similar parts, in 
comparison with a few large but dissimiJar ones. On 
purely practical grounds, T tas little doubt that the 
vibration difficulty will find its lightest, cheapest, and 
most convenient solution in the special six-crank engine 
which Captain Sankey and I have described. 

Your obedient servant, 


Mark RoBINSON. 
Falmouth, May 20, 1895. 





STEAM PIPES. 
To THE Epitor or ENGINEERING. 
Sir,—Since the publicat‘on of the paper on “‘ Steam 
Pipes,” read by me at the last meeting of the Institution 
of Naval Architects, Messrs, Elmore’s Patent Copper 
Depositing Company, Limited, have communicated with 
me, expressing surprise and doubt as to the accuracy of 





the figures given in the paper as representing the elastic ‘ 
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Report on Specimens of Copper received 
from W. Elmore, Esq., on May 7, 1895. 























Di ions in | Secti | Maximum | | west Done u 
| e | } iP 
out: | Marke cu Inches. | in Perse Fath Stress in | Elonga- | Elong®- ‘contraction | 10 Maximum 
Number|Specimen. | —____________ | Square | ;, Tone per | Tonsper | tionin | tion in of Section Stress in Inch-| REMARKS. 
Inches, Square hob | Square Sin. | In. 7 Tons per | 
Wid:h, | Thick. q | Iuch. Cubic inch. 
| | | per cent. | percent, | per cent. 
1650 C, 1469 | 0.187 0.2747 2.276 | 13.09 | 45.83 | Annealed. 
1651 Cc. 1.485 0.1895 0.2814 15,10 16.48 | 13.13 
1652 Cc. 1.503 | 0.185 0.2781 15.28 16.91 | 14.75 
1653 L. 1.500 , 0.19385 0.2903 15.07 15.67 | 21.25 
1654 L. 1.498 | 0.193 0.2891 15.56 16.03 | 1788 
1655 L. 1.503 | 0188 0.2826 1.769 | 13.13 | 48.13 Annealed. 
(Sigred) W. O. Unwin, Professor of Engineering. 


limit of their material, and they have had some tests 
made by Professor W. C. Unwin in my presence, which 
show that the material, as supplied by them, possesses a 
high ratio of elastic limit to ultimate strength. I will, 
therefore, be obliged if you will publish the results of 
these tests inclosed herewith. 

The samples submitted were what Messrs. Elmore call 
their “soft deposited copper,” which, they claim, will 
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stand all the ordinary workiog of the coppersmith with- 
out annealing. 

The tests made by Professor Unwin iacluded auto- 
graphic diagrams, showing the extension and stress 


ere Those of the annealed copper were of 
precisely similar form to those of ordinary good commer- 
cial copper. 


I am, Sir, yours obediently, 
J. T. MixTon. 
Lloyd’s Register of British and Foreign Shipping, 
2, White Lion-court, Cornhill, E.C., May 17, 1895. 





THE MANUFACTURE OF ENAMELLED 
IRON. 
To THE EDITOR OF ENGINEERING. 

S1r,—I should be very much obliged if you, or any of 
your readers, could inform me, through your columns or 
otherwise, where I could get particulars of the methods 
employed in making enamelled iror, such as is so largely 
employed for advertisements. Perhaps you could give 
me the name of some text-book containing the elementary 
information. ——— you in anticipation, 

Tam, Sir, faithfully yours, 
Dablin, May 11, 1895. Irish READER. 





FAST RAILWAY RUNNING. 
To THE EprTor oF ENGINEERING. 

Sir,—The Americans have justly earned the title of the 
most go-ahead nation in the world. If they cannot ‘lick 
creation,” they can at all events generally manage to 
settle the Britisher. Having lust their once foremost 
position in the Atlantic shipping trade, they have, of late, 
turned their energies in the direction of fast railway 
running. Ab intervals during the past five years or so we 
have been treated to some fine records: speeds of 80, 90, 
and 100 miles an hour have successively followed one 
another, and all are given with the utmost assurance of 
veracity. I suppose we in this backward old country 
are blessed with unduly sensitive nerves; in fact, 
there can be no doubt about the matter, for 
during the ‘‘race to Edinburgh,” in the summer of 1888, 
the dailies were full of protests anent the unheard-of reck- 
lessness exhibited in running trains at an average speed 
of 60 miles an hour. What these people would say were 
our railways to run as they apparently do in America, it 
is not worth while to inquire, but I believe I am not 
overstating the fact when I say that there are locomotive 
superintendents in this country who firmly believe that 
their engines and permanent way are so constructed as to 
admit with safety the highest possible speed which the 
locomotive is capable of attaining. These men have a 
very shrewd idea as to the capacities of their engines ; 
but if I were to suggest to the superintendent of 
the Caledonian, for instance, that one of his engines 
could travel from Symington to Carlisle, a distance of 
60? miles, in 474 minutes (= 764 miles per hour), he would 

ronounce the feat impossible; or take, for instance 
Geeauee to Paddington, on the Great Western, o6 
miles, in 44} minutes. Both these runs are downhil 
nearly the whole way, and I have taken them for the 
purpose of bringing home to your English readers what 
this American performance really means. 

I think few will ba inclined to disagree with me when 
Isay that either American engines are capable of running 
much faster than anything yet built this side of the 
water, or else this run, and many others of a like nature, 
does not represent the true facts. As regards the first, I can 
only say persoza'ly that, having wat hed from thefootplate 





the working of some of our finest express engines ; having 
seen these engines extended like a racehorse in training 
under the skilful hands of men who spent the best years 
of their lives in learning how to get the best ounce out of 
their machines; I say such running is impossible—in 
England. 

Referring to the details given in your article, I would 
suggest that they are far too meagre to be of any real value, 
In the first place the time is only given in fractions of a 
minute, instead of seconds ; thus it is impossible to accu- 
rately note a passing station, as there is no fixed point to 
take. What this leads to may be judged by working out 
the speeds between stations as given in the ‘*‘ official ” 
timing ; thus Atco to Waterford gives 91.2 miles an hour, 
and Ancora to Winslow 92 miles per hour, while we have 
it that the fastest single mile did not exceed 87.8 miles per 
hour. I presume the times passing mile-posts were noted, 
as that is the only reliable method of timing such a run. 

hy are they not given? We are told nothing whatever 
about the gradients, a most important matter, especially 
as few people in England have any accurate knowledge of 
American roads. 

Without wishing to be discourteous to our cousins over 
the water, may I suggest that a little more light on the 
subject would be acceptable to the incredulous Britisher? 

am, Sir, yours faithfully, 

May 21, 1895. A. G. R. 





To THE EprtTor or ENGINEERING. 

S1r,—I read your article on that fast run on the Penn- 
sylvania railroad. I inclose herewith for your perusal 
three months’ reports of a certain train over that very 
samerun. I have every reason to believe that they are 
correct. The distance in this case, however, is given as 
554 miles. You will see that full particulars of the run 
each way for every day during the three months are given. 
The results were about the same both ways, so no question 
of gradients comes in. I was particularly struck by the 
uniform speeds kept up; no fabulous 90 miles-an-hour 
speeds recorded ; they seldom registered more than 70. 
The fastest run was done in 514 minutes, with a train of 
342 tons. The average during the whole of the three 
months gave us this result: 554 miles in 564 minutes, with 
411? tons. 

The engine used was one of Vauclain’s compounds, So 
they can do what al/ compounds cannot, and that is, run. 

Yours faithfully, 

May 21, 1895. H. Rotrs. 

P. 8.—Would it be out of the way at all to point oud 
a little ambiguity in the seventh line of paragraph 2 of 
‘*Novoye Vremya’s” letter this week. ‘* He,” of course, 
refers to ‘J. D. T. ;” it reads as if meaning your humble 
oo I offer the writer my apologies for taking this 
iberty. 





PORTLAND CEMENT. 
To THe Epiror oF ENGINEERING. 

Srz,—In reply to the letter of Mr. W. R. Taylor in 
your last week’s issue, would you kindly allow me to 
quote that gentleman’s letter in your issue of March 1, in 
which he gives the following comparative tests : 

From Duffield and Taylor’s, 
Smallest Size Patent Hedge. 
Runner Mill, Trace on a 


From Millstones, 4 per 
Cent. on a 50 x 50 Mesh. 


Three of Sand and One 50 x 50 Mesh, or 32 per 
Cement Compound, Cent. on a 32,000. Three of 
28 Days. Sand and One Cement 
Compound, 28 Days. 
No.1. _ No. 2. 
lb. per sq. in, Ib. per sq. in. 

240 250 

250 280 

230 200 

260 190 

980 920 

Average 245 Average 230 


These results distinctly show that the cement ground 
by his edge-runners, so as to leave only a trace of residue 
on a 50 x 50 sieve, is not equal in cementitious value to 
the same cement ground by ordinary millstones, and 
leaving as much as 4 per cent. on a 50 x 50 sieve. 

I therefore see no reason to alter the opinion I expressed 


in the paper referred to. 
Yours traly, 
D. B, Burin, 


41, Old Queen-street, Westminster, London, S.W., 
May 20, 1895, 
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SIGHT-FEED CYLINDER LUBRICATOR. 

Ws illustrate on this page a sight-feed lubricator 
lately introduced by Messrs. John Smith and Co., 
Derby, for lubricating the cylinders of locomotive 
and stationary engines. The working of the instru- 
ment will be readily understood on referring to Figs. 1 
and 2. It consists essentially of a condenser G and an 
oil reservoir R, connected together by two vertical 
tubes, one of which is of glass. At starting, the con- 
denser G being filled, or partly filled, with water, and 
the oil reservoir R being filled, or partly filled, with 
oil, and the screw or other plugs or caps being screwed 
down or closed, the communication valve or steam 
cock A and the regulating valve C are opened. Steam 
is admitted by the former to the condenser, where it 
condenses and passes down the vertical tube T to the 
bottom of the oil reservoir, where, by its superior 
specific gravity, it displaces the oil, and causes it to 
rise and pass through the regulating valve C and 
delivery nozzle, whence it floats upwards, drop by 
drop, through the water in the sight-feed glass and 
condenser. It then passes through the oil outlet, and 
thence to the parts to be lubricated. It will thus be 
seen that the water flows vertically down from the 
condenser in a column to the bottom of the oil reservoir, 
and the oil which it displaces rises vertically upwards 
(except when passing through the regulating valve) 
through the delivery nozzle and sight-feed glass, to the 
surface of the water in the condenser, and away to the 
cylinder. 





MISCELLANEA. 

Messrs. JOSEPH WRIGHT AND Co, of Tipton have re- 
cently introduced some improvements into the Martin 
anchor, which have enabled one in a recent test to de- 
struction by Lloyd’s to stand 400 per cent. above the 
Admiralty test. 


At the meeting of the London Council, held on Tues- 
day last. it was announced that the work done by the 
Works Department for the Bridges Committee showed an 
excess of 8779/. on the estimate of 19,112/., equal to 
nearly 22 per cent. The estimate had originally been 
approved by the department. 


The s.s, Germanic, of the White Star Line, which was 
builo by Messrs. Harland and Wolff, Belfast, some 
twenty years ago, and has been in constant service ever 
since, has recently been overhauled by the builders, and 
supplied with new boilers and with triple-expansion en- 
gines in place of her old compound ones, The boat is 
stated to have already run over 14 million statute miles. 


The Secretary of State for Foreign Affairs has learned 
from Her Majesty’s Consul at Corunna that the Spanish 
Government have invited tenders for the construction of 
a quay in Gijon Bay and for deepening the first and 
second sections of the River Aviles. Tenders will be 
received up to June 17 next, at the office of the Minister 
of Public Works at Madrid, and some further particulars 
may be seen on application to the Commercial Depart- 
ment of the Foreign Office, between the hours of 11 and 6. 


The light railways of Belgium, numbering 63 lines, 
are administered by a national society, which is undes 
Goverament control, the president being appointed by the 
King. The lines aggregate 773 miles length, of which 
614 miles are on the metre gauge, 130 miles on the Dutch 
gauge of 3 ft. 6in., and the remaining 29 miles are 
standard gauge. Most of the lines are worked by steam, 
though one, six miles long, is operated electrically, on the 
overhead trolley system. Mixed trains are rup, the 
goods wagons being next the engine. 


At a special meeting of the Durham City Council, held 
on May 8, to finally select one of the many schemes sub- 
mitted to them for sewering the city axd the construction 
of sewage purification outfall works, the first premium 
was awarded to Messre. Lomax and Lomax, A.M.I.C.E., 
Grosvenor Chambers, Desnsgate, Manchester, Mr. D. 
Balfour, M.I.C.E., being awarded the second premium. 
Messrs. Lomax and Lomax have adopted the ‘* Interna- 
tional ” process of purification, which involves precipitation 
of the organic matter by means of chemicale, and subse- 
quent filtration of the eftiuent through polarite. 


The Mansion House Association have invited the atten- 
dance of public authorities, commercial and agricultural 
organisations, and traders and agriculturists, at a con- 
ference to consider the recent decision of the Railway 
Commissioners in regard to the preferential railway 
rates on foreign merchandise question, and the bsst 
means of securing for home produce and manufactures 
the advanteges which are accorded by the railway com- 
age? to imported merchandise. The conference will 
»e held (by permission of the Lord Mayor) at the Mansion 
House, on Decker next, the 28th inst.. at half past two, 
under the presidency of Sir James Whitehead, Bart. 
Tickets of admission can be obtained at the offices of the 
ree at Eastcheap Buildings, Eastcheap, London, 
1.C. 


The summer meeting of the Royal Agricultural Society 
of England will commence at Darlington on Saturday, 
June 22, and extend to Friday, the 28th. The total 
amount of space allotted in the Implement Department is 
12,597 ft. run, exclusive of open ground space, as com- 

red with 13,402 ft. at Cambridge last year, 13,018 ft. at 

hester in 1893, 12,511 ft. at Warwick in 1892, 12,473 ft. 
at Doncaster in 1891, and 9078 ft. at Plymouth in 1890. 
Twenty-three entries have been received fcr tke prizes 
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offered four hay and clover making machines, and it is 
proposed that the trials shall take place in the neighbour- 
hood of Darlington during the first week of July. A 
total of 73 entries of ‘‘ new implements” have been made 
for the Society’s silver medals. There will be competi- 
tions of buttermakers and shoeing smiths, and demonstra- 
—_ of killing, plucking, and trussing poultry and in bee 
riving. 


In a paper on ‘‘ Face-Hardened Armour,” contributed to 
the Proceedings of the United States Naval Institute by 
Lieut. A. A. Ackerman, it is stated that greater care has to 
be taken in selecting ingots for Harvevised plates than for 
ordinary oil-tempered plates. The plate, before Harvey- 
ising, is forged to nearly the finished dimensions, and 
rough machined, au allowance being made in its thickness 
tocompensate for the oxidising of the back in the cementa- 
tion furnace. Allowances are also made in lengtb, width, 
and the angles of the sides with each other and the faces, 
it being generally found that all faces become convex. 
These allowances vary with every thickness and shape of 
plate. The face of the plate is then carefully scaled—an 
important matter, as the carbon must reduce any oxide 
before it can act in further carburising the plate. The 
strips that are to remain soft for bolt-holes, &c., are then 
marked off, and in the furnace are in contact with sand 
instead of the carburising material. All the remainder of 
the face, with the exception of a narrow strip round the 
edge, is then cemented. Plates of small curvature are 
bent before carburising, whilst where the curvature is 
greatest the bending is done after this, but before temper- 
ing. In this case superficial cracks sometimes appear. 
Whatever the shape of the plate, a bed to correspond is 
swept io the sand on the floor of the furnace, and upon 
this is placed a 6-in. layer of Harvey’s mixture, consisting 
of about equal parts of animal and wood charcoal. After 
placing the plate in the furnace, its sides and back are 
covered with sand, rammed down, and then by a layer of 
firebrick, and the temperature raised to from 2230 deg. 
Fahr. to 2500 deg. Fahr. When the operation is com- 
plete the plate must be cooled slowly. The plate is then 
machined and bent to such a shape as will give the desired 
form after tempering. This latter is done on a tempering 
stand, a powerful spray being forced on the highly heated 
plate from a number of small evenly spaced jets. 


On Monday evening, the 13th inst., a paper, entitled 
“Some Remarks on Water-Tube Boilers,” was read 
before the members of the Hull and District Institution 
of Engineers and Naval Architects by Mr. A. E. Seaton, 
M.I.C.E.. &c., who stated that in former years the use of 
this form of steam generator has been restricted on 
account of the difticulty of obtaining suitable feed water. 
The perfecting of the evaporator had now, however, em- 
boldened engineers to again adopt this type. Diagrams 
were given, showing the elements of the Belleville, Bab- 
cock and Wilcox, Du Temple, D’Allest, Thornycroft, 
Yarrow, and Normand boilers, as well as an illustration 
of the Goldsworthy-Gurney boiler, invented in 1827, of 
which the most successful modern forms of water-tube 
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boilers were more or less the outcome. The lecturer 
described the priaciple on which water-tube boilers should 
be constructed, and argued that there was strong presump- 
tive evidence that a water-tube boiler must be lighter, 
safer, and more efficient than an ordinary cylindrical one. 
Another point in their favour is the rapidity with which 
steam could be gotup. The fact that accidents had hap- 
pened with these boilers was freely admitted, but on the 
other hand, it was pointed out that accidents with tank 
boilers of all classes have been, and still are, of almost 
daily occurrence. The claims of the water-tube boiler for 
consideration were (1) that it was a safe one to employ for 
steam of very high pressures, and was thus specially suit- 
able for quadruple compound engines, and (2) that it is 
very much lighter than any other form for the steam pro- 
duced, and hence admitted of higher speeds in all classes 
of ships than are attainable with the tank form of boiler. 
Figures taken from actual practice were adduced in sup- 
port of the claims made, especially in the comparison of 
weights of various types of water-tube boilers per indicated 
horse-power as — cylindrical boilers. The reading of 
the paper was followed by a discussion. 


A general meeting of the members of the Federated 
Institution of. Mining Engineers will be held in London 
on Thursday, May 30, at 12 noon, and on Friday, May 
31, at 10 a.m., in the rooms of the Society of Arts, 20, 
John-street, Adelphi, London, W.C. Arrangements 
have been made for a visit to the Blackwall Tunnel 
Works of the London County Council on Saturday, 
June 1. The programme at the meetings will be as follows: 
On Thursday, May 30, the following papers will be read, 
or taken as read: ‘‘ Presidential Address,” by Mr. W. N. 
Atkinson. ‘‘Notes on Bauxite in County Antrim, &c., 
and its Uses.” by Mr. George G. Blackwell. ‘‘ Sampling,” 
by Mr. T. Clarkson. ‘‘ Blasting Explosives,” by Pro- 
fessor Vivian B. Lewes. ‘The Gold-milling Process at 
Pestarena,” by Mr. A. G. Charleton. The following 
paper will be open for discuesion: “The Shaw Gas 
Tester for Detecting the Presence and Percentages of Fire- 
damp and Choke-damp in Coal-miner, &c,” by Mr. Joseph 
R. Wilson. On Friday, May 31, the following papers 
will be read, or taken asread: ‘‘ Remarks on the Banket 
Formation of Johannesburg, Transvaal,” by Mr. A. R. 
Sawyer. ‘The Composition of the Extinctive Atmo- 
spheres Produced by Various Flames and by Respira- 
tion,” by Professor Frank Clowes. ‘‘The Composition of 
the Limiting Explosive Mixtures of Various Gases with 
Air,” by Professor Frank Clowes. ‘‘The Mineral Oils 
of Lower” Elsass,” by Dr. L. van Werveke. ‘‘ Copper- 
Mining in India,” by Mr. Robert Oates. ‘‘The Recent 
Magnetic Survey of the United ——. by Professor 
A. W. Riicker. “The MacArthur-Forrest Process,” by 
Mr. John McConnell. The following papers will be 
open for discussion : ‘‘ Investigations on the Composition, 
Occurrence, and Properties of Biack-damp,” by Messrs. 
W. N. Atkinson and J. S. Haldane, -‘* Lithographic 
Stone and its Uses,” by Mr. Edmund i _ The 
annual dinner will be held at 7 p.m. on Thursday in the 
Ho!bern R-stcurant. 
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INDUSTRIAL NOTES. 

Tue general summary as to the state of employment 
in most of the industries for which returns have been 
received by the Labour Department of the Board of 
Trade shows an improvement, on the whole, as com- 
pared with the report of last month ; but the percent- 
age of unemployed remains, unfortunately, almost 

unchanged. This is mainly due to the falling off in 
mining operations, at least in so far as the number 
employed is concerned, Altogether 84 unions made 
returns, with an aggregate membership of 386,627, of 
whom 25,174, or 6.5 per cent., were unemployed, as 
compared with 6,1 per cent. last month. The difference 
is 0.4 per cent. worse than in the previous month. The 
roportions out of work are as follows: In 52 unions, 
with 146,042 members, the number unemployed was 
under 5 per cent.; but in 12 unions, with 147,880 
members, there were from 5 to 7 r cent. unem- 
ployed; in nine unions, with 12,738 members, there 
were from 7 to 10 per cent. unemployed ; and in 11 
unions, with 79,967 members, there were 10 per cent, 
and upwards out of work. A total of 25,174 out of 
386,627 is a large proportion, especially at this season 
of the year. 

As regards employment in various industries, the 
returns include those received from the owners of 1004 
coal pits, at which 249,768 workpeople are employed ; 
these show an average employment during the month 
of 4.46 days per week, as compared with 4.93 in the 
month previous, and 4.61 in the same month of last year. 
It appears that there is a considerable increase in the 
number of unemployed members in the North of Eng- 
land coalfields. To some extent the large number of 
unemployed miners is due to the fact that there was a 
large increase of men employed at and in mines in con- 
sequence of the introduction of new men by the strikes 
of the last few years. In the ironstone mines, also, 
there has been a falling off, though slight. At 92 
ironstone mines, employing 12,418 persons, the average 
number of working days was 5.4 per week, as com- 
pared with 5.6 in the previous month. In mining, 
therefore, the state of trade does not appear to have 
improved. 





The number of furnaces in blast in the pig-iron in- 
dustry, owned by the ironmasters making returns, has 
increased from 281 to 283, but the total number em- 
ployed has been about the same as last month. At 
228 steel and tinplate works, rolling mills, and puddling 
furnaces, from which returns have been received, some 
59,060 were employed, showing a decrease in employ- 
ment of 4.5 per cent. on the whole. But this was 
wholly due to the tinplate industry, where the de- 
crease amounted to 7.7 per cent., showing that in the 
other cases there was an increase of 3.2 per cent. The 
improvement in the engineering trades and cognate 
branches of industry was only equal to 0.6 per cent., 
the proportion of unemployed being 7.2 per cent., as 
compared with 7.8 per cent. in the month previous, 
The same slow process of improvement is manifest in 
the shipbuilding trades, where the unemployed only fell 
from 12.4 per cent. to 12.1 per cent.; but in the same 
month of last year the ratio was 13.3 per cent. All 
these figures show that the severe crisis in the iron and 
steel trades, in all branches, is but very slowly passing 
away. 

In the building trades the percentage of unemployed 
has fallen from 4.9 to 3.3 per cent., but the state of 
trade does not appear to be as good as last year, when 
the proportion was 2.8 per cent. at the same date. All 
branches of the wood-working and furnishing trades 
have improved slightly, the ratio of unemployed being 
3.4 per cent., as compared with 4.7 per cent. last 
month ; but last year, at the same date, the proportion 
was only 3.2 per cent. In the printing and book- 
binding trades there was a slackening off, the per- 
centage rising from 4.9 last month to 5.4 at the date 
of the returns. In the clothing trades there is im- 
provement, both in the ready-made and in the bespoke 
departments. Trade is busy in most centres, overtime 
being worked in some instances. In the boot and shoe 
trades the dispute has affected employment, but em- 
ployment in most branches was plentiful, except in the 
heavier departments of the trade. In the textile trades 
some improvement is observable, especially in the 
weaving departments of the cotton trades. The 
woollen and worsted trades have also improved, par- 
ticularly the latter. The hosiery trade is mode- 
rately employed, and some improvement is visible in 
the silk trade, and in some branches of the lace trade. 
The employment of women in the textile trades has 
improved from 62 to 84 per cent. in full employment in 
the month. In so far as women labour is concerned, 
the improvement is pretty general, only a few mills 
being on short time, and only 2 per cent. partially or 
wholly closed. 





Employment in the mercantile marine is not im- 
— and as regards British seamen the decrease is 
coming very serious. The number actually shipped 
at the principal ports was only 2 per cent, less than in 


the previous month, but it was 9.1 per cent. less 
than at the same date in 1894. The proportion of 
Lascars and of foreign seamen is becoming very large 
indeed. There was a slight improvement as regards 
the employment of dock and riverside labour, as 
compared with the month previous. In London 
alone the total, or average daily number, increased 
from 13,235 to 13,524. Employment by the dock 
companies has fluctuated in the last two months, but 
always tending to a higher level till towards the end 
of the month, when it was about the same as last year at 
the same date. Thegeneralaverage was higher than last 
year over the same two months. In the agricultural 
districts employment was steady ; in some places there 
was an increased demand for labour in excess of the 
supply, and irregular work was quite exceptional. A 
careful survey of the whole of the industries reported 
upon, in more or less detail, discloses the fact that 
trade is, in most cases, slightly improving, but not 
largely in any instance. 


As regards trade disputes, the number of fresh dis- 
putes in the month was rather large, 83 as compared 
with 49 in the month previous ; but last year in the 
same month the total was 113. Of the total, 28 disputes 
occurred in the building trades ; 15 in the iron, steel, 
and general metal trades ; 19 in mining and quarrying 
industries ; six in the textile trades, five in shipbuild- 
ing, two inconnection with dock labour, one in the 
boot and shoe trades, and seven in miscellaneous in- 
dustries. In 72 out of the 83 disputes some 11,215 
persons were affected, being an average of 156 persons 
to each dispute, as compared with 1312 in the month 
previous, This disproportion was caused by the very 
large dispute in the boot and shoe trades. Sixteen old 
disputes were settled in the month, and at its close 
there were 26 new and 21 old disputes unsettled, about 
6000 persons being concerned in the total of 47 dis- 
putes then existing. Fortunately none of the new dis- 
putes were of a serious character, nor have any such 
developed since the date at which the report closes, 
Some of the uneasiness at the docks seems to have 
settled down, and some incipient disputes in the mining 
districts have been averted. The same is also true as 
to the Scotch miners. 








The changes in wages during the month were very 
considerable, mostly in the direction of reductions in 
wages. There were 210,000 persons directly affected, 
as compared with 113,000 in the month previous, and 
15,750 in the manage 4 month. Of the total, 201,500 
suffered reductions, of whom a large proportion were 
miners in Durham, Northumberland, and Scotland. 
About 8500 had their wages increased, of whom 
6650 were building operatives in various parts of the 
country. Reductions in the hours of labour were 
effected in several instances, some 4500 partici- 
pating in the change, of whom 3850 were in the 
building trades. As regards seamen and firemen, 
there was an increase of rates at London, Belfast, 
and Swansea, but a decrease at Liverpool of from 
5s. to 103. per month ; to the Mediterranean of 10s., 
and to the north-east coast of North America, 5s. 
per month ; to Australia and New Zealand there was 
a similar decrease. Among those getting an increase 
are 1000 apprentices in the Government Dockyards, 
who have fa advanced 1s. per week in all grades, 
The steelworkers of Barrow and Middlesbrough suf- 
fered reductions, and also some men at the steel works 
at Leeds and Consett. In the textile trades there 
were three reductions and three advances, the former 
affecting 286 persons and the latter 218 persons. The 
only long roll of advances in wages and reductions in 
working hours was among the building operatives. 





The Financial Secretary to the Admiralty received, 
towards the close of last week, a deputation represent- 
ing the Seamen and Firemen, who sought to apply the 
fair wages clause to all vessels employed in any way 
by the Admiralty. The contention was that all the 
shipping companies employed by the Admiralty, except 
one—the Donald Currie Company—underpaid the sea- 
men and firemen, and also employed a large number of 
Lascars and foreign seamen. In reality, the deputa- 
tion rather urged that the Government should inter- 
fere to fix a minimum rate of 4/. 10s. or 4/. 15s. in all 
cases where the Government employed the ships of a 
private firm or company. Sir Ughtred Kay-Shuttle- 
worth promised to consider the claims put forward, 
but he reminded the deputatiou that already the men 
were under the Merchant Shipping Acts, a code of 
laws superior to any other affecting workmen, 





The monthly report of the Boilermakers and Iron 
Ship Builders shows a very slow and gradual improve- 
ment in trade, just sufficient to indicate that trade is 
mending. The total number on the funds was 6577, 
as compared with 7115 last month, showing a decrease 
of 588. The total number out of work, irrespec- 
tive of sick and superannuated members, was 4750, as 
compared with 4922 last month, the proportion being 
12 per cent. as against 13 per cent. last month. This 





is a very large proportion for the time of year, and 


especially when it is thought that we are gradually 
tending towards improvement. The society has now 
nearly 40,000 members and a balance in hand of 
148,687/., and arrears amounting to 76401. Of the 
total balance in hand, 61,4987. 1ls, 2d. was in the 
hands of the 254 branches. The vast financial opera- 
tions of this union are seen by the abstract returns for 
the past quarter, the income being 103,093/. 10s. 8d., 
while the expenditure was 41,676/. 15s. 4d. ; but evi- 
dently in the income side is included in this instance 
the balances of the several lodges. The report affords 
another example of the tight hand which the society 
holds over its members, apart altogether from matters 
of trade. One member was expelled during the 
month for refusing to contribute towards the mainten- 
ance of his wife, inquiries having satisfied the officers 
that the wife was respectable and well-behaved, and 
therefore that the neglect was in no way justifiable. 
The reports as to the state of trade show that the re- 
pairing establishments have been and still are fairly 
busy. In the Liverpool and Birkenhead district a large 
number were employed on repair jobs, but most of 
these ended ere this month’s report was issued, and 
hence the men are again idle, increasing the number 
out of work. The boiler shops are, however, fairly 
employed. In the Scotch shipyards work is coming 
in satisfactorily, so that greater activity is anticipated. 
London work is getting busier, but bridge and girder 
works are slack. 





It is satisfactory to be able to report that there is a 
continued and steady improvement in the condition 
of the engineering trades throughout the Lancashire 
districts ; some branches of these industries are getting 
fairly busy. Heavy stationary engine builders have 
booked a considerable weight of new work recently, 
with the result that several of the leading firms have 
on hand as much work as they can undertake at pre- 
sent; and what is even still more encouraging, new 
orders are steadily coming forward. The leading 
machinists are also mostly well supplied with orders, 
so that in this branch there is greater activity. Machine 
tool makers report new work coming forward more 
freely ; and boilermakers are also becoming busier. 
Locomotive builders generally are getting fairly active; 
new work, in addition to the orders recently placed, 
is coming forward freely. Taking the several dis- 
tricts as reported to the Labour Department of the 
Board of Trade, it appears that in the Manchester and 
Salford district all the engineering branches are de- 
scribed as ‘* moderate,” with a decrease of 10 per cent. 
in the number of unemployed. In the Oldham district 
there are also indications of improvement, trade being 
moderate with fewer unemployed. In the Bolton dis- 
trict there are fewer unemployed in the engineerin 
branches ; the textile departments being busy, an 
jobbing shops exceptionally so. In the Wise istrict 
improvement is visible in the engineering branches, but 
the iron and steel rolling mills are but irregularly em- 
ployed. In the Burnley and Accrington districts only 
a few are unemployed in the engineering industries, 
all branches being moderately busy. The iron trade 
generally is not quite so active as it was; the spurt 
was only for a time, but makers are so well sold that 
the market rates are unchanged. The finished iron 
branches are slowly improving, with prices firm. In 
the steel trades a fairly good tone is maintained, and 
the outlook generally is hopeful. 





In the Wolverhampton district the general impres- 
sion is that we have at length turned the corner in the 
direction of better trade. Specifications are coming in 
freely, with urgent requests for early completion, 
while expiring contracts are being renewed on more 
favourable terms for makers and sellers, Inquiries are 
numerous and good from export agents, and consumers 
at home are sending in large orders, the run chiefl 
being on common bars, sheets, and hoops. Prices all 
round have become firmer, and in some qualities and 
sorts there has been an advance on all deliveries beyond 
a month, Prices are stiffening for pig iron also, by 
reason of a slight advance on the prices of outside 
brands in competition with local makers. The steel 
trades also manifest improvement. In all the engi- 
neering branches of industry the improvement is 
manifest. 


In the Birmingham district the iron trade continues 
to improve; in spite of some drawbacks connected 
with market speculations, prices have made some 
further advance, The improvement, however, is 
mainly confined to certain branches, mostly pig of 
medium and cheaper qualities, black and galvanised 
sheets, and tube strip. The volume of business in bars 
is growing, but there has been no advance in price, 
owing to keen competition. Some rather large speci- 
fications are reported from India, Australia, and South 
Africa for galvanised sheets. Black sheets have im- 
proved in position, but present requirements appear to 
be covered, and for some time to come. The engineer- 
ing trades are moderately employed, neither overtime 
nor short time being worked ; but few only are out of 





employment, Toolmakers are better employed, none 
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on short time, and some onovertime. The electrical 
trades generally, the engineering branch especially, 
are good. In the South Staffordshire districts the heavy 
iron founders are fairly busy ; in roll-making the men 
are working overtime. Edge-tool makers are fairly 
well employed ; the enamelled plate workers are busy ; 
the iron trade is improving, and the steel trades con- 
tinue to improve slowly. In the Coventry and North 
Warwick districts engineering is constantly increasing 
in volume. 





The Postmaster-General has, in accordance with the 
forecast in ‘‘ Industrial Notes,” granted a Committee 
to inquire into the grievances of the postal employés. 
The Committee is, in a sense, departmental, but 
only one representative of the Post-Office will be 
on it: the other members will be selected from the 
Civil Service, with one from the Labour Depart- 
ment of the Board of Trade. The Post-Office Depart- 
ment was altogether averse toa Parliamentary inquiry, 
and not a single member of Parliament is upon the 
Committee. This jealousy, or fear, of the House of 
Commons is quite opposed to the sentiments of the 
members of the Government when in opposition. But 
whichever party is on the Treasury Bench, it always 
prefers a departmental inquiry, if one is to be granted, 
to a Parliamentary inquiry. Those who read between 
the lines can surmise the reason. But aninquiry must 
take place sooner or later, for the departments are 
getting——have got, in fact—the mastery over Ministers 
of State. 





The Factory Bill makes slow progress in Committee, 
and there is a good deal of cross-fighting over some of 
the clauses. The general opinion is that the Bill was 
not wisely drawn ; that it contains too many conten- 
tious clauses, and that its chances of final success are 
small, On the other hand, a section is fighting to 
strengthen the clauses, and that, too, in the direction 
most likely to be resisted, if carried in the Committee, 
on the report stage, and on the third reading. In 
grasping for too much, the probability is that the Bill 
will be wrecked. 





The Unemployed Inquiry still goes on obtaining 
evidence. Last week the witnesses gave evidence on 
Dutch and Belgian labour colonies. In Holland 
there are free colonies for families or households, 
boarders and orphans. The beggar colonies have 
failed. These colonies are supported by the State. 
In Belgium the colonies are penal institutions, with 
a maximum period of two years’ detention. The 
latter system was advocated for the idle mendicant 
class in this country. Mr. W. Mather, M.P., sug- 
gested farm colonies as training farms, with perfect 
freedom, as in Holland, to come and go at pleasure. 
His scheme, he explained, was not for the submerged 
tenth, but for the well-disposed, the genuine unem- 
ployed, who would not take charity. The difficulty 
is that changes in employment are not economical, 
and generally the workmen discourage all such changes, 
even in temporary distress. 





The position of affairs in the building trades of 
London is regarded as critical, inasmuch as the men 
have absolutely refused to arbitrate on the question of 
sub-letting, as part of the terms to be submitted. The 
two rules submitted by the employers are, one on sub- 
letting, the other that union and non-union men shall 
work together harmoniously. There are signs of giving 
way on the part of the men as regards non-unionists ; 
but some are urging an immediate strike against all 
firms who will not re-sign the 1892 agreement. The 
date at which the existing arrangement expires is 
June 1, but no arbitrator vee, Bong as yet appointed. The 
proposals of the masters have been almost unanimously 
rejected at the ballot, so that the Building Trades 
Federation will have to deal with this pronouncement 
whenever negotiations are resumed. 





No further action of a definite kind has been taken 
in the boot and shoe trades, although the negotiations 
are at a deadlock. Sir Henry James has been ill, so 
that the continuance of the difficulty may only arise 
from his inability to be present. But the employers 
and the operatives are at variance as to evidence on 
some of the points suggested by the operatives as 
within the terms of the agreement. There, for the 
present, the matter rests; meanwhile, however, the 
work goes on as usual, 





The Railway Workers’ Union, having declined to 
amalgamate with the Railway Servants’ Society, have 
agreed to amalgamate with the Scottish Society. The 
Intter is in debt about 20/., while the former is strong 
numerically and financially. 


The Cumberland miners have refused to assent to a 
further 10 per cent. reduction in wages as proposed 
by the mine-owners, and the latter have in conse- 
quence closed some of the pits, and have given notices 
as to other pits. The men state that the object is to 


coalowners, whose action, in reducing the wages of 
the miners, the Cumberland men condemn. Whatever 
the cause or causes, the coal trade is not brisk, and 
unless the demand for manufacturing purposes and 
for export largely increases, there will be a further 
decline in the demand for coal, and consequently for 
labour. The season is against some of the coalfields, 
but favourable to those engaged in the export trade ; 
but the latter trade is affected by the larger output 
on the Continent of Europe, and the increasing supply 
of our coaling stations from other sources than Great 
Britain. 


COLLISION ON THE TAFF VALE 
RAILWAY. 

Tuurspay, February, 28, 1895, appears to have been an 
unfortunate day in the working of our railways, as besides 
the accidents at St. Enoch and Wood Green, particulars 
of which we give elsewhere, a mineral train on the 
Rhondda Fach branch of the Taff Vale Railway ran away 
and pitched into another mineral train, doing a lot of 
damage to rolling stock and permanent way, and injuring 
somewhat severely the driver and fireman, who both 
jumped off on seeing a collision was inevitable, and the 
brakesman, who was jerked off his brake and fell on his 
back. The guard, who was on one of the wagons 
pluckily trying to ‘‘ jump” some more brakes on, escaped 
absolutely unhurt. seid 

The engine was an eight-wheeled tank engine, with six 
coupled wheels and radial trailing wheels, running bunker 
first, and weighing yy The coupled wheels are 4 ft. 
64 in, in diameter. e gradients on this line, all falling 
in the direction in which this train was travelling, are 
very heavy, varying from 1 in 36 to 1 in 72 between 
Mardy and Ferndale (nearly two miles), 1 in 50 to 1 in 110 
in the 1? miles between Ferndale and Tylorstown, and 
from 1 in 55 to 1 in 75 from the latter cabin to National 
Colliery Junction (14 miles), where the collision actually 
took place. The train stopped at Mardy and again at 
Ferndale, and on leaving the former place, about 8 p.m., 
the front portion of the train, consisting of 18 wagons all 
fitted with ‘‘ pin ” brakes, had their brakes pinned down, 
the remaining 11 wagons, fitted with ‘‘ rack ’”’ brakes, not 
being required to be braked in the estimation of the 
driver, who on this railway is held responsible for the 
amount of brake power required. Although the heavier 
gradients occur between Mardy and Ferndale, no difficulty 
was experienced in stopping at both places, and on 
leaving the latter the driver had to put on steam for about 
200 yards. During the stop’at Ferndale the guard also 
examined the brakes as well as the darkness would allow. 
About one mile past Ferndale the driver realised that the 
speed was getting high (the rules limit it to 10 miles an 
hour), and he applied his steam brake, which took but 
slight effect. He thereupon whistled for the guard to 
apply his brake, and also to warn the signalman at 

orstown that he was running past his signals at danger. 
There are two hand brakes in the van, and these were 
both applied and the rails were sanded, and then the 
guard climbed out on tothe wagons in front of his brake 
and “‘ jumped ” four of them before the collision occurred. 
The signalman at Tylorstown telephoned to the National 
Colliery Junction signalman as soon as he received an 
intimation from the preceding cabin that the train 
appeared to be running away, but the coal train which 
was standing on the main line at the Colliery Junction 
was minus an engine, it having gone into a siding to fetch 
some wagons, and was at the time a long way off, too 
far to be called back and get its train off the main line in 
time to avert a collision. 
Major Addison, in his report, considers that the driver 
of the runaway train’ must have miscalculated the speed 
at which he was running, as he is a careful man, with 
twenty years’ experience as a driver, and so put off until 
too late the application of the engine and van brakes. No 
doubt a frost following a wet mist rendered the rails 
exceedingly er at the time. After the collision, 
several of the pin brakes were found unfastened, bub 
whether this was the cause of the running away or the 
effect of the collision, it is impossible to say, and the 
Government Inspector adds: ‘* When the pin is atall 
bent, or if it be nob pushed quite home, it does not hold 
the brake lever very securely, and the rack pattern of 
wagon brake is, in my opinion, preferable ; the latter has 

ther advantage, very clearly brought out in this 
inquiry, viz., that it can be applied, by merely standing 
on the lever, under circumstances when it would be 
practically impossible to pin down a brake.” The 
company’s special rules for working trains down these 
steep gradients place the entire responsibility upon the 
driver of determining the amount of brake power required, 
and he must actually move his train in order to aatisfy 
himself on this point. Major Addison suggests for the 
company’s consideration whether it would not be safer to 
require the trains to be braked to such an extent as to 
oblige drivers to run down inclines with tight couplings, 
such a definite rule being better than leaving everything 
to the driver’s discretion. By all means let the regulations 
be definite, but we cannot but think that a heavier brake 
van than the 10-ton wagons now in use, would largely meet 
the exigencies of the case. Regulating the speed by the 
application of brakes in a van, would certainly increase 
the = on the drawbars of the wagons, but, on the other 
hand, the brake is under the instant control of the = g 
who would always be able to ease off in c se of skidding, 
which is, of course, not possible where the wagon brakes 
are pinned down. 














Cuicaco Exrvatep RarLtroaps.—The Metropolitan 
Elevated Railroad of Chicago was formally opened to the 
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THE PHYSICAL SOCIETY, 


Av the ordinary meeting of the Physical Society held 
on May 10, 1895, Captain W. de W. Abney, President, in 
the chair, Mr. Herroun read a paper on ‘‘ The Iodine 
Voltameter.” After referring to the usual methods of 
determining the value of the small currents used in 
calibrating galvanometers and other apparatus for 
measuring small currents, and discussing the errors to 
which they are subject, the author gave his reasons for 
selecting iodine. He did this since, with the exception 
of mercury in the mercurous state, iodine has the largest 
electro-chemical equivalent, and in addition by titration 
with sodium thiosulphate, it is — to determine the 
quantity of iodine liberated with a greater accuracy than 
can be obtained by weighing a deposit of copper or silver 
with the balance. The solution employed in the volta- 
meter contains 10 to 15 per cent. of zinc iodide. If care 
is taken to leave a small piece of metallic zinc in this 
solution, no free iodine is liberated on keeping, unless 
the solution is exposed to a strong light for some time, 
The anode consists of a plate of platinum at the bottom 
of a tall and fairly narrow beaker. The wire leading the 
current to the anode is encased in a glass tube, so that the 
iodine is only liberated at the bottom of the beaker, 
where, on account of its great density, it tends to collect, 
The cathode consists of an amalgamated zinc rod, which, 
to prevent looseparticlesof zinc falling down intotheiodine, 
is surrounded = a piece of filter paper or vegetable parch- 
ment. In an electrolysis lasting for as long as two hours 
none of the iodine is found to diffuse up to the part of the 
solution near the zinc cathode. Where, on account of 
the extreme feebleness of the currents employed, it is 
necessary to allow the electrolysis to continue for longer 
than two hours, a U-tube is used with two small plugs of 
asbestos at the bend, the anode being in one limb and the 
cathode in the other. With this form of voltameter, 
event after the current has flowed for several days, no 
signs of iodine have been found in the limb containing 
the cathode. 

On account of the production of electric convection cur- 
rents, the iodine voltameter does not seem to be quite so 
suitable for accurate measurements of strong currents. 
After the current is stopped the zinc electrode is im- 
mediately removed, the solution stirred, and the amount 
of iodine liberated determined by titration with 
sodium thiosulphate. The author finds that a convenient 
strength of the thiosulphate solution is one in which 1 c.c. 
corresponds to the amount of iodine liberated by 
5 coulombs of electricity. This solution contains 12.8375 
— of pure recrystallised sodium thiosulphate per 
itre. It is possible to perform the titration to within 0.1 
c.c., which correspounds to 0.5 coulomb, or, if the electro- 
lysis lasts one hour, to ;3;5 ampere. Ina comparison made 
with a silver voltameter, the current as deduced from the 
silver was 0.0264 ampere, and that deduced from the 
iodine 0.0266. The author considers that part of the 
difference may be due to the effect of oxygen dissolved in 
the solution of silver nitrate. 

Professor Carey Foster considered this process for 
measuring currents a most valuable one. The idea of 
using a volumetric method for measuring currents was to 
him new. He did not, however, see the advantage of 
using a substance with a high electro-chemical equivalent 
if a volumetric method was going to be employed to esti- 
mate the quantity of the substance liberated. It would 
be possible to use a chloride, though in this case the 
titration would probably be less accurate. 

Professor Silvanus ‘Thompson said he thought the 
method would be very valuable, but he would like to know 
if any error was was f to arise if too great a current 
density was employed. The number the author had 
assumed for the automic weight of silver (108) was only 
approximate ; if the more accurate value, 107.7, were used, 
the agreement between the results obtained with the 
silver and iodine voltameters would be improved. 

Mr. Trotter asked what was the largest current that 
could be accurately measured. 

Mr. Enright said he had used porous diaphragms in 
iodine voltameters, and found that the iodine collected in 
the positive compartment, while the water was driven 
over into the negative compartment. With strong currents 
it was possible to get almost pure iodine left in one com- 
partment. 

Mr. Watson thought that, since the value for the 
electro-chemical equivalent of iodine used by the author 
was deduced from Rayleigh’s value of the electro- 
chemical equivalent of hee and that Rayleigh’s experi- 
ments were performed in air, the difference obtained with 
the silver and iodine voltameters could hardly be due to 
the course suggested. 

Mr. Elder warned the members that volumetric measure- 
ments were not so accurate or easy as they seemed. He 
particularly mistrusted a solution of sodium thiosulphate, 
since he had found a solution of this substance to change 
even in 24 hours. The difficulty of accurately reading 
the burette might be overcome by weighing the burette 
and its contents before and after the titration. 

The author, in his reply, said that with the size of elec- 
trodes he used (about 9 square centimetres surface), 
0.1 ampere was the maximum current it was safe to use. 
The only substance likely to be produced by too great a 
current density was periodate, which, since it was in- 
soluble, would immediately be noticed. The influence of 
the dissolved oxygen was only appreciable with small 
currents where the electrolysis lasted some time, while in 
Rayleigh’s experiments large currents were employed. 

he Chairman, while returning thanks to the author for 
his paper, mentioned that in his experience he had found 
zinc salts to be very untrustworthy. 

Mr. A. Sharp read a paper entitled ‘‘.A New Method in 
Harmonic Analysis.” 





The author, in this paper, applies the principle of the 
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form of harmonic analyser for giving direct readings of 
the amplitude and epoch of the various constituent har- 
monic terms previously described by him to the perform- 
ance of harmonic analysis without the use of an instru- 
ment. The kinematic principle is as follows: Let the 
curve to be analysed be drawn with a scale of abscissz 
such that the period is 27. Leta wheel w roll on the 
paper, and be connected with a tracing point P in such a 
manner that as P moves uniformly in the x direction the 
axis of the wheel w turns uniformly counter-clockwise in a 
horizontal plane, and the distance rolled through during 
any ghort interval is equal to the corresponding displace- 
ment of the tracer Pin the y direction. The curve traced 
out by w the author calls the roller curve, and from the 
vector joining the initial and final points of this curve the 
amplitude and epoch can be determined. Suppose the 
periodic curve consists of a portion of the curve, y = ay) + 
a; x + 9%? + Gmax™ repeated over and over again. Then 
if the tracer is taken round this periodic curve you get a 
roller curve which may be called the first roller curve. 


If now the curve whose ordinates are SY is traced out, the 


roller curve obtained is the evolute of the first, and so on 
for 3 , &c. The author gives two worked examples, 
x 


and compares the values of the coefficients obtained with 
those given by the harmonic analyser of the Guilds’ 
Central Technical College. 

Professor Henrici said he had not received the paper 
in time to thoroughly master it, but he thought that at 
any rate for curves where no discontinuity occurred the 
relation found by the author between the roller curves 
was always true, the last evolute being a point and the 
one before that a circle. The interesting point was 
whether the method was capable of being used for prac- 
tical purposes, for it occupied a place with respect to 
harmonic analysis similar to that occupied by Simpson’s 
rule in planimetry. 

Professor Silvanus Thompson asked if the author bad 
devised a form of mechanism capable of fulfilling the 
kinematical conditions given at the commencement of the 


aper. 
The author, in his reply, said he had devised such a 
mechanism, and that it was described in his previous 
paper. In addition he had since invented a more prac- 
icable form, which he had patented. 

The Chairman said the Society ought to congratulate 
tself on the large number of important papers dealing 
with harmonic analysis and planimetry that had lately 
been communicated. 





THE EXPLOSION AT FAIRFIELD WORKS. 
ON the afternoon of Monday, April 1, a fatal explosion 
occurred at the works of the Fairfield Shipbuilding and 
Engineering Company, Limited, Govan, the boiler from 
which it arose being a new one of the Babcock and 
Wilcox construction. The case aroused considerable 
interest, and reference was made thereto in the House of 
Commons at the time. It appears that the boiler was 
finished and completely — for work about a month 
previously. ~It was tested by hydraulic and also by steam 
pressure, and all appeared to be satisfactory. For some 
days, it is stated, the boiler had been under steam at a 
pressure of 200 lb. Prior to April 1 some experiments 
were instituted with the view of increasing the steam 
evaporation, in preparation for which some tubes were 
removed, and the openings closed up by means of temporary 
joints consisting of nipples or small pieces of iron, some- 
what after the form of athimble, The boiler was being 
steamed preparatory to higher tests, and when a pressure 
of 70 1b. (according to the statement of the patent 
though this does not agree with the evidence-given below 
was reached, one of the nipples was blown out, the rush 
of steam seriously —s six men who were in the stoke- 
hole at the time, one of them dying shortly afterwards. 

The Board of Trade held a formal investigation under 
the Boiler Explosions Act, 1882, the Commissioners bein 
Sheriff Henry Johnston and Mr. Alexander Gray. 
number of gentlemen interested in the inquiry were 
present. Mr. M‘Grigor conducted the case for the Board 
of Trade, and after his opening statement, the substance 
—— is given above, a number of witnesses were 
called. 

Mr. Andrew Laing, manager of Fairfield Works, 
deposed to their having given the Babcock and 
Wilcox Company particulars of the horse-power and 
quantity of steam required, and that that firm 
supplied the estimate. It was intended, if the results had 
proved satisfactory, to put boilers of the same description 
on board a torpedo-boat destroyer being built for Her 
Majesty’s Navy. The tests were to —t themselves 
before putting the boiler into the vessel. They had not 
previously used boilers of this description in their works, 
but he had seen them elsewhere. The holes in the headers 
were stopped up by nipples putin, he understood, by the 
Babcock and Wilcox Company. The tests, up to the time 
of the explosion, had worked all right. He had seen 
the nipple after the explosion, and there was nothing 
unusual about it. It did not strike him that it 
was not properly expanded. He understood the 
fires were lit shortly after three in the afternoon, 
and the nipple was blown out at 4.20. Altogether about 
68 nipples were inserted in the course of the experiments, 
On March 4 the boiler was tested by hydraulic pressure up 
to 300 Ib., and by steam pressure up to 210 lb. Some altera- 
tions were made by the removal of certain of the tubes, 
and it was after that experiment that the explosion 
occurred. The removal of the tubes took place on March 
25 or 26, and then the nipples were inserted in the holes. 
After that, on Friday, March 29, the test was made, and 
was satisfactory from what he could gather. The follow- 








ing day the boiler was again tested under steam, and was 
again satisfactory. On the Monday when the nipple was 
blown out the pressure was somewhere about 90 lb. 
There was every reasonable precaution taken for the ex- 
periment being made with safety. Ib was usual to fill up 
holes of that description by nipples. The hydraulic test 
was made by his orders as a precaution to see that every- 
thing was sound and the workmanship good. 

Mr. Marshall, engineering draughtsman at Fairfield 
Works, said the experiments proved very satisfactory. In 
a boiler of that type the pressure went up more quickly 
than in ordinary boilers. After the explosion, he found 
the fire in the right-hand furnace out, but the left-hand 
furnace had fire in one corner. He could not in any way 
account for the explosion ; he had no theory respecting it, 
and had learnt nothing from it. He considered tiat 
every precaution was taken at the time. 

By the Court: Witness did not think that the explosion 
was due to the nipple having suffered from expansion or 
contraction through the previous tests. Examining the 
nipple, he remarked that he observed a little greater pres- 
sure on one side compared with the other, and then, apply. 
ing a steel ruler, said he should call the nipple a well- 
expanded one. It was the most suitable fitting he could 
suggest for this class of work in this particular part of the 
boiler. It was possible to close a hole with another fitting 
which would be just as safe. There were other species of 
fittings which were as suitable, but not better. 

Mr. M‘Grigor inquired whether there were other fit- 
tings which absolutely could not blow out without carry- 
ing away part of the header with them. 

Witness replied that was so, but the fittings were not 
applicable to this class of work. If the furnace doors 
had been closed, he thought the force of the explosion 
would have been minimised. The furnace doors were of 
suitable design. He had never before heard of a nipple 
being blown out in a similar manner. He certainly con- 
sidered the nipple was properly expanded. On the Satur- 
day the pressure was 210 lb., and the test was satisfac- 


tory. 

Mr. John M‘Lachlan, foreman engineer at Fairfield 
Works, agreed with the previous witness in not being able 
to give an ——— as to the cause of the nipple being 
blown out. e had not had experience with such nipples 
before. When he saw the steam gauge shortly before the 
explosion the pressure was 90 lb. The fires were low, and 
no further coal was being used. 

John M‘Kinnon, furnaceman, said that five minutes 
before the explosion, the gauge showed about 190 lb. pres- 
sure, and at the time of the explosion it was 210 lb. He 
said to his mate that something was seriously wrong, as 
he had never previously seen a gauge rise so rapidly. 
Just as they were about to clear out the explosion occurred. 
He heard a sound that resembled a gunshot, and the 
steam blew out at the furnace doors, 

By Mr. Watt, for the Babcock and Wilcox Company : 
His sight was good, and he made no mistake about the 
sudden rising of the pressure. 

Mr. Gemmell, engineer —— to the Board of Trade, 
said the explosion was due to the nipple becoming slack 
in the hole and unable to bear the pressure. Had the 
nipple been properly expanded, probably it would not 
have blown out as it did; but sooner or later any such 
fitting would become slack by alternate heating and 
arm | 

By Mr. Watt: He had never known of a similar nipple 

iving way. He had never seen any of them before, and 
fre would be somewhat astonished to know that similar 
way. 


nipples had been in use for years without givin 
onday 


During the interval between the Saturday and 
the nipple ag became slacker. 

Mr. G. W. Thoed, manager for the Babcock and 
Wilcox Company, said the fitting of these holes with 
nipples was quite satisfactory. Other fittings, such as 
through tubes, were used for fittings, according to cir- 
cumstances. He was satisfied that all the nipples in 

uestion were sound, by the tests that were made on the 

riday and Saturday. Similar nipples had been in use 
on board steamers for several years. In the present case 
it was a temporary experiment. Similar nipples had 
been exposed to the expansion and contraction that 
might arise from heating and cooling, and had stood the 
test. Had there been an accidental omission to expand 
the nipple, the explosion would have occurred, but he 
did not admit that there had been any such omission. 

The examination of witnesses having been closed, 
Sheriff Johnston gave judgment. The inquiry, he said, 
had no bearing, in the first place, on the principle upon 
which these boilers were constructed. They were termed 
water-tube boilers, and on the question as to whether 
such boilers ought to be adopted or not, the explosion 
threw no light whatever. Neither had it anything to do 
with the material of which the boilers were constructed, 
nor with their workmanship, but it had occurred in con- 
nection with a mere experiment in the course of construc- 
tion in fitting the boiler. It was found that the boiler, 
although standing the stipulated pressure, did not raise 
steam with sufficient rapidity; hence the experiment, 
during the progress of which the explosion occurred. 
The question to consider was the cause of the explo- 
sion, and whether blame was attributable to anybody. 
The cause seemed apparent on the surface, viz., the 
faulty fitting of the nipple in the hole. Beyond 
that no other explanation was possible: the nipple could 
not have been blown out if it had been eae fitted. 
There was another and safer method of stopping a hole, 
viz., by a through-and-through tube joining the two walls 
of the headers together. That undoubtedly ought to be 
adopted where such adoption was possible. At the same 
time the Court did not for a moment draw the conclusion 
that the use of nipples for stopping, when properly fitted, 
was in any way an improper course to follow. The find- 
ing of the Court was that no fault was attributable to any 








person, and there would therefore be no order for pay- 


ment of costs, 





FATAL COLLISION NEAR WISHAW. 


From Lieutenant-Colonel Yorke’s report we gather 
that in the early hours of the last day of February a goods 
train running between Carlisle and Perth became divided 
unknown to the driver, and on the engine being ——— by 
signal at Wishaw Iron Works cabin (Caledonian Railway), 
the rear portion collided with it, and the fireman, who was 
at the back of the tender getting some food out of the box 
on the rear buffer-beam, was crushed, and only survived 
his injuries about half an hour. The front wagon was 
considerably damaged, and five others were forced off the 
rails and more or less damaged. The permanent way was 
not in any — injured. 

It appears that the train was stopped for five minutes 
at Garriongill cabin, some 2} miles away from where the 
collision occur On —— down a gradient of 1 in 
106, the engine was given steam for about 700 yards, just 
after which the gradient changes to 1 in 1024 til) past the 
Iron Works box. About half a mile before this cabin is 
situated Wishaw South cabin, and the train was slightly 
checked, its distant signal being at ‘‘ Danger,” while the 
home signal was lowered only on the train being close 
to it. The tender brake was thereupon slightly released 
to allow the train to run forward slowly, as the signals at 
the Iron Works cabin were seen to be at ‘‘ Danger,” the 
section ahead not being clear. When the train had nearly 
come to a stand at the Iron Works home signal, it was 
lowered, and the driver, still unconscious that his train 
was divided, drew slowly on, using the tender brake in 
the absence of his mate, who had gone to fetch some food. 
He had not got far, and was about 200 yards from the 
cabin, when he felt a slight shock and heard a faint cry 
from his mate, whereupon he gradually brought his train 
to a stand, and then saw his mate fall out into the 6-ft., 
he having been crushed between the tender and the front 
wagon, which had been forced on to the tender buffer- 
beam by the collision. From the evidence of the signal- 
man at Wishaw South, and of a watchman at Wishaw 
station, it appears that the train had become divided 
between the sixth and seventh wagons from the front, the 
other 39 wagons remaining attached to the brake- 
van. These two men variously estimate the distance 
between the two portions of the train when passing 
the cabin as a quarter and half a mile. The signal: 
man failed to attract the attention of the driver or 
fireman, but he at once gave the ‘‘ Train divided” 
signal on to the Iron Works cabin. Here the man was 
somewhat in a dilemma, as he could not lower his home 
signal in accordance with the rules, as the section ahead 
was blocked, so he left the signal on until the train was 
close to it, and then lowered it and ran down the steps in 
order to warn the driver verbally, but was recalled by the 
ringing of his block bell. Anyway, as the engine was 
so far off, it was doubtful if he could have spoken to the 
driver in time to avert a collision, for the rear portion, bein 
held by the 134-ton brake van only, had gained speed an 
rapidly overtook the front portion on its being slackened, 
The Government Inspector rightly points out that it would 
have been better if the Iron Works signalman had, 
instead of trying to speak to the driver, waved a green 
light slowly from side to side in accordance with the 
rules, but as the section ahead was blocked he thinks 
he is guilty of nothing worse than an error of judg- 
ment. On the other hand, he commends the Wishaw 
South signalman, Smith, and the watchman, McEvoy, 
for their promptitude in trying to avert a collision. 
The former by hand — made the guard aware that 
something was wrong, but as the brake was al: y on, 
he could do nothing more to lessen the speed at which his 
portion was travelling. Whilst coming down the incline 
the driver states that he looked back twice and saw the 
side lights of the van (the line is perfectly straight here), 
as he thought all right and in their proper place, but as 
the van must have been some distance off at the time, the 
Inspecting Officer thinks that neither the driver nor the 
fireman could really have kept as good a look-out as they 
said, and he is somewhat astonished that such an experi- 
enced man as the driver should not have felt a difference 
in his train after losing such a large portion of it. On 
the other hand, it does not appear to us a matter of 
astonishment that a driver should have run about 1} miles 
on a pitch dark night, with signals at danger before him, 
and with his brake on, without noticing the loss of even 
such a large portion of his train. 

As to the cause of the train becoming divided, there is 
nothing to absolutely fix this. None of the couplings 
were broken, and they were all of the Caledonian standard 
pattern, viz., three links, one of which passes through an 
eye in the drawbar in such a way as to make it extremely 
rpeenalia, if not impossible, for the link to become rigid. 
When wooden-buffered wagons are slackened by the 
application of a brake on a vehicle in advance of them, 
they come together with a great bump, and it is probable 
that in this case the wagons became uncoupled when the 
tender brake was applied on approaching Wishaw South 
distant signal. Onthe morning after the accident n'arks 
were found on the rails near the top of the incline, show- 
ing that a wagon had been off the rails for a short dis- 
tance twice, and in both instances had got on again at a 
junction crossing. There is nothing to connect these 
marks with the train in question, but some of the wagons— 
the sixth, seventh, ei hth, ninth, tenth, and eleventh—had 
been attached at the last station, and were en route home 
for minor repairs, being all wooden-buffered empty coal 

ms belonging to the Caledonian Railway Company. 
All of them were considered fit to travel, but it has not 
been possible to ascertain exactly what repairs they under- 
went, nor would this be of much use, as it would not be 
possible to discriminate between the original damage and 
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that due to the accident. There is therefore nothing to 

rove that any of these wagons were unfit to travel, but it 
is significant that the train parted between two of them. 
On the other hand, Colonel Yorke points out that it would 
not be possible to lay down any hard-and-fast rule that 
such wagons were not to travel by an ordinary goods 
train. We cannot but think that it would be better in 
all such cases, especially where the trucks are wooden- 
buffered, to attach them only to slow or pick-up goods 
trains, 





METAL MIXERS. 


Metal Mixers, as used at the Works of the North-Eastern 
Steel Company, Limited.* 
By Artuur Coorrr, Member of Council. 

Tue North-Eastern Steel Company’s works were 
originally planned with a view of taking a portion of their 
requirements of iron in a molten state direct from blast- 
furnaces, the remainder from cupulas erected adjucent to 
the converters. The general arrangement of the works 
was fully described in a paper the author had the honour 
of reading before this Institute, at its meeting at Chester, 
in September, 1884. 

A very short experience in the use of molten basic iron, 
direct from the blast-furnace as then made, convinced the 
company that they could not depend upon getting such 
iron sufficiently regular in composition for use in ic 
converters, a after a very short trial the use of iron 
direct from the furnaces was abandoned. Additional 
cupolas were erected, and for eight years, ending Decem- 
ber, 1892, cupola-melted iron alone was used from pigs 
made and supplied from six or seven different blast- 
furnacesin the neighbourhood. By a system of inspection 
and sampling of each delivery of pig, and a careful ad- 
mixture of the different grades, fairly uniform results 
were obtained, but, notwithstanding every care, there 
were at times slight irregularities in the product of the 
cupolas, due to their irregular working ; for, although the 
iron charged was mixed to average a certain standard 
composition, it frequently happened that the molten iron 
from the cupola varied considerably in silicon and man- 
ganese, larger quantities of these metals being oxidised at 
one time than at another. These slight irregularities 
gave more or less trouble, and required more or less care 
and attention in the subsequent conversion of the iron 
into steel. This was the position when the metal mixer 
was first brought under the author’s notice by Mr. David 
Evans (at that time general manager of the Barrow 
Hematite Steel Company, Limited), who had recently 
erected at the Barrow works a mixing plant for use in 
their hematite process, and who very kindly piaced at the 
author’s disposal results of its working at those works. 

About this time Mr. Massenez, at the Hoerde Works in 
Westphalia, demonstrated that, by the use of mixers he 
had there erected for the basic process, a large reduction 
of sulphur took place, provided the molten iron contained 
1 per cent. and upwards of manganese. He also satisfied 
the author that great regularity in the composition of the 
iron could be obtained from the mixer when working on 
molten iron direct from blast-furnaces. 

Very soon afterwards a license was arranged by the 
North-Eastern Steel Company, Limited, with the owners 
of the patents, and a mixer was erected at the North- 
Eastern Works of 150 tons capacity. The form of the 
vessel adopted was that in use at Hoerde, but the arrange- 
ments for tilting it were somewhat different. Instead of 
an hydraulic cylinder fixed underneath the vessel, as at 
Hoerde, the plan designed by the North-Eastern Steel 
Company for tipping provided for fixing the hydraulic 
cylinder overhead, the piston-rod of which is attached to 
a cross-head coupled up to each side of the back end of 
the mixer by long links. This arrangement was devised 
becaure it was considered to be safer in case of a break- 
out than the hydraulic cylinder placed underneath. (See 
sectional elevation. ) 

The plant originally included: one mixer vessel, as 
above described ; a weighing machine, on which the ladles 
of molten iron could be weighed before their contents 
were tipped into the mixers; another weighing machine 
under the mouth of the mixer for weighing the molten 
iron as it was poured into the ladle, the beam of this latter 
machine being placed on the upper stage, close to and 
well in sight of the attendant, whose duty it is to tip the 
molten iron into the ladles. 

The plant was erected at the side of a slag tip on the 
eastern boundary of the works in such a way that the 
approach to the tip forms an incline, on which the molten 
iron is raised from the works level to the level of the 
mixer. 

The objects the company had in view in pees down 
this plant were: to increase their supply of molten iron 
in order to meet the gradually increasing demand for 
basic steel without adding to their cupola-melting plant, 
then working at its maximum capacity, and at the same 
time to correct, if possible, the irregularities in cupola- 
melted iron referred to in the early part of this paper, the 
intention being that the product of five blast-furnaces in 
the immediate neighbourhood of the works should be 
passed through the mixer to the converters, and the re 
mainder of the molten iron required would be supplied by 
cupolas. At first, blast-furnace iron only was used in the 
mixer in quantity amounting to about 2000 ton’ per week, 
and this was treated separately in the converters(?.e., quite 
independently of the cupola iron); then the ladles supply- 
ing the converters were filled half with mixer iron and half 
with cupola iron; but after a very short trial it was 
apparent that the most regular and by far the best results 
were attained by passing the cupola iron also through the 


* Paper read before the [ron and Steel Institute, 
+ ENGINEERING, vol. xxxviii,, page 301, 





mixer. It was likewise clear that this was beneficial to 
the working of the mixer itself, as from the first trials the 
2000 tons weekly of blast-furnace iron appeared to be 
barely sufficient to keep the heat in the mixer high enough 
to maintain the slag in a fluid state—a condition absolutely 
essential to successful working. These early experiments 
were so encouraging that an additional mixer was at once 
erected, the same in every respect as the first one, so that 


considerable reduction in the sulphur is effected. Again 

with a reserve of molten iron always available, the con. 
verting plant can be run to better advantage than when 
it has to depend upon the cupola or blast-furnace, 
Lastly, by use of the methods above described, the weight 
of each individual charge from the mixer can be controlled 
within a few hundredweights with far greater certainty 
than is practicable when each charge is tapped separately 
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with two vessels the lining of one could be repaired whilst 
the other was working, and in order to save labour and 
time in discharging the ladles into the mixer, a small pair 
of engines and shafting were fixed on the wall at the back 
of the two vessels, by means of which, and an endless 
rope of spun yarn placed upon a grooved pulley on the 
ladle gearing, a ladle containing about 14 tons of molten 
iron is tipped in less than one minute. For several 
months the lining was made solely of firebrick, and when 
it had worn too thin (generally after some six or eight 
weeks’ work), it was replaced with an entirely new one; 
but, during the last twelve months, it has been the custom 
to repair the worn parts with ganister, just as acid con- 
verters are repaired, and by this means the cost of linings 
has n considerably ton ese The charging of the 
mixer is commenced soon after Sunday midnight, so that 
it may be full when the works start at 6 a.m. Monday, 
and it is a rule not to draw upon it at such a rate as to 
reduce the quantity of molten iron in the vessel below 
about 80 tons, until Saturday morning, when it is emptied, 
and if then no repairs are necessary the mouth is bricked 
up, and the cover over the charging hole is made air-tight 
with fireclay. By these means the vessel is kept almost 
red-hot until the following Monday morning. 

It is of the = importance that, when working, 
cold air be excluded as far as possible. This is effected 
by means of a close-fitting sliding door, lined with fire- 
ag at the mouth, and a plate to cover over the charging 

ole. 

From the beginning of May, 1893, the whole of the 
molten iron used, consisting of about 2000 tons of blast- 
furnace iron and 1800 to 2000 tons of cupola iron each 
week, has been passed through one or other of the two 
vessels, and the results have fully justified the company’s 
expectations, 

t must not be for one moment thought that a mixer 
will cure all the ills which beset a steelmaker ; that by its 
use inferior and unsuitable iron can be made into good 
steel at a reduced cost. Such is not by any means the 
case. If very grey or very common white iron be admitted, 
it is almost certain that several casts of inferior steel 
will follow. It must also be remembered that there are 
certain charges to be defrayed, such as royalty, labour, 
maintenance of plant and tools, and haulage of molten 
metal, which together amount to a considerable item per 
ton of finished product. Still, notwithstanding this, 
there are certain great advantages to be derived from the 
use of mixers, for if ordinary care be taken to exclude ex- 
tremes, t.¢., iron which is too grey or too white, as would 
be done if the iron were taken direct to the converters, 
very regular results can be obtained from blast-furnace 
iron alone ; but if into this is poured, at regular intervals, 
about equal quantities of cupola iron melted from care- 
fully mixed pig, such as is done at the works in question, 
a converter metal can be maintained of an almost uniform 
composition, far more uniform than when the iron is used 
direct from the cupolas, and, provided the manganese in 
the iron in the mixer does not fall telow 1 per cent, a 
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from a blast-furnace or cupola, and thus, with an almost 
absolutely constant weight of charge in the converter, 
carburising can be effected with greater precision. 





FRENCH Coat Imports.—The quantity of coal imported 
into France in the first three months of this year amounted 
to 2,205,470 tons. The corresponding imports in the 
corresponding period of 1894 were 2,210,760 tons, and 
in the corres se period of 1893, 2,122,140 tons. In 
these totals English coal figured for 1,096,650 tons, 
1,196,960 tons, and 1,104,484 tons respectively. 





DERAILMENT NEAR GIGGLESWICK.—On the evening of 
March 16 the tender and three coaches forming a pas- 
senger train from Hellifield to Morecambe, ran off the 
line between Giggleswick and Clapham stations on the 
Midland Railway. ‘The passengers escaped with a shak- 
ing, and the damage to the rolling stock was compara- 
tively trifling, but the permanent way was broken up for 
a length of 210 yards, and 453 chairs and 220 sleepers re- 
quired renewing. As in most cases of derailment, it is 
not possible to definitely ascertain the cause, but there is 
no doubt but that there was nothing noticeably defective 
either with the train or the permanent way. Nor did the 
speed appear to be excessive, and Major Addison in his 
report comes to the conclusion that, owing to the break-up 
of the long frost, the road had become loose, and probably 
had been affected by an express which had passed shortly 
before, and possibly also by the engine of the derailed 
train. The train did not become uncoupled, nor did the 
engine leave the rails, so that the up road was not 
fouled, nor did the wheels wander far from the rails ; in 
fact, one trailing bogie wheel on one of the coaches did 
not leave them at all. 





Pic Iron Propuction.—The production of pig iron last 
year in Great Britain, the United States, Germany, and 

rance amounted to 21,659,102 tons, as compared with 
20,972,913 tons in 1893, 24,768,609 tons in 1892, 22,046,972 
tons in 1891, and 23,698,480 tons in 1890. The production 
of pig in Great Britain last year was 7,364,745 tons as 
compared with 6,829,841 tons in 1893, 6,616,899 tons in 
1892, 7,228,496 tons in 1891, and 7,875,130 tons in 1890. 
The production of the United States last year was 
6,657,388 tons, as compared with 7,124,502 tons in 1893, 
9,157,000 tons in 1892, 8,279,879 tons in 1891, and 
9,202,703 tons in 1890. Germany made 5,559,332 tons of 
pig iron last year, as compared with 4,986,003 tons in 
1893, 4,937,467 tons in 1892, 4,641,217 tons in 1891, and 
4,658,451 tonsin 1890. France produced 2,077,647 tons of 
pig in 1894, as compared with 2,032,567 tons in 1893 
2,057,258 tons in 1892, 1,897,897 tons in 1891, and 
1,962,196 tons in 1890. The general outcome of these 
figures is that the production of pig has increased durin 
the last four years in France and Germany, while it fel 
off to a moderate extent in Great Bratain, and to a 
large extent in the United States. 
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“EN meee gee PATENT 


CompPiIteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 


The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. 

Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


6323. W. M. Mordey, London. Indicating Appa- 
ratus for Alternating Current Apparatus or Cir- 
cuits. [2 Fi7s.] March 29, 1894.—This invention has for its 
object to provide means for readily indicating , when alternators 
are working in parallel, whether the current ig being delivered 
from or into the machines, For this purpose there is provided in 
connection with each alternator, an indicating device comprising 
two solenoids, or a solenoid and electro-magnet, one of which is in 
the main circuit, and the other isin a shunt circuit between the 
mains with which the alternators are connected, or forms the 
secondary of a small transformer, the primary of which is con- 
nected across the said mains. The arrangement of the solenoids, 
or solenoid and electro-magnet, is such that they are capable of 
movement relatively to each other, the movement being in one 
direction when current is being delivered from the machine, and 
in the opposite direction when current is being delivered into the 
machine. 1 is the series solenoid, arranged in the main circuit of 
an alternator 2, and wound around an iron core 3, around which 
is also wound, but in a direction at right angles to the solenoid 1, 
a second solenoid or winding 4, which is arranged, as shown, in 








a shunt between the mains 2a, 2b to which the alternator 2 is con- 
nected. The solenoid 1, in the arrangement shown, is fixed. The 
iron core 3 is provided with pins or trunnions 3a, mounted to 
partly turn in bearings 5, and with a pointer 6 arranged to move 
over a fixed scale 7. The arrangement is such that when the 
device is put into use, the combined core 3 and coil 4, constituting 
together an electro-magnet, will be partly turned so as to move 
the pointer 6 to one side of the zero point on thescale7, and when 
tne direction of current is reversed, the pointer will be turned to 
the opposite side of the said zero point, and thus indicate that 
such reversal in direction of the current has taken place. The 
movement of the core 3 may actuate, in various ways, an audible 
or visual signal, either directly, or by acting on a local electric 
circuit in which the signalling device is arranged. Indicating 
devices of this kind may be used in connection with other alter- 
nate current apparatus, such as motors, or transformers, and may 
be arranged to indicate or measure the actual amount of difference 
of phase, or relative simultaneous value of the two quantities, that 
is, the difference of phase, for example, between current and electro- 
motive force or between two or more currents. For this purpose 
the instrument may have a dial or scale, and be calibrated to show 
the relative direction, and at the same time the actual va'ue, of the 
phase relation. (Accepted April 3, 1895). 


10,332. S. J. Suter, London. Regulating Appa- 
ratus for Electric Arc Lamps. [4 Figs.] May 28, 1894.— 
This invention relates toa ne and compact clutch arrange- 
ment for moving the carbon-holders. The improved clutch con- 
sists of two blades A and B lying horizontally side by side, each 
having a semicircular notch in its edge, the two notches forming a 
circular hole through which one of the carbon-holders C passes. 
The two blades are joined together at the one end by a hinge D 
which permits their other free ends to move up or down inde- 
pendently of each other. The end of A is guided on a pin E to 
move vertically. The end of PE has projecting laterally from it an 
arm F which is connected by a link to a lever G connecting the 
cores of two solenoids, the one H having its coil in the lamp 
circuit, the other I having a high resistance coil in shunt. When 









































the blade B is moved upwards, it is laterally canted, and the other 
blade being jointed to it, is also laterally canted, so that the 
carbon-holder C is firmly clamped between the canted blades and 
rises with them, striking the arc. Then, as the blade is gradually 
but partially lowered, the holder is also lowered, allowing the 
carbons to approach each other, until the hinge of the blades meets 
astop K. Their further lowering allows the blades A and B to 
resume their original position without being laterally canted, so 
that they release the carbon-holder C, which is then free to slide 
down feeding the carbons. The blade B might, however, be con- 
nected to the core of one solenoid having its coil in the lamp 
circuit; the core in that case being connected to the arm F, and 
being arranged so as to be attracted upwards when the current 


4106. A. E. Lones, Prince’s End, Stafis. Dynamo- 
Electric Generators and Motors. [8 Figs.) Februar 

26, 1895.—The armature wire-coils are carried by plates T which 
fit in between dovetailed grooves in metal bars A. These bars A 
have projections at one end for securing them at equal distances 
apart around the circumference of a metal disc B, by means of 
set pins D or bolts. It is evident that the bars A may be formed 
with tenon ridges, or fillets, to engage with grooves formed in 
the two flanged edges of the plates. e free ends of the bars A 
may enter holes drilled at equal distances apart around a metal 
ring, and be secured by screw-nuts. The disc B is ted upon 


chilled. The flames and hot gases pass into the central zone of 
metal and ascend through the interstices, up to the fuel-charging 
level, where air is admitted to burn the carbonic oxide. The 
flames and heat thus produced ascend through the interstices of 
the metal, preheating the same without burning the fuel. The 
fuel is charged at such a point above the tuyeres that it just 
attains the igniting point as the zone of fusion is reached. 

distance between the charging point of fuel and the tuyeres 
depends upon the -— of melting of the cupola, since the more 
rapid the descent of the charge the greater must this distance 





a shaft C in bearings R, R1, supported by a foundation casting G. 
The armature rotates between the pole-pieces E, E! of an internal 
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electro-magnet U and the pole-pieces F, F1 of external electro- 
magnets Z. The internal electro-magnet U is secured by set-pins 
K toa casting H, which is fixed by set-pins K' to the external 
electro-magnets. The pole-piece F! is bolted to a planed part of 
the foundation casting G, with sheet-lead interposed between. 
The internal electro-magnet may be wound with the same or a 
different gauge of wire to the external electro-magnets. The thin 
wire coils are in series with the armature coils, and the thick wire 
coils are in Ss arrangement with the armature coils. The 
commutator M bed upon the periphery of a hardwood ring 
O, which fits upon a metal bush feather-keyed upon the shaft C. 
Each bar has a projecting piece at each end for securing it to the 
ring O by a single through bolt N. (Accepted April 8, 1895). 


LIFTING AND HAULING APPLIANCES. 


10,730. W. Purdy, Leeds. Cranes. [5 Figs.] June 2, 
1894.—A, A and B, B are two pairs of parallel timbers bolted to- 
gether where they cross each other and weighted at their outer 
ends to secure stability. O is the ring frame having top and 
bottom flanges @ and 6, which form a ve or race. d isa 
foundation plate carrying the pivot ¢ for the king-post D. f is the 
king-post socket piece fitting over the pivot ¢ and carrying the foot 
of the king-post D, here shown as two uprights bolted together ; 
9,9 are timbers forming the tail guy arm, and carrying at their 
outer ends the bracketsh,h. A stud 7 fixed in each bracket 
carries the roller 7. The axle 7 is mounted so as to be at right 
angles to the tail guy rod k, or to the direction of the strain trans- 
mitted through the guy rod k tothe runnerj. The tail guy rod 
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is connected by a pin / to the brackets h. m, m areside guy arms, 
and nis the jib arm, all provided with similar brackets h and 
rollers j. The outer end of the jib arm » is connected to the 
upper part of the king-post by means of channel-iron struts 0. 
ml are the guy rods connecting the outer ends of the arms m 
with the top of the king-post. P is the gearing for hoisting and 
lowering, and for altering the inclination of the jib, and q is a 
vertical shaft carrying at its lower end a pinion engaging with the 
rack circle 7 for slewing round the crane. s are racks attached to 
the side struts 0, having teeth radial to the hingeofthe jib. ¢ are 
hinged side-bars, which can be drawn out sideways 80 as to engage 
with the rack teeth, or lowered so as to clear the rack teeth, by 
means of the lever uv, connecting-rod v, lever w, and hand lever x. 
(Accepted April 3, 18965). 


MINING, METALLURGY, AND METAL 
WORKING. 


10,297. W. H. Bradley, Mingo Junction; Ohio, 
U.S.A. Improved Cupola Furnace. [3 Figs.) May 28, 
1894.—The lower portion 2 of the cupola ie provided with the 
usual tuyere belt 3, from which the tuyeres 4 lead into the fur- 
nace. The upper portion 5 of the cupola is smaller in cross-sec- 
tion, forming a stack portion concentric with the lower portion, 
the two being joined by the cone-shaped portion 6. Through this 
conical portion lead the charging chutes 7 for the fuel, and each 
chute may have a hinged door 8 for closing the same. These 
chutes extend in a circular series about the cupola, and are pre- 
ferably immediately beneath the fuel-charging floor 9 supported 
on the I-beams 10. A circular band 11 extends upwardly from 
the lower part 2 of the cupola to the charging floor 9, and incloses 
the charging —- In the upper part of the stack is the 
metal charging opening 12, which is provided with a hinged door 
18. The door rests against stops 14 when in its lowermost posi- 
tion. The closing of the metal-charging openings gives a natural 
draught at the fuel openings, by which the combustible gases will 
be consumed. In case the cupola cannot be easily fitted up with 
a fuel-charging floor, chutes 15 may be employed, leading down- 
wardly from the metal-charging floor to the fuel-charging open- 
er or level, which may have the hinged doors 16 therein, pro- 
vided with counterweighted arms 17 operated by a chain 18 from 
above. A series of tuyeres 19 are arranged at the fuel o} ning, 
and a second series 20 above the fuel openings, to furnish air for 
burning the combustible gases. The metal is charged in a central 
stack on an upper level, and the fuel in — in the side of 
the stack at a lower level, or into openings at the cone sheet of 
a larger concentric stack, and the metal will descend in the 
centre with the fuel around the outside, the fuel thus being 
between the metal and the air inlets, a condition which is correct 
in theory and in practice. The blast of air from the tuyeres thus 
meets the incandescent fuelat and above the tuyeres before it 
enters the zone of metal ; being thereby heated to the temperature 
of the zone of fusion, it unites with the carbon of the fuel and 
maintains a reducing and not an oxidising atmosphere ; hence no 





traverses the coil of the solenoid. (Accepted April 3, 1895). 


To regulate this distance several rows of tuyeres are 
provided, one above the other. When running slowly, the 


iia 


Fig.1, 























upper tuyeres are used, and the others stopped off, the lower 
—— being employed when running faster. The fuel having 
only a short distance to descend, is not consumed before ng 
the tuyeres, and hence the a of temperature in the 
zone melting fusion is at and immediately above the tuyeres at 
all times, while the slag formed at this point, in descending, falls 
below the zone of blast, and is not chilled thereby. Moreover, the 
metal, as it melts, immediately falls below the line of tuyeres, and 
is, therefore, not oxidised by the blast, and the hot gases and 
burning carbonic oxide pass up through the metal and give up 
their entire heat thereto. (Accepted April 13, 1895). 


427, G. Robson, Dolgelly, and 8. Crowder, London. 
Treatment of Ores, &c. (3 Figs.) January 8, 1894.—This 
invention has for object to separate and recover in an economical 
manner finely-divided metal or metallic compounds such as sul- 
phides and oxides, or both, present in finely-divided su cee 
such as crushed ores, slimes, and the refuse matter such as the 
tailings, float matter, and the like, carried away by the water used 
in the washing and dressing of metalliferous ores and earths, as 
in crushing machines, buddles, jiseing machines, vanning ma- 
chines, and the like. For this purpose the finely-divided 
substances referred to are brought into intimate con with 
a liquid consisting of a mixture of a — hydrocarbon such 
as turpentine, | mg gem pee. or the like, and a fatty 
oil, such as colza oil, which mixture is of less poe Cat d 
than water, and is capable of taking —— finely-divided metallic 
matter and thus separating it from the substances with which it 
was previously mixed. The apparatus comprises a vessel 1 pro- 
vided with a false bottom of finely perforated sheet material 2, 
held between two coarsely perforated metal plates 3. The space 
between this false bottom and the true bottom 1c of the vessel, 
forms a delivery chamber 4 communicating by a pipe 5 with a 
pump 6, for supplying the mixture of oils thereto. 5a is an exit 
pipe for running off the mixture of oils, laden with metallic 
matter, into a separating device. 5) is a pipe that is normally 
closed, for draining off the mixture of oils remaining in the vessel 
at the termination of the treatment of a charge of material. 
Within the vessel are arranged two series of vertical stirring- 
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rods 7, 7a arranged to revolve in concentric circles and 
carried by horizontal arms 8, 8a extending respectively 
from hubs 9, 9a fixed to two ro shafts 10, 10a ex- 
tending through the bottom of the vessel. The shaft 10 

throu h a stuffing-box 11 and is carried by a step ig 12 
formed by the central portion of a curved bracket 12a, the ends 
of which are secured to the bottom of the vessel. The hub 9 of 
this shaft is advantageously provided with a central tubular ex- 
tension 13 through which the shaft 10a extends, and which is 
closed at the top by a cover 13a formed with an annular bearing 13) 
of V-shape in cross-section and adapted to receive a correspond- 
ingly shaped annular ridge on the underside of the upper hub 9a 
so as to prevent escape of material at this point. e rotary 
shaft 10a extends through the shaft 10 and is carried by a second 
step bearing 126 similar to 12. To the shafts 10 and 10a are 
respectively fixed two bevel wheels 14 and 14a in gear with a 
bevel wheel.15 common to them, which is fixed upon a driving 
shaft 16, provided with a driving wheel 17. 18 is a bevel wheel in 
gear with 14 and fixed upon a shaft 19, having a crank 20 which 
serves to operate, mace a connecting-rod 21, the pump 6. The 
exit pipe 5a is arranged to deliver the mixture of oils esca; 
from the top of the vessel into a separator having its outlet in 
connection with the suction of the pump 6, the arrangement being 
such that the mixture of oils be caused to flow continuously 
through the finely divided and tated substances in the vessel 
1 and then be delivered, with m ic matter taken up thereby, into 
the separator wherein such matter is separated from the ture 





oxidation of metal takes place, and the and metal are not 





of oils which is drawn off by the pump for re-use. The separating 
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device may consist of a settler of ordinary construction, consis!- 
ing of a vessel provided with divisions or baffles so as to form a 
zigzag course for the mixture of oils, and in which the metallic 
matter is allowed to separate from the mixture of oils by gravity. 
(Accepted April 10, 1895). 

PUMPS. 


2111. T. W. Green, Philadelphia, Pa., U.S.A. 
Rotary Blowers, Exhausters, or Pumps. (4 Figs.) 
January 30, 1895.—A represents the bedplate of the machine ; 
B, B are the end castings forming the supports for the driving 
shafts; C is the external casing surrounding the revolvers or 
pistons ; A' is the intake for the air or water; B! is the outlet or 
discharge port; D, D are the driving shafts; E, E are two re- 
volvers secured upon the respective driving shafts D, D; F, F are 
solid heads on the ends of the revolvers. F1, F! are pulleys over 
which the driving belt passes. G,G are gear wheels secured on 
the driving shafts to preserve a positively uniform motion of the 
revolvers ; ), l, b,b are four short segmental extensions formed on 
each of the revolvers E, E. The outer surfaces of these segmental 
extensions are segments of acircle, the centre of which is the 
centre of the respective driving shafts, the diameters of said 
circles being the distance between the centres of the driving 
shafts D, D; c,c, c,c are four larger segmental extensions formed 
on each of the revolvers E, E. The centre of each pair of these 
long segmental extensions c is the same, the said centre being 
located on the circumference of the circle forming the short ex- 
tensions b, ) ; a, @ are intervening webs joining the long exten- 
sions c,c in pairs. These intervening webs are not necessarily 
segments of circles, but it is best to give them a circular forma- 
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tion, making them as large as will pass through the gaps formed 
in the opposite revolver. When the segmental extensions ), b and 
¢, ¢ are formed to circles of correct diameters, the forward end of 
one of the short extensions } on one revolver wil engage with the 
outer surface of one of the long extensions c on the opposite re- 
volver, following it around, until the two short extensions ), b 
meet, when these two short extensions begin to separate. As the 
revolvers turn around, the rear end of one of the short extensions 
b will engage with the surface of the long extension c, immediately 
following on the other revolver, thus maintaining a comp!'ete 
lock or cut-off, until the other similar parts of the two revolvers 
co-operate for the sane purpose, and prevent the backward flow 
of the fluid. The wings of the revolvers or pistons are formed by 
the webs a, a joining together the ends of the long extensions 
c,¢. When the revolvers are constructed and arranged in the 
blower in the manner shown, the gaps or spaces between the 
wings of one revolver are almost completely filled by the wings of 
the opposite revolver as the revolversturn around. Consequently 
the air contained in these gaps is displaced before the locking parts 
b and c begin to operate, and there is no air remaining in the gaps 
to be compressed and afterwards discharged against the air 
coming in at the intake, and thus cause a noise when the blower 
is in operation. (Accepted April 3, 1895). 


RAILWAYS AND TRAMWAYS. 


4481. J. Willoughby, Mutley, Devon. Wheels and 
Axles of Tramcars, Railway Rolling Stock, &c. 
[5 Figs.) March 2, 1895.— a represents a pair of tramcar or rail- 
way carriage wheels, and ) represents the axle which is fixed with 
the wheels in the ordinary manner, The axle) of the wheels is 
divided transversely at about the centre of its length, the wheels 
a being fixed on the axle as heretofore. The two lengths of the 
axle ) are at their meeting ends coupled by the means hereinafter 
described. The two parts of the axle ) adjacent to their inner 
ends are formed with two or more grooves or collars )' of con- 
siderable depth. The two parts of the axle ) are coupled by 
means of a loose sleeve c, which is caused to embrace a consider- 
able length, and is divided transversely, and sometimes longitu- 
dinally, into two or more parts, bolted together by means of bolts 
c3, passing through flanges c+, c? so that each part of the sleeve c 
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represents a tube adapted to be slidden on to its respective part of 
the axle . The sleeve c at the joint is formed with an enlargement 
c, within which and embracing the grooves /' or collars of the 
axle } is arranged a longitudinally divided brass liner c*, which 
is interiorly formed with projecting rings c\! engaging in the 
grooves bl in the two parts of the axle b. The block c* is circum- 
ferentially closely embraced by the enlargement c° of the sleeve c, 
whilst at one end it abuts against a shoulder formed upon one 
part of the sleeve c, At the other end it abuts against the end cé 
of the other part of the sleeve c, and thus, when the two parts of 
the sleeve c are bolted together, any longitudinal movement of 
the two parts of the axle } with relation to each other and to the 
sleeve is cetyep and the proper gauge of the wheels a is main- 
tained, whilst the sleeve c efficiently keeps the two parts of the 
axle ) in proper alignment, and at the same time, by reason of 
the closely-fitting grooves ' and collars c*1, preserves the rigidity 
and transverse strength of the compound axle. (Accepted April 8, 
1895). 
SHIPS AND NAUTICAL APPLIANCES. 


10,575. J. Priestman, Sunderland. Construction 
of Cargo Vessels. (4 Figs.) May 31, 1894.—From the 
points A where the vertical sides of the vessel cease there is formed 
a narrow level platform B on each side, and then the deck is sloped 
upwards on both sides at a steep angle till it reaches the lower 

ge of the hatch-coaming at C. In combination with the webs 
W forming the sides of the hatchway, a second set of webs W! 





an 


are secured and constructed as shown. These webs W and W' are 
covered over by a flange-plate forming a platform D in each cage, 
so that the combination of longitudinal webs and flanges forms a 
longitudinal box girder on each side, which not only serves to give 
great longitudinal stiffness to the vessel, but also to afford a very 
convenient apo D at each side of the hatches and plat- 
forms provided for the practical working of the ship and deck 
gear. Further, between the steep-slo) decks and the trans- 
verse beams. E there are arranged at suitable intervals transverse 
gusset-plates F which serve to strengthen and stiffen the ship and 
superstructure. Between the several hatches and at the level of 









































the top of the longitudinal box girders there is formed a platform 
G in each case to carry the winches and other gear, so that 
although the hatches are separate or discontinuous to provide for 
the requisite deck erections and gear as deecribed, yet the internal 
cargo space is practically continuous fore and aft of the vessel, and 
by the special arrangement of construction or cross-section not 
only is efficient self-trimming of such bulk cargoes as grain and 
the like insured, but in the case of seas breaking over the vessel, 
such seas instantly run off instead of being temporarily retained 
on the deck. (Accepted April 3, 1895). 


STEAM ENGINES, — EVAPORATORS, 
Cc. 


10,809. J. Hutcheson, Glasgow. Apparatus for 
Working Water Gauge Cocks for Steam Boilers. 
[5 Figs.) June 4, 1894.— A cogged wheel A is fixed on the 
plug B of the drain cockC. Into wheel A there gears the pawl D 
jointed to handle E. By this means the apparatus can only be 
turned round in one direction ; and the operator, after starting, 
must move the plugs through the whole of a circle in one direc- 
tion before he can bring them into working position again. On 
plug F of bottom cock G there is fixed a cogged wheel H similar 
to A. By preference, an idle wheel J gears with wheels A and H ; 








so that the plug F will be turned round in the same direction as 
the plug B. In the case of small gauges the wheels A and H gear 
direct into one another, and the waterways are arranged in the 
plug F to suit the reversed motion. On the plugs F and K of gauge 
cocks G and L, there are preferably fixed chain wheels M, M 
connected by a pitch chain N. By this arrangement, when the 
handle E is moved, the plug B of drain cock C will be turned 
round ; and the plugs F and K of the cocks G and L will move 
simultaneously in the same direction and at the sameangular velo- 
city with B. (Accepted April 3, 1895). 


23,443. A.J. Boult, London. (H. Engler, Crossen, Saxony, 
Germany.) Steam-Tight Packing. (4 Figs.) December 3, 
1894.—This improved packing is of lead, with an asbestos lining 
enclosed between lead sheets fastened together at both sides or at 
the inner or working side only, and may be left open at the outer 
side to admit of expansion and contraction. (Sealed March 19, 


1895). 
TEXTILE MACHINERY. 


5757. D. Lister, Liverpool. Self-Acting Stop Gear 
for Manilla Hemp Drawing Machines. [1 Fig.) April 
10, 1894.—The object of this invention is to instantly stop manilla 
hemp drawing machines, and thereby prevent breakdowns, should 
the hemp take a wrong course in the machine and go around the 
bars of the slow sheet, thus causing said bars to be thrown out of 
position and break some part of the machine. To one side frame 
A of the machine there is bolted a suitably shaped casting B, to 
carry a crossbar C, one end of which projects through the frame 














A, and is secured to a fork D, in which is loosely arranged the 
lever E connecting with the starting-rod F of the machine. The 
other end of the crossbar carries a vertical arm G, in the lower 
portion of which is a stud H, to support a small wheel I, placed 
just above the revolving bars J of the machine. In the crossbar 
is a notch K, to engage with a correspondingly-shaped projection 
formed on the casting B, so as to retain the crossbar in position 
when the machine is working all right. A spiral spring L draws 








the crossbar outwardly when it is released from the catch. Should 
the hemp have got fast round the bars J of the slow sheet of the 





machine, the effect is that these bars are lifted and come in con- 
tact with the wheel I, the arm G being also raised sufficiently to 
release the catch. The spring L then comes into action and draws 
the crossbar forwardly, so as to force the lever E outwardly 
thereby turning the starting-rod F, which instantly stops the 
machine. (Accepted April 10, 1895). 


MISCELLANEOUS, 


10,416. J. gs, Clitheroe, Lancaster. Kilns fo: 
Burning Limestone, Cement, &c. [3 Migs.) May 9, 
1894.—The present invention has for its object a further improve. 
ment in kilns, of the type described in the Specification of Letters 
Patent No. 7308 of A.p. 1892. As in this former construction, the 
present kiln is arched over, and shoots or channels for the intro- 
duction of the fuel are arranged, leading from the top level of the 
kiln direct into the place of combustion or calcination, by which 
means a large quantity of raw stone is always at hand above the 
place of bustion, which b thus dried and heated before 
entering into the kiln, the waste heat from whichis fully utilised 
by passing up through and between this raw stone. According 











to this present invention, an improvement is obtained in the more 
uniform and thorough distribution of the fuel among the stone 
under calcination, as the fuel is admitted to the stone at variou 

heights and is deflected in different directions. « is the combus- 
tion or calcining chamber, ) the drying chamber and entrance for 
the raw stone. c, cl are two arches arranged at different heights, 
and d are 10 fuel shoots piercing the same. By this arrangement 
the fuel is very evenly distributed throughout the burning mass ; 
and further, by the arrangement of the two arches, one ona 
higher and the other on a lower level, the movement downwards 
of the stone caused by the withdrawal of burnt lime at the open- 
ingse at the bottom of the kiln, will be deflected first in one direc- 
tion and then in the opposite direction, a thorough mixing of the 
fuel and the stone being thereby effected. (Accepted April 3, 1895). 


10,713. C. Dean and J. Hetherington, Rhydym- 
wyn, t. Kilns for Drying and Burning Bricks, 
Tiles, &c. [5 Kigs.] June 2, 1894.—This invention relates to 
so called continuous kilns, in which a number of chambers are 
worked in series. The main object is to so arrange and construct 
the flues and operate the dampers in the said kilns as to obtain 
more uniform efficient and economical drying of the green ma- 
terial. For the above purpose the tops of the chambers are pro- 
vided with openings leading to flues which pass along the tops of 
the chambers, and then to a flue leading to a smokestack. Open- 
ings are also provided at or near the bottoms of the chambers 
leading into uptakes connected to a central flue. Dampers are 
fitted to open and close the flues leading to the smokestack and 
the uptakes connected to the central flue. The dampers are so 
disposed that steam and moisture may pass from the top of a 
chamber to the smokestack, whilst the heated gases in a kiln 
containing the finished fictile products pass by the uptakes and 
central flue to the bottcm of the chamber containirg the green 












material. @ are kiln chambers, } opevings leading from the tops 
of the chambers @ into flues c, which pass along the tops of the 
chambers, thence downwards at d into a flue e, leading to the 
emokestack. / are openings ator near the bottoms of the cham- 
bers a leading into uptakes gy connected to a central flue /h. 
Dampers are provided for opening and closing the openings ) and 
the uptakes g. The steam and moisture from any chambers con- 
taining green material is allowed to pass by the openings b to the 
smokestack fluee. The dampers may also be so arranged as to 
allow the waste heat and products of combustion from one cham- 
ber to pass into another chamber through the downtake i, central 
flue h, and openings f. j are the usual feeding holes, & usual 
kiln doors, m waste gas flues leading to the smokestack flue e, 
and provided with dampers in the usual way. The working of a 
kiln containing 14 chambers, as shown, would be as follows: One 
chamber would be getting filled ; the next would be getting drawn ; 
the third would be cold ; the fourth, fifth, and sixth would be cool- 
ing ; the seventh, eighth, and ninth would be burning ; the tenth 
and eleventh would be red-hot ; the twelfth black-hot; the thir- 
teenth dry ; and the fourteenth being dried with hot air flowing 
therethrough from the central flue. (Accepted April 10, 1895). 


5335. W. Edenborn, St. Louis, Mo., U.S.A. Ap- 
paratus for Forming or Buil up Wire Coil 
(5 Figs.) March 13, 1895.—This improved apparatus for forming 
red-hot wire, such as is produced by rolling mills, into coils or 
rings of any desired diameter, comprises in its construction a 
revolving conical spreader — with means for conducting 
the wire from the apex to the base of the conical surface, a feed- 
tube coaxial with the cone, and revolving with the same, and a 
movable core adjoining the base of the conical spreader, and co- 
axial with the eame, the feed-tube being adapted to guide the 
wire to the apex of the surface of the spreader and to deliver it 
on the surface of the same. (Accepted April 17, 1895.) 


UNITED STATES PATENTS AND PATENT PRAOTIOB. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
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THE NORTH-EAST SEA OANAL.—No. I. 


{Tue ship canal through Holstein, which the 
German Emperor will open with grand festivities, 
beginning on June 19, and closing on or after 
June 21, recalls in many respects the gigantic inter- 
oceanic cuts, finished or unfinished, the canals of 
Suez, Panama, and Nicaragua, more than our own 
latest enterprise, the Manchester Ship Canal. With 
the exception of the latter, all these works are the 
realisations of the dreams of days, ancient either in 
the proper sense of the word, or as measured by the 
standard of modern progress. Actual work was done 
on the Isthmus of Suez in ages which are prehistoric 
for our northern latitudes. As Pharaoh Necho only 
aimed ata connection between the Nile and the Red 
Sea, however, one cannot say that it was his scheme 
which was completed in our day. 

At the time when operations were being pushed 
forward between Suez and Port Said, the North- 
East Sea Canal existed as a well-studied project. 


first type are essentially through-waterways, con- 
structed to shorten sea routes and to create new 
channels for international traffic. Neither of the 
ports at the two mouths of the new canal have 
as yet any importance. Kiel, close to the Baltic 
entrance, already a busy port and naval station, 
with a magnificent harbour, may naturally be ex- 
pected to increase in size; but its interests were 
not especially studied. The very object of the 
Manchester Ship Canal—the extension of a sea 
route, and the transfer of a terminus for the 
benetit of one of .the busiest districts of the 
world—at once called for docks and work of a 
cognate kind ; these are amply provided for on the 
new Baltic Canal, but will have more time io de- 
velop and grow with the need. In one respect the 
Holstein Canal fared better than its predecessor 
on the Mersey. Though handsome compensations 
have been paid for land and water rights, the ques- 
tion of vested interests has not arisen. 





A few round figures will be useful to give a general 
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Eighteen years after the initiation of the Red 
Sea route the first stone for the new canal was laid 
on the Baltic, in 1887. Both canals are practically 
level cuts meeting little firm rock, the one chiefly 
through sand, the other through still more trouble- 
some bogs. The great popular obstacle, a differ- 
ence in level between the Mediterranean and the 
Red Sea, resolved itself into nothing. The fear of 
the technical world, stagnation in the canal, 
has been dispelled by the winds sweeping at dif- 
ferent seasons over the seas joined by the waterway. 
In Holstein no difference in level was to be expected. 
But the tides in the Elbe, and the winds, necessi- 
tated the construction of two pairs of gigantic locks, 
the one at the Elbe entrance, near Brunsbiittel, 
the other at the Baltic end, near Holtenau. These 
locks are surpassed in useful length, 492 ft., in a 
few instances, as at the Tilbury Docks, at Eastham 
on the Manchester Canal, and more still at 
Ymuiden, on the Amsterdam-North Sea Canal, 
where a useful length of 730 ft. will be reached. 
The locks have a width of 82 ft., and the unequalled 
depth of 31.3 ft. ; 

Although the greater part of Holstein, through 
which the biggest ironclads will be able to make 
their passage, is sparsely populated farm land, six 
noteworthy bridges had to be constructed, two 
high-level bridges at Griinenthal and Levensau, 
remarkable for their beauty, and four hydraulic 
swing bridges, three near Rendsburg, the fourth 
near Taterpfahl, not less remarkable for span and 
machinery. Some most important and instruc- 
tive work, apt to be underestimated and overlooked 
a little as not lying directly on the canal line, has 
also been done at Rendsburg in connection with 
the Eider, which, a few miles above that town, leaves 
the canal to pursue its own course down to Ténning. 

The ingenious way in which the bogs and moors 
were mastered involves much that is novel; the 
difficulties surmounted in laying the foundations of 
the Brunsbiittel lock, on 13 ft. of beton, leave 
everything yet accomplished in that class of con- 
struction far behind. As regards these features, 
the Manchester Ship Canal affords a closer analogy 
than the Suez Canal. In their general character 


idea of the compass of the work. The Suez Canal is 
100 miles long, and had originally a cross-section of 
364 square yards, which has since been increased by 
about one-half ; the depth is now about 28 ft. The 
Panama Canal was to be 46 miles long, 28 ft. deep ; 
the cross-section was to be like that of the Suez 
Canal as originally cut. The Nicaragua Canal will 
have a length of 127 miles, a depth of 28 ft., and a 
cross-section varying between 275 square yards in 
rock and 497 square yards in softer ground. The 
canal cut through the rocks of the Isthmus of 
Corinth has a length of only four miles, a depth of 
26 ft., and a cross-section of 225 square yards. 
The Manchester Ship Canal is 353 miles long, and 
has a minimum depth of 26 ft., and a cross-section 
varying between 360 and 457 square yards; some 
50 million cubic yards were excavated. The North 
Sea-Baltic Canal has a length of 61.3 miles, a 
depth of 29 ft., an average cross-section of 492 
square yards ; the excavation amounts to a little 
more than 100 million cubic yards. In the Man- 
chester and the Nicaragua Canals the bottom has a 
width of 120 ft. and less, For the other canals the 
original 72 ft. of the Suez Canal has been adopted. 
A historical retrospect will best enable us to 
arrive at an estimate of what, for the nations not 
directly interested, constitutes the raison d’étre of 
the new canal, its value asa trade route. For the 
German authorities, strategical considerations pre- 
ponderated. If it had not been deemed absolutely 
necessary to provide for the navy a clear, short, and 
expeditious waterway from the Baltic to the North 
Sea, independent of the goodwill of Denmark and 
the Scandinavian Powers, and not subject to the 
delays and dangers of a long journey round Jut- 
land, the Government might not have demanded, 
and the Imperial Diet not have granted, the eight 
million pounds which have been sunk. A minor 
scheme might have been accepted, or Moltke’s 
often-quoted remark, ‘‘ Build ships for the money,” 
hardly meant as a final opinion, might have been 
acted upon. 
Many routes have been suggested. That the 
Hansa, in her days of wealth and power, should have 
looked for more convenient means of communication 


Hansa, still a treasury for the student of medizval 
architecture and wood carving, once more rising 
into commercial importance, took the initiative. Be- 
tweentheyears1391and 1398 theStecknitz Canal was 
built, which goes from Liibeck in a southerly direc- 
tion tothe Elbe, making use of the small watercourses 
of the Trave, Stecknitz, and Delvenau. But it was 
merely a cutting for small craft, and never acquired 
any importance. The Alster-Trave Canal of 1525, 
which connected Hamburg and Liibeck, was not 
any more ambitious; it only lived 25 years. Of 
the many other routes since then planned, those 
traversing the Duchy of Schleswig, or Denmark 
proper, seem or seemed to have much in their 
favour. They would start from long, narrow bights 
of the Baltic, stretching far inland, and reach the 
opposite shore in comparatively short, straight 
courses. They would haveto beapproached, however, 
by somewhat circuitous routes round the Danish 
isles, and their entrances on the other side would be 
much obstructed by sandbanks. The line Schleswig- 
Husum was proposed in 1761 by Von Justi, in 
1848 by Petersen, and in 1866 by Stieltjens. The 
third canal—the Eider Canal—actually built under 
Christian VII. from 1778 to 1784, also a revival of 
an old scheme dating from 1571, has suffered by 
comparison with the new canal, which has now 
absorbed it. The Eider Canal was not unworthy of 
its time, and became antiquated only with the rapid 
growth of vessels within the last decades. By 
means of six locks, rising to 23 ft. above the level 
of the Baltic, ships could pass from the bight of 
Kiel to the little town of Rendsburg, through a 
waterway 30 miles long, counting the lakes the 
canal traverses, 11 ft. deep and 100 ft. wide, 
with almost square section, and then follow 
the Eider, 80 miles further down to Ténning, on 
the North Sea. The canal took a circuitous course, 
avoiding the greater obstacles. 

The lower Eider being tidal, navigation was easy 
at times, but the tortuous windings of the Eider and 
its small depth proved very awkward, especially 
with contrary winds, and the bars at Ténning 
Harbour discouraged those who advocated improve- 
ment of the old Eider Canal. Yet more than 4000 
vessels passed through it per year about the middle 
of this century, and during the war of 1870 gun- 
boats and transports were pushed through, as the 
French fleet were watching the Sound. In 1863, 
however, the number of vessels using this canal 
had sunk to 1500. The canal, it must not be 
forgotten, was a Danish enterprise. For Denmark, 
which commands the Sound and the Belts, the 
question of a Holstein canal was provincial, so to 
say, rather than national. The union between 
Denmark and Schleswig-Holstein dates from 1459 
when Adolph of Schleswig-Holstein (more correctly 
Holstein-Schleswig, for the Counts of Holstein 
which always belonged to the old German Empire, 
had been Dukes of the Danish fief of Schleswig 
since 1386) dying without issue, left his country 
to his cousin, Christian I. of Denmark (of the 
house of Odenburg). The two duchies, Schleswig 
and Holstein, were to remain ‘‘for ever 
undivided.”” When the direct line became ex- 
tinct with Frederick VII. of Denmark, national 
sentiment and political rivalry resulted in 
the war of the German Bund (Austria and Prussia) 
against Denmark, in which Denmark had to cede 
Schleswig-Holstein, 1864. The air had been full 
of canal projects since 1848, when the Schleswig- 
Holstein enthusiasm had first led to war. As soon 
as peace was concluded in London, in 1864, Prussia 
intrusted Mr. Lentze with the preliminary work 
for a ship canal to join the Baltic to the mouth cf the 
Elbe. Lentze proposed the line St. Margarathen- 
Rendsburg-Eckernférde or Kiel, a level cutting 
with one lock at the Elbe entrance. Before actual 
operations could, however, be commenced, the war 
of 1866 broke out between Prussia and Austria ; the 
Franco-German war of 1870-71 followed soon. In 
1878, Mr. Dahlstrém, of Hamburg, undertook a 
survey on his account, in which he was assisted by 
Mr. Boden. Their reports were examined and 
approved by Mr. Baensch on behalf of the Prussian 
Government, and the modified Lentze-Dahlstrém 
project, and the careful inquiry into the com- 
mercial outlook made by these gentlemen, formed 
the basis of the Bill submitted to the Reichstag, 
which it passed in May, 1886. The reasons for 
modifying the Lentze scheme will be discussed 
later on. The argument that the largest iron- 
clads could steam from the Baltic to the North 
Sea within less than 24 hours carried great 








and aims the two differ widely. The canals of the 





is only natural. Liibeck, then the head of the 
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demand for more ships would follow anyhow, were 
ready to sanction the building of more ships. The 
dread of further fortifications may also have entered 
into some minds. But it does not appear that special 
fortifications of the canal are contemplated. Each 
of the double locks is now being encircled by a pali- 
sade wall, of questionable strategical value, just to 
prevent a surprise visit. If that wall could have 
been built earlier, it would have kept off friendly 
visitors, to the relief of the officials. The splendid 
harbour of Kiel, which has a first-class anchoring 
ground, at a depth of between 30 ft. and 50 ft., of 
6 miles length and 1} miles width in its inner part, 
and fine accommodation in the outer bay, is amply 
fortified. The marine workshops, imperial wharves, 
with their great docks, the marine stores, the Admi- 
ralty, the torpedo harbour, and the commercial 
wharves of Gaarden, Ellerbeck, and Newmiihlers are 
all within a distance of three miles from the mouth 
of the canal. The western entrance is not fortified. 
There is the natural protection of sand and winding 
channels, with their dangers to friend and foe. The 
situation acquires some strength, however, from the 
nearness of Heligoland. This may not be very ob- 
vious to any one looking simply at the continental 
outlines, but a glance at any chart will show that any 
vessel coming from Wilhelmshzven, the naval port 
on the Jade Bay, now somewhat jealous of Kiel, has 
to approach Heligoland to within 23 miles to find 
deep water. If it should hail from the west, it would 
come still closer to the guns on that little island, 
which is only 17 miles from the mouth of the Elbe. 
Entering then the estuary of the Elbe, the vessel 
would have to brave the guns at Cuxhafen long 
before getting in sight of Brunsbiittel. That the 
situation affords a strong basi: for naval opera- 
tions, was proved during the Franco-German War, 
to the detriment of the Germans, whose boats were 
kept in check by the superior fleet of the French 
grouped south of Heligoland. One more point 
respecting the strategical aspect. An attacking fleet 
might advance through the Sound and the Belts. 
Of these passages, however, deep draught men-of- 
war will decidedly prefer the Great Belt, as the 
Sound, and still more so the Little Belt, are some- 
what shallow in parts. Any vessel issuing from 
the Great Belt would, however, expose itself to an 
attack directed from Kiel. 


TI.—ComMERCIAL ASPECT. 


The importance of the commercial outlook, even 
for England, will be understood, when we con- 
sider that two years ago Great Britain contributed 
29 per cent. of the North Sea-Baltic traffic, whilst 
19 per cent. of the registered tonnage fell to Ger- 
many. Russia ranks next to Great Britain, with 
27 per cent., then follows Sweden with 23 per 
cent. Now, although it is clear that vessels from 
Newcastle and Scotland will be little interested, the 
new route does concern Grimsby, Hull, and the 
southern ports ; and according to statistics compiled 
by Mr. Sartori, president of the Kiel Chamber of 
Yommerce, the northern ports send and receive from 
the Baltic ports only 47,600 tons of shipping per 
month, whilst about 170,000 registered tons would 
represent the trade of the southern ports of Great 
Britain. These figures may be questioned ; but 
Mr. Sartori is an authority on shipping, and though 
expectations may be disappointed, as they have 
been to some extent at Manchester, the new route 
will undoubtedly give a stimulus to new enterprise, 
let us hope not too much to the detriment of older 
interests. There is little ground for apprehension, 
however. The trade with the Baltic has been 
steadily increasing, and is of far greater importance 
than is often assumed. It has been pointed out, 
correctly, that there had been actually a falling off 
in the number of ships. During the years 1880 
to 1882, 36,400 vessels were counted annually, 
whilst only 32,500 during the years 1887 to 1889. 
The reason is simply that larger vessels have 
come more into use, and that sailing vessels have 
decreased at a quicker rate than steamers have 
increased. If we look to the registered tonnage, 
we find an annual average of 12.240,000 tons for the 
years 1871 to 1880; of 16,515,500 tons for the 
years 1887 to 1889; and an estimate of over 
18,000,000 tons for the present year. According 
to Mr. Sartori, during the month of October, 1891, 
2199 vessels passed altogether between the two 
seas: from or to Elbe ports, 128 vessels of 49,715 
registered tons aggregate ; Weser ports, 92 vessels 
of 24,184 tons; Ems port, 23 of 5723 tons; Am- 
sterdam, 84 vessels of 55,148 tons ; Rotterdam, 80 
vessels of 61,733 tons; Belgian vessel:, 81 of 





65,119 tons ; English Channel and beyond, 471 of 
402,657 tons ; London, 237 vessels of 192,813 tons ; 
Grimsby, 97 of 61,126 tons ; Hull, 195 of 172,867 
tons ; West Hartlepool, 111 of 72,246 tons ; New- 
castle-on-Tyne, 220 vessels of 162,059 tons ; East 
Scotland, 359 vessels of 217,114 tons ; West Scot- 
land, 21 vessels of 15,205 tons. These figures 
bring out the superior part which the southern 
ports of Great Britain take in the trade with the 
Baltic. 

What inducements are there for vessels to avail 
themselves of the new route? There are three: 
greater safety, a saving in time, and in expense. 
In spite of all that the Danes have done, the 
journey round the sandy Skaw remains fraught 
with danger. In a pamphlet by Mr. Beseke, 
‘“‘The North-East Sea Canal,” these dangers have 
been illustrated in a very lucid manner. The coasts 
of Jutland, Sweden, and North Germany appear 
dotted with small circles marking che places of mis- 
adventure. A white circle indicates that a sailing 
vessel ran aground ; a white circle with a black 
centre, that a steamer met with the same mishap ; 
a black disc denotes the loss of a sailing vessel, a 
black half-disc the loss of a steamer. Round the 
Skaw and the west coast of Jutland the dots 
crowd inan amazing fashion. We should not care 
to reproduce the diagram, for two reasons. First of 
all, it is duly pointed out, but might not be duly 
considered, that the Danish statistics refer to 
28 years, whilst those of the German coast deal 
only with 15 years. And, secondly, because we do 
not know how many of the accidents concern coast- 
ing vessels. A black spot would, then, be a 
monument to the intrepidity of Danish sailors and 
fishermen who will have to follow their dangerous 
calling in spite of all canals. Further, we do not 
know what percentage the accidents represent 
of the totals of the fleets concerned. The 6316 
accidents on the shores are very unevenly distri- 
buted over these 28 years. The list opens with 
165 wrecks in 1858, and closes with the same 
number in 1885. Only twice, in 1864 and in 1870, 
the two war years, the numbers sank to 157 and 154. 
The year 1872 saw 423 casualties, the maximum 
ever recorded. If it were not for 331 accidents 
in 1882, the number would have steadily decreased 
since 1880, when 282 accidents occurred. The 
total of 6316 does not comprise 400 ships which 
disappeared altogether on the open sea. Besides the 
sandy coast, it is the westerly winds which render 
these seas so dangerous, and cause such serious 
delay to sailing vessels. The saving in time which 
the new canal promises has been estimated at from 
three to five days for steamers and to anything up 
to as many weeks for sailing vessels. The baro- 
metric minimum generally travels in a westerly 
direction across the North Sea, on whose wide 
basin the wind can develop its full force. 

The advantages to be expected from using the 
canal greatly depend upon the point of departure 
and the destination of the ship. One of the 
pamphlets which the Imperial Canal Commission 
prepared for the Chicago Exhibition, where 
beautiful models of the canal and of the locks were 
shown, computes the shortening of the voyage for 
the various ports by calculating the distances from 
a certain point halfway between the south coast of 
Sweden and the Island of Riigen, and east of the 
Danish Island of Méen. The distance from this 
point, where the traffic would bifurcate, to take 
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— | 
nautical time, nautical; time, |nautical inane 
miles hours miles | hours miles | 
Hamburg 271 33.4 646 78.3 425 | 44.9 
Bremerhaven . 272 39.6 595 72.1 823 | 82.5 
Emden 346 48.5 629 16.2 | 283 27.7 
Austerdam .. 450 61.2 687 83.3 237 22.1 
Rotterdam .. 479 64.7 | 716 86.8 237 221 
Antwerp 540 72.1 777 94.2 237 22.1 
Dunkirk 561 74.6 800 96.9 239 22.3 
London 591 78.2 830 100.6 239 22.4 
Hull .. . 536 71.6 717 86.9 18L 15.3 
Hartlepool . 572 78.5 692 83.9 121 8.1 
Newcastle-on - 
Tyne 591 78.2 698 84.6 107 6.4 
Leith .. 543 84.9 730 88.5 8t | 3.6 





either the old route through the Sound and Belts 
or the new route, to the canal entrance near 
Kiel, is 128 nautical miles, which might be covered 
at the average rate of 8.25 miles per hour; the 
canal would add 53 miles to be traversed at the 
rate of 5.3 miles; a higher speed than 10 kilometres 
will not be permitted for large vessels. On this 
assumption the passage through the canal would be 





accomplished in 10 hours ; three more hours have 
been allowed for clearing the locks. From these 
data the annexed Table has been computed. 

We see that the northern ports, Hartlepool, 
Newcastle, and Edinburgh, and the North of Scot- 
land, may be left out of consideration, and this has 
been done in the presumptive estimates of the 
future traffic through thecanal. Mr. Sartori thinks 
that 11,700,000 tons, of the total of 18,000,000 
which at present trade to and from the Baltic, wil] 
pass through the canal. This means that about 
two-thirds of the whole merchandise (apart alto- 
gether from the northern ports) will pay the 
new canal dues. The estimate looks somewhat 
optimistic, even if we allow that the saving in 
time, in the coal bill, in pilot dues through the 
Belts and the Sound, and in insurance premiums, 
&c., may be substantial. Speculating is little use. 
Ships call where they expect to find freight. 
English coal still commands the market in Baltic 
ports. Before the Germano-Russian tariff war, 
grain boats from Russian ports steamed up the 
Rhine and took in English coal on their homeward 
journey. The old Eider Canal did not tempt these 
vessels—one of the reasons why the Eider traffic 
declined. The coasting trade between German ports 
is certain to develop and to benefit the canal. 
In spite of the long voyage round the Skaw, the 
Rhine Sea Navigation Company are sending boats 
regularly as far as Stettin. A Hamburg company 
are making special arrangements for trading with 
the Baltic through the canal. Whether the mer- 
chantmen of the Hamburg-America Packetfahrt 
Gesellschaft, which ship to New Orleans and 
Mexico, and the Hamburg-South America line, 
trading with Brazilian ports, will extend their line 
to Copenhagen in the east, remains to be seen. 
They would find every accommodation at Kiel, on 
which port the new Empire has bestowed, for 
military reasons in the first instance, a great deal 
of care. Pilots will not be obligatory on the canal. 
An ample fleet of steam tugs has been provided. 

The coal question touches England most directly. 
At present Westphalian coal cannot compete with 
England and Wales in the Baltic provinces and the 
east of Germany. The Holstein Canal, and several 
others now being built, may bring about a different 
state of affairs. Prussia isonce more pursuing a policy 
of canal extension, though from one point of view she 
may be thought to be little in need of canals. In Eng- 
land both railways and canals are private enterprise, 
and the public reap all the positive and negative ad- 
vantages of lively competition and its anomalies. 
In France the State owns most of the canals, pri- 
vate companies the greater number of railways. 
There the canals have been styled the moderators 
and regulators of railway rates. The Prussian 
State practically owns and controls both canals and 
railways. Two of the big canals just referred to will 
make up the new Rhine-Ems-Weser-Elbe system. 
The Dortmund-Emden Canal, with its extension to 
Duisburg and Ruhrort-on-the-Rhine, will join the 
Rhine to the Dollart. Near Bevegern, north of 
Miinster, the Midland Canal will branch off, which, 
crossing the Weser near Minden, will pass vid 
Brunswick to Wolmirstedt on the Elbe, a little 
south of Magdeburg. Thence the Havel Canal, the 
Oder Canal, built by Frederick the Great, and 
others continue the network further east. Prussia 
and Lubeck are reviving the old Stecknitz scheme 
by once more connecting the Trave with the Elbe 
at Lauenburg. Hamburg has no share in this 
work. Though none of these canals will be avail- 
able for large deep-draught vessels, some important 
work will be done in carrying the canal over the 
Weser, ¢.g., and the new canals may well influence 
the coal trade. 

The estimate for the North-East Sea Canal, 
which was submitted to the Reichstag in accord- 
ance with Mr. Baensch’s analysis, demanded 156 
million marks, a little less than 8,000,000/. Fifty 
million marks were at once contributed by Prussia 
without claiming interest ; Prussia is most directly 
concerned, and would have had to widen and 
improve the old Eider Canal if the new canal had 
not been made. The cost of maintaining the canal, 
comprising pilot and steam-tug services, has been 
estimated at from 2 to 3 million marks. A vessel 
passing through the old Eider Canal, and down the 
Eider, had to pay about 11d. per registered ton in 
various dues. Reckoning the dues on the new 
canal at 9d. per ton, and counting upon a traftic of 
11,700,000 tons annually, 8,775,000 marks would 
be realised, leaving a profit balance of over 6 mil- 
lion marks, That profit would represent 4 pet 
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Dimensions of Railway Train Sheds. 








m : s 
| >; = ° 
Ps - 2A 
Name of Stcti on. wa | a 8 2 
Bis 2 o o£ 
si} & |¢sles 
=a | ¢ < ZZ 
ft. ft. | eq. ft. 
Union Station, St. L- vis 700 606) 424,200 31 22 
Boston and Maine, Boston 536 460 246.540 | 23 3 
St. Pancras, London 700, 240 168,000 
Frankfort,Germary .. a --| 600) 652; 331,200 18 4 
Broad-street, Philadelphia .. --| 592, 804, 179,986 | 16 1 
Union Station, Chicago.. o° -.{1100 105) 115,500; 9, 4 
Philadelphia and Reading, Philadel | | 
pbia.. .. a on ae ..| 800) 260 208,000 | 14 
Dearborn-street, Chicago | 690! 169) 99,710 10 6 
Grand Central, New Yo k | 620) 332) 205,840 | 21. 8 
Cologne .. o> Wrask 765| 276,211,000! 10 4 
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The maximum height in the centre of the shed 
is 100 ft., this dimension being limited by the 
height of the station building in front ; the train- 
shed, therefore, looks somewhat low, in spite of 
the wide raised lantern that runs longitudinally 
from end to end along the centre, and the numerous 
raised skylights transversely to it, and following 
the curve of the roof. Although the clear width 
of the station is so considerable, no spans of any 
great magnitude have been adopted ; the width of 
606 ft. being divided in five spans of unequal width; 
the outer bay on each side being 90 ft. 8 in., the 
one adjoining 139 ft. 2} in., and the centre 141 ft. 
3$ in. The roof between the various spans is sup- 
ported on rows of columns which differ in height 
to conform with the sweep of the roof, which is 
segmental, with a radius cf 806 ft. The top of the 
roof at each side is 29 ft. above the rail level to 
the springing of the arch. Along the length of 
the train-shed, the columns are spaced at 
intervals of 30 ft. on each outer side ; the inner 
rows are placed at intervals of 60 ft. The 
shortest columns, those on the outside, are 
20 ft. high. The longest columns are 62 ft. 
3,5 in. The form of the roof trusses is clearly 
shown in the illustrations, from which it will be 
seen that there is an independent system between 
each pair of columns, so that the roof may be re- 
garded as consisting of a series of trusses, the 
upper chords of which are curved to the same 
radius, whilst the lower chords are also curved, 
meeting the upper at the points of support, bracing 
being introduced of the form illustrated. This con- 
struction produces the curious and not very pleas- 
ing effect of a long series of fish-bellied trusses, and 
entirely destroys the effect of continuity. The 
ends of the shed are faced with corrugated iron, 
cut to follow the form and depth of the trusses. At 
a height of 20 ft. above the rails a straight truss is 
put in between the columns, with vertical sash- 











bars extending to the corrugated-iron screen. 
The space thus formed is glazed with rough 
corrugated glass sheets, so as to complete the 
gable end. As will be seen from the detailed 
illustrations, the columns and the roof principals 
are connected by an extensive system of longitu- 
dinal girders and purlins, and secondary rafters are 
introduced between the main principals, in every 
bay for 90 ft. at each end of the shed, and in every 
alternate bay between these distances. On these 
principals is laid a close-laid covering of 2-in. floor 
boards, with the under sides carefully dressed ; this 
floor is covered with tinned sheet iron. The alter- 
nate bays are covered in a similar way, but ata 
10 ft. higher level, the vertical space between the 
normal roof and the summit of the raised portions 
being filled in with sash-bars and glass. These 
ekylights run into the longitudinal lantern, 36 ft. 
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in, and the ground utilised for building. For this 
reason the foundations were dificult, and 64 out of 
the total of 92 columns are carried on piles driven 
from 5 ft. to 9 ft. into the solid ground ; the exca- 
vations were filled with Portland cement. The 
columns in the inner rows are all of them connected 
to their bedplates by pins. The construction of 
the shed was commenced in April, 1892, the erection 
of the steel work in July of the same year, and 
the last truss was in place the following November, 
The shed was completed in November, 1893. The 
quantities of material, &c., used in the shed were 
as follows: 





Piling a 10.855 lineal feet 
Excavation... £013 cubic yards 
Steel... : 2700 tons 
Glass 95,000 sq. ft. 
Timber 961,000 fb. 
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broad, that extends along the centre of the roof from 
end toend. The glass used throughout this part of 
the work is 2-in. plate. Ventilation is secured by 
openings in the sides of the central lantern in the 
30-ft. spaces between the transverse skylights. The 
area of the roof is 10 acres, and the rain-water is 
received in gutters at each side, connected with 
down pipes placed at intervals of 30 ft. Great care 
was taken in the erection of the columns, especially 
of the outer rows by which the entire structure is 
anchored. The shed is built on the site occupied 
anumber of years ago by a lake, which was filled 












The train-shed does not immediately adjoin the 
station building, but is separated from it by a 
lower roof than that of the shed, and at right angles 
to it; this roof is a light steel structure 50 ft. wide 
and 606 ft. long. It covers the end platform 
approached by the different doors from the station 
building and leading to the various platforms ad- 
joining the 31 tracks in the shed. 

The details on pages 688, 689, and the present page 
will explain clearly the construction of this remark- 
able train-shed. Fig. 7 is a transverse section of 
one-half the building. Fig. 19 shows the details of 
one of the large roof principals, and Fig. 12 is one of 
the outer principals. It will be noticed that the 
curve of the roof does not extend to the outer row 
of columns, but that the principals for the outside 
spans have straight upper chords tangential to those 
of the inner spans. The construction of the columns 
is shown in Fig. 22. The outer columns marked A 
in Fig. 7 are about 3 ft. square, and are built up of 
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plate and angleiron. They are held down to the bed- 
plates and concrete by four bolts. This connection 
is a rigid one, as above stated, all the columns of the 
inner rows being secured by pins to the bedplates. 
The outer columns are extended at the top to form 
an inner slope terminating against the principals in 
order to make the gutter that receives the drainage 
from one-half the roof. The outer columns, which 
are spaced 60 ft. apart, are connected by deep 
double lattice girders braced together horizontally 
(Figs. 9 and 10) and carrying the intermediate 
principals. The inner columns (B, C, Fig. 7) are 
shown in Fig. 17. They are built up of angle- 
irons and close plating for part of their height, 
and of open framing with diagonal bracing for 
the remainder. The bedplates (see Fig. 7) are 
drilled to receive a pin 6 in. in diameter that holds 
the foot of the column in place, and allows free- 
dom of movement in the whole structure. These 
columns are connected longitudinally by the open 
braced girders shown in Fig. 21. The construction of 
the roof principals is well shown in Fig. 19, the type 
employed for the outer spans. The upper chord 
consists of two angle-irons, stiffened at the points 
of attachment of the bracing by plates ; this chord 
is straight, but is turned down at a sharp angle 
near the outer end to form the inner side of the 
gutter and reach the connecting plate riveted to the 
top of the column. At the other end, over the 
inner column, the depth of the truss is nearly 
12 ft. The lower chord consists of a double line 
of bars, and the truss is divided into five panels, 
with a single intersection in the centre panel. The 
inner and larger trusses (Fig. 7) are of the same 
type; they are divided into six braced panels, the 
two centre ones having single intersection brac- 
ing ; the depth in the centre of the truss being 
about 21 ft., and at the ends 11 ft.9in. Fig. 16 
shows the way in which the trusses of adjacent 
spans are connected to each other and to the heads 
of the columns. The same figure also shows the 
details of the transverse and longitudinal skylights, 
as well as the construction of the trussed purlins ; 
the height of the longitudinal lantern above the 
roof principal in the centre is 22 ft., making the 
total height from rails to ridge somewhat less than 
100 ft. at the south end of the station, and about 
3 ft. less at the north end. 





GLASGOW HARBOUR TUNNEL. 
(Continued from page 599.) 

Over each of the shafts there is constructed a 
rotunda with a handsome domed roof giving abun- 
dant light. The rotunda is about 80 ft. in internal 
diameter, and about 27 ft. to the springing level. 
The dome is supported on steel ribs rising from 
the springing level, and meeting in a curb at the 
top. There are no tie-rods. Over the curb there 
is carried a lantern, which is finished outside with 
a weather vane. The roof is of timber, slated, 
and Pennycook glazing has been largely adopted to 
give light to the elevators. The rotunda on the 
north side forms a complete circle, except for the 
entrances to the lifts, but on the south side the 
outline is broken by the power station, as shown 
on the plan of power station and pipe connections 
(Fig. 28, on page 692). 

This power station, which includes all the motive 
machinery, is 75 ft. 2in. along inside walls by 
21 ft. 2in. wide. The power station is built of 
brick, the interior being lined with white enamel 
brick. In line with this building, but sepa- 
rate from it, is the boiler house, in which are 
three Lancashire boilers 8 ft. in diameter, equal to 
700 indicated horse-power, and giving a very large 
reserve of power. They work at a pressure of 100 lb. 
to the square inch, and are fitted with Galloway 
tubes, and in connection with them Sinclair’s 
system of mechanical stoking is adopted. The 
a exhaust into a chimney stalk about 120 ft. 

igh. 

The electric lighting plant is installed in the 
power house. The plant consists of two compound 
engines with cylinders 84 in. and 13 in. in dia- 
meter by 6 in. stroke, running at 300 revolutions 
per minute. They are coupled direct to dynamos 
of 20 kilowatts. These engines are capable of 
doing all the work, but for lighting the passenger 
tunnel during the night hours, there is in addition 
a simple engine with cylinder 6} in. in diameter 
by 44 in. stroke. This also is coupled to a dy- 


namo running at 300 revolutions and of 6 kilo- 
The engines are by Messrs. Belliss, the 


watts, 





dynamos and electric installation generally having 
been carried out by Messrs. Paterson and Cooper. 
One of the 20-kilowatt dynamos will easily do the 
work during the day, while during the dark morn- 
ing and evening hours the two machines will be 
run together. ‘Ten arc lamps are provided on each 
side of the river for lighting the shaft and pump. 
In the passenger tunnel 50 glow lamps of 32 candle- 
power are used, and in the vehicular tunnel 25 
glow lamps of 32 candle-power. The lighting is 
divided into 12 circuits, two independent circuits 
being run to each principal section of the works. 
The plant is thus duplicated throughout, and there 
is no likelihood of a collapse. Each of the circuits 
is led from a switchboard, while, in addition, the 
operator on the elevator platform will have the 
control of the arc lamps in the shaft. The electric 
cables in the tunnel are all laid in wrought-iron 
tubes filled with a preparation of resin oil. 
The glow lamps are in strong fittings, with re- 
flectors. In the case of the passenger tunnel they 
are suspended to the roof in the centre, each alter- 
nate lamp being in a separate circuit, while in the 
case of the vehicular traffic tunnels the lamps are on 
the side of the walls about 5 ft. above the centre 
line, and are arranged alternately on either side. 

Two sets of pumps have been provided for deal- 
ing with the water in the shafts and tunnel, as 
shown on the plan of power station and piping 
(Fig. 28). Little difficulty was experienced with 
water in the south shaft, but in the north shaft, 
as explained in our preceding article, water during 
the operation was more troublesome, and now that 
the work is finished, there is still a considerable 
flow. To deal with this, the shaft is cribbed or 
lined with iron outside for a height of 30 ft. from 
the bottom. The water is thus allowed to rise 
about 30 ft. behind the lining, passing into a sump 
in the centre of the shaft. This sump is covered over, 
and the water from it is drawn off through a 9-in. 
pipe, passing through one of the tunnels to the 
south shaft, where it rises 30 ft. by its own pres- 
sure into a receiving vessel, from which the drain- 
age pumps draw. In the case of the south shaft, 
the pump works directly from a sump in the 
bottom shaft. This sump also receives a small 
amount of service water from the north shaft and 
from the tunnels. 

The pumping machinery is divided into two sets, 
and the engines are exact duplicates one of the 
other. They are of the bucket and plunger type. 
One set consists of one pump bucket 144 in. in dia- 
meter with 10}-in. plunger, the stroke being 30 in. ; 
the other, 10} in. in diameter, plunger 7} in., stroke 
30 in., the latter being for the less duty in the south 
shaft. The bucket speed is from 80 ft. to 100 ft. 
per minute. The south shaft pumps aro set at 
the bottom of the shaft, the larger pump being 
placed on a girder connected with the elevator 
girders, and about 25 ft. above the bottom of the 
shaft. There the suctions are connected to the 
receiving vessel already mentioned by means of 
sluice valves, so that either pump can be shut off. 
All the pumps are fitted with liberal air valves, and 
non-return valves, and each set discharges by an 
independent vertical rising main to a receiving 
vessel below the pump engines in the power house. 
The pump valves are all of gun-metal, double-lipped 
and partially balanced. This system was adopted 
in preference to the india-rubber or group valves, 
so that less attention need be given. ach set of 
pumps is connected by means of a system of rods 
and crossheads of hydraulic tube and cast steel re- 
spectively to a bellcrank or quadrant at the top of 
the shaft, partly in the power house and partly 
overhanging the shaft. These rods work through 
slipper guides or sheave guides attached to the 
sides of the shaft. Each quadrant is driven by a 
horizontal engine with steam-jacketed cylinders 
9in. in diameter by 20 in. stroke, through the 
intervention of machine-cut geared wheels, having 
a ratio of about 5.6to1. The engines are fitted 
with Koerting’s ejector condensers, and are arranged 
for condensing or for exhausting into the atmo- 
sphere. The cylinders are fitted with expansion 
gear, variable by hand, with governors to come into 
action only should the speed through any cause 
become excessive. Messrs. Crow, Harvey, and Co, 
Glasgow, constructed these engines to Mr. D. H. 
Morton’s specification, and under his supervision. 
The steam, feed, and exhaust piping is not 
duplicated, but has been made with special care. 
The greater portion is of lap-welded wrought 





iron, with solid welded flanges by Messrs. A. J. 
Stewart and Clydesdale, Limited. Numerous 


sluices and valves are fitted to shut off sections, so 
as to localise the effect of any breakdown and 
obviate total stoppage. There are separators for 
draining the pipes. The donkey feed pumps are 
in duplicate, and the exhaust for the electric light- 
ing and for the hydraulic pump engines, to be 
described later, passes through a Berryman feed- 
water heater made by Messrs. Wright, of Tipton. 
The arrangement of the installation will be seen by 
reference to the plan on page 692 (Fig. 28). 

Here also it will be noticed that three hydraulic 
pressure pumping engines have been installed by 
Messrs. Worthington, of New York. These are for 
supplying power to the elevators. They are of the 
tandem compound duplex type, with steam cylin- 
ders 14 in. and 20 in. in diameter respectively, 
with an hydraulic cylinder of 5in. and 15 in. stroke. 
They have externally packed plungers, and the 
piston speed is 65 ft. per minute, the working 
pressure being 750 lb. to the square inch. Two of 
the pumps will give the maximum service called 
for, the third being in reserve. These pumps are 
illustrated on page 692 (Figs. 29to 31). The valves 
have metallic seats. The delivery of each pump is 
connected with the main system by a 3-in. pipe on 
which is placed a stop valve. The suction of each 
pump is 5 in., and the suctions are in connection 
with a discharge tank by an 8-in. suction pipe. 
The discharge tank is 14 ft. by 4 ft. by 7 ft. high. 
From this tank a pipe is laid upon the pipe gallery 
across the north shaft, this pipe being 10 in. in 
diameter as far as the centre of the shaft, decreas- 
ing in diameter as it extends to the other three 
machines on the further side. A branch is taken 
from this pipe at the centre of the shaft. This 
branch, 8 in. in diameter, extends through the 
passenger tunnel to the main pipe along the gallery 
of the shaft on the north side, as shown on Fig. 
28, thence to a discharge tank or catch basin, the 
two tanks being situated at the same level. 

The pumps work in connection with an accumu- 
lator situated adjacent to the shafts at each side of 
the river (Fig. 28). The accumulator ram is 16 in. 
in diameter by 19 ft. stroke. The accumulator is 
loaded with sand to give a pressure of 750 1b. to 
the square inch. ‘That at the south side alone 
controls the pumps by a balance steam valve. 
The accumulator on the north side is weighted 
to a slightly less extent than that on the south 
side, so that it will rise to its extreme position 
before the pumps are shut off by the rising of the 
accumulator on the south side. By this arrange- 
ment also it will descend in consonance with the 
elevators on the north side, owing to the hydraulic 
friction in the pipe crossing from the south to the 
north shaft and connecting the accumulators, 
neutralising the difference in weight on accumu- 
lators. This pipe is 4in. in diameter, and, as in 
the case of the 8-in. equalising or discharge pipe, is 
led beneath the floor of the passengers’ tunnel. 
Upon the pressure pipe, and controlled by the 
accumulator on the south side, is an automatic relief 
valve, so that should the steam valve refuse to act, 
communication with the discharge tank would be 
open. On the ends of the supply pipes serving 
each group of elevators there is a spring safety 
valve which is operated if excessive pressure comes 
upon the line. At each elevator there is a valve on 
both discharge and pressure pipes, so that the 
elevating machine may be entirely cut off at will 
from the water system. The hydraulic pipes have 
been tested to a pressure of 1500 lb. to the square 
inch. 

We come now to deal with the elevators them- 
selves. The general arrangement of these will be 
understood by reference to the engravings on our 
two-page plate, and to the plan on page 693 (Fig. 
36). The construction of these elevators differs 
in several respects from those constructed by the 
same company at the Eiffel Tower, Weehawken 
Elevated Railway, and the Catskill Mountain 
Incline. At Glasgow the company have arranged 
for the first time a large installation for working 
with water at high pressure, and, moreover, the 
fact that three of the elevators were to be arranged 
primarily for lowering and three primarily for 
elevating, necessitated some interesting modifica- 
tions in detail. The striving after absolute safety 
and the determination to meet every possible con- 
tingency is likewise evidenced by the many safety 
appliances, the design of which has been undertaken 
by Mr. Thomas E. Brown, Jun., the consulting 
engineer of the company, who was assisted by 








Mr. R. H. Thorpe. Many serious problems, too, 
had to be solved on the ground by Mr. J. R, 
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Furman, who has acted at Glasgow as resident 
engineer. Mr, Brown and Mr. Furman have been 
associated with all the large elevators we have 
named, so that improvement has been evolved by 
experience. 

The elevators at Glasgow are more powerful than 
any yet constructed, though the height of the lift 
is not so great as at the Eiffel Tower or at 
Weehawken. At Glasgow the load is 12,000 Ib., 
and the maximum lift is 72 ft. ; at the Eiffel Tower 
the load was equal to 50 persons, and the height 
420 ft. ; at Weehawken the load was equal to 150 
people, and the height 143 ft., and at the Catskill 
Incline it was about the same. 

Describing in detail the elevating machinery, a 
word or two may be said about the girders and 
posts which support the mechanism, and form 
guides for the sheaves, cages, and balance-weights. 
As shown on the plan (Fig. 28), there are six ele- 
vators in each shaft, three for raising and three for 
lowering vehicles, These elevators and _ their 
mechanism occupy about one-half of the diameter 
of the shaft. The girder-work was constructed and 
erected by Messrs. Findlay and Co., Motherwell, 
from designs by Mr. T. E. Brown, Jun. The prin- 
cipal girder is that known as the cylinder girder, 
the top of which is flush with the roadway. There 
are two girders, as shown on Figs. 33, 34, and 35 
on the two-page plate, each 8 ft. deep, and placed 
at 3 ft. 8 in. centres, connected at top and bottom 
by plates at short intervals. Steel crossbars are 
firmly bolted on the girders, and to them the cy- 
linders are suspended. The cylinder thus lies 
between the two girders, extending below the 
bottom flanges. Immediately below the bottom 
cylinder girders there is a horizontal girder marked 
a I on Fig. 34, through which the cylinder extends. 
Bolted to this girder is a cast-iron ring with four 
adjustable set screws, which abut against the 
cylinder to hold it in proper alignment. This is 
shown on Fig, 35. 

From the cylinder girders there rise a series of 
vertical struts supporting the operating gallery as 
shown on Fig. 35, and also carrying one end of the 
girder k shown on Figs. 33 and 34, On this latter 
girder is carried a series of overhead beams, the 
other ends of which rest on a 7-ft. plate girder, 
which latter is supported directly from the shaft 
walls. Directly supporting the main rope sheaves 
of each elevator are two plate girders d, d, 2 ft. Gin. 
deep, as shown on the plan, Fig. 36, on page 693, and 
on Figs. 33 and 34 on the two-page plate. Resting 
upon these beams at one end and on the main cross- 
beam at the other, are the two plate girders a, a, 
2 ft. deep, supporting the counterbalance sheaves. 
The whole girder work, it may be added, is strongly 
braced laterally. For the purpose of carrying the 
travelling sheave guides, there 1s a series of vertical 
lattice posts, « to 4 on Fig. 34, to which the wood 
guides are bolted. 

We now come to the girders and posts forming 
the guides, &c., for the cars. There is a series of 
posts of box section 10 in. by 12 in., which extend 
from the foundation to the overhead system of 
girders, the total height being 984 ft. At three 
intermediate points are cross -struts p, shown 
on Figs. 33 and 34, to which these posts are 
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fastened to give them lateral stiffness, and between 
these intermediate struts are diagonal tie-rods as 
shown on Fig. 33. Bolted to the car guides are posts 
consisting of three thicknesses of pitch pine securely 
spiked together, and at intervals of 16 in. bolted to 
the steel posts by ?-in. bolts. Hand-holes are left 


in the posts to enable the bolts to be readily 
inserted. his guide is placed at the centre length 
of the car on both sides, and the car is fitted with 
wrought-iron guide shoes. Extending from the 
bottom of the shaft to the struts are two 6-in. 
angle-irons called posts a, j on Fig. 33. To 
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these are bolted 24 in. by 3 in. maple guides, 
between which the counterbalance weights slide. 
These angles are lattice-braced from top to bottom 
to give them lateral stiffness. 


(To be continued.) 





ELEOTRIO TRACTION.—No. XIX. 
By Partie Dawson. 


Moror Trucks. 

THE introduction of electric traction has revolu- 
tionised the construction of the running gear under 
the car bodies. In old days, when horses and 
mules were the only motive power for street cars, 
it was considered quite sufficient to support the car 
body upon a single set of springs carried by the 
boxes, a simple bar being often the only connection 
between the two sets of wheels. The adoption of 
electric power and of cars equipped with single or 
double motors, added immensely to the weight 
carried by the axles, and rendered it necessary that 
efficient methods be evolved for cushioning and sus- 
pending the motors over the axles while maintain- 
ing a rigid connection between motor and axle. At 
first the motors were rigidly attached to the bottom 
of the floor of the car body. This construction did 
not prove a success, for both car floor and motor 
deteriorated rapidly, access to the motors being also 
very difficult. 

Experience demonstrated that the only effective 
method was to attach the motors to an independent 
truck frame, and to have all the mechanism of the 
car entirely independent of the car body. 

It took the car-builders in America some time 








to realise that a running gear which worked to 
entire satisfaction with horse and even cable cars 
was utterly useless when applied to electric haulage, 
causing ruinous maintenance expenses of trucks, 
motors, car bodies, and track. 

The demand for this special class of work was 
soon met by a host of inventors, who from theoreti- 
cal and practical knowledge, separate or combined, 
flooded the market with patents and devices. The 
result of a seven years’ experience has sifted the 
useful from the useless, and it may now be fairly 
stated that the chief principles involved in the 
design of a thoroughly good motor truck, fulfilling 
all or most of the conditions imposed by electric 
traction, have been fully recognised, with the result 
that the electric motor truck has been brought 
down toa standard. The above causes, combined 
with the prodigious growth of electric traction in 
America, which from being only experimental in 
1888 has now replaced nearly all other methods of 
propulsion on street railways, urban, suburban, and 
interurban, has caused truck building to become an 
independent business in America, although many 
car works make some form of truck. 

Rigid frames had been employed in trucks for 
gas, steam, compressed air, and cable grip cars, but 
the conditions in all these cars are entirely different 
from those of electric motor cars. This experience 
was dearly bought by some of the earlier electric 
roads, as is testified by many a scrap-heap com- 
posed of trucks which, after having run but a few 
miles, had to be discarded. 

The reliability or worthlessness of the motor 
trucks may mean the success or failure of an electric 
road, and to secure a good truck is quite as indis- 








pensable and important as to use a well-constructed 
and efficient motor. A motor truck comprises many 
parts, the most important of which are the side 
frames, springs, wheels, axles, boxes, bearings, 
motor bearings and suspension, sand-boxes, brakes, 
and safety appliances. 

The following are the chief conditions which must 
be fulfilled by a truck suitable to electric traction : 

1. The truck must be as light as possible con- 
sistent with rigidity and — 

2. It must be thoroughly braced, so as to keep 
it stiff and square without having to depend in an 
way on the car body. The strains on a motor truc 
in rounding curves and when passing from the level 
to a gradient are extremely severe, much more so 
than with horse-cars, where the horses pull the car 
round on curves and slow up on coming to a 
gradient. 

3. The journal-boxes must be self-lubricating, 
require but little attention, and be dust-proof. 

4. The brake action must be simple and effective, 
easily adjustable, and the brake shoes must be 
replaceable at a moment’s notice, and be mounted in 
such a way as not to be influenced by the spring 
motion of the car. 

5. The truck must be constructed in such a 
manner as to render access to all parts easy, and to 
admit of motors, wheels and axles, Feo 
brake gear and the like, being easily removable, 
without having to dismember the truck. Strains 
on bolts should be avoided as much as possible. 

6. The car body must be attached to the truck 
in such a manner as to be readily removable by the 
loosening of a few bolts. 

7. Springs must be arranged so as to cause the 
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running of the car to be equally smooth when 
empty as when fully loaded, and to prevent the 
pitching and rolling motion to which street cars are 
so liable, due to sharp curves and rough roads. 
This is a very important point, not only for the 
comfort of the passengers, but also to prevent rapid 
deterioration of the car wiring and car bodies ; the 
former of which is very likely to cause grave 
results to the motors by causing short circuits. 

8. The question of an appropriate choice of 
wheels is most important, and will be fully con- 
sidered hereafter. 

All these essential features must be satistied by 
any given truck before it can be used in combina- 
tion with electric traction. There are three essen- 
tially different forms of truck, which, although 
conforming to the above specifications, do so in 
different ways, and which are employed according 
to the conditions demanded by the particular track 
and service. These three types are the following : 

1. The rigid four-wheel truck. 

2. The radial six-wheel truck. 

3. The four-wheel bogie truck, of which two go 
to a car. 

In the rigid four-wheel truck, where the wheel 
base is naturally restricted, it is of the very greatest 
importance to have an arrangement whereby the 
car body is supported as far outside the wheel base 
as possible, and to diminish as much as may be, by 
the judicious use of springs, the destructive effect 
of jolting, both on car body and motor equipment. 

The best method of showing improvements 
brought into the manufacture of motor trucks is to 
describe some of the principal makes now in general 
use across the Atlantic, and which are also rapidly 
spreading in Europe. 

The Peckham Motor Trick. —One of the first 
trucks specially designed for electric traction, 
although also extensively used for cable cars, was 
brought out by Mr. Peckham four years ago. 

It has already been noticed and illustrated in 
ENGINEERING, vol. lvi., page 755. The details 
given were not very complete, and the question of 
trucks is such an important one that we will go into 
it more fully. The principal feature of this truck 
consists in the adoption of an extended spring base 
supporting the car body, and supported in its turn 
by a cantilever truss from underneath, the object 
kept in view being to prevent the ‘‘ pitching” and 
‘*rolling” movement of the car, and at the same 
time to provide a better support for the extremities. 

The side frames are constructed of flat wrought- 
steel bars, riveted to the soft steel yokes or pedes- 
tals which support the frame on the axle-boxes. 
All the rivets are driven hot, and the whole is 
nothing less than a piece of bridgework. To have 
as long a supporting base as possible, end extension 
bars are riveted hot to the suspension yokes, and 
these are supported from beneath by steel truss 
bars, firmly riveted to the end of the extension bars 
and to the lower part of the yokes. 

The inferior portions of the yokes are connected 
by removable wheel-pieces of cast iron, held in 
position by two bolts provided with split pins, 
which can easily be removed whenever it is required 
to remove the axles or wheels, When these pieces 
are in place they form with the framework one 
continuous truss, resembling both in appearance 
and construction a truss of a cantilever bridge. 

The top bar, on which the car body rests and to 
which it is bolted, is constructed in one piece, and it 
is supported on the main framework by a set of 
elliptical and spiral springs. Over the points where 
the springs are attached to the top bar there are 
depressions in this bar, so that the spring bolts can 
be got at easily and the springs removed when 
necessary without having to jack up the car body. 
One double elliptic spring is placed on the outside 
of the yoke-box, and this is calculated so as to 
support the car body when ligh‘, and yet to be not 
too stiff to give an easy-running car at light loads. 
At these loads the spiral springs do not act, and 
they only come into play when the car becomes 
loaded. When loaded, the double elliptic spring 
doubles up and loses its elasticity, owing to the 
increased leverage caused by the flattening out of 
the spring. 

The weight of the car is then taken by the spiral 
springs. This causes the car to be as easy-running 
when heavily loaded as when empty, an advantage 
which cannot be over-estimated on cars which may 
have to run over rough roads and with very variable 
loads. Besides these springs, a coil spring is pro- 
vided at each extremity, which takes the up-thrust 
and acts as a dashpot, deadening and rapidly 





stopping any pitching motion which might arise by 
the car bumping or from a number of passengers 
getting off or on at once at one end. In case of an 
emergency overload, which might cause the top 
bar to rest on the top of the yokes, two rubber 
cushion springs are fixed on the top of each of 
these. 

The framework just described does not rest 
directly on the journal-boxes and axles, but is sup- 
ported from there by a double set of spiral springs, 
one inside the other, which take up the first effect 
of any shock caused by rough tracks, the first spring 
taking up the smaller shocks, and the second only 
coming into action if an unusually heavy one should 
be encountered. 

One spring is wound to the right hand and the 
other to the left, this being done to counteract the 
torsional strain which always arises from a shorten- 
ing of spiral springs. These springs are so designed 
that the load which each has to take produces the 
same strains and compression of both, and also so 
that when they reach the maximum compression 
the successive coils of both springs come in contact 
at the same moment. The motors are hung from 
crossbars suspended from the side frames by coil 
springs, and provided with a set of springs to take 
the up-thrust which is caused by shocks, and to 
prevent oscillation. 





THAMES BRIDGES.—No. XIII. 


22.—Tue Barnes BripakEs OF THE LONDON AND 
SoutH-WESsTERN Raitway Company. 


Tue arched bridge of the London and South- 
Western Railway Company which crosses the 
Thames at Barnes, is well known in connection with 
the Oxford and Cambridge boat race ; it is located 
between the Barnes and Chiswick stations on the 
Hounslow branch, and was constructed under the 
powers obtained by the London and South-Western 
Railway Company by their Loop Line Act of 1846 ; 
the bridge was opened for traffic in 1849. It was 
designed by Joseph Locke, and the contractor was 
Thomas Brassey. 

The bridge was erected to carry two lines of way, 
and consists of three spans of 120 ft. each (clear), 
with intermediate piers 10 ft. wide at the springing 
of the cast-iron ribs, tapering out to 12 ft. wide at 
the bed of the river, which is 20 ft. below Trinity 
high-water mark at the centre of the stream ; there 
are three courses of footings, each 12 in. deep, 
spreading the base out to 15 ft. in width, under 
which is concrete, 17 ft. wide, encased in sheet 
piling, and carried down to 35 ft. below Trinity 
high-water mark. The total length of the piers 
above the footings, and including the cutwaters, is 
44 ft. 6in. The skewbacks at the springing of the 
ribs reduce the width of the piers to 7 ft. 8 in., 
and the length to 27 ft. 6in. Both abutments and 
piers are of brickwork, with rusticated stone quoins, 
skewback course, and cutwaters. 

On the stone skewbacks of the piers and abut- 
ments, are fixed cast-iron springing plates, and into 
these the ends of the cast-iron ribs are secured with 
iron wedges. There were four cast-iron ribs to 
each span (two to each line of way), having a span 
of 120 ft., and a rise of 12 ft., with a headway at the 
centres of the arch of 20 ft. above Trinity high-water 
mark. The two inner ribs in the 6 ft. space were 
placed 2 ft. 1} in. apart from centre to centre, and 
the outer or face rib on either side was placed at a 
distance of 11 ft. 1 in. from the inner rib, so that 
there was a pair of ribs, each with a horizontal 
girder and spandril filling at the haunches, to each 
line of way. 

The ribs were cast in four segments, the two 
middle segments having a portion of the horizontal 
girder cast in the same piece; the joint at 
the centre of the ribs is 3 ft. deep (the depth 
of the rib), and flanged, the inner ribs having 
double flanges 4 in. wide and 2 in. thick secured 
by nine bolts 1} in. in diameter, the outer rib 
having only one flange on the inside, with five bolts 
1} in. in diameter. At a point 30 ft. distant on 
either side of the centre there is another joint also 
flanged and secured by 14 in. diameter bolts; 
there are 19 for the inner and 10 for the outer rib. 
From this point towards the piers or abutments the 
rib and horizontal girder are separate castings con- 
nected by the spandril fillings which are bolted to 
the extrados of the rib and to the underside of the 
horizontal girder. The depth of the rib is 3 ft. 
over all, the lower flange being 12 in. by 24 in.; the 
web is 2in, thick, and the top flange of the inner 





ribs at the centre is 6 in. wide and 2 in. thick, with 
the edges rounded off, and this shape continues in 
the top of the horizontal member from the point 
where it joins the middle segment to the piers or 
abutments. 

Commencing from the centre of the span at the 
bottom flange of the rib there is a horizontal ledge 
4in. wide and 2in. thick, cast on to carry the 
timber cross-bearers ; this projection reaches to the 
joint at 30 ft. from the centre ; beyond that distance 
the bottom flange of the horizontal girder is used to 
carry the ends of the bearers. The top flange of the 
horizontal girder in the outer ribs is 10 in. wide, to 
allow for a light cast-iron cornice moulding and 
parapet to be bolted on, and in the two outer ribs 
a small moulding is introduced in the angles at the 
connections of the webs and flanges to improve the 
appearance. 

The timber cross-bearers were 12in. deep, 6 in. 
wide, and pitched 2 ft. apart between centres ; the 
rails and chairs were carried on longitudinal balks 
16 in. by 11 in., and between these balks the 
bridge was decked with 3-in. timber. 

Each completed rib, with horizontal girder and 
spandril filling, weighs 30 tons. Each pair of ribs 
is well tied together through the webs, with bolts 
and distance-pieces, and there is also diagonal 
bracing with T-irons riveted back to back, this 
bracing having been added since the bridge was 
erected, the portion in the centre of each span 
having been completed about 14 years ago. 

At the time of writing, the abutments and piers 
of the original bridge have been lengthened, the 
face ribs on the down-stream side, with the bracing 
and timber bearers, removed and a new iron super- 
structure erected ; the remaining portion of the old 
bridge at present remains intact. The illustrations 
on page 700 show the old and new bridges respec- 
tively. 

Under the London and South-Western Railway 
Company’s Act of 1891, powers were obtained to 
widen the line between Barnes and Chiswick, and 
after a careful examination of the existing structure, 
it was considered that the time had arrived when 
it was desirable to renew the superstructure of the 
bridge. 

Plans and drawings were prepared under the 
direction of Mr. E. Andrews, the resident engineer 
of the London and South-Western Railway Com- 
pany; the general builders’ work was let to 
Messrs. Perry and Co., of Tredegar Works, Bow, 
E., and the ironwork to Messrs. Head, Wrightson, 
and Co., of Stockton-on-Tees, the erection being 
under the supervision of Mr. A. W. Szlumper, 
M.1.C.E. 

The general scheme of the widening and renewal 
extends the existing abutments and piers on the 
down-stream side, the openings being spanned 
with wrought-iron bowstring girders. Provision 
had also to be made for a public footpath on the 
northern, or down-stream, side of the bridge, and 
the fact had to be taken into account that the 
bridge is used on the occasions of the Oxford and 
Cambridge boat race by large numbers of persons 
as a place of vantage from which to view the course. 

Both the abutments were extended after the 
usual cofferdam of timber had been made, but a 
different arrangement was adopted for the two 
piers. For each pier a wrought-iron caisson 28 ft. 
long and 18 ft. wide was built and lowered into the 
water on the down-stream side of the existing pier, 
just clear of the foundations. The caissons were 
built of %-in. wrought-iron plates, stiffened with 
angle andtee irons. The lowerlength of the caisson, 
which remains permanently in the bed of the river, 
is 16 ft. deep, including a steel plate with cutting 
edge at bottom, riveted to the lower edge of the 
caisson ; this lower caisson is also stiffened by 
four plate girders fixed across the width of 
it, and stays to the sides. To the underside 
of these girders, which is 7 ft. 3 in. above 
the cutting edge, a ceiling is riveted of #-in. 
wrought-iron plates; to the working chamber 
thus made communication was obtained by means 
of two wrought-iron shafts, 6 ft. in diameter, 
riveted to the ceiling plates, in which a correspond- 
ing hole was made. This caisson was riveted up on 
staging erected in the river, and as it was sunk 
additional lengths were connected to it by bolts, the 
joints being made water-tight with india-rubber 
packing. Although these caissons were designed 
so that they could be sunk under pneumatic pres- 
sure if necessary, it was found, as the work pro- 
ceeded, that this was not required, for, being 
weighted by some of the permanent concrete filling 
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on the top of the ceiling plates, the caissons soon 
sealed themselves in the London clay; the water 
was then removed by pumping, and the clay dug 
out and hauled up in buckets until a depth of 
35 ft. below Trinity high-water mark was reached, 
the Thames Conservancy Board having power to 
dredge the river to a depth of 23 ft. below Trinity 
high-water mark. The permanent caisson was 
then filled with concrete in Portland cement 
for a depth of 14 ft. 6 in., the remaining 
1ft. 6in. being filled up with brickwork in 
Portland cement; above this the brickwork in 
Portland cement for the pier is carried up to 2 ft. 
Gin. above low water, being faced with Stafford- 
shire blue bricks (the temporary portions of the 
caisson being removed). At this height a connec- 
tion is made with the existing pier as follows: The 
old cutwater was taken down and a granite skew- 
back set in the existing pier ; from this a granite 
connecting arch was sprung resting on a skewback 
on the new portion of the pier. The span of 
this arch is 13 ft. with arise of 2 ft. 6 in., the 
keystone being 4 ft. Gin. deep; above this point 
the existing and the new work being connected, the 
latter is carried up to match the existing pier in 







every respect, except that up to the line of spring- 
ing of the existing cast-iron ribs, the work is 
faced with Staffordshire blue bricks, and that above 
this line of springing there is no necessity to reduce 
the width by arranging a skewhback for the ribs. 
When the piers and abutments were carried up 
to the required height, a block of granite 2 ft. 6 in. 
thick and 5 ft. wide was laid to take the bedplates 
of the main girders. 

It was specified that the contractors must comply 
with the conditions set out below as to the inter- 
ference with the existing strueture and the traftic: 

‘‘When the building of the extension of the 
existing piers and abutments is sufficiently com- 
pleted, the contractors can fix the girders A and B, 
with the flooring, wind bracing, and footpath com- 
plete. During the erection of the girders A and B 
the railway traffic will run on the existing roads, 
and the contractors must not do or permit anything 
to be done that will interfere with or endanger the 
traffic thereon or interrupt or interfere with the 
telegraph works or wires or attachments or signal 
wires or works. 

‘In the course of the erection of girders B the 
contractors will have to provide a sufficient quantity 
of temporary bolts, which shall be screwed up tightly 
and thoroughly fill the holes, which cannot be 
riveted up until the remaining portion of the new 
bridge can be fixed. 

‘*On the completion of girders A and B with 
the flooring, &c., the present up-road traffic will 
be diverted over the new girderwork by the com- 
pany. The building contractor can then make 
good the brickwork in the piers and abut- 
ments, and set the new bedstones for girders 
C; when this is completed the contractors 
may use the site of present up road for erect- 
ing the girders C, care being taken not to inter- 
fere with or endanger the traffic on the present 
down road ; they may also use the new girders B 
and C to support scaffolding (subject in detail to 
the approval of the engineer) to enable them to 
take down the three north-eastern face ribs and 
parapets and cross-bracing of the existing bridge. 

‘‘Single-line working must be established on the 
road between the new girders A and B before any 
attempt is made to take down any portion of the 
existing cast-iron structure. 

‘* When this single-road working is established, 
the new girders C being erected in position, but 
packed up at their bearings to a convenient height, 
the permanent way and decking carrying the pre- 
sent up road can be removed by the company, 
and then the contractors can immediately commence 
removal of a portion of the existing bridge by 
taking down the cross-bracing under the pre- 
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sent up road, which they will have to load into 
trucks on the site, and also the taking down of the 
three north-eastern face ribs and parapets, break 
them up into convenient pieces for the cupola, and 
deliver either by barge or trucks on the company’s 
locomotive scrap-heap in Nine Elms Yard. The 
new girders C can then be lowered on to their bear- 
ings and the work completed.” 

The fixing in position of the main girders for the 
widened portion of the bridge A and B was as 
follows : Each girder for the side spans was riveted 
up complete on the shore, with one end projecting 
over the river, which was taken hold of by strong 
sheer-legs fixed upon a barge lying close to the 
abutment, the opposite end of the girder being 
made to slide freely. At high tide the barge was 
pulled over to the pier, taking the girder with it, 
and landing it on the bearings on the pier; the 
girders for the centre span were built on the side 
span and launched in the same manner. The 
engraving on page 705 illustrates this process ad- 
mirably. 

The main bowstring girders have a total length 
of 129 ft. 4 in. each, with a depth at the extreme 
ends of 1 ft. 6 in., and 20 ft. at the centre. The 
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sections of the booms at the centre without cover- 
plates are : 

Top: Two flange plates, 2 ft. 3 in. by $in. ; two 
flange angle-irons, 5 in. by 5 in. by } in.; two 
vertical plates, 2 ft. by }in.; two angle-irons at 
bottom of vertical plates, 4in. by 4 in. by ¢ in. 

Bottom: One flange plate, 2 ft. 3in. by in. ; 
two flange angle-irons, 5in. by 5in. by fin. ; two 
vertical plates, 1ft. 9 in. by in. ; two angle-irons 
at top of vertical plates, 4 in. by 4in. by in. 

The inclined braces forming the web are set at 
various angles. Their apices are pitched at a 
distance of 16 ft. apart, commencing at the centre 
of the girder along the bottom flange. These braces 
are all of the same section, four angle-irons 5in. by 
3in. by § in., braced with 3 in. by 4in. lattice bars, 
and connected at the ends by a plate. 

The main girders are fixed 16 ft. 3 in. apart 
between centres, and connected by overhead wind 
braces at and near the centre of the span, where 
they can be fixed without fouling the construc- 
tion gauge. On the bottom flange the girders are 
connected together by Messrs. Braithwaite and 
Kirk’s trough flooring 4 in. thick, 2 ft. cor- 
rugations, and 9 in. deep, which forms a deck- 
ing to which the longitudinal balks 16 in. by 
7 in. are bolted, to carry the rails and chairs. 
Timber rail guards are also bolted to the floor- 
plates, to meet the requirements of the Board of 
Trade. Considerable attention was given to the 
bearings of the main girders of this bridge. A 
wrought-iron bearing-plate 3 ft. wide was riveted 
to the ends of each girder, and to this was also 
riveted the top bearing- block of forged steel, 3 ft. 
by 1 ft. 8 in. by 4? in. thick, all surfaces machined, 
and provision being made for the block to sit upon 
a steel pin 4 in. in diameter. Atthe fixed ends the 
bottom block, which receives the 4-in. steel pin, is 
3 ft. by 2ft. 6 in. by 3in. thick at centre under the 
pin. A recess is cut in the bedstone 24 in. deep, 
in which the bottom block is bedded on lead $ in. 
thick. At the expansion ends the bottom block 
is enlarged to 3 ft. by 3 ft. 3 in. by 4} in. deep 
under the 4-in. pin, and has four grooves shaped 
on the under surface, 3 in. wide by } in. deep, 
and is bedded on a phosphor-bronze sliding plate 
2 ft. 3in. wide by 3 ft. long and ? in. thick, with 
fillets to fit in the grooves of the steel block. The 
phosphor-bronze plate slides on a steel plate 
4 ft. 6 in. by 3 ft. 8 in. by 1 in. thick, secured to 
the bedstone by No. 8 lewis bolts 14 in. in diameter. 
On all four sides of the bottom steel block, and 
secured to it by set pins, are fixed dust strips 3 in. 
by lin. of gun-metal, which fit closely on the lower 
steel plate, to prevent grit and dirt working in to 
the bearing surfaces. 





The present contract only includes the carrying 
two lines of way and the footpath over the river on 
the new girderwork, and leaves the portion of 
the existing structure which carried the old 
down road on the southern side. The foot- 
path, which is 8 ft. clear width, is carried on 
wrought-iron cantilevers riveted to the bottom 
boom of the main girders on the down-stream side 
of the bridge ; the cantilevers are fixed 6 ft. apart, 
and are connected on their top flanges with 3-in. 
curved plates (having a rise of 3 in., and stiffened 
with T-irons), and are flushed up with tar concrete, 
on which the tar paving is laid. The parapet on 
the outside is composed of a light T-iron top mem- 
ber, angle-irons at the bottom, and lattice bars 
with diamond-shaped distance pieces at each inter- 
section, similar to that in the Putney Bridge. 
Alongside the main girders an unclimbable iron 
fence is fixed, with three gates in it to each span, to 
allow spectators to move about on the Boat-Race 
day, or on other occasions when the bridge may be 
reserved by the company for their own purposes. 
The following is a list of the materials employed in 
the bridge : 


Weight of Materials in Bridge for Two Lines of Way and 
Footpath. 





Wrought iron in No. 6 bowstring gir- tons cwb. 
ders, 129 ft. 4in. long, 20 ft. deep, 
44%tons each ... ane as we 402 15 
Wrought iron in No, 24 wind braces... 9 10 
a the / floor - plates, 
with cleats, gussets, and gutters .. 216 0 
Steel in bearing blocks, pins, and 
plates... ps see aaa Ee 23 #9 
Gun-metal in dust strips ee 0 il 
Phosphor-bronze sliding plat2s 1 8 
TMU, edb: « Sal redtic). odes rf 0 18 
Wrought iron in cantilevers, curved 
floor-plates, gussets outside parapets, 
&c., for footpath i se aie 74 10 
Wrought iron in unclimbable fencing 
on inside of footpath ... ies a 6 0 
Total weight 734 16 


The total dead load for one span complete, for 
two lines of way and one footpath, amounts to 270 
tons. 

In January last, the girderwork for carrying the 
footpath and one line of way being completed, the 
up-road traffic was diverted on to the new plat- 
form, the girders having been tested by running 
over them four tank engines coupled up—length 
over buffer stops, 143 ft., with a total weight of 
221 tons ; the deflection of the main girders at the 
centre of the span under this test load did not 
exceed ;'5 in. 





THE NEW BRITISH ORUISER 
“ TERRIBLE.” 
(Continued from page 665.) 

Tue launch of the Terrible on Monday was an 
unqualified success. A bright summer sun glad- 
dened the thousands of spectators who crowded 
the yard and the banks of the River Clyde and the 
Cart, the arrangements made were admirable, the 
vessel went into the water beautifully and was 
pulled up by the drags within a distance half her 
own length. The keel-blocks had originally been 
laid on a declivity of 4 in. to the foot, and the ways 
were set at a slightly sharper gradient with a 
small camber. The dregs totalled 550 tons, the 
launching weight being about 7000 tons, and 
it is interesting here to note that some of the 
cables forming the drag originally belonged to 
the Great Eastern and have assisted in the 
launch of a long line of famous vessels from Messrs. 
Thomson’s famous yard, as well as in the launch 
of other large vessels by other firms, to whom the 
Clydebank Company have ever been ready to lend 
the chain gear. The check of the drag was dis- 
tributed over a considerable distance of the length 
of the vessel, the chains being attached to eye- 
pieces secured by bolts to the hull, one pretty far 
aft, another amidships, and two forward, so that 
almost as soon as the stern of the vessel floated the 
process of checking the speed began. The weights 
first in operation were only dragged some six or 
eight feet, but those attached immediately at the 
forward end were never required. The vessel was 
afloat within a period of 1 min. 60sec. after the 
daggers were knocked out, the distance traversed 
being 600 ft. 

The berth from which the vessel was launched 
was that in which the Paris and other heavy vessels 
were constructed, and for these special founda- 





tions had been put in, so that on Saturday it was 
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HM. CRUISER “TERRIBLE” 
CONSTRUCTED BY MESSRS. JAMES AND GEORGE THOMSON, LIMITED, CLYDEBANK, N.B. 


(For Description, see opposite Page.) 
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THE LAUNCH OF HM CRUISER 


“TERRIBLE.” 








found possible to remove all shores and the upright 
stocks alongside, and thus a fine uninterrupted 
view could be had of the beautiful lines of the 
craft, of which so much was said at the luncheon 
that followed the launch, and of which some testi- 
mony is given by our engravings of the vessel on 
the stocks, prepared from photographs taken on 
Saturday. The vessel then simply rested on the 
bilge and keel blocks, but the launching cradle, of 
course, was firmly wedged below. Little need be 
said of the cradle. The wayswere 3 ft. 3 in. wide, 
and were 23 ft. 6 in. centres, the bottom ways 
being braced together by tie-rods. There were 
two daggers on each side of the ship, which were 
knocked out by electric mechanism in the following 
manner : Two cast-iron weights, each of 15 cwt., 
were supported on uprights on the ways at the bow, 
as shown in the upper view on the opposite page, 
the uprights serving to guide them in falling upon 
the daggers. The weights were suspended in pairs 
from a horizontal shaft at each side of the bow, and 
placed on the ground level. The shafts were con- 
trolled by an electro-magnet, so that on the comple- 
tion of the circuit by pressing a key, the shafts were 
free to revolve, and the weights fell on the daggers. 
A hydraulic ram was fixed on the top of the per- 
manent way, the head of the cylinder abutting 
against shores into the ground also. These rams, 
supplied with power from a pair of hydraulic pumps 
alongside, gave the sliding ways a start, and the 
ship moved off within a few seconds. 

The vessel was named by Lady Overtoun. 
Electric mechanism wes also fitted up for break- 
ing the bottle against the ship. The bottle 
was placed in a horizontal cylinder, with a com- 
pressed spring behind, and by the releasing of the 
spring the bottle was shot against the side of the 
ship. The illustration of the launch on the present 
page is from a photograph taken from the banks 
of the Clyde opposite the yard, and this, as well as 
all the photographs reproduced by us, is the work 
of Messrs. Thomson’s photographer. The draught 
of the vessel when launched was 14 ft. forward and 
174 ft. aft. She was taken into the company’s 
docks, where the masts are to be stepped and the 
machinery placed on board. 

After the launch a large company partook of 
luncheon, when the usual toasts were pledged. 
Mr. F. Ford, R.N., in replying for the Navy, men- 
tioned that he had 27 years ago held commission in 
the Terrible of that day. She was but a frigate of 
12 knots speed, and he found abundant evidence 
of progress in the vessel launched. The chairman 
of Messrs. J. and G. Thomson, Limited, Mr. W. A. 
Donaldson, gave ‘‘ Success to the Ship,” and passed 
a high compliment to Sir William White and his 


staff. The play upon the name of the ship, too, 








was inevitable: that the vessel would be a terrible 


ship to her enemies. Mr. James Dunn, of the Con- 
structive Department at Whitehall, acknowledged 
the honour done his department, and in fine flowing 
diction gave some interesting general facts as to 
the ship, mentioning that she was the biggest and 
most powerful war cruiser ever built. Speaking 
of the necessity of quick construction, he stated 
that in the Terrible they had a remarkable illus- 
tration of the rapidity with which ships could be 
built when once proper preparations had been made, 
and that there was every prospect of the Terrible 
being completed and able to take her place in line 
of battle many months before the expiration of the 
contract date. Judgment, skill, and foresight by 
the builders made such a record possible. But 
Mr. J. R. Thomson, in his reply for the builders’ 
company, 7 implication, added one more trait-ex- 
perience. The first warship entrusted to the firm, 
a gunboat, was built 28 years ago, and it was only 
step by step that they had reached their present 
position, having built 21 ships for the British 
Navy, with an aggregate tonnage of 75,000 tons, 
and of 164,000 collective horse-power—truly a 
splendid record, especially when we take into con- 
sideration the uniform success of these vessels in 
all respects. 

The views of the Terrible on the ways, repro- 
duced on the opposite page, clearly show, not only 
the magnificent proportions of the vessel, but also 
the wood sheathing, the bilge keels, the ram, and 
the stern framing. 

The shell plating is of mild steel. The ends of 
the plates are secured by double-riveted butt straps, 
and the edges of the plates by double-riveted 
lap joints, the rivets being of steel, and gene- 
rally {in. in diameter. As is now usual in war 
vessels intended to keep the sea without dock- 
ing for a great length of time, the steel plating 
of the hull is sheathed on the outside with 4-in. 
teak planks which are securely fastened to the 
steel plates by gun-metal screw bolts, the heads 
of which are let in below the surface of the 
teak plank to the extent of 1 in., and this is 
filled in with Portland cement, to preclude any 
metallic action between the copper sheathing and 
the steel shell. The width of the teak plank- 
ing is about 12 in., and the spacing of the bolts 
about 2ft. 6in. The seams are caulked thoroughly 
water-tight, and ‘‘ payed” with pitch, the wood 
sheathing being finally covered with tarred paper 
before the copper is nailed upon it. Bilge keels 
have been fitted, in accordance with the experience 
with recent battleships. These keels have a depth 
of about 3 ft., and extend for a length of 224 ft. 
They are formed of solid logs of teak, V-shaped 
in section, secured to the shell plating of the vessel 











by 1-in. gun-metal screw bolts screwed through 
the plating of the outer bottom, and fastened with 
nuts. The surface of the bilge keels is covered 
with rolled brass plates, which, at the base of the 
keel, abut against the copper sheathing, and form a 
continuation of it. These brass plates are secured 
by 3-in. wood screws, 

he stem, sternpost, rudder, and the brackets 
for carrying the screw shafts are all made of phos- 
phor bronze, the twin-screw propellers being 
of manganese bronze. The total weight of bronze 
used is 120 tons, excluding the weight of the 
twin propellers, which are each 21 tuns. The 
stem weighs 15 tons. It is of the usual ram 
form now universally adopted by the Admiralty. 
The ram projects 15 ft. beyond the perpendicular 
line of the bow. The rudder is of the balanced 
type, and has an area of 250 square feet. The 
rudder frame is also of bronze, and weighs 21 tons. 
The open spaces between the arms of the frames 
are filled in with pine, and on each side the rudder 
is plated over with rolled brass plates. 

he propeller shafts are carried in brackets or 
A-frames of the form usually adopted by the Ad- 
miralty. They have not, therefore, followed the 
best mercantile steamship practice, where what is 
known as the spectacle frame bracket is adopted, 
involving the bossing out of the shell of the ship 
so that the shafts may be carried entirely within 
the hull. In the case of the Terrible the shaft 
projects through the side of the ship, ——— 
to the extent of 50 ft. The A-frame is pear-shape 
on plan, the thinnest edge being placed aft, in order 
to avoid eddy-making. The longest axis of the 
section is 3 ft. 9 in., and the shortest 12in. The 
ends of the A-frame, after passing through the side 
of the ship to the interior, are flattened out into 
broad palms, which are secured to strong plate steel 
girders by steel rivets. The water-tightness of the 
arms where they pass through the shell is main- 
tained by angle-iron collars, both inside and out- 
side the shell plating. The A-frames weigh about 
50 tons. To guard the shaft against hawsers, &c., 
there is around it a casing or tube of rolled brass 
plates, stiffened by longitudinal angle-bars. 

The platform and orlop decks, being below the 
protective deck, are utilised for the stowage of 
ammunition and torpedoes, and also for the steering 
gear, capstan engine, ventilating and air-compress- 
ing engines, and for some of the dynamos, all to 
be described later. Being essential to the fighting 
efficiency of the ship, these are necessarily put below 
the protective deck. At each end of the vessel on 
the orlop deck is a — compartment, each con- 
taining two tubes for the discharge of 18-in. White- 
head torpedoes, The fact of the tubes being below 
the protective deck, and the weapons being dis« 
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charged below the water level, overcomes the pos- 
sibility of explosion by the enemy’s shell before 
being ejected. The ammunition magazines are 
also below the prote>tive deck, and an interesting 
departure has been introduced in providing an 
ammunition passage on either side of the ship 
immediately below the protective deck and right 
through the lower coal bunkers, that is to say, 
there are coal bunkers on either side and 
below the passage, with the protective deck im- 
mediately above, and over that again more coal 
bunkers. The powder and shell for the 6-in. guns 
on the main and the upper decks will be taken 
from the magazines and conveyed on trolleys 
along this ammunition passage until below the 
gun, where the powder and shot will b2 hoisted 
througha protected tube intothe armoured casemate 
in which the gun is mounted. Thus the powder 
and shell are never without protection from the 
enemy’s fire. There is also an ammunition pas- 
sage on the protective deck on either side of the 
ship for serving the 12-pounder and smaller guns. 

The protective deck is chiefly utilised for the 
stowage of coals, and also provisions, stores, and 
water. Onthemain deck, which is the next above 
the protective deck, and the first above the water 
line, are mounted eight 6-in. quick-firing guns, 
while the remaining four 6-in. guns are on the 
upper deck, and the two 9.2-in. 22-ton breech- 
loading guns in barbette on the level above, on the 
forcastle and poop. The whole of the remainder of 
the main deck is devoted to the cabins for the 
officers, and the messing and sleeping quarters for 
the crew, the total complement of officers and men 
being about 900 all told. Above the main deck is 
the upper and chief structural deck of the ship, 
on which are situated commodious quarters for the 
admiral and captain and their numerous staff at 
the after end of the vessel below the poop, while 
at the forward end under the forecastle there is 
additional accommodation for seamen. The top- 
most deck, as already stated, is called the boat 
deck, and has a width of only 16 ft. along each 
side of the ship. 

The armament will consist of two 9.2-in. 22-ton 
breechloading guns, twelve 6-in. quick - firing 
guns, eighteen 12-pounder quick-firing guns, and 
a number of smaller quick-firing and machine guns, 
besides the four torpedo - ejecting tubes already 
described. The 22-ton guns will be mounted, one 
on the forecastle and the other on the poop. The 
guns will be mounted in barbettes of circular form, 
the thickness of the steel armour on the barbette 
being 6 in. The ammunition will be passed up 
through a central tube 3in.in thickness. The pro- 
tection of the crew working the gun will be com- 
pleted by a strong steel dome-shaped shield. These 
guns and mounts have been constructed at Wool- 
wich. As to the 6 in. guns, eight will be mounted 
on the main deck, having a height of 14} ft. above 
load water-line. Two fire direct forward and two 
aft in line with the keel, as well as on the broad- 
side, and the remaining four on the broadside may 
fire 60 deg. on either side of the thwartship line. 
Two of the four guns on the upper deck fire for- 
ward and two aft, as well as on the broadside, 
and these are 224 ft. above the water level. 

Each of the twelve 6-in. guns is mounted in a 
pentagon-shaped armoured casemate, and projects 
through a plate of Harveyised steel armour 6 in. 
thick made by Messrs. Beardmore, Glasgow. The 
mountings of the 6-in. guns are of the Armstrong 
pattern. The gun on recoil slides in a brass sleeve, 
so that the strain of the recoil does not come on 
the more delicate parts of the mounting, but is 
taken up partly by a spring and partly by a piston 
working in a cylinder filled with oil and within 
the brass sleeve. 

On the main deck are also mounted four 12- 
pounder guns, two firing forward and two firing 
aft.. On account of the very fine lines of the ship, 
and the necessity for securing fore-and-aft fire, 
the ports are of very peculiar elongated form, the 
total length of the ports forward being 18 ft., and 
aft 16 ft. This is to give an arc ranging from 
30 deg. aft of the broadside position to the line of 
the keel. These guns are chiefly intended for 
defending the ship against the attack of torpedo- 
boats when the cruiser is at anchor. Other four of 


the 12-pounder guns are similarly mounted on the 
upper deck, the remainder firing from the broadside. 

The conning tower, which is situated on the fore- 
castle deck, is circular on plan, having an internal 
diameter of 9 ft. 6 in., and is formed of 12-in. 
steel-faced armour. 


The aperture for entry to the 





tower is protected by a heavy steel shield. The 
conning tower contains engine telegraphs, com- 
munication with steering gear, voice-pipes to all 
parts of the ship, electric firing keys for discharg- 
ing the guns, &c., the steering engine shaft and 
all the pipes, wires, &c., passing from the conning 
tower to below the protective deck in a strong 
armoured tube 9 in. in internal diameter and of 
steel 9 in. thick. While dealing with navigation it 
may be stated that there is a bridge over the top 
of the conning tower. On the bridge is a chart- 
house, with binnacle, another steering wheel, and 
the engine telegraphs, &c. At each side of the 
bridge is also a powerful searchlight. On the top 
of the chart-house again is a flying bridge, this 
latter navigation platform being 52 ft. above the 
load water line. 

Immediately aft of the bridge is the foremast, 
which carries two fighting tops. In each there will 
be mounted two quick-firing guns, while above this 
again there is a platform on which a search light 
is to be mounted. The mainmast carries one 
military top and a search light platform above. 
The masts are 36 in. in diameter, and are tubular, 
with hoists for the ammunition supplies. Each mast 
is to carry a derrick for lifting in and out the boats. 
The derrick on the mainmast is specially strong, of 
steel, 18 in. in diameter, for lifting in and out small 
torpedo-boats. Two powerful crab steam winches 
are fitted on the upper deck for working the after 
derrick. The largest boat carried has a length of 
56 ft. Each mast has two yards, which are not 
for setting sails, but for hoisting signals. Between 
the two masts wire rope jack-stays are stretched for 
hoisting additional signals, and there is a second 
stay on which a traveller can be mounted for lifting 
the covers of the four funnels, ventilators, and 
heavy weights on the deck. 

The steering gear is of the screw type, and is 
placed immediately under the protective deck, and 
aft over the rudder, which, as we have stated, is 
of the balanced type, and has an area of 250 square 
feet. The gear consists of a double-threaded right 
and left handed screw on an 8-in. shaft, which 
carries a nut on the right-handed and another on 
the left-handed portion of the screw. The revolu- 
tion of the shaft causes the nuts to approach or 
recede from one another. The motion of the nuts 
is transmitted to the cast steel crosshead on the 
rudder stock by means of heavy steel rods 10 in. 


in diameter and 10 ft. long. The rudder 
stock is cast in one piece with the rudder 
frame, and is of manganese-bronze 24 in. 


in diameter, but with a 9-in. hole cored in it to 
reduce the weight, A brass stuffing-box has been 
placed at the point where the rudder stock passes 
through the sternpost, to maintain water-tightness. 
The weight of the rudder is taken up on a series of 
eight gun-metal rollers 6 in. in diameter, working 
on a roller path bolted to the sternpost. The 
steering gear is actuated by two powerful steering 
engines supplied by Messrs. Caldwell and Co., 
Limited, Glasgow, each having two vertical cylinders 
13 in. in diameter by 10 in. stroke. The engines 
are in duplicate, to avoid the chance of a break- 
down. They are placed in the engine-room, and 
the power is transmitted to the gear by hollow 
shafting 6 in. in diameter carrying the spur gear. 
The vessel can also be steered by four handwheels 
6 ft. 6in. in diameter placed on the same shaft 
as the nuts, the gear being connected or discon- 
nected to the steam engine or handwheels at will 
by a powerful screw clutch. 

It may be added that the whole of the wheel 
gearing throughout the entire system has been 
machine cut, so as to reduce backlash and noise to a 
minimum. The motion of each of the steam steer- 
ing wheels corresponds with that of the ordinary 
hand steering wheels, and they are carried on gun- 
metal pedestals, having indices to show the position 
in degrees of the rudder to starboard or port. In 
addition to the brass dials, those on the upper deck 
are fitted with glass segments and lanterns for illu- 
minating the inside at night, and have the necessary 
figures and the information burned into these glass 
segments. 

While deferring a description of the propelling 
machinery, some details may be given of the auxi- 
liary machinery in the ship—and here it may be 
said that there are 87 engines in all. Here isa list : 


Sets. 
Main engines 2 
Reversing engines 2 
Turning engines ise 2 
Main circulating pumps 4 





i Sa : ' Sets. 
Auxiliary circulating pumps and air pump3 2 
Main feed pumps ~ ee ss . 16 
Auxiliary feed pumps ... 8 
Fire and bilge pumps ... 4 
Drain tank pump : 1 
Distiller pumps ... ~ cee oa a =S 
Air in for air jets in Bellevills 

ers ... or me sos na 8 

Fan compressors for stokeholds 12 
es ‘“ engine-rooms ... 2 

< ce ship ventilation 4 
Electric light engines ... ; = 3 
Air compressors... ; 4 
Steering engines... * 2 
Boat-hoisting engines ... 2 
Coal - os 2 
Ash . 12 
Engine for workshop 1 
Capstans fore and aft ... 2 
Total engines on board... 87 





THE INSTITUTION OF CIVIL ENGINEERS. 

THE annual general meeting was held in the hall of 
the Royal United Service Institution on Tuesday, the 
28th insv., Sir Robert Rawlinsov, K C.B., President, in 
the chair. 

The report of the Council commenced by referring to the 
change that had taken place in the ro!l of the society 
during the past twelve months, during which 29 members, 
286 associate members, and 5 associates had been elected, 
and 2 members and 3 associate members were restored 
to the roll; while the desthe, resignations, and erasures 
amounted to 170. The net increase was, therefore, 155, 
or at the rate of nearly 3 per cent. per annum. The 
numbers of all classes on the books at the end of the In- 
stitution year were: Honorary members, 17; members, 
1862 ; associate members, 3687 ; associates, 355; making 
a total of 5921. Attached to the Institution, though not 
forming part of it, was the student class, the conditions of 
admission to which had continued to exercise the earnest 
attention of the Council. For the first time since the 
introduction of the higher qualifications of candidates for 
admission as students, the Council was able to report an 
effective increase in the roll, the numbers on March 31, 
1895, being 816, or 25 more than at the same date last 
year. 

The statement of accounts, as vouched for by the 
auditors, showed that the receipts of the year had been, 
on income account 20,97(/. 3s. 10d., on capital account 
89337. 1s, 2d., and on trust funds account 445/. 13s. 2d.— 
together 30,3487. 18s. 2d. The general expenditure 
amounted to 18,385/. 10s. 11d., which included the cost of 
four volumes of Minutes of Proceedings, part payment 
for the subject-index to vols. lxix.-cxvili., the revision 
and printing of the new library catalogue, and the succes- 
sion duty on the Palmer bequest. Capital expenditure 
had absorbed 7130/7. 8s. 11d., mainly on account of the 
new building ; and trust funds expenditure, 492/. 9s, 6d. 
—together 26,008/, 9s. 4d. The Palmer scholarship pre- 
viously mentioned, represented a bequest of 1500/. (less 
legacy duty and subject to a life interest) from the widow 
of a former vice-president of the Institution, to be de- 
voted to the foundation of a scholarship at Cambridge 
University, tenable by the son of a civil engineer in need 
of such assistance. This bequest, — to the In- 
stitution by the death of the holder of the life interest, 
had been diminished by the legacy duty on the first suc- 
cession to 13811, 1s. 6d., which sum was invested in 
Metropolitan Board of Works 3 per cent. stock. Under 
the new estates duty this sum became further liable to a 
charge of 1731. 2s. 3d. In order, therefore, that the 
fund might not be depreciated to an extent incompatible 
with giving proper effect to the generous founder’s object, 
the Council decided that the Institution should discharge 
the claim for succession duty. The proceeds of the 
Palmer scholarship might be estimated at 40/. per annum. 

Owing to the necessity of delivering, in April, the 
meeting-room to the contractors for the new building, the 
Institution met for the reading and discussion of papers 
on only twenty evenings during the past session. Exclu- 
sive of the President’s address, fourteen original commu- 
nications were read and discussed, but the exceptional 
interest evinced in the debates on some of the subjects 
brought forward, had resulted in a full amount of material 
being available for the customary four volumes of 
Minutes of Proceedings. A brief summary was given 
of the several papers brought under the notice of the 
members, Reference was also made to the large number 
of interesting communications selected for printing in 
section II. of the publications. For some of these papers 
awards of medals or premiums, or both, had been made to 
Messrs. A. J. Durston, R.N., J. I. Thornycroft, S. W. 
Barnaby. W. Duff Bruce, S. J. Berg, C. Butters, 
E. Smart, J. Richardson, A. Sharp, J. A, Griffiths, 
A. J. Hill, O. Guttmann, K. Leibbrand, A. Scott, 
D. Cunningham, and to the representatives of the late 
H. Gili, 

As in the preceding session, eleven supplemental meet- 
ings for students had been held, at which papers were 
read and discussed, some exhibiting sufficient merit to 
warrant their publication in the Minutes of Proceedin 
The reports received from Manchester, Glasgow, Bir- 
mingham, Newcastle-on-Tyne, and Leeds showed that 
the associations of students at those centres were continu- 
ing to fulfil well the objects for which they were estab- 
lished. The Council had awarded Miller prizes to the 
following students for papers read at the Institution 
and before the local associations: Messrs. W. G. Wales, 
S. H. Barraclough, E. KE. Matheson, A. M. Stewart, R. 
C. Farrell, and H. Fowler. 

The third of the series of ‘‘ James Forrest” lectures 
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been delivered, on the 2nd of May, by Professor W. 
es R.S., M. Inst. C.E., before a full and 
appreciative meeting. 7 

The completion was announced of the new — 
catalogue, comprised in three volumes, copies of whic! 
would be issued to public libraries and those of educa- 
tional and scientific bodies in all parts of the world. The 
new subject-index to vols. lix.-cxviii. was in print and 
would be issued during the recess. 

The Council had given considerable attention to the 
question of enabling all entitled to vote at the annual 
election to exercise that privilege, whether present at the 
meeting or not. The opinion of counsel was, however, 
that under the existing charters such votes could only be 
given personally. : 

The report finally referred to the operations connected 
with the rebuilding of the premises, as to the completion 
of which it was premature at the moment to make a 
definite statement. 

The report having, after full discussion, been adopted, 
votes of thanks were passed to the President, the vice- 
presidents, and other members of Council for active 
services in the management of the Institution; to the 
auditors for their care and trouble in examining the 
accounts ; and to the scrutineers of the ballot. 

The ballot for Council resulted in the election of Sir 
B. Baker. K.C.M.G., as President ; of J. Wolfe Barry, 
C.B., W. H. Preece, C.B., Sir Douglas Fox, and James 
Mansergh as Ma, gg er and of W. Anderson, 
D.C.L., Alexander R. Binnie, W. R. Galbraith, J. H. 
Greathead, J. C. Hawkehaw, C. Hawksley, Dr. John 
Hopkinson, Alexander B. W. Kennedy, LL.D., Sir G. L. 
iduecth. K.C.I.E, Sir Andrew Noble, K.C.B., Sir 
E. J. Reed, K.C.B., M.P., W. Shelford, F, W. Webb, 
Sir W. H. White, K.C.B., and Sir E. Leader Williams, 





MISCELLANEA. 

Tue Horniman’s Free Museum, London-road, Forest 
Hill, is to be reopened to-morrow by Lord Battersea. 
This museum is open on Sundays from 3 p.m. till dusk, 
and Mondays and Saturdays from 2to9p.m. It contains 
mavy objects of interest. 


The traffic receipts for the week ending May 19 on 
83 of the principal lines of the United Kingdom 
amounted to 1,449,878/., which was earned on 18,728? 
miles. For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,538,137/., with 18,5223 
milesopen. There was thus an decrease of 88,259/. in the 
receipts, and an increase of 206 in the mileage. 


A disastrous explosion occurred at noon on May 27, in 
Kckernférde Bay, on board a torpedo-boat destroyer, 
which was built for the Turkish Government in the 
Germania yard, Kiel. The deck of the vessel was com- 
pletely blown out. Seven of the crew were killed and 12 
were severely injured. Six men who were very badly 
scalded were taken to Eckernférde. 


The production of pig iron in the United States during 
1894 has been 6,657,389 tons, a decrease of 467,114 tons on 
the output of the previous year. The production of 
Bessemer steel during the same period has been 3,571,313 
gross tons, an increase of 355,627 tons on that of the 
previous year, but the total is over 600,000 tons less than 
in 1892. As concerns open-hearth steel the output has 
been 784,936 tons, an increase of 47,046 tons. rucible 
steel, on the other hand, showed a decrease of 11,911 tons, 
the production for 1894 being 51,702 tons. Rails also 
showed a decline, the output being 1,021,772 tons in 1894, 
as against 1,136,458 tons in 1893. 


According to the Canadian Electrical News, the Mont- 
real Electric Company have recently put up an electric 
furnace at the works of Messrs. Peck, Barry, and Co., 
for heating bar iron intended to be converted into horse 
nails. The current at a potential of 1040 volts is taken 
from the mains of the lighting company, and is reduced 
to 20 volts by a Siemens transformer. The furnace 
itself consists of a carbon tube 2 ft. 6 in. long and 2 in. in 
diameter. The bar of iron is slid through the tube, which 
is covered with sand. Onacurrent being passed through 
the carbon, the iron is rapidly heated, 5 ft. of the bar being 
brought tothe proper temperature per minute. 


In a paper recently read before the Association of 
Municipal and County Engineers, Mr. James Paton 
stated that at Plymouth the life of soft wood pavement 
was about 10to 12 years. The total cost of laying such a 
pavement varied from 10s. 1d. to 10s. 6d. per square yard, 
made up as follows: Wages, including labour for all 
purposes, 1s. 64d. to 1s. 104d. per square yard. 
blocks of creosoted Baltic timber, measuring 7 in. by 
3 in. by 5 in. deep, cost 6s. 2d. per — super. Concrete 
foundation, including floating surface, 2s, 3d. per yard. 
Grouting, 8d. Lela with pitch and cement, or 9d. per 
yard with asphaltic mixture. Cartage of excavated 
material, 5d. to 54d. per yard super. 


The United States Government have recently invited 
tenders for about 9 tons of nickel steel, to be used for 
boilers. The specifications called for nob less than 3 per 
cent. of nickel, a tensile strength of 35.7 tons per square 
inch, and an elongation of at least 25 per cent. in 8 in. 
Only two firms bid for the contract, but one of these 
refused to guarantee the required elongation, so that the 
contract was awarded to the remaining firm, the Carnegie 
Steel Company, Limited, of Pittsburg, the price being 
241. 108. per ton. After some initial failures, the company 
are stated to have succeeded in meeting the requirements 
of the contract, so that some definite information as to 
the adaptability of nickel steel for boilerwork should soon 
be forthcoming, 


Some very rapid winding has recently been done at the 
Kimberley rockshaft, where, according to Mr. Gardner 


ood | undertakings shall have been fixed.” 


Williams, 5131 loads of blue ground, of 1600 Ib. each, 
have been raised in 11 hours 42 minutes, equal to 3686 
English tons, or 315 tons per hour average. Six loads are 
hoisted at a time in a self-dumping skip from a loading 
chute 1240 ft. below the tipping chute. The engines are 
a pair of vertical twin-compound and condensing type, 
having cylinders 194 in. and 34 in. in diameter by 48 in 
stroke, all fitted with Corliss valve gear. They were 
built in 1892 by Messrs. James Simpson and Co., Limited, 
of London, from the designs of Mr. Louis I. Seymour, 
consulting engineer for the De Beers Consolidated Mines, 
Limited. 

In a communication to the Comptes Rendus of the 
Paris Académie des Sciences, M. Daniel Berthelot sug- 
gests a method of determining the temperature of a fur- 
nace, which is based on the fact that the refractive index 
of a gas varies with its density. Thus two tubes are 
taken filled with the same gas, and a spectrum refracted 
through each, the two spectra being observed ether. 
If then one is raised to a high temperature, and its con- 
tents allowed to expand, so as to maintain the pressure 
inside constant, it will be necessary to reduce the pres- 
sure in the second tube in order to re-establish coincidence 
between the two spectra. Preliminary experiments in 
the laboratory have shown the method to be capable of 
giving very accurate results. 


After a conference between the Government and the 
representative shippers and the Chambers of Commerce 
of the towns of the Baltic and North Sea, the dues for the 
passage through the Baltic Canal have been fixed as 
follows: Laden vessels are to pay 60 pf. per ton on the 
first 600 tons registered, and 40 pf. for each additional 
ton. Empty vessels, or vessels in ballast, 40 pf. The 
minimum charge will be 10 marks. The charge for 
the use of ordinary tugs amounts to 40 pf. per ton 
for the first 200 tons, and to 30 pf. for every additional 
ton ; for vessels in ballast, 25 pf. and 20 pf. respectively. 


For ge tugs a separate fee will charged. During the 
months from October to March the charges will be raised 
by 25 per cent. These charges embrace the use of all 


appliances and the pilot services. 


We have received a notice concerning three Priestley 
scholarships in chemistry, two Bowen scholarships in 
engineering, and one in metallurgy at the Mason a 
Birmingham, which have been founded by the late Mr. 
T. Aubrey Bowen, of Melbourne. They are intended to 
encourage and afford facilities for the higher study of 
these subjects in Mason College, where they are tenable 
for one year, with the possibility of renewal at the 
discretion of the council of the college. The annual value 
of each is 1007. Although, naturally, good work done at 
Mason College will be regarded as a specially favourable 
qualification, the council have decided to throw open all 
the scholarships to general competition. The first award 
will be made in September next, and all particulars may 
be learned on application to the eecretary of the college. 


A remarkable magnet has been constructed at Willetts 
Point, New York, by Lieutenant-Colonel King, U.S. 
Engineer Corps. The core of the magnet consists 
of a gun wrapped with 10 miles of insulated wire. This 
magnet required on one occasion a pull of 20 tons to 
detach its armature, and five 320-lb. shot can be suspended 
in a chain from the muzzle. If aman stands in front of 
the magnet, railway spikes abutting against him will 
stand out straight without other support. © cross- 
section of the gun varies from 300 to 1500 square inches of 
cast iron, the latter being the section at the breech. The 
current used is 21 amperes, and there are 5250 turns of 
wire. No physiological effects have been noted, a good 
evidence of the worthlessness of the magnetic belts. A 
full account of the magnet will be found in Cassier’s 
Magazine, Vol. 7, No. 6. 


The heads of an agreement have been signed between 
the representatives of the Surrey County Council and 
the London County Council with reference to the Water 
Bills now before Parliament. Under this agreement the 
London County Council undertake, in the event of the 
Bills passing, to transfer to the Surrey County Council, 
if they so require it, all the powers to supply and take 
water within their jurisdiction that are now exercise 
by the Lambeth and the Southwark and Vauxhall Water 
Companies. The price to be paid to the London County 
Council is to be settled by agreement or, failing agree- 
ment, by arbitration. The agreement is to remain exer- 
cieable y the Surrey County Council within a period 
‘after the expiration of two years after the price to be 
paid by the London County Council for the companies’ 


One has to go abroad to learn the news about matters 
at home. According to the Iron Age, our naval authori- 
ties are in a panic over the guns recently built in the 
States. Certainly some really excellent examples of 
modern ordnance are now being produced in America, 
but up to the present the American constructors have not 
succeeded in making any radical improvement in heavy 
guns, and though Congress has voted large eums for ex- 
perimental work in this department, the innovations have 
all failed, and the system of construction adopted is 
identical with that in general use in Europe. Our 
own authorities are practically alone in having the 
courage to launch out into a radically new departure, as 
though the wire-wound system was suggested many years 
ago, it is only recently that much has been done at it on 
anything like a large scale, but quite a number of there 
weapons have been constructed at Woolwich during the 
past few years, 

In order to demonstrate his theory concerning the 
proper construction of a flying machine, Mr. Gustav Koch, 
of Munich, Bavaria, has constructed a propeller wheel 








8.5 metres (137? in.) in diameter, and 1,1 metres (43.2 in.) 





4 | 44,1250. 17s. 6d. 





in width, and is en in investigating its capabilities 
for the purposes of aérial navigation. In general ap- 
pearance it resembles a paddle-wheel, there being eight 
floats pivoted near their centres, and provided with 
mechanism to cause them to feather. At each complete 
revolution of the wheel the paddles each make half a 


. | revolution in an opposite direction to the motion of the 


wheel, the lowest paddle being vertical and the highest 
paddle horizontal, or nearly so, at all times. The ten- 
dency of the entire air ship to rotate around the paddle 
shaft is met by a system of planes and a fan-shaped tail. 
It is an essential of Mr. Koch’s system that the sail area 
is horizontal, the lifting power being gained by varying 
the angle of the feathering paddles. 

We regret to have to announce the death of Mr. A. 
M. Wellington, for many years one of the editors of 
Engineering News. The deceased gentleman, who was 
born ab Waltham, Mass., in 1847, made a start in his 

rofession as an articled pupil of Mr. J.B. Hench, Boston, 
in 1863, and had subsequently much experience in railroad 
location. It was here he acquired the knowledge which 
be subsequently embodied in his ical work on the 
economic theory of railroad location. In 1878 he con- 
ducted a number of experiments on the resistance of 
rolling stock on the Lake Shore and Michigan Southern 
Railway, the results of which were embodied in a paper 
read before the American Society of Civil Engineers in 
1879. The results of some subsequent experiments on 
the friction of car journals at low velocities were not, 
however, published till 1884. The three years 1881-4 he 
spent in Mexico, first as engineer in charge of location 
and surveys of the Mexican National line, and afterwards 
as assistant general manager and chief locating engineer 
of the Mexican Central Railway. In 1884 he returned to 
the States, and accepted a position on the editorial statf 
of the Railroad Gazette. In 1887 he abandoned this ap- 
pointment and became one of the editors-in-chief and 
part owner of Engineering News, where he did much to 
raise the status of the paper to the high position in which 
it now stands. 


The General Electric Company, of 71, Queen Victoria- 
street, are now a a system of internal wiring 
which is specially suitable for use in new buildings, as it 
does away with necessity for wood casings. To this end 
tubes are built into the walls and ceilings of the buildings, 
and the wires drawn through them. Three kinds of tu 
are supplied, one consisting simply of impregnated paper, 
which serves well, save in exposed poritions. here 
however, protection is required, either from mechanical 
injury or from a chemical action of the cement and 
plaster on the tube, such as occasionally occurs, brass- 
covered tubes or iron armour tubes are used. The tubes 
are supplied in 10-ft. lengths, and run from } in. to 24 in. 
in diameter. The couplings consist of a thin metal sleeve, 
which is slipped over the ends to bejoined. These latter, 
having been previously cut off square, are warmed before 
the sleeve is slipped on. This softens the waterproofing 
material, which then makes a waterproof joint when the 
two ends are forced together inside the sleeve. For the 
brass-covered tubes special couplings are provided. A 
standard series of bevels and elbows are also manufac- 
tured, enabling the wires to be taken round all ordinary 
obstacles without trouble. In case of one wire failing at 
any time, it can be removed, and another drawn in 
without requiring the defacement of either walls or ceil- 
ings. The method has been in use for some time in the 
States, where it has been worked by the Interior Conduit 
and Insulation Company, New York. 





TE Necro Racz.—An interesting feature of an Inter- 
national Exposition to be held at Atlanta, Georgia, in 
September, will be a negro building, 276 ft. in length, in 
which will be demonstrated in object lessons the progress 
—_ by the Afro-American race since the abolition of 

very. 





WEYBRIDGE AND OATLANDS SEWERAGE.—These works 
are now sufficiently finished to enable the house drains to 
be connected to the sewers. The total cost of the engi- 
neering works (exclusive of land and fees) has been 
There are 19 miles of sewers, part 
of them near and below the level of the Thames, and 
many miles are below subsoil water level. The amount 
of subsoil water entering the whole of the sewers was 
last week officially and accurately tested in the presence 
of witnesses, and was found to amount to the extra- 
ordinarily low total of 1440 gallons in 24 hours, all of 
which was made to run through a }-in. iron pipe laid 
at the bottom of the outfall sewer. There are two sets 
of pumps, and one set can pump oud all the 24 hours’ 
leakage in 14 minutes. Iron pipes were used in some 
lengths, Hassall’s pipes in others, and ordinary pipes 
elsewhere; with special precautions with manholes, 
subsoil pipes, concrete, junctions, &c. At Guildford, 
the — stated, the leakage from six miles of sewers 
was 31,125 gallons a day, and at Kast Molesey 36,000 
gallons; and even these amounts are stated to 
much less than in many of the districts where schemes 
have been carried out. The sewage is pumped a distance 
of three miles, and purified in chemical precipitation 
tanks, followed by land filtration. The works include 
a Dortmund tank, besides horizontal precipitation tanks, 
and the mud will be pressed. There are no land drains 
connecting with the river, or any dykes, as all the 
effluent will pass away into the underground strata. 
The ye ga for the works is Mr. W. H. Radford, 
C.E., of Nottingham; the contractor, Mr. John Jack- 
son, of Plaistow; the pumping machinery has been 
supplied by Messrs. Davey, Paxman, and Co., of Col- 
chester; the precipitating and pressing machinery by 
Messrs. Manlove, Alliott, and Co., of Nottingham ; and 
the iron pipes by the Stanton Iron Works Company. 
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THAMES BRIDGES. 


(For Description, see Page 694.) 
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Avsrera, Vienna; Lehmann and Wentzel, Kirntnerstrasee. 

Oars Town : Gordon and Gotch. 

EpinsurGH : John Menzies and Oo., 12, Hanover-street. 
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THE ROYAL INDIAN ENGINEERING 
COLLEGE, COOPER’S HILL. 

Tue civil engineering college established by the 
Duke of Argyll, as Secretary of State for India, in 
1871, has been a subject of continuous and ani- 
mated controversy among those interested in its 
fortunes throughout the whole of its history. 

This controversy is not, in our opinion, likely to 
be closed for some little time, but we do not desire 
to raise any of its main issues on this occasion. 
Our present object is to call attention to one parti- 
cular matter in connection with the college which 
is of immediate importance, both, directly, to the 
welfare of the college itself, and, indirectly, to the 
civil engineering profession in general. 

We are revealing no secrets in saying that the 
headship of the college will shortly be vacant. 
General Sir Alexander Taylor, who has been presi- 
dent for 15 years, has already passed the age at 
which the rule of the service would compel his re- 
tirement, if strictly applied, and the indulgence of 
the Government in not applying the rule in his case 
has attracted notice in the press and elsewhere. 
He will be followed into retirement with the respect 
and affection of all who have known him. The 
immediate question of interest for us is the appoint- 
ment of his successor, and we make no apology for 
discussing that question now, because if we waited 
until Sir Alexander Taylor’s retirement was 
officially announced, we should wait till it would 
be useless to say that which we think ought to be 
said on the subject. The India Office knows per- 
fectly well the value of the fait accompli, and the 
same Gazette which announced his retirement would 
probably announce that the post had been given to 
some highly respectable general, who had estab- 
lished a claim on his friends for a post of ease and 
dignity by meritorious service of one kind or 
another. 

Now we say at once, as we havesaid before, that 
the annexation of the best civil engineering appoint- 
mentsunderthe British and the Indian Governments 
by soldiers is an anachronism and an abuse, and if 
the old practice is followed in the case we are now 
discussing, it will be a particularly flagrant instance 
of the sacrifice of public to private interests, which 
has so long prevailed in this matter. We believe 
that if the Secretary of State can only be induced 
to look into the question for himself, he will 
recognise the justice of our contention. He has 
earned a reputation, both in his present office and 
previously, for sound and independent judgment, 
and for impartial character. But to secure the 
degree of attention required, it is necessary that 
our case should be strongly, but temperately, put 
before him, and he should be made to see that it 
has the support of the engineering profession. We 
know that the position of the civil engineers in 
India has been distinctly improved by the organised 
efforts that they made, with the co-operation of their 
English colleagues, although they are still far from 
obtaining the treatment they may justly claim from 
the Government. That measure of success was 
only obtained by persistent agitation, and we 
greatly fear that in other similar cases the same 
course, however distasteful, must be resorted to, 


4| where injustice has to be remedied. 


We need hardly say that we are in no sense op- 


. posed to the proper recognition and reward of dis- 


tinguished service in the Army, and still less do we 
wish to decry the merits of the corps of Royal 
Engineers, of whose past achievements and present 











efficiency the country is justly proud. But the 
very qualities which make a man most eminently 
useful as a soldier go far to disqualify him for active 
civil employment in positions where special know- 
ledge and experience in quite other directions are 
required. The interests of Indian administration 
should not be sacrificed to provide snug berths for 
retired generals, however distinguished, and the 
circumstances of Cooper’s Hill College are such 
that no consideration save that of fitness should 
weigh for a moment in the choice of a president 
for it. 

In order to establish this position, let us for a 
moment point out what those circumstances are, 
as many of our readers may not be conversant with 
the history of the college. 

The college was established in 1871 by the 
Secretary of State in Council, with the funds of the 
Indian Government, in order to serve for the 
Public Works Department in India, the purposes 
which Sandhurst and Woolwich serve for the 
British Army. Various other methods of recruit- 
ing the Public Works Department had been tried, 
which, rightly or wrongly, were thought unsatis- 
factory, and it was determined to choose boys by 
competitive examination and then train them at 
Cooper’s Hill for their Indian career. It was an 
essential feature of the arrangement that all 
accepted students, if they passed satisfactorily 
through their college course, were entitled to an 
Indian appointment at the end of it. After 10 
years this arrangement broke down, becauseIndia 
could not take the number of men that the college 
was designed to train. A factory had been estab- 
lished with a capacity for turning out 50 engi- 
neers per annum, when there was only a demand 
for 10 or 15. In this difficulty the plan adopted 
was to admit engineering students in general 
to the college, and to offer each year a stated 
number of Indian appointments, to be com- 
peted for among the students having com- 
pleted their three years’ course of training. The 
students failing to get Indian appointments 
are supposed to have received an education fitting 
them for the pursuit of civil engineering at home 
or abroad, as good as that which they might have 
obtained at any other technical college. The 
Secretary of State is thus in the anomalous posi- 
tion of conducting a private college for the educa- 
tion of engineers in general, as well as a training 
school for the engineers required by his own de- 
partment. Of late years, the number of appoint- 
ments annually given has been 15 (including three 
to the Woods and Forests Department). About 25 
students complete their three years’ course, but 
the annual entry is much larger, a good many men 
dropping off as they see the prospect of a Govern- 
ment appointment to be hopeless. 

We have no wish to discuss the numerous aber- 
rations of policy which have led to the existing 
situation. Our recital has been made to show that 
it is incumbent on the Secretary of State to find 
the best man that can be obtained for a post of so 
unusual and difficult a character. The high reputa- 
tion which the college has and deserves, as a place 
of education, has been achieved by the efforts of an 
able and painstaking staff of teachers, who have 
brought success out of a policy calculated to lead 
to disaster. The engineers from Cooper’s Hill have 
an excellent record in India, in spite of the harsh- 
ness with which the Government has treated them 
in comparison with the treatment of other services. 
But the competition for students between technical 
schools is becoming more and more severe: it is 
essential for Cooper's Hill, as it now exists, to attract 
a great many students in addition to those who 
can be employed by the Public Works Department 
in India: to do this the college must be organised 
on rational principles, and no effort must be spared 
to make the course of education as complete and 
useful as it can be made. 

For this purpose the president of the college, 
besides being a man generally fitted by character 
and culture to have the charge of young men, and 
besides having sufficient business capacity to super- 
intend the financial affairs of the establishment 
efficiently, should unquestionably be fitted by 
knowledge and experience to supervise the educa- 
tional work of the place in all its details. Both 
scientific and professional acquaintance with civil 
engineering is essential for such supervision, and 
some acquaintance with education in its modern 
developments, and with the art of teaching, seems 
also desirable. The president of such a college, to 
make the work of the staff harmonious and effective, 
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should be able to decide, with some authority, all 
questions relating to the course of study, and to 
advise the students individually as to the employ- 
ment of their time. Now we cannot say that it 
would be impossible to find a soldier possessing these 
qualifications, but we do say that the probabilities 
are enormous in favour of a better man for the 
purpose being found among the ranks of civilians. 
Strong evidence would be asked for in favour of the 
appointment of a civilian to the head of Sandhurst 
or tothe command of the Britannia, or in favour of 
the appointment of a layman to conduct a theological 
seminary. There is fully the same presumption in 
favour of acivil engineer being the best head for a 
civil engineering college. 

On the question of expense we do not lay great 
stress, but, so far as it goes, it affords another argu 
ment to the same effect. A purely ornamental 
head to a college which is being severely attacked 
by its enemies on the ground of extravagance, ought 
not to be thought of. Retrenchment is the order 
of the day in India all round, and that policy has 
been applied with unjust severity to the civil engi- 
neers in the Government service. How, then, can 
it be justified to expend a considerable sum on a 
titular president, whose actual work could be 
equally well done by a second-classclerk ? Cooper’s 
Hill College just about pays its working expenses, 
and we do not see how more could be expected of it. 
The real profits of the establishment are to be looked 
for in the accounts of the Public Works Department 
and the Forest Department in India. No economy 
could be more foolish than that which should 
sacrifice the efticiency of such an institution in any 
way, in order to make an apparent eaving on a 
balance-sheet. No balance-sheet can exhibit the 
money value to the Government of India of the 
training students have received, nor the deprecia- 
tion in that value by a saving in the expenses of the 
college. That view we hold most strongly, but we 
object to its being made an excuse for wasting 
money on sinecures. Cooper’s Hill College has to 
justify its existence to us at home, as the trustees 
of the Indian taxpayer. We think it has done so 
in the past to a greater extent than its founders 
deserved. To do so in the future it must be kept 
alive, and must have an active working head, who 
knows what civil engineering is and how men 
should be prepared to practise it. We hope that 
the Secretary of State for India will be effectively 
prompted on the subject before it is to late. 








THE PARIS MEETING OF THE INSTI- 
TUTION OF NAVAL ARCHITECTS. 
In their arrangements for interesting and also 

amusing the members of the Institution of Naval 

Architects during their forthcoming meeting at 

Paris on the 11th prox., &c., our French friends 

have surpassed themselves. Both the National 

Government and the Municipality of Paris are 

represented on the reception committee, whilst at 

the same time the principal scientific and technical 
societies, and several! of the large shipping 
and engineering firms, are also giving every 
assistance in forwarding the arrangements for 

the visit. A number of gentlemen, viz., M. 

le Marquis de Chasseloup- Laubat, M. le 

Comte de Chasseloup-Laubat, M. de Poligny, 

M. Vaslin, and M. Beaujeu have very kindly con- 

sented to act in the somewhat wearying capacities 

of guides and interpreters. A very complete prc- 
gramme has now been drawn up by Mr. Holmes, 
the secretary to the Institution, in which very full 
particulars of the various meeting places are given, 
accompanied by many useful hints as to restaurants, 
hotels, and means of communication inside the 
city. A plan of Paris, showing its principal monu- 
ments, is also added. By the kind permission of 
the Rector of the University of Paris, the meetings 
will be held in the amphitheatre of the Sorbonne, 

commencing each day at 10 a.m. 

The papers to be presented are as follows : 1. 
‘‘The Amplitude of Rolling of a Non-Synchronous 
Wave,” by M. E. Bertin, Directeur des Construc- 
tions Navales. 2. ‘‘On Wood and Copper Sheath- 
ing for Steel Ships,” by Sir W. H. White, K.C.B. 
3. ‘*The M. G. Meter,” by Mr. Archibald Denny, 
4. ‘On the Utility of Making the Calcula- 
tion of the Total External Volume of Ships and of 
Drawing out the Complete Scale of Solidity, from 
the Triple Point of View of Tonnage Laws, 
Stability, and Load Line,” by M. V. Daymard, 
engineer-in-chief of the Compagnie Transatlantique. 
5. ** On Light Scantling Steamers,” by Mr. B. Mar- 


tell, chief surveyor, Lloyd’s Register. 6. ‘‘On 
Coupling Boilers of Different Systems,” by M. 
Pierre Sigaudy, engineer-in-chief of the Forges et 
Chantiers de la Méditerranée. 7. ‘‘ On the Cost of 
Warships,” by Mr. Francis Elgar, LL.D. 8. ‘‘ On 
Some Necessary Conditions for Resisting Intense 
Firing in Water-Tube Boilers,” by M. A. Nor- 
mand. 9. ‘*On the Niclausse Boiler,” by Mr. 
Mark Robinson. The annual dinner will be held 
at the Hétel Continental, Rue Castiglione, Tues- 
day, June 11, at 7.30 p.m. On Wednesday, June 12, 
at 9.30 p.m., Monsieur and Madame Bertin will 
give a musical soirée at their home, 8, Rue 
Garanciére, and on Thursday, June 13, at 9.30, 
there will be a reception at the Hotel of the 
Chamber of Commerce, 2, Place de la Bourse, 
by M. Delaunay - Belleville and the members 
of the Chamber of Commerce of Paris. In 
the afternoons of these days visits have been 
arranged to some of the most interesting engineer- 
ing works in France, and on the Friday and Satur- 
day no papers will be read, but the daytime will be 
entirely devoted to these excursions. On the 
Friday evening there will be a reception at the 
Hotel de Ville, whilst on Saturday the great social 
event of the gathering will take place, as Admiral 
Besnard, the Minister of Marine, will give a recep- 
tion and ball at his official residence. Such a 
heavy programme could only have been arranged 
by a very influential reception committee, but the 
following list of the members of this will give a 
good idea of the zest with which the various public 
bodies in Paris have thrown themselves into the 
work: Honorary president of the reception 
committee, Vice-Admiral Besnard, Minister of 
Marine; president, Vice-Admiral Charles Du- 
perré. Representatives of the Ministry of Marine : 
Vice-Admiral Charles Duperré, Rear-Admiral Dieu- 
louard, M. E. Bertin, M. le Vicomte Chavzel. 
French naval officers : Vice-Admiral Gervais, Vice- 
Admiral Cavelier de Cuverville. The Municipality 
of Paris: M. Rousselle, president; M. Maury, 
syndic. The Paris Chamber of Commerce: M. 
Delaunay - Belleville, president; M. Lourdelet. 
Académie de Paris: M. O. Gréard, vice-recteur. 
Conservatoire des Arts et Métiers: Colonel Laus- 
sedat, directeur. Association Technique Mari- 
time: M. de Bussy, membre de 1’Institut, pre- 
sident; M. Augustin Normand, vice-president. 
Société d’Encouragement: MM. Mascart, Collignon, 
A. Carnot, and G. Richard. Société des Ingénieurs 
Civils de France: M. Appert, president ; M. Fleury, 
vice-president ; M. le Comte de Dax; M. Canet, 
member of the committee; M. le Marquis de 
Chasseloup-Laubat. Union des Yachts Francais : 
Rear-Admiral Baron Lagé, president ; M. de Bou- 
longne, M. Schoelcher, M. Maurice Loir, Comte de 
Guébriant, Comte de Montaigu, M. Desprez, secre- 
tary. Yacht Club of France: Vice-Admiral-Bonie, 
president ; Rear-Admiral Coulombeaud. The Wes- 
tern Railway of France: M. Delarbre. Usines de 
Creuzot : M. Schneider, M. Eugéne Schneider, M. 
Fliche. Société des Forges et Chantiers de la Médi- 
terranée: M.Jouet-Pastré, M. Widmann. Société 
des Chantiers et Atéliers de la Loire: M. Fould, 
M. Chaudoye. Société des Chantiers et Atéliers 
de la Gironde: M. de Bondy, M. Lebelin de 
Dionne. Compagnie des Messageries Maritimes : 
M. Girette, M. Lecat, Compagnie Générale Trans- 
atlantique: M. Periere, M. Daymard. Société des 
Chargeurs Réunis; M. Fould and M. Duprat. 
French members of the Institution of Naval Archi- 
tects not included in the above list are : M. Berrier- 
Fontaine, Directeur des Constructions Navales a 
Toulon ; M. ne, Directeur de la Société des 
Forges et Chantiers de la Méditerranée & la Seyne ; 
oe e> Leclerc, French Naval Attaché in London ; 
and MM. du Buit, Piaud, Ferrand, Lannes, and 
Le Doux. The executive committee consists of 
M. Bertin, chairman; M. le Vicomte Clauzel, 
M. de Marquis de Chasseloup-Laubat, M. le 
Comte de Dax, M. Maurice Loir, and M. le Comte 
de Guébriant. 





THE WESTINGHOUSE QUICK-ACTING 
BRAKE. 

Durine the present week some important trials 
have been “le on the North-Eastern Railway, 
under the superintendence of the locomotive super- 
intendent, Mr. W. Worsdell, of the latest form of 
Westinghouse brake which has been introduced into 
this country. So far, no comparative trials have 








been made in this country with the quick-acting 


and the ordinary form of Westinghouse brake, 
Although the new type has been fitted to a certain 
portion of the North-Eastern stock, and we under- 
stand has given complete satisfaction, it was thought 
advisable to makethese trials in order to get definite 
numerical results to serve as data for future 
guidance. Through the courtesy of Mr. Worsdell 
and the Westinghouse Brake Company we were 
enabled to attend these trials, of which we now 
propose to give a brief outline ; reserving a fuller 
description for a future occasion, when we hope to 
give the illustrations necessary to enable the matter 
to be more fully understood. 

The principal trials extended over the Tuesday 
and Wednesday of this week. They were attended 
by a number of officials of various railway com- 

anies. It is contemplated to supplement them 
ater on by still more exhaustive trials. Our readers 
are already acquainted with the very ingenious 
apparatus by which the Westinghouse Company 
obtain records of the performance of their brake. 
This is the invention of Mr. A. Kapteyn, the 
general manager of the Brake Company. It was 
illustrated and described in our issue of March 
29, 1889, when we gave an account of some 
former trials made by the Baden State Lailway.* 
This apparatus, in which some improvements in 
detail have recently been made, was in use on the 
trials we are about to describe. We may repeat 
that the apparatus gives, automatically, a record 
of the pressures in the brake pipe, the brake cylin- 
der, and the auxiliary reservoir ; and also of the 
speed of the train, and the stop distance. The time, 
in seconds and half-seconds, is marked continuously 
on an endless roll of paper. In this way a record 
of the instant of any event in the action of the 
brake is obtained, as, for instance, the moment the 
driver applies or releases the brake, &c. In this 
way data are obtained by which an exact estimate 
can be formed of the efficiency of the brake in 
practical work. This apparatus has now seen a 
good deal of service, having been used in a large 
number of trials made on the Continent. 

The quick-acting Westinghouse brake was de- 
ecribed and illustrated in our columns when first 
introduced,t but it will be convenient if we give a 
brief summary of its general principles. With the 
developments of railway practice which have led to 
the introduction of long passenger trains, the 
action of the ordinary Westinghouse brake was 
found to be capable of improvement in respect to 
quickness of use. This arose from the fact that 
the air had to travel the whole length of the train 
to be exhausted on the engine before the apparatus 
came into action, it being remembered that the 
Westinghouse brake is put into action by a reduc- 
tion of pressure in the brake pipe. In the 
quick-acting brake there is a local exhaust of 
the air in the brake pipe under each car- 
riage. This modification of the original plan 
renders the action of the brake so rapid as 
to bring the apparatus into action practically 
simultaneously throughout the train. The advan- 
tage gained is considerable, not alone in re- 
ducing the stop distance very much, but in ren- 
dering the stoppage of the train smooth and free 
from shocks. It will be obvious that the ideal con- 
ditions under which a train should be stopped are 
that each vehicle should be braked at the same 
instant. Ifthe brake is applied to the first car- 
riage, on a train of 50 carriages, say, 15 seconds 
before it acts on the last vehicle, the front 
portion of the train will be retarded and form an 
obstruction, against which the rear carriages will be 
projected before the brake on the latter can take 
effect to check their momentum. This compresses 
the buffer springs throughout the train, and their 
rebound, when the brake begins to act on the rear 
portion, causes shocks which may become dan- 
gerous, and are always alarming or inconvenient. 
This applies: more especially to emergency stops, 
when the brake is put on by the driver with great 
rapidity. The trials, to which we now refer, bore 
striking testimony to these facts. 

The trials were chiefly designed to compare the 
action of the quick-acting brake with that of the 
ordinary Westinghouse brake. In order to make 
the conditions as similar as possible, a train of 30 
six-wheel vehicles was provided. A full brake 
apparatus was fitted, so arranged that the working 
could be changed from ordinary to quick-acting at 
will. Out of the six wheels, four were provided 


* See ENGINEERING, vol. xlvii., pages 307 and 620, 





t Ibid.,-vol. xlv., page 236, 














May 31, 1895. ] 


ENGINEERING. 





703 











with brake blocks, so that the train was not braked 
to the fullest extent. The rear vehicle consisted of 
a brake van, in which Mr. Kapteyn’s recording ap- 
paratus was placed. On starting from Newcastle on 
the 28th inst., 18 vehicles were attached to one of 
Mr. Worsdell’s new 7-ft. four-coupled express 


engines, having cylinders 19 in. in diameter 
by 26 in. stroke, and working at 180 Ib. 
pressure. All the engine and tender wheels had 


brakes, except the bogie wheels. The vehicles 
averaged 124 tons each, and the total weight of 
engine and tender was 93tons. The vehicles were 
36 ft. each from buffer to buffer. The run was 
from Newcastle to Tweedmouth and back. On the 
run out the brakes were working on the quick- 
action principle, whilst on the return journey they 
were arranged to work in the ordinary manner. 
Ordinary station stops and emergency stops were 
made in both cases at different speeds and on parts 
with varying gradients. The first day’s trial, how- 
ever, did not afford so crucial a test as that of the 
second day, when a train which at one time con- 
sisted of 30 carriages was used, 

It will be evident from our former explanations 
that the longer the train the more marked will be 
the jerks and shocks that will occur through the 
sudden application of the brake, and a train of 30 
six-wheel coaches is a very long one indeed. It 
will be sufficient, therefore, to say for the present 
that a marked superiority was shown in favour of 
the new type on the first day’s trial in regard tu a 
reduced stop distance. 

On the second day the train started from New- 
castle with 30 vehicles. Six of these were shunted 
at Alnmouth and taken up on the return journey. 
It was, therefore, on this part of the road that the 
crucial test was made. 

In the run out the brake apparatus was set to 
the quick-action system, except in one stop, but 
in the first two stops the quick action was not used, 
as they were ordinary station stops. On the first 
stop there was a considerable jerk through the 
driver putting on the brake too suddenly and too 
hard, but this was not sufficient to be of a serious 
nature. The speed was about 40 miles an hour, 
but this will be known with greater certainty 
when the diagrams are worked out. The second 
stop, under somewhat similar conditions, was quite 
smooth. 

The quick-action system was next tried, anda 
number of excellent stops were obtained. With 
‘* emergency ” stops, in which the brakes were put 
on suddenly, no jerk or rebound was produced. 
On the second part of the out journey, with 24 
vehicles, the screw couplings were purposelyslacked, 
and here again the quick action prevented any un- 
pleasant jerk or rebound. This was a serious 
test, as will be recognised by those acquainted with 
railway work, owing to the great length of the 
train and the slack couplings. 

We have stated that except in one stop the run 
out was made with the quick-action brake in use. 
This exception was made on account of some of the 
visitors wishing to leave,-and an example was, 
therefore, given of a stop with the brake in the 
ordinary action, that is, not quick-acting. On this 
occasion no violent jerk was experienced in the 
brake van at the rear of the train, and it was 
thought, at first, by some that there was no great 
difference between the old and the new system. 
On descending from the van, however, it was found 
that a screw coupling had broken in the middle 
of the train, and the side chains had given way. 
The engines and first coaches had gone on about 
70 ft. or 80 ft., and the rebound was, therefore, 
prevented. 

On the return journey, the last two stops, with 
the ordinary brake, were the sensational ones of the 
trials. There were then 30 vehicles attached. The 
first of these was an emergency stop on a falling 
gradient of 1 in 471. On the brakes being applied, 
the action was fairly smooth at first, but after a 
very few seconds a violent jerk was experienced, 
such as would have proved very serious had not 
every one been prepared for something unusual. 
On the train being brought to rest, it was found that 
no less than three screw couplings and one drawbar 
hook were broken, the train being thus practically 
in five lengths; for though it only came actually 
apart in one case, it would have parted in all the 
damazed places if it had been started again. 

The last stop of the trials was even more sensa- 
tional than that just referred to. It was made 
on a falling gradient of 1 in 224. After the 
brakes had been on for a few seconds, the most 








violent jerk of the trials was experienced. It 
seemed as if every coupling must have been broken, 
but such was not the case, for the train was intact, 
and at once proceeded to itsdestination. It is often 
the breaking of the coupling which eases the blow. 
The stop, however, was one which could not have 
failed to do considerable damage to an ordinary 
train full of passengers, and even the experts who 
were present, and fully warned, had some difficulty 
in holding on to the fittings of the van. 

We shall, as stated, give details of these trials, 
with the necessary illustrations to make them clear, 
at an early date. 





THE WILLANS ENGINE. 


THE adjourned discussion on Mr. Mark Robin- 
son’s paper, ‘‘ On the Recent Developments of the 
Single-Acting High Speed Engine for Central 
Station Work,” took place before the Institution 
of Electrical Engineers on Thursday, the 23rd inst. 
An abstract of the paper, and a report of the earlier 
part of the discussion, was published on page 642 
ante. As Mr. Robinson had commenced his 
remarks by an extract from an article in praise of 
mill and marine engines, and in deprecation of the 
high-speed engine, and had set himself to demon- 
strate the fallacy of the arguments adduced, it was 
expected that the advocates of slow-speed engines 
would take the opportunity to defend their 
position. Whether they felt unable to do this, or 
whether they deemed it commercially more prudent 
to enter into a compact of silence, we do not know, 
but not a single voice was raised in defence of the 
slow-running horizontal engine, which is usually 
so much in evidence when a town council has an 
order to give for electric lighting machinery. 

Mr. Alexander Siemens opened the discussion by 
calling attention to the fact that it was the anni- 
versary of the death of the late Mr. P. W. Willans. 
He then explained that the figures quoted by Mr. 
Robinson from a paper of his (Mr. Siemens) were 
obtained from Willans and Belliss engines in the 
ordinary way of working, and that neither engine 
was prepared for test in any way. The Belliss engine 
was the first of its kind, and possibly improvements 
had since been introduced. 

Mr. Chandler said that there were some matters 
of detail in the paper with which he could not 
agree. It was stated that the slide-valve rings 
were not steam-packed. In that case, why did not 
they collapse? He had placed on the wall the 
section of a steam-packed piston of ancient date, 
which was practically the same as that described by 
Mr. Robinson. 

Mr. Alfred Morcom (Belliss and Co.) took excep- 
tion to a great many of Mr. Robinson’s claims 
for advantage in the single-acting engine, and 
undertook to show that his firm could do at 
least as well with their double-acting engine. They 
did not go into the matter blindly, as they had 
built high-speed engines up to 500 horse-power for 
30 years. When they commenced to supply 
central stations, they considered the question of 
single action, but they soon abandoned the idea. 
At one time nearly all the electric lighting 
engines in the Navy were single-acting, but now 
double-acting engines were being exclusively used. 
There were reports of many collapses of valves and 
pistons of Willans engines, but the double-acting 
engines had not collapsed. The latter derived great 
benefit from their forced lubrication, both as regards 
durability and economy. Comparing single with 
double acting engines, it was evident that the 
former must have double the piston area, double 
the pressure on the connecting-rod, and double the 
wear. The speaker said he had tried a constant 
thrust engine in one of H.M. dockyards, but he 
could not keep it in satisfactory order. Taking up 
Mr. Robinson’s points in detail, he would refer 
first to economy. Messrs. Belliss and Co. had had 
a trial at St. Pancras, under independent inspec- 
tion, in which they ran for six hours, with steam 
at 120 lb. pressure, with 19.89 lb. of water per 
indicated horse- power. The efficiency also was 
92 per cent. He doubted if there was a half- 
penny to choose between Belliss and Willans 
engines in regard to economy. To prevent vibra- 
tion, he put lap on the exhaust edges of the valves, 
and so obtained compression and quiet running. 
Mr. Morcom pointed out the friction that must 
arise from the numerous rings in the Willans 
engine. ‘This question of piston friction would 
become very serious in a year or two, when super- 








heating found its way into electric light stations. 
It would then be necessary to lubricate the pistons, 
and also to keep the oil out of the boiler. In 
relation to governing, the double-acting engine 
ought to be better than the single-acting, on ac- 
count of the two impulses per revolution. For the 
last three months his firm had given great attention 
to the question of governing, and had been able to 
get their engines to run with a variation of only 
one or two revolutions between full load and no 
load. As to vibration, a three-crank double engine 
ought to be as satisfactory as a three-crank single- 
acting engine. In conclusion, he repeated that by 
aid of forced lubrication the double-acting engine 
was rendered as durable as the single-acting ; that 
it had now got through its infantile troubles, and 
that it was able to do as good service as any other 
engine. 

Mr. Arthur Wright said he had 2000 horse-power 
of Willans engines under his charge, and he could not 
imagine any machinery giving less trouble. Two 
men and a boy managed the lot ; everything ran so 
easily that he had scarcely ever seen the inside of 
an engine. 

Mr. Druitt Halpin referred to the 91 to 94 per 
cent. efficiency claimed for engines, and said he 
would not believe such figures unless he verified 
them himself. Nothing could lie more consistently 
than an indicator, except a voltmeter and an 
ammeter. Brakes also could lead people astray, as 
was demonstrated at some important trials a few 
years ago. On a free running engine he had found 
an efficiency of 90 per cent., or a trifle more. As 
to the effect of the reversal of strains in admitting 
oil to bearings, M. Belpaire had said that railway 
travelling would be impossible if it were not for the 
tremors caused by irregularities in the road aiding 
the lubrication. 

Mr. W. Geipel said that in speaking of the costli- 
ness of slow-speed direct-driven steam dynamos, he 
took it that Mr. Robinson referred only to first 
cost ; otherwise, was it not somewhat early to 
state that high-speed would last as long as slow- 
speed engines? We knew that there were slow- 
speed engines which had been at work for 42 years 
and upwards, which were running at the present 
day; that the Willans or any other high-speed 
engine would do this had yet to be proved. If they 
would not last so long, then it was necessary to 
take into consideration whether the earlier renewal 
of the one would balance the increased first cost of 
other. We all knew how seriously the cost of 
electric supply was increased by the lying idle of so 
large a fraction of the plant as was neceseary to meet 
the two short periods of heavy load ; and if there 
were a doubt as to the lasting powers of high-speed 
engines when worked continuously, might it not be 
advantageous to combine the two systems, so that 
slow-speed engines would be used for the light loads, 
while high-speed engines were used for that part of 
the plant which was chiefly idle, the first cost of 
which, owing to its being so large a fraction of the 
whole, was so important a factor in the cost of 
supply ; forthat part of the plant durability would 
be less important, of course, owing to the com- 

aratively few hours of use per annum. Mr. 
binson referred to the difficulty of overcoming 
the vibration. That, of course, was not a question 
which greatly concerned the users of high-tension 
systems, who could generally put their engines in 
distant places where vibration was of little moment. 
The necessity of using powerful governors and 
giving them next to nothing to do, mentioned in 
paragraph 49, could not be too strenuously dwelt 
on. The makers of throttle-valve governors were 
too prone to cut down the weight of the balls. Not 
many weeks ago the speaker had occasion to write 
to a firm who make governors in large quantities to 
put larger balls on aparticular governor that they had 
supplied, and which could not be made towork with- 
out hunting. It would be almost incredible when he 
told the meeting that they seriously proposed to 
increase the size of the throttling valve in order to 
obviate the hunting. There was no part in an 
electric light engine which was more important, 
and to which probably less attention had been paid 
hitherto, than the governor. He agreed with the 
author as to the desirability of using plenty of fly- 
wheel power to control the engine in event of 
sudden variations of load. But if there were any 
undue friction in the governor, it was conceivable 
that the jerky rotation due to a light flywheel 
would assist the balls in overcoming the extra 
friction, which might otherwise cause hunting. 
The great sensitiveness of shaft governors was 
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partly attributable to a continual variation in the 
strains on the parts controlled by the balls. 

Mr. J. N. Shoolbred could not understand why 
Mr. Willans adopted the throttle valve, since he must 
keep it full open to get economy. Why should he 
throttle high-pressure steam down to lose 25 to 15 
per cent. of the pressure? Many devices had been 
suggested to keep engines running at full load in 
central stations. The sizes had been chosen to 
relieve one another. At Pontypool accumulators 
were employed to keep the engines running at full 
load, and were successful, but the speaker did not 
know how much had to be paid for the advantage. 
In many points the Willans engine was more satis- 
factory than the double-acting engine, especially in 
steadiness and silence. The Willans engine was 
spoken of as the engine of the future, but he should 
call it the engine of the present. As larger sizes 
were required, the double-acting engine would 
come to the front. He thought that 300 horse- 
power was about the dividing line. The Willans 
engine had rendered them invaluable service in the 
early days of electric lighting. 

Mr. Allen referred to the difficulty of turnin 
crankshafts true. He said it must be admit 
that the Willans engine had done badly in some 
cases in the Navy. The conditions there, how- 
ever, were unsatisfactory. The boilers were often 
pressed, and the steam carried over large quantities 
of water, which caused breakdowns. 

Mr. Dumas spoke of his experience of the Willans 
engine on Her Majesty’s ships. He said that in 
the Navy they found the interchangeable system of 
manufacture pursued at Thames Ditton very ad- 
vantageous. As regards the steam packing of 
piston rings, it had been tried by others and 
abandoned. Perhaps some of the necessary con- 
ditions had been overlooked. Since there was a 
varying pressure in the cylinder, he should expect 
that there would be more wear at the upper end 
than at the lower. At the bottom of the column 
of valves the mean pressure at the back of the 
lower rings exceeded the outside pressure, and he 
should expect to find the wear of the rings excessive. 
At the upper part of the column the tool-marks 
would not wear out in five years, therefore these 
rings must collapse. ‘The Cornish cycle was an 
important feature in theengine. On the downstroke 
the pressure of the air cushion was added to that of 
the steam, and possibly this explained the break- 
ages of the cranks. Why not get rid of the air 
cushion, cut off earlier, release at :9 of the stroke, 
and compress at .3? 

Mr. Jeremiah Head related the difliculties he had 
had with a Brotherhood engine running at 300 
revolutions a minute and driving a rolling mill. In 
spite of elaborate oiling devices, the crankpin con- 
stantly seized, and showed him the necessity of 
forced lubrication. 

The President, Mr. R. E. B. Crompton, in clos- 
ing the discussion, stated that it was 19 years since 
he first bought a Willans engine, and that he had 
been using such engines ever since. He thanked 
Mr. Robinson for his paper, and for laying the 
latest experience of his firm before the Institution. 
He (the President) had had 25 years’ experience in 
direct charge of double-acting engines, and some of 
it had been painful. He knew the difficulties of 
keeping them in order and preventing knock. It 
was this that led him to the adoption of the 
Brotherhood and the Willans engines. High speed 
had made the electrical engineers. Mr. Raworth 
had called the Willans engine a Chinese puzzle, but 
as a matter of fact it was taken down and put up by 
comparatively unskilled labour. It was not fair to 
talk of the large number of parts. Mr. Willans 
adopted his design to get equal turning. The 
speaker had pointed out to him the necessity of 
securing this result at allloads. He had challenged 
the advocates of slow-speed engines to come to that 
meeting and defend their views, but it seemed they 
had nothing to say. Why did they not come? It 
was a serious thing for the profession that low-speed 
engines were put in to pander to the idea of economy, 
and then became a cause of regret to the users, 
The doubts as to the durability of the high-speed 
engine had not been realised ; eight or nine years’ 
experience showed that the cost of repairs was not 
greater than in slow-moving engines. The Willans 
engine had received brutal treatment in the Navy. 
Pipes full of water had been discharged into it, with 
the inevitable result. Such things did not occur 
in central stations. Unfair criticism on the engine 
had been printed, and evidence laid before the 
Institution of Mechanical Engineers had been made 








to show exactly the opposite of what it did show. 
The electrical engineers had reason to be proud of 
the engines of Willans and Robinson, Belliss, and 
Chandler. 

Mr. Robinson was then called upon to reply. 
He said that Mr. Raworth, in his humorous and 
interesting speech, suggested that he might have 
treated of other Pre. gl engines than the 
Willans. The answer was in the title of the paper 
—‘* Recent Progress” in such engines ‘‘ for Central 
Station Work.” He had confined himself to im- 
provements in the Willans engine carried out either 
shortly before, or since, Mr. Willans’ death, i.e., in 
the last three or four years, and if he had dealt with 
no other single-acting engine, it was because none, 
so far as he knew, had taken a prominent position 
in central station practice in this country. He was 
afraid he had not been clear about the relation 
between high speed (that is, for continuous running) 
and constant thrust. Constant thrust enabled an 
engine to be run with no knock and with very 
little wear, even at very high speeds ; it was in 
accordance with common knowledge for many years 
that double action had not had this advantage. 
We were now told that, by a special system of 
forced lubrication, means have been found to put 
double-acting engines on the same footing as single- 
acting engines. It might be so, though to him it 
seemed improbable ; in any case, such a claim re- 
quired time—a good deal of time—to secure its 
acceptance. If there werereally the difficulty with 
the constant-thrust bearings of the Mordey alter- 
nator under very light pressures per square inch, 
which Mr. Raworth referred to, the notoriously 
successful running of the main bearings of the 
Willans engine, under much heavier pressures, 
was surely more in point. He would suggest to 
Mr. Raworth to look for other possible causes in this 
special case ; they had had the same difficulty with 
bearings apparently quite lightly loaded, where the 
shafts formed part—by magnetic leakage, of course 
—of a magnetic circuit, and the conclusion they 
came to was that such # bearing might have to be 
treated not as a lightly, but as a very heavily 
loaded one. On one point he would like to correct 
Mr. Raworth, who gave credit to himself (Mr. Robin- 
son) and to his colleagues for recent improvements 
in the Willans engine. Those improvements were 
all either planned by Mr. Willans himself, not long 
before his death, or arose directly from the experi- 
ments which he carried out with the express object 
of preparing a basis for such improvements. The 
only exception was the automatic expansion gear 
now used, and even this only carried out, partly by 
means planned by himself, an object which he had 
very much at heart. The piston Mr. Chandler had 
illustrated was, of course, similar to that used at 
Thames Ditton, though without the spring plate 
they used to hold the rings down. He would have 
referred to the Chandler engines if he had had the 
data. All that he had heard about them was 
good. Mr. Morcom had made a fair straightfor- 
ward speech on the relative merits of the single and 
double acting engine. He supposed the engines 
he had been making for 30 years were mostly 
launch and marine engines. As to the troubles 
the Willans engine had met with in the Navy, 
the subject was too large to enter into. He 
had once given great offence at the Admiralty by 
suggesting that it was a steam and not an hydraulic 
engine. On one occasion he went on board a ship 
and found an engine pounding terribly. The ship 
engineers seemed quite satisfied, but on investigation 
he found the relief cocks on the air cushion, which 
were placed there to facilitate turning round, had 
been connected to the drains and were wide open. 
It was news to him that Willans engines had been 
taken out of H.M. ships on a large scale, except in 
such cases as the replacing of engines designed for 
low pressures when the ships were re-boilered. 
Certainly there had been a few breakages of 
pistons, which were originally too light, but these 
were always due to water coming in excessive 
quantities from the pipes. Mr. Morcom had 
stated that the single-acting engine must have 
double the pressure on its rod of the double-acting 
engine. But that was only true if the two ran at 
the same speed, and the possibility of this in con- 
tinuous practical work was just the point in dis- 
pute. Doubtless double action did favour the 
entrance of oil to bearings, but there were 100,000 
horse-power of single-acting engines at work with- 
out any trouble with the bearings. The side 
swing of the connecting-rod enabled oil to get to 
the crankpin, and main bearings could always be 


made large enough to secure a moderate pressure 
per unit area. The figures of steam consumption 
that Mr. Morcom had quoted from the St. Pancras 
trials were certainly very good, but there were so 
many uncertainties in measurement that the speaker 
was always chary of quoting remarkably high 
figures, except they were confirmed by successive 
tests. He, however, saw no reason to doubt an 
efficiency of 92 per cent. in a double-acting engine 
with forced lubrication. As regards regularity of 
governing, he would point out that there were the 
same number of impulses per minute in a two-crank 
engine, whether it was single or double acting, if 
the cranks were 180 deg, apart. Mr. Halpin had 
expressed doubts about brakes, and the speaker 
was also dubious about them when they gave very 
high figures. Mr. Geipel had asked if the Willans 
engine would last 42 years. He did not know why 
it should not. At the rate of wear mentioned in the 
paper, the low-pressure cylinder of the mill engine 
referred to ought to begin to want re-boring in 
about 2500 years; he presumed Mr. Geipel would 
think that satisfactory. Mr. Shoolbred had ob- 
jected to the throttle governor for engines run- 
ning at light loads. Engines should not run at 
light loads in central stations ; but still, experi- 
ment showed that the throttle engine would 
work actually more economically at light loads 
than the automatic engine, while at moderato 


loads there was only a comparatively small dif- 
ference in favour of the variable expansion 
engine. Mr. Shoolbred said that as engines 


grew larger, the double-acting type would displace 
the other, The speaker had once fancied so him- 
self, but it was found that the single-acting engine 
did better the larger it grew. It was, however, a 
question of speed. In reply to Mr. Dumas, Mr. 
Robinson said he knew that steam-packed rings had 
been used before, but not in single-acting engines, 
he believed. He did not think that there was more 
wear at the top of the cylinder than at the bottom. 
Certainly the upper valve rings did not collapse. 
The air cushion aided in getting an even turning 
moment. Thé Brotherhood engine mentioned by 
Mr. Head was in a different category from the 
Willans. There was not constant thrust on the 
shaft, and the pins did not run in a bath of oil. 
The meeting, which was the last of the session, 
was then concluded by a vote of thanks to the 
Society of Arts for the use of their premises. 





NOTES. 

Tue Static Friction or Woop on Woop. 

AN interesting account of some experiments on 
the friction of wood at high pressures has been 
published in a recent issue of Engineering News by 
Messrs. E. H. Messiter and R. C. Hanson. Of late 
years a good deal of discredit has been thrown on 
the classical researches of General Morin, owing 
to the fact that the laws discovered and formulated 
by him have been found to be by no means of 
such universal application as was at one time con- 
sidered to be the case. In particular, his results 
have been shown to be quite inapplicable to 
the friction of well-lubricated journals and bearings. 
The experiments of Messrs. Messiter and Hanson 
were made on 6-in. cubes of wood placed between 
upper and lower blocks of the same wood. The 
force required to move the middle block when the 
three were pressed together by loads of 100 lb. to 
1500 1b. per square inch, was measured by suitable 
arrangements. The results showed that between 
a pressure of 100 1b. per square inch and one at 
which the surfaces in contact began to yield, the 
coeflicient of static friction was independent of the 
pressure. The figures obtained were very regular, 
and the nature of the surface, if reasonably smooth, 
did not greatly affect the results. The coefficient 
was found to be .2898 for yellow pine and .422 for 
spruce. These figures cannot, however, be relied 
on for pressures of less than 100 lb. per square 
inch, since at these low pressures the coefficient of 
static friction appears to be liable to accidental dis- 
turbing influences, and irregular results are ob- 
tained. 


Masonry Bripcrs oF Larce Span. 

Most people are perhaps too ready to consider 
that the days of masonry bridges of any considerable 
span are over, save in cases in which esthetic 
considerations override all questions of cost. It 
has, however, to be remembered that the main- 
tenance of a masonry structure is in general much 
cheaper than that of a metal one, and for this reason 








that most progresssive of American railroads, the 
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Erection of THE New Barnes Raitway Brivce; Lonpon anp SoutH-WEsTERN Raiiway. 


Pennsylvania, has of late years built many arches to 
replace old truss or girder bridges. The spans in 
these cases have, however, been small, In Austria, 
on the other hand, two masonry bridges, which must 
be reckoned amongst the largest yet constructed, 
have been built over the River Pruth to carry 
the Stanislaus - Weronienka Railway. One of 
these, at Jaremeze, has a main span of 206.6 ft., 
whilst the other, at Jamna, has a span of 
157.5 ft. The John Cabin Bridge, which is still 
the largest existing masonry span, is 220 ft. between 
the abutments, its rise being 57.25 ft. The 
Grosvenor Bridge, Chester, the largest in this 
country, has a span of 200 ft., the rise being 42 ft. 
Thus it will be seen that the Jaremeze Bridge 
holds the second place. The material used in this 
case was dressed stone, there being 149 voussoirs 
visible on the face. In commencing the work the 
centring was loaded simultaneously at eight dif- 
ferent points, and when completely coveredit yielded 
at the crown 4.5 in. on the left side, and 3.9 in. on 
the right. About 35,000 cubic feet of cut stone 
were used for the arch. The weight over the 
haunches is relieved by spandril arches, between 
which the extrados is coated with concrete from 
2 in. to 34 in. thick, with a layer of asphalte over 
it. The other bridge, though of smaller span, is 
of very similar design. They each carry a single 
line of rail. The work was executed most rapidly, 
as the masonry was only commenced in March, 
1894, and the bridge was opened in November 
the same year. Some 55 tons of Portland cement 
and some 4000 cubic feet of ordinary mortar were 
used in the work. The total cost of the Jaremeze 
Bridge was about 71001. 


Exectric Motors ror Macuine Drivina. 


The plan of having each separate machine in 
a shop driven by a separate motor is of ancient 
date, as, if we remember rightly, small atmospheric 
motors were thus used in the works of Boulton 
and Watt, nearly a century ago. It is easy to 
show that with fairly efficient motors the amount 








of power required is considerably reduced, parti- 
cularly as the shafting in an engineer’s shop is 
usually badly maintained, forming a good instance 
of the old adage that the shoemaker’s children go 
worst shod. On the other hand, the total amount 
of power used in a machine motor is usually 
exceedingly small, as a 50 horse-power engine 
will drive quite a large tool-shop easily, and hence 
the total saving to be effected is often insignificant 
and quite insufficient to offset the extra cost of the 
motor, save under special conditions. It must, 
however, be confessed that the maintenance of the 
various driving belts is by no means insignificant, 
and often the breakage of a main driving 
belt may stop the whole of the machines for 
an hour or more. Nevertheless, the plan of 
independent driving has, up to the present, ad- 
vanced but little, though the advent of the 
electric motor has caused a revival of the subject. 
At the gun factory at Herstal, Belgium, the system 
is being tried on quite a large scale, though the 
independent driving does not extend to each sepa- 
rate machine, but only to the main lines of shafting, 
which, though in different buildings, are all driven 
by one central engine by means of electric trans- 
mission. The plant comprises two 37 horse-power 
motors, nine 16 horse-power motors, and five others 
ranging from 3 to 21 horse-power. The working 
of the plant has been very satisfactory, and over- 
loads are, it is stated, quite as permissible as with 
belt driving, one 16 horse-power motor being run 
for several days at an output of 30 horse-power. 
The system is, of course, much less cumbersome 
than belt driving, as in the latter case straight leads 
for the belts are required, whilst the electric mains 
can be runanywhere. In certain other instances also 
the electric system has great advantages, especial] 

in cases in which it is impossible to bring the wor 

to the machine, and so becomes necessary to take 
the machine to the work. The deck planer used 
by Messrs. Denny Brothers is a case in point, and 
the special tools for cutting out tubes and drilling 
holes, &c., in use at the Crewe Works, is another. 








The lead taken here has, we note, been followed in 
the United States, where Messrs. Cramp have 
adopted the planing machine mentioned above, and 
several other firms have copied Mr. Webb in the 
adoption of special portable tools electrically driven. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 23, 1895. 

THE improvement noted in the iron trade still con- 
tinues. Mills are, as a rule, busier than for two 
years. ae 9 contract work is being given out, from 
railroad work down to shop machinery. This improve- 
ment is very encouraging to manufacturers at large, 
and assures a busy summer, at perhaps a slight ad- 
vance in prices on small early delivery orders. From 
the report of the American Iron and Steel Association 
just published, it appears that the total production in 
1894 and 1893 was : 


1894. 1893. 

Pig iron 6,657,388 gross tons 7,124,502 tons 
Coke ... - 5,452,451 nep = =,, + ~—«5, 054,797 ,, 
Anthracite 

coal ... 41,891,200 gross ,, 43,089,537 ,, 
Steel ingots... 3,571,513 __,, » 98,215,687 ,, 
Open - hearth 

steel : 784,936 ., a 737,890 ., 
Rails... : 1,021,722 ,, » 1,186,458 ,, 
Locomotives 

built eae 695 2111 
Structural 

shapes. 505,901 ., ra 387,307 ,, 
Imports of 

iron & steel 20,843,576 dols. 26,656, 539dols, 
Exports of 

iron & steel 29,943,729 ,, 30,159,363 ,, 





ARGENTINA AND CHi1.—The Argentine Government is 
credited with an inteution to build two cruisers and six 
torpedo-boats representing an outlay of 1,000,0002. The 
— Government also proposes to purchase three ships 
of war, 





RusHTON, Proctor, AND Co., LimrrED.—The directors 
of this company have issued their sixth annual report, 
which is brought down to March 31, 1895. The trading 
results for the year (including 32811. 4s. 8d. brought for- 
ward) show a balance of 49,7377. 93. 7d. ; from which has 
been deducted for depreciation of plant and machinery, 
32481. 15s. 9d, ; office furniture, 170/. 33.; and directors’ 
remuneration to March 31, 1895, 1000/.—4418/. 18s. 9d.; 
leaving 45,3187. 10s. 10d. Out of this there has been paid: 
Interest on 250,0007. debentures, 12,065/. 23. 9d., and an 
interim dividend of 5s. per share, November 1, 1894, 
62507. — 18,3157. 2s, 9d., leaving a net balance of 
27,0037. 8s. 1d., which the directors _ e to appropriate 
as follows: In payment of a dividend of 10s. per share 
free of income tax (making with the interim dividend paid 
November 1, 1894, 74 per cent. for the year), 12,500/.; in 
reduction of goodwill account, 8000/.; and in writing off 
the costs and charges incident to the conversion of the 
5 per cent. debentures, 3437/. 18s. —23,937/. 18s., leaving a 
final balance to be carried forward of 3065/. 10s, 1d. 





Sure Skerry LicurHousr APPARATUS.—The appa- 
ratus for Sule Skerry Lighthouse underwent its final test 
in the workshops of Messrs. Steven and Struthers, Glas- 
gow, on Wednesday, the 22nd inst. The Sule Skerry 
Lighthouse tower has been in progress during the past 
three seasons, and is now es nga completion. The 
tower is erected on a rock which rises in the Atlantic to a 
height of about 40 ft., situate about 40 miles in a westerly 
direction from Stromness, and nearly the same distance 
from Cape Wrath, but in a north-westerly direction, The 
rock is exposed to the force of the Atlantic and Polar 
waves, and has been, no doubt, the scene of many ship- 
wrecks, which are unrecorded in the Board of Trade’s 
annual ‘* Wreck sony mervil as no wreck receiver was there 
to note them. The lantern which is to contain the optical 
apparatus was erected by Messrs. Steven and Struthers 
last year. It is of the largest diameter (16 ft.) hitherto 
erected on any lighthouse tower, and is 12 ft. 2 in. in 
height of daylight. The — apparatus is known by 
the name given to it by the original designers, Messrs. 
Stevenson, as hyper-radiant, and is acknowledged by all 
lighthouse engineers as the most notable improvement of 
recent times, as it utilises and condenses all the rays of 
light emitted by burners of larger diameter than could be 
used with advantage in Fresnel’s first order lights, 
Originally suggested in 1869, it has been still further im- 
proved by the spherical form of lens and equiangular 
prisms. The Sule Skerry apparatus has preety omy each 
face consisting of three lenses with prisms above and below 
them so designed as to give a group of three flashes of 
light of equal intensity in quick succession every half- 
minute, the whole forming a n° of polished glass, set 
in gun-metal frames, 9 ft. in diameter and 84 f%. in 
height. In the focus there is placed a burner having six 
concentric wicks. This apparatus was madein accordance 
with Messrs. Stevenson’s design by Messrs. Barbier and 
Bernard, Paris. The glasswork is made to revolve at 
the required speed by a machine, driven by a weight, 
made by Messrs,.Steven and Struthers. The apparatus 
revolves on a carriage working on conical rol ers, and 
makes one revolution in a minute and a half, Ib is ex- 
gs that the light will be shown to the mariner for the 

ret time during next autumn. Ib will be elevated about 
112 ft. above the sea, and will therefore have a range of 
164 nautical miles, 
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NOTES FROM THE NORTH. 
G.ascow, Wednesday. 

Glasgow Pig-Iron Market.—In consequence of last Thurs- 
day being observed as the Queen’s Birthday holiday, it was 
a dies non with the members of the local pig-iron trade, 
no meeting being held for business. On the following 
forenoon a moderate amount of business was done in 
Scotch iron, somewhere about 12,000 tons changing hands, 
together with a few lots of Cleveland iron. Prices were 
very firm, and 4d. per ton better than on Wednesday. 
In the afternoon the market developed a very firm tone 
just near the close, when buyers preponderated. Only 
about 8000 tons were dealt in. Scotch rose 3d. per 
ton from the forenoon, and other sorts 1d. to 14d. 
The closing settlement prices were—Scotch iron, 
43s. 74d. per ton; Cleveland, 35s. 44d.; Cumber- 
land and Middlesbrough hematite iron, respectively, 
43s. 104d. and 42s, 6d. per ton. Business was very 
quiet on Monday forenoon, not more than 7000 tons of 
Scotch and 500 tons of Cleveland iron changing hands. 
Several buyers were about, and prices were, there- 
fore, strong, Scotch iron advancing 24d. per ton on 
Friday’s finish, and other sorts 1d. to 34d. per ton. 
Buyers of Scotch were still in evidence in the after- 
noon, but very little business was done, the turnover 
not exceeding that of the morning. Cleveland and 
Cumberland hematite iron gave way 4d. and 2d. per 
ton respectively. About 10,000 tons were dealt in, 
5000 or 6000 tons being Scotch iron. At the close of the 
market the settlement prices were, respectively, 43s. 9d., 
35s. 6d., 448., and 42s. 44d. per ton. A much quieter tone 
ruled on Tuesday forenoon. Only 5000 tons of Scotch iron 
were dealt in, and, as buyers were scarce, the price easily 
fell 14d. at 43s. 8d. per ton. Cleveland was marked down 
2d. The quiet feeling was rather more emphasised in the 
afternoon, when there was a greater disposition to sell 
Scotch, a sort of holiday tone prevailing in the market. 
About 10,000 tons changed hand, and the cash price fell 
2d. from the forenoon. The settlement prices at the close 
were 43s. 6d., 352. 3d., 43s. 9d., and 42s. 43d. per ton 
respectively. The market was very quiet this forenoon, 
and prices were flat, declining from 4d. to 3d. per ton. 
Sales were very limited. Inthe afternoon the tone was 
a shade harder, but dea!ing was still restricted. Scotch 
and Cleveland gained 4d, but Middlesbrough hematite 
iron dropped 4d perton. The closing settlement prices 
were 433. 3d., 35s. 14d., 43s. 6d., and 42s. 3d. per ton 
respectively. The following are a few of the quotations for 
No. 1 special brands of makers’ iron : rey 48s. 6d. per 
ton; Summerlee and Gartsherrie, 50s 6d.; Calder, 51s. ; 
Langloan, 51s.—the foregoing all shipped at Glasgow ; 
Glengarnock (shipped at Ardrossan), 49s. ; Shotts (shipped 
at Leith), 52s.; Carron (shipped at Grangemouth), 54s. per 
ton. There are now 76 blast furnaces in actual operation, 
as compared with 73 at this time last year The ship- 
ments of pig iron last week from all Scotch ports 
amounted to 4712 tons, against 5207 tons in the corre- 
sponding week of last year. They included 105 tons for 
Canada, 360 tons for India, 155 tons for Australasia, 391 tons 
for Italy, 430 tons for Germany, 775 tons for Russia, 400 
tons for Holland, smaller quantities for other countries, 
and 1902 tons coastwise. Up till last Saturday the ship- 
ments for the year amounted to 125,920 tone, whereas in 
the corresponding portion of last year the foreignand coast- 
wise shipments only amounted to 107.810 tone, so that there 
has been an increase of 18,110 tons. The stock of pig iron in 
Messrs. Connal and Co.’s public warrant stores stood at 
282,371 tons yesterday afternoon, as compared with 282,403 
tons yesterday week, thus showing a decrease for the past 
week amounting to 32 tons. The operations in the pig- 
iron warrant market are now largely of a professional 
character, the public taking less interest in the market 
than was the case some weeks ago. The position of 
holders has been strengthened by the growing confidence 
in commercial circles and the expanding demand for 
nearly all classes of raw material. It is worthy of note, 
——- that consumers are somewhat slow to purchase 
orward. 


Finished Ironand Steel Trades.—The finished iron ng ad 
ment is quiet, there being a steady but not a very large 
business, and a limited inquiry for abroad. Makers of 
mild steel are moderately well employed, and prices, 
though not generally advanced, are well sustained by the 
firmness of the English markets. 


Glasgow Copper Market.—Some 200 tons of copper 
changed hands last Friday forenoon, and the price rose 
8d. 9d. per ton at 44. three months’ sellers. In the after- 
noon 50 tons were sold, and, in sympathy with London 
prices, there was an advance of 52. per ton. The feeling 
was very firm on Monday forenoon, but only 50 tons were 
dealt iv, and the price made another 5s. at 44/. 10s. three 
months sellers. The afternoon sales amounted to 75 
tons, and the close was 2s. 6d. per ton below the fore- 
noon’s finish. No business was done in copper yesterday 
forenoon, and prices remained unaitered. In the after- 
noon 100 tons were dealt in, and, in sympathy with the 
quietness of other markets, quotations gave way 5s. per 
ton. Dealing was at a standstill this forenoon, and the 

rice dropped 5s. per ton at 44/. three months sellers. 
veral lots were sold in the afternoon, and prices were 
from 1s. 3d. to 2s. 6d. per ton easier. 


Glasgow Corporation Hydraulic Pressure Supply.—The 
important undertaking for supplying bydraulic high 
pressure throughout a large portion of the city by the 
Glasgow Corporation Water Commissioners is now prac- 
tically completed. To-morrow (Thursday) the pressure 
at the pumping station in High-street will be formally 
turned on to a section of the system by Lord Provost 
Bell, in presence of many of his brother Water Commis- 


sioners. The ceremony will have a considerable amount 
of interest. 


A number of intending consumers are making 





haste to get their appliances ready to utilise the pressure 

in doing mechanical work, but the first actual service is 

re be given for working the hoist at the Conservative 
lub, 


Sir John Watson, Bart.—This gentleman, who is one 
of the recipients of Birthday honours in Scotland, has 
been long and very extensively identified with the coal- | 
mining industry, chiefly in the Wishaw, Motherwell, | 
and Hamilton districts of Lanarkshire. His colliery at 
Karnock, near Hamilton, where the workings and output 
of coal are on a very extensive scale, was the first esta- 
blishment of the kind in the kingdom in which the elec- 
tric light was tried; and since its adoption, some 12 
or 13 years ago, electricity has been brought into further 
use in the pit. Sir John Watson’s collieries passed into 
the hands of a limited liability company several years 
ago, and at the annual meeting of the company to-day in 
Glasgow, the chairman was very heartily congratulated 
on the honours received from the Queen, in recognition 
of his eminent position in the industrial development 
of the Middle Ward of Lanarkshire. 


Proposed Drainage Scheme yor Ayr.—A new drainage 
scheme for the town of Ayr has just been laid before the 
municipal authorities of that famous burgb, the estimated 
cost of which is set down at 33,405/., of which 11,051/. is 
for main concentration sewers or outfalls, which may be 
largely dispensed with. 


Contracts for a Paisley Firm.—Messrs. Fleming and Fer- 
guson, engineers and shipbuilders, Paisley, have just 
booked an order for four sets of their patent quadruple- 
expansion engines of 1000 horse-power each, to be shipped 
out to the South African goldfields. They have also 
booked an order for a small dredger to be sent out in pieces 
to the South African diamond fields. The eame firm are 
also laying down four steel barges of 400 tons capacity 
each, for the harbour works at Gibraltar, similar to two 
recently completed and sent out there. 


New Shipbuilding Contracts.—The Grangemouth Dock- 
yard Company have secured an order for a steamer to 
carry 3400 tons for the Eastern trade. Her engines are to 
be supplied by Messrs. Hutson and Son, Glasgow.—The 
Indo-China Steamship Company of London, have placed 
with Messrs. Hall, Russel], and Co., Aberdeen, an order 
to build a large steamer to trade on the China coast.— 
Messrs. John Shearer and Son, Kelvinhaugh, Glasgow, 
have contracted to build a steel screw steamer of about 
400 tons register for the Irish coasting trade. 


Messrs. Russell and Co., Shipbuilders.—The shipyard 
in Greenock which was acquired by Messrs. Russell and 
Co., Port Glasgow, some years ago, is being relinquished 
by the firm, whose intention is to confine their work to 
their enlarged Kingston yard in the last-named town. 
A new company is heing formed to acquire the yard in 
Greenock. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Yesterday there was only 


a small attendance on ’Change, the tone of the market | p, 


was rather flat, and only a small amount of business was 
transacted. There were plenty of sellers of No. 3 g.m.b. 
Cleveland pig iron at 35s. 3d. for prompt f.o.b. delivery, 
and a few parcels were said to have changed hands at 
that figure, but buyers were very backward, and would 
not, as a rule, take more iron than they needed for early 
uirements. Purchases were said to have been made at 
rather less than the foregoing quotation. Makers of pig iron 
asked more than merchants for No. 3, some of them 
putting the price at 35s. 6d. There was little or nothing 
doing for forward delivery, the differences in quota- 
tions of buyers and sellers being considerable, No. 1 
Cleveland pig was quoted 37s., but rather less was 
accepted in some cases. The lower qualities of pig 
iron were ef steady. No. 4 foundry was 34s. 3d. 
to 343. 6d., and grey forge 33s. 9d.—both for earl 
delivery. Middlesbrough warrants closed 35s. d. 
cash buyers, and there was very little doing in them. 
East coast hematite pig was quietish, and the supply was 
abundant. About 42s. 3d. was generally named for early 
delivery of Nos. 1, 2,and3. Spanish ore was rather stiff, 
owing to the recent somewhat better freights. Rubio was 
12s. 3d., ex-ship Tees for good qualities. To-day our 
market was very dulj, and hardly any business 
was transacted. Advices from Glasgow did not 
give a favourable account of affairs in the Scotch 
centre, and this naturally had a depressing effect 
upon the market here. No. 3 Cleveland pig sold at 
35s. for prompt f.o.b. delivery. Middlesbrough warrante, 
after declining to 35s., rallied a little, and closed 35s. 14d. 
cash buyers. Other quotations were the same as on the 
peoriens day. On the whole, the market is in anything 
ub a satisfactory condition, and prospects for the future 
cannot be described as bright. The Cleveland Iron- 
masters’ Association statistics for May are likely to be 
unfavourable. It is feared that they will show rather a 
large increase in the stocks of pig iron. Shipments for 
May have fallen rather short of expectatione. 


Manufactured Iron and Steel.—Very little new can be 
said of the finished iron trade. New work is exceedingly 
difficult to secnre, and prices do not improve at al]. A 
littie more cheerful account is given of the manufactured 
iron and steel trades. Mills are more regularly employed 
than they have been for some time past. Shi a a 
have recently placed a few orders for plates and angles. 
Prices are yore gay somewhat stiffer, but they 
can hardly be said to quotably altered. Common 
iron bars are pub at 4/. 15s.; best bars, 5/. 5s.; 
iron chip plates, 4/, 15s, ; steel ship-plates, 4/. 17s. 6d. ; 


and steel ship-angles, 4/. 15s.—all less the customary 2 
per cent. discount and f.o.t. Heavy sections of yt 
rails are put at 3/. 12s, 6d. net at works. Messrs. J. R, 
Winpenny and Edward Trow, the secretaries of the Board 
of Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of tha North of England, have issued a 
copy of Mr. Waterhouse’s report for the two months end- 
ing April 3¢ last, showing the average net selling price to 
have been 4/. 14s, 10,66d., so that under the sliding-:cale 
arrangement there will be no alteration in wages for the 
months of June and July. The average price is ls. 8d, 
less than for the previous two months. Beneath isa state- 
ment of the different classes of iron sold, and the average 
net selling price of each : 

Sales during the Two Months ending April 30, 1895. 

















Average Net 

Description.| Weight Invoiced, | Percentage setting Price 
of Total. 

per Ton. 

; tons cwt. qr. lb, ice 2 
Rails 558 19 2 1 3.13 4 17 10.46 
Plates 8,275 6 3 12 46.38 | 4 10 10.98 
Bars 6.746 18 3 25 37.78 5 1 6.21 
Angles  .| 2979 4 2 21 12.76 4 11 5.53 

17,860 10 0 3 100.00 4 14 10.66. 











‘The Fuel Trade.—Fuel prices are pretty much the same 
as those quoted a weekago. For good blast-furnace coke 
delivered here, 12s. 3d. is still realised. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Midland Institute of Engineers.—A meeting of the 
Midland Institute of Mining, Civil, and Mechanical 
Engineers has been held at Sheffield. Mr. John Nevin, 
President, was in the chair. A vote of condolence with 
the widow and family of the Jate Mr. Joseph Mitchell was 
carried unanimously. Mr. W. Washington read a paper 
on an outburst of gas at Mitchell Main Colliery. On 
April 24 a weight came on in the north-west district 
of the mine, and subsequently an outburst of gas 
occurred which fouled the intake airway for a consider- 
able distance, and the returns the whole distance of 
2400 yards to the pit bottom. Several lamps were put 
out, and gas continued to be given off for ten days in 
considerable volume. The roof swayed and the floor rose, 
reducing the road from 5 ft. 6 in. to 3 ft. 6in. The lamps 
in use were the protector Mueseler. In the discussion it 
was pointed out that these occurrences could not be fore- 
seep, but Mr. A. M. Chambers said the lamps in use 
appeared to be safe. Mr. E. W. Thirkell read notes on 
watering roadways. A committee which had watched 
experiments with explosives at Messrs. Pearson and 
Knowles’ Ince Hall Collieries presented a report and re- 
commended the establishment of a central experimenting 
station in each district. Several papers were adjourned. 


Parkgat Iron and Steel Company, Limited. — The 
thirty-first ordinary general meeting of this company has 
been held at the officer, Parkgate, Mr. C. J. Stoddart 
presiding. On the proposition of the chairman, seconded 
y Mr. Markham, the report and balance-sheet were 
adopted. The available balance was 10,912/. Mr. D. 
Vickers moved, and Mr. T. Kidley seconded, a resolution 
declaring a dividend for the Fig of 17. 10s. per share. 
The resolution was passed. . Vickers and Mr. Mark- 
ham were re-elected directors. 


Coal-Mining Prospects,—Mr. E. Cowey, president of 
the Yorkshire Miners’ Association, speaking on Saturday 
to a meeting of colliers, sai. that while the miners were 
suffering from short work, it was not due to bad trade. 
Two and three-quarter million tons more coal were pro- 
duced last year than in any year since the world stood, 
and over five million tons more than before the miners 
were seeking an advance of wages. Mining was nota 
declining trade, because machinery was being intro- 
duced into everything, and machinery could not get on 
without steam, so that coal was in demand, and would 
be more so, But machinery was displacing labour, 
and the men so deprived of work were flocking 
into the pits. Many complained that it was foolish and 
wrong of the miners’ leaders to make the concessions they 
did last year. But circumstances had proved that if they 
had not given up that 10 per cent. they might by now 
have lost 30 per cent., because he knew there were 100,000 
more men in the pits than in 1889. New pits were being 
sunk, and during the next three or four years the supply 
was likely to exceed the demand, and prices would con- 
sequently have a downward tendency. 

Argon.—At an influential meeting of the Derbyshire 
Metallurgical and Engineering Association, held at 
Codnor Park, Mr. W. Carter Pegg read an exhaustive 
paper on *‘ Argon.” He pointed out that January 31, 1895, 
was a “‘red-letter” day for the scientific world, and Lord 
Rayleigh and Profeesor Ramsey were to be congratulated 
on their showing beyond all doubt the existence of a new 
element, now known to the.world as argon. After the 
reading of the paper, discussion on the subject followed. 





NOTES FROM THE SOUTH. WEST. 

The Severn.—On Thursday, at a meeting of the Upton- 
on-Severn District Council, Major Hill brought forward 
the question of bridging the Severn between Kempsey and 
Pixham. He said that an application had already been 
made to the county council, and that the matter would 
again come before that body. At present there was no 
bridge communication between Upton and Worcester, a 
distance of 10 miles. He proposed a resolution advocat- 





ing a bridge between Kempsey and Pixham, Mr. Mar- 
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shall Todd, in seconding the resolution, said that both 
Sir R. Temple and Lord Coventry would favour the 
scheme, and it was understood that Harl Beauchamp 
would not oppose it. The Rev. W. H. Longhurst pro- 

sed, and Mr. P. S. Williams seconded an amendment 
that until the question of cost was settled, the council 
should decline to express an opinion upon the subject. 
The amendment was carried by a large majority. 


Public Works at Bristol.—Mr. F. E. H. Tulloch, C.E., 
one of the Local Government Board inspectors, held an 
inquiry at Bristol on Thursday with reference to an ap- 
plication by the Bristol Town Council for power to borrow 
32,0487. for the purposes of parks and works connected 
with a refuse destructor, 10,070/. for street improvements, 
and 10,0001. for extending the area of private electric 
lighting. 


More Welsh Coal.—There was rejoicing at Aberdare 
Junction on Thursday, owing to a discovery of a seam of 
steam coal 4 ft, deep in a now being sunk at Naviga- 
tion by the Dowlais-Cardiff Colliery Company. The shafts 
have been sunk to a depth of 620 yards, and sinking has 
been carried on for over three years. 

The Electric Light at Cardiff.—Satisfactory progress is 
beiag made with electric lighting at Cardiff. There are 
now 60 consumers, using between 4000 and 5000 lamps, 
while fresh applications are continually coming in. Ex- 
tensions are contemplated in the direction of Roath, viz., 
up Newport-road and West-grove as far as the corner of 
Richmond-road, and down Charles-street and Wellington- 
terrace as far as the baths in Guildford-crescent. Several 
applications for electricity on these routes have been 
received, and in some cases the houses are already wired. 
The extensions. cannot, however, be made without the 
consent of the Board of Trade, which is now being applied 
for. Applications have been received from Cathedral- 
road, but it is not at present proposed to extend the mains 
in that direction. At present electric energy is supplied 
between the hours of fourin the afternoon and midnight, 
but with 20 more consumers, bringing up the total to 80, 
energy will be supplied throughout each 24 hours. 


Barry Island.—A contract for an extension of railway 
communication from Barry station to the island has been 
let. It has been determined to commence immediately a 
landing-stage off the island, by means of which it is in- 
tended to afford special facilities for the landing of pas- 
sengers, &c. 


Barry Docks. — Last week’s imports and exports at 
these docks reached a total of 132,047 tons. This is the 
largest movement yet recorded for any one week. 


Cardif.—The demand for steam coal has been active, 
and at most of the collieries operations have been carried 
on with vigour. The best steam coal has made 10s. 3d. to 
10s. 6d. per ton, while secondary qualities have brought 
9s, 3d. to 93. 6d. per ton. The house coal trade has shown 
as much activity as could reasonably expected at this 
period of the year; No. 3 Rhondda large has made 
93. 6d. to 9s. 9d. per ton. Patent fuel has been in fair 
demand. Foundry coke hes made 15s. 3d. to 15s. 9d. 
per ton; and furnace coke, 11s. 6d. to 12s. 6d. per ton. 
There has been a good demand for iron ore; the best 
rubio has made 11s. 3d. to 11s. 6d, per ton. The manu- 
factured iron and steel trades are showing some improve- 
ment. 


Tenby.—At a special meeting of the Tenby Town 
Council on Monday, the Mayor in the chair, the cor- 
porate seal was affixed to a tender of Messrs. Lysaght, 
of Bristol, to erect a landing stage at Tenby, for 1460/. 
A committee was formed, consisting of the Mayor, Mr. 
Buckley, Mr. Rogers, Mr. M‘Gregory, and Mr. Rees, to 
go into the question of the gas works, the lease of which 
to the existing company expires in June, 1896, the com- 
mittee to have power to deal with the whole question of 
taking the works over, or advising as to modifications 
in the existing price charged for gas in the town. 





BLast-FURNACES IN THE UNITED StatEs. — At the com- 
mencement of April, 1895, there were 171 furnaces in blast 
in the United States, their aggregate weekly productive 
capacity being 158,132 tons. At the commencement of 
October, 1894, the corresponding number of furnaces in 
blast was 172, their aggregate weekly productive capacity 
being 151,135 tons. At the commencement of April, 1894, 
the corresponding number of furnaces in blast was 144, 
their aggregate weekly productive — being 126,732 
tons. At the commencement of October, 1893, the corre- 
sponding number was 114, their aggregate weekly pro- 
ductive capacity being 73,895 tons. At the commence- 
ment of April, 1893, the corresponding number of furnaces 
in blast was 255, their aggregate weekly productive 
capacity being 178,855 tons. It will be seen that 
the aggregate weekly productive —— of the furnaces 
in blast is now appreciably larger than it was 12 months 
since, but that it is also appreciably smaller than it was 
two years since. During the last six months the aggre- 
gate weekly productive vy ond of the furnaces in blast 
has moved on as follows: November, 1894, 162,666 tons ; 
December, 1894, 168,762 tons; January, 1895, 168,414 tons; 
February, 1895, 163,393 tons ; March, 1895, 156,979 tons; 
and April, 1895, 158,132 tons. The stocks on hand at the 
commencement of April were 786,192 tons, as compared 
with 787,292 tons at the commencement of March, and 
718,073 tons at the commencement of February. It will 
be seen that, upon the whole, the course of affairs has 
been favourable, an increase of 1153 tons having been 
established in the aggregate weekly productive capacity 
of the furnaces in blast, while, at the same time, stocks 
have declined to the extent of 1100 tons. 








LAUNCHES AND TRIAL TRIPS. 

On Friday, May 24, the steam yacht Wild Rose, be- 
longing to Mr. G. Troyte, Chafyn Grove, which has just 
been fitted with new machinery by Messrs. Day, 
Summers, and Co., of the Northam Ironworks, South- 
ampton, went out for her trial trip. The yacht was 
originally fitted with a tandem compound engine having 
cylinders Qin. and 21lin. diameter by 18 in. stroke, with 
one crauk, and on trial in Stokes Bay in August last 
with this machinery the mean speed obtained was only 
7.128 knots. The new engines fitted by Messrs. Day, 
Summers, and Cv. areof the compound inverted double- 
cylinder type, the cylinders being 12 in. and 24 in. 
in diameter by 18 in. stroke, and the boiler is 8 ft. 
9 in. in diameter by 8 ft. 6 in. long, the heating 
surface being 700 square feet, and the working pres- 
sure 110 lb. This machinery occupies no more space 
than was taken up by the old engines and boiler. 
On the trial trip on the measured mile in Stokes 
Bay the mean speed obtained on four runs was 10.449 
knots, with an indicated horse-power of 176. The con- 
tractors had guaranteed a speed of 10 knots only. 





Messrs. Fleming and Ferguson, shipbuilders and engi- 
neers, Paisley, launched from their yard on May 23 the 
Teir-el-Mina, a — twin-screw tug steamer, built 
to the order of the Egyptian Government for service at 
Alexandria. She will be fitted by the builders with two 
sets of triple-expansion surface-condensing engines to 
indicate 600 horse-power. The vessel has been built 
poe the direction of Lieutenant-Colonel J. H, Western 

ondon. 


The s.s. Elfie, built by Messrs. William Gray and Co., 
Limited, for Messrs. C. Nielsen and Son, West Hartle- 
pool, had her trial trip on the 24th inst. The vessel is of 
the following dimensions: Length over all, 280 ft. ; 
breadth, 37 ft. ; depth, 19 ft. 6 in. The engines are of the 
triple-expansion type, and were supplied by the Central 
Marine Engine Works of Messrs. William Gray and Co., 
Limited. The cylinders are 19 in., 304 in., and 51 in. in 
diameter, and the piston stroke 36 in. A speed of about 
11 knots was made on the run round. 


On the 24th inst. Messrs. Ropner and Son, of Stockton- 
on-Tees, launched a fine steel screw steamer named the 
Blaamanden, the dimensions of which are as follows, viz. : 
Length between perpendiculars, 325 ft.; breadth, 
extreme, 43 ft. ; depth, moulded, 28 ft. 3in. She has a 
double bottom on the cellular principle, for water-ballast, 
and has been designed to carry a deadweight cargo of 
5050 tons on Lloyd’s summer freeboard. The boat will be 
fitted with a set of Messrs, Blair and Co.’s triple-expan- 
sion engines, having cylinders 23 in., 39 in., and 64 in. in 
diameter by 42in. stroke. Steam will be supplied by 
two large steel boilers, working at a pressure of 160 Ib. 











On the 25th inst. Messrs. Day, Summers, and Co., 
of the Northam Iron Works, Southampton, launched the 
new steel steam yacht Monsoon, which they have de- 
signed and built for Lieut. W. N. Diggle, R.N., late 
owner of the auxiliary schooner yacht Monsoon of 280 tons, 
which was also built by the same firm. The dimensions 
of the new boat are as follows: Length for tonnage, 
139 ft. ; length on load-water line, 129 ft.; breadth, ex- 
treme, 19 ft. 24in. ; depth at centre, from top of keel to 
deck, 12 ft. 6 in.; tonnage, yacht measurement, 235. 
The machinery is of the compound surface-condensing 
type, having = 154 in. and 30 in. in diameter by 
23 in. stroke. The working pressure is 100 lb., the boiler 
being 10 ft. in diameter by 9 ft. long. 


On Saturday, May 25, Messrs. Workman, Clark, and 
Co., Limited, Belfast, launched a large steel screw 
steamer named the Statesman. This vessel has been 
built to the order of Messrs. S. and J. Harrison, of 
Liverpool, and is of the following dimensions : Length, 
450 ft.; breadth, 52 ft. 6 in.; depth moulded, 33 fb. 9 in. 
The machinery has also been constructed at the builders’ 
engine works, and consists of triple-expansion engines 
and two large boilers. 


A steam trawler for the Grimsby trade was launched 
on the 25th inst. from the North Shields shipyard of 
Messrs. Edwards Brothers. The vessel is named the 
Aldgate, and has been built to the order of Mr. James 
Schofield, of Hull and Grimsby. She is of the following 
dimensions: Length, 95 ft; breadth, 20ft. 6in.; and 
depth of hold, 11 ft. 





On May 27 Messrs. Allsup and Co., Limited, Preston, 
launched from their yard at Preston a steel twin-screw 
passenger steamer of the following dimensions: Length, 
87 ft.; breadth, 15 ft.; depth, 6 ft. 9 in. on a draught of 
3ft.6in. Built under Board of Trade inspection to the 
order of the Oreston Steam Packet Company, of Ply- 
mouth, she will carry about 300 passengers, and is in- 
tended to steam 11 to 12 knots. The engines, &c., are 
built by the same firm, and will develop about 200 horse- 
power, working at 100 lb. pressure. 





An AMERICAN TorPEDO Station.—New buildings at 
the United States naval torpedo station, Newport, Rhode 
Island, are about completed. Extraordinary precautions 
have been taken to insure the buildings against fire, which 
destroyed the former factory. Every building has 14 
automatic sprinklers, and near the line of structure is a 
line of five hydrants, each with a pressure of 60 lb. Each 
hydrant is =~ with an abundance of cotton rubber- 
lined hose, which may be attached to the hydrants or to 
a stationary fire engine at will. 








BOILER EXPLOSION AT SMETHWICK. 

A FORMAL investigation by the Board of Trade has 
been held with regard to the explosion of a heating boiler, 
which occurred at the Board Schools, Cape Hill, Smeth- 
wick, on February 10 last, and by which one person was 
killed and two others seriously injured. The Commis- 
sioners were Mr. Howard Smith, barrister-at-law, and 
Mr. F. J. Pilcher, consulting engineer. Mr. Gough 
appeared for the Board of Trade, Mr. W. Shakespeare 
for the Smethwick School Board, Mr. Brady for John 
Tolley, one of the injured men, and Mr. Daly for Mr. 
Bonehill, the hob water engineer who was at the time of 
the explosion engaged on work in connection with the 
heating apparatus. The Chairman of the School Board, 
as well as several of the members and officials, were also 
present. 

It appeared that the boiler in question was one of two 
used for warming the schools, and was erected in 1887, 
Ib was supplied by Messrs. Renton, Gibbs, and Co., 
Ethel-street, Birmingham, and was fixed in the basement 
of the building. Towards the end of last year the boiler 
was enlarged, some half.dozen pipes being added in con- 
sequence of extra accommodation being required at the 
schools. On February 9 the caretaker reported that the 
fusible plug had given way ; this would allow the water 
to escape, and put out the fire. Messrs. Renton, Gibbs, 
and Co. were instructed to attend to the matter, but as 
they were very busy at the time, in consequence of a 
large number — stated to be upwards of twenty — of 
explosions which had been reported to them that morning, 
the clerk to the School Board called in Mr. Bone- 
hill, who had on previous occasions repaired the 
apparatus. As there had been a frost of six weeks’ 
duration, Mr. Bonehill’s attention was drawn to the 
probability of the water in the pipes in the remote 
Parts of the building being frozen, and he was requested 
to make quite sure on the point. It was also suggested 
to him by the clerk that hot water flannels or hot irons 
should be used to thaw the water if frozen. Mr. Bonehill 
and three of his men attended to the répairs, and on 
Sunday, February 10, they proceeded to get up steam 
for the purpose of testing the apparatus and seeing that 
all was right. Shortly after lighting the fire one of the 
26 pipes, forming the boiler, exploded with great 
violence, blowing down the brickwork, scattering it 
in all directions, and so effectually closing all the means 
of egress from the room that three of the men 
standing near, including Mr. Bonehill, were severely 
scalded, one of them, named Ernest Morgan, a fitter, and 
18 years of age, subsequently dying. from the injuries he 
received. At the inquest, Mr. Piercy, consulting and 
mechanical engineer, of a attributed the 
explosion to the stoppage of the circulation in the 
apparatus, and this, he stated, might arise from insuf- 
ficiency of water, or from the presence of ice, or from 
both combined. From the evidence, it appeared that only 
about 56 gallons of water had been pumped in, whereas 
the apparatus would hold nearly 100 gallons. Further, the 
mode of filling was such that the water could not meet, 
because of the presence of air in the pipes. He thought 
it very probable that there was ice in the pipes, but if the 
plunger had been used this could have been ascertained. 
Mr. Piercy considered, therefore, that the first error was 
in pumping at all during the frost; the second was in 
not using the plunger ; and the third was in the unsuit- 
able thickness of the new safety or fusible plug which 
had been inserted. The jury returned as their verdict 
that ‘‘the apparatus should not have been fired during 
the frost ; that the charging tube or pootgee should have 
been used, and that the safety plug was improperly 
made, being ;'; in. thick instead of ;*, in.; while, further, 
they were unanimously of opinion that a pressure gauge 
should have been introduced for the guidance of the 
caretaker.” . 

The formal investigation by the Board of Trade lasted 
three days, and was of a most detailed character. A 
number of witnesses were examined, and at the close of 
their evidence Mr. Howard Smith delivered judgment. 
It was, he said, the opinion of the Commissioners that the 
explosion was caused by over-pressure of steam in the 
larger or weaker pipes. That over-pressure was due to 
imperfect circulation, there not being sufficient water in 
the pipes at the time of the occurrence. They did not 
consider that the pipes had been overheated. There was 
no evidence before them that there was any other defect 
in the pipes, and they did not believe the theory that ice 
had caused an obstruction. The supposition that the 
pipes could not, from their formation, be properly fed, 
owing to the — of air, was erroneous. What air 
was contained within them would have been driven to the 
higher portion of the apparatus directly a circulation 
was setup. They were of opinion that no b'ame attached 
to Mr. Walker, the clerk, or to the Smethwick School 
Board. The construction of the apparatus was defective, 
through not having a safety valve to relieve it of undue 
pressure. It should certainly have been fitted with a 
safety valve and branch pipe. The Commissioners ap- 
proved of the manner adopted by Mesers. Renton, Gibbs, 
and Co. in fitting their ay Te but they were of opinion, 
especially as Mr. Gibbs had led them to understand that 
the apparatus could only be properly fitted by one of their 
own employés who understood how to work it, that they 
should supply their customers with the means of fitting 
the 2 mage together with full instructions as to its use. 
The firm were to blame for their neglect to do so, and 
this neglect had largely conduced to the explosion. 
Messrs. Renton, Gibbs, and Co,, as well as Mr. Bone- 
hill, were to blame in the matter. In conclusion, Mr. 
Smith said, the Court had decided to make an order upon 
Messrs. Renton, Gibbs, and Co, for the payment of 30/,, 
and upon Mr. Bonehill for 6l., towards the costs and 
expenses, estimated at about 200/ , of the inquiry. 

his explosion would appear to be simply another illus- 
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tration of the point we have so frequently urged upon the 
attention of our readers, viz., that the boiler of every 
heating apparatus should, wherever practicable, be fitted 
with an efficient safety valve. The large number of ex- 
plosions arising from boilers used for domestic purposes and 
for heating public buildings, which occurred during the 
severe frost of last winter, with their serious consequences, 
would probably not have occurred had this necessary and 
inexpensive appliance been adopted. The explosion at 
the Smethwick Board Schools is a distinct warning to the 
makers and to the owners of boilers used for heating 
public buildings. In this case one man was killed, two 
others were injured, considerable damage was done to 

roperty, and an expenditure of 200/. entailed by the 
Board of Trade investigation, and all this suffering and 
loss would have been prevented had a few shillings been 
spent in the purchase and application of a safety valve. If 
makers and owners persist in ignoring this simple element of 
security, the matter may very possibly have to be settled 
for them, and the time may come when in all plans sub- 
mitted for approval to the local authorities, and where it 
is pro to introduce boilers liable to explosion, the 
adoption of a safety valve will be insisted upon and 
made a vital condition before such plans are passed. 
The Manchester City Council have a proposition to this 
effect at present under consideration, and this appears 
to us to be a step in the right direction. 





CAPITAL AND LABOUR. 
To THE EpiTor OF ENGINEERING. 

Sir,—I beg space to reply to ‘‘T.,” as he (to put it 
mildly) is incorrect in his statements, and equally so in 
the bases upon which he discusses this problem. He 
writes: ‘“‘*}'. G. W.’ says ‘that the labourers on oe 
State railways get better pay than ours.” This is deli- 
berate, to say the least, as 1 have made no such state- 
ment. I distinctly pointed out that these workers re- 
ceived no more remuneration, because the community 
appropriated all their earnings over a bare wage. Neither 
should ‘*T.” comment, anything but politely, on matters 
which must necessarily be outside his knowledge. ‘‘T.” 
writes of my “ ill-thought-out schemes,” and of my “‘ very 
elementary knowledge of political economy.” Ag for the 
first, he cannot know how far I have thought them out, as 
I am only able through these columns to give a mere out- 
jine, but enough, I hope, to set your readers thinking. 
As for the second, I mention, not from egotism, but to 
show how superficial ‘‘T.” is in arriving at his conclu- 
sions, that I can peg university honours on the sub- 
ject. ‘*T.” is still quite at sea with regard to our import 
and export trade. He brings forward the argument 
which every economist has to meet, viz., that a ‘_ ae 
portion of our imports are due to profits from English 
capital invested in foreign loans, railways, and works 
of various descriptions. This is quite true as far 
as it goes, but the point ‘“‘T.” and many others 
fail to recognise, is that the act of investing capital in this 
manner causes us to export goods of equal value, and the 
** profits ” ‘*T.” mentions, “ sent (piecemeal) in some shape 
to this country,” are the price paid for these exports, To 
illustrate. I myself am engaged in a business that exports 
enormously railway plant for lines capitalised in this very 
manner. Englishmen find the capital which passes tomy 
own and scores of similar firms; we export the goods, 
and the investors receive the profits or imports in return. 
In fact, the actual capital subscribed rarely leaves the 
country at all, and only temporarily in any case, but 
goods do leave and goods come back in payment. These 
principles are the very essence of free trade, and any one 
claiming the name of a Radical should be thoroughly 
conversant with them. ‘‘T.” tells us the cotton 
trade is going, and that the trade cannot be replaced by 
others. I have seen the decline and practical death of 
the shipbuilding industry on the Thames. I reside in the 
district where thousands were employed in this business. 
They are not here now ; is the district depopulated? No. 
The inhabitants are more numerous than ever and pro- 
perty better occupied, but the old industries have been 
replaced by other trades. 

“T.” has little to suggest by way of solution, but sticks 
to private capitalism, the system of the past 100 years, 
although he mentions in the same breath the horrible 
destitution that exists everywhere. I suppose this is 
unknown ground to him, and he fears to tread ; how- 
ever, he offers us, by way of apology, I presume, some 
**ideas.” It is rich, almost ludicrous, to observe ‘‘T.” 
making a rush at the parasites upon his ‘‘ one-man” 
system. They cannot be shaken off, any more than Sinbad 
could shake off the Old Man of the Sea. They are a part 
of the capitalist system, they are inherent to it, they have 
risen with it, they prosper when it prospers, and it is the 
capitalists, and_no one else, who support these parasites. 
I agree with ‘‘T.” that the workers have to pay the piper, 
but there is no evidence to show that, were the evil 
removed, the workers would rea» the benefit. I rather 
think it would be an extra plum for the capitalists. 
If “* T.” will consider the scheme I have sketched, he 
will see there is no loophole for these parasites to creep 
in, no chance for them to exist, as such things as com- 
mercial disputes would be unknown. Perhaps this will 
cause him to regard my solution more favourably. 

““T.” offers another idea, which shows how little he 

ps my suggestion. The whole object of my scheme 
is to provide food, dress, shelter, and recreation, &c., for 
every one, according to his share in their production, 
consequently I am not the least interested in the pre- 
servation of the cotton or any other trade, unless it is 
required for that end. The only object for which we 
po a work or trade is to supply the above wants, and 
when these means fail to do this, their reason for exist- 
ence ceases. ‘‘T.” tells us the cotton trade is reach- 


ing thismargin when it does, and it cannot support those 








engaged in it, it had better have the go-by, for the workers 
might as well dig holes and fill them again if the result is 
the same. We have a the fetish ‘‘trade ” for 
half a century and more, we have traded to an extent that 
no other nation has traded, we slave and produce spectres 
of manhood by thousands in wretched towns to send our 
goods to every corner of the earth, with what result for 
the bulk of us? Bare existence, and pauperism or starva- 
tion when the grind ceases fora moment. Trade is only 
a part of a system, but we make it do duty for the whole, 
and the result is it never has, and never can, adequately 
support our population. 
ith regard to ‘‘T.’s ” two questions, I have already 
replied to the first. The State should advance sufficient 
to place each trade in the hands of its own workers, 
one trade at a time (I do not ask any one to commit suicide 
all at once), starting with the necessary and simplest first. 
Each trade would repay the loan and render assistance in 
starting the next, hen all trades are arranged in this 
way, ‘* T.” will see how simple a matter his second ques- 
tion becomes, for it could without any difficulty soon be 
ascertained how many bakers were required to the 
thousand, tailors, hatters, and every other trade. Every 
thousand increase could be drafted accordingly, making 
their own choice as far as possible. Any change in the 
requirements could be met by drafting more or less into 
those occupations. Having thus briefly explained how I 
would meet increased population, perhaps ‘‘ T.”’ will have 
the grace to admit that under his ‘‘ one-man” system no 
arrangement exists to meet our increased population, and 
the additional numbers have to take a very poor chance 
in already overrun markets. Again, when any trade 
slackens no arrangement exists for providing for its 
workers, but they are just thrown without consideration 
into the ranks of the unemployed. 
Yours faithfully, 
May 25, 1895. F. G 
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INDUCED v. FORCED DRAUGHT, 
To THE EDITOR OF ENGINEERING. 

S1r,—I am very glad that my letter in your issue of the 
10th has borne such interesting fruit. 

I will refer first to the letter signed ‘‘ W. T.,” which 
contains the following argument in favour of suction 
draught: ‘‘ It can be ‘ergo seen, when working a boiler 
on induced draught, that the flame, both in passing along 
the furnace and into the combustion chambers, and so 
through to the tubes, seems to avoid actual contact with 
the heating surfaces.” 

How can this be seen? If it can only be observed b 

opening the firing door, the rush of cold air thereby ad- 
mitted is quite sufficient to account for the phenomenon. 
I admit that there is more intimate contact between the 
hot gases and the plates with “forced” than with “suc- 
tion ” draught, but this difference is simply due to, and is 
measured by, the difference of pressure of the furnace 
gases in the two cases, which difference of pressure, com- 
paring moderate forced draught with moderate suction 
draught, would not exceed 2 in. of water, or consider- 
ably under 1 per cent. of the absolute pressure of the 
gases. 
‘““W. T.” apparently draws a fine distinction bevween 
“flame” and “ furnace gases” when he says that “‘ actual 
contact between the jlame and the heating surfaces is not 
necessary for the furnace gases to part with their heat.” 
I need hardly point out that if there is not actual contact 
between the gases and the metal, the heat would have to 
be transmitted, not by conduction, but by radiation, a far 
less efficient process. 

I at once admit that the use of very high air pressures 
with forced draught is pe ndin | to boilers, but I 
believe the same would hold good of very high suction 
draught, were the latter ander to the same extreme that 
the former sometimes is, unless the effect of the suction 
were partly neutralised by the admission of cold air above 
the Gee. as is frequently the case, 

““W. T.” thinks that having to use a fan of 78.5 per 
cent. greater capacity for suction than for forced draught 
is a small matter; this certainly hardly tallies with his 
previous statement, that all forced draught systems show 
a heavy increase of cost compared with suction systems. 

‘““F. N. D.’s” analogy of the discs connected by 
springs is a true one, but only to a very limited extent ; 
because, as I pointed out above, the difference in the 
pressure of the furnace gases under a moderate compari- 
son of the two systems cannot exceed 1 per cent.; so that 
the epee between ‘‘}. N. D.’s” discs under forced 
draught will not be more than 1 per cent. shorter than 
under induced draught, supposing the resistance to 
motion of the discs to correspond to the resistance to 
motion of the furnace gases. ‘‘F. N. D.’s” further 
observations as to the heating effect upon the tubeplates 
is subject to the same reservation regarding the absolute 
amount of expansion or compression caused by ‘‘ induced” 
or “forced” draught respectively. ‘“‘F. N. D.” makes 
a very strong point — the suction fan on the score of 
decreased efficiency 
come last to Mr. W. A. Martin’s letter, I am glad to 
know that the omission of the figures as to strength of 
draught at the Admiralty trials was due, not to any 
—_— in making the observations, but to Mr. Martin's 
failure to appreciate their importance. He has now 
given us some figures on the strength of draught in some 
of the “‘suction draught” trials, but he still omits to 
mention the strength of the forced draught with which he 
is comparing them. I trust he will remedy this omission 
in a future letter. 

Mr. Martin’s sketch of the tube with the water gan 
proves, in my humble opinion, about as much as his 
other sketch of the flames curling about the tube ends. 
It is not ‘well known that no locomotive would work 
with forced air,” in fact, precisely the opposite is well 


ue to rarefaction of the gases. To| T{ 








known ; whether the result would be better or worse than 
that obtained by the system at present in favour is another 
question, into which I do not propose to go at the present 
mote ME ti hat “‘ h 
r. Martin says that ‘‘ you cannot get the full pow 

of the boiler with it (¢.¢., forced draught), as ie ales 
forced into the boiler-room, and has to find its way 
between ashes and clinkers, which rapidly accumulate 
and cannot be overcome by any speed of fan.” Will he 
inform us by what route the necessary air reaches the 
furnaces under the influence of a suction draught, without 
having to find its way through the boiler-room, and 
between those same ashes and clinkers ? 

My remark as to the use of steam jets was intended to 
apply to furnaces in general, as I took it that Mr. Martin 
was condemning forced draught as applied to all boilers ; 
and I admit that where evaporators are not used on board 
ship the consumption of from 1 to 2 per cent. of the feed 
water by the steam jets may be a consideration; but I 
think that where evaporators are used, or where salt 
water is already introduced to make up other wastes, the 
advantages of steam jets counterbalance this defect. 

With apologies for trespassing to such an extent upon 
your space, 

Tam, Sir, yours faithfully, 


. L, Watson, 
12, Benson-street, Leeds, May 27, 1895. 





BALANCING MARINE ENGINES. 
To THE EDITOR OF ENGINEERING. 

Srr,—If you can afford a little more space to this sub- 
ject I should be glad if you would allow me to reply as 
shortly as possible to Mr. Robinson’s letter of May 20. 

While I admit that it is not fair to seize upon a sen- 
tence or two in a carefully elaborated paper, and pick 
them to pieces, it seems to me that the paper of Mr. 
Robinson and Captain Sankey was in the main an ab- 
stract study of mechanics; an analysis of the dynamics of 
a machine consisting partly of masses reciprocating in a 
straight line, and partly of masses revolving in a circle, 
and partly of masses (parts of the connecting-rods) de- 
scribing certain oval figures. 

In the paper, paragraph 14, we read, ‘‘ We have to deal 
with acceleration and retardation of masses, and with 
nothing else whatever,” and a lineor two lower, “nor 
does it matter whether it (the engine) is turned by its own 
steam or by power transmitted from another engine.” 

The paper discusses, in a singularly succinct and able 
manner, two things: 1. The difference between static 
and dynamic stability: the fact that two systems which 
balance in every position when at rest (supposing infinite 
connecting-rods) may not balance when in motion, owing 
to what Rankine called the “centrifugal couple;” and 
(2) the different effects of the inertia of the reciprocating 
parts when there is a finite connecting-rod at the near and 
remote centres. 

That, I hope, is a fair statement of the tenor of the 
paper, and, if so, I hold that when Mr. Robinson is 
reported as having said, when drawing Fig. 9 on the 
blackboard : 

“Great as is the credit due to those who have handled 

this subject in the able | pope previously submitted to 
this Institution, it should be made clear that when the 
obliquity of the connecting-rod is taken into account no 
use of bob-weights or any other system of mere counter- 
weighting can truly balance an engine, or eliminate all 
causes of vibration,” 
I was reasonable in supposing that he thought the 
problem was impossible in the abstract. Certainly no 
words could more clearly or more briefly express such an 
opinion. 

He actually himself considers the case of bob-weights 
below the shaft, and draws them in Fig. 9. We all agree 
that they would be unwholesome things to have in a ship, 
but Mr. Robinson, it seems to me, was endeavouring to 
show that even in that awkward position the bob- weights 
do not give a perfect balance, as when they balance the 
— they do not balance the inertia forces, and vice 
versa, 

That it did not occur to him to balance by the difference, 
instead of by the sum of bob-weights, as I have shown in 
my second figure, is made clear (or, for fear of accidents, 
I will say almost clear) by his affecting to treat the pro- 
posal as a joke. 

Nevertheless, that arrangement gives a perfect balance 
both of inertia forces and couple, as also does the plan 
shown in my third figure, although Mr. Robinson, rather 
unhandsomely, says, without demonstration, that it gives 
an approximate balance. It is almost unnecessary to 
state that when I say half the connecting-rod must be 
balanced by revolving and half by reciprocating weights, 
it is on the supposition that both ends are equally heavy, 
otherwise a modification must be made. 

_As to which is the most practicable engine, one with 
six sets of cylinders and no bob-weights, or one with one 
set of cylinders and two bob-weights, as in Fig. 3, I will 
not presume to say. But I think it will be admitted that 

have shown two arrang t inly nine-cornered 
thingr, perhaps—which give a perfectly balanced engine. 

Your obedient servant, 
C. A. MatrHEy. 

60, Cadder-street, Pollokshields, Glasgow. 














A JAPANESE ErrrEL.—The Japanese propose to erect at 
Tokio, in commemoration of their recent war with China, 
a steel tower, about 1000 ft. in height, fashioned after the 
plan of the Kiffel Tower in Paris. A large hall on the 
ground floor will contain a permanent exhibit of Japanese 
products, while rooms are to be peor in the upper 
galleries for statues or memorials of Japanese statesmen, 
warriors, and others who have rendered conspicuous ser- 
vice to their country, 
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NAVAL ARCHITECTURE SCIENCE 
CLASSES. 
To THE EpitoR OF ENGINEERING. . 

Sir,—Now that the examination under South Kensing- 

ton in this subject has taken place, and the Department 
of South Kensington will be looking forward to prepara- 
tion for the ensuing session, I should like to put a sug- 
gestion forward for its consideration, which, I think, 
would make the teaching more successful, that is, that 
the present syllabus be revised and extended. It must 
be quite evident that its present condition is anything 
but complete and satisfactory. There is no want of per- 
manent and definite knowledge on the subject, which, 
once learnt by the students, wouldenable them to create 
changes of advantage in shipbuilding. Av present all de- 
pends upon the knowledge and experience of the teacher, 
which is (with all respect to teachers) a variable quantity. 

Take the elementary stage syllabus for an example. 
Instead of saying regarding calculations that the students 
must be prepared to make ‘‘the simple calculations 
usually made in drawing officer, such as those relating to 
the areas of plane areas, &c.” (the ‘‘&c.” belongs to the 
Department), it would be much better if the calculations 
were defined, 7.¢., calculations of plane areas by : 

1, Simpson’s first rule. 

2. Simpson’s second rule. 

3. 2 or yb rule. 

4, Calculation of displacement from plane areas, or 
‘‘ tons per inch immersion.” 

5. Definition and calculation of the area, volume, and 
weight of the material used for shipbuilding purposes. 

6. Calculation of the displacement of box and cylindrical 
formed vessels. 

7. Calculation of ‘‘tons per inch immersion.” Ex- 
planation of the same, with extended simple questions. 

8. Explanation of the terms ‘‘ displacement,” ‘‘ buoy- 
ancy,” and ‘‘ weight” of a vessel. 

9, Density of salb and fresh water, and how it affects 
the draught of floating vessels. 

Furthermore, I think a few of the simple tests applied 
to material should be given in the elementary stage, for 
such would help to explain more clearly many structural 
points to the students ; but, of course, if this is required 
it should be stated in the extended syllabus. It would 
also be better if the general points of erection and con- 
struction in naval and mercantile work were stated. Of 
course care should be taken that the syllabus is not too 
long to teach thoroughly in one session. 

With respect to the advanced stage, the ‘* Laying off on 
the mould loft floor” should be clearly set forth, The 
subject is not very much to the fore with the rising 
ship draughtsman, for few of the shipbuilders are suffi- 
ciently gracious to send their apprentices into the loft to 
learn this part of their trade; they are usually kept 
during their apprenticeship ‘‘eternally tracing,” espe- 
cially in those — yards where naval work is done. 
Regarding the Honours stage, I do not think for a 
moment that the large number of failures therein is owing 
to the lack of knowledge on the part of the students. Is 
it not rather owing to the almost impossibility of any 
young fellow, unless he is exceptionally bright, gettin 
through correctly and fully (with only a margin o' three} 
14 Honours questions in four hours? Seeing the purpose 
of the teaching is to encourage and develop the gifts of 
ordinary youths, and raise the general standard of know- 
ledge, this is scarcely wise. 

Then the Department should take into their serious 
consideration the encouragement of students in the 
making of detail or working plans such as will be required 
of them in their daily occupation. There is really little 
to do the student any good in the highly “finished plan ” 
usually sent up to the Department. 

Pardon me troubling you with such a long letter, but 
really something ought to be done to make this important 
branch of technical education more popular and instruc- 
tive, considering its vast importance to this country, and 
the number who are employed in it daily. Of course I 
do not say that it rests entirely with the Department of 
South Kensington, for there is a duty which shipbuilders 
owe to their apprentices, and which, I am pleased to 
note, many seek to carry out, while others might be told 
that duty does not consist in taking from the lads the 
only time they have for enlightenment and physical 
development. I should lik> to say to such, ‘* Go in peace 
and sin no more.” 

Yours truly, 
Tuomas H. Watson, 


Newcastle-on-Tyne. Naval Architect, 





THE NEW PATENT BILL. 
To THE EpiTog or ENGINEERING. 

Srr,—In the letters which I have addressed to you on 
this subject, and which you have been good enough to 
publish, I have sought to obtain support for measures 
which would, in my humble judgment, be highly con- 
ducive to industrial progress; but why Mr. J. Sinclair 
Fairfax should allude to me as ‘‘ guaranteeing the good 
intentions of the promoters of the Bill” under considera- 
tion is nob apparent. The suggestion seems to me as 
irrelevant as it is uncalled for. 

Mr. Fairfax says that I ‘‘appear to think that the loss 
of a patent by disconformity is the one great evil to be 
abolished at any cost.” I think it highly important that 
patents should not be lost by reason of disconformity, if 
such a result can secured without involving greater 
evils ; but what does Mr. l'airfax mean by the ‘* cost”? 
The only ‘‘ cost ” I am aware of is the sacrifice of oppor- 
tunities for defrauding inventors of rights to which they 
are justly entitled. 

To illustrate my meaning, perhaps you will allow me to 
refer to the example of the “ Field ” boiler, cited in your 


article of the 3rd inst. A files a provisional specification, 
describing a vertical boiler, provided with a fire-box sur- 
rounded by an annular water-space, the crown-plate being 
furnished with pendant tubes, closed at their lower ends. 
In a subsequently filed provisional specification (or in his 
complete specification) he describes the application to the 
water-tubes of circulating tubes, and he makes a specific 
claim for this supplementary improvement. Five years 
later the patent is ee by X. Now, according to 
Mr. Fairfax, it is equitable and politic that X should be 
allowed to defend himself by attacking the validity of A’s 
patent (on the ground of disconformity), and that the 
patentee should be denied all reward for a meritorious 
invention, because, forsooth, he did not invent the boiler 
in its perfected form five years previously, but only 4} 
years previously ! 

Atthe same time I do not for a moment suggest 
that A should be accorded priority for his supple- 
mentary improvement as from the date of his original 
application ; because there are the rights of a possible in- 
termediate applicant B to be safeguarded. Ib is pre- 
cisely with this object, amongst others, that the supple- 
mentary provisional specification system is proposed, and 
which only enables A to procure protection in respect 
of the circulating tubes in the event of his having been 
the first to lodge a specification describing the same. If 
B be first, he can oppose A’s claim for this feature, or he 
can subsequently apply for the revocation of A’s patent, 
so far as this claim is concerned. 

Mr. Fairfax trusts that clauses 2 and 3 will not become 
law. Incommon with a rapidly increasing number, I trust 
they will in principle, although perhaps not exactly in 
their present form. Clause 2 provides for the filing of 
supplementary provisional specifications, and clause 3 
abolishes disconformity asa ground for invalidation, The 
latter appears to me the natural corollary of the former, 
and unless the clause be retained, I fear we shall still 
have disputes raised on this ground, no matter how many 
provisional specifications may have been filed. 

According to my idea of the way the system should be 
worked, it would be wholly immaterial whether the com- 
plete specification accord with all or any of the pro- 
visional specifications. If it accord with none, the effect 
would simply be that the inventor would obtain priority 
for what is contained in his complete specification as from 
the date of filing the same, just as though he had filed a 
complete specification in the first instance. He would 
somewhat shorten the term of his patent; because, 
according to the Bill, the patent is to bear the date of the 
original application. In a previous letter I explained that 
my own proposal was to date the patent from the filing 
of the complete; indeed, to make the application for 
letters patent accompany the complete specification, the 
provisional specification being accompanied by an appli- 
cation for provisional protection. I am still disposed to 
regard this plan as the better, having regard to the In- 
ternational Convention and other matters; but under 
either system it would be possible to abolish disconformity 
as a ground of invalidation, and this inventors will, I feel 
sure, recognise as a distinct gain, however dear it may be 
to the hearts of some lawyers and apparently some patent 
agents. 

Of the three great changes which Mr. Fairfax says 
were introduced by the law of 1883, two of the things 
which he thinks I will agree were great improvements 
were pre-existent; whilst the third, providing for the 
grant of letters patent to an inventor and a non-inventor 
jointly, is in no way affected by the Bill under considera- 
tion. 

Mr. Fairfax also says that in the event of the Bill pass- 
ing, we would “‘ have a plethora of inventions and of in- 
ventors under one application.” Under neither of these 
heads does the Bill propose—or, so far as I can see, sug- 
gest—any new departure ; but to deal with all the points 
touched on by Mr. Fairfax would to a great extent involve 
travelling over old ground, and I cannot but feel that I 
have already occupied sufficient of your valuable space. 

T am, Sir, your obedient servant, 
G. G. M. HaRDINGHAM. 

191, Fleet-street, London, E.C., May 21, 1895. 





LIGHT DRAUGHT STEAMERS. 
To THE EpiTor oF ENGINEERING. 

Srr,—I have just seen your report of the discussion on 
light draught river steamers at the meeting of the Institu- 
tion of Naval Architects. Mr. Rickards appears to have 
said that he had not found galvanising satisfactory, 

articularly in hot climates. His experience must have 
mn peculiarly unfortunate, and probably arose from the 
boats with which he was acquainted not being properly 
painted, it being difficult to get a paint that will stay on 
a galvanised surface. It is found that in the hottest 
climates, if the boat is in fresh water and has to do really 
hard work, sometimes sliding over the bottom of the river, 
a galvanised surface will usually last very much longer than 
one not —— It is not easy to say how long a 
light hull constructed of, say, 4-in. plating ought to last, 
but 15 years ay Or taken as the utmost that should be 
expected. Mr. McGregor should have told his audience 
how many of the 3-in. plates put into the large number of 
steamers 40 years ago are in them now. 

Mr. Tritton’s and Mr. McGregor’s exposition of the 
reasons why the rudder in front of the wheel in stern- 
wheel steamers is inefficient must have been extremely 
interesting from a purely theoretical point of view and 
without regard to practical results, but it would have 
been more useful if they had endeavoured to explain the 
reason of the well-known efficiency of the rudders so 
placed. If there is one thing for which a stern-wheel 
steamer with balanced rudders forward of the wheel is 
remarkable, it is for the extraordinary activity with which 








she responds to the helm, and it is only in the hands of an 


incompetent man that she is difficult to handle. More- 
over, the steamer with rudders forward of the wheel is 
under perfect control when going astern, but the vessel 
with her rudder behind the wheel is then turned chiefly 
by the wind and the eddies in the river. 

Of course naval architects who design light draught 
river steamers almost always labour under the disadvan- 
tage of not seeing, or not appreciating, the work for which 
the steamers are required, and they cannot be expected to 
design the most suitable vessels without the advice and 
assistance of those who have to work them, but the 
designer often has the misfortune to have his vessel 
worked and reported upon by inexperienced persone, and 
so may be easily be led astray. The naval architect who 
=. having a wide still expanse of shallow water 
in which to manceuvre, will no doubt be able to design a 
side-wheel steamer, or a stern-wheeler with rudder abaft 
the wheel, which will be a credit to his skill, but if his 
steamer is for work on a narrow river with sharp turns 
and a furious current, and if it has to stop every five miles, 
say, involving turning round when coming down stream, 
then only a stern-wheel steamer with rudders before the 
wheel will be of use. The side-wheel steamer does nob 
have sufficient room for her wheels, and the stern-wheeler 
with rudder abaft the wheel does not steer well enough 
for such work, 

The change of trim due to consumption of fuel in these 
craft, referred to by Mr. McGregor, is another entirely 
theoretical matter, of no practical moment. 

Yours faithfully, 
STERN-WHEELER. 





THE MACHINERY OF WARSHIPS. 
To THE EprTor OF ENGINEERING. 

Sir,—After reading pe article on ‘* Water-Tube 
Boilers in Parliament,” I am constrained to offer some 
comments upon it, premising that I regard with some 
satisfaction the less uncompromising attitude you have 
taken up respecting the controversy. 

The position may be well expressed in words used by 
the Broad Arrow in discussing another naval controversy ; 
and it is this: ‘*‘ When any violent departure from exist- 
ing policy is proposed, the advocates of the change 
must make out a very strong case for their change in the 
first instance. And in thesecond place they must be pre- 
pared to meet the objections of their opponents not with 
abuse, but with arguments.” It appears to me that 
the advocates of the Belleville boiler have not made out a 
strong case, or any case at all, for its wholesale adoption 
in the Navy; while they have been extremely lavish in 
imputations of sinister motives actuating their opponents. 
For myself, I can only say I have no interests involved of 
any sort, other than those of ‘‘the man in the train,” in 
other words, the average Briton, but this is a matter on 
which my training and experience as a marine engineer 
entitle me to be heard, boiler installations, as such, being 
a feature in which I have long taken a deep interest, and 
on which I am, perhaps, —a well informed. 

The average Briton finds, whether he likes it or not, 
that he has to pay a large sum annually towards main- 
taining our Navy, and naturally he looks to the House of 
Commons, the guardian of the country’s interests and 
the country’s finances, to see that he gets value 
for his money. That House may not be the beat 
place to discuss a purely technical question; indeed, 
such questions rarely come before it, and then only 
when they are of supreme importance, the discussion 
of which demands the maximum of publicity. And if, 
on a right answer to the question, whether we shall, or 
shall not, adopt for our warships a type of steam 
generator which is to be used in certain vessels of a 
a Power, depends the maintenance or loss of our 
naval supremacy and national position, it is one of 
supreme importance. A certain type of warship, for the 
due performance of her peepee functions, requires a de- 
finite degree of mobility, and this depends ultimately on 
the boilers. The representative of the Admiralty in the 
House of Commons ~~ in effect, the Engineer-in-Chief 
has changed his mind about boilers, he is going in for 
something entirely different ; and, naturally enough, 
those members of the House who understand these things 
want to know what proof there is that the proposed 
change will be for the better and not for the worse, 
The onus of proof rests undoubtedly upon the Admiralty, 
in point of fact, upon Mr. Durston, for as we have learnt 
that the decision to fit Belleville boilers to the Powerful 
and Terrible was come to before the Sharpshooter was 
ready for trial, in other words, before the Admiralty had 
acquired a scrap of evidence to bear out or contradict the 
assertions made to them as to its behaviour elsewhere, 
the step was taken on Mr. Durston’s ipse dixit alone. 
Now he wants to put the same sort of boilers in 11 other 
cruisers ; and to stop, or try to stop, such an experiment, 
pending the acquirement of some experience of value 
in British _—~ in the working of these boilers, was the 
object of Mr. Forwood’s motion. 

r. Forwood may have been coached for his task, as 
you say. I know nothing about that, but as hiss h 
dealt with matters of policy rather than technical de- 
tails, I should imagine that a man who had been about 
30 years owner, or managing director, of steamship lines 
of ig with such questions constantly before him, and 
had been six years at the Admiralty, witnessing the re- 
sults which supervened on a former Engineer-in-Chief’s 
anxiety to follow a French lead in boiler matters, would 
not require any coaching. The other speakers were, 
almost without exception, —— and I fail to see 


why ee they said there should carry less weight 
than if said at a meeting of one of the engineering 
societies. On the other hand, by saying it there “‘ the 


man in the train” enjoyed greater facilities for getting at 








expert opinion on the matter than he would have done 
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under any other circumstances. It is al] very well for a 
man to think he has got hold of something which is a 
distinct engineering advance, but before he takes such a 
serious step as to risk the efficiency of a large fleet of 
costly cruisers, the construction of which recent events 
abroad have rendered absolutely necessary, by embodying 
this idea in every one of them, it is his duty to prove 
conclusively, to the country’s satisfaction, that there can 
be no possible chance of error in his calculations. It is, 
most emphatically, his duty to prove he is right, not the 
country’s duty to prove he is wrong. 

Mr. Robertson made a very able speech in reply, but he 
has been only a little over two years at the Admiralty, 
and in no other way connected with steamship matters. 
He is a lawyer, and would require instructing, presumably 
by Mr. Durston, to defend his clients in this case as in 
any other; and did what might have been expected from 
an astute counsel under thecircumstances. He looked for 
success rather by minimising the statements made by the 
other side, than by producing conclusiverebutting evidence. 
If his case had been agood one, he would have putina fairly 
long list of ships fitted with these proposed boilers that had 
steamed, over considerable periods of time, at a high speed, 
with economy of fuel; for the new cruisers, if they are to 
circumvent the commerce-destroyers of our rivals, whether 
purely naval or armed mercantile vessels, must be capable 
of doing this. Nothing of the sort was forthcoming, pre- 
sumably because there are nosuch vessels, Where then is 
the proof? After the previous debate, the one of March 11, 
Mr. Walter, Maudslay wrote to the Zimes, giving a 
formidable list of French warships fitted with Belleville 
boilers, stating that the Russians had used it for years in 
all their important vessels, and that it was universal in 
the boats of the Messageries Company. But when these 
statements were questioned, Mr, Sampson admitted that 
the French are proceeding by faith rather than experience, 
nearly all the ships named being under construction ; 
that the Russians have fitted no important vessels 
with the boiler, and that only a limited number of 
the Messageries boats had thom, and they were 
always run at a reduced speed. Now the essence of 
naval engineering is, according to Sir William White, to 
provide iustruments for propulsion, under severe limita- 
tions, arising from the fact that, primarily, the ship isa 
fighting machine. Consequently boiler installations are 
limited, and at full power are heavily forced ; therefore 
if the cylindrical boiler is to be superseded, it must be 
by one better adapted to stand forcing ; and if this is 
so, and Mr. Darston knows from experience that the 
Belleville boiler will stand such forcing, why did he 
not give Mr. Robertson the cases in point when instruct- 
ing him for the defence? Nothing of the sort was brought 
forward, not a word in opposition to the statements 
— made, and uncontradicted outside, as to the re- 
ative behaviour of the Seaford and Tamise, the latter 
with about 50 per cent. more grate and heating surfaces 
than the former, emg 40 per cent. more coal for the 
same work, Again, Mr. Sampson admits that the boilers 
in the Hermione used for comparative tests with Belle- 
ville boilers in the Sharpshooter, are extremely defective 
in design. The natural inference is that the troubles from 
which the Admiralty are suffering, and from which they 
hope to escape by their new departure, are due, not to any- 
thing inherent in the cylindrical boiler, but to their own 
folly in persistently treating that boiler, both in design and 
working, in a manner diametrically opposed to what is done 
in the mercantile marine, and sbout which they have been 
warned over and over again. With two alternative courges 
before them, either to assimilate their practice more to that 
in mercantile steamers, or abandon the cylindrical boiler 
altogether, they are choosing the one with the smallest 
weight of evidence in its favour, out of all proportion the 
smallest, and the country is fully entitled to know the 
reason why, in plain terms and without subterfuge. 

The net result of the debate is a promise that the Sharp- 
shooter shall be kept running for six months, but whether 
the decision as to the boilers for the new cruisers remains 
in abeyance is not stated. If any reliable information 
is to be gained from such trials, ph must be put to run 
alongside the Ibex, because no other vessel bears such 
a close resemblance to her both in engines and boiler 
capacity. Mr. Robertson professed to be thankful for a 
practical suggestion ; here isone. No doubt all sorts of 
reasons will be given him for not adopting it, because the 
result is inevitable, but it is bis duty to find out the truth 
for the country. Mr. Forwood animad verted severely upon 
the Sharpshooter’s coal consumption when steaming 16 
knots with 2326 indicated horse-power, and rightly so, 
for 2.37 lb. of coal per indicated horse-power per hour is 
rather too much of a good thing these days. The ship 
is, for all practical purposes, another Gazelle, and in 
describing the latter, you said that her average s 
was 17.4 knots over 19 voyages to the Channel Islands, 
so the Sharpshooter cannot be said to have been hard 
driven at 16 knots, as she has more than double the 
Gazelle’s grate and heating surfaves. The Sharpshooter 
was only a 17.4 lb. of coal per square foot of grate 
per hour, and indicating 8.7 horse-power per square foot 
of grate. Surely, no conditions could be more favour- 
able for economy than those, remembering that both 
engines and boilers are supposed to be good for 4500 
horse-power. Assuming that the Sharpshooter burnt 
40 per cent. more coal per indicated horse-power 
per honr on this run than the Sylvania did on trial, 
even then the latter was burning double the weight 
of coal per square foot of firegrate per hour. These 
are some of the things Mr. Durston says cannot be 
done. Possibly in a year or two he may review his 
opinione. 


Now for another matter. If the Belleville enthusiasts 


really wish to impress outsiders with a firm idea that their 
case is an unsound one, they will go on imputing 
sorts of discreditable motives to people who think dif- 


ferently from themselves, If there is one firm more than 
another whose direct interests are involved in this boiler 
controversy, it is Messrs. Maudslay, Sons, and Field ; but 
reasonable men fully understand that it is a commercial 
venture, and admire their enterprise. But if I say any- 
thing in opposition, which I would not do unless I 
were fully qualified, I am accused of acting from in- 
terested motives, and other people the same. If 
Maudslay’s boiler threatens the other boilermakers with 
loss of work, these other people have just as much right 
to defend themselves as to be subject to attack. To say 
it is patriotism and pocket on one side, and patriotism 
versus pocket, in which the latter wins, on the other, is 
as absurd as it is indecorous. And this idea runs right 
through the case. Mr. Forwood is said to be actuated by 
a desire to annoy his political opponents ; no credit bsing 
given for any better motive. Why not assert that Mr. 
C. H. Wilson, also a shipowning M.P., but who supports 
the Admiralty, was simply actuated by a desire to aid his 
political friends ? and you never mention the idea of coach- 
ing in connection with him. The same thing all round ; 
and if the persons who are doing this will take a word of 
advice from me, they will drop it, once for all; it is 
not a question of motives, nor of individuality, but 
strictly one of facts. 

The last point. You speak of the facilities afforded 
strangers by the different engineering societies for joining 
in the discussion at their meetings, and I notice that, in 
speaking on Mr. Durston’s paper, under my heading, at 
the Institution of Civil Engineers, Sir William White com- 
plains of the non-appearance of persons who had discussed 
Admiralty practice in technical journals, A! this is news 
tome. I was under the impression that these societies were 
somewhat exclusive, and that, unless, perhaps, specially 
introduced, a stranger would not be admitted. If I had 
known the real position I would certainly have had 
something to say on Mr. Durston’s paper, the full text 
of which, with the discussion and correspondence upon 
it, as contained in the Proceedings of the Institution of 
Civil Engineers, has come into my hands within the last 
few days, and with which I hope to deal shortly. But as 
to going to Paris on the off chance of saying something, 
in a time too short for adequate treatment of the whole 
question, on matters of detail of no special interest to me, 
that is quite a different affair; and I certainly do not mean 
to go to any such expense. My views are here in black and 
white, put down with some deliberation, and they are 
open to criticism. I am not at all afraid. If official 
position precludes Sir William White and Mr. Durston 
from joining in a newspaper discussion, it does not pre- 
clude Mr. Sampson, and he knows the views of 
the other two gentlemen, and can put them forward in 
their best light. Mr. Durston’s paper appears to be 
thought a complete exposition of the Admiralty argument 
for water-tube boilers—at least, Mr. Robertson referred 
to it as such—but it is a great mistake ; the point is never 
argued at all. In replying to the discussion, Mr. Durston 
just reiterates the foolish cry that the cylindrical boiler 
has reached theend of itstether. Of course, thisis absurd ; 
you say so in your article. No man with a comprehen- 
sive acquaintance with modern engineering practice in the 
mercantile marine would put forward such a notion for a 
moment. It appears, then, that the Engineer-in-Chief, 
who is so bent on working a revolution in the boilers of 
the Navy, that he will not wait for experience of his own 
to guide him, is the victim of complete delusion as to the 
position which the cylindrical boiler holds in the country 
at Jarge. Whether this is a satisfactory state of affairs or 
not is a point Mr. Robertson can think over at leisure. 

I am, yours obediently, 
ARGUS, 


EARLY GREAT WESTERN LOCOMOTIVES. 
To THE EpiToR oF ENGINEERING. 

S1r,—I notice by a letter appearing in your issue of the 
17th inst., that Mr. C. Stretton questions the accuracy 
of my ‘‘ History of the Great Western Railway,” regard- 
ing certain particulars relating to the ‘‘ Ajax” and 
‘North Star” locomotives. 

The former he alleges had but 8-ft. driving wheels, 
while the latter, he says, was built for an American 
railway. 

I think, Sir, you will agree with me that in dealing 
with early Great Western locomotives, we cannot do 
better than go to the fountain head—the late Sir D. 
Gooch, the first locomotive superintendent of the Great 
Western Railway, which position he held for 27 years, 
in addition to which he was chairman of directors of 
the Great Western Railway for a further period of 
23 _—_. 

egardipg the locomotives with 10-ft. driving wheels, 
he says in his published diaries, page 34, ‘‘ Twoof Mather 
— had 10-ft. wheels.” The ‘* Ajax ” was one of 
these, 

At the meeting of the Society of Arts on March 4, 1846, 
Mr. T. R. Crampton, of locomotive fame, read a paper 
on ‘‘Large and Small Driving Wheels as Applied to 
Locomotive Engines,” in which he stated that ‘the 
‘Ajax’ was built with 10-ft. wheels.” The Railway 
Chronicle for April 4, 1846, gives detailed particulars of 
several early Great Western Railway locomotives, the 
first of which is the ‘‘ Ajax,” with 10-ft. driving wheels 
The Illustrated London News of October 3, 1846, describes 
the er of Wyatt’s statue of the Duke of Wellington 
to Hyde Park Corner, on a car of four wheels, each 10 fb. 
in diameter. The Railway Chronicle of July 11, 1846, 
says: ‘* The directors of the Great Western Railway have 
given Mr. Wyatt, the sculptor, the use of four large 
wheels, 10 ft. in diameter each, for conveying the statue 
to its destined site.” The “Hurricane” only had two 
wheels of 10 ft. diameter. Whence, then, did the 
Great Western Railway obtain another pair of 10-ft. 








wheels? From another locomotive—the ‘‘ Ajax.” 








The evidence in favour of the ‘* North Star” having 
been built fora Russian railway (and not for an American 
line, as Mr. Stretton would have us believe) is quite ag 
clear and convincing. 

Sir D. Gooch, in bis diaries, says (page 30): “I made 
some drawings for locomotive engines for Russia, which 
were oddly enough afterwards two engines on the Great 
Western Railway. The Russian Railway was a 6-ft, 
gauge, and I was much delighted in having so much room 
to arrange the engine. For some financial reasons all the 
engines we made were not sent out, and two of them were 
made with 7-ft. gauge for the Great Western Railway— 
the ‘ North Star’ and the ‘Morning Star.’” Again, on 
page 34, he says, ‘‘also the two altered Russian engines, 

fore mentioned, from Robert Stephenson and Co., 
Newcastle.” 

In The Engineer for May 27, 1892, are reproduced the 
working drawings of the ‘* North Star,” on which are the 
following remarks in Sir D. Gooch’s handwriting: 
‘* Working drawings of Nos. 163 and 164 Russian engines, 
D. Gooch, engineer. September 8, 1836. Scale 1} in. to 
ft. These engines were built by Messrs. R. Stephenson 
and Co., Newcastle, for a Russian order, 6 ft. gauge, but 
were not delivered. The Great Western bought them for 
3,0001. each—the ‘ North Star’ in 1837, and the ‘ Morn- 
ing Star’ later, the gauge being altered to 7 ft.” In 
Wood’s treatise, Stephenson’s engines, Nos. 163 and 164, 
are stated to have been sent to Russia, thus corroborating 
Sir D. Gooch. 

Mr. Stretton is usually so dogmatic that I fear it will 
be hopeless to expect to convince him. 


Yours, &c., 
May 20, 1895. G. A. SEkon, 








ASSISTANT ENGINEERS IN THE NAVY. 
To THE EpiTor OF ENGINEERING. 

S1r,—So far, the correspondence on this important sub- 
ject has not touched upon the age limit for probationary 
assistant engineers; at present it is fixed at 23, with 
special considerations for those applicants whose age 
may exceed that limit by a few months. My idea is that 
were 25 the limit it would be far more satisfactory to 
both sides—the Admiralty and the would-be naval engi- 
neer. A gentleman’s son rarely leaves school before he 
is 16 or 17, and a pupil or apprentice (premium or not) 
at any large marine shop will not serve less than four 
years, more often five, so that his sea-going life will not 
commence until he is 21 or 22, and then probably he will 
have two or three aye as a junior before he will get his 
promotion to fourth of a large mail steamer, or it may be 
second or third of a smaller cargo steamer of the same 
company. Itis this latter service that would be of im- 
mense value to him in his future career in the Royal 
Navy. Certainly I am only considering the case of an 
engineer entering one of our large shipping companies 
such as the Orient, P. and O., Castle, or | Sas Mail, 
for I do not think the Admiralty want the average 
‘‘tramp engineer.” Every one who has anything to do 
with the shipping world will know full well that there are 
at present hundreds of young engineers of good social posi- 
tion and sound education (in many cases public school), 
who, after their apprenticeship, “ went to sea,” and who, 
after four or five years, would gladly leave it if only they 
were able to get something that would bring them 
again into their own social sphere, and where they could 
find freer scope for the uss of their scientific and technical 
knowledge. These are the men who are exactly suited 
for our Navy, but who are “‘barred out” by the ‘‘day 
class regulation” and the “low age limit.” 

Yours cheerily, 


Twin Screw. 
Royal Albert Dock, May 20, 1895. 





SWEATING IN DRAWING OFFICES. 
To THE EprToR oF ENGINEERING. 

Srr,—Reading the initiative of Mr. W. H. Reynolds’ 
letter, in your issue of May 17, I was impelled to the idea, 
at lust had ‘‘ Our Daniel come to judgment ;” but lo! how 
suddenly the ‘“ mountain laboured of the mouse ;” and 
such a mouse !—the thrusting forth of a particular and 
no general grievance, nor one equal to cause advance in 
the prospects of that class he would appear to write for. 

‘** Punctuality, the politeness of kings,” the prime essen- 
tial in every matter of life, he tilts at quixotically. In 
imagination I seem to hear his anathema! when the 
timed 9 a.m. train should leave, say, 9.30, 9.45, or when 
all the laggards were aboard. How of connections missed, 
appointments lost, and so on, ad infinitum to ad nauseam ? 
If this ‘‘line” drawing be ‘‘ sweating,” truly are the 
public therein heavily ‘‘ sweated” by the railway com- 
panies. Five minutes is a margin, and were 30 given, 
still would the ‘* trangressors”’ show below it. I know it, 
for I have been there. I mean below such a “ line,” and 
that, too, where the starting hour was 10 a.m. with 10 
minutes’ grace. I seemed to have half the day then for 
other matters; but I had not. The throwing into and 
out of gear of machinery in motion causes increased strain, 
undue friction, &c., so also does the jerking in and out, 
at varying times, of the human atoms, into the human 
mechanism working, engender ill-feeling and jealousy. 

One and all, in every sphere, are, or should be, 
“labourers,” and the term, so I take it, is an honourable 
one, and if, as Mr. Reynolds instances, the pay be ‘‘ by 
the hour,” it must have been a condition known and 
accepted from the start. g 

Again, why expect to be paid for absence (except in the 
case of sickness)? Primarily, Mr. Reynolds objects to 
punctuality, and, secondly, would claim pay for work not 
done. Carry this beyond the drawing office, i.¢., to all 
— and you have a fertile source for firms being 
‘ roc y: : 

I am deeply interested in this question, for by this 
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work I have long had to earn my bread; but, whilst I 
cordially indorse Mr. Reynolds’ remarks upon the many 
much-needed improvements in our general status, I quite 
fail to see his remedy or where the force of his objections 
lies, in the instances quoted. 

If this individual “signing on” business be of recent 
institution, then, perhaps, it is the outcome of consider- 
able leakage in attendance. Whilst writing, apparently 
from hearsay, is Mr. Reynolds quite assured that the 
‘half-hour ” referred to is really a plus quantity ? 

As with the drawing staff’s higher training, so hascome 
asimilar advance through nearly every department of 
works, but, I quite grant, not equally ; for it is impossible 
to advance the older machinery and fixed plants to modern 
needa, 

With ths claim we make to that higher enlightenment 
so follows the necessity for us to keep the lead in all 
senses of the word; but I fear if we are to deem ‘‘ punc- 
tuality ” and “‘ earned pay ” as ‘‘sweating,” then must we 
submit to be sweated in these particulars. 

Shall we commence with hair-splitting ? 

Yours faithfully, 
C. YERHTA. 
London, S E., May 18, 1895. 





To THE EpiTor oF ENGINEERING. 

Sir,—I am sure all marine engine draughtsmen will in- 
dorse Mr. Reynolds’ remarks concerning the depreciation 
in pecuniary value of draughtsmen’s services, There is no 
doubt but that many firms are endeavouring to force down 
drawing office salaries, but I am afraid draughtsmen 
themselves are also somewhat to blame. They do not 
resist the endeavours as they might, and so things go on 
from bad to worse. My own personal experience bears 
out Mr. Reynolds’ statement about false hopes being held 
held out as inducements to men to enter an office at a 
small figure. Once there, the employers, knowing the 
difficulty of getting good berths, go back on all their 
promises, and politely inform you that if you are not 
satisfied, you can go elsewhere. 

I should be sorry to see a union formed, but that is 
what things are fast drifting to, and feeling is getting 
very strong in many offices. There are two offices in 
Westminster to my own knowledge where the Saturday 
half-holiday is not allowed, and overtime is the rule and 
not the exception. The paying by the hour, which Mr. 
Reynolds mentions, is most galling to the feelings of 
educated men, and I wonder at its being submitted to. 
The salary he mentions as being offered is not sufficient to 
keep men honest, especially when the work to be done is 
confidential, and capable of being made money of by 
unprincipled men. I inclose my card. 

Yours truly, 
DRAUGHTSMAN, 





To THE Epiror or ENGINEERING. 

Sir,—If you have a little space to spare, I should be 
lad to be allowed to make a few remarks on Mr. 
Reynolds’ able letter about ‘“‘Sweating in Drawing 

Offices.” 

In the first place, I take exception to Mr. Reynolds’ 
slighting remark in comparing draughtsmen to fitters, as 
the latter are a body of men much more respscted, as they 
have a union, and draughtsmen have not. 

Many masters have a great objection to trade unions, 
consequently it would be reasonable to expect they would 
be more considerate to a body of men that does not resort 
to such measures, instead of which the general rule (there 
are a few exceptions) is to terrorise over them, so that they 
can scarcely call their souls their own. 

Atthe same time, no branch of the profession takes such 
an absorbing interest in the study of the firm’s work, both 
in and out of working hours, 

There are many points that might be considered with 
reference to this subject, but I will not trespass on 
your space more than to mention one other: the 
unfairness of a firm, considering itself first - class, and 
actually proud of its prestige, resorting to such measures 
as filling its office with pupils, taught by a few trust- 
worthy men that they are to supplant, and who pay for 
the privilege of working. 

Thanking you for ne | 


May 22, 1895. 


these remarks, 
am, yours truly, 
FiTTeR. 





To THE Epitror or ENGINEERING. 

Sir,—I was very much iaterested by reading a letter ap- 
pearing under the above heading in ENGINEERING, and, 
although I agree with your correspondent so far as he goes, 
Iamof opinion that he has pointed out only one of the chief 
difficulties (though, I admit, an important one) which 
draughtemen have to encounter. As this subject is more 
important than generally supposed, I venture to forward 
this letter in the hope that you will find space for same. 
‘* Sweating ” in any department is to be condemned, but 
especially so in the drawing office. I say, without fear of 
contradiction, that it is quite impossible to conduct 
engineering work successfully where the drawing office is 
made to occupy a second or third rate position in the 
various departments through which the work has to pass. 
I now wish to point out another difficulty which the 
drawing office has often to contend against, i.e. the 
meddling interference of officious clerks, cashiers, &c. 

Many of these—no doubt estimable men in their own 
departments—having opportunities of obtaining informa- 
tion through the ordinary correspondence of the day, often 
frustrate well-laid plans for the expeditious execution cf 
work, by themselves communicating (according to their 
own ideas) the information thus obtained to the various 
foremen inside the works. As an illustration of the effect 
of this system, I trust you will allow an example from 
actual experience. For many years I had charge of the 
drawing oftice, through which all the work passed before 





going into the shops, and although our engineering 
usiness was of a large and varied character, mistakes 
were practically unknown. Since this time commercial 
duties have taken me from home a great deal, and the 
above desirable state of affairs has departed. Our cashier 
imagines himself an engineer, I believe, but I know he 
possesses so little knowledge that he is upsetting the 
whole place by interfering with the different departments. 

Now the difficulty lies here: As this cashier assumes 
apparent authority, none of the foremen like to complain 
to the firm ; the consequence is that the different foremen 
must either ignore him altogether, or act according to 
any information he chooses to impart; the result is, that 
the whole place is being turned ‘‘ topsy-turvy” and the 
wrong people are being blamed. I know there are several 
firms where a similar state of affairs has existed, and the 
hope that the subject is of sufficient general interest to 
find a place in your gear is my apology for sending 
this long letter, which might otherwise appear as of 
personal interest only. I think your readers—both 
masters and men—will agree with me that the only cor- 
rect method of successfully conducting the practical part 
of an engineering business is to have: 

1. Efficient foremen in each department. 

2. Pay your draughtsmen well and keep them. 

3. Furnish complete, accurate, and well-made drawings. 

4. Let the foreman draughtsman give instructions. 

5. Do not allow bookkeepers to meddle inside the 
works. 

A head draughtsman is really the life of the place, 
and has responsibilities enough to engage his thoughts, 
without being annoyed by having his arrangements 
upset by the meddling interference of incapable out- 
siders. Constant changing of draughtsmen is very bad 
policy. New men not only introduce different designs and 
methods (generally not improvements), but their drawings 
are differently made and dimensioned, thus causing con- 
fusion to the workmen to read ; they are a great anxiet 
to their foreman, who is, of course, not familiar wit 
their ability ; and finally, they cause needless expense in 
the pattern shop, owing to their want of knowledge as to 
the stock of standard patterns. In conclusion, I trust 
other readers will have something to say on this subject. 

I am, yours faithfully, 
SYSTEM. 


To THE EpIToR OF ENGINEERING. 

Sir,—I judge from Mr. W. H. Reynolds’ remark, 
‘when I was a draughtman,” that he is nob one now. I 
will, therefore, address my observations to those who are 
still in service in the drawing office. To those who are 
married and have families, especially those who may be 
middle-aged, and, therefore, nearing the time of com- 
pulsory retirement, I say, keep your noses to the grind- 
stone, and be thankful that you are allowed to doso for a 
while longer, because, when our owners begin to bring 
over Japanese, Chinese, Hindoos, and others—many of 
whom are quite capable of filling our places at one tithe 
of the wages—we shall be worse off than we are now. 
Our masters have a perfect right to employ whom they 
like, and pay what they like, also to extend hours, 
and, if they choose, introduce the check time system. 
Foreigners are often quite as capable as the home grown 
article, and draughtsmen, like ‘‘ fitters” and “‘ labourers,” 
are only wanted when there is work for them. When 
payment is made for work done, the bargain is concluded, 
and neither owes the other any more. 

There are two sorts of draughtsmen who will always 
command good wages, viz, the one who knows every- 
thing, and the one who can invent anything; the one is 
up to date, the other can see ahead. A man who would 
have been first-rate a few years ago, has now so many 
ranging up alongside of him, that the supply is greater 
than the demand. The line is now drawn at the general 
manager of works, hardly at that; all beneath him must 
toe the line and accept servitude. 

Thoroughly well-educated men, and thousands of well- 
educated women, are learning daily that education is nob 
a means of making a living. M.A.’s, B.A.’s, school- 
masters, doctors, linguists, &c., can all be got in plenty for 
2l. or 31. a week. There are thousands of women to-day 
—educated ladies—who are, in reality, living upon their 
richer relations, and many young men are, more or less, 
doing the same ; in many cases, parasites upon parasites. 

Working men with their trade unions have tried, with 
indifferent success, to help themselves by combination, 
but they have no sound underlying principle to direct 
them, and often do not really know what they are after ; 
besides, they sell one another as frequently as not. But 
educated people are either so hopeful that they think 
everything will mend itself to-morrow, or else they are so 
hopeless as to think all is inevitable; therefore they do 
omar, 

If all those people who really are thinkers, who have led 
industrious lives, worked with head and hand, become 
well-informed, and tried their level best to make a success 
of life, and yet have not done so, would put aside all such 
nonsense as the study of armies, navies, churches, con- 
stitutions, patriotism, and like frauds, and consider that 
men without house or land need not study their defence, 
that a German, a French, or an American master is as 
good (or as bad) as an English one—if they would realise 
that they owe what is facetiously called their country 
absolutely nothing, and, like the donkey who refused to 
carry his master away from the robber, on the ground 
that one stick was much the game as another, would keep 
their eyes open to their own interests, surely such people 
could get a better foothold than they possess now. 

To the unmarried draughtsman I say, Talk it over 
with the young fitter, the turner, the patternmaker, the 
bookkeeper, the smith, the founder. Two hundred un- 
married men at work can pay one-third of their wages to 
100 men, and start a co-operative workshop, and if the 





100 be at all smart, success should result, 
helps those who help themselves. 


Heaven only 


Yours —_ ar 





To THE EpIToR OF ENGINEERING. 

Srr,—Referring to Mr. W. H. Reynolds’ letter in your 
issue of last week, I should like to point out that not 
only are the marine engineering draughtsmen of the pre- 
sent day underpaid, but also those employed by our large 
railway companies, many of whom are earning nothing 
approaching 1002. per annum, although highly trained 
and thoroughly efficient men. Their work, in common 
with that of all other draughtsmen, is deserving of a much 
higher rate of remuneration. Three years ago one of our 
leading railway companies, employing, probably, at least 
20 men in their drawing office, advertised for a second 
draughtsman at 2/. per week, and for this paltry sum 
they obtained a thoroughly good man. 

I am but young, and consequently write with no degree 
of authority, but I ask, Is the present state of remunera- 
tion of the younger members of the engineering profession 
likely to induce men who might possibly be a credit and 
an ornament to their calling, to enter it? In no profes- 
sion is, I think, such hard work necessary in order to 
obtain even a modicum of success. 

My own case is this: Four years ago, upon leaving 
school, I was led, like many others, to believe that by 
hard work success in the engineering profession would be 
assured. I was then apprenticed at the shops of a railway 
company. I am now a pupil at the same works. For 
two years I commenced work at six o’clock in the morning, 
at the same time studying hard at night. I now begin 
at 9 a.m., and, as a consequence, do far more reading at 
night. When, in another twelve months, I am “‘ out of 
my time,” I shall, if fortunate to be retained in the 
drawing office, be rewarded with the munificent wage of 
23s. per week, with a rise of 2s. per week in one year’s 
time. Is the prospect of earning but little more than a 
labourer, and consequently less than a mechanic, a bright 
one? 

That there are prizes in the profession I do not deny ; 
but are not the majority of them to be obtained mainly 
by influence ? 

In conclusion, I would put it forth as my firm convic- 
tion that there is no other work requiring such care and 
skill as draughtsmanship, done at ‘so cheap a rate. This, 
I think, is a reflection upon one of the noblest professions 
that exist. 

T inclose my card, and beg to remain 
Yours truly, 
May 21, 1895. ye 








A NEW PISTON AND CONNECTING ROD 
ACCELERATION DIAGRAM, 
To THE Epitor or ENGINEERING. 

Srr,—I am much obliged by Mr. Garrett’s kindness in 
referring me to the 1892 edition of Cotterill’s ‘‘ Applied 
Mechanics,” a copy of which has just come into my hands, 
through the courtesy of a member of this college. The 
passage is only partially illustrated, and, strictly speaking, 
the construction is merely indicated ; nevertheless there 
is sufficient evidence that my Fig. 3 is identical with 
‘* Mohr’s construction.” In the appendix to that edition, 
Professor Cotterill has made the following note: ‘* [1892]. 
In Burmester’s exhaustive treatise (‘Lehrbuch der Kine- 
matik Erster Band,’ page 827, Leipzic, 1886-1888), the 
construction for the acceleration of a piston, here as- 
cribed to Mohr, is stated to be due to Schadwill.” Mr. 
Garrett, probably by a slip of the pen, is made to speak in 
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this connection of ‘‘ piston and connecting rod accelera- 
tion ;” there is no mention of the connecting-rod either 
in the text or notes. 

My thanks are due, in even a greater degree, to Pro- 
fessor Boulvin. As it were while I write, I have come 
into possession, by the author’s kindness, of a copy of 
Professor Massau’s interesting paper, ‘* Notes sur les 
Transmissions par Bielle et Manivelle.” Gand, 1892. 
Divested of a multitude of subsidiary construction lines, 
Fig. 17 of Professor Massau’s paper is what would be 
brought about by a combination of my Figs. 3 and 4. 

My communication was, to begin witb, of a cursory 
character ; and although I should not have written even 
in that strain had the information aforesaid been_pre- 
sent to me, yet on the whole I am very glad that I did 
write. 

Professor Boulvin refers to the case where the centre 
line of the piston does not pass through the shaft centre. 
From my point of view very little modification of the 
diagram appertaining to the ordinary state of things is 
required. As before, let A be the centre of the shaft, 
B the crankpin centre, and C the centre of the cross- 
head. Draw A D | to line of stroke C E. Produce 
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CBtocut A Din P. Find I the instantaneous axis of 
the connecting-rod relatively to the bedplate, and through 
I draw I HC E to cut the normal to the connecting- rod 
throngh P. Join H Band produce to cut A FIJE C 
through Ain S. Then if a is the (constant) angular 
velocity of the crank, the acceleration of the piston is as 
before a2AS. Let G be the point in the connecting- 
C B whose acceleration is required. Join CS and through 
G drawG g|iCS. Then a*g A is the magnitude and 
direction of the acceleration of the point G. 
Yours faithfully, 
A. C. Ettiort. 
University College, Cardiff, May 13, 1895. 





ENAMELLED IRON. 
To THE Eprrork OF ENGINEERING. 
Sir,—‘‘Irish Reader” will find what I believe he wants 
on page 212 et scq. of G. W. Lock’s “‘ Workshop Receipts,” 
published by E. and IF’. N. Spon, 125, Stradn. He gives 
there the methods employed for the production of 
enamelled wall plates, giving ingredients for various 
colours, also methods of lettering, &c. 
Believe me, yours, &c.. 
May 27, 1895. B. 








TESTING RAILWAY AXLES. 
To THE EpiTor OF ENGINEERING. _ 

Sir,—Referring to Colonel Yorke’s interesting report 
in your issue of the 17th inst., on the Wood Green acci- 
dent, and the methods in common use for testing and 
inspecting engine axles, it would appear that so far as 
old axles are concerned, these methods are eminently 
unsatisfactory and incomplete, as they fail to discover 
any flaw inside the boss of the wheel, where, indeed, 
they usually develop. Colonel Yorke says, ‘‘I am unable 
to discover that there is any practicable test at present 
known that will disclose a flaw in that portion of a loco- 
motive axle within the boss of its wheel,” &c. 7 

It may interest some of your readers to know that in 
Russia some years ago we were troubled with several 
failures of this description, and adopted the very simple 
method of drawing the wheels off their axles—either par- 
tially or altogether—thereby exposing the wheel seats to 
view, and thus rendering their examination as complete 
as any other ‘part of the axle. We also found that by 
warming the axle the oil disclosed the slightest flaw much 
more effectively than by concussion. Out of 120 axles 
thus treated that came under my observation, five were 
found to have decided flaws in them, and several others 
were condemned on suspicion. : 

Perhaps I should state that the majority of these axles 
were of what we usually called the ‘‘ Yankee” type—i.e., 
the same diameter in journal and wheel seat, and with- 
out any collar on the wheel side of the journal, and were 
between 25 and 30 years old. It may be urged that ‘‘the 
cure is worse than the disease,” that moving a wheel on its 
axle tends to loosen it; but this does not occur to any 
appreciable extent, and I am quite sure that the evil, if 
any, is infinitesimal in comparison with the safety and 
satisfaction of having all old axles thoroughly examined. 

Faithfully yours, 
Worcester, May 25, 1895. A. Linton LocGan. 





THE PHYSICAL SOCIETY. 

At the ordinary meeting of the Physical Society held 
on May 24, Captain W. de W. Abney, President, in the 
chair, Dr. Kuenen read a paper entitled “‘ On the Conden- 
sation and the Critical Phenomena of Mixtures of Ethane 
and Nitrous Oxide.” 

When the vapour of a pure substance is compressed 
at constant temperature, when a certain pressure is 
reached the vapour commences to condense, and the 

yressure remains constant until all the vapour is liquefied. 
f, taking the pressure and temperature as co-ordinates, 
the corresponding temperatures and pressures at which 
liquefaction takes place are plotted, the curve obtained 
is called the vapour pressure curve, and this curve ends 
at the critical temperature and pressure of the given 
substance. On the other hand, if a mixture of two 
vapours is compressed at constant temperatures, the pres- 
sure no longer remains constant while condensation is 
taking place, but gradually rises. The points at which 
condensation commences and ends lie on a U-shaped 
curve having its vertex turned towards the direction of 
increasing temperatures ; such a curve the author calls a 
** border curve.” The point at which a line parallel to 
the axis of p touches a border curve corresponds to the 
critical point R of the given mixture, For all tempera- 
tures higher than that corresponding to R there is no 
condensation into liquid possible, while for any tempera- 
ture below the critical temperature there are two vapour 
pressures, one corresponding to tne commencement, and 
the other to the conclusion of liquefaction, The envelope 
of all the border curves for mixtures containing different 
proportions of the two bodies is a curve, called the plait- 
point curve, joining the critical points of the two consti- 
tuents. The point of contact P of a border curve with 
the plait-point curve corresponds to the plait-point on Van 
der Waals’ thermodynamic surface. If when we go 
along the border curve starting from its lower branch 
we first reach R, then P, and if we indicate the 
temperatures corresponding to P and R by Tr and 
T,., then for temperatures between Tr and Tx as the 
pressure is increased the quantity of liquid first increases, 
then reaches a maximum, and after that decreases till it 
disappears. This is called retrograde condensation of the 
first kind, and has been observed by the author in the 
case of mixtures of methyl, chloride, and carbon dioxide, 


rod | gases, and gave the following values for the critical tem- 


case the volume of vapour increases, reaches a maximum, 
and then decreases. This constitutes retrograde con- 
densation of the second kind. It was with a view to the 
experimental observation of this second kind of retrograde 
condensation that the author undertook his observations. 
A series of observations were made with each of the pure 


perature : 
Deg. Cent. 
Ethane ... oo 32.3 
Nitrous oxide... 36.1 


In the case of the mixtures the very interesting result is 
obtained that the critical temperature is in some cases 
less than that of either of the constituent gases. Thus a 
mixture containing 10 per cent of C,H, has a critical tem- 
perature of 32 deg., the same critical temperature as for 
pure ethane. All mixtures containing more than 10 per 
cent. of ethane have a lower critical temperature than 
32 deg., the lowest critical temperature obtained being 
25.8 deg., and belongs to a mixture containing equal 
volumes of ethane and nitrous oxide. 

Another important point is that the border curves do 
not all lie between the vapour pressure curves of ethane 
and nitrous oxide. Hence for any temperature there is 
some mixture which gives a maximum vapour pressure. 
It also appears from the curves given in the paper that 
the maximum vapour pressure is obtained with almost 
the same mixture at all temperatures, and that this 
maximum vapour pressure does not disappear with in- 
crease of temperature, but remains even up to the critical 
region. 

For mixtures containing between 20 and 50 per cent. of 
C,H, retrograde condensation of the second kind takes 
place, but the author has not been able to observe it, since 
the difference between Tr and T; for the two substances 
experimented on cannot be more than 0.1 deg., and the 
temperature could not be maintained sufficiently con- 
stant to hope to be able to detect any phenomenon taking 
place over such a small temperature range. 

The author showed his arrangement for stirring theliquid 
and vapour in the experimental tube so as to prevent any 
retardation of the different phases due to slow diffusion 
in the long narrow tubes employed. A small piece of 
iron with enamel beads on the ends is inclosed in the ex- 
perimental tube, and by means of a small magnetising 
coil which surrounds the jacket used to keep the tem- 
perature of the tube constant, this piece of iron can be 
moved up and down the tube so as to keep the liquid 
and vapour thoroughly stirred. 

Professor Carey Foster and Professor Ramsey compli- 
mented the author on the very lucid way he had ex- 
pounded a by no means easy subject. 

Dr. Sidney Young congratulated the author on the 
able use had made of his lucky discovery of two 
bodies such that their mixture should have a lower critical 
a nag than that of either of the pure substances, 
Professor Ramsey and he (Dr. Young) had made experi- 
ments on the vapour pressure of mixtures of alcohol and 
ether, and had found great difficulty in preventing the 
separation of the components when the volume was 
altered, and he could, therefore, thoroughly appreciate the 
utility of the author’s device for ee. difficulty. 
They had also experienced considerable difficulty in filling 
the tube with a mixture of known composition and free 
from air, and he considered that when dealing with mix- 
tures it was better to employ gases, although they could 
not be obtained in so perfect a state of purity as liquids on 
account of the greater ease with which a mixture of 
known composition can be obtained. The plan of making 
separate observations on the pure substances was a good 
one, and considering that the author measures the in- 
crease of pressure during the process of condensation, so 
that any air which happened to be present produces the 
maximum effect, the small rise in pressure obtained 
indicated a high degree of purity in the gases employed. 
He would like to ask the author if, in the case of mixtures, 
he found it possible to determine accurately the points 
where condensation commenced and ended, for with the 
alcohol and ether mixtures they had found it very difficult 
to determine these points. He also hoped the author 
would continue his observations in the direction indicated 
in the paper. 

Mr. Inwards suggested that in the case of liquids 
which act on iron the iron stirrer could be inclosed in glass 
or india-rubber. It might also be possible to obtain more 
efficient stirring by means of a small fan or propeller 
worked by an electro-magnet rotating outside the tube. 
The author, in his reply, said that when the mixtures 
were well stirred, the pressures at which condensation 
commenced and ended were well marked. 

Mr. Burstall commenced the reading of a paper on the 
measurement of a cyclically varying temperature. 

The experiments were undertaken with a view of 
measuring the temperature inside the cylinder of a gas 
engine at different — of the stroke of the piston. A 
modified form of platinum thermometer is employed to 
measure the temperature, and since the variations in 
temperature are extremely rapid, the wire had to be very 
thin, and unprotected by any covering such as is ordinarily 
employed. The leads of the thermometer pass through a 
slate plug fixed in a seamless steel tube, asbestos being 
used as a packing to prevent leakage. The resistance of 
the thermometer was measured by means of a Wheat- 
stone’s bridge. Since the temperature at a certain part 
only of the working stroke had to be measured, the gal- 
vanometer circuit was broken in two places. One of 
these breaks was closed by means of a cam on the 
shaft of the engine at gies point of each revolution, 
while the other was closed, when an explosion took place, 
by means of a relay worked by the pointer of a steam 
engine indicator attached to the cylinder of the engine. 
The remainder of the paper was postponed till the next 





THE COLLAPSE OF A TUNNEL NEAR 
GUILDFORD. 


Just after midnight on the 23rd of last March a portion 
of St. Catherine’s tunnel, near Guildford, on the London 
and South-Western Railway, collapsed. A policeman on 
duty on the hill heard the crash, and ran towards the 
nearest signal cabin in order to stop all trains; but before 
he could do so a train of empty passenger coaches coming 
from the south towards Guildford ran into the obstruction 
at a speed of about 30 miles an hour. Considerable 
damage was done to the train, but the men in charge 
escaped with a severe shaking only, owing, probably, to 
the obstruction being composed entirely of light sand, at 
oc time in a state of ‘‘slurry ” through the admixture of 
water. 

The tunnel is 130 yards long, and pierces a hill com- 
posed entirely of soft ~~ sand. It was built in 1849, 
and has side walls and a high elliptical arch of brickwork 
in mortar, but has noinvert. The arch has six rings, and 
a thickness equal to seven at the haunches. Generally 
speaking, the tunnel is a dry one, especially at the spot, 
near the north end, where it colla : 

Major Marindin in his report states that the side walls 
are not disturbed or distorted in any way, but it is the 
arch itself that has collapsed. The bricks appear of good 
quality, and the mortar fairly so, but the fracture across 
the arch at both ends shows that there was little or no 
bond made at the junctions of the lengths, two of which 
probably have fallen. In the crown of the arch, and also 
at the line of fracture near the west haunch, there are 
pieces of timber built in, evidently some of the bars used 
in the construction ; these bars have become thoroughly 
rotten, and the rings are apparently reduced to five where 
they occur. To a certain, but, as Major Marindin ex- 
presses it, “‘ not a dangerous,” extent, the strength of the 
arch is reduced, but he considers that the worst effect was 
that this rotten wood afforded channels for the percola- 
tion of water. 

In the opinion of the engineers of the company there 

had been a percolation of water in the soil above this spot, 
from some drain, or cesspit, or broken water-pipe, as 
there was a dwelling-house partly over the tunnel, the 
stables belonging to which fell into the tunnel at the 
time of the accident. There was certainly no sign of 
any spring when the Government inspector visited the 
spot. Anyway, he has little doubt but that the collapse 
was due to the presence of water forming a cavity, pro- 
bably at one of the haunches, so that the arch collapsed 
on becoming unevenly weighted. At many places the 
arch is distorted, but a comparison of the present sections 
with some taken in 1861, shows that, except at a few 
places, the arch has altered but little during the last 30 
years. 
Major Marindin considers that an examination of the 
outside of all the crown should be made, in order to ascer- 
tain if there is any accumulation of water anywhere, and 
that a relieving arch be built inside the old one (the height 
of the tunnel fully allowing this), not only, as the en- 
gineers propose, at or near the place of collapse, but 
throughout the whole length of the tunnel. It has been 
found that the soft sand of which the hill is composed 
weighs about 100 lb. per cubic foot, and will take up 19 1b. 
of water without increasing in bulk, and that, when wet, 
water does not percolate through ib very quickly, 








SiicHT CoLiision aT DoncastER.—Major Addison’s 
report on a slight collision which occurred at Marshgate 
cabin, on the Manchester, Sheffield, and Lincolnshire 
Railway, near Doncaster, has been issued, and from it we 
gather that a goods train was standing near the above 
cabin with its tail some 119 yards outside of the home 
signal on the afternoon of March 23, when it was run 
into by a passenger train from Doncaster to Hull. The 
driver of this train had passed the distant signal at 
danger, and saw the home signal (289 yards ahead) was 
also inst him, but the view of the intervening space 
was hidden by a train on the up line, and it was not till 
he was close upon it that he saw the obstruction, and was 
thus unable to pull up before touching the other train. 
Very little damage was done to either train. The Govern- 
ment Inspector blames the driver for not having his train 
under sufficient control after passing the distant signal 
at danger to enable him to stop short of any obstruction 
in accordance with the rules. He considers that the fire- 
man should algo have kept a better look-out than he did. 
As regards the actual cause of the accident, it was owing 
to a change of signalmen occurring at the previous 
Great Northern cabin—Marsbgate Junction—during the 
time the goods train was standing at Marshgate. The 
outgoing signalman received the ‘‘ Be ready ” for the pas- 
senger train, but was relieved as it actually came up, and 
the incoming man lowered his home signal for it at once 
without noticing that the section was blocked, nor did he 
apparently hear his mate say that the block was on; in 
fact, he states that he heard his mate say this only when 
too late. Major Addison naturally lays the blame 
primarily on the incoming signalman, but hopes that this 
mishap will be a lesson to the outgoing man to be careful 
to inform his mate exactly as to the state of affairs before 
leaving, and not necessarily to wait for him to ask this. 
We need hardly point out that such an error on the part 
of the incoming signalman could not have occurred had a 
“lock-and-block” system been in use between the two 
cabins. As the home and distant signals at Marshgate 
are so very close together (289 yards), and the view of the 
line is easily obstructed, it is recommended that the com- 
pany should provide accommodation in the sidings for 
trains engaged in shunting operations, so that the main 
line may not be blocked for long periods, as is now often 








If P, however, lies beyond R, the process of condensation 
for temperatures between Ty and T:. is different, In this 


meeting, 


the case, and which indirectly led to the present accident. 
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INDUSTRIAL NOTES. 

Tur glowing account of the progress and present 
position of the Dockers’ Union, as given in the report 
presented to the fifth annual congress held last week, 
does not appear quite to tally with some recent utter- 
ances of the general secretary. At some meetings 
held a short time since, and referred to at the time in 
‘‘ Industrial Notes,” it was stated that the condition of 
the men was very little better than it was before the 
inauguration of the union. This view was criticised 
at the time as not quite in accordance with the facts. 
Now the report somewhat exaggerates the prosperity 
of the union. The figures given are, perhaps, fair 
enough, but the great unions of the Engineers, Ship- 
builders, Carpenters, Ironfounders, and others, do not 
include such figures, or their reports might indeed be 
glowing. The general secretary contends that the gain 
to the union has been a grand total of 3,095,488/. 
‘13s. 94d. In this total is included the sum of 
2,989,670/. 18s. 2d. as increased and accruing wages, 
obtained for the men by the action of the union. 
Taking the whole period of the union’s exist- 
ence, it has spent 27,9587. 1ls. 14d. in strike pay ; 
legal expenses and compensation, 5959/. 4s. 6d. ; and 
in funeral benefits, 8007. The percentages are given as 
follows: Strike pay, 38} per cent. ; legal costs, 34 per 
cent. ; death benefit, 1 per cent. ; total 43 per cent. 
The cost of management is, therefore, 57 per cent., 
thus: branch offices, 16} per cent. ; district secre- 
taries, &c., 104 per cent. ; printing, stationary, rent, 
taxes, &c., 4 per cent. ; delegate meetings, 1 per cent.; 
total, 32 per cent. ; leaving 25 per cent, for the central 
office, salaries, &c. This expenditure is given at 8} per 
cent. only for the last year. Last year’s work shows 
10007. to the good, and therefore the union congratu- 
lates the members on increased efficiency and pro- 
sperity. The proportion for working expenses would 
stagger the older unions, and yet the work to be done 
in those is far greater and more detailed. The idea of 
the union is to be a huge fighting body, but this alone 
will not succeed, 





The dispute in the metropolitan building trades has 
not yet taken any very decided turn, either one way 
or the other. But with the close of the present month 
some step seems to be inevitable. The present arrange- 
ment expires to-morrow (June 1), unless some further 
extension of time is agreed upon. The operatives in the 
several building trades associations have declared their 
fixed determination not to agree to the appointment of 
an arbitrator to settle the proposed new rules by the 
employers, and they insist upon the continued observ- 
ance of theagreement arrived at in 1892. Butone of the 
points of difference has arisen out of an alleged breach 
of that agreement by the men, especially as to non- 
union workmen. Letters have been sent to the Master 
Builders’ Association by the 10 or 12 societies sepa- 
rately, and by the Federation of the Building 
Trades, officially declaring their determination, so 
that a crisis is at hand unless some modus vivendi is 
found meanwhile to tide over the date at which the 
notices at present expire. There is a belief that a 
strike and lock-out will be averted, but the founda- 
tions of that belief are not very clear. Perhaps it arises 
from the fact that trade is fairly good in the building 
trades, and there is a disposition on the part of em- 
ployers to yield rather than fight. 





Throughout the Lancashire districts most of the 
engineering branches are now getting fairly busy, and 
new work continues to come forward pretty regularly, 
and more freely than has been the case for some time 
past. It is, perhaps, only in exceptional instances that 
the works are pressed with orders, except in the case of 
some of the leading heavy stationary engine builders, 
but, nevertheless, in most districts the works are fully 
employed. Some of the machine tool makers are very 
busy, which has not been the case for a considerable 
time. The leading machinists, with possibly one or two 
exceptions, are also tolerably full of work ; in the other 
branches of general engineering a fair amount of 
activity is manifest. Boilermakers are gradually get- 
ting busier in most cases, and in the locomotive 
branches some tolerably good business is in the 
market, for which local firms are competing. Al- 
together there is a better, more hopeful, and healthier 
tone, and, generally, the workpeople experience the 
same hopefulness. There are, fortunately, no pending 
labour disputes to mar the prospects, nor are there 
apparently any dormant elements likely to give rise to 
disputes in any of the engineering branches. The 
iron trade has become rather quiet again, after the 
heavy buying which has been going on lately. Prices 
are well maintained at recent rates, though here and 
there sales have been attempted somewhat below, as 
regards material purchased at lower rates. Makers, 
however, are not affected, for some of them are over- 
sold, and are not quoting at all at present. There has 
been a decidedly firmer tone prevailing in the finished 
iron trade, and although no upward movement has been 
distinctly made in prices, makers are not booking 
further orders for forward delivery, except an ad- 








vance on recent prices. In the steel trade there is 
more activity ; a fair amount of business is reported, 
and prices are firmer, with a hardening tendency. 
The nut and bolt trades report more inquiries coming 
forward, and prices are steadier. The competi- 
tive cutting recently going on has abated, business 
being done without it. In the general metal trades 
there is a fair amount of business stirring, the rates 
being steady and firm. Altogether, the iron, steel, 
engineering, and cognate trades throughout Lancashire 
are in a more healthy condition, the prospects improv- 
ing from week to week, so that we may look forward 
hopefully to a tolerably good season for some time to 
come, if nothing happens to interfere with trade. 





In the Wolverhampton district all the signs of 
improvement have become more and more manifest ; 
the improved movement being, both in respect of orders 
and prices, steadily maintained. Local merchants have 
received good orders from Australia and the West 
Indian markets for hardware goods of various classes, 
all of which will largely increase the demand for different 
kinds of manufactured iron. There are also numerous 
inquiries for galvanised and corrugated sheets, hoops, 
tube, and gas strips. Prices have been advanced from 
2s. 6d. to 5s. per ton on certain qualities of finished iron 
and sheets, compared with the prices at the commence- 
ment of the quarter, so that local producers of pig iron 
have been able to get 2s. advance per ton on present 
rates for forward delivery. In the finished branches 
recent prices remain as before for marked bars; 
common bars are largely in demand, and medium bars 
in a fair average. The steel trade is better; the 
larger demand has had the effect of increasing prices. 
The constructive trades are tolerably busy, and the 
engineering branches have improved. Altogether the 
outlook is better than it has been for some time. 
Labour disputes are absent, none of a serious character 
threatening, for the wages board seem to be going on 
well, generally speaking. There is just a doubt as to 
raising the age of juvenile workers employed at night, 
as proposed by the Factory Bill. 





In the Birmingham district the iron trade has im- 
proved slightly, mostly in the sheet department. Bar 
iron is not in demand, which checks the upward move- 
ment of prices. Black sheets have gone up 5s., there 
being a brisk demand for South Africa, India, and 
Western Australia, Tube strip is also firmer. Cold 
blast pig is firmer, owing to increased demand. The 
engineering trades improve gradually, and some of the 
iron and steel staple trades are better off and busier. 
Generally the outlook in most of the local branches of 
trade has become more favourable, and most agree 
that the prospects are brighter than for some time past. 
All labour questions are accordingly quiet, and there 
are no pending disputes likely to lead to disaster. The 
brass and copper trades are busy in several branches, 
the unemployed roll decreasing very considerably. 
Some of the outlying trades have improved, but the 
smaller branches of the nail and chain trades are at a 
low ebb still. 





The statistics of strikes in the year 1894 show 
that there were nearly 1000 disputes, affecting over 
300,000 persons. The number of disputes in parti- 
cular branches of trade, and the number of men 
affected by such disputes, are by no means propor- 
tionate, as the following classification will show. The 
trades are arranged according to the number of dis- 
putes, as follows: 





The Industry. —- 
In the textile trades : Ts6 38,700 
Mining and quarrying 183 204,000 
Engineering, metal, and 
shipbuilding = 182 25,500 
The building trades one 178 14,000 
The clothing trades ie 68 6,400 
Seafaring and dock labou 38 4,100 
Miscellaneous industries .., 91 13,300 
Totals... 926 306,000 


In 280 disputes, affecting 51,000 persons, the work- 
people were successful. In 151 disputes, affecting 
42,000, they were partially successful. In 219 dis- 
putes, involving 152,000 persons, the workers were 
unsuccessful, ‘These included the great miners’ strike 
in Scotland. In the case of 161 disputes, affecting 
49,000 persons, the results were indefinite, or they 
were not reported to the Labour Department. The 
balance was adverse to the workpeople on the whole. 
In 1893 the balance was in favour of the workpeople, 
but that was mainly due to the favourable settlement 
of the coal dispute by conciliation and arbitration, 
when the proportion who were successful was nearly 
four times greater than last year, 1894. Of course the 
total does not take into account the variations in wages 
under the sliding scale, unless these changes even- 
tuated in actual disputes. On the whole, labour 
suffered little loss last year, except in Scotland, 
and to a large extent in shipping; the rates in the 








latter have gone down seriously in some cases, and 
what is worse, the British seaman is being pushed out 
by the Lascar and the foreigner. This process is 
still going on, as the recent statements of the 
officials of the Seamen’s Union abundantly show. 
The difficulty is as to the remedy. 





The question of the status of the engine-room arti- 
ficers in the Royal Navy has advanced another step. 
On Friday last the First Lord of the Admiralty, 
having with him Lord Alfred Kerr, the Financial 
Secretary to the Admiralty, Mr. E. Robertson, M.P.; 
the chief engineer, &c., received a deputation on the 
subject, consisting of Mr. Howell, who introduced the 
deputation; Mr. William Allan, M.P.; Mr. John 
Penn, M.P.; Mr. John Burns, M.P.; Mr. J. Wilson, 
M.P.; Mr. Kearley, M.P.; Sir John Baker, M.P. ; 
Mr. Clough, M.P., and others. Mr. W. Mather, 
M.P.; Mr. Wolff, M.P.; Sir John Gorst, M.P., 
and others were unavoidably absent. The object 
was to induce the Admiralty to open the door to 
promotion for the engine-room staff, by giving to 
the practical working engineers in the Navy a chance 
of rising to the position of chief engineers upon 
passing a suitable examination. It was pointed out 
that the concession, which enables them to compete 
for the position of probationary assistant engineers, 
would only affect a very few of the engine-room 
artificers now serving, to the number of about 2000 
men. It was suggested that an intermediate rank 
should be peatnon so that men of ability and good 
conduct should aspire to it, and that warrant rank 
should be assigned to such. The Admiralty offered 
warrant rank upon retirement, but this, it was stated, 
would not be of real and practical use to the service. 
By the creation of an intermediate rank, between the 
engine-room artificer and the engineer staff, the best 
men would rise to a position in the service not other- 
wise attainable. At first various difficulties were 
started, which seemed to imply that the whole mass 
was to be raised, and that accommodation could 
scarcely be found for them. But after some discussion 
the Lords of the Admiralty stated they they were 
desirous of meeting the men’s claims fairly, with due 
regard to the service as a whole. Then came a dis- 
cussion of ‘‘ methods,” which so far indicated a will- 
ingness to consider the case in a friendly manner, 
Some suggestions were made as to time and service, 
and other modes of promotion, so as to attract and keep 
competent men in the service. The age limit of 23 
for competing for probationary assistant engineers was 
condemned as more or less shutting out the practical 
men who had to pass through the workshop. The 
question is therefore getting on. 





The Factories and Workshops Bill gets on slowly in 
the Grand Committee on Trade, but it makes substan- 
tial progress considering the attempts, on the one side to 
extendits provisions, and on the other torestrictits opera- 
tion. At the close of last week clause 12 had been agreed 
to. Briefly, the clauses passed include (1) the sanitary 
provisions, dealing with overcrowding, and fixing the 
number of cubic feet of space in proportion to the 
number employed, not less than 250 ft., and during 
overtime not less than 400 ft. (2) Powers to a court 
of summary jurisdiction to make order as to dangerous 
factories or workshops, ‘‘dangerous” applying to 
matters of health, both as regards processes and 
mechanical appliances, (3) Provisions as to notices to 
the sanitary authority—‘‘ within one month” inserted 
instead of ‘‘ within a reasonable time,” in the Act of 
1891. (4) Power to a court of summary jurisdiction 
to make order as to dangerous machine, to prohibit 
its use, or cause alterations or repairs to be made. 
(5) Penalties for employment of persons in places in- 
jurious to health by occupier or contractor employed by 
the occupier. This is a strong clause as to outworkers, 
making the original employer liable, as if such place 
were a workshop. (6) Penalties not exceeding 20/. 
for allowing wearing apparel to be made in a place 
where there is infectious disease. (7) Extended de- 
finitions of ‘steam engine and water-wheel,” and 
provisions in the 41 and 42 Vict., cap. 6, as to cleaning 
machinery, &c. (8) Provisions as to cleaning machi- 
nery ; (9) as to self-acting machines, &c., as to safety. 
(10) Powers toa court of summary jurisdiction to re- 
quire provision for escape from fire by movable fire- 
escape. (11) Provisions for workmen being represented 
on arbitrations relating to special rules, (12) Extension 
of provisions in 41 and 42 Vict., cap. 16, as to ma- 
chinery, by giving penal compensation in case of death, 
bodily injury, or injury to health, provided that such 
injury was caused solely by neglect. It will thus be 
seen that the clauses, so far as they go, are a distinct 
advance for the workpeople. 





It seems probable, or at least possible, that another 
Bill will be passed pertaining to labour, namely, the 
Mines Ragwiitien Act Amendment Bill, not the Mines 
Eight-Hours Bill, but a Bill to amend the Coal Mines 
Regulation Act of the late Government. A Bill was 
prepared by the Miners’ Federation with this 
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object, but it contained some provisions of a very con- 
tentious character, which rendered it very debatable, 
and consequently not easy of passing. The Bill now 
before the House is less contentious, and the mine- 
owners and the Miners’ Federation have been 
endeavouring to agree upon such amendments as will 
facilitate its passing. This is one of the results of 
friendly negotiation which has followed upon the 
establishment of the Board of Conciliation in the coal 
trades. The northern coalownera and the Durham 
and Northumberland miners are not quite agreed upon 
the provisions, and it is rather hinted that the Mid- 
land and Yorkshire mining interests are not quite the 
same as those farther north, in matters of competition. 
But possibly some common agreement will be effected, 
or the Bill cannot pass. The eight-hours question is 
not mooted in the Bill, so that this disputable point 
will not arise ; but the question of boy workers will 
give rise to some differences of opinion. The conditions 
are not quite the same ; but this, no doubt, will be got 
over, so that the Act can be amended in some 
particulars. 


The question of trade union rates of wages was again 
debated at the Metropolitan Asylums Board at their 
last meeting, when the resolution in favour was moved 
by the Rev. J. W. Pope, seconded by Mr. Brass, of 
Chelsea, Both considered the demand reasonable. 
Singularly enough, the adverse amendment was pro- 
posed by the representative of Whitechapel, one of the 
poorly paid districts, and when put to the vote the 
amendment was carried by 30 to 20. The London 
County Council and the London School Board approve 
and work under such a resolution; the Asylums 
Board is the only general body which does not. But 
the two former are elected by the ratepayers, while 
the latter is a co-opted body. This fact may account 
for it. 


Last week the first meeting of the Unemployed 
Committee was taken up mainly by the cross-examina- 
tion of Mr. W. Mather, M.P., on his proposal for farm 
colonies. He claimed that it was a practical scheme, 
and not a mere fad. At the second meeting a repre- 
sentative of the tinplate industries of South Wales had 
to tell a piteous tale. Before the depression there 
were 30,000 persons employed, whereas now only about 
13,000 were fully employed, 6000 were partially em- 
ployed, and 6550 were athe idle. He stated that no 
possible reduction in wages could recover the American 
markets, The trade was kept on by the special 
markets on the Continent and elsewhere. The secre- 
tary of the union suggested an Imperial grant for the 
exceptional distress, 


The Scotch miners have again been meeting to con- 
sider what steps to take in view of the attitude of the 
Miners’ Federation, whether to strike or delay strik- 
ing. It was decided to delay for the present, but not 
to withdraw the claim for 6d. per day advance upon 
the reduced rates at present paid in Scotland. The 
men are disheartened and demoralised by the action 
of the leaders last year. 





THE ORGANISATION OF RAILWAY 
SERVICES.* 

By G. Dvca, Director-General of the State Railways 

of Roumania. 

Tue Director-General of the Roumanian State Rail- 
ways has taken infinite pains in the compilation of a 
digest of the various organisations under which the railway 
systems of Europe are controlled. To abstract this com- 
muni¢ation, which is a report on Question XIII. of the 
International Railway Congress, ‘* De la Question de l’Or- 
ganisation des Services (Article XIII. du Questionnaire de 
la Cinquitme Session du Congr?s ”) would be impossible. 
Taking country by country, the author of the report has 
elaborated in great detail the system of administration of 
its railway control, and, as a work of reference, those inter- 
ested in the subject will remain under a lasting indebted- 
ness to Mr. Duca. In his opening paragraphs the author 
says: “‘If we consider the development of railways 
during the late years of the century, the concentra- 
tion in the hands of private companies of vast 
systems, the formation of réseauz still more extensive, 
resulting from purchase by the (‘overnments of various 
countries, the necessity of satisfying the complicated con- 
ditions and requirements extending over wide areas, the 
question naturally arises how the responsibilities of the 
situation have been undertaken, what is the machinery 
perfected by an administration that has to solve so many 
and varying problems—economica], administrative, com- 
mercial, financial, technical, 








especially dwelt upon the relations existing between 
the higher authorities and railway administration, in 
order to make clear the liberty of action left to the 
latter ; then touching on the organisation of the ad- 
ministration, I have recorded the divisions of the central 
service, with the duties of each and the limits of their 
powers ; then passing on to the executive service, I have 
shown how far it is dependent on the central administra- 
tion, and what limits of decentralisation are permitted. 
.... IThavein my investigation passed successively in 
review the following countries : Germany, Austria, Hun- 
gary, Belgium, Denmark, Spain, France, Holland, 
Italy, Norway, Portugal, Roumania, Russia, Servia, 
Sweden, and Switzerland. I have not touched on the 
question of economic railways, lest I should have been 
carried too far, and have therefore confined myself to 
the main railway systems. I have sought, as far as pos- 
sible, to follow the same order in dealing with the sub- 
ject, without always succeeding, however, because of the 
difficulties associated with so varied a subject. If I have 
given greater space to certain administrations, it is 
because I believed they possessed special features, useful 
to place on record, or because, resembling closely the 
methods of another administration, greater detail in the 
one case permitted lighter treatment inthe other. . . . 
It may be imagined that out of all this great collection of 
information, a model system, a standard type of organisa- 
tion, might be evolved. The idea would be utopian. 
There is too great a diversity of conditions in each case to 
permit of assimilation. Manners, customs, political and 
administrative systems, the history and formation of 
railway réseaux, their development and configuration, 
the financial conditions of countries, private companies, 
local political influences, traffic, staff, &c.—these are a few 
of the conditions that vary so greatly in different countries 
that no common application of any oneadministration could 
veattempted. Nevertheless, from the comparative study 
of the administrations in different countries, it may 
be possible to deduce some general considerations that 
seem sanctioned by wide practice, while we find certain 
principles, rules, and divisions of service adopted 
by a great majority of administrations, notwithstanding 
the wide dissimilarity of conditions.” Thus, substantially, 
Mr. Duca, in his introductory remarks that preface the 
vast summary of the organisations of the railway adminis- 
trations in the different countries named above. Through 
this summary, which occupies nearly 200 closely printed 
pages, we cannot follow him, but must turn to the 
conclusions that terminate his investigation, and from 
which some passages may be adapted. 

The nature of the organisations considered by Mr. Duca, 
varied as they are, permits him, nevertheless, to classify 
the administrations under four heads, and to consider 
these somewhat critically. These heads are: 

I. The Direction. 
II. The Organisation of Central Administration 
Services, 
IIL. The Organisation of Exterior or Local Services. 
IV, Infiuenceof Superior Authority (State Intervention 
or Control, Administrative Councils, Directing 
Committees, &c.). 

I. The chief direction of all the services of a railway 
administration is confided, with but few exceptions, to 
one chief, called director, director-general, or president of 
direction. The principle of supreme control being vested 
in one person is thus generally accepted. The powers con- 
ferred on this chief are more or less extensive, and are 
controlled by two systems. Under the first of these he 
deals direct with the chiefs of different departments on all 
matters that are submitted to him for approval. Under 
the second system he has to confer with a council of 
directors composed of the chiefs of departments, who are 
thus called together in frequent conference. In some 
cases this chief, besides having the highest control, is also 
the head of a department. Which of these systems is the 
better? The advocates of the former uphold the prin- 
ciple of unity in direction, the necessity of concentrating 
control in one individual. The adherents to the second, 
while recognising the soundness of those reasons, main- 
tain that no one man can be possessed of sufficient know- 
ledge and experience to direct all the detailed and widely 
varying services of a railway, and that for that reason all 
subjects of importance should be considered with the aid 
of experts, so as to secure the most correct decisions, 
based on experience or special knowledge. Mr. Duca 
evidently leans to an absolute régime. ‘“*The second 
system removes the spirit of initiative, takes away indi- 
vidual responsibility, and permits the chief to shelter him- 
self behind the opinion of a majority. It suggests an 
erroneous idea of the functions of a director. No one 
ever thinks of insisting that a chef d’orchestre should be 
able to perform all the parts of a symphony, but no one 
ever disputes the necessity of a chef d’orchestre. Why be 
more exigeant towards a director? And if it is admitted 
that the various branches of administration—administra- 
tive, financial, commercial, those relating to matériel and 
traction, to traffic management, to maintenance and con- 
struction—each requireto be underthecharge of a specialist, 
why should it be urged that consultations between chiefs 
of such varied departments can be of any high degree of 


military—problems that | usefulness? Is it not more rational to leave to the chief 


them by the directors, all departmental chiefs ought to 
have the direction and responsibility of the services 
they control. ... The work of maintaining harmony be. 
tween the different departments, and unity of opinion 
is the function of the director, who controls with the col. 
laboration of his heads of departments; his réle is to 
know the requirements of the various services, and to 
find the means of satisfying them promptly, and in al] 
ways to help forward the efficient and successful working 
of the railway over which he presides. When it is remem. 
bered that he is the natural intermediary between the 
direction and thesuperior powers—administrativecouncils, 
ministers, and others—it will be realised that his mission 
is heavy enough without having attributed to him the 
miscellaneous duties which are naturally and rightly 
divided between the chiefs of departments.” 

II. The organisation of the central administration ser- 
vices is very complex and difficult of classification or com- 
parison between the various countries. Mr. Duca has, 
however, made a general division as follows, and 
within which in most cases this organisation can be 
classed. The first includes the clerical work in its 
widest sense; the second the movement of trains, 
traction, tariffs, control of receipts, &c.; and the third 
embraces all the technical departments, maintenance, 
construction, rolling stock, and shops. Of course this 
classification is very general, but it is as precise as the 
varying conditions in force among different administra- 
tions will allow. Mr. Duca arrives at the following con- 
clusion in regard to this part of the subject : ‘‘ Leaving 
aside the special conditions which would justify a 
different classification, and regarding the question from a 
theoretical point of view, it may be said that the natural 
division of the central administration departments, 
should be as follows : 

1. General administration. 

2. Traffic management. 

3. Material and traction. 

4. Road and works. 

Each of these would, of course, be again subdivided 
into a greater or less number of sections, Such a dis- 
tribution, to which one is led by purely theoretical con- 
siderations, seems fully sanctioned by practice, since we 
find it accepted by a large number of administrations, 
especially by those occupying a leading position as regards 
the extent and importance of the railway systems they 
control,” 

IIL. Thecontrol of outlying railway dist: icts and sections 
follows broadly two systems in the administrations of the 
various countries under consideration. By the first of 
these the lines are divided into sections under the super- 
intendence of inspectors of traffic, traction, maintenance, 
&c., corresponding to the divisions in the central adminis- 
tration, to which the officers entrusted with the work are 
directly responsible ; in other words, this is a centralising 
system, while the second is a decentralising method, based 
on the theory that as soon as a réseau belonging to one 
direction attains a certain development as regards length 
and traffic, it is impossible to direct it properly from the 
central bureaux, and that it must, in the interests of the 
railway, be placed under the control of various bureaux, 
independent of each other, but all in touch with the 
central administration, and to these branch offices is 
entrusted the execution and surveillance of all the services 
connected with the district. The former system is most 
generally adopted, and is strongly endorsed by Mr. Duca, 
who dwells on ‘the disadvantages of the second system, 
and instances the good effect resulting to Prussian railways 
when it was enna in 1880, ; 

V. As regards State intervention, Mr. Duca, while 
recognising the necessity of such intervention in railway 
management whether the lines belong to the State, or are 
private property, in the public interest, and for the 
public safety, he deprecates the carrying of such inter- 
vention beyond very narrow limits. He says the fact 
ought not to be lost sight of that Government railways, 
as well as those belonging to private companies, are 
eminently commercial enterprises; they should be ad- 
ministered as such, and if interference from the State be 
unavoidable, the tendency is to check satisfactory work- 
ng and development. 








Betatan Coat Exports.—The quantity of coal exported 
from Belgium in the first three months of this year was 
1,196,127 tons, as compared with 988,103 tons in the corre- 
sponding period of 1894. In these totals the exports to 
France figured for 938,766 tons and 798,141 tons re- 
spectively. 


SLIGHT COLLISION NEAR GELDARD JUNCTION, LEEDS.— 
As a goods train was just starting away from the goods 
yard line at Geldard Junction, Leeds, on the North- 
Eastern Railway, on the 19th of last March, it was run 
into by a light engine which had followed it out of 
the yard. The guard of the train was knocked down and 
rendered partially insensible for a moment, and the train 
was slightly damaged. There is no block working from 
out of the yard up to the junction with the main line, and 
the driver of the light engine gave it as an excuse that 
as he was leaving the yard he saw the home signal off, as 


he thought, for him, while it was really off for the goods 
train, which, owing to a curve, he could not see at the 
time of starting, and then some oil cans were upset on 
his engine, so that he was engaged in picking them up, 
and did not notice the train ahead until he was close upon 
it, when his mate, who was firing, at once applied the 
hand-brake, the only one with which the engine was 
fitted. Major Addison, in reporting on this, lays the 
blame on the driver, and calls attention to the awkward 


are of daily occurrence, calling for daily applications, or | of each department the direction and responsibility of his 
which, falling unexpectedly, uire prompt and satis- | Special service? He can always command the counsels of 
factory solution. . . . To investigate the administrative | his immediate subordinates, who are presumably specially 
organisations—the central departments and the external | competent. If any question invades the area of different 
services of the railway systems of different countries, is | services, he can consult his colleagues, and then submit 
to enter upon @ vast field of —e difficult of commence- | the case to the director, who, after having heard the 
ment, aad still more difficult to limit. In view of these | various arguments, can arrive at a decision, without call- 
difficulties, I have only considered the broad lines of | ing into conference those who have no special knowledge 
organisation without entering into details; I have | ofthesubject. ... believe that when circumstances permit 

* ~ es : | the principle of responsibility ought to be jealously main- | exit from the goods yard, but adds that he does not see 

Summary of Communication to the International | tained, and responsibility means liberty and the means of ; how it can be improved without considerably curtailing 
Railway Congress, Question XITI., London Meeting. | aetiois. Within the limits of their power entrusted to | the aeconiimodatioh, 
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ComPiLeD By W. LLOYD WISE. 


CTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
cELE UNDER THE ACTS 1883—1888. 
The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. : 
Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. _ 
The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, wnless the 
Patent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
the advertisement of the ”D of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
‘Patent on any of the grounds mentioned in the Act. 


AGRICULTURAL APPLIANCES, 


10,608, J. Backhouse, Whitchurch, Hants. Ploughs. 
[3 Figs.) May 31, 1894.—In carrying out this invention there is 
formed in the plough head or skife a, a rectangular opening b to 
allow of there being introduced thereinto the means for effecting 
the adjustment of the plough body. Said means consist pre- 
ferably of an eccentric c and eccentric block d, the latter having a 
certain amount of lateral play. The eccentric pin e passes through 
the plough framing a, and has adapted to it a short lever arm /, 
having attached to the outer end thereof a connecting rod g 
fulcrumed to a hand lever / under the control of the ploughman at 
the yokes. The plough head or skife a is carried, behind the 
eccentric c, on a pin or bolt 7 having long bearings, to impart and 


























insure steadiness to the implement, and to allow the plough head 
or skife a to work easily up and down as required. The usual turn- 
furrow and coulter are also fixed to the plough head or skife a so 
as to retain their relative positions at all depths. To regulate the 
height or depth, it is simply neceesary to pull or push the hand 
lever h, whereupon the plough head or skife a, and with it the 
share and the other parts of the plough secured to the skife, will 
be raised or lowered as the case may be. Provision is made by 
employment, in connection with the hand lever h aforesaid, of a 
pin and rack J or other suitable means for retaining the plough 
head and parts attached thereto at the desired ploughing height. 
(Accepted April 10, 1895). 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


7326. E. Hesketh and A. Marcet, London. Flasks 
or Cylinders for Containing Gases under Pressure, 
&c, (1 Fig.) April 14, 1894.—The object of this invention is to 
provide in connection with flasks or cylinders for containing 
gases under pressure or liquefied gases, or the like, means whereby 
on the occurrence of abnormal pressure inside the flask, or 
cylinder, when charged, the pressure will be relieved without a 
dangerous explosion, and rupture of the flask or cylinder occur- 
ring. According to this invention there is employed a disc, 
or piece of copper, or other material which is sufficiently strong 
to bear the normal pressure inside the flask or cylinder, but 
which is not sufficiently strong to withstand rupture when 
the internal pressure has from any cause reached a degree 
which would render an explosion and rupture of the flask 
or cylinder liable to occur. The disc may be placed across 
the mouth of the flask by which the gas is admitted and 





withdrawn, or a special passage or opening may be made for the 
disc. The disc may be firmly held gas-tight in place by screwing 
it between male and female knife-edges on the parts between 
which it is confined. The figure illustrates a portion of a flask 
or cylinder showing the invention applied to a special passage 
at @ made in the nozzle piece which contains the opening 
and closing valve. 0 is a disc of copper or the like, secured in 
place by the nut d and pressure piece c, which may have a knife- 
edge ring which presses the disc into a corresponding groove in 
the other part soas toform a tight joint. Ona dangerous eleva- 
tion of pressure occurring inside the flask, the disc of copper, or 
the like, will be ruptured and the pressure will be relieved before 


the flask can be ruptured by the excessive pressure. Outwards 
of the disc there may be arranged a spring valve which will close 
when the pressure has been sufficiently relieved. 


(Accepted 


which is free to turn in a suitable recess A? in the body or head A 
of the spanner. 
Cin recesses A5 in the head of the spanner. To prevent any of the 
movable parts of the spanner becoming lost or disconnected, pins 
may be provided, asin 

ably a pin E is passed through 
from side to side in such a position that the bolt C C! cannot be 
screwed back beyond a certain distance ; this prevents the bolt 
C C'and jaws B from becoming disconnected, and secures every- 
thing. The pin E may be screwed or riveted in, or secured in any 
other convenient manner. 
vided with depressions as A6, to enable the nut D to be more 
readily rotated by the operator. 


Mills, (3 Figs.) 
rolling mill for rolling bar iron and the like, in which of a 
co-operating rolls one only is grooved or formed so as to impa 
the desired cross-sectiona 
rolled, whilst the desired cross-sectional form is arranged to be 
ee arted to the other side of the article by means of a bar-like 
ining or 
of the article for a suitable distance from the rolls so as to prevent 
it from becoming bent as a consequence of the rolling. The pack- 
ing bar a is of a cross-section such that thé surface that is next 
the active roll b corresponds to the shape to be given to the article 
at that part. The material or article c to be rolled is placed on 
ary: bar a, which is supported by the plain or guiding roll 
agains’ 
in any suitable manner, and motion is imparted by them to the 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


74538. R. Wootton and B. Hewitt, Birmingham, 
Dog or Gripper for Use upon Draw Benches. 
[4 Figs.] April 14, 1894.—The improved dog or gripper consists 
of a pair of jaws A, A, pivoted upon the carriage B at a? and 
provided with the lever arms Al, Al. Between these jaws and 
arms the wedge D is mounted so as to have a dual sliding action, 
so that when the wedge is operated or carried in the direction 
of the arrow W, the jaws A, A are opened by reason of the action 
of the point d! of the wedge against the jaws A; while the opera- 
tion of the wedge by the draw chain in the direction of the arrow X 
causes the jaws A to grip the tube, which is effected by the action 
of the wings d? of the wedge D. The clutch or lever E for engage- 
ment with the draw chain is pivoted to the wedge D at el, and is pro- 
vided with a clutch e3 for engaging with the draw chain and with 
a handle e? for allowing of the knocking up of the clutch and the 
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consequent disengagement from the chain. This action at the 
same time draws the wedge D back, and thereby releases the 
tube. Upon the dog or grip being placed in position for grip- 
ping the tag, the crank handle e? is operated eo as to drop the 
clutch e3 into engagement with the draw chain. This brings the 
wings d? of the wedge D into action, and causes the jaws to imme- 
diately grip the tag. A gripping nose F is pivoted at the front 
of each jaw, being serrated and shaped to grip the tube at f2. By 
the reversal of these blocks F upon their pivots, various sized 
tubes may be grip without changing the blocks by means of 
the varied size of the groove f3, as shown in Fig. 4. The pieces F 
being pivoted, adapt themselves to any bend in the tube, and 
thus obtain an even grip along the whole length of tube. The 
gripping lever E may be made to act by the vertical action of the 
arm e2in place of the horizontal motion when necessary. (Ac- 
cepted April 10, 1895). 


10,506. A. J. Boult, London. (W. A. H. A. Spiering, 
Shanghai.) Adjustable Spanners. [6 Figs.) May 30, 
1894.—The spanner itself consists of a head A having the usual 
handle A! set at an angle to the axis of the head as shown, or in 
line with it. The head A is slotted angularly at A2 to receive two 
sliding jaws B, each of which slides at an angle to the axis of the 
head A, so that when brought forward to the leading end of the 
spanner, they are nearest together, as indicated in Fig. 1, and 
adapted to receive the smallest nut for which the spanner is made, 
and when moved backwards into the head of the spanner to their 
fullest extent they are adapted to receive the largest nut. The 
jaws B may be operated by a T-headed bolt C Cl, each end of 
the T-head C entering a recess B' in one of the jaws B ; the stem 
C! of the bolt C C! being screwed and passing through a nut D, 











The stem C! works in a slot A4, and the T-head 


g through slots in the jaws B. Prefer- 


the head A of the spanner 


The spanner head A is preferably pro- 
(Accepted April 10, 1895). 

11,283. P. Knobel, Flums, Switzerland. Rolling 
June 11, 1894.—This invention relates to - 
ir o 
rt 
form to one side of the article to be 


king which is adapted to support the rolled portion 


e pressure of the roll b. The rolls ) and d are driven 


king bar a. This motion is rectilinear when the packing bar 


a ring, the packing bar being suitably guided by means of rollers. 
A wedge-shaped guide-piece may be arranged between the rolled 
material and the packing ring a at the point at which the rolled 
material leaves the packing ring, and an intermediate treatment 
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of the rolled material may be effected by means of rolls of the 
ordinary kind for producing the final section desired. When the 
packing or lining is made in the form of an endless ring, rolling 
can take place continuously. (Accepted April 10, 1896). 


MILLING AND SEPARATING MACHINERY. 


9739. C. Wegener, Berlin. Grinding or Pulver- 
ining Machines, [10 Figs.) May 18, 1894.—This improved 
grinding or pulverising machine consists of a series of grinding 
appliances in a common casing closed dust-tight to the outside, 
operated by means of a common vertical central shaft, and so 
arranged in stages or tiers one above the other, that the material 
which is to be ground is conveyed first to the uppermost tier, and 
then passes successively through those lying beneath it, whilst the 
finished pulverised material is separated from the material which 
is to be ground by means of a current of air flowing through the 
apparatus from the bottom upwards, and is blown out or dis- 

arged from the uppermost or any desired tier. The separate 
grinding appliances each consist of one stationary and one 
rotating bevel disc between which balls travel under pressure of 
the upper disc, the upper bevelled surfaces of the stationary and 
rotating discs having such an inclination that the material travels 
slowly down them towards the bottom. One arrangement shown 
consists of an upright cylinder, built of rings bb b, which is closed 
above and below by a cover a! anda bottom piece a respectively. 
A vertical shaft c, driven by a wormwheel and endless screws, 
passes centrally through the apparatus from top to bottom, and 
carries a number of dish-shaped discs cl corresponding to the 
number of the rings b. These discs are provided on their outer 
—, with ring-shaped grinding-surfaces c4, which latter, in 
combination with fixed bevelled rings cz supported on projections 
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c2 provided on the cylinder rings }, form running surfaces for the 
balls d. There remains, between the fixed bevelled rings c? and 
the rotating disc-rings c+, an annular interstice i through which 
the more or less finely subdivided material falls on to the next 
series of balls in orderto be further pulverised. On the rotation 
of the shaft and consequently of the discs c!, the balls d neces- 
sarily make a —— movement in the gutter formed by the 
running surfaces, and thereby disintegrate the material which is 
to be ground, which then falls between the balls and the runnin 
surfaces. The material to be ground, delivered through the mill 
hopper which is provided with a closing slide or valve, comes first 
into the topmost stage, and, after sufficient pulverisation, passes 
through the interstice ¢ into the next stage, where it is further 
pulverised, and so on, until, after leaving the lowest stage, it 
reaches the bottom a, and is forwarded by conveyors or scrapers 
c5 to the exit “!, and from thence by the pipe k2 to the elevator 
k3, This latter again raises the atill insufficiently pulverised 
material and discharges it through pipe k4 again on to the upper- 
most stage of the mill. Thus material which has not been ground 
cannot leave the mill. The separation of the sufficiently ground 
material from the coarser particles is effected by means of a 
current of air produced by means of afang. The current of air 
is conveyed through a pipe g' to the bottom of the apparatus, that 
is to say, under the lowest stage. The current of air rising up- 
wards from the bottom conveys with it the finished product 
through the interstices of the parts of the mill to the uppermost 
stage or tier, and thence through exit pipe e! to the collecting 
chamber f. (Accepted April 10, 1895). 


MINING, METALLURGY, AND METAL 
WORKING. 


6783. H. G. Richardson, Wordsley, Staffs. Manu- 
facture of Iron and Steel and other Metals. (2 —_ ] 
April 5, 1894.—This invention consists in purifying or improving 
the quality of metals by melting the same or their ores by means 
of a blast charged with purifying materials or with a purifyin 
as or pases, these purifying materials or gases being delivere 
y the blast at the point or place where the melting of the metal 
or ore first takes place in the furnace; also in the combination, 
with the blast pipe and tuyere of a furnace for melting metals or 
their ores, of a chamber containing purifying materials or purify- 
ing gases, and a pipe or passage connecting said chamber to the 
blast age so arranged as to lead the purifying materials or gases 
into the blast pipe to be delivered by the blast at the point or 
place where the melting of the metal or ore first takes place in the 
furnace. The accompanying figure shows an arrangement of 
apparatus for the purpose of purifying iron in a blast-furnace, 
comprising a blast pipe and tuyere and a tank or a and 
connections for supplying the purifying materials to the blast 
pipe. A isthe tuyere and B is the blast pipe by which the blast 
is a thereto. C isthe hopper or chamber containing the 
= ying materials, the lower part of this hopper or chamber 
ving a connecting pipe D, through which the purifying ma- 
terials can fall into the blast pipe B to be delivered with the blast 
through the tuyere A to the point where the ore, iron, or other 








Avril 10, 1895), 





9 straight; and is circular when the packing bar is in the shape of 





metal is first melted in the furnace. KE is a slide for regulating 
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the flow of the purifying materials into the blast pipe B. When 
supplying purifying gases to the blast pipe B, the connecting pipe 
D has to be connected by a pipe to a gasholder so as to supply 
the gas to the blast pipe B to mix with the blast and be delivered 
at the place where the ore or metal is melted in the furnace. A 
valve is provided for regulating the flow of the gas to the pipe D 
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D!. This method can be similarly applied to a refinery furnace, 
the purifying material being carried into the refinery furnace and 
delivered at the point where the metal is melted by the blast. 
This invention is also applicable to the purifying of any other 
metals as they are reduced from the ore or fused in a metallic 
state. (Accepted April 10, 1895). 


RAILWAYS AND TRAMWAYS. 


10,955. R.M. Harison, Glasgow. Railway Chairs. 
(21 Figs.) June 6, 1894.—The improved chair is manufactured 
from an iron or steel plate or bar py. The tongues or lips a and b, 
holding the rail in place by means of the ordinary wooden block 
or key wedge e, are punched or forged out of the bar p, leaving 
openings 0 and olin the body of the plate, as shown in the plan, 
Fig. 4. The folds or corrugations c and d, shown in Figs. 1 and 
4, are either forged in the usual process of rolling the original bar 
or plate, or are pressed to a suitable curve and height after the 





har or plate is rolled, as shown. They have for object to give a 
suitable seat to the foot of rail, and to assist in taking the thrust 
on the rail from the flange of the wheel passing over therail. The 
chair is fastened to wooden sleepers by spikes or bolts or other 
means. In the case of the chair being used in connection with 
metallic sleepers, the connection is made by means of the usual 
bolts or rivets, Fig. 4 shows three holes for spikes connecting 
the same to sleeper, but the number and position of these holes 
may be varied. Figs. 5 and 6 show the chair crimpled or folded 
up into position to receive the railand key. (Accepted April 10, 
1895). 


STEAM ENGINES, aaa, EVAPORATORS, 
Cc. 


10,990. D. Purves, Southport, and A. Blechynden, 
Barrow-in-Furness, Lancaster. Tubulous Boilers. 
(12 Figs.) June 6, 1894.—This invention relates principally to 
boilers having an upper horizontal steam and water chamber and 
lower horizontal water chambers or drums, which are connected 
to the upper by groups of sloping or upright tubes. In the form 
of boiler illustrated in Figs. 1 and 2 a part of the length of the 
tloping water tubes a, of comparatively large diameter, is ar- 
ranged to form a close wall on either side of the fire-grate, either 
by enlarging the central portions of the tubes, or contracting the 





70960. 


ends, or in other ways. These tubes connect the lower drums )) 
with the upper steam and water drum c. Either in the upper 
steam and water chamber c, or about the rear of the same, there 
is formed a combustion chamber d, a group or groups of ~~ 
water tubes ¢ being employed to connect the lower drums b with 
the top of the chamber d@. It is preferred also to form a close wall 
at the rear, of water tubes / of large diameter, one end of each 
being secured in the top of the combustion chamber </, and at the 
other end in a small auxiliary water drum g, connec’ to the 
lower water drums by means of tubes. In the upper steam or 





water chamber c, and communicating with the combustion cham- 
ber, area of hori lly arranged fire tubes i, or a flue is 
eo, to conduct the heatand gasestothechimney. The space 

etween the tubes a and e may be closed by metal plates or fire- 
brick walls j. In the arrangement illustrated in Figs. 3 and 4, 
instead of forming the water tubes a as a close wall, they are 
arranged with interstices between them for the heat and flames 
from the grate to pass through (though preferably still employing 
them of larger diameter in the centre than at the ends), and at the 
back of the fire-grate there is formed a wall & of refractory mate- 
rial up to the bottom of the upper chamber c, thus causing the 
gases to pass through the tubes a into a combustion chamber / 
formed between them and a close row of longer water tubes m, 
formed on each side of the length, or a portion of the length, of 
the boiler. These tubes are secured to flanges or ears n, formed 
on the side of the upper chamber c, so that they communicate 
with same; or they may be connected to same by means of a 
tubular chamber, or by bending the tubes, while the other tubes e 
are secured to the top of the combustion chamber d formed in the 
upper chamber c. In place of the refractory wall k there may be 
employed a wall formed of close tubes /, connected to a drum g. 
(Accepted April 10, 1895). 
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10,619. E. Makin, Manchester. Machinery for 
Spinn’ and Doubling Cotton and other Fibres. 
(3 Figs.) June 1, 1894.—This invention relates to those machines 
for spinning and doubling in which the yarn passes from the 
bottom roller or rollers, under, and then over the top of the top 
drawing roller in its passage to the spindle. At the present time 
the yarn is apt to run off the edge of the top roller when the 
machine is slowing down or being stopped. When this happens, 
the yarn has to be guided on to the top of the roller by hand after 
the machine is restarted. According tothe present improvements 
the top roller is altered so that the yarn when it has come off the 
edge of the roller will automatically run on to the roller when the 








machine is restarted, thus saving labour and waste. To effect this 
a nick or nicks is or are cut on one or both edges of each top roller, 
the nick or nicks being cut so that the varn when off the roller is 
caught by one of the nicks in the edge of the roller and thus 
carried up to its working position on the top of the roller. a de- 
signates the top drawing roller, b the bottom roller, and c the 
yarns, the course of which is indicated by the arrows. The top 
roller @ in this case is shown with two reversely cut nicks a', a2 
respectively on each edge, so that whichever way it is placed in 
its bearings, and whichever the side the yarn may happen to slip 
off, one of these nicks will catch it and automatically restore it to 
its 105) position on the top of the rollera. (Accepted April 
10, 1895 
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9814. G. G. Hooper and F. H. Tyacke, London. 
Water P g and Softening Apparatus. [7 Fi9s.] 
May 19, 1894.—This invention has reference to improvements in 
water purifying and softening apparatus of the kind in which 
water is purified and softened by admixture with lime water or 
other suitable reagent, or both, and filtering, and it has for objects 
to enable lime water to be produced in a simple, continuous, and 
economical manner, and to enable lime water to be intimately mixed 
with the water to be purified in such a way as to increase the effici- 
ency of the apparatus and enable the same to be constructed ina 
simple and comparatively inexpensive manner. 1 is a conical hopper 
provided with a vertical overflow pipe 2 and serving to hold cream 
of lime ; 3 is a pipe by means of which steam can be admitted to 
the hopper to agitate the said cream of lime, and, by its conden- 
sation, to cause the same to overflow into the pipe 2, which is 
flared at its upper end; 4 is a tank of triangular shape in plan, 
provided with partitions 5 that serve to divide it into a mixing 
compartment 6, above which the hopper 1 is supported, and two 
settling compartments 7 of gradually increasing width, and over 
and under which the lime water flows, as indicated by arrows in 
Fig. 1; 8 is a cock for supplying water to the mixing compart- 
ment6; and 9 is a perforated lime water outlet pipe arranged 
within the last settling compartment 7, the whole forming a com- 
bined lime and water mixing andsettling apparatus. This appa- 
ratus is supported by pillars 4a upon the top of a tank 10 pro- 
vided internally, near its upper part, with a filter 11, and with a 
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vertical water-mixing tube 12, arranged to one side of the centre 
of the tank, which is of cylindrical form. The mixing tube is sus- 
pended from the top of the tank and is fitted with an internal 
screw blade 13 wound round a spindle 14 that is carried by a 
crossbar at the top of the mixing tube and is provided with a 
hand lever 14a by which it can be turned, when necessary. 15 is 
a curved guide or deflector carried by the lower end of the spindle 
14, and arranged below the lower open end of the mixing tube 
to deflect issuing water in a lateral direction. 16 is a loose 
conical receptacle arranged below and eccentric to the mixing 
tube. 17 and 17a are inclined conduits into which lime water 
and the water to be softened, are respectively led from the 
lime-water outlet pipe 9 and main water supply pipe 18, and by 
which such waters are delivered into the upper end of the mixing 
tube, wherein they are intimately mixed, and by flowing over the 
screw blade 13, will have imparted to them a circular or gyrating 
motion. —- of the impurities thus rendered insoluble will 
be deposited upon the screw surface, and will serve to aggregate 
other insoluble particles, and so facilitate their separation from 
the water. The tank is provided at the top with an outlet pi 

19 for purified and softened water that has passed through the 
filter, and at the bottom with a mud cock 20, operated by means 
of a hand lever 20a. The mixing tube 12 may be arranged cen- 
trally in the tank 10 if desired, in which cage the conduits 17 and 
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18 may discharge into a horizontal conduit leading to i 
tube. (Accepted April 8, 1895). a 


10,584. W. Heslop, Bridlington Qua: 
Manufacture of Barrels or Cylinders,’ no nee: 
May 31, 1894.—The sheet of metal which is to form the barrel, bay. 
ing been cut to shape, is placed on the upper surface of the female 
die A, which is of a shape somewhat similar to that of the in. 
tended barrel, and has four or any number of recesses B in its 
sides, such openings B being preferably widest at the upper part 
of the die A, and tapering inward gradually towards the base of 
the die. A male die C is employed, having a cylindrical outer 
surface of a diameter somewhat smaller than that of the interior 
of the female die A. On the dies A and C being forced together 
the metal plate ro, porno into the interior of the female die A, the 
superfluous metal entering into the recesses B. On the dies 
coming apart, a lower section A! of the female die A is raised by 
means of a plunger D which thus extracts the partially formed 
barrel consisting of a cylinder E having wings E! projecting from 
its sides, as shown at Fig. 4. These wings are widest at the upper 
part, and taper inward gradually to the base. This completes the 
first operation. In order that the plate shall enter the female die 
A in a uniform and even manner, grooves are formed in the 
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plate by means of raised and sunken parts on the cutting-out 
dies. These grooves run from each corner of the plate toa central 
dish-like formation, so that on placing the plate on the lower die 
A, these radial grooves are adjacent to their respective recesses B 
in the die A, and on the dies coming together the grooved parts 
of the plate first enter into the recesses B, thus insuring the same 
amount of metal being taken up by each recess. The partially 
formed barrel is now pressed between the finishing dies A and CU, 
as shown in Fig. 3, which are of the same shape as that of the 
intended barrel. These dies have the effect of lapping the wings 
E! close to the sides of the cylinder E, as shown at Fig. 5. The 
base of the barrel is preferably forced inward in this second 
operation, as shown in Fig. 3, by the special formation of the 
base of the dies A and C, thus strengthening the barrel consider- 
ably. The completed barrel is now removed from the dies A and 
C by the rising of the lower section A! of the female die A through 
the medium of the plunger D, after which the folded wings k! 
are permanently attached to the sides of the barrel by electric 
welding or other means. (Accepted April 10, 1895). 


23,851. F. W. Durham and J. H. Moysey, London. 
Manufacture of Sheet Metal Cans. [3 figs.) December 
7, 1894.—This invention relates to the manufacture of cans made 
of sheet metal, such as tin plate, in such a manner that by a 
single operation the bottom is united to the sides by an interlock- 
ing joint which is tight against leakage, and which, instead of 
projecting laterally, so as to be objectionable for packing, forms a 
projecting rib around the bottom such as gives steadiness when 
the can is standing. A is the side of a can and B the bottom pre 

ared with a lip b in the inverted position which they occupy 
Colors they are jointed together, the side being held in the rec:ss 
of a stationary bed E and the bottom resting on a stationary core 
C. Over the whole is a die D ready to be forced down to form the 











joint of the bottom with the side, as shown in Fig. 2. Inthe die D 
is a recess which receives the upper part of the inverted can and 
has formed in it a rounded groove G, which, when the die is 
forced down, turns inwards first the edge a of the side which 
stands somewhat higher than the lip b of the bottom, then turns 
both inwards and downwards forming the joint in which the edge 
a and the lip } are interlocked as shown in Fig. 2 in their condi- 
tion before the joint is compressed. The joint, thus made at a 
single operation, by the action of the die, is tight against leakage, 
and forms a rib on which the can stands. The vertical section of 
the finished can may be of circular, elliptical, polygonal, or other 
section. (Accepted April 10, 1895). 


UNITED STATES PATENTS AND PATENT PRAOTIOE. 
Descriptions with illustrations of inventions patented in the 
United Bates of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
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THE NORTH-EAST SEA OANAL.—No. II. 
IV.—GENERAL FEATURES OF THE CANAL. 

Tue canal, as projected by Mr. Lentze in 1865, 
was to start from St. Margarethen, now a railway 
junction a little east cf the present outlet on the 
Elbe at Brunsbiittel ; it was to utilise part of the 
Lower Eider, to cut through the town of Rends- 
burg, and to proceed, always in an approximately 
north-easterly direction, to Eckernforde; as an 
alternative he suggested the line from Rendsburg to 
Kiel Harbour. The Naval Department preferred 
the latter route in spite of the greater difliculties, 
This project did not please the Rendsburg people, 
nor the farmers on the Lower Hider, whom it would 
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2.56 metres, and the Bitter Lakes supply a large 


reservoir which stops the tidal currents. The 
larger lakes near Rendsburg (the others are too 
shallow to count) would act in a similar capacity if 
they were not so far from the Elbe end. Hence 
locks were required at both ends, and as power- 
ful currents have to be reckoned with, a third 
= of special gates, the so-called check gates, have 
een interposed between the ordinary double gates 
at the endsof the lock. These check gates are float- 
ing iron caissons like the other gates, but their 
upper halves, which are exposed to the stronger 
surface currents, are open ; after shutting these 
gates, the sluices closing their upper parts are 
raised, and the gates kept closed until the current 
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keep the lock chambers and the outer harbour free 
from the dreaded slimy Elbe mud, especially as dur- 
ing the building of these locks and their moles the 
ground has been badly attacked. These difficulties 
were very apparent in May, when dredging still cor - 
tinued on a large scale, and the canal water was 
everywhere turbid with finely suspended mud. 

The locks are filled and emptied in the ordinary 
way by culverts provided with sluices. With the 
help of these passages and of the gates, particularly 
the check gates, a powerful flushing of the cham- 
bers and of the outer harbour can be effected during 
low water. Lentze’s canal, with one lock only, 
would have had to be made considerably deeper, 
but it would have remained a very difficult matter 
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have deprived of the fertilising inundations. The 
actual canal, therefore, keeps south of Rendsburg 
and of the Lower Hider, from which it is separated 
by a dyke between kilometres 55 and 59; on our 
emall scale map (Fig. 1, page 685 ante) it almost 
looks as if the river were taken in there. The 
further soundings taken by Messrs. Dahlstrém and 
Boden also led to the adoption of the Brunsbiittel 
outlet, although the Kuden Lake had to be tra- 
versed by this route. Lentze thought one lock on 
the Elbe sufficient. 

The mean water level in the Bay of Kiel is 0.23 
metre (0.75 ft.) below zero level. The datum line 
adopted for all the drawings is 20 metres below 
this zero line. Tides are practically unknown in 
the Baltic. The average tidal variation at the 
Elbe outlet amounts to 2.8 metres (9 ft.), that 
is, from +1.29 to —1.50 metres. But the 
maximum at Holtenau may surpass the mini- 
mum at Brunsbiittel by 6.3 metres, and the 
Brunsbiittel maximum may create the still greater 
difference of 7.3 metres. On the Suez Canal the 
average and maximum differences are only 1.46 and 


has been sufficiently slowed to render it safe to 


move the regular gates. The check gates have other 
functions besides, as will appear presently. At 
Kiel Bay the lock will be kept open as long as the 
level does not differ from the normal by more than 
+0.50 metre (about 20 in.). This, it is hoped— 
and up to the present experience confirms the ex- 
pectation —will not occur on more than 25 days in the 
year, so that during the greater part of the twelve- 
months the Holtenau lock may be considered as 
non-existent. At Brunsbiittel the locks have to be 
worked constantly to protect the land, which lies a 
little higher than the Elbe, but it is thought that for 
three or four hours during each tide the gates may 
remain open. During that period the canal would 

discharge about one million cubic metres (35.3 
million cubic feet) of water per hour into the Elbe 
and North Sea, according to Mr. Baensch’s cal- 
culations. It is intended to maintain a constant 
circulation from east to west, so that the canal will 

be fed with the clear, pure water of the Baltic, and 

the muddy Elbe water be shut out and washed out. 


to protect the banks sgainst the violence of the 
strong currents. He proposed adepth of 344 ft., 
and yet hoped to build his canal for less than five 
million pounds. 

With locks at both entrances, the level of the 
canal can be kept fairly constant, and the drainage 
of thedistrict, for which Lentze needed eleven canals, 
becomes asimpler problem. As the locks at either 
end will be open for some hours twice each day, 
even vessels too long for the locks, and such as are 
hardly to be expected for the Baltic trade, will 
be able to pass. Thecanal is constructed asa level 
cutting of 61.31 miles in length. Between Kiel 
and Rendsburg its bottom is horizontal. Thence 
a gentle slope had to be adopted to secure a mini- 
mum depth of water at all tides, whose influences 
will make themselves much more felt near the Elbe 
outlet, since the water rushes out faster than it is 
replenished. This slope can be seen on the longi- 
tudinal section, Fig. 3, page 720 ; it increases from 
1: 200,000 to 1 : 25,000. The course of the tidal 
waves on the canal will form an interesting study. 





The flow has, however, hardly sufficed, hitherto, to 











The current through the canal may reach a velocity 
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of 1.5 metres persecond. In this respect the great 
storm of 1872 from the north-east has been in- 
structive. 

Although the climate of Eastern Holstein is milder 
than that of any country bordering on the Baltic, ice 
is not unknown in the Bay of Kiel. Between the 
years 1848 and 1893 the harbourof Kiel was 19 times 
frozen. On648 days of these 44 winters navigation 
was closed in the bay. On an average, therefore, 
ships would be stopped here for 15 days each win- 
ter. But before this takes place, navigation will al- 
ready have so seriously been impeded in other parts 
of the Baltic that little traffic may be expected. 
At St. Petersburg and Kronstadt, for instance, 
September 20 generally puts an end to shipping. 
The Bay of Kiel is more fortunate on account 
of its lower latitude, and owing to the fact that no 
river of any importance discharges fresh water into 
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(3280 ft.) occur pretty near one another, about 
Levensau and Holtenau.* There is, however, in 
every case a straight reach of at least 830 ft. length 
between these curves. Owing to these curves, a 
ship will describe angles of 841 deg. aggregate in 
passing from the one sea to the other. 

Mr. Baensch demanded for the canal a cross- 
section six times as large as that of the large 
merchantmen of the Baltic, 650 square feet, 
at minimum water depth. These vessels have 
a draught of 21 ft. maximum, whilst the Ger- 
man ironclads draw up to 28 ft. A depth of 
9 metres (29.5 ft.) and a bottom width of 22 
metres (72.2 ft.) have hence been adopted. The 
canal has sloping sides. At water level the width 
is nowhere less than 197 ft. Thus two good-sized 
ships may meet and cross at any place. Six special 
pasting places, bays of 820 ft. length (1476 ft., 








it. The salinity of the Baltic water is inferior to that 
of the great ocean basins. According to Pfaff, the 
Baltic water contains 1.77 grammes of salts in 100 
grammes of water, 84.1 per cent. of which consist of 
chloride of sodium, and 9.4 of chloride of magne- 
rium, whilst the other constituents of sea water 
figure in minor quantities. The percentage cf 
mineral constituents in the North Sea has been 
estimated at 3.44; here chloride of sodium pre- 
dominates less, forming only 74.2 per cent. of the 
total, the rest being made up by chloride of magne- 
sium, chloride of potassium, sulphates of calcium 
and of magnesium, and by other salts. Authorities 
differ, however, considerably. Fr our point of 
view it suffices to know that the Baltic may freeze, 
whilst the Elbe approach to the canal is little 
endangered in this respect. There has been 
trouble from drifting ice in severe winters like 
that we have just experienced. But the tides 
keep the estuary of the Elbe pretty free, and 
it is the interest of the large shipping com- 
panies of Hamburg, who have their anchor- 
age a good way above the mouth of the 
canal, to maintain a clear channel. More trouble 
will arise from the strong current of the Elbe, 
the tidal waves, and the shifting sands. The 
navigable channel, which has a_ south-easterly 
direction between MHeligoland and Cuxhaven, 
narrows at this point, and keeps hard along the 
south bank of the Elbeinasharp bend. The depth, 
varying first between 100 ft. and 33 ft., dwindles 
to 30 ft. and 23 ft. at mean low water in the wider 
reach, tending towards the east. Opposite the 
mouth of the canal there is anchorage with a mini- 
mum depth of 36 ft. over a range of 5 miles in 
length and 1 mile in width. Not to let too much of 
the Elbe mud be deflected into the canal, the latter 
joins the Elbe at an angle of 133 deg. Exten- 
sive harbour works, both for the Imperial Navy 
and the merchant service, ate in the course of erec- 
tion at Cuxhaven. 

Sixty-three per cent. of the total length of the 
canal, 61.3 miles, are rectilinear, giving a straight 
course of 38.6 miles. Curves of 6000 metres radius 
extend over 3 miles, of 5000 metres over 3.4 
miles, of 3000 metres over 8.2 miles, of 2500 metres 
over 2.4 miles, of 2000 metres over 06 mile, of 
1700 metres over 1.2 miles, of 1500 metres over 
1.9 miles, and of 1000 metres finally over 2 miles. 
From the experience gained on the Suez Canal, 
curves of less than 1800 metres have been considered 
objectionable, As vessels of extreme lengths, such 
as pass through the Suez Canal, will hardly 
occur in the Baltic trade, the objection might 
entirely be overlooked, if it were not that the only 
four curves of the minimum radius of 1000 metres 








Visitors favour the district south-east of the canal 
but the high wooded banks of the canal are de. 
cidedly pretty, also. The new canal, fairly 
straight in its westerly course, repeatedly cuts the 
old Eider Canal, which circumstance the visitor 
will hardly notice. Beyond Rendsburg, where 
the canal takes a more south-westerly course, 
the scenery becomes flat, and we enter the marshy 
districts, which gave a great deal of trouble. Near 
Griinenthal the boundary of the watershed is 
reached, and a cutting of 100 ft. depth had to be 
made just where one of the two high-level bridges 
crosses in one span of 513.6 ft. Here, asin some 
other spots, the strata have undergone much dis- 
tortion, the impermeable clays having so great an 
inclination to the horizontal, that landslips were to 
be expected ; quicksand was, moreover, met with, 
A large landslip occurred again near Griinenthal a 
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reckoning the slightly curved approaches), of 328 ft. 
width, and 197 ft. bottom width, have been provided. 
At such spots even a man-of-war might be passed 
without mooring, and without resorting to M. 
Chartreux de Menetreux’ ingenious ‘‘ toy ;’ but 
mooring seems to be intended. Inthe Audorf lake, 
near Rendsburg, ships can turn. The canal offers 
a depth of at least 6.6 ft. throughout its width, so 
that smaller steamers can come quite up to the 
bank. A depth of 20 ft. is provided over a width of 
118 ft. All these figures are minima referring to 
the straight reaches of the canal. In the curves, 
the width of the canal has been increased by 
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breadth of 52.5 ft. for the sharpest curves, bringing 
the total width up to 250 ft. The widening affects 
the whole section, the bottom being made 118 ft. 
wide. In the lakes, deep water is marked by 
Pintsch’s gas buoys, the gas being generated on the 
canal near Rendsburg, where a harbour basin with 
wharves and slips is being constructed. 

Between Kiel and Rendsburg a trip on the canal 
is most enjoyable. Eastern Holstein and the Bay of 
Kiel are famous for their forest and lake scenery. 


) metres, which means an additional 


* The suffix ‘“‘au,” which we shall frequently meet 
with in these articles, originally signified river or rivulet. 
In Central Germany the noun “aue” is now hardly 
used in any other sense but as denoting meadow land 
adjoining a river. 





' Fig .29. +19.770 MW 





few weeks ago. Further on, bogs again follow, 
these being so soft sometimes that the turf would 
not bear the weight of a man. 

A very fine relief plan of the whole canal, 24 ft. 
long and 5 ft. wide, has been made by Mr. Walger, 
of Berlin. Lengths are given on the scale 1: 
16,667 ; heights, 1 : 3300; locks, 1 : 2000; sec- 
tions, 1 :200. A metal and wood working model 
of the Holtenau Locks, prepared by Mr. Gustav 
Voigt, was exhibited at Chicago; the model of 
a corvette—Princess Wilhelm—and other boats of 
10 ft. length, which could be sent through the 
northern iron lock, helped to exemplify the work- 
ing. This model, built ona scale of 1 : 50, isa won- 
derful piece of mechanism The culverts and pas- 
sages, the gates, even the hydraulic machinery, could 
be studied in detail, though the machinery could not 
be worked by water under pressure. To facilitate 
the study, the whole southern lock, which was 
made in wood, has been divided into sectional 
blocks. This beautiful model has, unfortunately, 
met with an accident, and is now under repair ; the 
wooden structure can still be examined at Holtenau. 
The Brunsbiittel offices possess a very fine model— 
not working—of their locks, made by M. Liebrandt 
entirely in wood, also divided in blocks, but not 
showing the gates and machinery. Thesum of 165/. 
was paid for this model, which will be very useful 
in instructing the lock-keepers. 

The number of bridges has already becn men- 
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tioned. We will just add here that the high-level 
bridges leave a clear waterway 138 ft. high, and 
that the swing bridges, which turn in less than two 
minutes, have a span of 164 ft. So far as pos- 
sible, the canal follows the watershed between 
the Elbe and the Hider. The rivers were mostly 
too small to cause any serious difficulties, and 
were simply absorbed, sluices being, of course, 
used. The upper Eider itself was not quite so 
easily dealt with. The caval touches the northern 
extremity of the Flemhude Lake between Rends- 
burg and Holtenau. From this lake the Eider used 
to flow directly into the old Eider Canal, whose 
level at this point was 23 ft. above the Baltic level, 
that is, the level of the actual canal. Such a 
difference in level could, of course, not be tolerated, 
and it was at the same time undesirable to deprive 
the dwellers around the lake, which is almost two 
miles long and half a mile wide, altogether of their 
water. The difficulty has been solved by forming a 
ring canal, retaining thecircumferential outline of the 
lake, in which ring the water remains at its original 
level, and by connecting the inner lake with the 
canal, when a considerable part of the area was left 
dry. Ina later article we shall give further parti- 
culars. The Biittler canal, which afforded an in- 
efficient drainage of the lowlands of the Kuden 
district into the Elbe, will also be mentioned later 
on; its lock gates are miniature reproductions of 
the gates of the great locks. 

The roads which the canal has intersected have 
been replaced by 14 flat-bottomed wire-rope ferries, 
about 4$ miles apart. In the interest of these 
ferries, a higher speed than the 5.3 knots of the regu- 
lations would be objectionable. We mentioned, 
in our issue of May 10, on page 614, that an ‘‘ Aviso 
Jagd ” (the name was not stated) had passed through 
the whole canal in a little more than six hours. The 
speed must have exceeded 10 miles in some parts, 
and the wash shook one of the ferries so violently 
that the ferryman was hurt. The ferry near 
Holtenau differs from the others. Here two float- 
ing stages, resting on boats, bridge the canal, turn- 
ing in opposite directions, that is to say, each 
towards the right for any one standing on either 
shore. Very often it is sufficient to turn one of the 
stages, thus clearing half the width of the canal. A 
few weeks ago the turning was still done by hand ; 
but petroleum motors of 8 horse-power are being 
put up. This type of ferry bridge has become so 
popular that more will probably be arranged on the 
same plan. On some occasions the traffic is lively 
enough to justify this expense, so that two and 
three ferries have to be run; as the ferries form 
part of the high-roads, no tolls can be charged, and 
a ferryman’s work is hard. 


V.—CanaL Sanp Dams anv Banks. 


The heading of this section should be ‘‘ Excava- 
tions.” But as some of the drawings upon which we 
rely are not yet in hand, and as the excavations 
will receive special attention when the building of 
the locks and some special features will be discussed, 
we must here content ourselves with a few remarks. 
Within a year after the passing of the legislative 
measures, the first stone was laid by the Emperor 
William I. on June 3, 1887. An obelisk bearing 
the Danish crown, erected in memory of the open- 
ing of the old Eider Canal, was illuminated on this 
festive occasion. Since then the obelisk has had to 
make room for the new cutting, and the crown has 
been committed to the care of the canal museum, 
as the old canal has been incorporated by its 
successor, and has itself passed into history. Other 
finds from the canal bed—old weapons, tankards, 
flints, skulls of men and wolves, &c., antlers, 
vertebrze of whales, mammoth teeth, and amber, 
have also been temporarily accommodated in the 
Holtenau Museum, which contains quite an in- 
teresting collection. About half of the excavating 
was done in the dry. Hard rcck is rare in these 
districts. But some of the ground is simply a con- 
glomerate of glacial boulders, so tough that it had 
to be blasted in places ; a well was sunk at Holtenau 
in the material to a depth of 20 ft. without any 
timbering, and the dredgers had a very rough 
time of it. The dredgers of the Liibecker 
Maschinenfabrik, which on the Manchester Canal 
were only employed in comparatively light 
ground, have behaved splendidly under most try- 
ing circumstances. The dredgers supplied by 
Messrs. A. F. Smulders, of Utrecht, at first hardly 
proved strong enough for the work, but matters 
soon improved. The geologists were aware that 
Holstein had passed through one or two glacial 


periods, and the new canal distinctly cuts two 
moraines which have been traced to the opposite 
shore of the Bay of Kiel. 

The excavations commenced simultaneously at 
various points. During the busiest periods over 
8000 men were at work. During the year 1888 
some seven million cubic feet of earth were re- 
moved. By January, 1890, 830 million cubic feet 
had been disposed of; the following year brought 
the figure up to 1455 millions, and another 600 
millions were added during 1892. The total 
amounts to a little more than 100 million cubic 
yards. The cutting through the Danish Wold in 
Eastern Holstein did not involve any greater difti- 
culties, but required a good deal of time. 

The trouble proper began unmistakably in the 
marshy soil, and was worst between kilometres 7.6 
and 18. Here the canal traverses the lowlands, 
which, up to the present century, were known as 
the hopeless marshes of the Holstenau, and have 
been drained only since the end of the sixties. 
Some parts lie 3 ft. and 5 ft. below the level of the 
canal. 

The surveyors found the surface formed by a 
mossy turf, underneath it so-called darg, a turf 
bound with rotten reeds, and finally a clammy 
subsoil termed klai, a kind of marl; this klai 
is sometimes, but not by any means always, reason- 
ably firm, but tunnels could nowhere be driven 
through it as through London clay. The old 
sea bottom is further down still, at a lower level 
than the bottom of the canal as projected. 
In some regions the marsh resembled a soft 
jelly, which would not bear anything. it 
seemed clear that in these parts the canal would 
have to be cut in its own ground, first to be 
created. Starting from somewhat safer ground, 
sand dams were slowly pushed forward on both 
sides of the canal axis. The sand was allowed to 
sink—or rather desired to, for more than 30 ft. of 
sand had in some instances to be deposited—and to 
press the yielding soil underneath aside, until the 
dam rested on a firmer stratum. The marshy soil 
between the two dams was then removed, and the 
shaping and securing of the sides could begin. Not 
to risk landslips, the ridge of the dam had in some 
places to be run at a distance of 250 ft. from the 
axis of the canal; the sand dams themselves finally 
had up to 50 ft. width. There being no suitable 
sand near the Kuden See, it was attempted at first to 
form dams from the klai which had been excavated in 
the dry about kilometre 6. But owing to the water 
contained by the klai, these heaps began to sink 
deeper and deeper, and the earth was upheaved 
on both sides, without attaining any stability. 
Hence this plan answered only in some spots, for 
instance, near kilometre 11, where the work was 
carried out in the way illustrated in Fig. 7, page 720. 
In other spots, the soft moor was replaced by klai. 
Attempts were also made to create a narrow 
sand wall on both sides of the canal, but the 
klai gave way too much (Figs. 6 and 8). The 
wide sand-dams mentioned above were, there- 
fore, started. 

The method of procedure varied slightly with the 
conditions of the surface stratum. Where the 
turf formed a felted and firm cover, it had to be 
removed because the turf mattrees cut off by two 
lateral ditches broke afterwards, and the two 
halves placed themselves upright, and prevented 
the spreading of the sand. A width of 40 ft. or 
50 ft. of this turf was, therefore, taken out to a 
depth of 2 ft. or 3 ft., and the hollow filled with sand, 
which was brought up by hand in tip-cars of half a 
cubic yard capacity on a slightly inclined track of 
2-ft. gauge; the cars were tilted over at the 
head of the dam. On this layer of sand, a 3-ft. 
gauge track was laid, and heavier sand-cars were 
used, the engine remaining on firmer ground, 
whilst the cars were carefully tipped over the 
canal side (see Figs. 15 to 19). This tipping was 
continued until the heap seemed fairly settled, 
when the sand could be spread outward to the 
required width. Where the surface was quite soft, 
the first step was to drive in piles in advance of 
the dam (Figs. 10 to 12) ; two light tracks, the one 
of 2 ft., the other of 3 ft. gauge, with one common 
rail, were rested on these piles, and a preparatory 
layer of sand applied by the hand cars running on 
the narrow gauge. This sand settled overnight, 
and gave the piles greater stability. The following 
morning the track was propped by means of sleepers, 
beams, oil barrels, &c., put at the head of the dam 
proper, which was now widened with the help of the 





heavier cars. During the operation the piles were 


pressed aside by the sand or broken ; the support 
advanced with the headofthedam. ‘Trains of from 
10 to 15 cars could be run on this 3-ft. gauge track. 
Equal slopes for both sides were aimed at, but 
could not always be obtained, as borings frequently 
made sufficiently showed. Figs. 5 to 9 show 
the irregular shapes the sand aesumed in the 
swampy soil. In the space between the two dams, 
and also on the sides, of course, the soil rose and 
swelled in strange fashion, not rarely 10 ft. above 
the original level (see Fig. 9). A view prepared from 
a photograph, well illustrating these upheavals, will 
accompany our next article. After a while, the mass 
would shrink a little and dry. Between kilometres 
8.2 and 13.2, a distance of 2.5 miles, 21 million 
cubic feet of sand have been sunk ; they squeezed 
out almost nine millioncubicfeet of earth. The three 
miles between kilometres 13.2 and 18 required 
43 million cubic feet of sand, which pressed nine 
more million cubic feet of earth into the space 
from which the canal had to be excavated. These 
numbers add not inconsiderably to the grand total 
cf the earth mass that had to be cleared. 

In the Reitmoor district, about which more will 
be eaid when the excavators and dredgers will be 
discussed, 27 metres (88 ft.) of sand are said to 
have been sunk to create a firm dam at the ex- 
pense of 1000 cubic metres (1300 cubic yards) 
per linear metre. How the dam was carried 
across the shallow Kuden Lake, which had to 
be approached with great precautions, is fully 
explained in Figs. 20 to 22. The track rested 
partly on a firmer dam already deposited, and 
partly on a platform supported by floating barrels. 
The same track then continued on a platform float- 
ing freely, which could be joined to the other 
track, and on which 10 empty tip-cars were kept 
ready. Heavy sand cars containing 3 cubic metres 
(106 cubic feet) each were brought up by the engine, 
and discharged by the side of the track. The train 
retired, the empty tip-cars, of 0.5 cubic metre (17.6 
cubic feet) capacity, were advanced and filled with 
the sand, and the sand dropped along that part of 
the track which was half supported by the barrels. 
Each empty car was run back on to the siding on 
the float. When a new length of firm dam had 
been added in this way, the floating track was 
disconnected, pushed further out, the land track 
further extended and rested on barrels, and the 
floating platform joined on again, when the pro- 
cedure could be repeated. The sand dams re- 
quired an army of 3000 tip-cars. 

We have not mentioned one difficulty that was 
encountered in certain parts of the moor. In order 
to spread a fertilising layer of the klai, which 
underlies the turf and darg at depths of 33 ft. and 
less, upon the surface of the moor, there had been 
employed by the farmers a peculiar kind of dredger 
which cut long, narrow, and very deep (34 ft. maxi- 
mum) ditches of 1.3 ft. width in the soft marshy 
ground. Wherever these so-called ketcher-ditches 
crossed the future dams in such a direction that 
they could not be expected to fill up by lateral 
pressure, they had to be charged with sand. This 
Mr. Stecher, inspector of this section, did in the 
manner shown in Figs. 23 to 26, page 717. An 
iron pipe 11,4 in. in diameter was lowered into the 
ketcher, the monkey applied to press the pipe 
slightly down, and the pipe was then half filled 
with water by means of an ordinary pump, and half 
with sand. The pipe was now raised, when the 
sand escaped through the opening of the hinged 
lids. In this way a sand cone was heaped up 
in the ketcher. The addition of the water was 
essential; without its addition the sand would 
not flow at all. A row of strong piles, from 6 ft. 
to 10 ft. in width, was then driven through the 
sand cone, at right angles to the ditch, and at 
least 3 ft. deep into the firm sand below. The 
expense of stopping a ketcher ditch in this way 
varied between 12], and 281., according to the 
depth of the ditch ; but the money has been well 
spent, no case of leakage through any of these 
ketchers having been reported, although suspected 
spots were especially examined. Twenty-three of 
these ketchers had to be operated upon. 

According to the letter of the contracts, a period 
of six months was to intervene between the com- 
pletion of the sand dams and the excavation of 
the bed of the canal. Where this condition would 
have enforced absolute idleness on the contractor, 
it was not rigorously insisted upon. The upper 





dry layers could, at any rate, be removed and dis- 
tributed over and beyond the dams. By spring, 
1893, little had, however, been done to the em. 
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bankments. A few not serious landslips had 
occurred. 

We believe we are right in ascribing this in- 
genious and novel system of sand-dam work to 
Geheimrath Fulscher, and to Mr. Hermann Vering, 
of Hamburg, of the firm of C. Vering, Hanover 
and Hamburg. Mr. H. Vering has taken a most 
active interest in the canal since the days when Mr. 
Dahlstrém undertook the preliminary work, and 
he has built the Brunsbiittel locks, quays, and 
moles, the most notable work of the whole enter- 
prise, and almost one-third of the canal, comprising 
this exceedingly troublesome section. 

For reasons above alluded to, we may mention 
here the shaping and facing of the banks. From the 
bottom of the canal the batter rises, first, for a 
width of 9 metres, 1:3, then for 8 metres, 1: 2. 
Two metres below mean water level follows the 
berm, which varies in width according to the nature 
of the ground. In fair ground the width is 2.5 
metres (8 ft.), in the lowlands almost four times as 
much, in order that, amongst other reasons, the 
cross-section may be widened, if desired, at some 
future time without disturbing the dykes. The 
berm supports the stone facing, which has now not 
one uniform slope, but is generally arranged in 
two parts, 1: 1.5 and 1:5, for instance, the upper 
part having so slight an inclination that it has been 
called a second berm. At first one batter only was 
used above the one berm, but work proceeded 
quicker with two batters. The facings have been 
made in different ways (Figs. 27 to 30, page 718) ; 
the berm itself is not protected. A layer of broken 
bricks or sand is laid to a depth of 8 in., the coarser 
parts resting on the finer material. These bricks 
support a pavement of broken boulders about 1 ft. 
deep. The rough pieces of the boulders excavated 
in the canal have answered best, but were not 
everywhere procurable. The boulder pavement 
generally leans against a footing of brick on the 
outside edge of the berm. As a rule, the paved 
facing reaches a height of 1 metre above water 
level, with a batter of 1:1.5, when the second 
batter of 1:5 follows. Turf generally joins on 
with the same batter. A combined pavement of 
small boulders and of clinkers has also been used, 
as in Fig. 29. In the sand dams of the lowlands, 
the klai has been spread on the batter to a depth of 
8 in. ; on this klai clinkers stand edgeways. Even 
this kind of facing is rather expensive. At Griinen- 
thal, near Rendsburg, and at other places, a good 
deal of sand beton, 1 cement, 8 sand (orl: 6), has 
been employed. Near Holtenau this beton was 
applied in slabs of 5 ft. width, almost 9 ft. height, 
and 8 in. thickness. These slabs fitted into 
one another, and were put up first numbers 
1, 3, 5, &., then 2, 4, 6, the edges having pre- 
viously been been smeared with clay. The beton 
rests on 2 in. of sand, and leans against a foot- 
ing of stones. Above the beton the batter is faced 
with either clinkers or rough boulders, resting on 
broken bricks or gravel as explained above. To 
distribute the broken bricks and gravel uniformly, 
special floating stages were constructed, on which 
the material was heaped up to the required depth. 
The floors of these stages consisted of boards which 
were turned one after the other. That part which 
was to go on the berm or along the edge of the 
berm was shot first and allowed to settle; the 
other boards were then turned in succession until 
the batter was covered. It is estimated that the 
facings of the batter have cost half a million 
pounds. It seems that the rough boulders are apt 
to give way in larger areas, whilst the caving in of 
the clinkers is occasionally confined to curiously 
small areas. On the whole, the boulder pavement 
has given most satisfaction. With the exception of 
some small-size Oldenburg bricks, which have long 
been used in Germany for pe vings, almost all the 
bricks, even the Swedish clinkers—yellow - grey 
or brownish, of which enormous quantities have 
been used—are of the German standard size, 25 by 
6 by 5.5 centimetres. Two large brick works were 
erected on the canal, one by Messrs. Ph. Holz- 
mann and Co., near Gross Nordsee, not far from 
Levensau ; the other by Mr. Carl Festge, of Erfurt, 
near Brunsbiittel. The latter works have supplied 
60 million bricks. 

Fig. 31, page 718, gives a good idea of the accom- 
modation afforded by the new canal. The canal is to 
be lighted, but not exactly to be illuminated, that is 
to say, the Helios Company, of Cologne-Ehrenfeld, 
are putting up incandescence lamps on both sides 
all along the canal, 500 lamps on each side, 250 
connected in series, the western two circuits of 250 





lamps each being fed from the Brunsbiittel station, 
the eastern 500 lamps from Holtenau. There 
would, therefore, be one 16-candle lamp every 
100 yards on an average, enough to show the route. 
Much more is not intended. As the locks and 
certain parts of the canal are amply lighted by 
electricity or by gas buoys, the lamps will in 
reality ba nearer one another, but not much. 
The Canal Commission decided on this method 
of lighting the canal after experimenting with 
search lights, which found no favour with the 
sailors. The placing in series of so large a number 
of incandescence lamps is altogether novel, though 
the series connection of these lamps is, of course, 
not. We remember the illumination of Barnet by 
the Joel Company of the years 1888 to 1891, and 
other attempts in this direction ; Mr. Joel had 70 
lamps in series, if we are not mistaken. But 250 
lamps means a very different thing, and the ex- 
periment will be watched with the greatest in- 
terest. 


ELEOTRIO TRACTION.—No. XX. 
By Purr Dawson. 
Motor Trucks. 

Berore passing to the further descriptions of 
motor trucks, it may be mentioned that there are 
three important component parts of a truck which 
merit special attention—the springs, axles, and 
wheels. Till the introduction of mechanical, and 
more especially electric, traction, rubber was 
nearly universally used for street car springs. 
The next step was to use coil springs with 
rubber cores, the latter serving to graduate the 
former. Coil springs wound in conical and barrel 
shape were also used, the property of these 
being that the large coils acted under light loads, 
the smaller ones only coming into action as the 
load increased. The combined use of elliptical and 
spiral springs is now nearly universal, the former 
being more elastic, although not having so wide a 
range as the coil springs, and also being stiffer 
sideways than the coil springs and better prevent- 
ing the rolling motion of the car. 
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The construction of reliable springs has been 
brought to great perfection in America. The tem- 
pering of springs is generally effected by first 
dipping them in oil for a short time, when ata 
cherry heat, and then taking them out and allow- 
ing them to cool gradually. The utility of the 
springs is not confined to making riding easy to 
passengers. Their greatest advantage is the pro- 
tection they provide to car body, motors, and track 
from sudden concussions and jolts. 

The difference between riding in one of the old- 
fashioned horse-cars and in an improved American 
electric car is quite as great as between riding in 
an old-class suburban railway carriage and a Pull- 
man car, in the construction of which the advan- 
tages of double spring suspension by coil and 
elliptical springs are displayed to the fullest extent. 

The axles used are either of iron or steel. For 
street railway service rolled axles are mostly used 
as against forged ones. As in steam railroad 
practice, the wheels are rigidly keyed to the axles. 
The conditions which axles have to fulfil in street 
railway service are very similar to those of the 
ordinary steam railroads, and the practical ex- 
perience gained on the latter holds good on the 
former. Axles are by no means uniformly loaded 
as we might infer. Wdohler found by experiments 
that owing to oscillations and unevenness of 
tracks the difference of load between the two 
wheels reached 0.45 of the total load on the 
axles, and if this is the case on railroads 
it is much more so on street railways, with 
their comparatively rough and uneven tracks. The 
design of a good axle depends, therefore, just as 








much, or more, on practical experience as on calcu- 
lation, Axles do not generally develop flaws til] 
after they have been in service for some time, 
which makes it important to allow a very great 
factor of safety in their construction. 

Owing to the pounding over rail joints and 
obstacles on the track, and to the great number of 
stops and starts and resulting repetition of tor. 
sional strains, the metal of the axles crystallises 
after some time of service, and becomes very brittle 
and liable to break. This has caused many street 
railway companies to make it a rule to take the 
axles out of motor cars after, say, 18 months’ 
running and put them on to trailer cars, as 
breakage on a motor car is much more serious than 
on atrailer. Axles of rolled steel with .16 or .17 
per cent. of carbon have been found to give very 
good results if properly dimensioned, and they 
have the advantage of being much cheaper than the 
forged axles. To get a good fit for the motors and 
gear wheels, axles must often be turned down to 
within a thousandth of aninch. This requires the 
metal to be perfectly uniform and homogeneous. 

A truck which, like the Peckham, already de- 
scribed, has found favour in America, is the 
‘*Taylor” truck, shown in Figs. 186 to 189, page 721, 
The side frames are formed of two flat wrought- 
iron bars placed edgewise and bolted together ; the 
two side frames are connected together at their 
extremities by trussed bars, and in the centre 
by two heavy wrought-iron bars, placed edgewise, 
which also serve as supports for the motors. To 
the side bars are ‘firmly bolted the pedestals or 
yokes, which rest on the axle-boxes and support 
the truck. On each side of the bottom of this 
yoke there are sockets which receive adjustable 
angular braces or struts supporting and strengthen- 
ing the ends and centres of the side frames. 

A strong adjustable tubular iron stay connects 
the bottom of the yokes, fitting into sockets at that 
point. It will thus be seen that the two side 
frames resemble in construction a bridge truss, 
distributing the weight of the car, and the strains 
from motor and wheels, over the entire frame of 
the truck. 

Above, and resting on the axle-boxes, and 
between the side bars, are half-elliptical springs, 
fitted into yokes at their ends. These carry all 
the weight of the truck, and serve as cushions. At 
each end of the truck frame a pair of double 
elliptical springs are securely fastened to the 
trussed end bars. Upon these springs, but not 
fastened to them, is placed the cross-beam of the 
car body, fixed to it by angle-irons at each 
end. The car body is fastened to the truck by 
king-bolts placed in the centre at each end, and 
passing through the bolster and end bar. These 
king-bolts are furnished with a special coil spring 
bearing upward against the end trussed bar, these 
acting as dashpots, and preventing pitching. 

The wheel base varies from 6 ft. to 8 ft. 6 in. for 
closed cars of from 16 ft. to 20 ft., and open cara of 
from 24 ft. to 34 ft. With 30-in. wheels, the height 
from the top of the rail to the bottom of the car 
sill, with car body empty, is 274 in. 

The ‘‘ Lord Baltimore ” truck has also a good re- 
putation for easy running and simplicity. Fig. 190 
gives a good idea of its construction. The side 
frames are steel T-beams pressed to the required 
shape by hydraulic pressure, and 5 in. deep by 4 in. 
wide on top. They are supplemented from a point 
15 in. inside of centres of the axles, to the ends, by 
cast-steel yokes which fit into the T-pieces, taking 
a bearing both under and over them. The jaws of 
these yokes fit into the axle-boxes, insulated from 
them on all sides by rubber. All the brake-rods 
and connections are above the axles. The truck 
is fitted with half-elliptic springs to which the car 
body is flexibly connected. The spring base thus 
secured is 8 ft. longer than the wheel base. Fig. 191 
is a section through the journal-box used with this 
truck. The box isa single casting with a circular 
opening at one end for the passage of the axle, and 
aslot at the top perpendicular to the axle. The 
axle is kept in place in the box by means of a fork 
— in through the slot at the top of the journal- 

ox and fitting into an annular groove cut near the 
end of the car axle and into a groove in the walls of 
the box. After the fork has been slipped in its 
place, a piece of fibre is put on the top of it to pre- 
vent its coming loose, and a cover is screwed over 
the opening in the box through which it has been 
admitted. A felt wick is used for lubricating. The 
dust is kept out by means of washers held in place 


by springs. 
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The provision for play is outside the box, within 
the jaw of the yoke fixed to the side frames. 

Figs. 192 to 194 show a plan and elevation of the 
‘‘ Tmperial” truck as built by the Fulton Foundry 
Company, of Cleveland. The frame is of cast steel, 
and has an J-section extending from end to end of 
the truck, joined together at the ends by means of 
an I-beam and fishplates. The pockets to receive 
the springs are cast on the frame as well as the lugs 
for the under-truss. ‘The car frame is hung by 
coil springs on the top of the journal-boxes, and the 
car body is supported on the frame by a combination 
of coil and elliptic springs acting in the same way 
as those already described in the ‘‘ Peckham” 
truck. The other construction details of this truck 
are sufticiently explained by the drawings. 

The ‘‘ McGuire ” truck resembles in many points 
the one just described. The side frames are made 
of solid pressed steel # in. thick, flanged and bent 
intoa U-shape. At either end the side frames are 
cross-connected by a Y-piece riveted on to them. 
Side pieces are riveted to the frame to fit on to the 
axle-boxes, as well as hollow yokes which hold the 
spiral coil springs which support the side frames on 
the axle-boxes. The car body is supported on a set 
of four spiral and four elliptical springs, placed in 
pairs at each end of the side frames. 

A truck of this kind, fitted with motors by the 
Allgemeine Elektricitits Gesellschaft, is shown in 
Fig. 195. 





BELGIAN RAILWAYS. 

Tue kingdom of Belgium has an area of 11,373 
square miles, and a population (in 1893) of 
6,262,000 ; its volume of trade during the same year 
was represented by 175,434,000. of imports, and 
174,386,000/. of exports, a volume of trade averag- 
ing nearly 56/. per head. The railway mileage of this 
closely populated and busy manufacturing little 
country was 2036 miles at the end of 1893, the 
most recent date for which returns are available, 
and to which all the figures given below refer. Of 
this total about 200 miles belong to private com- 
panies, and of the remainder half was built by the 
State and half purchased by the State from the 
concessionaires who had constructed them. Prac- 
tically, therefore, all the railways of Belgium belong 
to, and are worked by, the Government. A general 
analysis of the whole system is given in Table I. 


TABLE I.—Length of Principal Railways in Belgium in 
Operation, December, 1893. 





| Length in Miles. 


| Double | Single 
| 
| Line. | Line. Total. 





By the State direct | 407.067 | 73.692 | 480.759 
Lines con- 4 Government ac- 





structed | count... ..| 9.389 | 428.073 | 432.462 
Lines purchased by the State ../ 305.517 | 590.367 | 895.884 
Length of the State réseau --| 721.973 | 1087.132) 1809,105 


Lines worked by the State, on | | 
rental or percentage of re- | 
ceipts Peet os on ‘ 97.977 102.860 200.837 
Private { Worked in common | 








inate | with the State ..| 1.417 | 7.872) 8.789 
\ Utilised by the State..| “621 | 17.285 17.854 

Total length worked by the, 
State... .. «| 821,968 | 1214.607 | 2036.585 

| | 





The cost of installing this system is as follows : 


Construction of lines by the State, £ 
purchase from concessionaires, 
completing lines, &c. 


r ae oe 43,888 309 
Rolling stock, locomotives, &c. ... 


11,480,489 


Total ... tee -- 55,368,798 


an average of about 27,0001. a mile for construc- 
tion and equipment. The revenues available for 
paying interest on the total expenditure, which for 
1893 is taken at a somewhat lower figure than is 
given above, on account of certain works not being 
completed at the end of the year, is 





£ 

Net receipts, the difference between 

gross receipts and working ex- 

penses ... er oe $e : 2 545,582 
Lees rents and other charges to lines 

leased to the State ... as , 211,570 
Available for interest, sinking fund, 

ie aa ee ox sae .. 2,834,012 


This is equivalent to an interest of 4.22 per cent. 
on the capital. Some interesting analyses are given 
in the Government report, and we can find space 


£ 
Gross receipts from working... 5,820,885 
Other receipts ... si ie 2,470 
Total bes eg - 5 823,355 
Working expenses... Ns 3,278,773 


The ratio of working expenses to gross receipts 
was thus 56.3 per cent. ; it is interesting to note 
that in 1835, when there were about 8 miles of rail- 
way open, the net receipts for the year were 40001. 
and the ratio was 62.68. The results of 1861 were 
the most favourable, the ratio being 44 88, and the 
highest was in 1838, when it was 88.69 per cent. 


TABLE II.—Receip!s per Unit, 

Per mile of line: 
Gross receipts eae os Pee ae 28607. 
Working expenses... — = oo 16102, 
Total net revenue (including other 


sources of income) 13871. 
Financial charges ... oar see ee 1082/, 
Per train-mile: 
Gros; receipts se ar ea ..  66.23d. 
Working expenses ... ree se «- SLGTd. 
Total net revenue ... we ee eee 8 
Financial charges .. Ma 21.294. 


The train mileage over the whole system during 
1893, is shown in Table III., as well as the train- 
earnings for passengers and freight. 


TaBLE III.—Train Mileage and Earnings on Belgian 
Railways, 1893. 


Train mileage: Passengers - 14,300,000 
me Freight ...  ... 10,536,000 
Loaded car mileage: Passengers... 102,590,000 
a - Freight ... 182,284,000 
Earnings per train mile: Pas- 
sengers ws ee «+. pence 35.60 
Earnings per train mile: Freight ,, 84.20 
Average number of vehicles in 
trains: Passenger <i ass 7.40 
Average number of vehicles in 
trains: Freight ‘ oes 17.73 


In Table IV. is given an analysis of the gross 
revenue obtained from all sources—passengers, 
mails, freight, transport of live stock, &c. It will 
be noticed that the total does not agree with that 
given above, on account of the small additional 
sources of revenue (2470I.) from other sources. 


TABLE 1V.—Gross Revenue obtained from all Classes of 
Traffic on Belgian weeds vane 





£ 
Pas:engers, all classes ... 1,884,943 
Admission tickets to stations 6,534 
Passengers’ baggage ... aks 55,840 
Paper parcels ... - ee 2,466 
{xpress parcels (internal ser- 
vice) ... ag a ee 47,642 
Parcels post (international) ... 87,407 
Finance ... ee ov ee f 

Vehicles... re Sa et 2,762 
Horses ... mn ae ee 7,797 
Miscellaneous ... Das ak 17,937 

—— 2,121,703 
Small freight ... nee ... 248,823 
Heavy freight ... .. 3 274,271 
Live stock eae a fis 53,744 
Miscellaneous ... ne .. 122,344 

—— 3,699,182 

Total from all trains ... 5,820,885 


The work of managing the railways and their trafic, 
gives employment to nearly 43,000 persons. 





Officers, employés, &c._... sts i 8,012 
Permanent workmen ae vr oo 04,148 
Temporary . as 797 

Total ... ee ees «. 42,952 


The pension funds for the aid of employés of all 
kinds amounted, at the end of 1893, to 480,0001. 
During the year nearly two millions of francs were 
expended for this purpose, and it may be of interest 
to show how far railway servants are cared for in 
Belgium, under the administration of the Railway 
Department (see Table V.). 


TABLE V.—Distribution of Pensions, d:c., to Belgian Rail- 
way Servants, = 


Amount, 
Pensions paid to: £ 
Workmen ... sas ae 832... 14,573 
Widows * as .. 1868 ... 22,311 
Orphans _... ee ds tae ns 789 
Others oa ve ais OF x 106 
Aid to: 
Workmea _... sé See i 315 
Widows das ies ais 330 ... 1,822 
Orphans es ss ‘al Yee 99 
Temporary aid to workmen 11,303 ... 19,076 
Hospital aid iol = ole oo ne 
Funerals evs ste ae “ie 587 
Miscellaneous ... eae es inn 88 


Total ... A 73,800 





We have seen from Table 1. that the total rail- 


for some of them. The gross receipts are as under : way mileage in 1893, was 2036, partly of single and 





partly of double irack. Reduced to single line, 
and inclusive of sidings and yard lines, the mileage 
amounts to 4123. The percentages of varying 
grades and curves of this total, are as follows : 


TABLE VI.—Percentages of Gradients and Curves on 
Belgian Railways. 


Per Cent. 

Level ... ~ ian xi as = 16.61 
Grades from 1 in 1000 to 1 in 200 das 48.34 
e lin 200 to1 in 100 a 18.30 

a lin 100tolin 66 aoa 9.92 

< lin 66tolin 50 ea 6.04 

a lin 50tolin 33 Sa 77 
Grades above 1 in 33 ee Ae me .02 
Tangents... ans “ee aa .. 65.39 
Curves of 656 ft. radius and less aus 42 
» from 656 ,, to 984ft.... 1.27 

» 6) 984) gs:Stsiét 640, Ss, —Ss«7.08 

i ee to2296,, ... 373 
1p. oeee »» and upwards... 22.11 


About one-third of the whole mileage is worked 
on the block system, bell signalling and other 
methods serving on the remainder, and there are 
only 292 interlocking signal stations installed. 
There are 5075 level crossings ; of these somewhat 
more than half are attended to by keepers in fixed 
cabins, and 1521 are without guards of any kind. 
The level crossings give employment to 1815 men 
and 1801 women. The wages paid for attendance on 
the 2707 crossings protected by barriers amounted 
to 90,2187. The permanent way is laid with steel 
rails to the extent of 89.19 per cent. of the main 
lines, or, including the secondary lines, to 77.49 
per cent. During 1893 the average price paid for 
steel rails was 51. 5s. per ton, a reduction of 5.73 
per cent. as compared with the prices of 1892. The 
rail contracts made for the years 1894-5 are of con- 
siderable importance. They amount to 15,000 tons 
for each year of Vignoles rail, Sandberg section, 
weighing 52 kilogrammes per metre (104.8 lb. per 
yard), and the price is a shade over 5l. a ton. 
Table VII. contains some detailed particulars of 
the rails laid in Belgium at the end of 1893. The 
total, 7957 miles of rail, reduced to miles of 
track, is nearly 150 short of the estimated total of 
4123 miles of single line, Probably in the latter 
total are included sidings not taken into account in 
the statistics embodied in Table VII. 


TasLk No. VII.—Particulars of Rails Laid in Belgium, 
1893, 





Main Lines. | Branch Lines, 
Nature of Rail. ——-— 
Miles of Rail. | Miles of Rail. 








Tron rails ‘a oo “a Ne 666 1166 
ey 4 
Total iron rails .. ie P 1772 
Steel rails : 
Vignoles, 104.8 1lb. per yard . 970.00 3.8 
os 76.66 os aus 4011 00 | 1022.0 
Hilf, 58.46 1b per yard .. ‘ -60 141.8 
Vignoles, 66.59 lb. per yard. 14.90 12.4 
» «64,50 i. 3.60 =| 
14.10 as - me 4.2 


2 
Other sections 8 








Total steel rails ., as 5000.00 1185.0 
\ a a 
6185 
Total iron and steel rails ‘a 5€03 2851 
| 
General total .. “a 7957 


Wooden sleepers are almost universally used on 
Belgian permanent way, and of these 91.34 per 
cent. are of oak, the balance being of pine and 
beech. At the end of 1893, there were 7,245,000 
such ties in service, The standard sizes are 11 in. 
by 5.5 in. by 8 ft. 6 in. long for the main lines, 
and 10.23 in. by 5.1 in. for branch lines. The 
prices were 4s, and 3s. respectively, plus about 
5d. per tie for creosoting. It is worth remark- 
ing that the small proportion of pine sleepers used 
cost over 1s. each for creosoting. Longitudinal 
bearers do not seem in favour. About 220 miles 
were laid on the different systems between 1876 
and 1886, but since the latter date none are re- 
ported. Some 150 miles still remain in service, 
but presumably will not be renewed ; the disap- 
pearance of each system appears to be equally 
gradual, suggesting a similar degree of efficiency. 
The value of permanent way material, new and old, 
rails, ties, signals, turntables, &c., in store at the 
end of 1893 was 369,560I. 


(Zo be continued.) 





Otaco Harsour Boarp.—The revenue of the Otago 
Harbour Board in J anuary this year amounted to 5800/., 
as compared with 4186/. in January, 1894. Ib will be 
seen that an increase of 1614/, was established for the first 





month of this year. 
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cells for maximum efficiency, is much to the point. 
But he goes a little too far when altogether de- 
precating the coupling of cells in parallel. 
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THE NEW BRITISH ORUISER 
“ TERRIBLE.” 
(Continued from page 698.) 
In continuation of our illustrations of the new 
British first-class cruiser Terrible, we give on the 
two-page plate accompanying this issue, and on the 
present and opposite pages perspective views and 





New South Wales. 


Statistical Register for 1893 and Pre- 





sections of the propelling engines. These main 








engines are of the four-cylinder triple-expansion 
type. Each of the two sets is designed to develop 
12,500 indicated horse- power, giving a combined in- 
dicated power of 25,000 indicated horse-power. 
Steam is supplied by 48 water-tube boilers of the 
Belleville type, to be described later. The safety 
valves on the boilers are loaded to a pressure of 
260 1b. per square inch, this pressure being reduced 
to 210 lb. at the engines by means of a Belleville 
patent reducing valve placed at the forward end of 
each engine-room. Each set of engines is placed in 
a separate engine-room divided by a longitudinal 
water-tight bulkhead, which extends the whole 
length of the machinery space, and each engine- 
room is in all respects exactly similar and entirely 
independent of the other. The cross-section, 
Fig. 8, annexed, indicates the great strength of the 
construction of the ship in the region of the 
machinery. The bar keel plating forming the central 
strake is 1? in. thick, and the longitudinal girders 
are here 8 ft. deep, although they are only 4 ft. deep 
in other parts of the ship, while the web-plates are 
increased from 20 lb. to 25 lb. per square foot. The 
sole-plate of the engines is bolted to plates 1} in. in 
thickness. These are worked horizontally upon the 
upper edges of the longitudinal girders. The pro- 
tective deck beams are 9 in. deep, of angle-bulb 
section, and the 4-in protective deck is in three 
thicknesses. The upper frames, of Z-bar section, 
are 14 1b. weight per foot, with plate frames at 10 ft. 
intervals. 

The diameters of the high and intermediate pres- 
sure cylinders are 45 in. and 70 in. respectively, 
while the diameter of each of the low-pressure 
cylinders is 76 in., all having astroke of 4ft. Th» 
high-pressure cylinders are placed forward, and 
are each fitted with piston valves of the inside 
type, having improved adjustable packing rings, 
while the intermediate and low pressure cylinders 





are fitted with treble-ported flat slide-valves on 
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their sides, having a special type of relief frame to 
relieve them of steam pressure, and the weight of 
all the valves is suitably balanced in order to reduce 
the strain on the valve gear as far as possible. 
The valves are shown clearly on the section, Fig. 75 
on page 724. The cylinders, which are entirely 
independent castings, are bolted together to provide 
sufficient longitudinal stiffness ; and to further in- 
crease their stability in case of ramming, &c., 
strong struts are fitted between the high-pressure 
cylinder and the forward structure of the vessel, as 
well as transversely between the respective cy- 
linders in each engine-room. The barrels of all 
the cylinders are made of special close-grained cast 
iron, and are steam-jacketed. The valve gear is of 
the double eccentric link motion type, and is re- 
versed by means of a double-cylinder engine 
attached to one of the cast-steel front columns at 
the level of the starting platform and beside the 
starting handles. Each of the reversing levers is 
provided with screw gear, so that the valves of each 
cylinder may be linked up independently. 

The pistons, cylinder covers, and steam chest 
doors are of cast steel. The piston and connecting 
rods are of Siemens-Martin steel, and metallic pack- 
ing has been employed for all the stufting-box glands 
of the piston-rods and valve spindles of the ma‘n 
engines, as well as for all of the auxiliary engines 
throughout the vessel. The crankshafts are hollow, 
and each consists of four interchangeable pieces, 
20 in. in external diameter at the journals, and 
10 in. in internal diameter. The crank arms are cut 
away as much as possible for lightness and for con- 
venience in fitting the centrifugal lubricators. The 
thrust shafts and propeller shafting are also hollow, 
the shafting being 18} in. in diameter inboard and 
20 in. in diameter outside the ship. As the vessel 
is copper-sheathed, the portions of the shafting aft 
of the stern tube stuffing-box have been cased 
with gun-metal, as described in a previous article. 
The propellers are three-bladed, working inwards, 
and are 19 ft.6 in. in diameter. The bosses are 
of gun-metal, and the blades are cast of manganese 
bronze, this material permitting a considerable 
reduction ef section to be made on account of its 
very superior strength in comparison with gun- 
metal for such purposes, and consequently a corre- 
sponding increase of the efficiency of the propellers 
is anticipated. These blades are secured to the 
bosses by large forged naval bronze pins. Tail- 
pieces and guards for preventing eddies either for- 
ward or aft of the propellers have been fitted in 
accordance with the usual Admiralty practice. 

In conformity with Messrs. Thomson’s practice 
for naval machinery, as well as for the machinery 
of the vessels intended for express passenger ser- 
vice, the tube casings as well as the ends of the 
condensers are built up entirely of naval brass 
plates riveted together. The minimum weight 
possible is thereby secured, and this condition is of 
the greatest importance, as a combined cooling 
surface of 25,000 square feet is required in the 
Terrible. The steam is condensed outside the 
tubes, which are { in. in external diameter by .05 in. 
thick, the circulating water passing through them. 
The condenser is shown in section in Fig. 8 on 
page 725. The water is supplied by four large 24-in. 
Gwynne’s centrifugal pumps, each being driven by 
an independentengine. The pumps are large enough 
to supply sufficient condensing water for full-power 
working. The pumps, with steam of 150 Ib. pres- 
sure, are each capable of discharging per hour 1500 
tons of water from the bilge. The engines driving 
them may exhaust into the atmosphere, and work 
at a speed of 300 revolutions per minute. 

The exhaust steam from the whole of the auxi- 
liary machinery in the ship is led into the auxiliary 
exhaust pipes, which are connected both with the 
atmosphere by the auxiliary exhaust pipe carried 
up the after funnel, and with the respective auxi- 
liary condensers in either engine-room. Each of 
these condensers has its own air and auxiliary pump 
entirely independent of those for the main con- 
densers, and driven by independent engines. The 
combined cooling surface of these two auxiliary 
condensers is 3000 square feet, and their tube 
casings, like those of the main condensers, are built 
of naval brass plates, Messrs. J. and H. Gwynne 
supplying the pumping machinery in connection 
with them. 

Besides the auxiliary engines already noticed, a 
double-cylinder reversible engine is conveniently 
placed above the starting platform on one of the 
aft columns which support each of the aft low- 
pressure cylinders, for the purpose of turning the 





engines. This is effected by a set of compound 
worm gearing, the wormwheels having machine- 
cut gun-metal teeth, the main worms being of 
manganese bronze. These engines are capable of 
turning the main engines completely round in 
eight minutes with a steam pressure of 150 lb., and 
a hand gear has also been arranged for the same 
purpose. 

There are also several auxiliary engines in the 
main engine-room, to which reference may be made 
here, and before we enter upon a description of the 
boilers. 

The electric machinery for generating the current 
for internal lighting, search-lights, motors, &c., 
consists of three large sets of condensing engines 
and dynamos. The engines are of the open-fronted 
compound type, mounted on the same bedplate, 
and coupled direct to dynamos which are of the 
direct-current type, self-regulating, and each capable 
of maintaining on continuous running 600 amperes 
with an electromotive force of 80 volts, at 300 
revolutions per minute. Two of these sets are 
placed inacompartment adjacent to the main engine- 
room and under the protective deck, the third set 
being placed on the main deck amidships. The 
electric light installation consists of about 800 
50 candle-power and 16 candle-power lamps, laid 
out on the double-wired, water-tight distributing 
system. In addition to the lighting up of the 
interior spaces, including coal bunkers and maga- 
zines, the decks will be illuminated by powerful 
lights suspended from the rigging. The com- 
passes, telegraphs, mast-head, side lamps, signal 
lanterns, semaphores, and military tops are all 
separately lighted and under the immediate control 
of the officer on deck. Six search lights of about 
50,000 candle-power each, are fitted up—two on 
the forward bridge, two on the after bridge, and 
one on the top of each mast. Each of these power- 
ful lamps can project a beam of light right round 
the horizon. Electric motors are to be used through- 
out in lieu of the usual hydraulic appliance—and 
this applies not only to the training and elevating 
of the large guns, but also for the ammunition 
hoists, &c. Submerged torpedoes will also be fired 
by electricity from the torpedo director-house and 
conning towers. Voice tubes are fitted throughout, 
thus putting one compartment into communication 
with another, the necessary signalling appliances in 
connection therewith being entirely done by elec- 
trical apparatus. 

An equally important factor with lighting in 
maintaining all compartments of such structure 
habitable is an efficient supply of fresh air, and to 
effect the eflicient ventilation of those portions of 
the ship underlying the protective deck and of the 
engine and boiler rooms, 18 steam fans of large 
diameter are employed. These fans and engines have 
been made by Messrs J. and G. Thomson, Limited, 
of an improved design, resulting from their long 
and varied experience in this class of auxiliary 
machinery. Two fans, 6 ft. in diameter, are placed 
forward of the machinery space, and by means of 
two large trunks, air is led to the submerged 
torpedo-room, air-compressing space, and to the 
capstan engine room, all these compartments being 
on the orlop deck. Where these trunks have occasion 
to pass through water-tight bulkheads, vertical and 
horizontal automatic valves are fitted over the 
opening, so that, in the event of a compartment 
being flooded, the adjacent compartments are kept 
intact, the valves automatically closing as the water 
rises. The quantity of fresh air required to supply 
these under-water compartments is enormous, 
involving ventilating trunks of very large section ; 
and great skill has been displayed in the manner of 
carrying out this portion of the equipment so as to 
interfere as little as possible with the other fittings 
of the ship. 

A large branch is led off the main supply trunk 
above described, and carried down into the 9.2-in. 
shell room on the platform deck. Here another 
elaborate system of piping is introduced, which is 
led down the hold after supplying the 6-in. maga- 
zines and torpedo-head magazine. The 9.2-in. and 
12-pounder magazines are situated on this flat, as 
well as the 3-pounder and small arms magazines, 
and all these compartments are fitted with slide and 
automatic valves, which regulate the air supply as re- 
quired. To show how perfect the ventilating arrange- 
ment of this vessel is, we need only add that 
a complete system of supply and exhaust has been 
carried out, which penetrates to the smallest 
divisions in the double bottom. 

Two fans of the same dimensions as those for- 





ward are also placed on the orlop deck abaft of 
the machinery space, with air trunks extending 
through the auxiliary machinery space, ammuni. 
tion passages, 12-pounder and 6-in. shell rooms 
submerged torpedo-room, and steering compart- 
ment, in which latter space the trunk stops. Brass 
louvres are spaced along the face of the trunks so 
that the various compartments in every instance 
through which the trunks pass have an abundant 
supply of fresh air. Branches are carried down to 
the platform deck aft as well as forward, and after 
supplying the engineers’ store-rooms, branch,trunks 
are led to the 6-in. magazines, 3-pounder and small 
arms magazine, torpedo-head magazine, gunners’ 
store-rooms, and finally to the 9.2-in. shell rooms, 
The hold is supplied in a similar manner to that 
already described for the forward compartments. 
Branches with louvres are led along shaft passages, 
port and starboard, supplying the 12-pounder and 
the 9.2-in. magazines. Provision is also made for 
thoroughly ventilating the double bottom. 

Having thus described the manner in which the 
fresh air is artificially supplied, we may say that 
an equally efficient service of exhaust trunks are 
fitted throughout the ship, by which means the 
foul air is carried aloft. In each of the engine- 
rooms a steam fan 7 ft. in diameter has been placed 
for the purpose of extracting the heated and vitiated 
air. In connection with the inlet apertures of these 
fans a system of air trunks has been led to those 
parts of the engine-room where heated air is likely 
to lodge, so as to draw it off and expel it overboard. 
In connection therewith screens, suitably placed 
in the engine-room hatch, are employed to direct 
the down-coming fresh air to the more important 
positions from which the engines are started or 
manceuvred. The remainder of the fans are placed 
in the boiler-rooms, two in each of the four after, 
and one in each of the four forward compartments. 
These are 6 ft. 6 in. in diameter and are double- 
breasted, with a diaphragm plate in the middle, and 
may be regulated from either the fan platforms or 
the stokehold -floors. The discharge apertures and 
trunks of these fans have been arranged to insure a 
uniform supply of air throughout, and in the event 
of the boiler-rooms being closed these can maintain 
an ample supply of air to all the furnaces. 

The air-compressing machinery for charging the 
torpedoes consists of four complete sets of air com- 
pressing engines and pumps, and eight sets of 
air reservoir tubes with separators and charging 
columns. Two engines are placed in the forward 
part of the vessel, and the other two in the after 
end. Each has three air pumps of large size, ard 
all the parts of these engines, as well as of all the 
other auxiliary engines throughout, are designed to 
work at the full boiler pressure of 260 lb. per square 
inch, which will be the pressure ordinarily em- 
ployed. The air pressure employed is 1700 lb. 
per square inch, the tubes for the separators, charg- 
ing columns, andair reservoirs being made of the best 
open-hearth steel, and are free of grooves and sur- 
face imperfections of every kind, great care being 
taken to secure them of a perfectly cylindrical 
form and of a uniform thickness throughout. Some 
indications may be given of the excellence of the 
workmanship employed in the manufacture of this 
class of machinery, so as to secure perfect tight- 
ness of the joints at each of these tube ends, 50 of 
which form but one air reservoir, and also of the 
joints of the intermediate pipes connecting them to 
the air pumps, as well as of the various valves and 
fittings of the pumps themselves. The whole of 
the installation was tested to the working pressure 
of 1700 Ib. per square inch, and allowed to stand 
under this pressure for 24 hours, when it was 
ascertained that the loss of pressure was under 6 
percent. To attain this result only the very best 
materials can be employed, and the greatest care 
has to be exercised in selecting the copper, as well 
as in obtaining the most suitable alloys of this 
metal, ; 

The remaining pieces of auxiliary machinery may 
now be briefly noticed: Amongst the more im- 
portant are the boat-hoisting winches, which are 
two in number. The barrels are each arranged to 
take about 240 ft. of wire rope, capable of lifting 
17 tons; and the coal-hoisting engines, two in 
number, which are situated on the upper deck. 
Twelve double-cylinder ash-hoisting engines, with 
brake apparatus and automatic stop-gear, are also 
fitted for removing ashes from each of the stoking 

latforms and for discharging them overboard. 

e engineers’ workshop is fitted with a double- 
cylinder engine and a complete complement of 
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small lathe, punching and shearing machine, 
shaping machine, drilling machine, and grind- 
stone, together with a number of benches fitted 
with vices, the whole making a very complete 
repairing department, The vessel is also fitted 
with mechanical telegraphs, and reply gongs between 
the engine-room and the steering positions and to 
the stokeholds, revolution indicators, and counters. 
Tell-tales, for indicating the direction of rotation 
and number of revolutions which each of the main 
engines is making, and a complete system of voice 
pipes between the engine-room and the important 
stations throughout the vessel are also to be fitted, 
together with a system of electric bells, pushes, and 
indicators. 
(Zo be continued.) 





THE BLACKPOOL TOWER. 

We continue this week on pages 728 and 729 our illus- 
trations of the Blackpool Tower, showing the construc- 
tion from the level of 53 ft. to312 ft. The system of con- 
struction adopted comprises four braced legs connected 
at intervals by horizontal lattice girders,the panels thus 
formed being stiffened with diagonal tie-rods. The legs 
diminish in width upwards from 16 ft. 6 in. to 6ft. din , 
centre to centre of pillars, and the pillars themselves 
from 2 ft. 3in. square to 1 ft. at the upper floor. Ina 
subsequent issue we shall give illustrations of the re- 
maining portion of the tower, and also an account of 
its erection. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 30, 1895. 

Tux iron trade has improved a trifle during the 
week, and prices are quotably higher in several 
branches, Pig iron is seiling at 25 cents per ton 
advance. Steel billets are 1 dol. higher, merchant 
iron 1 dol., and plate and structural shapes steady at 
old figures. Coke is strong, but anthracite coal is 
extremely weak under excessive production. Western 
iron markets are quite active, Agricultural implement 
works are kept busy. General machine shop work is 
more abundant, especially in car, locomotive, and boiler 
work. The only present source of anxiety is the effect 
of the recent frosts on the wheat and corn crops. That 
will be determined ina few days. Orders are growing 
in volume, and the feeling in manufacturing and com- 
mercial circles is improving week by week. One 
favourable sign is the voluntary advances in wages 
frequently made, another in the — tendency 
among manufacturers to combine for better prices, 
and among railroad managers for better traffic rates. 
Affairs in the States are slowly bettering. Money is 
quite abundant for the commercial and trading class es 








NARROW-GAUGE RAILWAY CARS. 
Tue railway saloon carriage which we illustrate on 
page 732, has been constructed by the Gloucester 
Railway Carriage and Wagon Company, Limited, of 
Gloucester, England, and is similar to many others that 
this company has built. The general arrangement is 
upon the lines of the American cars, which, of late years, 
have come into favour. The body and underframe, 
however, are upon the combined principle, which 
dispenses with a separate underframe, such as is gene- 
rally used in the construction of vehicles here. 

The frame and body is of Moulmein teak ; the sheet- 
ing, flooring, roofs, and partitions of yellow deal ; the 
inside cabinetwork of wainscot oak, with elegantly 
carved panels, relieved with black walnut and edged 
with gold. Bevel-edged mirrors are arranged be- 
tween the windows. 

The carriage, which is entered from a platform at 
either end, is arranged in two compartments. The 
one which is‘fitted up asa drawing-room, or saloon, has 
settees arranged at each of the angles, and revolving 
easy chairs between them. The whole is tastefully 
upholstered in light blue figured satin, and curtains to 
match, the floor being covered with Axminster carpet. 
Bracket tables are fixed against the sides, between 
the chairs and settees, and the whole of the side 
windows and venetian louvre frames are arranged to 
slide and fix at any position. 

The other compartment is fitted as a smoking saloon, 
with lounges in the angles, and transverse seats with 
comfortable backs and head rests; the whole being 
elegantly upholstered in dark blue morocco leather, 
with blue silk curtains, contrasting admirably with 
the carved oak panel-work, which is very fine. The 
floor of this compartment is carpeted similarly to the 
drawing-room. Hinged tables are arranged between 
the seats, and can be shut down to the side of the 
carriage when not in use. The spaces between the 
side windows in this compartment are also fitted with 
bevel-edged mirrors. 

The carriage is lighted throughout by electricity ; 
double-arm bracket lamps are suspended from the 
upper or monitor roof, and ventilation is effected by 
brass ornamental open panels placed on each side of 
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machine tools, comprising two large and one 








the monitor roof, alternately with ornamental coloured 
glass lights. In addition to this means of ventilation, 
the roof of each compartment is fitted with circular 
adjustable ventilators. 

Between the two saloon compartments, a water- 
closet compartment is arranged on one side and a 
lavatory compartment on the other, both fitted up 
with the most modern requirements, and accessible 
from either saloon by partition doors. 

Protection is provided at each end of the carriage 
for any one wishing to ride on the platform, by a neatly 
constructed balcony railing, and hinged side gates with 
spring latches. The ee ite of the balcony is of 
polished brass. 

The lower part of the exterior of the sides of the 
carriage is painted dark blue, the upper panels cream 
colour, relieved with electric blue and gold, and 
further ornamented with scrolls in the angles to 
match ; the upper parts of the ends, and underside of 
canopies, are also painted cream colour and relieved in 
similar manner to the sides. The carriage is named 
‘* City of Gloucester,” and is emblazoned with the city 
arms. 

The carriage is mounted on bogies specially designed 
for easy running, and adapted for metre gauge, and 
the buffer and draw gear is of the central type. The 
bogies are set up on a spiral spring with elliptical 
cross springs on the American system. The bogie 
frame is of steel with bearing bars also of steel. The 
body is trussed by four strong stays, joined in the 
centre by right and left threaded nuts. The bogies 
are fitted with the chain brake, the Riggenbach cog- 
wheel and brake for the rack system, and also with 
Eames’ vacuum brake. Bogies for a wider gauge can, 
however, be readily adapted. The bogie trucks are 
painted French grey and fine lined with suitable 
colours in relief. 

The smaller carriage is a specimen of a passenger 
bogie car for light railway stock ; it is constructed 
to seat 30 passengers, who enter at each end. In 
general appearance it resembles a tramcar, but some- 
what more elaborately finished and decorated. The 
carriage is painted lake colour, with the city arms 
and the inscription ‘‘ Gloucester Castle.” Inside are 
a number of hand-painted views of that district. 

Both these vehicles are now being shown at the 
Exhibition of Railway Appliances at the Imperial 
Institute, South Kensington. At the same place there 
is also a narrow-gauge goods wagon for light railways. 
This bears an inscription intimating that the company 
has made some 90,000 vehicles for railways in all 
parts of the globe. . 

The weights of the vehicles are as follows: ‘‘ City of 
Gloucester,” 14 tons; ‘‘ Gloucester Castle,” 2 tons 
14cwt. The transport of these carriages presented 
serious difficulties, especially in the case of the larger 
one They were conveyed by rail to Paddington, and 
thence were drawn by horses to the Imperial Institute 
vid Park-lane and Knightsbridge. They were sent 
without any packing or protection of any kind, and 
arrived at the exhibition without the least damage— 
not even a scratch. The smaller one was sent com- 
plete with its bogies, the larger one simply had the 
two bogies taken from under it, and in every other 
respect was a complete vehicle. 





GUNNERY TRIALS OF THE “INFANTA 
MARIA TERESA.” 

On pages 576, 645, 711, and 805 of our fifty-seventh 
volume, we published particulars of the three new 
cruisers constructed at the Astilleros del Nervion, 
Bilbao, for the Royal Spanish Navy, and we described 
the gun mountings for the 28-centimetre guns in the 
barbettes of these ships, which were then in process of 
installation. Since then the land tests of the guns 
and mountings of the Vizcaya have been carried out 
at the proof ground at Asua, and the installation of 
the turrets of the Infanta Maria Teresa has been com- 
pleted. The vessel has been appointed to take part 
in the opening festivities of the Baltic Canal at Kiel. 

The official trials for the reception of the complete 
installation on board took place on May 8, before the 
vessel left Ferrol for a period of exercise with other 
ships forming the representative squadron of the navy. 

On May 7 the general examination of the installa- 
tion took place, under the superintendence of General 
Guillen, as chief inspector. The whole of the appa- 
ratus was put through its functions as in ordinary 
drill, and the times for each operation were officially 
recorded, together with all possible combinations of 
simultaneous movements. 

These being found satisfactory and well below the 
allowed times, the vessel proceeded to sea on the 
following day to carry out the firing trials, which were 
to prove the stability of the whole installation. The 
vessel was in full commission, carrying all her stores 
and equipment for active service. She was designated 
as flagehip to the squadron, which is in charge of 
Contre-Amiral Don Fernando Martinez y Espinosa, 
Jefe d’Escuadre, who was on board in command with 
a large staff of artillery officers, &c, The constructors 
of the gun mountings and hydraulic machinery were 





represented by Colonel Manuel Gonzalez Estéfani 
and Messrs. R. Matthews and J. Whinfield, of Sir 
Joseph Whitworth and Co., Limited. 

The trials commenced with the bow gun, from 
which four rounds were fired at various degrees of 
elevation and depression, and at various angles before 
and abaft of the beam and on the beam. The first 
three rounds were with ordinary shell and ordinary 
charge, the last round was an armour-piercing shell 
and maximum charge (battering charge). 

These experiments having been completed, the trials 
were continued with the stern gun in a similar manner. 
The results were perfectly satisfactory, both as regards 
the strength of the installation and of the ship. The 
recoils varied from 443 in. to 458 in. On the 14th ult. 
the mountings were formally accepted and handed over 
to the authorities after an inspection of all the appara- 
tus, after the firing trials, and a further test of the move- 
ments of all the gear was made in the presence of 
Admiral Martinez, the Captain-General of the Arsenal, 
General Carranza, and General Guillen. 

The installation of the mountings of the Viscaya 
will be completed this month, and those for the 
Oquendo are being placed on board at Bilbao. The 
trials of the Oquendo guns on land are expected to 
take place next month, and the vessel will leave Bilbao 
in August next. 





THE INSTITUTION OF CIVIL ENGINEERS. 

Tue following is a detailed list of the awards made by 
the Institution of Civil Engineers for original communi- 
cations submitted during the past session : 


For Pargers READ AND DISCUSSED AT THE 
ORDINARY MERTINGS. 

1. A George Stephenson Medal and a Telford Premium 
to Albert John Darston, Engineer-in-Chief, R.N., for his 
paper on ‘‘ The Machinery of Warships.” 

2. George Stephenson Medals and Telford Premiums 
to John Isaac Thornycroft,* F.R.S., and Sydney Walker 
Barnaby,* MM. Inst. C.E., for their joint paper *‘Tor- 
pedo-Boat Destroyers.” 

3. A Telford Medal and a Telford Premium to William 
Daff Bruce, M. Inst. C.E., for his paper on ‘‘ The Kid- 
derpur Docks, Calcutta.” 

4, A Telford Medal and a Telford Premium to Sigvard 
Johnson Berg, Assoc. M. Inst. C.E., for his account of 
‘* The St. Gothard Mountain Railway and the Stanzer- 
horn Cable Railway.” 

5. The ee to Charles Butters, and Edgar 
Smart, Assoc. M. Inst. C.E., for their joint paper on 
‘*Plant for the Extraction of Gold by the Cyanide Process.” 

6. A Crampton Prize to John Richardson (of Lincoln), 
M. Inst. C.E., for ‘‘ The Mechanical and Electrical Regu- 
lation of Steam Engines.” 


For Papers PRINTED IN THE PROCEEDINGS 
WITHOUT BEING DiscussED, 

1. A Telford Medal and a Telford Premium to Archi- 
bald Sharp, Wh.Sc., B.Sc., Assoc. M. Inst. C.E., for his 
paper entitled ‘* Circular Wheel-Teeth.” 

2. A Telford Medal to the representatives of the late 
Henry Gill,t M. Inst. C.E., for his paper on ‘* The Filtra- 
tion of the Miiggell Lake Water Supply, Berlio.” 

3. A Watt Medal and a Crampton Prize to John 
Alfred Griffiths, B.Sc., -Sc., Assoc. M. Inst. C.E., 
for bis paper on ** Windmills for Raising Water.” 

4. A Watt Medal and a Crampton Prize to Alfred 
John Hill, Wh.Sc., Assoc. M, Inst. C.E., for his paper, 
** Repairs and Renewals of Railway Rolling Stock.” 

5. A Telford Premium to Oscar Guttmann, Assoc. M. 
Inst. C.E., for his account of ‘‘ The Removal of the ‘ Iron 
Gates’ of the River Danube.” 

6. A Telford Premium to K. Leibbrand (of Stuttgart), 
for his paper ‘On a Concrete Bridge at Munderkingen.” 

7. A Telford Premium to Adam Scott, Assoc. M, Inst. 
C.E., for his paper entitled ‘‘ Deep Water Quays ab 
Newcastle upon-Tyne.” 

8. A Telford Premium to David Cunniogham, F.R.S.E , 
M. Inst. C.E., for his paper on ‘* The Estuary of the Tay.” 


For Pargers READ AT THE SUPPLEMENTAL 
Mekrtines or STUDENTS. 

1. A Miller Prize to William Garnys Wales, Stud. Inst. 
C.K, for his paper entitled ‘‘Caissons and Gates for 
closing Lock and Dock Entrances.” 

2. A Miller Prize to Samuel Henry Barraclough, B.E , 
Stud. Inst. C.E., for the paper, contributed jointly with 
Lionel S. Marks, B.Sc., entitled ‘‘ Some Experiments on 
the Heat Losses to the Cylinder Walls of a Steam 
Engine.” 

3. A Miller Prize to Edward Ewing Matheson, Stud. 
Inst. C.E., for his description of ‘*Timbering in the 
Ampthill Second Tunnel.” 


For Parers ReaD BEFORE LOCAL ASSOCIATIONS OF 
STUDENTS. 

1. A Miller Prize to Angus Matheson Stewart, Stud. 
Inst. C. E. (of Glasgow), for his account of ‘‘ The Glasgow 
District Subway.” 

2. A Miller Prize to Richard Craig Farrell, Stud. Inst. 
C.E. (of Glasgow), for his description of ‘‘ The Permanent 
Way and Signalling of the Glasgow Central Railway.” 

3. A Miller Prize to Henry Fowler, Stud. Inst. C.E. 
(of Manchester), for his paper on ‘‘ The Testing and In- 
spection of Plates.” 


* Have previously received Watt Medals aid Telford 
Premiums, 

+ Has previously received a Telford Premium. 

+ It has been determined to print an abstract of this 
paper in the Minutes of Proceedings. 
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THE BLACKPOOL TOWER. 
MAXWELL AND TUKE, ARCHITECTS ; 


MESSRS. HEENAN AND 
(For Notice, see Page 727.) 
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NOTES FROM THE NORTH. 

GLascow, Wednesday. 

Glasgow Pig-Iron Market.—There was rather more 
doing in the pig-iron warrant market last Friday fore- 
noon, and the feeling was firmer. Some 16,000 tons were 
dealt in—about 10,000 tons of Scotch and 6500 tons of 
Cleveland. One or two lots of henatite iron also changed 
hands, at an advance of 14d. per ton, Scotch rising ld. 
In the afternoon the market was very weak, Scotch drop- 
ping to 43s. 1d. per ton casb, closing with sellers 4d. 
more, or 34d. down from the forenoon. Not more than 
10,000 tons were sold. Other sorts gave way in price 
from 14d. to 4d. per ton. At the close the settlement 
prices were—Scotch irop, 43s. 14d. per ton; Cleve- 
land, 35s.; Cumberland and Middlesbrough hematite 
irop, respectively, 43s. 44d. and 42s. per ton. While 
business was very guiet in the warrant market on 
Friday forenoon, a firmer tone ruled, and a fair proportion 
of the previous day’s loss was recovered. About 10,000 
tons changed hands, mostly Scotch, which rallied 14d. per 
ton. Only about 5000 tons were sold in the afternoon, but 
the close was very firm, Scotch being 4d. stiffer, and 
Middlesbrough hematite iron 1d. up. The closing settle- 
ment prices were, respectively, 43s. 3d., 35s., 43s. 6d., 
and 42s. per ton. Monday was ob:erved as a 
holiday by the iron ‘‘ring.” The market opened on 
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Tuesday forenoon with an improved feeling, and while no 
great amount of business was engaged in, sellers were 
stiff, and held out for better terms. About 10,000 tons 
of Scotch iron were dealt in, and the cash price rose 2d. 
per ton. One lot of Cleveland changed hands, and in this 
case an advance of 2d. was also registered. Hematite 
irons rose from 1d. to 3d. per ton, The market was still 
firmer in the afternoon, the price in all cases being 
at least 1d. per ton up. Other 10,000 tons of Scotch 
and 500 tons of hematite iron were dealt in, and 
the market closed with the settlement prices at 
438. 6d., 353. 3d , 433. 9d., and 42s. 14d. per ton respec- 
tively. A good business was done this forenoon, and 
prices were firm. Not much change took place in the 
afternoon, when the settlement prices were 43s. 6d., 
35s. 14d., 433. 74d., and 42s, 14d. respectively. The 
following are the quotations for several special brands of 
makers’ iron: Clyde, 48s. 6d. per ton; Gartsherrie and 
Summerlee, 50s. 6d.; Calder, 51s.—the foregoing all 
shipped at Glasgow; Glengarnock (shipped at Ar- 
drossan), 493. ; Shotts (shipped at Leith), 523. per ton. 
There are still 77 blast-furnaces in actual operation, 
as compared with 73 at this time last year. After having 
almost wholly dropped out of the list of purchasers of 
Scotch iron, America has lately been in the Glasgow 
market with a somewhat encouraging order—a revival of 
business which is hailed with much satisfaction. Last 
week's shipments of pig iron from all Scotch ports 
amounted to 7724 tons, against 7109 tons for the corre- 
sponding week of last year. They included 100 tons for 
the United States, 100 tons for Canada, 100 tons for 
South America, 350 tons for Australia, 100 tons for 
France, 700 tons for Italy, 510 tons for Germany, 210 tons 
for Russia, 100 tons for Holland, 150 tons for Spain and 
Portugal, 185 tons for China and Japan, smaller quan- 
tities for other countries, and 4704 tons coastwise. The 
stock of pig iron in Messrs. Connal and Co.’s public war- 
rant stores stood at 282,336 tons yesterday afternoon, as 
compared with 282,371 tons yesterday week, thus showing 
for the past week a reduction amounting to 35 tons. 


Finished Iron and Steel Trades.—The manufactured 
iron trade is reported to be showing a distinctly better 
demand. A growing demand at full to rather higher 
prices is being felt by the local sheet-makere, and there is 
some talk of the price of bar iron being advanced all 
round. Meanwhile the quotations are 4/. 15s. 6d. to 
5l. 2s. 6d. per ton, less 5 per cent., for common bars, and 
unmarked bars are quoted at 4/. 6s. 3d. per ton. Ship- 
building steel is reported to have again relapsed in price 
to the lowest point. There is a fair quantity of work on 
hand, but some anxiety is being caused by the absence of 
any fresh specifications of importance. 


Glasgow Copper Market.—Two lots of copper were sold 


last Thursday forenoon, when the price rose 3s. 9d. per 


ton, at 44/. 2s. 6d. three months sellers. Some little 
excitement was caused at the opening of the afternoon 
market on receipt of telegrams from London, announcing 
a drop of 15s. in prices compared with those paid in 
Glasgow inthe forenoon. Thesales amounted to 100 tons, 
and prices dropped to 43/. 7s. 6d. per ton sellers three 
months. A similar quantity was dealt in on Friday fore- 
noon, when the three months’ price recovered 53. to 
43/, 12s. 6d. sellers. In the afternoon 100 tons 
were sold, and prices receded 33. 9d. per ton from 
those ruling in the forenoon. Several lots changed 
hands on Tuesday forenoon, when the price advanced 
6a. 3d. per ton, at 43/. 15s. three months sellers. In the 
afternoon there was a further advance of 2s. 6d. per ton. 
One lot of 25 tons changed hands. Business was done this 
forenoon at 43/. 12s. 6d. (22 days), and sellers were want- 
ing at the close 43/. 182. 9d. cash and 44/. three months. 
In the afternoon prices were much lower, business being 
done at 43/. 7s. 6d. (June 16), and 43/. 88, 9d. (August 22). 


Sulphate of Ammonia.—Business was done in this com- 
modity last Friday at 10/. per ton, spot delivery, which 
was a further advance of 2s. 6d., makinga gain of 12s. 6d. 
on the week. Another advance took place yesterday, 
when spot business was done at 10/. 5s. per ton. 


Peterhead Harbour Revenue and Debt.—At yesterday’s 
monthly meeting of the Peterhead Harbour Trustees, 
there were submitted the annual accounts, which showed 
that there had been received an increased revenue to the 
extent of 454/., the indebtedness being reduced by 26471., 
and the liabilities being 72,629/., the least within the last 
20 years. 


Broomiclaw Bridge, Glasgow.—Operations have this 
week commenced for the demolition of Glasgow Bridge, 
which has for between 60 and 70 years connected Jamaica- 
street on the north with Bridge-street on the south side of 
the Clyde. As may be remembered, it was Thomas 
Telford who was the engineer of this very fine structure. 
The service bridge close by, which was erected at a cost 
of about 14,000/., is now affording cross-river connection 
for tramcars, ’buses and other vehicles, and foot passen- 
gers. The contractors—Messrs. Morrison and Mason— 
expect to have the new bridge finished within three years. 


Glasgow Central Railway.—The eastern portion of this 
underground railway, terminating at Glasgow Cross, was 
expected to be open long ago, and the delay has been so 
very much prolonged that the matter has now begun to 
engage the attention of the Glasgow municipal authori- 
ties. It seems, however, that the underground stations 
have not yet been built, and it is said that the line at the 
very earliest cannot be opened in less than six months, 
An endeavour will now be made to “ hurry up” with the 
station buildings. 


New Shipbuilding Contracts.—Messrs. William Denny 
and Brothers, Dumbarton, have been intrusted by the 
London, Chatham, and Dover Railway Company with 
the constraction of two paddle steamers for their cross- 





Channel service between Dover and Calais. The vessels 
will be supplied with engines by Messrs. Denny and Co., 
also of Dumbarton, and are expected to attain a high rate 
of speed—Messrs. Ramage and Ferguson, Leith, have 
contracted to build an auxiliary steam yacht of 500 tons, 
and a full-powered steam yacht of 708 tons; and for Mr. 
Thomas Cowan, Grangemouth, they are to build a cargo 
steamer to carry upwards of 1200 tons deadweight.—For 
the Scottish Oriental Steamship Company, of London, 
the Fairfield Shipbuilding and Engineering Company 
have booked an order for a steamer of about 2000 tons 
capacity for service in the Chinese fleet. 


Clyde Shipbuilding Trade: Launches in May.—During 
last month some 27 vessels were launched on the Clyde, 
of a total of 48,705 tons. The chief item in the month’s 
output was the first class cruiser Terrible, which accounts 
for 14,250 tons. Several large merchant steamers were 
also included in the month’s launches—the P. and O. 


steamer Malta (5800 tons), built by Messrs. Caird and g 


Co.; the Cunarder cargo boat Casinthia (5600 tons), 
built by the London and Glasgow Company ; the British 
India boat Okhla (5300 tons), built by Messrs. Denny 
and Brothers; and the Barcelona, for Spanish owners 
(4400 tons), built by Messrs. Charles Connell and Co. 
Only two merchant sailing ships were included in the 
month’s output—one of 1470 tons, and one of 1800 tons 
register. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

William Cooke and Co., Limited.—The twenty-second 
annual meeting of this company has been held, Mr. 
Charles Ellis presiding. In moving the adoption of the 
report and balance-sheet, the chairman said that this 
year’s report was most encouraging to the shareholders, 
the profit shown, which was not inconsiderable, having 
been made in one of the worst years ever experienced in 
the iron trade. He still had faith in the future of the com- 
pany. After being supported by several shareholders, 
the resolution was passed unanimously. Mr. Thomas 
Wilkinson was re-elected managing director of the com- 

pany. There was a large attendance of shareholders. 


Iron and Steel.—There is little alteration in the Sheffield 
iron and steel industries. Local wheel and axle makers 
are disappointed that the heaviest orders for wheels and 
axles still gravitate to works outside the district, which 
have not been noted for extensive dividends for many 
years, and whose competition, consequently, is looked 
upon as rather unfair. The English railways are order- 
ing very little material for rolling stock. Tool and 
crucible steels are decidedly better, but makers report 
that the top values have been reached. Prices are 
unaltered. Bessemer billets, of special carbons, realise 
51. 7s. 6d. per ton; Lincolnshire forge iron is quoted at 
363. ; north-east coast hematites, 503.; and west coast 
irons, 53s. 


Coal Trade.—There is no change to report in regard to 
the coal trade of this district. The men are working about 
34 shifts on the average. Household fuel is very quiet at 
present. Quantities taken from the pits now, more than 
ever before, reflect the demand experienced in the market. 
London is taking considerably less than an average, and 
prices are low, owing to the large supplies of seaborne 
coal available, but colliery owners are not pressing sales, 
so that there is no change of moment to note. A larger 
trade is passing in steam coal for export purposes. The 
tonnage forwarded to Hull is in advance of the trade of 
the same period in the two preceding years, as the Baltic 
ports are taking largely. Barnsley hards are from 6s. 9d. 
to 7s. 6d. per ton ; second qualities and Parkgate from 63. 
per ton. 


The Latest Dificulties.—At Messrs. John Brown and 
Co.’s Carr House Colliery 90 men and boys have received 
notices, owing to the dec‘sion of the management to set 
down a portion of the pit. Disquieting news also comes 
from the Wharncliffe Silkstone Colliery. Some time 
ago the owners of the latter were obliged to close their 
Rockley Parkgate Pit, and in consequence of the con- 
tinued depression in prices, they now fear that further 
stoppages will be absolutely necessary. An intimation has 
already been given to the workmen that unless better prices 
can be obtained, the owners will be placed in a serious 

osition at the expiration of their present contracts. All 
ocal collieries are working short time, and considerable 
— is felt by both owners and workmen anent the 
uture, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Trade.—Yesterday there was no 
market held here. Business was resumed to-day, but 
there was very little doing, many people being still 
holiday-making. The general quotation for prompt f.o.b. 
delivery of No. 3, g.m.b. Cleveland pig iron was 35s. 
There were plenty of merchants ready enough to sell at that 
rice, but it was not easy to obtain the ruling quality at 
ess. (Quotations for forward delivery could not easily 
be fixed, as differences between buyers and sellers were 
rather considerable, and very little business ahead was 
transacted. No. 1 Cleveland pig was quoted 37s. The 
lower qualities were fairly steady, No. 4 foundry being 
about 34s. 44d., and grey forge 33s. 9d., both for early 
delivery. Middlesbrough warrants, after touching 35s. 2d., 
closed flat at 35s. 04d. cash buyers. East coast hematite 
pig iron was quietish. Sellers quoted 423. 3d. for early 
delivery of Nos. 1, 2, and 3. Rubio ore was firm at 
123. 3d. ex-ship Tees. 


The Make and Disposal of Pig Iron.—The statistics of 





the Cleveland Ironmasters’ Association published to-day 
(Wednesday), showing the production and disposal of pig 
iron in the North of England during May. are more 
favourable than was generally anticipated. During the 
month, 49 furnaces were running on Cleveland pig 
or one less than in April, the Jarrow Iron Works 
having blown one out. There were 40 furnaces produc. 
ing hematite, spiegel, basic, &c., making the total 
furnaces blowing 89. The output of Cleveland pig iron 
for May reached 127,114 tons—an increase on April’s 
produce of 3867 tone. The make of hematite, &c., during 
May was 123,308 tons, being 2748 tons more than during 
the previous month. The total make of all kinds of 
pig iron reached 250,422 tons, or 6615 tons more than in 
April. There is very little alteration in the stocks of pig 
iron. At the end of May the total stocks stood at 
300,998 tons. This is a decrease of 887 tons as compared 
with the end of April. The reduction has been in makers’ 
stocks, public stores having been added to considerably, 
bipments of pig iron for May amounted to 97,402 tone, 
This is 8136 tons less than in April, but 10,932 tons more 
than in May, 1894. 


Manufactured Iron and Steel.—Nearly all the establish- 
ments are closed this week. New orders are stil] scarce, 
but firms are generally rather better situated, having 
entered into a few contracts recently. Prices keep very 
low, and with present cost of production must leave very 
little profit. Gomme iron bars and iron ship-plates are 
each 41. 15s.; steel ship-plates 41. 17s. 6d.; and steel 
ship-angles 4/, 12s. 6d.—all less the usual 24 per cent. 
discount for cash. Heavy steel rails keep at 3/. 12s, td. 
net at worke. 

The Coal and Coke Trade.—Coal prices change very 
little. Bunker coal is dull, at from 6s. 3d. f.o.b. Coke 
is firm, and good blast-furnace qualities still realise 12s, 3d. 
delivered here, 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The demand for steam coal has been well 
maintained, and the outlook for the future is satisfactory. 
The best descriptions have made 10s. 9d. to 11s., and 
secondary qualities 93. 9d. to10s. perton. The house coal 
trade has been dull, as was to be expected at this season 
of the year; No. 3 Rhondda large has made 9s. 6d. per 
ton. Iron ore has ruled quiet ; the best rubio has brought 
lls. 3d. to 11s. 6d. per ton. Foundry coke has been 
quoted at 15s, 3d. to 153. 6d. per ton, and furnace ditto 
at 12s, to 133. per ton. The manufactured iron and steel 
trades have shown a slightly better tone. The demand 
for steel rails is, however, inactive, and heavy sections 
have been quoted at only 3/. 123. 6d. per ton. 


Water Supply of Cardif.—At a meeting of the water 
committee of the Carditf Town Council on Friday, the 
engineer, Mr. J. A. B. Williams, reported upon the dry 
season, and observed that there were 304,000,000 gallons 
now available for the supply of the town, but that the 
stock had decreased 25,000,000 gallons on the week. Ab 
the same meeting, Mr. Williams handed in his resignation 
as engineer and manager of the old water works and dis- 
tribution of water within the corporate district. The 
appointment carries with it a salary of only 150/. per 
annum, and Mr. Williams will still remain consulting 
engineer to the council in connection with reservoirs and 
works now in course of construction. 


Barry Dock.—The Prince of Wales is expected to visib 
Barry Dock to open the new deep water channel entrance 
about the close of the year. The work, which has been 
in progress about three years, will enable shipping of 
practically any tonnage to enter and leave the dock at all 
states of the tide. 


The ‘‘ Flora.”—The Lords of the Admiralty have ap- 
seg a supplementary estimate of 9765/. for the cruiser 
‘lora, which was recently passed into the Fleet Reserve 
at Devonport as ready for sea. The Flora was built at 
Pembroke, and when laid down her designer, Sir W. H. 
White, K.C.B., estimated her total cost at 219,584/. ; but 
before she had been long in hand the Admiralty, acting 
on the suggestion of the Pembroke Dockyard officials, 
increased the estimate to 231,410/. Later on, the 
Admiralty further raised the estimate to 241,819/., so that, 
with the addition of the supplementary amount just 
granted, the vessel has cost 251,584/., exclusive of her 
guns, which will cost 11,964/. more, 


More Welsh Coal.—-On Friday the Dowlais Company 
struck a seam of coal 7 ft. 6 in. thick at Aberdare Junc- 
tion. Theseam in question is about 7 yards below a seam 
found about a week previously. 


llfracombe.—The Hillstorough estate has been pur- 
chased by the Ilfracombe District Council for 7500/., and 
it is to be laid out as a public park. The estate comprises 
100 acres, and includes the sea fronts of Swallow’s Hole 
Beach, Broad Strand Beach, Beacon Point, Blythe’s 
Cove, also two meadows to the east of Larkstone. Thus 
the whole of the coast from Rapparee Cove to Hele Bay 
will belong to the town, which will now possess a free 
bathing place and a good stretch of sands. 


Briton Ferry.—The new Albion Steel Works have com- 
menced operations. These works are fitted with Siemens 
open-hearth furnaces of large capacity and newest design, 
while the gas plant is of the most modern form. The 
rolls of this mill are 26 in. in diameter, and were made by 
Messrs, Taylor and Farley, who also supplied the mill 
engines. The main engines consist of one pair of cy- 
linders, 40 in. in diameter by 54 in. stroke, with piston 
valves of large dimensions. The engines are of the direct- 
acting type, the valve reversing gear isof a special decign, 
and the whole of the working parts are of the best Siemens 
mild steel. The engines were started by the makers, 
Messrs. E. Foden and Sone, of Sandbach, Crewe. The 
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Vernon Tinplate Works restarted on Tuesday, after a 
stoppage of 10 weeks. 

Bristol and Ilfracombe. —The Cambria, the latest 
addition to Messrs. P. and A. Campbell’s fleet of steamers, 
made her first trip on Saturday afternoon, when she ran 
from Bristol to Ilfracombe, calling only at Lynmouth on 
the way down. She started punctually at 2.30 p.m., and 
made the journey down in 3 hours and 40 minutes. The 
electric light is fitted throughout the Cambria, even in 
the telegraph apparatus and at the masthead. Electric 
palls enable the captain on the bridge not only to com- 
municate with the engine-room, but also to the men 
engaged with the ropes, so that there is an absence of 
shouting. A novelty has been introduced, in the shape of 
electric lights in the paddle-wheels, which, as the wheels 
revolve, have a pretty effect when seen from a distance. 





BELGIAN BRIQUETTES.—The exports of briquettes from 
Belgium in the firat three months of this year amounted 
to 91,793 tons, as compared with 137,594 tons in the 
corresponding period of 1894, and 98,446 tons in the 
corresponding period of 1893, In these totals the exports 
to France figured for 38,432 tons, 54,412 tons, and 46,938 
tons respectively. The exports of Belgian briquettes to 
Switzerland are also of some importance. The aggregate 
exports of Belgian briquettes last year amounted to 
573,607 tons, as compared with 489,225 tons in 1893. 





New ZEALAND Ratiways.—The annual meeting of the 
Wellington and Manwatu Railway Company was held 
recently at Wellington, when a dividend at the rate of 
6 per cent. per annum was declared. The gross receipts 
from traffic were 91,7791., in addition to which the com- 
pany has received 3342/. from rents, and 7000/. from 
lands sold. The chairman stated that the company had 
nod received any intimation from the Government as to 
its purchasing the line, but the administration would give 
the required notice to purchase, as otherwise certain 
renalties would accrue. A dispute between the New 
Zealand Midland Railway Company and the New 
Z-aland Government is to be referred to arbitration, and 
the chairman of the company, Mr. Salt, together with 
the company’s counsel and arbitrator, arrived from 
London last month. Sir Charles Lilly, ex-Chief Justice 
of Queensland, has been appointed arbitrator for the 
colony, but a difficulty has arisen as to the umpire. 





BLAST-FURNACES IN THE UNITED States.—The number 
of furnaces in blast in the United States at the commence- 
ment of May, 1895, was 171, their aggregate weekly pro- 
ductive capacity being 156,554 tons. The companliins 
number of furnaces in blast at the commencement of No- 
vember, 1894, was 181, their aggregate weekly productive 
capacity being 162,666 tons. The corresponding number of 
furnaces in blast at the commencement of May, 1894, was 
127, their aggregate weekly productive capacity being 
110,210 tons. The corresponding number of furnaces in 
blast at the commencement of November, 1893, 
was 117, their aggregate weekly productive capacity 
being 80,070 tons. The corresponding number of 
furnaces in blast at the commencement of May, 1893, 
was 251, their aggregate weekly productive capacity 
being 181,551 tons. The aggregate weekly productive 
capacity of the furnaces in blast has varied as follows 
month by month this year: January, 168,979 tons; 
February, 163,391 tons; March, 156,979 tons; April, 
158,132 tons; and May, 156,554 tons. The production 
has thus declined rather materially since January 1, 
although it is still considerably larger than it was 12 
months since. The stocks of pig in hand at the com- 
mencement of May were estimated at 768,245 tons, as 
compared with 793,489 tons at the commencement of 
April. The total of 768,245 tons, representing the stocks 
on hand at the commencement of May, was made up as 
follows: Anthracite pig, 107,946 tons; coke pig, 438,574 
tons; and charcoal pig, 221,705 tons, 





LANCASHIRE, DERBYSHIRE, AND East Coast Rariway. 
—The Langwith and Beighton branch of the Lancashire, 
Derbyshire, and East Coast Railway joins the main line 
ab Bradshaw Wood, in the parish of Langwith Bassett, 
ani about halfway between Langwith and Shirebrook. 
No. 1 cutting is about 30 ft. deep. The heading has been 
driven through to the main line, but there is still a great 
deal of excavating to be done before the connections will 
be completed. A large embankment which crosses the 
valley separating Lower from Upper Langwith is 38 ft. 
high, and took nearly two years to complete. Two stone 
bridges span the Langwith and Whaley-roads. No. 2 
cutting is about half a mile in length, and through very 
hard limestone rock. The cutting terminates about 
1000 yards south of Norwood. The Langwith colliery 
branch commences from this point. It crosses the Work- 
sop and Mansfield line of the Midland Railway, thence 
proceeds through part of the Horse Woods, across the 
colliery allotment gardens, and through the east side of 
the colliery yard. The branch is one mile in length, and 
will be completed in a few months. For about a mile 
beyond Norwood the line runs on a level, and the con- 
tractors have met with little difficulty with this part of 
the work. To the “— stands the Creswell new colliery, 
belonging to the lsover Colliery mgs The 
Elmton-road is crossed by a girder bridge, and from this 
point to Langwith No. 1 cutting, about three miles in 
length, is completed. After leaving Creswell a deep 
—— extends to Markland Grips. The work is being 
pushed forward. Markland Grips, between Langwith 
and Beighton, is crossed by a bridge 37 ft. high, and 
comprising six arches. From Markland Grips to Clown 
the line is completed. 





MISCELLANEA. 
Messrs. DRAKE AND GORHAM Will, in a few weeks’ time, 
put on the market the Jandus arc lamp, which will burn 
for 200 hours with one pair of carbons. 


A general meeting of the Engineering Society, King’s 
College, was held on May 24, the President being in the 
chair, when Mr. S. A. White, M.A., read a paper on 
‘* Polarisation of Light.” 


The traffic receipts for the week ending May 26 on 
33 of the principal lines of the United Kingdom 
amounted to 1,472,066/., which was earned on 18,728 
miles, For the corresponding week in 1894 the receipts 
of the same lines amounted to 1,452,142/., with 18,522? 
milesopen. There was thus an increase of 19,9247. in the 
receipts, and an increase of 206 in the mileage. 


From data obtained after many years of observation by 
the Swiss Forestry Commission, it appears that during 
the winter the temperature inside forests is practically 
tbe same as in open country, but during the rest of the 
year the forest is much cooler. In thick pine forests a very 
large — of the rainfall is intercepted before 
reaching the ground, as much as 40 to 45 per cent. in 
some cases. In beech forests only from 20 to 25 per cent. 
of the rainfall is intercepted. 


In a paper read before the Engineers’ Association of 
Virginia, Mr. H. Crueger states that the first attempts to 
make slag cement by machinery were made in Switzer- 
land in 1879-80, at Chomdez. Since then the industry has 
taken a somewhat wide extension. Theslag most suitable 
for making cement contains 46 parts of lime, 30 of silica, 
and 16 of alumina. It should be granulated when very 
fluid in a strong current of cold water, and finely ground. 
The lime used for mixing with the slag should be very 
carefully slaked, and should feel as fine as flour. 


A substitute for cocoa cellulose, for use on warships to 
close up shot: holes, has recently been proposed by Mr. M. 
Marsden, of Philadelphia. It is made from the pith of 
Indian corn stalks, and has been subjected to severe tests 
by Mr. Linnaird, one of the United States Naval Con- 
structors. A 6-in. shot was fired through a box 3 ft. 
thick, and under a head of from 4 ft. to 7 ft, no water passed 
through the box. In another case five shot-holes were 
grouped in a circle 8 in. in diameter, and again there was 
no leakage through 3 ft. of the new materia). Other 
advantages claimed for it are that it is incombustible, and 
is only one-third the weight of cellulose, bulk for bulk. 


Mr. John Laing, Commissioner of Public Works for 
Cape Colony, has given notice of Government railway 
proposals empowering it to contract with private persons 
or companies for the construction of railways of the 
existing gauge from Mossel Bay, vi@ Oudtshoorn, to a 
point on the Graaf Reynet line near Klipplaat, and also 
from Somerset East to King Williamstown. The Govern- 
ment subsidy is not to exceed 2000/. per mile, and the Go- 
vernment is to have power to take over the lines after 12 
vears. There is also a separate proposal for an ordinary 
Government line from Graaf Reynet to the Middelburg 
road 


M. Peipers, an engineer of Remschied, has suggested 
the following method of ascertaining roughly the per- 
centage of carbon in steel. Two porcelain tablets are pre- 
pared, together with six steel pencils, having each a dif- 
ferent but known percentage of carbon. In making a 
test a piece of the metal to be examined is drawn over one 
of the porcelain tablets, and the same thing is done with 
each of the steel pencils. The metallic marks then left 
are dissolved away with a 12.5 per cent. solution of the 
double chloride of copper and ammonia, only the carbon 
remaining behind. A comparison then shows which of 
the pencils most nearly has the same composition as the 
metal tested. 


An attempt is being made in the United States to 
upset both the nickel steel patents and that for the pro- 
cess of Harveyising. The Carnegie Company is the 
defendant in the first case, the plaintiffs being Messrs. 
Schneider and Co., of Paris. The defence urged is that 
Mr. James pens experiments on the use of nickel in 
steel were published before the outcome of those of 
Messrs. Schneider were known. It is further stated that 
the process actually used by the firm is not the same as 
that described in the patents of Messrs. Schneider. As 
regards the Harvey process, the defendants, the Bethle- 
hem Company, claim that the process is not novel, being 
only the well-known cementation process, and that they 
do not use the particular methods described in the 
Harvey patent, 


An experiment of M. le Chatelier, described in a recent 
communication to the Académie des Sciences, Paris, may 
have animportant bearing on the use of aluminium in the 
industrial arts. Equal parts of aluminium and copper 
were fused together in a crucible. 
was then placed for 24 hours in a solution of common salt 
and lead chloride, with a view to dissolving out the 
uncombined aluminium. No apparent change could, at 
the end of this time, be observed in the ingot. It was 
accordingly removed from the saline bath, washed, and 
dried. At the end of 12 hours the whole mass was found 
to be reduced to the state of powder from the spontaneous 
oxidation of the alloy. A similar ingot, not immersed in 
the solution of sodium and lead chlorides, was unchanged 
at the end of a month. 


With a view to i the soundness of castings, 
Mr. Von Riet has adopted the plan of fixing a separating 
chamber above the flask. This chamber is divided into 
three circular compartments. The molten metal is poured 





into the largest of these in such a way as to give it a 
whirling motion, which causes the heavy metal to keep to 
the sides, whilst the lighter scoria remains in the centre. ! 


The resulting ingot ported 


A communication to the second compartment is made at 
one side of the first, and here a further separation is 
effected in a similar manner, the purified metal pe re | 
finally into the third compartment, in the middle of whic 
is the pouring hole to the flask. On cooling, the first com- 
partment is found to contain large lumps of cinder, whilst 
in the second the iron left is of a spongy texture. The 
— themselves are stated to be extremely sound and 
solid. 


A number of experiments on the adhesion of cement to 
brickwork, carried out by Messrs. L. J. Affelder and R, 
C. Brown, are described in a recent issue of Engi- 
neering News. Both natural and Portland cements 
were experimented with, several brands of the latter 
being tried. Three varieties of brick were used in the 
experiments, viz., a hard red brick having a specific 
gravity of 2.136, and absorbing 4.56 per cent. of water ; 
a soft red brick having a epecific gravity of 1.981, and 
absorbing 8.81 per cent. of water ; and a firebrick having 
a specific gravity of 2.000, and absorbing 5.17 per cent. 
of water. The cemented surfaces of the bricks were 
23 in. square, and the joints were about } in. thick. The 
results showed no definite relation between the adhesive 
and cohesive properties of the cements, but the general 
conclusion arrived at was that with Portland cement the 
adhesive power was ab least one-fifth of the cohesion, when 
new, and that in time it would become fully equal to it. 


In a paper read before the Nottingham Conference on 
“The Maintenance of Ordinary Roads,” Mr. E 
Hooley, the county surveyor, deprecates the practice of 
scraping roads in winter time. He claims that by letting 
the road dry the débris can be removed much more cheaply 
and effectively by brushing. Hence scraping should be 
resorted to as little as possible, mud oy removed in 
winter whilst still liquid enough to be brushed. In 
general, the roads in Nottingham county require the 
whole surface to be re-covered every seven years, though 
in some cases this work has to be undertaken every three 
years, The materials used are Leicester stones, slag, 
boulders, and magnesian limestone, the last as little as 
possible. The steam rollers, Mr. Hooley states, are 
especially useful in patching work, the cost being less 
than when these patches are consolidated by hand labour, 
and the results better. In fact, in Notts county rollers 
are at work all the year round, and consolidate from 30 to 
40 tons of material per day. The stone is applied both 
in summer and winter, the best results being obtained 
with that laid in the former season. 


Some tests of colonial timber, recently made by Pro- 
fessor Unwin, F'.R.S., are published in the current issue 
of the Imperial Institute Journal. Perhaps the best 
known of these timbers here is the kauri pine, which 
occasionally attains a height of 180 ft. and a diameter of 
17 ft. in the stem. It is a remarkably straight-grained 
and durable timber ; moreover, it is also easily worked, 
and takes a high polish. Its weight varies from 38.66 lb. 
to 36.11 lb. per cubic foot. Its crushing strength proved 
to be 1.445 tons per square inch. Tested transversely, 
the coefficient of transverse strength was about 2.16 tons 
per square inch. Three Tasmanian timbers also tested 
gave remarkably high results, the figures being as follows: 
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An interesting electrical power transmission plant is 
being erected in California, by means of which the city of 
Sacramento is to be supplied with power obtained, in the 
first instance, by damming bi the American River at 
Folsom. The dam itself is of masonry, and was com- 
menced some 30 years ago, though the works were after- 
wards abandoned. It is founded on granite, and is 
69 ft. 6 in. high from ground level to coping on the up- 
stream side. A canal conveys the water from a point 
above the dam to the power station further down stream, 
where a head of 80 ft. is available, though only 55 ft. of 
this is to be used for power purposes. The remainder of 
the fall allows the spent water from the turbines to be dis- 
tributed for irrigation purposes. Four pairs of turbines 
are to be erected at the station, each of the two larger 
pairs being rated at 1260 indicated horse-power when 
running at 300 revolutions per minute. The generators, 
of 1000 horse-power each, supply a current at a poten- 
tial of 800 volts, which is transformed to 11,060 volts 
before being delivered to the line. This latter is sup- 
on poles, and as ib passes through a district 
unaffected by snowstorms or tornadoes, no trouble is 
anticipated from the vagaries of the weather. At Sacra- 
mento the current will be re-transformed to a more mode- 
rate potential, and used for working the tramlines, as well 
as for lighting and other power purposes. 





Soutn Arrican GoLp.—The output of gold in the Wit- 
watersrandt district in April was 186,323 oz., as compared 
with 168,745 oz. in April, 1894, 112,053 oz. in April, 1893, 
95,562 oz. in April, 1892, 56,372 oz. in April, 1891, and 
38,799 oz. in April, 1890, The aggregate output for the 
first four months of this year was 718,026 oz. The output 
for the whole of 1894 was 2,024,156 oz., as compared with 
1,478,473 oz. for the whole of 1893, 1,210,868 oz. for the 





whole of 1892, 729,238 oz. for the whole of 1891, and 
494,869 oz. for the whole of 1899, 
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RAILWAY CARRIAGES AT THE EXHIBITION OF RAILWAY APPLIANCES. 
CONSTRUCTED BY THE GLOUCESTER RAILWAY CARRIAGE AND WAGON COMPANY, LIMITED, GLOUCESTER. 


(For Description, see Page 727.) 
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SCIENTIFIC AND TECHNIOAL 
SOCIETIES. 

Ir is customary to divide societies whose object 
it is to inquire into the working of natural 
phenomena, into the two classes of ‘‘ scientific ” 
and ‘‘ technical.” Generally speaking, those whose 
purposes are not immediately useful are placed 
under the former heading, while those that are 
It is possible 
—certainly it is to be hoped—that all knowledge 
which can be acquired by man will eventually be 
turned to his material advantage, but for the 
present much that we know appears to have no 
relationship to our physical well-being. It is some- 
what curious that we take the greatest interest in 
those men whose researches have no bearing what- 
ever on our comfort and the extent of our resources, 
and reserve only a tepid and modified admiration 
for those who devote themselves to lightening the 
burden of our lives. The scientific societies are 
always ranked above the technical, and the dis- 
coverer of a new element stands infinitely higher 
in the popular esteem than the inventor of a labour- 
saving machine. It is incontestable evidence of 
the innate intellectuality of man that this should be 
so. The greater part of the world labours under a 
constant and unavoidable necessity of providing 
itself with daily bread, and it groans under the im- 
position. Nearly the whole twenty-four hours is 
spent in labour and in the recuperation of the nerves 
and muscles by sleep and food, and only a very short 
time can be devoted to other pursuits. Almost every- 
thing must be sacrificed in order to obtain food and 
shelter. Instead of living in the pure air and bril- 
liant sunshine of the country, men congregate in 
grimy towns, and pass their days in close offices or 
in dreary workshops. They cut themselves off from 
all the delights of Nature, and stunt their minds 
and souls by concentrating their energies within 
some little circle. From nine in the morning till 
six in the evening they live, and move, and have their 


z| being in calico, or cast iron, or tallow, or whatever 


is the subject of their manufacture or merchandise. 
Often they take the same subject home with them, 
The 
slave at the oar was scarcely more cut off from the 
joys of life; the only difference is that his fetters were 
visible and were locked by his master, while their 


9| bonds are unseen and arise out of the conditions of 


society and humanity. But they are equally bind- 
ing—nay, more so—for there is no master to relent, 
or to relax in vigilance, no overlooker to be cajoled, 


" and no escape to be hoped for by craft or insur- 


rection. 

There is but one possible source of relief for the 
burden of toil that afflicts humanity. This lies in 
the improvement of the arts, the matter which is 
the end and object of technical societies. The 
better conditions of life that now obtain, as com- 
pared with those of a hundred years ago, are due, 
almost entirely, to the inventor. We would not 





ignore what has been done by the legislator and 
the humanitarian, but their efforts would have been 
nearly fruitless had not the way been paved for 
them by the mechanic. If there had been no machi- 
nery there could have been no Factory Acts. It 
would have been futile to enact that women should 
not spin more than nine and a half hours per day in 
the due time, when the entire linen of the family 
was produced by the domestic wheel, or still earlier, 
when the distaff was the only means of preparing 
yarn. In that period the bobbin claimed every 
spare moment of time, and when the ordinary 
labours of the household were over—cooking, wash- 
ing, scrubbing, and the like—the mistress and her 
maids turned to the spinning wheel as a matter of 
course. ight-Hours Bills would have seemed 
clumsy attempts at irony in the days when it 
was the rule for men to rise with the lark, and 
to work until supper-time, happy if they could 
secure an hour or so for relaxation, before the 
necessities of the next day’s toil drove them to bed. 
And yet how few of the general public know to 
whom the change is due. We doubt if one woman 
in a thousand can tell to whom we owe the spinning 
jenny and the power mule. If the question, 
‘*Who invented the locomotive?” be asked in a 
miscellaneous collection of men, it is almost certain 
that Stephenson will be named, and incredulity 
will be expressed if it be explained that he 
only entered into the fruit of other men’s labours. 
Yet it is accounted a sign of want of educa- 
tion not to’ be acquainted with the histories 
of Kepler, Bacon, Newton, Leibnitz, Linnzeus, 
Davy, Faraday, Joule, Darwin, Franklin, Caven- 
dish, and many others that have vastly increased 
human knowledge, but whose discoveries, at least 
at the time they were made, had little promise of 
material usefulness. The little that is known about 
the great inventors of the last generation is prin- 
cipally due to the romantic treatment which Dr. 
Smiles brought to bear on their biographies. 
Mankind is not altogether ungrateful, but its 
appreciation cannot be bought by material benefits, 
The parent who feeds and clothes his children com- 
fortably, and forgets that they have hopes and 
fears, passions and emotions, soon sinks into 
decent oblivion when the tomb closes over him, 
while he that sympathises in their sorrows 
and exults in their joys, lives in loving memory, 
even though his carelessness or incompetence has 
sometimes involved them in going empty in stomach 
or bare of back. The pulpit reproach that man 
is a selfish animal is undeserved, and only arises 
from forgetting that he is something besides an 
animal. The dog and the horse love those that 
feed and tend them, because they are capable of no 
higher joys. But when intellectual and moral 
emotions are possible, bodily comforts, difficult as 
they are to obtain for the majority of people, 
seem small by comparison, at least when they 
are actually enjoyed. Doubtless food and money 
appear the greatest possible blessings to the hungry 
and the indigent. But when the appetite has 
been satisfied and the pocket is fairly lined, it is 
difficult to recall the deep cravings of the past, 
or to experience the intense gratitude that we ex- 
pected to feel to those that supplied our needs, 
unless our higher natures are brought into the 
question by the memory of self-sacrifice or love in 
the giver. Then it is not the gift, but the spirit 
that prompted it, that secures our best appreciation. 
Communities are very like individuals. They 
forget those that bestow on them the gift of being 
able to do as much in one hour as their fathers 
did in a day, but reverence those that furnish 
them with some new mental pleasure. Take 
the case of Watt and Burns. Outside of en- 
gineering circles the former is little more than 
a name, and had he not had the good fortune 
to be a Scotsman, and become the object of 
a clannish admiration, it is probable that he 
would be as nearly forgotten as is Trevithick. 
Yet every man, woman, and child in this kingdom 
is daily and hourly the better for his inventions. 
But Burns is known everywhere the English tongue 
is spoken, and far beyond that limit. He was not a 
great poet in the sense of producing new thoughts 
and new ideas to widen the span of intellectual 
vision. The substance of his verse has lain for 
ages on the field and in the market-place, full in 
the sight of all, and only derives its freshness from 
the charm and beauty of his setting. Yet under the 
touch of his genius it has become a treasured pos- 
session of mankind, never to be abandoned or for- 
gotten until human nature exhibits a change of 
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which no signs are yet apparent. The magnificent 
benefits that flow from Watt’s inventions do not 
evoke one-hundredth part so much enthusiasm. 

The difference between the scientific and the 
technical society is, however, much smaller than 
that between the poet and the mechanic. The 
object of the one is to search out the meaning of 
the great universe which incloses us all, and that 
of the other to turn the knowledge to account to 
make life easier for humanity. They are but two 
links in the same chain. Sometimes the links are 
far apart, but often they are close together, and 
always they are of the same material. The labours 
of a Faraday in deducing the laws of electro- 
magnetic induction are very similar to those of a 
Wheatstone, or of a Siemens, in making a practicable 
dynamo. Regnault’s researches into the properties 
of steam arenotmoreimportant than the experiments 
of the engine builder who embodies their results ina 
motor of surpassing economy. Lord Kelvin is not 
greater when he is investigating the physical consti- 
tution of the ether than when he is quadruplexing 
an Atlantic cable. Nevertheless humanity has made 
up its mind that useful practical knowledge stands 
on a lower footing than that which is free of all 
taint of utility. It does not stay to examine if 
there be any difference in intellectual interest 
between the two. The moment it sees a commer- 
cial bearing in a discovery it puts it, and its author, 
into a secondary position. It says of him, as does the 
Scripture of the ostentatious giver, ‘‘ He has his 
reward,” and feels absolved of all necessity of 
affording him further recognition. His discovery 
may be the result of deep thought and prolonged 
research, but it is technical, and, therefore, it con- 
fersno claim to admiration and fame. Herein lies 
an error. While it is undoubtedly true that life 
is more than meat, yet there is not necessarily any- 
thing debasing about that which conduces to our 
well-being. If a subject requires the highest 
qualities of our minds for its due comprehension, 
it does not cease to be intellectual because it sim- 
plifies the struggle for daily bread. 

Year by year the scientific and technical societies 
become more alike. The former deal less and 
less with principles of the first moment, and more 
with details, while the latter give less attention 
to the results of practice, and apply themselves to 
a study of the causes underlying phenomena. 
A very cursory examination of the Proceedings 
of a few societies will demonstrate this. The 
cause is self-evident. Science is becoming £0 
specialised that each exponent can cover only a 
very small district. The main features of the 
country have been surveyed and mapped, and all 
that he can do is to fill in the local objects. Com- 

etition obliges him to publish at very frequent 
intervals all that he knows, in order to secure the 
credit of it, and hence he has to give away 
his facts as he gets them. He cannot keep 
them back to put them into proper order 
and read their full meaning. Before their true 
significance can be demonstrated, an inkling of it 
has grown in men’s minds, and when, at last, it is 
put forth, it falls flat for want of novelty. Facts 
are published with all formality, but theories—the 
real object of scientific investigation—creep in un- 
announced and unobserved. On the other hand, 
the man of action—the engineer, the architect, the 
surgeon, the manufacturer—is daily obliged to 
widen his knowledge. The rule of thumb no 
longer suffices for him. He must not only 
know that certain actions produce certain effects, 
but he must know why. He must be ac- 
quainted with all that science has done in 
his own department, and must carry the inquiry 
still farther. The researches effected by the In- 
stitution of Mechanical Engineers furnish a case in 
point. They were scientific in the truest eense of 
the word. The man in the street who has 
boundless admiration for the discoverer of a new 
element or a new planet, and none for the finder 
of a new alloy of iron, only shows his ignorance, as 
well as his ingratitude. He is quite right in insist- 
ing that mere material progress affords of itself 
but a second-rate title to distinction, but he is 
entirely wrong when he assumes that the highest 
intellectual effort may not be directed to material 
ends. We are familiar with the old boast that 
universities taught nothing but useless knowledge. 
That would be a perfectly justifiable position if 
the human mind necessarily throve best on the 
study of matters which are apart from daily life. 
Experience undoubtedly shows that it is possible to 
attain to the greatest height of intellectual growth 








without knowing anything useful ; but there is no 
proof—nay, there is no decent ground of contention 
—that this is the sole form of mental aliment which 
will produce robust development. It does not 
poison the springs of thought if their waters pass 
through a turbine in their course to the sea. 

The despiser of technical societies is following, 
longo intervallo, in the footsteps of the philosophers 
of the Middle Ages. They were such ardent ad- 
mirers of intellectuality that they studied science 
without experiment. Logic was their only instru- 
ment, and with its aid, from little or no premises, 
they would decide all matters, human and divine. 
We have long since abandoned their methods, 
though a good deal of their contempt for the 
‘‘mechanick arts” still lingers among vs. We 
trust, however, that year by year we shall see an 
improvement in this respect. The spread of tech- 
nical education should teach the public how inti- 
mately connected are all kinds of knowledge, and 
how absurd it is to suggest that there is ro intellec- 
tual pleasure to be found in a study of the arts. 
The world is right in rejecting the dictum of the 
French Philosopher who said that the author of a 
new dish was greater than the discoverer of an 
unknown planet, but there is a vast intermediate 
field between ragouts and astronomy, in which it 
by no means follows that the professor of pure 
science stands on a higher mertal plane than he 
whose objects are dubbed ‘‘ technical.” 





RAILWAY APPLIANCES EXHIBITION. 

Tue time of holding the meeting of the Inter- 
national Railway Congress in London, to which 
event we have more than once referred on previous 
occasions, is now rapidly approaching, the inau- 
gural ceremony being set down for the 26th of this 
month. As a minor feature of the Congress, an 
Exhibition of Railway Appliances and Inventions 
has been organised, a building having been erected 
in the grounds of the Imperial Institute, which has 
been hired by the Congress for the purpore of 
the meeting. The exhibition is small, and is by 
no means complete, and it is to be hoped that 
foreign railway engineers will not take it as re- 
presentative in any way of English engineering 
practice. There are, it is true, a few good exhibits, 
and some inventions that are both novel and 
interesting, but the general arrangement is by no 
means good, and there is no evidence that any 
person conversant with railway matters has taken 
part in the management. 

According to the catalogue, there are just 90 
exhibitors. Of these the Gloucester Railway 
Carriage and Wagon Company occupy the largest 
amount of space, showing as they do a large 
drawing-room car, which we illustrate and describe 
in another column ; a passenger carriage for a light 
railway we also illustrate. There is further shown 
a low-sided open goods wagon for a light railway, 
to carry 2 tons. 

At the opposite end of the building Messrs. 
McKenzie and Holland, of Worcester, have a large 
stand, on which are placed some interesting models, 
One of these shows a level crossing, by which the 
arrangement of interlocking road gates and signals, 
which is connected with the name of this firm, is 
illustrated. Another model on the same stand 
exhibits the Griffiths detector and facing-point lock, 
in which a plunger bolt passes through a split 
stretcher-rod, causing the locking bar to be elevated 
before the detector is affected, so that the points 
must necessarily be properly set and bolted and 
the locking bar actuated before the signal elide is 
released. The principal part of the stand is occu- 
pied by a full-sized signal gear fitted to a model 
road. It consists of three rail block stations, and 
represents the combination of electric and block 
locking known as Sykes’ system. By this arrange- 
ment the signalman is prevented from accepting 
another train when his section is occupied by the 
one before, the train itself working a device which 
mechanically releases the lever when it has passed 
the advance signal. The device acts by the wheels 
pressing on a series of levers so that an electrical 
circuit is completed, and in this way a cam in the 
signal apparatus is released, and by a magnetic 
arrangement the signal is put to ‘‘ Danger.” 

Mr. George Addy, of Sheffield, exhibits Go- 
lightly’s rail crossing and general lift. This is a 
simple device, consisting of a horizonta] right 
and left handed screw, which actuates two links 
by means of a ratchet. By turning the screw, the 
ends of the two links are brought closer together, 








and as they are pivoted in the centre, they are 
thus raised, and lift the rail. The advantage in 
this lift is that when in position for working, it is 
entirely under the rails, so that passing trains do 
not interfere with it. Another exhibit on the 
same stand is Fisher’s signal wire regulator, which 
is a weighted device for keeping railway signal 
wires extended. There is also exhibited a form 
of swinging wire carriers. 

Perhaps the most interesting exhibit in the col- 
lection—although not one as yet introduced for 
railway purposes—was a full-sized representation 
of West’s hydraulic tyre-setter. This machine is 
intended to supersede by its use the shrinking on of 
iron tyres over wooden wheels after the ordinary 
fashion. It has been used largely in America, and 
is now being introduced into this country. Those 
interested in it claim that it will effect an entire 
revolution in tyre-setting. We purpose shortly 
illustrating and describing this machine more in 
detail ; for the present, therefore, we shal! merely 
attempt to give an idea cf its construction and use. 
Nine of these machines only have yet been com- 
pleted in England, one of them having been pur- 
chased by the Government for the Ordnance 
Factories at Woolwich, where, we are informed, it is 
working with great satisfaction, so much so that the 
old system of setting tyres by heat has been aben- 
doned. As erected in the exhibition, where we 
had an opportunity of seeing it at work, the instal- 
lat’on consists, firstly, of an vil engine and a set of 
hydraulic pumps. The tyre compressor itself con- 
sists of a cylindrical cast-iron bedplate, upon which 
is placed a massive weldless steel ring, which bears 
the stamp of Henry Bessemer and Co. Inside this 
ring are a number of short pistons, the rams of 
which work radially towards the centre of the ma- 
chine. Each of these pistons is capable of exert- 
ing a pressure of 50 tons, there being 18 in all. 
The wooden wheel is placed in the machine 
surrounded by its tyre, which is purposely made 
from 1 in. to 1} in. too large. The excess of metal, 
of course, has to be taken up, so that the tyre will 
firmly grasp the felloe. This is effected by bring- 
ing the rams to play on the tyre. It should be 
stated that between the rams and the tyre itself 
there are segmental distance-pieces of cast iron, 
these pieces being interchangeable in order to suit 
different sizes of wheel. In this way the whole of 
the pressure from the 18 rams is brought to bear on 
the complete circumference of the tyre. The metal 
is compressed or upset in this way, and the conse- 
quence is that the tyre is firmly attached. It will 
be seen that in operation the process is exactly 
opposite to that which takes place when a tyre is 
shrunk on, as in the latter case the metal is in 
tension, whilst, when the tyre-setter is being used, it 
is enormously compressed. It is said that the effect 
of compressing the tyre on, is to add greatly to its 
life, as when hot shrinking is had recourse to, 
unequal cooling of one part of the tyre, or local 
weakness, will cause irregularity in the distribution 
of metal. In setting up tyres that have been 
loosened through wear, the apparatus is especially 
useful, as it is only necessary to remove the wheel 
from the vehicle and place it in the machine in 
order to effect the operation. 

Messrs. Dutton and Co., of Worcester, have 
several models on their stand. The first of these 
illustrates their method of working and interlock- 
ing points and signals. The chief feature about this 
arrangement is the use of wire in place of rods, 
The levers are placed on the station platform, so as 
to be under the control of the stationmaster, and 
in this way pointsmen are dispensed with at each 
end of the loop. The arrangement is intended 
more especially for foreign railways, and is designed 
for less costly installations than the ordinary 
arrangement with rods, which, indeed, might be 
impracticable for long distances. An automatic re- 
lease lock is fitted, which puts the signal to ‘‘Danger” 
if the points are run through. This is effected by a 
simple mechanical device. The arrangement has 
been fitted to railways in South America and also 
in India. A model is also shown of the firm’s locking 
frame, which is fitted with ‘‘tappet” locking. It is 
not worked by a lever in the ordinary way, but by a 
catch-rod. One catch-rod locks another, and in this 
way the point must be bolted and the catch in the 
notch before the home signal can be lowered. By 
the arrangement adopted, the lock-box is easily 
accessible. Messrs. Dutton also show a means of 
economising gas in signal lamps, in which the 
signal is put off or on by raising or lowering the jet, 
or rather by turning out the main jet and using 4 
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sentinel flame, by means of a by-pass. In this way 
it is claimed considerable saving is effected in gas, 
and the life of the lamp is increased. A model 
signal-post is also shown here. In the construc- 
tion a special section of angle-bar is used; the 
flanges are wide, and the interior of the angle 
is filled up solidly, forming, at each corner 
of the post, a solid bar. The lattice pieces 
are riveted on flat, and are made to hit and 
miss with the other side. In this way a large 
surface is presented to view, and the signal is 
therefore much more conspicuous and more 
easily picked out by the driver. The form of 
lamp designed for home and distant signals is 
shown. These lamps are fitted with dioptric lenses 
which spread the rays of light over an angle of 
60 deg. The lamps are specially suitable for use 
on curves, as they give a wider field of illumina- 
tion than the ordinary bull’s-eye. In order to 
distinguish the distant from the home signal, a fish- 
tail lens is used for the former; in this way the 
light corresponds with the distant signal semaphore 
arm. On another stand the same firm exhibits 
a lock-up shelter for use in cases where the tablet 
system is adopted on isolated single lines. The levers 
are placed within the lock-up box, and are worked 
by the train tablet in the usual way. In order to 
prevent them from being interfered with, it is 
found desirable to put them in a lock-up position. 
This, in an ordinary event, would necessitate the 
use of a key, which might be lost or mislaid ; the 
doors, however, are opened by dropping the tablet 
through a slot, suitable mechanism inside being 
supplied for the purpose. When the levers have 
been shifted, the driver is able to remove the tablet ; 
the doors on closing are self-locking. 

Mr. W. Ottiwell Wood, of 155, Fenchurch-street, 
exhibits a wooden model of Messrs. Pettiway and 
Wood's fishplate fastening. With this arrangement 
the ends of the rail are firmly attached, the spigot 
being part of the fishplate and going through the 
ends of the rails. The joint, therefore, can be 
placed right on the chair without fear of breaking 
the latter through one end of a rail giving and ex- 
posing the corresponding end of the next rail to a 
violent blow. We understand that this device has 
been in use on the Manchester, Sheffield, and Lin- 
colnshire Railway for about 18 months on trial, and 
naturally, if it can be successfully applied, the run- 
ning must be made smoother. With this fishplate 
there isa saving of two chairs, one sleeper, two 
keys, and four bolts and nuts in each length of rail ; 
this, it is claimed, more than compensates for the 
extra cost of this form of fishplate. 

The Sheffield Car Company, of Three Rivers, 
Michigan, represented by Messrs. Strong, Trow- 
bridge, and Co., of Tower Chambers, Moorgate- 
street, show examples of their railway tricycles and 
hand-cars. The tricycle consists of a pair of wheels 
made to run on the ordinary rails, and worked by 
spur gearing and hand power, after the manner of a 
bicycle, the rider straddling the machine. There 
is, however, a third wheel, which is attached to a 
pivoted arm, and projects at right angles from the 
main body of the machine, so as torun on the other 
rail. The advantage of this machine for quick 
removal will be apparent, the pivoted arm carry- 
ing the third wheel being easily made to swing by 
removing arod. Velocipede cars for railway work, 
constructed largely of wood, are also shown. These 
are worked by hand gear, on a swinging lever, with 
connecting-rods. The same firm show car-wheels 
which are made from a disc of rolled steel, which is 
dished and corrugated, so as to form a wheel centre 
and tread in one. The hubis a forging riveted on. 

Messrs. James H. Tozer and Son, of 96, Finsbury- 
pavement, show photographs of Rodger’s ballast 
distributing plant, working models of which are 
later on to be exhibited, together with the hopper 
ballast wagons and spread ploughs used with this 
system. This manner of working ballast we have 
already illustrated and described. The apparatus 
is in use in several positions on the Great Western 
Railway. The Tozer-Stanton disc car-wheel is also 
shown on this stand. It consists of an ingenious 
arrangement of stamped steel discs on a wrought- 
iron hub; the discs are corrugated, the peripheries 
being flanged to form the ram ; the hole for the boss 
is stamped out in the centre ; the ring or distance- 
piece is placed between the two discs, alittle way 
laside the hole ; it then remains to attach the boss. 
This is done by taking two cheeses of wrought iron 
and bringing them toa welding heat ; they are then 
placed, one on each side of the wheel so far as it is 
formed, and forced in by an hydraulic press ; they 








meet in the centre and are welded up by the pres- 
sure, the hole for the axle being formed at the 
sametime. In this way a remarkably solid hub, 
firmly attached to the sheet steel discs, is secured, 
and the tyre is afterwards put on in the usual way, 
being attached to the flanged peripheries. The 
Stanton-Tozer duplex spring buffer is also shown. 
The chief feature is that the main buffer spring is 
held up to its work by means of a recoil spring. 

Messrs. Reynolds, Carter, and Co., agents for the 
New York Car-Wheel Works, of 18, St. Swithin’s- 
lane, have a large exhibit, consisting of car-wheels 
and rails, together with photographs, specimens of 
metal fractures, test-pieces, &c. The charcoal iron 
chilled wheels which they show have been exten- 
sively used in America, having been fitted to the 
100-ton locomotives drawing the limited passenger 
trains of the Michigan Central Railroad. We are 
informed that the most notable use to which these 
wheels have been put is on the ‘‘ North Shore, 
Limited,” which runs between New York and 
Chicago. It is stated that the average speed of the 
train, including stops, is 55 miles an hour, while 
between stops the speed of 75 miles is often ob- 
tained. Some interesting particulars of the engines 
used with this train are given in the publication 
which Messrs. Reynolds are distributing. It is 
said that when these locomotives were first started 
in 1891, the engine trucks and tender had steel- 
tyred wheels specially made for the heavy work 
required from them. After the locomotives had 
been in use a few months, the duty was found too 
great for the steel-tyred wheels, which began to 
give way. They were replaced by the chilled 
charcoal iron solid wheels, which were 33 in. 
in diameter, and weighed 600 1b., and had 
inside and outside bearings. These wheels were 
guaranteed for 60,000 miles at first service, 
and, according to a Table published, over 75,000 
miles were obtained in some cases before the 
locomotive was taken to the shop for general 
repairs. Some of the wheels are still in service, 
having run from 68,000 to 75,000 miles, and are 
still in excellent condition for further use. On the 
same stand are shown a pair of 28-in. ferro-nickel 
disc wheels, mounted on cold rolled calendered 
axles for heavy locomotive service. This stand is 
one of special interest, and full information is given 
of the exhibits shown, in the publications which 
are distributed. 

Messrs. Rownson, Drew, and Co., of 225, Upper 
Thames-street, have several exhibits on their stand, 
the most notable being Whitestone’s rail fastening, 
of which several examples are shown. The fasten- 
ing consists virtually of a chair formed in two parts, 
each of which is attached to the sleeper, which must 
be of metal, and which are locked together and to 
the sleeper by the ordinary wooden key, which 
further wedges the rail and chair together. The 
success of the invention naturally depends on the 
use of steel sleepers, which, however, the inventor 
considers certain to replace the ordinary wooden 
sleeper. It would be difficult to make the details 
of the invention clear without the aid of 
drawings, but it may be stated that the two 
brackets or castings, which, together, form the chair, 
are each hooked through a hole formed in the 
sleeper. Two inclined planes formed on the two 
brackets are brought together. By the action of 
the key when driven home against the rail, the two 
brackets are forced apart, and the inclined surfaces, 
which are approximately in a horizontal plane, force 
the two brackets, which are pressed respectively 
upwards and downwards, so that the hooks hold 
them firmly to the sleeper. It will be seen, there- 
forc, that by use of this system, trenails and spikes 
are done away with, but a broken bracket could 
not be replaced without taking up the rail. In 
order to get over this difficulty a metal key may 
be added, by the withdrawal of which sufficient 
play is given to the hook to enable it to slip out of 
the hole in the sleeper without disturbing the rail. 
Another device is to use a bolt and nut to secure 
the bracket. As the brackets are not likely to be 
broken, excepting in the case of derailment, the 
removal of a rail might possibly be risked. It may 
be stated that a description of hooked chair, of the 
same general principle as that described, but 
essentially different in detail, which was devised 
by Mr. Whitestone, has been in use on the Louth 
branch of the Great Northern Railway since 1886, 
and is still in position. 

On the stand of Messrs. Siemens Brothers and 
Co., of 12, Queen Anne’s-gate, the chief exhibit is 
the Meneely tubular roller bearing, a device which 





we recently illustrated and described. A pair of 
railway wheels, weighing with axle 17 cwt., have 
been fitted with this bearing, and an excellent idea 
can be formed of the enormous reduction in friction 
obtained by the device, the wheels, which are 
suspended, continuing to revolve for a long time at 
a slow rate, and finally oscillating a great number of 
times before coming actually to rest. Amongst the 
many interesting objects on this stand may be 
noticed a hydrostatic contact apparatus with a 
time-registering clock. The train wheel in passing 
is made to press on a plug, which enters a chamber 
holding mercury, the mercury being confined 
beneath a flexible diaphragm, to which the plug is 
attached. In this way the diaphragm is pressed 
down, and the mercury is displaced, flowing into a 
cup, and thus making an electrical contact. A 
needle is thus brought down on to a continuous 
ribbon of paper, which is unrolled by clockwork, 
and a record of the time of passing of the train is 
thus obtained. The cup has a small hole in the 
bottom, through which the mercury can flow 
gradually back to the apparatus beneath the 
line. Another ingenious exhibit is a means of 
setting metal telegraph poles. A hollow iron pile, 
of a length necessary to enter the ground to give 
stability, is provided. This has a solid pointed end 
which is entered into the soil, and is afterwards 
forced home to the extent required by means of an 
iron rammer which works inside the hollow pile, 
striking on the closed bottom part. The pile being 
planted, the pole to support the wires is set 
within it, and the two are keyed up firmly by 
means of a socket or a short cylinder, say 3 in. or 
4 in. long, which fits into the annular space between 
the inside circumference of the pile and the outside 
of the base of the pole. The walls of this short 
cylinder are wedge-shaped in section, the thin part 
being at the bottom. It is also provided, both in- 
side and outside, with a coarse thread, the top inside 
part of the pile and the corresponding part of the 
pole being also threaded to match. By means of a 
key, the short piece is firmly screwed into the 
annular space, and in this way a rigid pole is 
obtained, but one that is easily planted or easily 
removed. There are some useful devices for insu- 
lators also shown here. In one case, a taper 
spindle to carry the insulator fits in a taper hole in 
a bracket, there being a small protection to fit be- 
neath a collar. The facility for changing or removal 
thus afforded will be appreciated by those acquainted 
with practical work of thisnature. There is also a 
device for insulating insulator brackets by means of 
porcelain studs, which, although extremely simple 
as an invention, should prove useful in the case of 
broken wires when metal poles are used. An auto- 
matic alarm apparatus is a well-thought-out device. 
It is to be used in case of a person, such as a plate- 
layer, who cannot use the Morse alphabet, wishing to 
send a message on an emergency. Boxes are pro- 
vided in which are placed metal discs having their 
edges notched so as to give a standard message by 
dot-and-dash signals. The operator sets a simple 
clockwork arrangement in motion, and then selects 
a numbered disc. For instance, disc No. 1 will 
mean ‘‘ Auxiliary engine wanted.” A list of the 
messages is placed ingide the door of the box, and 
all the operator has to do is to place the disc 
in the slot and set the clockwork in motion. 
The proper message will then be repeated three 
times at the station. A guard’s van Morse ink- 
writer is also shown. It consists of a Morse in- 
etrument packed in a box. In case of breakdown 
the guard places this under the telegraph wires, and 
by means of a fishing-rod arrangement makes con- 
tact with the wires and earth. He can then send 
any message necessary to the station. There are 
other exhibits of interest on this stand. 

Mr. W. S. Boult, of 60, Castle-street, Liverpool, 
exhibits some very ingenious models, illustrating a 
system he has worked out in detail for signalling to 
passing trains by means of bells, This is done by 
magnetic means, so that the train is not in contact 
with the apparatus transmitting the signal. Mr. 
Boult thinks that in time oral signals will take the 
place of the light and semaphore now in use. His 
arrangement consists of placing on the line 
a series of permanent electro- magnets capable 
of reversal. An iron armature is carried in the 
train, and is divided in the middle so as to 
admit of the insertion of a polarised contact-maker, 
which closes either of two local circuits according to 
the required signal. On an adjoining stand Mr. 
Freebury shows a mechanical device for trans- 
mitting a signal to a train, 
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In this notice, founded on the result of a single 
visit, we have not treated the exhibition exhaus- 
tively, but have only referred to certain subjects 
which attracted attention. There are some import- 
ant exhibits which we have not touched upon. For 
instance, Messrs. Saxby and Farmer have a large 
stand containing a large variety of objects, but we 
must leave these for the present. The Tubular 
Frame Wagon Company show an open goods 
bogie wagon. Messrs. Wilson, Pease, and Co., 
of Middlesborough, exhibit an example of Wood’s 
portable rail bender with fishplate drilling 
machine, bowl sleepers, railway chairs, brake- 
blocks, &c. The Vacuum Oil Company, of 47, Vic- 
toria-street, show a sight-feed lubricator which 
feeds to the valve chest, and thus operates when 
steam is shut off. Mr. W. A. Llewellin, of Easton- 
road, Bristol, has a model showing his method of 
railway signalling by cutting a line, either by the 
train being derailed or otherwise. Messrs. Turton, 
Platts, and Co., of Sheffield, have a good exhibit of 
springs, buffers, &c. The Decauville Company 
have a large and important exhibit, consisting of 
examples of their well-known light railway, shown 
by their agents, Messrs. A. von Glehn and 
Co., of 7, Idol-lane, E.C. The Westinghouse 
Brake Company show their new quick-acting 
brake, which we dealt with last week. Messrs. 
Cammell and Co. have an exhibit cf railway 
steel in various shapes. Mr. John Graham, of 
Caledonia-street, N., shows a printing machine 
which counts and prints 12,000 railway tickets an 
hour ; one of these machines has been in use at 
Euston for four years. Messrs. Waterlow and 
Sons also show a ticket-printing machine of the 
same capacity. We need not, however, exhaust 
the catalogue with a mere repetition of the exhibits, 
and for the present may bring our description to a 
close. 





THE WEATHER OF MAY, 1895. 

THE most noticeable feature of the weather of 
May was the small amount of rain, and the few 
days on which rain fell. Agriculturists began to 
regard with anxiety the effects of the drought upon 
the crops and vegetation generally, and hydraulic 
engineers were concerned as to the water supply. 
Fortunately the end of the month brought some 
rain, with signs of more to follow. Many days 
were hot and dusty, with brilliant sunshine of long 
duration ; but a short spell of cold northerly wind 
from the 15th to the 21st brought down the average 
temperature of the month to the normal values, 
except in the west of Ireland, where it much ex- 
ceeded the normal. On the 14th a barometrical 
depression reached the north of Scotland, which, 
after moving south-eastwards and southwards to 
Denmark, and, growing deeper, finally moved west- 
ward to the south-east of England, where it gra- 
dually filled up. Thus for some days of the cold 
spell, strong squally winds were experienced in 
these islands. 

On the 12th the maximum temperature at Green- 
wich was 81 deg. Hitherto the weather had been 
delightful, with brilliant sunshine, gentle winds 
chiefly from the south-east quarter, quite summer- 
like. Mist and fog now prevailed for a day or two 
in many parts. The 16th witnessed an abrupt 
change in the weather. The wind became northerly, 
dry, keen, cold, winterlike for a week. Slight 
snow or hail occurred at eastern stations on 
the 17th. At Greenwich the mean daily tem- 
perature was above the normal 13.7 deg. on the 
12th, 15.3 deg. on the 13th, 12.1 deg. on the 14th; 
but on the 17th it was 10.4 deg. below the normal, 
an extraordinary difference in so short atime. On 
and after the 22nd the winds were very light and 
variable, the air warm, and th sky bright. The 
only heavy fall of rain, 1.01 in., was measured at 
Cambridge on the 3lst. For the most part the 
month had splendid weather, much enjoyed by 
town folks, but not desired by countrymen, who 
viewed the persistence of drought with dread. The 
29th, the day of the Derby, was remarkably fine, 
quiet, and warm. 
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sas Mean _—sé=ODDifference | Difference 
Positions. Pressure. | from Normal. ; —— from Normal. 
| | 
| in. in. deg. deg. 
North ..| 30.07 above 0.16 48 above 1 
South | 30.10 — 54 nil 
West |} 30.10 oo wae | 55 above 4 
East 30.08 es | | 50 below 1 
Central 30.11 . i 52 above 1 














The mean pressure and temperature of the 
atmosphere at extreme positions to which the Isle 
of Man is central were as in the preceding Table. 

The distribution of rain in quantity and fre- 
quency may be inferred from the following results : 











Places. Rainy Days. Amount. Peco pion 
in. in. 
Sumburgh .. 8 1.36 0.36 less 
Scilly .. oe 4 0.62 so 
Valentia 13 1.06 ie 
Yarmouth .. 7 0.64 1.22 ,, 





From these results it appears that the rainfall 
was only about a third of the usual quantity. 

The mean temperature of the air at 8 a.m., Green- 
wich time, for the entire area of these islands, at 
sea level, was 47 deg. on the Ist, rose with slight 
fluctuations to 55 deg. on the 12th; fell to 45 deg. 
on the 18th, and rose slowly to 59.5 deg. on the 
3lst. The highest temperature, 86 deg., was re- 
ported at Greenwich on the 30th; the lowest, 
28 deg., at Llandovery onthe 2nd. The resultant 
wind was very feeble from west. The greatest 
atmospherical pressure, 30.6 in., occurred on the 
2nd ; the least, 29.5 in., on the 17th. Thunder- 
storms occurred on the 12th at Cambridge, 21st 
in central England, 22nd in north England, 23rd 
and 31st in south-east England, 24th and 30th 
widely distributed over Great Britain. Aurora 
was seen in north Scotland on the 5th and 10th. 
Reckoning by the weather notations, clear days 
ranged between 6 in the north and 14 in the east ; 
overcast between 7 in the south and 15 in the 
north ; fog was reported on days varying from 1 in 
the west to 7 in the central, and mist from 1 in the 
west to 4 in the central district. 

During the five weeks ending June 1, the dura- 
tion of bright sunshine, estimated in percentage of 
its possible amount, was for the United Kingdom 47, 
Channel Isles 60, south-west England 59, south 
England 51, east England 50, central England 49, 
south Ireland 45, north Ireland 44, east Scotland 
43, north-west England and west Scotland 42, 
north-east England 40, north Scotland 34, 

To these results it may be added that during the 
week ending 11th, the United Kingdom had 69 per 
cent. of sunshine, the two succeeding weeks only 
31 per cent. each, and the last week 53 per cent. 

The metropolitan death rate was 16 per thousand 
per annum, 





THAMES BRIDGES.—No. XIV. 

In our article of May 24 we gave an account of 
the rise and constitution of the Bridge House 
Estates Committee, the body which has administered 
and controlled the road bridges within the limits of 
the ancient City of London for hundreds of years, 
and which has guarded its funds so well that it has 
recently been able to build the Tower Bridge, at a 
cost exceeding one million sterling, without ex- 
traneous aid. The remaining bridges within the 
Metropolitan District, commencing with Waterloo 
Bridge, and ending with Hammersmith Bridge, 
excepting, of course, railway bridges, are under the 
control of the London County Council. This body 
cannot point toa lengthened wag: It inherited its 
functions from the Metropolitan Board of Works, 
to whom belongs the credit of having freed our 
bridges from the tolls that were originally levied 
on nearly all of them. With the exception of 
Westminster Bridge, there was in 1877 no free 
avenue of communication across the river within 
the limits we are considering, and every foot pas- 
senger had to pay a penny or a halfpenny, while 
vehicles were charged twopence. The sum was not 
great, but it pressed heavily on the poor, and in 
many cases prevented them making their homes in 
the open suburbs south of the Thames. Instead of 
seeking healthy neighbourhoods, they crowded into 
the rookeries of Seven Dials and Drury-lane, and 
thus not only suffered themselves, but rendered the 
neighbourhood unhealthy for others. 

The question of the freeing of the bridges was the 
subject of agitation for very many years before 
it was finally settled in 1877. There had been 
meetings, Parliamentary Committees, Royal Com- 
missions, petitions, and all the symptoms of a 
popular movement for half a century. Sometimes 
the matter slept fora time, but after such a period 
it invariably awoke again, and again and again it 
seemed as if a solution would be found. The rich 
grumbled at the annoyance of being detained to 
make a payment each time they crossed the river, 








while the poor felt the tax severely. Out of five 
Committees of the House of Commons, three reported 
in favour of putting an end to the tolls, while the 
other two, though unable to complete their in- 
quiries, reported strongly in favour of their re- 
appointment, in order to bring the question to a 
solution. At last, in 1876, a Select Committee 
was appointed to consider a Bill promoted by 
the Metropolitan Board of Works, and with 
some alterations they reported so favourably 
that it passed both Houses of Parliament. 
At that date all the bridges shown on the map 
on the next page, belonged to private companies, 
except Westminster Bridge and Chelsea Bridge. 
This latter was built by the Office of Works, and 
an Act provided for it becoming free when 80,0001. 
should have been repaid out of the tolls. Under 
these conditions it would probably never have 
escaped from the toll, for in 1876 there were owing 
85,555/. for principal and arrears of interest. It 
was, however, opened free on Sundays and statu- 
tory holidays, under the sanction of Acts passed in 
1858 and 1875. 

The difficulty of freeing the bridges arose in 
the main from the owners wanting too much, 
and from the public being unable to agree how the 
necessary amount should be raised. The Committee 
reported that the companies should be required to 
surrender their properties in return for compensa- 
tion determined with regard to the net value of the 
tolls, the construction, durability, and state of repair 
of each bridge, probabilities of future development, 
and any other matters affecting the several cases. 
The net produce of the bridges was then between 
51,0007. and 54,0007. per annum, and it was 
estimated that between 1,200,000/. and 1,300,000 
would be a suflicient amount to cover all expenses. 
As a matter of fact, the Board of Works took power 
under the Act to raise 1,500,000/., the sum to be 
repaid by a rate. There was much argument as to 
the area over which the rate was to be spread, as 
naturally people living far from the bridges were 
indisposed to contribute to the cost. Finally, the 
Act provided that the Board should defray 
the expenses ‘‘as if such expenses were expenses 
incurred by the Board in carrying into execution 
the purposes of the Metropolis Management Act, 
1855, and the Act amending the same.” The Act 
passed both Houses of Parliament in 1877, and the 
Board proceeded to settle the various compensations 
and acquire the bridges. 

Undoubtedly the finest and most important of the 
bridges to be bought was Waterloo. The capital 
raised was in 4763 shares of 1001. each, 5000 
annuities of 601. each and 5000 of 40/. each, and 
on 5 per cent. bonds, 49,652/. The annuities were 
for 99 years, but as they never received their full 
interest, they were, in reality, perpetual. In 1876 
the arrears amounted to 3,600,000/. In addition, 
there were small sums on 4 per cent. and 3} per cent. 
bonds, the total being 1,030,852/. The cost of 
the bridge was682,3691. 11s. 4d., the approaches cost 
255,0211. 19s. 11d., and the interest on shares, paid 
out of capital, 112,073/. 4s. 2d., or a total of 
1,049,4641. 15s. 5d. The tolls varied from 20,000/. 
to 22,000/., and the expenses were about 4000/. a 
year. The bondholders received their interest ; 
the annuitants got about 4s. 6d. in the pound, 
while the unfortunate shareholders never had a 
penny after payment out of capital ceased. The 
shares, however, had a small value, because the 
annuitants bought them to enable them to attend 
the meetings, and the directors were obliged to 
hold a certain number. A great effort was made to 
impress the committee with the fact that it was 
unfair to value the bridge at 19 or 20 years’ purchase, 
since it was a monument of great beauty and 
stood quite in a different category from a cheap cast- 
iron structure like that at Vauxhall, which might 
need rebuilding in a few years, and was an eyesore 
on the river at the best. It was argued that Water- 
loo Bridge would last for hundreds of years, and 
that it was an ornament to the City and a proper 
object of pride to the inhabitants. Every one must 
have sympathised, we think, with these arguments, 
except those that could see nothing but purely 
economical considerations. But when the Board 
of Works took over the bridge and began to inquire 
into its condition, they found that it was not 80 
stable as was imagined, some of the piers being in an 
unsatisfactory condition. The result was that they 
had to spend 80,000/. in putting it into repair. 

While buying the other bridges, the Board of 
Works, acting under the powers in the Act, 
obtained a wayleave for the public over the foot- 
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path on Charing Cross Bridge. The footpath on 
Cannon-street Bridge was also included in the 
Bill, but this was never opened to passengers. 

The owners of Lambeth Bridge could not claim 
any consideration on the score of the beauty of 
their structure. It had, however, the merit of 
being very cheap, and was by no means unre- 
munerative. The total capital was 48,0001. -» and 
for the first three years, 1862 to 1865, ‘the return 
was 9 per cent., owing to the tolls being farmed 
to an over-sanguine contractor who lost money on 
his bargain. In 1865 to 1867 the tolls were let 
by auction, and the dividend fell to 5 per cent. 
Alterations on the Embankment diverted traffic 
then, and gradually the dividend fell to 23 per cent., 
when it began to mend, and rose to 3? per cent. 
Vauxhall Bridge was another structure for which 
nothing could be claimed on account of its beauty. 
It cost, with its approaches, 296,998/. 7s. 4d. The 


Wandsworth Bridge was an utter failure finan- 
cially, for reasons already set forth (see page 564 
ante). Its share capital was 120,000/., and its 
borrowing powers 30,000/., and all this was ex- 
pended. The gross receipts in 1875 were only 7/. 
or 81. a week. It was built with a view of opening 
up the property on the south side of the river, and 
the company were authorised by the Act to take a 
large quantity of land by compulsion, and let 
it out on building leases. The Act, however, 
was not drawn with sufficient stringency to enable 
this to be carried out. The contractor received 
100,0007. in shares, and raised 30,000/. on the 
borrowing powers. Fulham Bridge (or Putney 
Bridge) appears to have been always a paying con- 
cern. It was built in 1729, with an original capital 
of 30,000/., in 30 shares. They did things in a 
royal fashion in those days. In 1876 the gross tolls 





every penny spent in architectural adornment was 
so much money absolutely lost. Travellers did not 
select the most ornate means of communication, 
but took the most convenient. 

The Act for freeing the bridges is dated July 12, 
1877, and immediately after it was passed the 
negotiations for the various purchases were entered 
into. The following list shows the sums paid : 

£ 





Waterloo ... 474,200 
Charing Cross 98,540 
Lambeth ... 35,974 
Vauxhall . 255,000 
Chelsea... das 75,000 
Albert and Battersea ... 170,000 
Wandsworth ae eS 53,311 
Putney P ,000 
Hammersmith 112,000 

1,332,025 





This total is about 23} years’ purchase, including 
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net annual revenue, in 1876, was 10,330/. from tolls, 
and 5001. from the rent of some wharves. 

For Chelsea Bridge 180,0001. were granted by the 
nation, of which 80,000. were charged upon the 
tolls, with interest at 4 per cent. When it was 
completed the accumulated interest was 18,7771., 
making the debt 98,777/. In about 20 years this 
debt was decreased to 85,555!. The average of the 
tolls from 1858 to 1868 was 4642/., and the average 
of the three years ending 1875 was 59601. The 
average annual cost of maintenance was 24641. The 
Albert and the Battersea Bridges belonged to the 
same company. The gross income of the two was 
about 9000/. The capital account included 90,0000. 
in shares, 30,0001. in debentures, and a rent-charge 
of 20001. a year, capitalisable at 60,000/. This latter 
was paid for the Battersea Bridge, which was an 
old timber structure. Further, the company spent 
out of revenue, for capital purposes, 3350/., and 
owed the contractors 20,000/. The cost of the 
bridges was put at 201, 6001. The company had a 


curious asset in the form of a rent- -charge of 100I. a 
year on Wandsworth Bridge, which appears to have 
been given them to buy off their opposition to the 
building of the bridge. The company gradually paid 
off the contractor, and commenced to pay a small 
dividend. 








the proprietors, or 2684/., reckoning some extra- 
ordinary expenditure on capital account. The 
dividend was, therefore, from 64 to 8 per cent. 

We now come to the last of the bridges—Ham- 
mersmith. The original capital was 80,000/., and 
another 5000/. was spent out of revenue, making 
85,0007. in all. The tolls from April, 1874, to April, 
1875, were 56771/., but these decreased after Kew 
Bridge was freed. There were 3} miles of road on 
one side of the bridge to keep in repair, and that 
cost 18001. a year. The average cost of repairs of 
the bridge was 309]. per annum. The capital was 
in 501. shares, and the dividend rose steadily from 
40s. in 1865 to 50s. in 1873, and 55s. in 1876, the 
latter being 54 per cent. 

Building bridges across the Thames was, as the 
above summary shows, a very poor speculation. 
Waterloo Bridge was as disastrous to the share- 
holders as any modern limited enterprise. The 
structure at Fulham was the only one that gave a 
good return, for it must be remembered that forty 
years ago 5 per cent. was looked upon as the mini- 
mum satisfactory dividend. The investor had not 
learned to be content with 3} per cent., and to be 
well satisfied with 4 per cent., ashe is now. It was 
only by putting up the cheapest possible structure 
that a satisfactory return could be obtained, and 








PLAN SHOWING METROPOLITAN BRIDGES UNDER THE CONTROL OF THE LONDON County CoUNCIL. 


expenses, superannuation to the officials of the 
bridges, and compensation for compulsory purchase, 
a very fair average return considering the value of 
money at the time, and the state of repair of the 
bridges. Westminster Bridge was built by the 
Government, and was transferred to the Metropoli- 
tan Board of Works by the Commissioners of H.M. 
Works and Public Buildings in November, 1887. 
The Metropolitan Board of Works had not been 
long in possession of Waterloo Bridge before they 
discovered that the foundation showed signs of weak- 
ness. (For description, see page 236 ante.) Some 
of the lower courses of stones had moved, and the 
masonry blocks were out of place. They, therefore, 
determined to strengthen the piers before more 
mischief was done. Around seven of them were 
formed aprons of concrete blocks, protected around 
their outer margins by a system of closely-driven 
whole pile elm timbers. Similarly constructed 
aprons were laid along the river faces of the eighth 
pier adjacent to the Victoria Embankment, and at 
the Surrey abutment. These block aprons sur- 
round the piers and abutment for a width of 12 ft. 
beyond the average projecting line of the 5-in. 
elm timbers of the foundations. These planks 
form the upper surfaces of the timber platforms 
that support each pier, and project, on the 
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average, at least 2 ft. beyond the outer face of the 
lowest course of masonry footings. The concrete 
aprons and pile-driving were done from a tempo- 
rary staging supported on piling at an elevation of 
7 ft. 6 in. above Ordnance datum, and covering 
the whole area to he occupied by the per- 
manent works. The permanent piling was of 
American rock elm, 30 ft. long, closely driven, 
parallel with the external face of the lowest course 
of the pier masonry footings. The piling was 
driven, to inclose one pier at a time, to 26 ft. below 
Ordnance datum, its upper end being 4 ft. above 
the datum. These piles were then bound together 
with walings, and were further supported by struts 
from the pier. When the dam thus inclosed was 
complete, it was pumped out dry. A trench 
was then cut, about 6 ft. deep, along the internal 
face of the protective piling, to a level exa:tly cor- 
responding with the upper face of the pile heads on 
which the timber cradles supporting the bridge piers 
were placed. Concrete blocks were then laid down 
next the piles. Then more ground was got out, and 
more blocks laid, and finally all the joints were 
grouted up, and any vacant spaces rammed with 
concrete. The concrete blocks were of eight parts 
of ballast to one of cement, and were of two sizes. 
The first row was 6 ft. by 5ft., by 2ft. 10 in. at the 
end next the piling, and 2 ft. at the end next the 
succeeding row of blocks. The second row was 4 ft. 
by 5ft. by 2 ft., and 2 ft. 7 in. at the other end. 
When all was complete the piles were cut off flush 
with the apron. Thecontract price of the work was 
62,7051. More recently, in 1890, additional works 
have been carried out, comprising the removal of 
the granite steps, landings, wrought-iron canti- 
levers, parapet railing, &c., on both the east and 
west sides of Waterloo Bridge-road, and leading 
to Belvedere-road, and the erection in place of the 
above of steel stairways, framework, cantilevers, 
parapets, &c., with York stone treads. 

The alterations and repairs to the other bridges 

have been referred to in our detailed articles on 
these structures, and it is not necessary to do more 
than to allude to them. In 1880 tenders were 
asked for the strengthening of Chelsea Bridge. 
The work included additional chains, the renewal 
of the footpaths, the removal of the road covering, 
the examining and repairing of the roadway girders, 
scraping and painting the ironwork, and paving the 
roadway with wood blocks. Putney Bridge was 
demolished and rebuilt in 1883-86 at a total cost 
for works of about 240,500/. In 1887 Hammer- 
smith Bridge was reopened, after having its foun- 
dations underpinned and extended, and its super- 
structure rebuilt. The contract price of the work 
was 82,177/. In 1885 the Albert Bridge under- 
went a large amount of renewal. The wire ropes 
were removed, with the upper tower saddles and 
the castings at the ends of the longitudinal girders. 
In place of these there were fitted steel chains with 
new wrought iron and steel upper saddles, and cast- 
iron bedplates. The contract was for 25,3671. In 
1886 tenders were asked for the removal of old 
Battersea Bridge, and the erection of a new cast- 
iron structure ; the accepted tender was 143,000/. 
In 1887 a new staircase was erected on the Em- 
bankment, to give access to the footway on the 
South-Eastern Railway Company’s Charing Cros3 
Bridge. This cost 1150. 
. In October, 1878, the tolls were abolished on 
Waterloo Bridge and Charing Cross foot-bridge. 
In May, 1879, Lambeth, Vauxhall, Albert, and 
Battersea Bridges were freed. The formal cere- 
mony took placeon the 24th, the Prince and Princess 
of Wales being present. On July 26, 1882, the 
tolls were abolished on Wandsworth, Putney, and 
Hammersmith Bridges, the Prince and Princess 
being again present to take part in the ceremony. 
Since then no tolls have bewn charged on bridges 
within the metropolitan district. 

After the very heavy repairs and alterations were 
completed, there still remained to the London 
County Council, which succeeded to the duties of 
the Metropolitan Board of Works in 1889, the care 
and responsibility of the bridges. So minute is 
this that even the lighting and scavenging of 
the roadways is done by them, in addition to the 
painting of the ironwork, the renewal of the foot- 
paths and roadways, and all general repairs, both of 
the upper structure and the foundations. They are 
the sole authorities that have any jurisdiction, if 
we except the Thames Conservancy. The waterway 
and the soil of the Thames is vested in this latter 
body, and their consent has to be obtained to any- 
thing that interferes with these. All designs for 


bridges, or bridge alterations, have to be sub- 
mitted to them, in order that they may satisfy 
themselves that sufficient headway is allowed, and 
that the waterway is not unduly contracted. Be- 
yond that, the Thames Conservancy have, we 
believe, no responsibility in regard to bridges within 
the metropolitan area. The County Council under- 
take everything else connected with the bridges 
referred to above, except in the case of the foot- 
bridge at Charing Cross, which is in the hands of 
the South-Eastern Railway Company. When we 
remember that these bridges have cost about two 
millions sterling, it is satisfactory to know that 
their maintenance is in the hands of a body which 
is quite alive to its duties, and which has the assist- 
ance of a most capable engineering staff. 





NOTES. 
Tue True Stresses In BripGE MEmBERs. 

Some very interesting experiments on the stresses 
actually obtaining in bridge members are described 
in a recent communication to Engineering News, 
by Messrs. J. J. Hankenson and W. H. Ledger. 
The instrument used consisted essentially of a bell- 
crank lever mounted on a bracket, which could be 
clamped to the bar to be tested. The short arm of 
this lever was connected to one end of a 2-in. steel 
rod, the other end of which was firmly clamped to 
the bridge member. The ratio between the long 
and short arms of the bell crank was such that a 
magnification of 25 was obtained. In the instru- 
ment actually used two of these bell cranks were 
mounted on the same bracket, so that one might be 
used to check the other. At the ends of their long 
arms pencils were provided, which traced curves on 
a sheet of paper mounted on a revolving cylinder 
7} in, in diameter. Arrangements were made for 
accurately ascertaining thespeed of the trains passing 
over the bridges experimented on. Records were 
taken from the tension members of both single and 
double intersection truss bridges, when crossed by 
trains running at speeds of from 34 to 554 miles per 
hour. The general results tend to minimise the 
importance of the dynamic action of the load, as 
even in the last vertical, where the effects of this 
would be greatest, the maximum increase in stress 
was 20 per cent., a figure which was only reached 
on two occasions. Unfortunately, the instrument 
used had considerable inertia, and it is, therefore, 
uncertain how far the vibrations noted correspond 
to a true increase in the stress on the bar. In the 
case of some experiments on the lower chord these 
vibrations are so excessive that they can hardly be 
true records of the actual stresses on the eye-bars. 
In experiments made ona double intersection truss 
the diagrams taken were much less disturbed by 
vibration, fairly steady lines being obtained even 
a the train speed was as great as 50 miles per 

our. 


A SmmpLe Water Cooter. 

An interesting water-cooling apparatus is de- 
scribed in a paper presented to the American 
Institute of Mining Engineers, by Mr. Carl 
Heinrich. In planning for the erection of some 
smelting works at Ducktown, Tennessee, the 
difficulty of an insufficient water supply had to be 
neighbourhood, they were contaminated with 
the discharges from mines in the district con- 
faced, since, though streams abounded in the 
taining large quantities of sulphate of iron. This 
water was, of course, unsuitable for use in boilers 
or iron water-jackets. Some springs near the site 
of the works did, however, supply a very pure 
water, but the quantity was small. To make 
this go as far as possible, it was determined 
to use it over and over again after passing 
it through a cooler. The quantity to be cooled 
was from 200 to 300 United States gallons per 
minute, its temperature being 180 deg. to 200 deg. 
Fahr. The cooler used was made of wood through- 
out, and consisted of a timber framework support- 
ing a large number of long, narrow, thin wooden 
strips measuring lin. by 4in. by 16 ft. long, set 
perfectly level. These strips were arranged in 
layers, 13 being in each layer, a space being left 
between adjoining strips. The strips in each layer 
broke joint with those above. Hence, when hot 
water was caused to flow on to the topmost strips, 
it spread out over these strips in a thin layer, and 
trickling down their edges fell on the strips below, 
where it again spread out and fell on to the next 
layer. There being 29 of these layers, the 
water was brought in contact with a very 








large surface, and was rapidly cooled by its own 








evaporation. The whole apparatus complete occu- 
pies a space of but 10 ft. long by 8 ft. wide by 20 ft. 
high, and cost but 641. The amount lost in cooling 
the 200 to 300 gallons per minute was so small 
that it was fully made up by the springs afore- 
mentioned, the maximum discharge of which was 
40 gallons per minute, and the minimum 25. The 
wood Men in the construction should be one 
capable of standing soaking in hot water and being 
dried out again. In certain situations it would 
seem that a similar plant would prove useful for 
cooling the condensing water for an engine, the 
plant in question being sufficient for one of 1000 
indicated horse-power. 


RatLway LOcATION AND CONSTRUCTION IN WESTERN 
AMERICA. 

In a paper recently published in the Journal of 
the Association of Engineering Societies, Mr. W. 
B. Lawson gives an account of the methods of 
railway location and construction practised in the 
western States of America. The principal diffi- 
culties met with in locating the earlier lines arose 
from the limited supply of capital at the service 
of the promoters, This made it necessary to 
curry favour with local authorities, and hence 
wide detours and heavy grades were introduced 
for the sake of reaching some small village, 
which had, perhaps, promised to assist in con- 
structing the road. In some cases this assist- 
ance was often practically levied on these com- 
munities, as the company were in the habit of 
asserting that the original settlers had chosen a 
bad site for the village, and of threatening to erect 
their station somewhere else, unless they were 
compensated for the trouble incident to a station 
inconveniently placed. At present these local aids 
form a less important item in the capital of new lines, 
as most of these are now either made for, or on 
behalf of, somelarge existing company, who, however, 
usually find it necessary to exercise considerable 
diplomacy to gain the assent of the many conflicting 
interests involved. It is thus common to totally 
conceal the fact that the parent company is really 
at the bottom of the matter. Small local corpora- 
tions are formed, village magnates being flattered 
by official appointments, thus securing their good- 
will, rendering it easy to get cheaply rights of 
way and other privileges. When all is ripe, a 
new company is organised, into which the local 
companies are merged, their rights, already ac- 
quired, being transferred to the new corpora- 
tion. The local magnates are then shelved, their 
usefulness being at an end. This new company is 
finally adopted, either openly or covertly, by the 
parent line. As concerns the actual work of the 
location, the surveying party numbers from 12 to 16 
men, under the lead of a locating engineer, who 
requires to have a good eye for country, though 
financial difficulties may often prevent him taking 
the best route, since, especially in the early days, 
every effort had to be made to keep down the capital 
outlay, even at the cost of largely increasing the 
working expenses of the line. In undulating, partly- 
timbered country, 4 miles of preliminary survey per 
day is considered good average progress, the cost 
being 32s. to 40s. per mile. In flat countries good 
work may be done at therate of 1to14 miles per hour. 
The total cost of the tinal location ranges from 81. 
a mile in open country to fully 4001. per mile in 
high mountain districts. Where slopes are easy the 
contours are put in by the hand level and by pacing, 
the tape being used for this purpose only in the 
mountain districts. Levels are checked by repeti- 
tion, errors of .2 ft. per mile being often ignored. 
The embankments used for single track are usually 
12 ft. to 15 ft. wide at the top, and the cuttings are 
20 ft. to 22 ft. wide at the bottom. The sides are 
trimmed to 1$ to 1 almost universally in the 
case of embankments, though high banks will not 
permanently stand at this. In cuttings, the slopes 
are often made steeper than this to save time. The 
cost of earthwork varies considerably. Grading 
from 1 ft. to 4 ft. deep may sometimes be done for 
as little as 4d. per cubic yard, and on large con- 
tracts the price usually ranges from 6d. to 9d. per 
cubic yard for earth, 1s. 54d. to 1s. 10}d. for loose 
rock, and from 2s. 94d. to 3s. 114d. for solid rock. 
These prices include a haul of from 200 ft. to 
500 ft., above which $d. per cubic yard is paid 
for every extra 100 ft. of haul. 








CANADIAN Raitways.—A Bill has been introduced into 
the Canadian House of Commons with the view of pre- 
venting the Canadian Government letting contracts to 
foreigners. 
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THE NEW PATENT BILL. 
To THE EpiToR oF ENGINEERING. 

Sim,—If I had interpolated Mr. Hardingham’s guarantee 
for the promoters of the Biil, I would ask his pardon ; 
but apparently he has forgotten certain passages in 
hia letters in your issue of May 10. In the paragraph 
beginning at the bottom of the first column, page 615, and 
the last sentence of his second letter, on the same page, 
there is, I submit, sufficient on which to ground my 
remark ; but there was no desire to offend. Oa the other 
band, it would have been more correct for me to say that 
the present laws effected one change in the law and two 
in the practice, instead of three changes in the law. 

My three examples are not disputed by Mr. Harding- 
ham, so I assume he does not question their relevance to 
the points they were intended to illustrate. But he goes 
back to the article and illustration of the Field boiler in 
yours of May 3, page 584, and puts me in an imaginary 
position to draw a false conclusion ; thus confusing the 

ssue. Sol must needs follow him, and will restats the 

case in an amended form. 

On January 1, A files an application for a patent, 
asserting that he has an invention in vertical boilers, and 
lodges a provisional specification describing it. His 
special object is to increase the heating surface, which he 
does by tubes dependent from the crown-plate of the fire- 
box, the tubes being closed at their bottom ends. 

On April 1 he invents a further improvement for in- 
creasing the circulation of the water in vertical boilers by 
inserting small tubes, open at each end, within the larger 
ones, in such a manner that there is a downflow of water 
in the inner tubs, and an upflow within the anoular space 
between the two tubes. This he claims in his complete 
specification, and in due course obtains his patent dated 
January 1, 

Five years later the patent is infringed by X, and— 
correcting Mr. Hardingham’s statement of my position—I 
consider it ‘‘equitable and politic” that disconformit 
should be pleaded against the patent, because a part whic 
he claimed as from January 1 had no mental existence 
until three months later. The inventor has given a false 
date which might easily affect other inventors between 
January 1 and April 1, and on their behalf I decidedly 
think it ‘‘ equitable and politic ” that disconformity should 
be retained to prevent such practice. Although made by 
one inventor, and applied to one form of boiler, it is clear 
that there were two inventions, made at different periods, 
for different purposes, and carried out by different means ; 
and the law very properly takes notice only of the date, 
and the subject-matter filed under that date, and not of 
the individual. 

If this were not so, the inventor A might almost 
monopolise improvements in vertical boilers during his 
period of protection ; and, as he is not obliged to uso the 
word ‘‘ vertical,” he might embrace the wholeclass of boilers. 
We see at once how unfair that would be to other ia- 
ventors, and to the public. In the caze of cycles, many 
separate inventions, by different individuals, are often 
combined in one machine; and if an applicant with a pro- 
visional specification can add other inventions to the 
one he first described—either by means of supplementary 
provisionals as under the Bill, or in his complete specifica- 
tion, if disconformity is abolished—he could appropriate 
every subsequent invention that came to his notice during 
the protective — 

Mr. Hardingham admits, however, the rights of a possible 
intermediate applicant B, and so would not accord priority 
from the date of application. I have pointed out else- 
where that this involves different dates for the different 
elements, with its consequent confusion, or else the latest 
date must in general be taken. For example, under the 
Bill, A would claim the heating surface tubes from 
January 1, but the circulating tubes would date from 
April 1, and the combination of the two from the latter 
date. In the case of several supplementary provisional 
specifications, other dates extending over the proposed 
six months might easily bein question, and we can readily 
imagine learned counsel and witnesses on both sides un- 
ravelling the tangle in an infringement case. Their 
ability to do this is undoubted, but the wisdom of provid- 
ing the materials is questioned. 

Then my opponent would permit a complete specifica- 
tion to accord with any or none of the provisional specifi- 
cations, and so, practically, we get back to the former 
vicious system, in which no examination was required to 
seo whether the invention particularly described in the 
complete was substantially the same as that described in 
the provisional. Indeed, if this curious idea of freedom 
for the meritorious inventor is carried out fully, not only 
the means may vary, but the object of the invention may 
be different from that in view at the commencement, and 
the only drawback suggested is the shortening of the term 
of the patent, 

Mr. Hardingham has gone along way in his desire to 
abolish disconformity, andI think the ‘‘cost” of doing so is 
manifest in the resultant evils indicated above. And these 
evils are to be incurred because the inventor (following out 
the example given) did not realise until April 1 that his de- 
pendent tubes of January 1 would simply become pockets 
for sediment unless he created a quick circulation of the 
water in them ; while those who object to his own state- 
ment of January 1 being stretched to embrace the inven- 
tion of April 1 are held up to scorn as “defrauding in- 
ventors of rights to which they are justly entitled.” 

An inventor is justly entitled to all that can be fairly 
embraced within the description he first gives of his own 
Invention, but for the sake of others he shouid be held 
strictly to that description. If, in completing his inven- 
tion, he embraces matter not clearly indicated in his pro- 
visional, it argues: 1. That he had not clearly thought 


there is more than one invention, and he should apply for 


another patent. 4. That he is guilty of fraud, and should 
be subject to the penalty due to disconformity. But if it 
is held that under (3) he could not afford the expense, and 
is entitled to some consideration in perfecting an allied 
invention, why, that is another story, as Rudyard Kipling 
says, and should be provided for in another way. 
I an, Sir, yours faithfully, 
J. SINCLAIR FAIRFAX. 
433, Strand, London, W.C., June 4, 1895. 





THE WILLANS ENGINE. 
To THE EprTon OF ENGINEERING. 

Srr,—Your abstract of my remarks at the discussion re 
the above at the Institution of Electrical Engineers is so 
misleading that I must ask you in fairness to allow me to 
make the following corrections: After ‘“‘than at the 
lower,” add ‘‘in cases where the lubrication is not very 
efficient.” Invert sentence re top piston valves thus, 
‘* These rings must collapse, therefore,” &c. For ‘*.3” 
read ‘‘.83.” 

Thanking you in anticipation, 

I remain, yours faithfully, 
R. Dumas. 


71, Elliscombe-road, Charlton, S.E., 
June 2, 1895 





SWEATING IN DRAWING OFFICES. 
To THE EprTor oF ENGINEERING. 

Srr,—Ib was not my intention to say anything more 
on this subject, but after reading Mr. C. Yerhta’s letter 
in your issue of the 31st ult., I must request space for a 
few comments. Mr. Yerhta—who wishes us to believe 
he is a draughtsman—by means of misrepresentation 
and flippant irrelevancy, tries ineffectually to take the 
sting out of my remarks, which appear to have hit him 
very hard indeed. 

He accuses me of advocating unpunctuality, which is 
absolutely untrue, as may be seen by reference to my 
letter appearing on the 17th ult. ‘The abuse I referred to 
consisted in the book being in existence abtall, as showing 
an absence of trust in the draughtsman. There should be 
no necessity for time-checking in a properly mana 
office. If the head is a man fitted for his position, a word 
in season to any one showing a leaning towards un- 
puactuality will always be sufficient, if the man spoken to 
be worth keeping. If he continues keeping loose time, he 
is best got rid of. There should be no need to insult the 
reaiainder who are punctual, by showing them that they 
are not trusted. 

Mr. Yerhta is himself, by his own unblushing con- 
fession, a late comer. In his own parlance, ‘“‘ He has 
beva there.” He even appears proud of his fault, and 
yet, in the same breath, he has the assurance to give us a 
dissertation on punctuality ! . 

Again, at the commencement of his letter, he says that 
I “thrust forth a particular and no general grievance.” 
How far this is true, and how far Mr. Yerhta himself 
believes it to be true, may be judged from another remark 
of his towards the end. He says, ‘‘ Whilst I cordially 
endorse Mr. Reynolds’ remarks upon the many much- 
needed improvements in our general status.” Mr. Yerhta 
thus stands convicted by his own words. He really 
should not be in such a hurry to give himself away. 

His quibble about my comparison of draughtsmen paid 
by the hour to labourers is too puerile to need comment. 
He moreover suggests that the ‘‘ signing on” was the out- 
come of what he calls in his way “leakage in attend- 
ance.” I am unable to say if this were so or not; the 
main facts, as I gave them, are all the information I am 
in possession of, as, needless to state, it was nob obtained 
in a direct manner. But even supposing for a moment 
this was the case (a hypothesis for which I have no 
excuse but Mr. Yerhta’s suggestion), then the case is met 
by my remarks above, he abuses, as I mentioned 
them in my former letter, do undoubtedly exist; of that 
he may rest assured. But as my letter was on grievances 
in general, and I only mentioned one special case inci- 
dentally, why is it that Mr. Yerhta confines himself to 
this special case? The greatest general grievance of all 
—depreciation of pay—he totally ignores. It is a notice- 
able fact, and affords a possible clue to account for his 
bitterness of spirit. Does Mr. Yerhta sign a book on 
arrival every morning, or, to use his own words again, 
**is jerked into the human mechanism working”? The 
mechanism appears to be already working when he 
arrives. If he does, perhaps he finds that it is only by 
this means that he can be got to business at all, and so, 
of course, he feels an affection for the book equal to that 
of a clerk of the court. We will charitably suppose it 
to be so, and dismiss his letter, after having given it 
more consideration than it deserves, 

**Fitter’s” letter is the sort of thing required, although 
he is just a bit unkind in his second sentence. He says, 
‘Fitters are much more respected than draughtsmen, 
because they have a union and the latter have none.” 
This is rather illogical], but in consideration of ‘* Fitter’s” 
evident friendly feeling towards the drawing office, I 
will withdraw the t ypxy in my former letter, which, 
however, I intended to be in no way disparaging to 
fitters, if he will allow me to put draughtsmen on a 
level with his own department, and say, that they are 
both very rouch respected. 

Regarding a union, I do not think it would improve 
matters. The idea is repugnant to most draughtsmen. 
They do not want to compel adequate recognition ; they 
wish it to be accorded by their employers with a willing 
hand, as their due. As “Fitter” tritely says, they in- 
terest themselves in the firm’s work, both in working 
hours and out. I can myself say that, when I was a 





out his invention, and should have waited until he had 
done so. 2. That it was not properly described. 3. That | 


and worked hard for a whole evening, in order that I 
might make a better job of what I had in hand; and I 
am sure that nine out of ten draughtsmen in every office 
do the same. 

_ But this is a good deal to expect a man to do, when he 
is only paid enough to allow him to live from hand to 
mouth. The present salaries paid by many firms—and I 
have a list of the averages paid by nine—do not admit of 
anything being carried to a reserve fund, and so what is 
the draughtsman expected to do, when illness and doctor’s 
bills come, and perhaps reduction of pay with them, or 
when he is out of a berth ? What I should advise is this : 
If the a be a good man—and every one who is, 
knows it, although he does not say so—do not while you 
can keep alive at all accept an offer at a low figure. 
There is, of course, a great temptation to do sc, and the 
employers know it. But there are many among them 

who, if the case be put to them, will ae a month’s trial 
to ascertain if a man be worth the little extra pay he 
asks for, and if he be what he represents, he need not fear 
the result, 

Of course, men can be got in plenty at very low. wages, 
but they are, asa rule, dear at the price, and employers 
are beginning to find this out. Low-paid men are mostly 
ill trained, and in addition to this, they are always bother- 
ing for increase of pay, and if they do not get it they get 
sulky, and do not care whether they work or not, or do 
their work well or ill. And where does the cheapness 
come in then? Such a man is twice as expensive as one 
who works willingly. When a man does his work efli- 
ciently and gets a small rise, he feels that his employers 
value him, and, as @ consequence, he sticks to it even 
more, and takes an interest in every job he does. 
But when he is told that the firm cannot afford to pay 
him adequately, or some such excuse—as if the amount of 
arise were anything in a firm’s expenditure—he thinks 
he is of no use, and loses heart, and then work is like 
drawing teeth. In addition to this, draughtsmen are, as 
a class, a sensitive race. There are a very few thick- 
skinned ones who write to the papers, but, taken as 
a whole, they are quick to feel any injustice. It rankles 
and they waste days talking about it, and in the end 
it is far and away cheaper to keep them satisfied. 
I know of one firm which recognises this, and for 
speed and quality of work turned out, that office 
cannot be matched, and the men never leave except 
for a position. 

It is not yet time to talk of competition from Chinese, 
Jap3, and Hindoos, as per ‘‘H.E F.” There’is plenty of 
work for the two first named at home, and I have yet to 
meet a Hindoo draughtsman. I would say to all young 
men, Do not stay more than-six years or so in the draw- 
ing office. After that, make any sacrifice to get out of it, 
and you will never regret it. I was myself fifteen years 
tied to a “‘ double-elephant,” and every day since I left it 
I have thought of the valuable ten years I wasted. 

In conclusion, if all draughtsmen will only make up 
their minds to it, the lowness of pay may be remedied, 
and other abuses along with it, but as long as ~ only 
sit still and grumble, or try, like the gentleman I dealt 
with first, to prevent any good being done, they will 
remain where they are. _ 

hope many more will, with your kind permission, 
assist in ventilating this important subject. 
Yours faithfully, 
London, E.C., June 3, 1895. W. H. Reynotps. 


To THe EpiTor oF ENGINEERING. 
S1rr,—With reference to the correspondence in your 
influential paper re ‘‘ Sweating in Drawing Offices,” I 
should like to add my quota. The letter signed “System ” 
hits a good many points on the head, and my experience 
corresponds with his in many respects, notably in the case 
of cashiers and cost clerks imagining themselves engineers 
and giving orders in the ~~ without communicating 
with the head draughtsman, through whom all such in- 
formation should be given. 

With regard to the pay of draughtsmen in many of our 
large establishments, it is utterly inadequate. A man is 
expected to bs thoroughly well educated, reliable, accurate, 
&c., and he may think himself lucky if, after years of ser- 
vice, he get 21. per week; then, again, owing to the 
thoughtlessness and ignorance of managers, he is treated 
as though his opinions and experience were worth nothing, 
and as though he were simply a machine for drawing or 
erasing so many lines (the latter being as common as the 
former). I have known a manager use a thick pencil, 
sometimes a coloured one, on a small-scale general 
arrangement (say jin. to the foot) of an elaborate pipe 
arrangement, on which a patient draughtsman has spent 
weeks of work, in sich a manner as to completely epoil 
the drawing and utterly to sicken the unfortunate 
worker, perhaps all to no purpose, but just to show where 
a slight modification might be made, which could have 
been much better illustrated by a sketch on tracing 
paper. 

his may seem a slight grievance to the uninitiated, 
but is very real to the sufferer. There are many more 
grievances to enumerate, but your space will not allow 
me-to do more than mention them. Briefly they are : 

1, Inadequate wages. 

2. Taking “on” and paying “off” at very short 
notice. 

3. Lack of responsibility, i¢., not trusting a man’s 
individuality more. 

Apologising for the length of this latter, I inclose my 
card, and remain, 


June 4, 1895. 





Yours, &c., 
A.M.I.C.E, 





To THE EpiToR oF ENGINEERING. 
S1r,—I trust this discussion will not only ventilate the 





draughtsman, on scores of occasions, I have gone home 
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further, and result in more consideration being paid to a 
deserving class of men, for it cannot be denied that the 
drawing office is often made the scapegoat of an engineer- 
ing establishment, managers (especially young ones) ap- 
pearing to be ever ready to accept all they are told in the 
shops of the errors of the drawings and draughtsmen, and 
instead of probing a little deeper, hasten to harass the 
drawing offics about so-called mistakes, which, when they 
exist, ought, with a very little care, to have been detected 
in the early stages of the work; but as in many instances 
the drawings have left the office some time previously, the 
poor draughtsman is not in a position to state definitely 
whether the fault is his or not, and has meekly to accept 
the censure, and on subsequent examination often finds 
his drawings all in order, but is then unable to reopen the 
question with his superior. 

Then, again, work is often promised in a time quite 
inadequate for it to be performed in a satisfactory manner, 
and the designs accepted are unworkable, the result being 
that in detailing the work, the draughtsman has practi- 
cally to re-design it, no allowance being made for the 
additional labour which this entails, the sole object of 
those in charge being to rush the work through the draw- 
ing office, consequently the drawings are sent into the 
shops in a slipshod manner, and the draughtsman feels 
that he has not done credit to himself, but is powerless 
under the circumstances. This, of course, applies more 
particularly to general engineering work, where also the 
practice of continually changing men (referred to by 
** System ” in your current issue) prevails to such a large 
extent, and the baneful effects of which are not sufficiently 
realised, otherwise the writer feels sure that more atten- 
tion would be given to this point than at present, for it 
must be apparent, after very little reflection, that ib is 
next to impossible for a new man to perform his work 
as expeditiously as the older hands, who are well 
acquainted with the shop methods, and have a full know- 
ledge of the machines to be used in producing the finished 
article. 

Other points might be raised, but as other writers 
will probably refer to these, I will content myself by ex- 
pressing the hope that a draughtsman will “ credited 
with a desire to perform his duties (often of an arduous 
nature) conscientiously, and when he has the misfortune 
to make an error, those in authority will remember he is 
not infallible, and, further, when his work has turned 
out satisfactorily, a few words of encouragement will be 
highly appreciated. 

Yours faithfully, 
Sprine Bows. 





INDUCED v. FORCED DRAUGHT. 
To THE Epiror or ENGINEERING. 

Sir,—Mr. F. L. Watson has taken what seems to me a 
strange view of the points raised in my letter, which 
appeared in your issue of May 24; perhaps a little further 
detail might show my opinion more clearly. 

Surely Mr. Watson does not suppose I should set for- 
ward an action of the furnace gases, which could only be 
seen when the firedoor is open and the conditions entirely 
different to the normal. My observations of the bs- 
haviour of the furnace gases under different systems of 
draught were taken from sight-holes in smokebox and fire- 
door, and in a boiler so fitted that the ordinary condition 
of furnace, combustion chamber, and tubes can be noted. 

I drew a distinction between flame and furnace gases 
to exemplify a forced-draught action in the presence of 
flame. But Mr. Watson seems to imagine that the flame 
present in the furnace, &c., is the only source of heat. 
This cannot be accepted, as all the gases evolved from the 
fuel do their share of work by reason of their temperature. 

Mr. Watson truly remarks that a very high pressure 
with forced draught would be detrimental. It is of such 
high pressures of draught I am writing, i.¢., 4 in. to 6 in. 
of water, and I contend the greater vacuum you obtain, 
with suction draught, the safer your boiler becomes, due 
to being more evenly heated; all that is required is to have 
sufficient efficient heating surface to take up the heat before 
leaving the boiler, as, for instance, the Serve tube and 
retarder. 

In regard to size of fans, perhaps Mr. Watson will not 
find the difference of such moment if considered in this 
light ; with a forced-draught fan we should need about 
.5 per cent. of the total developed power, while with a 
suction fan 1.3 per cent. of the developed power is needed. 
When, however, high rates of combustion are reached, 
the use of suction draught allows us an economy compared 
with a pressure system of draught, far in excess of the 
loss of power due to employing a largefan. ‘“ F.N. D.’s” 
comparison of draught systems with discs does not, I con- 
sider, show any direct bearing on this subject, the change 
of volume, even due to a difference of pressure of 8 in. of 
water, being only 2 per cent. 

Yours faithfully, 

Newcastle. on-Tyne, June 5, 1895. 





WwW. T. 





To tHe Eprror oF ENGINEERING. 

Sir,—I am glad to seethat Mr. Watson admits that there 
is a difference in principle between induced and forced 
draught. I can hardly admit the argument that as the dif- 
ference in pressure is only 1 per cent. of the absolute pressure 
of the gases, there can be little difference in the effect of 
these gases: this argument pushed home would lead to 
the conclusion that any system of artificial draught could 
only have a nominal effect in increasing the rate of com- 
bustion. As itis, however, admitted that either system can 
easily be made to double the rate obtainable by natural 
draught, it follows that we are then dealing with the 
double weight of combustion products. I still claim a 

t difference in effect between gases forced through 
bom Uahote or drawn th-ovgh from above, end cannot 
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accept the limitation argued by Mr. Watson. The dif- 
ference between a violent hurricane and absolute stillness 
in the atmosphere is but a very small percentage of abso- 
lute pressure, but the hurricane directed into the fuel 
would probably blow away coals and grates ws D 








LIGHT DRAUGHT STEAMERS. 
To THE Eprtor oF ENGINEERING. 

Srir,—I notice a letter in this week’s ENGINEERING 
signed ‘‘Sternwheeler,” with reference to the above, and 
as my name is mentioned, you will perhaps allow me a 
few words in reply. ‘‘ Sternwheeler” appears to think 
that I am an advocate of a rudder abaft the wheels of a 
sternwheeler on theoretical grounds only. 

It is just because I have had practical experience of 
the working and supervision of such vessels abroad, 
and of the unsatisfactory steering qualities of the 
ordinary type of sternwheeler, that I advocate a large 
rudder astern, and, by preference, a small one ahead of 
the wheel as well, this latter coming into play when the 
vessel is going astern. 

With regard to practical results, I may quote a few 
words from a report I have lately received of some vessels 
recently built in accordance with the design I advocated 
at the meeting of the Naval Architects, viz., divided 
wheels, with a small rudder ahead, and a large one astern 
of them. 

The superintendent under whose supervision the vessels 
are working in the East, writes : “There is no difficulty 
whatever in steering these steamers, even in bad edd 
water, and with one or more cargo flats in tow;” and, 





The price of quicksilver is 
The metal prices are per ton. 








further, ‘‘the current has been abnormally strong, and 
the wind high.” 

With regard to the ‘well-known efficiency” of the 
forward rudders of the ordinary sternwheeler your corre- 
spondent mentions, my experience of vessels thus fitted 
is that, even when handled by men accustomed to them, 
their steering is most erratic. 

I am, Sir, yours truly, 
Seymour B. Trirron, M.I.N.A. 





Gas av R10 DE JANEIRO.—The capital expended by the 
Rio de Janeiro Gas Company stood, at the close of last 
year, at 1,121,9442. After providing for the fixed charges 
of last year, the company had a balance of 38,634/. avail- 
able for dividend. The council of administratiop, how- 
ever, deemed it advisable to carry this balance forward, 
pending the settlement of certain negotiations now in 
hand at Rio. The sale of gas showed an increase of 
33 per cent. last year as compared with 1893. 





Sewace at Drrpy.—A sewage scheme, which Messrs. 
Bramwell and Harris have been preparing for the Derby 
Town Council, was laid before the council at a meeting on 
Wednesday. It is proposed to erect a pumping station 
at Litchurch on the side of the present Litchurch sewage 
works, and to utilise, as far as possible, existing sewers. 
This part of the scheme is estimated to cost 28,000/. It 
is further proposed to treat the sewage in aseries of under- 
ground tanks, the effluent being somewhere near the 
Borrowash Mills, The total cost of the scheme is set 
down at 82,000/., and the cost of maintenance 75001. rer 
annum, 
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NARROW-GAUGE LOCOMOTIVE FOR THE GAS LIGHT AND COKE COMPANY. 
CONSTRUCTED BY MESSRS. W. G, BAGNALL AND CO., LIMITED, ENGINEERS, STAFFORD. 


Fig. 2. 
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Fig. 1. 


WE illustrate on this page a narrow-gauge tank 
engine recently constructed by Messrs. W. G. Bagnall 
and Co., Limited, of the Castle Engine Works, 
Stafford. As will be seen from the general view of the 
engine, Fig. 1, all the working parts are easily acces- 
sible, the cylinders and valve gear being outside the 
frames, The space available between the frames is 
naturally much contracted in the case of small narrow- 
gauge engines, and hence arrangements which are per- 
fectly satisfactory in the case of large main-line engines, 
prove very inaccessible when the dimensions are re- 
duced. The inverted saddle tank shown in front ex- 
tends underneath the smokebox and balences the fire- 
box at the other end, whilst at the same time the centre 
of gravity is kept low, an arrangement which, when 
the gauge is narrow, is a matter of some importance. 

In the case of the engine illustrated, the position of 
the frames outside the wheels gives sufficient width of 
tank without footplates along the sides. The space thus 
left clear allows the cylinders, axle-boxes, and valve 
motion to be attended to with ease, and as this brings 
all moving parts outside, they are always well oiled, 
and in consequence the wear and tear is reduced to a 
minimum, The valve motion is a modification of that 





illustrated in our issue of June 15, 1894, and will be 
readily understood from Figs. 2 to5. The valve-rod 
passes through a guide formed in the motion plate, 
and has a bushed end fitting over an eccentric. The 
pin on which this eccentric rests is given a reciproca- 
ting motion to and fro by being connected to two 
radius links supported by a horseshoe-shaped casting. 
These radius links are connected by a pin, which is 
moved up and down by a third link connecting it with 
an ‘‘ eccentric” rod, if the term may be used, — 
on the crankpin between the main connecting an 

coupling rods, as shown in Fig. 3. This motion 
alone would work the valve had not the latter 
lap or lead, and it is to provide for these that the 
valve-rod runs on an eccentric, which is caused 
to oscillate by connecting it to the end of the rod 
driving the gear, as shown in Fig 2. Details of this 
eccentric and connections are shown in Figs. 4 and 5. 
There are no overhanging parts, and the whole gear 
is on a centre line from the crankpin to the slide valve. 
It has equal leads throughout, and gives a quick port 
opening and cut-off. There are very few working 
parts, and the pins are all of ample size to insure 
satisfactory working. The engine is fitted with two 








of Gresham’s self-acting injectors, sand-boxes, and 
cylinder cock gear, all worked from the footplate. 
It was built for the Gas Light and Coke Company, for 
their Nine Elms works, to run on Bagnall’s railway 
of 2-ft. gauge, with rails 14 lb. per yard. The fol- 
lowing are the leading dimensions : 


Cylinders ... ... 5 in, in dia, by 8 in. 
stroke 
Wheels 14in. in dia., 2 ft. 


9 in. wheel base 
Boiler saa vr re ... Steel, with copper 
firebox and brass 
tubes 14 in. in dia- 
meter 
Heating surface : Tubes 49.5 sq. ft. 
11.5 


+ Firebox... a 

; Total aa 61.0 ,, 
Grate area a av 5 a 
Fuel capacity cay : 54 cubic feet 
Water capacity ... is as gallons 
Gauge 7 ake ua we 2 ft. 





INDUSTRIAL NOTES. 

THERE is a general consensus of opinion that trade 
is slowly but surely reviving, and the Board of Trade 
returns bear testimony to the fact, as do also the trade 
returns of the various industries, and of the several 
organisations connected therewith. We are, however, 
well into the sixth month of the year, nearing Mid- 
summer Day, and yet the proportion of men out of 
employment is still large, and in some industries, 
notably in the coalmining branches, the number is 
increasing. To some extent this can be explained. 
During the labour struggles in the coal trade newer 
men were drafted into the mining districts, and all the 
efforts of the unionists have failed to dislodge them. 
The number employed last year was the largest ever 
known, and the total output was the largest ever 
attained. But the proportion of output per miner was 
less than in 1871-73, when prices were so high and the 
earnings were so great that the men voluntarily took a 
larger share of holidays than had theretofore been 
usual. There is, also, a general advance in mecha- 
nical labour-saving appliances in nearly all trades, so 
that the output per person employed is greater than 
ever before. The displacement of labour by machi- 
nery has ever been a ground of complaint by the 
worker, although in the long run the result has been 
newer developments and newer employments. This 
will doubtless go on, for machinery increases labour as 
well as displaces it. But the bitter cry comes from 
the workpeople who are displaced. A similar dis- 
placement is taking place by legislation, but in this 
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case it is a change in conditions rather than a perma- 
nent displacement. Still the bitter cry comes from the 
workers who are affected. Hence we see some of 
those who are intended to be benefited joining in the 
demand for no interference, or that the interference 
shall be limited to bodies other than those complain- 
ing. It is true generally that legislation has improved 
the conditions of labour, and increaged the comforts 
of the masses of the people; nevertheless, human 
nature shrinks from becoming a voluntary martyr for 
the general good when there is no glamour to sustain 
it, and no martyr’s crown to inspire it in the death 


agony. 


One of the problems of the day is how to minimise 
individual suffering while the displacement of labour 
is going on. Compensation for loss of employment is 
not applied to general industry. It is only, or 
mainly, reserved for Government officials. One of 
the remedies suggested has been the compulsory 
limitation of the hours of labour to eight hours per 
day. During the last five years this plea has been 
urged in season aud out of season, but latterly even 
the most ardent advocates of this remedial measure 
have begun to see that more was expected of it than 
could possibly be realised. The desire for cheaper 
production would stimulate invention, so that, to a great 
extent, what was expected to be the consequence of 
shorter hours would be neutralised by labour-saving 
appliances. Of course, shorter hours would have some 
effect in the direction of an increase of employment, 
but not to the extent anticipated. Moreover, in pro- 
portion to the loss in wages, should any such loss 
arise, so would the purchasing power of the masses 
diminish, and a diminution of purchasing power 
would decrease the demand for commodities. Over- 
production is often complained of as the cause of 
want of employment, but over-production does not 
yield full employment; to decrease production is to 
decrease employment still further. There are two 
economical conditions which would increase employ- 
ment; one is newer markets for the goods we soclian, 
the other is an increase of the purchasing power of the 
masses of the peoples of the earth. Under.consump- 
tion is a greater evil, economically speaking, than over- 
production can ever be. From an economic standpoint 
there can be no over-production so long as there are 
millions insufficiently fed and clothed, lame housed, 
and lacking the comforts of a well-ordered and 
properly furnished home. Whatever can be devised 
to stimulate consumption, by increasing the purchasing 
power of the masses, will increase the demand for 
commodities, and this in its turn will increase produc- 
tion and find employment. Every wave of prosperity 
gives evidence of this fact, for prosperity conduces to 
prosperity ; demand increases the output, and provides 
employment where before there was scarcity. 





The Ironworkers’ Journal reports that the result of 
the accountants’ examination of the returns of the 
sales of manufactured iron, by the firms associated 
with the Board of Conciliation and Arbitration for the 
Manufactured Iron and Steel Trade of the North of 
England, shows a net selling price of 4/. 14s. 10.66d. 
per ton average, with the result that there is no change 
in the wages of the men under the sliding scale agree- 
ment. The wages, therefore, for June and July will 
be the same as for April and May. The weight 
invoiced, upon which the returns were based, amounted 
to nearly 18,000 tons. The journal compliments Sir 
David Dale, the referee of the Board, upon his well- 
earned honour of a baronetcy, just conferred upon 
him, in recognition of his services. In reality this is 
the first time that an honour has been conferred for 
purely industrial work, for Sir David Dale’s claim is 
purely in recognition of his labours in connection with 
conciliation and arbitration in labour disputes. Dr. 
Spence Watson has a long article in the journal on 
the Government Bill for conciliation. 


The monthly report of the Associated Blacksmiths 
states that the returns as to the state of trade are 
more favourable ; there was a reduction of 132 in the 
number of unemployed in receipt of benefit. Never 
since July, 1892, has the state of trade been so favour- 
able as regards employment. The proportion unem- 
ployed was only 64 as against 12 per cent. in the 
previous month, There was a similar improvement as 
regards sick benefit, the reduction being 104 in the 
total number on the fund. The increased demand for 
labour is shown by the fact that three applications by 
branch secretaries have been made to the council for 
hands, showing that all members of the branches 
applying were in work. 

The annual report of the union is just to hand. It 
shows an income for the year of 5781/. 7s. 3d.; the 
total expenditure was 6747/. 14s. 9d. Of this total, 
3727/. 14s. 5d. was expended on out-of-work members, 
1380/. lls. ld. on sick benefit, 333/. 15s. on super- 
annuation, 100/. accident, 72/. on trade benefits, 193J. 
on funeral benefit, 23/7. 12s. on benevolent grants and 
doctors’ fees, the remainder being for management, 
under numerous heads. The society has a continuous 





record from 1857 to the present time. In 1858 the 
total number of members was 300, now it is 2390; the 
income for that year was 522/. 11s. 3d., last year it was 
57811. 7s. 3d. This is fair progress when it is re- 
membered that the Amalgamated Society of Engineers 
take in smiths as well as fitters, &c. The total record 
for the last 64 years is also fairly good. The total 
paid to unemployed members has amounted to 43,6085/. ; 
sick members, 33,324/,; funeral benefit, 6250/.; acci- 
dents, 2634/.; superannuation, 3442/.; benevolent 
grants, 11/. 10s.; leaving a balance in hand of 66521. 3s. 
The working expenses over the whole time have 
amounted to 24,709/., including all salaries, delega- 
tions, rent, fuel and light, rates and taxes, printing, 
stationery and — and all other incidental ex- 
penses connected with management. The proportion 
spent in labour disputes is not given, but usually the 
amount is not large, for, as a rule, the union tries its 
best to avert strikes. 





The state of the engineering trades throughout Lan- 
cashire may be said to continue in a fairly satisfactory 
condition; improvement is slowly, but surely and 
steadily, going on in most branches. Stationary 
engine builders may be said to be mostly well supplied 
with work, with the prospect of its lasting for some 
time to come. Machine tool makers are also fairly well 
supplied with work to keep them going. The same is 
true of cotton machinists, both for home markets and 
forexportation. The boilermaking branches are better 
off for work than they were, but these show no im- 
provement of a very marked character. Orders are 
coming forward more freely among the general engi- 
neering industries; in most instances they are better 
supplied with work than they have been for some time 

ast. The improvement is so general that there can 

e little doubt but that a period of more or less 
activity is developing in the whole of the engineering 
trades, which will be more manifest when the Whit- 
suntide holidays are well over. 


In the Wolverhampton district the improvement in 
trade has been more and more marked. Some good 
business has been done both as regards the volume of 
trade, the new orders booked, and the higher values 
obtained for certain classes of material, especially 
certain qualities of bars and sheets. The improve- 
ment, indeed, has been so manifest that general satis- 
faction is felt and expressed as to the general condition 
of trade since the commencement of May, and as to 
the prospects generally for the summer. This is 
evidenced by the number of specifications coming in 
daily for the completion of orders on the books, and 
the anxiety of consumers and merchants to place orders 
before the expected rise in prices takes place. Owing 
to the increased demand for common bars, as much as 
2s. 6d. per ton advance has been secured in some cases, 
and this seems likely to be the minimum, as efforts are 
being made to have that rate recognised as the 
minimum rate. 





In the Birmingham district there is increased 
activity, a considerable amount of business having 
been put through just before the holidays, more than 
is usual on such an occasion. This shows that pressure 
is imminent, and that material would be needed when 
work was resumed after a brief spell of rest in Whitsun 
week. Most of the local industries are stirring: in 
some there is distinct evidence of more activity, and 
generally the lists of unemployed are being reduced. 
The heavier trades are beginning to feel the improve- 
ment, and the usual season trades have but little to 
complain of. Prices of all kinds of material are firm ; 
in some cases there is a distinctly upward tendency. 
The district is free from labour disputes, nor are there 
any of a serious nature looming in the near distance. 





The Associated Ironmoulders of Scotland have still 
a large number of unemployed, 1468, out of a total 
membership of 6502. Of the total out of work, 701 
were on idle benefit, and 467 not on benefit. The 
total number working was only 4209, according to the 
returns. Of the others, 281 were on superannuation 
benefit, 281 retired, 261 in England, Ireland, and 
Wales, and 234 in: foreign countries, while 68 were 
unclassed. There have been disputes pending between 
this society and another union of moulders, which dis- 
pute has of late become so acute that a vote of the 
members is being taken as to whether the Associated 
Society shall recognise the Central Association estab- 
lished in 1889, the former dating from 1831. The 
matter has come before the Edinburgh Trades Council 
and the Glasgow Trades Council, owing to disputes, 
but nothing having been done, the younger society now 
ask that they shall be recognised, or told that they are 
to be treated as non-unionists. The disputes between 
unions harass the employers and injure the societies 
which are parties thereto. 


The report of the Glass Bottle Makers shows that 
the trade is still in a bad condition, 18.2 per cent. of 
the members being unemployed. There is some slight 
improvement, for in December, 1893, there were about 








29 per cent. out of work. There is a story of the 
strike in Scotland, lasting 26 weeks, at the end of 
which a number of the men returned to work on the 
employers terms, after receiving six months’ strike pay, 
and severed their connection with the society. In 1893 
the society spent 15,537/. 14s. in strike pay, and voted 
2559/. 6s. 3d. to strikes in connection with Scotland, 
and after all failed in its purpose. Foreign competi- 
tion has told against the trade sadly, and the efforts to 
keep up wages have rather tended to complete the ruin. 
The men have given from 20 to 25 per cent. of their 
earnings often to protect the trade; but in the face of 
grave difficulties they have failed. The heavy levies 
have weakened the membership until the society has 
to struggle to pay its way. The employers and the 
union are now co-operating to resist the clause in the 
Factory Bill which prohibits persons under 16 years of 
age working at night, which they say will complete the 
ruin of the industry in this country. In any case, the 
lot of the bottle-makers is a hard one just now; em- 
ployers and men alike are suffering. 


The Boot and Shoe Operatives’ report indicates that 
trade is good, for in many instances employers cannot 
get a sufficient number of hands, and overtime is being 
worked with the sanction of the branches in many dis- 
tricts, in other places without sanction. It is said that 
leather has risen enormously in price, in some cases as 
much as 50 per cent., which the men regard as the re- 
sult of a combination or ring to recoup the leather mer- 
chants for their losses during the strike. The decision 
of Sir Courtenay Boyle has not satisfied the employers as 
to his definition of ‘‘ process,” but it is not likely that 
any serious difficulty will come out of it. The men 
want to make it cover one thing, the employers an- 
other. The one party desires to limit its application, 
the other to extend it. The final settlement will rest 
with the umpire, unless meanwhile the two parties 
agree as to the precise meaning of the term. 





The time has expired as regards the notices given 
by the employers, in the building trades to terminate 
the agreement of 1892. But unless some overt act is 
done, it is possible that things will remain in the same 
state as before. Trade is busy, there is a lot of work 
on hand, and the weather is favourable to building 
operations. Under these circumstances it may be that 
things will be allowed to drift until one side or the 
other thinks fit to take action, or until one or the 
other is provoked into it. There is a hint that one 
society is inclined to force matters to a crisis. But 
this is not very probable, as the society in question 
is generally very prudent in its action, and is by no 
means a great prompter of strikes, rather desiring to 
avoid them whenever practicable. The one union 
that has been so disposed has never quite recovered 
the strike of 1877, at the Law Courts; and therefore 
it will not bear the brunt of takiog the initiative in 
this case. Moreover, it is probable that the unions 
are more prudent than the federation ; indeed, this is 
likely, for the latter body has been rather more quietly 
disposed of late. On the whole things look a little 
brighter, even if there is no immediate settlement of 
the points in dispute. If, however, a strikes place, 
it will be on a large scale followed by a lock-out, in 
which all the branches of the building trades will be 
jointly affected. 





The sixth International Miners’ Conference assem- 
bled in Paris on Monday last. The English miners’ 
associations were represented by Mr. Burt, M.P., Mr. 
John Wilson, M.P., Mr. W. Abraham, M.P., Mr. B. 
Pickard, M.P., and Mr. Sam Woods, M.P., the other 
delegates being Messrs. Cowey, Haslam, Ashton, 
Hallam, Boyle, Young, Bailey, Weir, Smithie, Kd- 
wards, Parrott, Aspinall, and Isherwood. The meet- 
ings were held in the Café du Globe, Boulevard Stras- 
bourg. The chief point is a reassertion of the demand 
for an eight-hours day. France and the English 
Federation go for a limitation of output, the latter for 
the purpose of regulating prices and wages. France 
and England ask that employers be held liable for all 
accidents. France demands working men inspectors, 
so placed as to be independent. All will ask for 
hygienic conditions for miners. Germany asks that 
the congress meet biennially, instead of annually, 





ALLOYS. 
Third Report to the Alloys Research Committee.* 

By Prorgssor W. C. Roserts-Avsten, C.B., F.R.S. 

Molecular Porosity.—In presenting this Third Report tot 
the Alloys Research Committee I would remind the 
members of the Institution that, as so much interest was 
taken in the work of Professor E. Warburg and the late 
Herr F. Tegetmeier on molecular porosity, I was 
requested to repeat their observations on the electrolysis 





* Paper read before the Institution of Mechanical 
Engineers. 

+ For First and Second Reports see ENGINEERING, vol. 
lii., pages 528, 548, and 579; and vol. lv., pages 608, 629, 
659, and 686. 
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of glass.* Their original experiments were those 
described in the last report, and it is well for the sake of 
clearness to give a brief abstract of them here. A recep- 
tacle was divided by a sheet of glass, which could be 
several millimetres thick. Sodium amalgam was placed 
on one side, and pure mercury on the other; the whole 
was then heated to a temperature of 200 deg. Cent. or 
400 Fahr., at which the glass becomes slightly conducting. 
By the aid of a Planté battery the sodium atoms of the 
sodium silicate present were set in motion, and after the 
experiment had continued 30 hours it was found that 
a considerable quantity of sodium, amounting to 0.05 
gramme or 0.77 grain, had passed into the mercury, which 
was originally pure. A corresponding amount of sodium 
had been lost by the amalgam, and the glass had exactly 
preserved its original weight and clearness. The glass 
was partly composed of neutral molecules of sodium 
silicate, together with free molecules both of sodium and 
of silica ; and the free sodium was capable of being trans- 
ported under the influence of theelectriccurrent. When, 
however, the sodium amalgam was replaced by lithium 
amalgam, the sodium of the glass passed as before into the 
originally pure mercury, and the glass became opaque on 
the side touching the lithium amalgam. After atime the 
opacity extended right through the thickness of the glass, 
and then metallic lithium began to accumulate in the 
previously pure mercury. It is not possible thus to chase 
out all the sodium present in the glass, but the free sodium 
atoms are replaced by those of lithium. The glass in 
which lithium has replaced part of the sodium is very 
tender, short, opaque, and friable. Theconclusion is that 
the atoms of lithium, having an atomic weight of 7 and 
an atomic volume of 15.98, can pass along the tracks or 
molecular galleries left in the glass by the sodium atoms, 
the atomic weight and volume of which are 23 and 16.04 
respectively. When a metal of superior atomic weight 
a volume to sodium is substituted for the lithium—such 
as potassium with atomic weight 39 and atomic volume 
24—it is not found possible to chase out the sodium, the 
new atoms being too big to pass along through the spaces 
where the sodium had been. Weare thus confronted with 
a molecular porosity which can in a sense be gauged ; and 
the mechanical influence of the volume of the atom is thus 
made evident, It will also be evident that there is a 
direct connection between the properties of a mass and 
the volume of its atoms. 

These remarkable results have been entirely confirmed 
and somewhat extended in the experiments which 
were undertaken in accordance with the request that 
was made tome. The septa, or dividing partitions, were 
made mostly of soda glass, of which thick bulbs were 
blown from barometer tube; and in most of the experi- 
ments the glass was electrolysed, using mercury and an 
amalgam of some metal as cathode and anode respectively. 
The temperatura was from 250 deg. to 350 deg. Cent., or 
480 deg. to 660 deg. Fahr.; the electromotive force em- 
ployed was 100 volts, and the current in the case of the 
sodium experiments averaged about;,/;, ampere, and was 
sometimes as high as ;4 ampere. When thin glass bulbs 
were employed, they soon became cracked, and the free 
passage of the current fused the glass, forming a well- 
rounded hole. In each experiment a safety fuse was 
placed in series, to stop the current in case of breakage. 

In experiments in which sodium amalgam had been 
placed in the bulb and pure mercury outside, sodium 
passed into the mercury to the extent of 0.03 gramme, or 
0.46 grain. In one experiment, which lasted 18 hours, 
the amount of sodium found in the mercury was 0.0131 
gramme, or 0.2022 grain. The quantity of electricity 
which passed through the glass was measured by the aid 
of an electrolytic cell placed in series, in which copper 
was deposited tothe amount of 0.0206 gramme, or 0.3179 
grain. Calculatiog the number of coulombs of electricity 
passed by means of the electrolysis of glass, the number 
55 is found, and by the electrolysis of copper sulphate 62, 
thus showing, as well as a rough approximative experi- 
ment could, that the passage of sodium into the mercury 
follows the ordinary law of electrolysis. 

It is doubtful whether the sodium from the amalgam 
actually penetrated right through the glass, but there 
can be no question that it replaced a considerable propor- 
tion of the sodium which the glass contained. An attempt 
to pass potassium through the same glass failed. Gold 
was then used, both in the form of amalgam and 
dissolved in metallic lead, but in the latter case the 
temperature employed was, of course, higher. No gold 
was found to have been transmitted through the glass; 
but the glass employed became coloured by gold, and 
minute spangles of the metal were found embedded in it. 
The same result was obtained when copper was used as 
an amalgam; and in this case minute nodules of copper 
were deposited below the surface of the glass, an effect 
which is highly suggestive in connection with the forma- 
tion of mineral veins by earth currents. The terminals 
employed were made of platinum wire, except when 
copper amalgam was used, and then a copper anode was 
employed. Sodio amalgam placed in a bulb and sur- 
rounded with mercury, but with no current, gave negative 
results, showing that simple diffusion did not play any 
important part in the results obtained. The glass used 
in the case of the sodium and potassium experiments 
became very tender and friable. The mere fact that a 
current passes at all through glass is a proof that electro- 
lytic action has taken place; so that, even if a metal be 
not actually transmitted through glass, the passage of a 





* E. Warburg, Uber die Elektrolyse des festen Glases ; 
Wiedemann’s Annalen, vol. 21, 1884, page 622. E. 
Warburg and F. Tegetmeier, Uber die elektrolytische 
Leitung des Bergkrystalls ; Wiedemann’s Annalen.vol. 41, 
1890, page 18. E. Warburg, Uber eine Methode Natrium 
Metall in geisslersche Riihren einzufiihren ; Wiedemann’s 
Annalen, vol. 40, 1890, page 1. 





current indicates that sodium, potassium, or other metallic 
constituent of the glass, must be leaving it, and is pro- 
bably ee by one or more of the metals in the 
metallic bath which constitutes the anode. The diagram, 
Fig. 1, will sufficiently indicate the nature of the arrange- 
ment adopted. The glass cell in which the electrolysis 
is effected is a test tube a of glass, placed inside a wider 
tube b. Mercury is placed in the inner tube a, and the 
amalgam in b. The electrodes were of iron wire. Six 
such cells were placed in a cast-iron chamber C, shown 
in plan, which was surrounded by a clay jacket D, and 
the whole was heated from below. A switchboard E 
carries six fuses f and mercury cups, by means of which 
each cell in turn could be connected with the galvano- 
meter G. 

In Fig 2 the portion between the lines bb andccisa 
section of the lead-glase, magnified 20 times, through 
which silver has partly penetrated by electrolytic action ; 
it shows the singular galleries left by the decomposition 
of the silicate. The dendritic character b b of these pas- 
sages, which are found on the inner or mercury side of the 
glass, is very interesting; while a yellow stain and 
papilliform structure cc on the amalgam side of the glass 
indicates the depth to which silver has penetrated. The 
portion marked a a is a view of the surface of the glass, 
and shows the structure which is developed in it on the 
side nearest the amalgam. 

It is not necessary to do more than state the general 
outcome of the work, as the experiments, notwithstandin 
their great interest, can be considered only to be incidenta 
to the main investigation of the Committee, the object of 
which is to ascertain how far the mechanical properties of 
metals are in accordance with the ‘‘ periodic law” of New- 
lands and Mendeléef (vol. lv., page 629). I consider, 
however, that the results obtained by Professor Warburg 
have been abundantly confirmed. 

When the Second Report was published the work of the 
Committee had entered upon a delicate and critical stage. 
Copper formed the main subject of investigation, and the 
evidence obtained in connection with it was conflicting. 
It was proved that bismuth, potassium, and tellurium— 
all of which have large atomic volumes—lower the tenacity 
of copper. Arsenic, which has a larger atomic volume 
(13.2) than copper (7.1), confers strength on copper; but 
it appeared that the limit of elasticity and the ductility 
of metals generally are greatly influenced by the presence 
of such of the elements which have thus far been studied 
as possess large atomic volumes ; and this fact may be of 
more molecular significance than the diminution of 
tenacity, to which, for the sake of simplicity, attention 
was mainly directed when the early experiments on gold 
were made. 

In continuing the work, a series of tests were made on 
iron-aluminium, copper-nickel, and copper-zinc alloys, as 
well as those alloys which are more particularly described 
in the appendices to this report. The iron-aluminium 
alloys presented many points of interest, to which allu- 
sion will be made. 

Increased Sensitiveness of Pyrometer.—It soon became 
evident that the recording pyrometer described in the 
last report, which is peerrom the result of the labours of 
the Committee, is a powerful instrument of research. It 
affords the most hopeful method of continuing the inves- 
tigation entrusted tome. It was necessary, however, to 
increase the sensitiveness of the instrument. This was 
readily effected, and the nature of the changes which were 
adopted will be clear by reference to the drawings of the 
recording pyrometer given in the previous report, vol. 
lv., page 687. These drawings show that the galva- 
nometer, which affords the means of measuring the tem- 
peratures of the masses of metal or alloy under examina- 
tion, may occupy one of two positions: it may either be 
nearer to the slit through which the ray of light falls upon 
the photographic plate, or it may be further away from 
it. It will be evident that, as shown in the rough plan, 
Fig. 3, two galvanometers A and B may be used simul- 
taneously, with the light from their respective mirrors 
playing through the same slit S upon the photo- 
graphic plate P. The further galvanometer B can 
have a much lower resistance, and consequently 
greater delicacy, than the nearer one A; so that 
while the line photographed on the moving sensitised 
plate from the nearer galvanometer A might represent a 
range of temperature of say 1500 deg., the line traced by 
the mirror of the further galvanometer B should represent 
only one-tenth of this. The angular deflection of the 
nearer mirror A would not exceed the limits of the sensi- 
tised plate P, while the mirror of the delicate galvano- 
meter B might traverse a far larger range. Both galva- 
nometers would be connected ‘‘in parallel” with the 
same thermo-junction J; and obviously any portion of 
the extended range which it was desirable to reflect on 
the sensitised plate could easily be caught by a suitable 
adjustment of the mirror on the further galvanometer B. 
If, therefore, the thermo-junction J is plunged into a 
mass of metal cooling from, say, an initial temperature of 
1500 deg., the whole of the cooling curve could be traced 
by the mirror of the less delicate galvanometer A, while 
only a portion greatly magnified would be recorded by 
the mirror of the more delicate galvanometer B. The 
first curve derived from galvanometer A would serve as 
a ‘calibration curve” for that afforded by galvanometer 
B. By this method some remarkable results have been 
obtained. 

Cooling Curve of Electro-Iron.—In Fig. 4 is given a 
curve for electro-iron, prepared by depositing iron from 
chloride of ammonium and iron, the iron so deposited 
being used as an anode for re-depositing the iron on a slip 
of fusible metal, which was afterwards simply melted 
away at a low temperature from the iron deposited. No 
carbonate had been used in neutralising these solutions 
subjected to electrolysis. A rigorous search was made for 
carbon in the iron, without its being possible to detect the 





presence of even a trace. The curve, copied from an un- 
touched photograph obtained by the delicate method of 
recording just described, indicates Osmond's highest point 
of recalescence Ar3, which is due to the evolution of heat 
that occurs at 832 deg. Cent. or 1530 deg. Fahr. in this 
electro-iron, as it cools down from an initial temperature 
of some 1200 deg. Cent. or 2200 deg. Fahr. The 
second curve on this — shows that Osmond’s 
point Ar2 could just be detected at about 721 deg. 
Cent. or 1330 deg. Fahr. in this specimen of iron; 
but the lowest pviat of recalescence Arl was absent. 
(See vol. lv., page 687.) hese curves are merely given 
as an illustration of the method; and it is not my in- 
tention here to enter into the question of allotropy of 
iron, which has been fully discussed elsewhere. It 
will, I truct, be evident that this new method of in- 
vestigation renders it possible to obtain information 
as to what is happening in the midst of a mass of metal 
from the moment it begins to cool until it is solid, and 
even after it has become solid. An examination of the 
cooling curve of standard gold, to which a small amount 
of bismuth has been added, is even more remark- 
able. The presence of 0.2 per cent. of bismuth causes 
standard gold to be so brittle that it may be broken 
readily between the fingers. Fig. 5, in which is traced a 
sensitive curve of cooling standard gold, shows that 
bismuth, probably associated with a small amount of gold, 
solidifies at the very low temperature of 228 deg. Cent. or 
442 deg. Fahr. It is possible to fix the exact temperature 
of this point by throwing upon the same plate the cooling 
curves of pure bismuth and of pure tin, which are also 
shown in Fig. 5. It will be seen that in each case the 
singular phenomenon of ‘‘surfusion” is well marked— 
that is, the property of cooling below the freezing point 
before actually becoming solid, The factis thus revealed, 
which has long been suspected, that although only a 
very small quantity of an element be hidden in a mass of 
metal, this small quantity can make its influence felt ; for 
it appears to remain free, or to associate itself with but 
few atoms of the mass in which it is hidden. The signi- 
ficance of these facts will be considered later. 

Cooling Curve of a ee Alloy.—The cool- 
ing curve of an alloy of the metal which has excited so 
much interest in connection with naval construction— 
aluminium—is given in Fig. 6. It is the cooling curve of 
the aluminium-copper alloy, containing 6 per cent. of 
copper, of which a torpedo-boat has recently been con- 
structed for the French Government by Mr. Yarrow, to 
whom I am indebted for a specimen of the alloy. The 
main mass sets at a temperature of 620 deg. Cent. or 
1150 deg. Fahr.; but the copper associated with the 
aluminium gives a second lower freezing point at 515 deg. 
Cent. or 970 deg. Fahr. Now compare this with thealloy 
of aluminium which contains 30 per cent. of nickel. Here 
the nickel, doubtless in association with some aluminium, 
falls out before the main mass ; and this alloy is found to 
be considerably stronger than the other. 

Iron-Aluminium Alloys.—The pyrometric examination 
of this series of alloys was undertaken in view of the in- 
creasing importance of the latter metal; and although no 
alloy of industrial importance was discovered, much 
insight has been afforded as to the general behaviour of 
aluminium when alloyed with other metals. In preparing 
the alloys an attempt was made to exclude carbon as far as 
possible, so that cooling curves might be obtained of alloys 
consisting simply of ironandaluminium. On this account 
the iron and aluminium were melted in a clay crucible in 
a furnace heated with coal gas burnt by oxygen, arranged 
as in Fig. 7, a layer of glass being added to protect the 
alloy from oxidation. The composition of each sample 
was determined subsequently. The furnace was arranged 
with an inner lining of fireclay tiles, round which the 
flame circulated before escaping ; and the thermo-couple, 
inclosed in a fireclay tube, and previously heated in the 
upper part of the furnace, was thrust through the hole h 
into the liquid alloy directly after turning off the gas. 
With this furnace very high temperatures could be 
attained, and little heat was lost during the insertion 
of the thermo-couple; so that after a little practice 
most of the cooling curves of this series were obtained 
with facility. As the amount of iron in the alloy is 
increased, the temperature of the melting point rises. 
With alloys containing as much as 90 per cent. of iron, 
and with iron itself, the method had to be modified, 
because the thin crucible, although of refractory fireclay, 
melted down. The solid base of a larger crucible was 
bedded upon the floor of the furnace, so as to form a 
shallow dish, in which the iron or the alloy was placed, 
the flame passing over and heating the metal directly. 
By this means cooling curves of iron, which was practi- 
cally free from carbon, were obtained to complete the 
series. The heat was so intense that the fireclay tube 
inclosing the thermo-couple often became quite soft and 
bent while it was being placed in the metal, which, of 
course, increased the difficulty of manipulation. 

Inspection of a selection of the cooling curves given in 
Fig. 8, which are arranged in the manner described in the 
appendix, page 34, shows that their general nature re- 
sembles that of the copper-bismuth alloys dealt with in 
the Second Report, 1893, vol. lv., page 660, They 
are much simpler than the —> series in the ap- 
pendix, page 34, and Fig. 24. The freezing points of the 
several alloys lie on two lines: a line bb, which passes 
through the melting point of aluminium, and is nearl 
horizontal ; and a curved line aa, which passes Guseuk 
the melting point of iron. 

It will be seen that the freezing point of iron alloyed 
with, say, 1 per cent. of aluminium is but little lower than 
that of iron itself: that is to say, the melting point of 
nearly pure iron is only slightly epoca: | @ small addi- 
tion of aluminium. Osmond has alr shown that 
aluminium does not — any considerable lowering of 
the freezing point of cast iron; and the usually accepted 
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idea that cast iron or steel containing aluminium is very 
fusible must be due to the fluidity of the metal when it is 
melted. 

Alloys of iron and aluminium which contain from 20 to 
35 per cent. of iron show two freezing points, the lower 
occurring at a constant temperature, a few degrees below 
the freezing point of pure aluminium. Alloys which 
contain more than 35 per cent of iron have only one freez- 
ing point. Alloys containing 40 to 50 per cent. of iron 
solidify within a very small range of temperature, the 
temperature of the mass of metal falling only slightly 
during the change from the liquid to the solid state. 
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Alloys containing more than 50 per cent. of iron have a 
more extended freezing range, the temperature of the 
mass sometimes falling as much as 100 deg. Cent. or 180 
deg. Fahr. during its solidification, as will be evident from 
the slope of their cooling curves. A curve of this kind 
indicates that a series of smal] portions of the alloy, 
having successively lower and lower freezing points, and 
therefore containing more and more aluminium, are 
becoming solid. A cooling curve which is flat within the 
freezing range indicates that all the metal which then 
solidifies freezes at the same temperature, and has, there- 
fore, probably a uniform composition; and in some 
cases indicates the presence of a chemical compound rather 
than a mere solution. The freezing range is most re- 
stricted in the alloy containing about 50 per cent. of 
aluminium. 

The samples of alloys used in these experiments were 
kept for some months before being analysed ; and it was 
found that during this time those which contained from 
40 to 60 per cent. of aluminium h:d spontaneously disin- 
tegrated, and had fallen to powder, The powder was 
not oxidised, but consisted of clean metallic grains, pro- 
bably resulting from chemical changes which had graduall 
taken place in the solid alloy. Whether the iron an 
aluminium were in a state of solution or were chemically 
combined when molten, there can be little doubt that they 
are so combined in the metallic powder, as attempts to 
remelt this powder have proved unsuccessful, which points 
to the formation of an infusible compound. Solutions are 
considered to be dissociated chemical compounds. These 
two metals, iron and aluminium, may have been too hot to 
unite when in the molten state ; but at a lower tempera- 
ture long - continued proximity at last effected their 
chemical union. It will hardly be sup that this is 
an isolated case in the study of alloys. he allotropy or 
molecular change which takes place in Newton’s fusible 
alloy when solid has already been cited (Second Report, 
1898, vol. lv., page 687) ; and no doubt many unaccountable 


changes in alloys, leading to unforeseen fracture and | iron free from carbon, containing about 90 per cent. of 


disaster, are traceable to the same cause. 
alloys which are used in automatic appliances for ex- 


oe aecaragg fires, and in certain cases for safety plugs, | strength. 
unde 


rgo a molecular change of this kind, which renders 
them much more infusible than when freshly made ; and 
the alloys of lead and tin melt in general at temperatures 
considerably above those at which they freeze. 


The iron-aluminium alloy which disintegrates most | 


completely in this way contains about 50 per cent. of 
iron, so that the powder may be a compound having the 
| formula Fe Al.; but as it appears to be able to dissolve a 
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The fusible | iron, might prove a highly serviceable material for the 
| production of small malleable castings of considerable 


Most of the iron-aluminium alloys are ren. 
dered worthless for industrial application by their liabj- 
lity to undergo molecular change, which is so marked in 
the alloy containing 50 per cent. of each metal. 

Welding of Iron and Steel.—The following experiments 
were made by Mr. Thomas Wrightson, M.P., with the 
object of ascertaining whether the welding of iron is 
attended with a fall of temperature, as is the case in the 
regelation of ice. After some preliminary experiments, it 
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small excess of either metal, it is not possible directly to 
confirm this view without further investigation. The 
iron-aluminium alloys which contain more than 60 per 
cent, of iron have higher melting points, and become 
stronger, as the amount of iron is increased; those 
containing about 90 per cent. of iron appear to be tough 
and strong. They also appear to freeze at a higher 
temperature than iron itself; although, in view of the 
difficulty of obtaining cooling curves from the more 
infusible alloys, it would be well to confirm this point. 
Tensile tests of these alloys have not yet been made ; 
but it seems likely that some alloy of aluminium with 








was decided that the only satisfactory way of testing this 
would be by means of the electric welding apparatus of 
the Thomson-Houston Company, in which alternating 
currents are employed. The Electric Welding Company 
readily put at our disposal one of their excellent appliances 
and asuitable dynamo. The manager, Mr. Armstrong, 
and the electrician, Mr. Relf, assisted in installing these 
at the Mint, and rendered every possible assistance in 
making the arrangement effective. The leads were 
carried to my laboratory from the Mint dynamo-room, 


| where, by the kindness of Mr. Robert A. Hill, superin- 


tendent of the operative department, the alternating 
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dynamo was placed, and was driven from the Mint 
engines. In Fig.9 is shown the general arrangement of 
the electric welder. 

The thermo-junction was placed between the clean sur- 

faces of the rods of iron to be welded; and these rods 
were inclosed in a porcelain tube contained within a suit- 
able jacket of iron, as shown in the sketch, Fig. 11. The 
object of the electric welder was merely to raise the iron 
toa temperature at which it could be welded; and when 
this temperature was obtained, pressure was applied, and 
a photographic curve was traced, which would of course 
indicate any variation of temperature that might ensue 
upon the application of the pressure. The pressure was 
applied when the temperature of the rods was about 1300 
deg. Cent. or 2370 Fahr. A slight rise of temperature 
was at first noted, and this was found to be due to the 
fact that the interstices between the outside of the rod 
and its insulated envelope had not been entirely filled by 
the plastic iron. The porcelain of course cracked, and 
the minute cracks had also to be filled by the plastic iron 
before the effect of pressure in producing a fall of tem- 
perature could be demonstrated. After reheating the rod 
to the welding heat, it was again cooled from a tempera- 
ture of about 1400 deg. Cent. or 2550 deg. Fahr., and on 
pressing it a fall of temperature was shown, equal to 
about 57 deg. Cent. or 106 deg. Fahr. These experiments 
were repeated many times, and appeared to show that the 
application of pressure to plastic iron, heated within the 
range of temperature at which it could be welded, is cer- 
tainly attended by a fallin temperature. The welding of 
iron and the regelation of ice would thus appear to 
analogous phenomena, a point of no small theoretical im- 
portance. These results havealready been communicated 
by Mr. Wrightson to the Royal Society; and it would 
have been impossible to obtain them had not the record- 
ing pyrometer been available. 

Anti-friction Alloys.—The work of the committee has 
been fruitful in a somewhat unexpected way; for Profes- 
sor Goodman informs me that experiments, the results of 
which I trust he will communicate to the Institution, 
have led him to discover the fact that anti-friction alloys 
must always contain a metal with a high atomic volume. 
There seems moreover to be a direct connection between 
the efficiency of the anti-friction alloy and the atomic 
volume of one of its constituents. 

Conclusions.—In the last report I called attention to 
the fact that M. André Le Chatelier had suggested that 
the prejudicial action of an element is due to its forming 
a fusible compound with the metallic mass in which it is 
hidden; while on the other hand the presence of an 
element which forms an infusible compound with the mass 
promotes the formation of a fine grain, and imparts 
strength. It must not be supposed however, as I then 
pointed out, that the action of the added element is due 
solely to its infusibility, or to its power of forming a 
fusible compound with a portion of the mass which con- 
tains it ; for cases are numerous in which such an explana- 
tion does not apply. In this connection a suggestion 
made long ago by Raoult Pictet* well deserves considera- 
tion. He urged that there must be a connection between 
the melting points of metals and the periodic law of 
Mendeléef ; for he showed that for all metals there is a 
simple relation between their atomic weight, the ampli- 
tude of the movement of their molecules under the 
influence of heat, and their melting point. Pure metals 
with high melting points—such as platinum, iron, copper, 
and gold—are comparatively strong; and conversely 
metals with low melting points—zinc, lead, cadmium, 
bismuth, and tin—are relatively weak. Metals with high 
melting points must necessarily be coherent and tenacious, 
because much heat is required to drive their molecules 
apart in reducing them to the liquid mobile state in which 
the molecules have very small coherence ; and therefore 
at ordinary temperatures much force must be applied to 
overcome the cohesion of the molecules and break the 
mass. Conversely in metals with low melting points a 
small elevation of temperature will overcome the molecu- 
lar cohesion and render them liquid—that is, will melt 
them. Such metals will be weak, because if little heat is 
required to melt the metal, less force will be needed to tear 
it apart. Hence melting point and tenacity are clearly 
connected, 

The absolute temperature of the melting point of a 
metal must be closely connected with its atomic volume, 
because the former is inversely proportional to the rate at 
which the amplitude of the oscillations of the molecules 
increases with temperature; and the rate of increase of 
amplitude at any given temperature is obtained by multi- 
plying the ordinary thermal coefficient of linear expan- 
sion by the cube root of the atomic volume. 

The recent work of Professors Dewar and Flemingt 
bears directly on this question. They employed very low 
temperatures, and show that at the abecbate zero of tem- 
perature pure metals would probably .offer no resistance 
to the passage of an electric current, but that the electrical 
resistance of alloys does not diminish so rapidly with the 
lowering of temperature as in the case of pure metals. 
Dewar} has shown moreover that the tenacity of pure 
metals and alloys is greatly increased by extreme cold, 
that is, by the closer approximation of their molecules : 
and this affords additional evidence that metals become 
stronger at temperatures which are further and further 
removed from their melting points. 

The experiments on the alloys of copper and tin, as well 
48 a series of cooling curves of the copper-nickel alloys, 
which have only been alluded to in this report, have 
direct bearing on the view that there is an intimate con- 
nection between the melting point of an alloy and its 





* “Comptes Rendus,” vol. 88, 1879, pages 855 and 1315. 

t Philosophical Magazine, vol, xxxiv., 1892, page 326, 

+ Proceedings of the Royal Institution, vol. xiv., partii., 
1895, page 1. 





mechanical properties. This connection, which is well 
marked at ordinary temperatures, becomes of great 
importance in the case of alloys that have to be subjected 
to more or less heat in industrial use. The majority of 
alloys, as has been shown, have more than one solidifying 
point ; and it is necessary to ascertain which of these 
freezing points is the important one in relation to the 
mechanical properties of the alloy. In copper containing 
bismuth, or in gold containing either bismuth or lead, the 
presence of a trace of such a metal, with a large atomic 
volume and consequently low melting point, renders the 
mass intensely brittle, and quite unfits it for mechanical 
use. Great weakness is here associated with the low 
subsidiary freezing point of a mass which is, nevertheless, 
as a whole fairly infusible. The action, however, of traces 
of impurities on masses of pure metals is very different 
from the effect of two metals on each other when alloyed 
in more or less equal proportions. In the latter case the 
temperature of the main freezing point appears to be the 
more significant factor ; the presence or absence of lower 
subsidiary freezing points seems to be of much less impor- 
tance. ‘At present, therefore, attention is directed to 
ascertaining the relation between the low subordinate 
solidifying point and the mechanical properties of metals 
which contain small quantities of impurity. It appears 
that in such metals a low subordinate freezing point is 
usually associated with smajl tenacity. The increased 
sensitiveness which has now been given to the recording 
pyrometer renders a solution of this complex problem 
more hopeful. 

The investigations printed in the appendices, though 
lying a little beyond the lines laid duwn by the Com- 
mittee, have nevertheless a direct bearing on their work 
asa whole, The researches conducted by Mr. Stansfield 
and by Mr. Allan Gibb were in each case undertaken on 
my —— as a thesis for the ‘‘ Honours” Associate- 
ship in Metallurgy of the Royal School of Mines. Mr. 
Gowland has rendered valuable assistance to the Com- 
mittee by his guidance and advice in connection with 
Mr. Gibb’s paper. 

I cannot conclude this report without expressing my 
warm appreciation of the excellent services which Mr. 
Stansfield has rendered in aiding me in conducting the 
tedious experiments, the results of which are now sub- 
mitted to the Institution. Mr. Reginald Roberts, who 
was appointed as an assistant early last year, has also 


done good work. 
(To be continued.) 





BRAKES FOR LIGHT RAILWAYS. 

THE interest which has been lately aroused by the 
advocates of light railways extension in this country 
should be increased by the report of M. Plocq, superin- 
tendent engineer of the Société Générale des Chemins de 
Fer of France, on ‘* Brakes for Light Railways,” which 
forms the subject of (Juestion XX. to be discussed at the 
ee Railway Congress. In order 
to prepare this report M. Plocq prepared a detailed list 
of questions, which he distributed among 120 railway 
administrations. Of these 35 returned more or less com- 
plete replies, which are summarised in his report. Five 
types of brake are generally employed, namely, (a) screw 
brakes ; (b) lever hand brakes; (c) reverse steam brakes, 
applied to locomotives ; (d) compressed air brakes; and 
(e) vacuum automatic and non-automatic brakes. Besides 
the foregoing, a few other special brakes are used, such as 
an automatic Westinghouse, placed by the Great Eastern 
Company on a tramway, and set to operate when the 
mall exceeds eight miles an hour; the Bock brake, much in 
favour with the Piedmontese Steam Tramway Company, 
in which the compression of the buffers when the engine 
speed is slackened, puts on the brakes through the train ; 
and the Haberlin brake, a modification, for light railways, 
of the old continuous chain and balance-weight brake. 
The information collected by M. Plocq is undoubtedly 
of great value, and it is to be regretted that the replies 
given were notin all cases direct responses to the ques- 
tions asked ; if this had been the case, the information 
furnished for each line or system of lines would have 
been uniform, and more easy of comparison. We regret 
that we cannot publish M. Plocq’s paper in extenso, 
but we propose to supply the = as far as possible 
by condensing the data it contains. In all 12 different 
kinds of brakes are referred to om M. Plocq in his 
report ; besides those above nam are (1) the Hardy 
vacuum ; (2) the Stilmant; (3) the Sonlerin; (4) the 
Wenger ; and (5) the Schleiser. No information as to the 
special system in use on German light railways is give 
but there is reproduced an order by the Federal Counci 
enacted for the working of secondary railways, and 
dated July 5, 1892. This order regulates the percentage 
of axles which must be braked as follows : 
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A speed of between 19 and 25 miles can only be autho- 
rised by the management on broad-gauge lines constructed 
on their own road bed, and in the case of passenger trains 
with not more than 26 axles and provided with continuous 
brakes. However, at the tail of these trains may be added 
as @ maximum 12 axles not fitted with continuous brake 
on condition that if the grade be greater than 5 per cent, 
the last carriage have a brake with a brakesman. 

Further, trains running at a speed greater than 19 
miles an hour must be made up of rolling stock in con- 
formity with the conditions required on main lines. 

The regulations provide that on grades in excess of 40 
per cent. and on railways worked by special methods, 
cogwheels, or the force of gravity, &c., the governing 
power of the different federated States shall make suit- 
able arrangementa. 

1. The Hardy Vacuum Brake. — This non-automatic 
system is in use on the Kaiser Ferdinand Northern Rail- 
way of Austria, or, at least, on some of its secondary 
lines joining its main system, and over which are worked 
special locomotives and passenger stock, and ordinary 
goods wagons; the latter are provided with ordinary 
screw brakes, the engines and carriages with the Hardy 
vacuum, applied on by the driver, but capable of being 
— There are 30 locomotives, of which 24 are 

tted; they are chiefly six-wheeled coupled (wheels 
39.37 in. in diameter), the weight on each axle being 8.5 
tons ; the driving and trailing axles are fitted with brakes, 
and screw brakes are also fitted. The passenger, baggage, 
and postal cars are all four-wheeled eon 3 to 3.5 tons 
per axle). Every wheel is fitted with a brake block ; the 
cost of fitting each carriage is 12/, 10s. and the cost of 
maintenance is from 6s. 8d. to 8s. per annum. About 40 
per cent. of deadweight for the engine, and 75 per cent. 
for the carriages, is braked. On the light feeders to the 
Southern Railway of Austria the Hardy vacuum brake is 
also used. Two types of locomotives, both provided with 
screw brakes, are in service ; four-wheel coupled tank 
engines, weighing 12 tons; and six-wheel coupled tank 
engines, weighing 19 tons. There are only seven loco- 
motives in all. There are 16 passenger cars (American 
type), of which 12 are fitted with brakes, and four with 
coupling tubes ; there are six vans, all with brakes; and 
54 goods wagons, 27 with brakes and 27 with coupling 
tubes. The weight of the cars is about 4,25 tons ; that of 
the goods stock varies from 3 to 4 tons. 

In Switzerland the Hardy vacuum is used on the 
Birsigthal Railway, the engines and carriages being fitted 
with it, and the goods wagons with pipe connection. 
The engines are six-wheel coupled (29.5in. in diameter), 
and weigh 16 tons. The brake is = to the driving 
wheels; and all the engines are fitted with screw brakes, 
The cars are of American type, and weigh six tons ; the 
wagons are all on four wheels, and weigh 3.5 tons. The 
stock is very limited, consisting of four locomotives, 14 
cars, and seven goods wagons ; the maximum speed is 15 
miles an hour, and at that speed a stop can be made in 
22 yards; the proportion of dead weight tu paying load 
is 16 to 40. asb-iron brake shoes, toughened with an 
admixture of steel, are employed in all these brakes. 

In France the Meuse Railway aes strongly 
advocate the use of continuous brakes on all light trains 
running at speeds above 19 miles an hour. Below this 
they hy: og screw and reverse steam brakes. They 
employ the Hardy vacuum, not because they consider it so 
good as a compressed air system, but because the extra 
cost does not allow a secondary line with small traffic to 
use it. The proportions of stock fitted give an indication 
of the amount of what may be considered high-speed 
traffic on their lines. There are 16 locomotives, 4 fitted 
with the Hardy brake ; 15 vans, 8 fitted ; 2 drawing-room 
cars, both fitted ; 38 passenger cars, 26 fitted ; 240 goods 
wagons, 3 fitted, and 45 provided with pipes and couplings. 
The engines are all six-wheel coupled, in four classes, 
weighing 13, 18, 20, and 22 tons. The first three have 
two blocks on the driving axle ; the fourth two on the 
driving and two on the front axle, All these engines are 
provided with vacuum and screw brakes, The passenger 
cars are all four-wheeled, and weigh from 3.5 to 6.5 tons. 
The goods wagons rie from two to four tons, and carry 
from five to 10 tons; those unfitted with the Hardy have 
the Stilmant or ordinary screw brake. In the different 


classes of trains the number of cars provided with the 
brakes is as follows : 
Ordinary passenger trains 2 cars. 
Light trains vie ae 
Mixed trains 2 
Goods trains 
Ballast trains ane ae , 
The average weight braked is : 
Engines se 11.8 tons. 
Carriages... a as vs 2.25 ;, 
Wagons re: i 2.57 45 


In trains provided with continuous brakes the propor- 
tion of cars not fitted is usually 60 per cent. for light 
trains, and 40 to 50 for passenger trains, according to 
speed. Passenger trains, ata standard speed of 25 miles an 
hour, and weighing from 40 to 50 tons, can be brought to 
a stand in 66 yards; light trains, at 19 miles, weighing 
25 to 30 tons, in 55 yards; mixed trains, at 19 miles, 
and weighing 100 tons, in 88 yards. The cost of fittin 
the Hardy brake is given at 44. for the engine an 
16/. for the carriages and wagons. : ‘ 

2. Heberlein’s Chain Brake.—The Belgian northern lines 
administration works a small system of secondary lines, 
the stock on which is fitted throughout with the Heberlein 
chain brake, which —— to give satisfaction ; it is 
automatic, can be graduated in its application, and can 
be set either by the driver or the train conductor. The 
engines, which are six-wheel coupled, weigh 18 tons empty 
and 27 in working order. They are fitted with non- 
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automatic vacuum and screw brakes, but the starting 
gear of the Heberlein brake is on the engine. The pas- 
sengers cars are of the usual light type in use on Belgian 
light lines; they weigh from 4.5 to 5.5 tons, are 27 in 
number, and are fitted with the Heberlein system through- 
out. There are 102 wagons, of which 30 have the 
Heberlein, and the others hand screw brekes; their weight 
ranges from 3 to 4.25 tons. The speeds are very low on 
this system. TheSocicté Nationale des Chemins de Fer 
Vicinaux works a number of small lines, and has a large 
variety of types of brake. Among these the Heberlein 
figures for a small quantity fitted to some locomotives, 
passenger cars, and goods wagons. 

3. Westinghouse Compressed Air Brake.—This brake 
figures among the miscellaneous systems adopted by the 
Société Générale du Chemins de Fer Vicinaux of B-1- 
gium, but no record is given as to the extent of its adop- 
tion. The Great Eastern Railway operates a short tram- 
line 5.75 miles long between Wisbech and Upwell. The 
rolling stock is small in quantity, consisting of two bogie 
carriages weighing 10.5 tons, four 4-wheeled carriages of 
6.25 tons, and one 4-wheeled van of 4.2 tons. The few 
engines required for this traffic have four coupled wheels, 
and weigh 21 tonsin working order. Thespeed is limited 
to eight miles an hour; if it exceeds this, the Westing- 
house brake is applied automatically, ard it can be 
operated at any time by thedriver or guard. The freight 
cars have screw brakes only, but are fitted with pipes and 
couplings. The cost of fitting was 110/. for each engine 
and 31/. for each carriage. All passenger trains have con- 
tinuous brakes throughout, and mixed trains have at 
least one carriage in four fitted. The Westinghouse brake 
is fitted on the engines and passenger rolling stock of the 
North Wall narrow-gauge railway ; there are only three 
locomotives ; all the carriages have brake blocks to the 
four wheels. The freight wagons are provided with 
screw brakes. In Norway the narrow-gauge light railway 
has the Westinghouse brake in use, and the engines and 
rolling stock are titted to a considerable extent as follows: 

Equipped. 
82 locomotives ... : = 25 
98 bogie carriages ce oa aA 60 
153 four-wheeled carriages... a 22 
1580 freight cars ... ahs 22 


The locomotives weigh 22 tons, 14 tons being on the four 
coupled wheels (54.72 in. in diameter); the bogies have 
two wheels, 24 in. in diameter; those engines not fitted 
with the Westinghouse have either screw or steam brakes, 
and all tenders are fitted with screw brakes, 

The passenger cars have some of them four wheels, and 
others bogie frames; they weigh from 4 to 5 tons per 
axle. The wagons fitted with hand brakes are four- 
wheeled, and weigh usually 5 tons per axle. It isa rule 
that all passenger trains with from 32 to 64 wheels must 
have, atleast, eight wheels braked ; and of those in trains 
of from 64 to 96 wheels, at least 20 must be braked. In 
those trains fitted with the air brake it can be applied to 
all the wheels; the proportion of braked to dead weight 
is: 

60 per cent. cf the weight on 
the driving wheels. 

85 per cent. of the weight of 
the empty carriage. 

85 percent. of the weight of 
the empty wagon. 


Locomotives ... 
Passenger cars 
CGocds wagons 
On the Finland State Railways the Westinghouse is 


the adopted system, and is applied to the rolling stock as 
follows : 


170 locomotives : 37 fitted. 
465 carriages and vans ... 66 
1519 covered wagons 344 provided with pipe 


and coupling. 
3277 open wagons... ...All fitted with hand brakes, 


Seven types of engines are at work on this system, 
varying in weight from 20 to 33 tons, and all of them 
with either four or six wheels coupled. Such as have not 
the Westinghouse are fitted with steam brakes, except 
the shunting engines, which have hand brakes. The 
brakes on the train are distributed as follows : 

For passenger trains one car in four is fitted either with 
air or hand brake. 

For goods and ballast trains one car in six is fitted with 
a hand brake for gradient of 1 in 100. 

l’or goods and ballast trains one car in five is fitted with 
a hand brake for gradient of 1 in 83. 

The proportion of dead to braked weight is 40 per cent. 
for the engine, and 63 per cent, for the vans and passenger 
carriages. 

The air brakes, which are only used on the main lines 
when the gradients do not exceed 1 in 100, are only 
occasionally used to decrease speed on anincline. On the 
Haute Savoie and the Pas de Calais light railways system, 
the automatic compressed air brake is in use; all the 
limited stock appears to be fitted—on the former 6 engines, 
20 carriages, and 45 wagons, and cn the latter 6 engines, 
23 carriages, and 58 wagons, screw brakes being also 
employed. 

The Northern Light Railways Administration controls 
the two last-mentioned lines; its report on the applica- 
tion of continuous brakes is as follows : 

This administration, which works lines in very different 
kinds of country, is of opinion that the question of brakes 
depends on circumstances, 

Its conclusions are as follows : 

Light lines constructed in difficult country with severe 
gradients and carrying very considerable loads can use, for 
instance, the Westinghouse continuous brake. 

Others in level country do not need them, especially if 
their loads are fairly light and their trains sbort. 

Others again on lines with traffic sufficiently heavy but 
with numerous trains hauled by light engines with the 





load limited to three or four cars and at a speed not 
greater than 124 miles (20 kilometres) an hour, do not need 
continuous brakes. 

The manager is of opinion that it will only be advisable 
to recommend the adoption of continuous brakes when 
small lines, wishing to compete with big lines as to traffic, 
increase of speed and of hauling and haulage weight, or 
capable of doing so, will no longer need to be worked as 
light lines. 

The information given about the different lines of the 
company may be summarised as follows : 

In the Nord system, when the trains are made up of 
three or four carriages, the maximum speed is limited to 
10 miles an hour ; these are thoroughly equipped and can 
be brought to rest in 22 yards. Therolling stock consists 
of 20 engines and 53 passenger, besides goods wagons. 

4. Automatic and Non-Automatic Vacuum Brakes.—The 
report on the Hermes and Beaumont light railway in 
France is interesting and complete, and we give it in 
extenso: 

The opinion of the manager of this line is as follows: 

**T am of opinion that to have complete safety while 
reducing to a minimum the train staff, it is indispensable 
to furnish all the rolling stuck with continuous brakes. 

‘*T prefer the vacuum brake because it is more easily 
kept in order, and always acts even if it is only kept in 
moderate repair, as must happen with the limited means 
of small companies. 

‘Tam further of opinion that it is sufficient to fit the 
engines and passenger rolling stock with the vacuum 
brake on the understanding that the goods cars are piped 
so as to insure the continuity of the brake when freight 
cars are inserted into patsenger trains, as is always done 
on little lines. 

‘* For 15 years this has been carried out on the Hermes 
and Beaumont line and for three years on the Estrées and 
Froissy line, and has never given rise to any disappoint- 
ment. It is about to be applied to the Milly and For- 
meries, Noyon and Guyscard and Flanders lines.” 

The engines on the Hermes and Beaumont weigh 24 
tons in working order, 184 tons empty. The weight is 
carried on six coupled wheels, 35.4 in. (98 centimetres) in 
diameter, and one Bissel bearing axle. They are fitted 
with screw, vacuum, and reverse steam brakes, which 
only act on the two wheels of the driving axle. 

The screw brake-blocks are in front and those of the 
vacuum brake behind. The two brakes worked simul 
taneously constitute a brake with four blocks acting on 
the same axle. 

The engines on the Estréas and Froissy and other above- 
mentioned lines, instead of having a Bissel, have an axle 
provided with a radial box. 

The passenger carriages have two axles, and are pro- 
vided with vacuum brakes. The four blocks are situated 
between the two axles and act each on one wheel. The 
baggage vans have two axles and are provided with the 
same brake as the carriages. Moreover, the vacuum 
brake blocks can be worked by a screw brake. The car- 
riages and vans weigh about 5 tons. On the Estrées 
and Froissy and other above-mentioned lines the car- 
risges are large bogie carriages. 

The freight cars are piped and provided with a hand 
brake with a single block worked by lever. They have 
four wheels. The flat cars weigh 2? tons, the high-sided 
3} tons, and the covered ones 4 tons. 

The trains which run on the Hermes and Beaumont 
line are classed under two heads: light trains and mixed 
trains. 

The light trains perform more especially the passenger 
service. However, if need be, goods rolling stock can be 
added, but on condition of placing it at the tail of the 
train, so as not to cut cff the communication by foot- 
boards which must always exist between the train and 
engine. 

Trains must never consist of more than 32 wheels, 
including engine. 

The staff of a light train consists of a driver anda 
guard. The driver alone looks after the engine. The 
guard’s duties consist in looking after the passengers and 
their luggage during the journey, and seeing that the 

ssengers have tickets. In case of any accident happen- 
Ing to the driver he passes on to the engine to stop the 
train. 

Under these circumstances he cannot look after the 


working of the screw brake in his van with sufficient atten- F 


tion, and it is therefore altogether indispensable that the 
driver can from his engine work all the brakes of the 
train. In consequence, ‘*‘a continuous brake is absolutely 
necessary.” 

Mixed trains differ from light trains in that the number 
of cars can be increased from 8 to 16, and that freight cars 
are inserted between the engine and the passenger car- 
riages. Communication between the train and theengine 
— in this way done away with, a fireman assists the 

river. 

The guard is always the only employé who looks after 
the train itself. The circumstances, therefore, are the 
same as for the light trains in relation tothe working of 
the brakes, which can only be looked after by the staff on 
the engine. Consequently, ‘‘a continuous brake is abso- 
lutely necessary.” 

The vacuum brake on the engines and the passenger 
rolling stock has always been sufficient in itself to graduate 
speed on inclines and to insure the stoppage of trains 
under ordinary circumstances. 

The vacuum brake is that of the Northern Railway, and 
its attachments are the same. On the Estrées and Froissy 
line, the Corpet attachment has been tried, but has had 
to be given up. 

The vacuum brake is capable of being graduated, but 
owing to the continuous friction of the cast-iron block 
causing heat and, sooner or later, separation of the tyres, 
this method of graduation has had to be given up and re- 





placed by the use of the brake from time to time as re- 
quired, 

The brakes are distributed through the trains as 
follows : 

There are always at least two carriages and two bag- 
gage vans, that is to say, four braked cars on a train 
whether it be light or mixed. ; 
_ One axle — of the engines is braked. The weight on 
it is 7 tons—that is to say, .4ths f the weight of the 
ergine. 

The carriages and vans weigh aktout 5 tons, and both 
their axles are braked. 

The minimum of passenger carriages in the making up 
of a train being four, and the maximum number in a 
mixed train being 16 cars, it is evident that the number 
of braked cars is always either equal or greater than a 
quarter of the total number of the cars which make up a 
train. 

The following experiments have been made on the 
stopping of trains. 

A light train made up of two corriages and two vans 
running at a rate of 20 miles (32 kilometres) is brought to 
a standstill ordinarily by merely using the vacuum brake 
gradually, and that without any jolting, in 82 yards 
(75 metres). By opening full the steam injector of the 
vacuum brake the train is brought to a standstill in 
55 yards (50 metres). If, at the same time, the hand 
brake is used so as to ceize each of the driving wheels 
between two blocks, the train can be stopped in 38 yards 
(35 metres). 

The hauling weight is about equal to the hauled weight. 

In the case of a mixed train made up of two passenger 
carriages and two vans, both braked; three covered 
wagons, loaded with 12 tons, and two high-sided cars 
loaded with 20 tons can be gradually brought to a stand- 
still in 104 yards (95 metres). By using the vacuum brake 
full on it can be stopped in 88 yards (80 metres). 

In these experiments the hauling weight was a third of 
the hauled weight. 

The blocks of hand brakes are wood, while those of 
screw and vacuum are cast iron. 

Oa the Indian Midland Railway 90 per cent. of the cars 
are to be fitted with the vacuum automatic, worked only 
by the driver and guard, but at present little appears to 
have been done; the stock consists of 112 locomotives and 
399 passenger cars, besides goods wagons, The same 
system is recommended for the Great Indian Peninsula 
and the Natal light railways. The Cape railways have 
been fitted with the vacuum combined with hand brakes 
for a number of years, and the East Indian railways uses 
the automatic vacuum on its locomotives in conjunction 
with steam brakes, while 209 carriages are to be fitted, 
and 109 piped. The imagens | Railway Company uses 
the same system. In Italy the Florence Provincial _ oven 
way uses the automatic vacuum, all the engines ard 
much passenger and goods stock being fitted. This com- 
prises nine engines, 26 cars, and 26 wagons ; the remainder 
of the stock is provided with screw and chain brake, 
The Viége and Zermatt Rack Railway also uses the 
automatic vacuum on its extremely limited rolling stock. 

5. Other Systems.—Of the remaining systems referred 
to in Mr. Plocq’s report, it will have been noticed that 
the screw brake is applied on most of the lines that have, 
chee sd cr wholly, adopted continuous brakes. On the 
ollowing lines it is wholly ve ge the Taviers ard 
Embresin Railway, Belgium; the Lolland Railway in 
Denmark ; the Landes Railway (except for the engines), 
a somewhat important system, running with a maximum 
speed of 28 miles, and train of 100 to 175 tons weight ; 
and the St. Gobain Railway, in France. The Glyn 
Valley Railway, when speeds do not exceed 8 miles, is 
innocent of all brakes, except those worked by hand ; 
the same remark applies to the Central Railways and 
Canevese tramways in Italy, the tramways of Milan, 
Bergamo, and Cremona; the Turin Provincial Tramways 
(speed, 12.5 miles per hour), and the Sardinian Secondary 
Railways, appear to complete the list of those lines whore 
directors replied to M. Plocq, and who do not employ any 
but screw brakes. 

The Stilmant screw brake is used on the wagon stock of 
the Meuse Railway Company, on the Western Algerian, and 
on some of the lines of the French Société Générale des 
Chemins de Fer Economiques. his same company also 
uses the Sonlerin vacuum automatic brake, which finds an 
application, in its non-automatic form, on the Southern of 
‘rance system. Wenger brakes are also used by this 
company, which controls several separate systems in the 
Cote d’Or, Cogolin, and St. Tropez. On the Piedmontese 
Steam Tramways a certain number of carriages (26 out of 
78) and 101 wagons out of 228 are fitted with the Bode 
automatic brake already referred to. A system known as 
the Scheiser air brake is used on the Milan Northern light 
lines. As we have pointed out in the foregoing abstract, 
the use of the reversing steam brake is general on those 
lines using continuous systems, as well as on those where 
reliance is placed on hand brakes alone. 





AMERICAN Steet Ratts.—The Lackawanna Steel Com- 
pany has contracted to deliver 12,000 tons of steel rails to 
a Californian railroad at 22.75 dols. per ton alongside of 
shipping in Jersey City. 





MACCLESFIELD SEWERAGE.—The Local Government 
Board have now given their sanction to an application 
made by the Macclesfield Corporation to borrow 60,000/. 
for works of sewerage and sewage disposal. The scheme 
includes an outfall sewer to convey the sewage to a site 
three miles below the town, and precipitation works and 
an irrigation area of 59 acres. The object of the scheme 
is to purify the River Bollin, which is now polluted by 
manufacturers’ refuse. The engineer to the scheme is 
Mr. W. H. Radford, of Nottingham. 
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UNDER THE ACTS 1883—1888. 
The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated. 
Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. | 
The date of the advert t of the pt of a yplete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
the advertisement of the pt of a plete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS, 


8730. T. Froggatt, London. Supports for Elec- 
trical Batteries. (3 Fizs.] May 2, 1894.—This invention 
relates to supports for electrical batteries used upon vehicles, or 
where vibration is experienced to a considerable extent, and it 
has for its object the construction of the battery eupports in such 
a form as to prevent, as far as possible, the communication of 
vibration from the vehicle or other vibrating support to the 
battery. At each end of the battery box or case A for containing the 
cells there are arranged metal supports B firmly affixed thereto, 
which are made in the form of an inverted gutter, or with such 
an edge as will prevent any large amount of lateral displacement 
relatively to the main support upon which they rest. These sup- 
ports B are electrically connected respectively with the terminal 
bars C to which the cells are connected. Upon any convenient 
part of the vehicle carrying the battery, or, as shown, upon the 
interior sides of an outer case D, there are arranged elastic and 
insulated supporting pieces E, upon which the supporting pieces 



































B are engaged. The elastic insulated supports E are formed of a 
piece of insulating flexible material F, such as india-rubber or the 
like, which is firmly attached at one end toa metal clip F! fixed 
to the caseD. The other end of the flexible material F is attached 
to a metal piece G with an upturned edge, adapted to engage with 
the hook portion of the supporting piece B,so as to make elec- 
trical connection therewith. The strips of flexible material F are 
arranged in such a way as to have a considerable amount of 
elasticity, and to permit the battery to be elastically supported 
with a reasonable range of movement to take off vibration. The in- 
sulated metal pieces G are connected by the wires H to a connector 
J, t2 which the external leads for the transmission of electrical 
energy are attached. The pieces B are further wes pod by 
means of a wooden fillet K, which takes the weight and prevents 


11,160. H. W. Ravenshaw, and Easton, Anderson, 


and Goolden, Limited, London. Apparatus for 
Starting Electric Motors. (2 Figs] June 8, 1894.—A is 
the electric motor, and B, B the main circuit through the said 
motor. C, C are a number of resistances introduced into the main 
circuit, conveniently in series, and divided in Fig. 1 into two 
groups, and limited in Fig. 2 to one group. These resistances 
have the usual contacts arranged upon switch-boards S, 8, which 
may be distinct or together ; one group of resistances being con- 
trolled by the usual hand switch D, operated by the attendant or 
mechanically, and the other being controlled automatically by the 
machine, by a sliding switch E. A switch (not shown) for the 
reversal of the current to the motor (applied to the commutator 
of the motor) may also be employed, by which the rotation of the 
motor may be reversed at will by the attendant. Upon the shaft 
F of the motor A, or comnected to the rotating portion of the 
motor, is a centrifugal apparatus, such as an ordinary engine 
governor G, which operates by centrifugal action against the 
reaction of aspring or weight, as soon as the motor begins to 
revclve. The rectilinear motion resulting from the centrifugal 
action of the said apparatus, or of the governor G, is communicated 
by a rocking lever H or other equivalent connection to the 
sliding switch E, on a switch-board with resistances thereon, and 
thus automatical'y operates the switch E, to throw out one or 





more of the said resistances, as the acceleration of the motor 
takes place. When it is desired to start the motor, the circuit is 
clesed by the attendant or by mechanical means by the operation 
of the hand switch D, and where there are a group of resistances 
on this switch-board, part or all of these resistances can be thrown 
out to start the motor, the resistances of the governor-controlled 
switch-board still remaining in circuit. The current so admitted 
to the motor is only of such amount as will do no injury to the 
coils or circuits of the motor, should it not be able to start; and 
also the start is effected (if the load be not too great) without 
dangerous shock upon the work-transmitting gear. Thearrange 
ment in Fig. 1 with a group of resistances on the hand-starting lever 
switch-board, still further enables the attendant to graduate the 
shock of starting. When the motor has once started, the centri- 
fugal action of the governor G operates automatically the sliding 
switch E, removing further resistances from the circuit, and thus 
affording a greater supply of current to the motor, after it is 
already in motion. Equivalently, the two switch-boards S, S may 
be combined in one board, and may be controlled by a single 
switch, operated for part of its travel by the action of the atten- 
dant or mechanically, and for the remainder of its travel auto- 
matically by the centrifugal apparatus or governor. (Accepted 
May 1, 1895). 

2031. Siemens Brothers and Co., Limited, London. 
(Siemens and Halske, Berlin.) Automatic Coupling for 
Electro - Motors. [5 Fizs] January 29, 1895.—Io the 
Specification to Patent No. 16,025 of 1893 there was described an 





the bending out of the hooked portion. When it is rec 'y, a8 
in secondary batteries, to recharge the same, immediately the 
battery is lifted from the supports E, the circuit is broken, and 
upon replacing it the circuit is automatically made. (Accepted 

ay 1, 1895). 

9605. W. M. Mordey, London. Electric Motors. 
[2 Figs.) May 16, 1894.—This invention has for its object im- 
provements in machines especially adapted for use as motors on 
alternate current circuits. In constructing such a machine accord- 
ing to this invention, both the armature and field are made with a 
number of magnetic poles in alternate order, and, by means of 
commutator and one or more brushes, the coils of the armature 
or of the field are arranged to be short-circuited during a portion 
of each phase. S§ is the field or stationary part, and RK the arma- 
ture or rotating part. S is wound with a winding W arranged to 
produce poles of alternate N. and S. polarity as shown. Ris wound 
with a winding W‘ similar in arrangement. The ends of the winding 
W! are connected respectively to two metal rings A and B, which 
are connected to a four-part commutator having sectors 1, 2, 3, 
and 4, in such a way that one of the rings is joined electrically to 
sectors 2 and 4, whilst the other ring is joined to sectors 1 and 3 
The number of commutator sectors must bs the same as the 
number of pol-s in the armature or field. Any convenient number 





may be used. Brushes are arranged to bear on the rings and on 
the commutator as shown in Fig. 2. One of these brushes, viz., a, 
rests on the ring A, a second brush 0 rests on the commutator, and 
a third brush c rests onthe ring B. Brushes a and ? are joined by 
a wire, or they may form one brush ; they are connected to T, one 
of the main terminals. Brush c is connected to the winding W, 
and so to T! the other main terminal. By the construction de- 
scribed the coils of the armature will be short-circuited during a 
portion of each phase. By this means a self-starting alternate 
current motor may be constructed to run with very little spark- 
ing. Inventor claims: ‘‘ An alternate current electric motor com- 
prising a fixed field or stator having a number of poles arranged in 
order of alternate polarity, an armature or rotor having a similar 
number of poles also arranged in order of alternate polarity, 
together with a commutator and contact rings and brushes for 
making and varying the connections substantially as herein- 
before described with reference to and shown in the drawings 


automatic couplingf or electro-motors, in which the armature shaft 
was shifted longitudinally against the action of a spring when the 


4045. L. Friedlaender and Theodor Mueller, 
Berlin. Incandescent Lamps for Liquid Fuel. 
1 Fig.) February 25, 1895.—In the arrangement of lamp 
adapted for the employment of benzine, A is the reservoir for the 
liquid fuel, and B is a U-shaped tube leading from the base of 
reservoir A to the burner, which is at a lower level than the 
reservoir. At the mouth of the tube B is a valve S which also 
forms with its chamber or body the gasifying chamber. From 
the tube above or beyond the valve S there is led a curved pipe E 
which ends in asmail nozzle or fine-drawn orifice F. D is the 
handle for regulation of the valve. The sage from the valve 
to the burner is continued from the valve body through the nozzle 
K, which is surrounded by the outer nozzle L rising in the outer 
tube M having orifices N for adm'‘s:ion of air and leading to an 


— 











ordinary ‘‘ Auer” incandescent burner comprising the chamber 
Pand the mantle O. Q isthe chimney carried by the gallery R. 
Gis a trough surrounding the tube B immediately below the 
valve body S and the nozzle F, which is directed towards the said 
valve body. If a small quantity of spirit is placed in the trough 
G and set alight, the fuel in the valve body will be vaporised, and 
on opening the valve it will issue through the nozzle K and also 
through the pipe E and nozzle F, at which latter place it takes 
flame from the spirit burning in the trough G. When the spirit 
is exhausted this flame from nozzle F will continue to heat the 
valve body and convert the fuel into gas. The gas pissing 
through the nozzles K and L mixes with air entering at N and 
forms a mixture which may be lib in the ordinary way, and will 
heat the mantle O in a similar manner to the gas used for other 
incandescent lights. (Accepted April 10, 1895). 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


11.256. J. Ormerod, Manchester. Gas-Carburet- 
ting Apparatus. (3 Figs.] June 11, 1894.—The improved 
apparatus consists of the tank A, the supply cistern B, and the 
carburetter C, together with the necessary pipes and taps. The 
illuminating gas arrives from the maio through the pipe a which 
communicates with the lower part of the carburetter, from which 
it finally issues, enriched, by the pipe b. The supply of the car- 
buretting liquid is contained in the tank A, whence it flows 
through the pipe c to the supp'y cistern B, the outlet of the pipe 
being controlled by the ball-cock d, so that a constant level is 
maintained in B, and in the carburetter C, with which the cistern 
communicates by the pipe e. The carburetter C is divided into 
three parte, D, E, F, by diaphragms /, g. The lower part D is 
divided by radial partitions h, all of which, except one, A', are 
perforated. Through the upper part of the chamber, wires i are 
threaded for the suspension thereon of wicks or the like, 
the lower ends of which dip into the carburetting liquid. 
The wicks are maintained in a constant damp condition by capil- 
lary action, and present a large area of wetted surface to the gas 
which enters at a into the division next the blank partition /', 
and passes through all the perforated partitions in turn until it 
arrives at the other side of the blank partition, near which there 





motor was put in circuit, and thereby caused a half pling 
thereon to engage with a half coupling on the shaft to be driven. 
This arrangement has the disadvantage that on coupling em | 
effected, the increased resistanc2 causes the strength of the fiel 

magnets to decrease, whereby the spring acting on the armature 
shaft is enabled to push this back again. This is liable to produce 
concussions which act detrimentally on the pling. A ding 
to the present invention, this is obviated by combining with the 
armature shaft a lever so arranged that, when the shaft is shifted 
for engaging the coupling, the lever brings a soft iron armature 
connected thereto against the field magnet poles or against the 
poles of a separate electro-magnet included in the circuit ; which 
































magnet consequently holds the lever and clutch in the engaged 
position so long as current is passing, notwithstanding any fluc- 
tuation that may occur in the strength of the magnets. The 
armature shaft S carries the half coupling C which in the position 
at Fig. 1 is disengaged from the half coupling C' on the shaft S!, 
while in the position at Fig. 2 the two half couplings are engaged. 
In this arrangement, the electro-motor being in a vertical position, 
the downward motion of the armature for disengaging the coupling 
is effected by gravity, thus dispensing with spring action, while 
the attraction of the field magnets when excited by current causes 
it to rise into the engaged position. Toa bracket on the motor 
there is pivoted an elbow lever H, one arm of which is engaged 
by means of a fork with the end of the armature shaft S, while the 
other arm carries a soft ironarmature A. When the motor is put 
in circuit and thereby raises the armature shaft so as to engage 
the coupling, the lever H is moved from the position at Fig. 1 
into the position at Fig. 2, bringing the armature A in contact 
with the polar extensions of the field magnets, which thus hold 
the lever and armat in ti ition so long as the motor is in 








annexed.” (Accepted May 1, 1895). 


is an op g k in the a J, through which the gas passes 
into the part E of the carburetter. This part of the carburetter 
consists of an outer annular + and an inner circular part. The 
outer annular part is radially divided as in the part D, by radial 
artitions /, allof which except one, /!, are perforated. Thespaces 
etween the partitions are lightly packed with cotton wool, or 
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other similar substances, and from them, or some of them, 
gutters or pipes m lead into the liquid in D so as to drain away 
any condensed liquid. The central part of the chamber contains a 
ring pipe G, which is radially perforated and has only one open end 
in communication with the division of the annular part which is 
on the opposite side of the solid partition /! to that on which the 
inlet & is placed. The gas thus passes from the annular space 
into the circular space through the pipe G, the perforations of 
which serve to diffuseit. The circular part is lightly packed with 
lumps of charcoal or other similar material. The diaph: g is 
solid above the annular part and perforated above tho deuoier 
part of E, whence the enriched gas passes into the open part or 
chamber F and finally issues through the pipe 6. A bye-pass 
n may be provided for the purpose of cutting out the carburetter 
for repairs and other purposes. To avoid confusion the perforated 
rage wires, and packing materials are not represented in Fig. 1. 

e saturated gas, rising from the iower chamber into one of the 
spaces in the annular part of the upper chamber next to the solid 
division plate, passes through the cotton wool in all the spaces 
until it reaches the last, whence it passea by the ring pipe @ into 
the mass of charcoal lumps. By these devices the saturated gas 
is freed from any free globules of the carburetting liquid, and 
a practically permanent gaseous mixture is obtained. The car- 
buretted gas may pass direct from the charcoal to the surface 
pipes, but it is preferable to allow it to pass first into the third 
chamber F, as shown. (Accepted May 1, 1895). 


GUNS. 


11,325. E. W. Lloyd and A. G. Hadcock, Newcastle- 
upon-Tyne. Apparatus for adapting Guns for Use 
with Miniature Ammunition. [5 Figs.) June 11, 1894.— 
There is placed in the chamber of the parent gun a frame A which 
fits at the forward end into the cone of the chamber contraction, 





t / 8 
circuit. (Accepted April 10, 1895). 


and ig thus prevented from moving too far forward. This frame 
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has tapered ribs A], and the small or practice barrel is accurately 
and automatically centred on it. The practice barrel is carried in 
two bearings X, X through which, without turning, it can slide 
for a short distance limited by stops. E, E! are springs which 
press the bearings forward along the practice barrel and hold 
them in place upon the tapered ribs. A breech-block B, which 
can be completely removed from the gun, has temporarily attached 
to it the base of the cartridge of the miniatureammunition by means 
of an undercut half-ring formed on the face of the breech-block. 
The rim of the cartridge is entered into this, and in some cases a 
corresponding half-ring hinged at one extremity is closed over the 
cartridge rim. Or the cartridge may be passed through a complete 
ring and the ring screwed or ssanodted te the face of the breech- 
block. The firing pin C is passed through the axis of the breech- 
block B, but on the rear end of this firing pin is formed a head 
of appropriate diameter. When the breech of the parent gun is 
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closed and the practice barrel is in place, its rear or breech end is 
pressed against the face of the breech screw D of the parent gun 
by the helical ——— E and E). The head formed on the !striker 
of the practice barrel comes just opposite and close up against 
the vent of the parent gun. The breech-block B shown has a 
divided screw thread or divided rings upon it, and is received into 
a breech-piece fixed on the end of the practice barrel; a partial 
turn locks and unlocks it. F is a spring latch to secure the 
breech-block in the locked ition. Gis a half-ring fixed to the 
face of the breech-block to hold the practice cartridge Y against 
it. A second similar half-ring aids in holding the flange of the 
cartridge ; it is fixed upon a stem H which is received into a pas 
sage formed for itin the breech-block. To fire the practice car- 
tridge the ordinary tube or primer, either electric or percussion, 
is placed in the vent of the parent gun at P and discharged by the 
ordinary appliances, but the gases thus generated impinge against 
the head of the striker of the practice barrel and cause it to fly 
forward and strike the percussion cap of the practice cartridge 
with sufficient force to explode it; or the practice cartridge may 
be exploded by means of a dummy primer actuated by the ser- 
vice primer of the gun. (Accepted May 1, 1895). 


RAILWAYS AND TRAMWAYS. 


5351, A. Fitzsimmons, Bury. Lighting of Railway 
Carriages and other Vehicles, (2 / gs.) March 13, 
1895.—According to this invention the light supply is connected 
with mechanism operated from the seats and floor on the entrance 
or exit of a passenger, so as to turn on or shut off the supply. 
(Accepted April 17, 1895). 


23,463. W. Hofmeister, New York. Car Fenders 
and Road Sweepers. [2 Figs.) December 3, 1894.—A brush 
is secured to the front portion of a car fender which has a col- 
lapsible body supported in front of the car platform, and has 
rigid frames at each side and padded material on the collap- 
sible body. (Accepted March 13, 1895). 


23,464. W.R. Funk and A. G. Henry, McFarland, 
Ka., U.S.A. Chairs or Base-Plates for Railway 
Rails. (2 Figs.) December 8, 1894.—This invention relates 
mainly to an improved tie-plate composed of two adjustable 
sections designed to be arranged at opposite sides of the rail, and 
each consisting of a plate having a downwardly-offsct inner 
portion, and provided with an upper inner shoulder to engage the 
bottom flange of a rail, and having a lower outer shoulder for 
engaging a cross-tie. (Sealed April 2, 1895.) 


LIFTING AND HAULING APPLIANCES. 


8843. J. Such, Cheltenham, Gloucester. An Auto- 
matic Brake or Self-Sustaining Lift Gear. (2 Figs.) 
May 4, 1894.—The brake wheel B is mounted upon the shaft E 
with the intermediate wedge sleeve F, which is fixed to the shaft 
E, the whole being supported by aframe A. The chain C carry- 
ing the weight to be lifted passes around the brake wheel B. 
The periphery of the brake wheel msy be plain or fluted, and is 
shaped to fit the brake block D, which is secured to the frame A. 
The hub b! of the brake wheel B is provided with the taper hole 
b2 into which the corresponding taper or wedge F of the driving 
shaft E is fitted, a certain amount of clearance /2 being provided 
to allow of the brake wheel B being slightly lifted. A flange /! 
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is pas on the wedge F, to which by means of two or more 
link chains G the brake wheel B is attached, so that when the 
taper shaft F is rotated in either direction the chains take a direc- 
tion at an inclination to the axis, thereby drawing the brake 
wheel tightly on to the taper shaft F, and thus lifting it and 
releasing it from the action of the brake block D. But imme- 
diately the driving power is released from thedriving wheel H, the 
load upon the chain C by its reverse action causes the brake wheel 
B to become free from the taper shaft F, which drops, and thereby 
becomes engaged with the brake-block D as shown, thus auto- 
matically sustaining the weight. The coil spring K is provided 


between the brake wheel B and flange /! to assist in releasing the 
brake wheel B upon the zeverse action. 
be adjusted by means of the taper key J. 


The brake block D may 
(Accepted May 8, 1895). 





MACHINE AND OTHER TOOLS, SHAFTING, &c. 


9142. A. Keats, Stafford. Presses for Punching, 
&c. (8 Figs.] May 12, 1894.—The object of this invention is first 
of all to provide in a punching or other press, means for holding 
the work in place between the plunger and the anvil, before the 
pressure is —. so that any likelihood of the work being dis- 
arranged or displaced by the blow of the plunger may be avoided. 
The invention further relates to means whereby the plunger is 
operated and withdrawn, and the length of stroke proportioned to 
the thickness of the work and the amount of pressure required. 
The accompanying drawings show the improvements embodied in 
a — for heeling boots and shoes. A is the framing of the ma- 
chine. Bis the die, which is shown filled with heel lifts, to be 
attached by nailing to the work in the ordinary way. The nails 
and the means for supporting them are not shown. Immediately 
over the die is the plunger C, which moves vertically in guides 
provided in the framing. This plunger C is telescopic, the lower 
portion of which, c, carrying the working end c!, slides within the 
upper part c*. The upper part c* of the plunger C is jointed to 
the link }, which is one of a pair b, b', forming together a toggle 
lever. The link b' is jointed to the adjustable abutment d, which 
is pendant from the end of the screw D. d?is a pinion ona spindle 
d2*, worked by a handwheel d3 rotating the wheel d! and screw 
D, when required. The stroke or blow of the plunger C is caused 
by straightening the toggle lever by means of a horizontally- 
moved rod E, which is connected with the middle joint of the 
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ozgle lever, and is operated in the following manner: Upon the 
said bar are loosely mounted a pair of belt pulleys G, G', driven in 
opposite directions. Between these pulleys is a double-coned 
friction clutch wheel H, coupled to a sleeve E! on the bar E by 
means of afeather. This friction clutch H is thrown, by means 
of a treadle I, against one or other of the driven pulleys G, G', 
whereby it is rotated, and caused to rotate the sleeve E!. Thissleeve 
E' is internally threaded at one part, to correspond with a thread 
e on the thrust bar E, which is thus caused to move in a longi- 
tudinal direction to operate the toggle lever. A tripping device J 
is arranged in connection with the clutch mechanism, to throw it 
out of action, when the stroke of the plunger is complete in either 
direction. Thus the work can be adjusted on the working end cl 
of the plunger, and lowered to the die by means of the handle k, 
before any pressure or blow is exerted by theplunger. The lower 
portion c will, by its weight alone, or with the attendant’s assist- 
ance, hold the work in position until the straightening of the 
toggle lever causes the portion c* of the plunger to advance, and 
strike the top or shoulder of the working end c', thereby forcing 
the latter, with the work therein, down upon the anvil ordie. In 


this manner all danger of displaciog the work is avoided. (Ac- 
cepted May 1, 1895). 
T. Kahle, Leipzig. Lubricators, [6 Figs.) 


8018. 
April 23, 1894.—qa is the cup, c the cover, and d the base. For- 
merly the cup @ was secured on the base by the counter-pressure 
between the cover cand the base d due to uniting these parts 
by means of the tube b', which also formed both inlet and outlet, 
the inlet being closed by plug z or a suitable cap. Now according 
to this invention the cover c fulfils no purpose of holding down 
the cup a, so that it may be loose or simply hinged or screwed on. 
The tube 6! is shortened to receive screwed on its upper end the 
sleeve b2 at the apex of the inverted cone b. This cone is of 











sufficient diameter at its upper part to extend to the walls of the 
cup @ over which the flange 03 on the cone engages. The cone 
may be perforated at o to permit oil poured therein to easily enter 
tke cup a. These holes serve also for e of the wick of wick- 
feed lubricators asin Fig. 2. 64 indicates holes in the pipe b'. 
The cone } and pipe 6! may also be made in one piece, and the 
shape is not material so long as ample space is left within the cup 
@ outside the parts or part b, b', and the flange b3 engages the 
upper edge of the cup a without intervention of the cover c. 
(Accepted May 1, 1895). 


STEAM ENGINES, BOsEENA, EVAPORATORS, 
Cc. 


9980. G. M. Conway and H. G. Underwood, Mil- 
W: S.A. Steam Boiler Furnaces. 


waukee, a ; 

(10 Figs.) May 22, 1894.—The operation of this improved fur- 
nace is as follows : The fuel is placed upon the grate B, and when 
properly ignited, the gases liberated therefrom pass into the 
chambers formed by the tiles M, N, O, P, Q, and on their passage 
therethrough they are supplied with air, which enters the damper- 
controlled mouths of the air flues G, passes into the arc-shaped 
air space H, and from thence along through the grooves m, 7, 
aad up through the openings m' and m2 into the bottom of 
the described bers, and up through the openings m:, 
passage p, and shouldered openings p', into the upper part of said 





chambers, as shown by the arrows. The tiles forming the said 
chambers become heated, in the operation of the furnace, and 





od a _ air fluesG is heated in 
through the said grooves, passages, and openings, an \. 
ing into contact with the gases liberated from the ages 
forced to mingle therewith by the contraction of the chambers 
caused by the described convergence of the tiles N, forming a 
practically perfect combustion of mingled gases and heated air 
as they pass out of the contracted throats of the chambers 
thereby reducing the smoke nuisancs to a minimum. By this 


Fig ! z. 


its described passage 
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rocess of elimination of smoke, the heating properties of the 
uel are increased, instead of being decreased by such elimina- 
tion, as is the case with the old methods commonly employed. 
The gases, now practically free from smoke, pass along the 
bottom of the boiler, returning through the tubes and up and 
out through the chimney. There is practically no deposit of 
soot upon the heating surfaces, which are therefore always in 
proper condition for absorbing the heat of the passing gases, 
(Accepted May 1, 1895). 


MISCELLANEOUS. 


23,481. J.R.Reedmanand J. Scott, London. Tube 
Stoppers for Boiler Tubes. (2 Figs.) December 4, 1894. 
—This improved tube stopper consists of two hollow conical caps 
in which engage two conical plugs. A rod having screwed ends is 

sed through apertures in the caps and plugs, and is encircled 
y a tube upon the ends of which the caps bear. Nuts are pro- 
vided on the screwed ends of the rod. (Accepted April 17, 1895). 


10,469. A. Cooguen, Liverpool. Sugar-Cane Mills. 
{5 Figs.) May 30, 1894.—This invention has for object to provide 
an improved construction of the parts used for holding and sup- 
porting or carrying the rollers. The accompanying figures illus- 
trate a three-roller mill. a@ is the journal of the upper roller, 
and 0!, b2 are the journals of the lower rollers 05, 06, all three rollers 
being indicated by dotted lines. The upper journal is supported 
and runs in bearing ‘‘ brasses” a@', and the journals b', 2 are 
carried and run in the bearing brasses 03, b4. cis the frame of 
the mill. d isthe “‘ knife” or ‘ returner bar,” which, as usual, 
extends across the machine, and is carried by the side frames c. 
Its — surface is arranged beneath the roller a? and between 
the rollers b5, b6. ¢ is the cap which holds the upper roller in 
position, and f are the bolts which hold this cap and roller down, 
these bolts being inclined or brought towards one another in 
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the manner shown, as closely as possible, so as to enable the 
rollers b!, )2to be brought closely together, and the width of the 
surface of the table d, over which the canes travel in passing 
through the mill, to bereduced. By arranging the bolts / in the 
manner shown and described, the centres of the rollers )5 and 16 
are brought considerably nearer each other than if the bolts were 
carried vertically down through the frame in the usual way ; and 
by so reducing the width—designated by the distance 2 in Fig. 1 
—of the “knife” surface, the length of travel of the canes over 
a stationary surface in passing through the mill is considerably 
reduced, and a corresponding reduction in friction due to the 
pressure of the canes upon the surface pool gee over it—which 
is very great in ordinary mills—is effe , and the power ex- 
pended in driving the mill is proportionately diminished. (Ac- 
cepted April 10, 1895). 


UNITED STATES PATENTS AND PATENT PRAOTIOE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of — law cases in the United States, may be 














consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand. 
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THE NORTH-EAST SEA CANAL.—No. III. 


WE reproduce on the present page one of the 
admirable series of canal photographs taken by 
Messrs. Constabel and Knackstedt, of Hamburg 
and Hanerau, by authority of the Imperial Canal 
Commission. This view, Fig. 32, illustrates the 
extraordinary upheavals of the soft bog produced 
by and along the sand dams; we referred to these 
upheavals in last week’s issue, on page 719. 

We last week made mention, also, of certain 
rumours which had been circulated as to alleged re- 
cent seriouslandslips. We wish to contradict these 
reports. Nothing of a serious character can have 
occurred, as two of the largest vessels, the Hohen- 
gollern and the Palatia, passed right through the 
canal and back on different days during the first 
week of June. 


VI.—Tue Hourenavu Locks. 
In dimensions and construction the locks at 


been spared, and some 450,000/. been saved. For 
reasons already explained, however, a lock was 
indispensable, and two locks, the North and the 
South Lock, have been constructed, side by side, 
for the in and out traffic. If one should be in 
need of repair, or the traffic slack, the other can 
cope with the whole. During the few months 
immediately preceding the completion of the canal, 
one lock only was worked, as a rule, and boats 
cleared it in 10 or 11 minutes. That it is intended 
to keep the Holtenau lock open as long as the water 
level in the Baltic does not differ by more than 
+0.5 metre (1.6 ft.) from the mean, has been men- 
tioned. These 1.6 ft. had to be taken into con- 
sideration. It was on their account that the depth 
of the canal had to be increased to 29.5 ft. ; for the 
largest vessels of the German Navy a depth of 
27.9 ft. would have sufficed. Each of the locks is 
provided with three pairs of gates, all of which 
are actuated by hydraulic machinery, and can, in 
case of emergency, be worked either by capstans, by 





(660 ft. and 330 ft.). In describing these locks, 
which are illustrated on pages 750 and 752, we shall 
speak of the three piers—the north and south pier 
and the central pier, otherwise the intermediate 
wall. In each pier it will be convenient to distin- 
guish three heads, in or under each of which the 
machinery for one pair of gate leaves is located. 
The inner and outer heads are raised ; the central 
head is rather a misnomer, as no head is visible ; 
but the term may be justified. 

The foundations of the locks are formed by a layer 
of beton deposited between vertical and inclined 
pilings to a thickness of from 8 ft. to 11.5 ft. In 
the lock chambers (Fig. 36, page 750) the surface of 
the beton is concave ; under the pier-heads, the 
beton forms horizontal strata, with sloping edges 
(Fig. 37), so that the piles could be reduced in 
length. Right across the three heads, three 
tunnels T (Fig. 34, page 752) have been made in 





the beton. These tunnels, which have vaulted 
ceilings and are lined inside with sheet lead about 











Fig. 32. 


Holtenau and at Brunsbiittel are exactly alike. 
The slight difference in the depth—the Holtenau 
sill being 9.77 metres, that at Brunsbiittel 9.57 
metres below mean water level—may be neglected. 
Much more considerable and very striking are the 
differences rendered necessary by the tidal range at 
the Elbe. Here the pier-heads tower 6.50 metres 
(21} ft.) above the main platform of the lock, 
9 ft. 10 in. above mean canal level, whilst at Hol- 
tenau the pier-heads rise only 13 ft. above mean 
canal level, and by a few feet only above the main 
platform of the lock. These differences naturally 
affect the height of the flood-gates, those at Bruns- 
biittel being 55 ft. high, about 9 ft. higher than 
the flood-gates at Holtenau. The ebb-gates, which 
are worked when the water in the canal stands 
higher than outside (the case being the reverse for 
the flood-gates), and the check gates are of the same 
height at both locks. Apart from these differ- 
ences, the following general description of the 
Holtenau locks would apply equally to the Bruns- 
biittel locks. But the erection of these latter 
locks was a very different matter, and will be 
dealt with in another article. 

If the Baltic were merely a big lake basin, the 


hydraulic power, or by hand. The inner and outer 
gates belong to the ordinary outfit of locks, and are 
worked from the heads of the piers. The third pair, 
the check gates, are to facilitate the closing and 
opening of the locks when strong currents render 
the manipulation of the proper gates difficult or 
dangerous. As a rule, the check gates remain in 
their recesses, into which they retire as soon as the 
water has become fairly quiet. That these check 
gates are efficient has already been proved ; whether 
they were indispensable, is a question that can be 
discussed only in connection with the whole plant 
and the machinery. 

The useful length of each lock—the two are 
exactly alike—is 150 metres (492 ft.); the total 
length, 712 ft. ; the width between the pillars and 
in the lock chambers, 25 metres (82 ft.) ; the depth, 
mean level to the sill, 9.57 metres (31.4 ft.). The 
masonry rises to 4 metres (15.1 ft.) above the mean 
Baltic level. The intermediate wall, the central 
pier, has a thickness of 12.5 metres. Fig. 33, page 
750, gives a plan of the general arrangements, and 
shows the outer and inner harbours, and the smaller 
harbour on the north bank reserved for the service 
vessels. The booms which are to guide the vessels 








UPHEAVAL OF BoG cavsED BY SAND Dams, 


a millimetre thick placed between tarred paper, 
serve as conduits for the hydraulic pipes, the 
steam pipes which are to prevent freezing of the 
hydraulic pipes, the telegraph and telephone cables, 
and the electric light wire cables, which carry the 
current from the power station on the south side 
to the central and northern piers and further along 
the northern bank of the canal. The pipes and 
cables descend in slightly inclined shafts, as shown 
dotted in Fig. 34. 

The culverts through which the lock chambers 
are filled run through the whole length of the 
piers ; the central pier has two culverts (U, Figs. 
34 and 35). Figs. 36 and 37 show them in 
cross-section. Through these culverts a coach- 
and-four might be driven; they have a height of 
4 metres, a width of 2.2 metres, and a cross- 
section of 7.6 square metres (about 82 square feet). 
Six narrower and lower passages connect these 
culverts with each of the lock chambers. The 
aggregate section of the twelve passages feeding 
each lock chamber is 12 square metres, that 
is, considerably larger than that of the culvert, 
the greater cross-section having been provided in 
order that the water may flow in and out without 








Holtenau locks on the Bay of Kiel might have 





into the locks have lengths of 200 and 100 metres 


producing eddies. In each head, not comprising 
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the central heads, the culverts can be closed by 
two sluices S, Fig. 35, page 752, and by a third 
emergency sluice KE. 8 

The engine house is situated a little to the south 
of the locks. The various parts of the hydraulic 
driving mechanism for the gates and sluices are 
“espe in chambers in the brick walls, connected 
y passages which traverse the portion of the 
piers above the mean water level, the floors of 
these chambers being slightly above that level. As 
this arrangement did not leave much to spare in 
height, the ceilings of these chambers are not 
formed by blocks of stone, which cover other parts 
of the locks. Stones would have taken up too 
much space ; they would also have been too heavy, 
and would not so effectually have kept out the 
water as the asphalte adopted. The ceilings 
were, therefore, built on Monier’s system, which is 
much in vogue in Switzerland and Germany, 
bridges of spans up to 128 ft. having recently been 
built at Wildegg and Walsburg entirely in Monier 
fashion, with one wire core which is doubled only 
near the piers for about an eighth of the arch. The 
ceiling is borne by H-irons ; boards are placed on 
these, and the cement put on, with a network of 


mills. The mixture is very intimate even without 
using any mixing drum. Mostly the mortar was 
made of 1 part of cement, 1 of lime, and 6 of sand ; 
but even poorer compounds proved superior to better 
quality mortars mixed in drums or with the help of 
blades. There was at first a prejudice against these 
broyeur products, inasmuch as such mortars had 
not answered well in the bridge at Dirschau, where 
the intimate mixture seemed to have interfered 
with the expansion. But the mode of preparation 
was quite different there. The mortar used for the 
facings consists of 1 part of cement to 1 or 2 parts of 


sist of six rows of four piles, each with cross balks - 
bollards are fixed on these piers. The booms them. 
selves consist of an inner system of three very 
heavy timbers next to the piers, and the outer 
eight rows covered with thick boards, cross-con- 
nected and chained to the piers. The entrance to 
Holtenau lock is remarkably protected. On Kiel 
Bay the north-east winds prevailing at Easter-time 
all over central and northern Europe, raise quite a 
swell; but the outer harbour of the lock is little 
disturbed, the north shore and the wooded hills on 
the opposite shore of the bay keeping the wind off, 





sand. 


The rarer south-east wind would probably prove 
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added. This asphalte covers a considerable area of 
the piers, otherwise faced with a greyish basalt lava 
from the Rhine, which is not likely to wear slippery 
in the course of years. At Brunsbiittel, Bavarian 
granite has been used to cover the piers; there was 
little difference in price between the two materials. 
The lock-keepers are not very fond of the basalt- 
lava, which bootmakers, no doubt, will recommend. 

The beton, of which over two million cubic feet 
were laid or rammed down at Holtenau, was made 
of 9 parts of small granite and 5 parts of trass 
mortar. This trass mortar, which is itself a mix- 
ture of 1 part by volume of trass, 1 part of sand, and 
? part of a rich lime, was prepared in eight broyeurs 
or mortar mills. The trass arrived in blocks of 
several cubic feet from the Rhine, and was broken 
to pieces of the size of a fist. It then passed into 
the pan, which made 90 revolutions a minute, and 
was ground together with the other materials, the 
sand being added last. The powder was delivered 
into the mixing drums, of 24 ft. diameter, which 
revolved at a speed of 30 or 40 revolutions. Mr. 
Sympher, one of the architects, made experiments 
which proved so satisfactory that the ordinary 
cement mortars have been prepared in these same 








The masonry is essentially brickwork, the bricks 
being made from the clay excavated in the brick 
works which Messrs. Ph. Holzmann and Co., of 
Frankfort-on-the-Main, erected near Gross Nord- 
see. Light yellow and brownish Swedish clinkers, 
slightly vitrified, of remarkable strength and uni- 
formity, make the facings. The walls are, of course, 
not quite solid brickwork. Large hollows were left, 
which were filled with a special beton consisting of 
1 part of cement and 8 parts of sand. The com- 
plete locks contain 26 million bricks (which would 
occupy more than 23 million cubic feet), over 
2,000,000 cubic feet of beton, and 194,000 cubic 
feet of granite for the coping. The fender courses, 
lock sills, corners of the gate chambers, and guide 
grooves for the pontoons consist of granite. 

The booms, or starlings, which are to guide the 
vessels into and out of the locks on either side, look 
almost as neat in reality as they appear in the model, 
which is true in all these details. The piles are 
combined in groups of three andmore. The central 
higher pile is, in each case, provided with a hemis- 
pherical cap of cast iron; the side piles have flat 
caps ; this applies to all the piles along the canal. 
The wooden piers against which the booms bear con- 








more awkward. The 16 capstans of the double locks 
at Holtenau, which, as we remarked already, can be 
worked by hand as a last resource, help the boats 
to enter when winds and currents are strong. At 
Brunsbiittel, where furious westerly winds are not 
uncommon, their services will more frequently be 
needed. 

Besides these capstans, the bollards, some square 
boxes provided with a revolving pointer which 
indicates the positions of the sluices, a small house 
for the lock-keepers, and the posts for the electric 
lamps which stand far back on the north and south 
pier, nothing whatever is permitted to project on 
the quay of the lock ; thus there is little danger 
of stumbling in the dark or in a hurry. The 
working of the gates is effected from the central 
pier. The operator opens a little hinged lid of 
iron, lying flush with the quay, withdraws a key 
like the instrument used by the turncock of the 
water supply, fits the key, and opens the hydraulic 
valves. These keys are constructed as speaking 
tubes, and the operator calls ‘‘ Attention !” to the 
machinist below. Further explanations would lead 
us too far at present. The key is afterwards replaced 
in its shaft, and the lid closed again. Pedestrians can 
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cross over the gates when they are closcd. These 
footpaths are convenient enough as long as one is 
on the gate proper, but in stepping over to the 
top of the lock, a protective rail would be very 
welcome. The check gates have such railings, 
which are turned down when the gates are being 
moved or are lying in their recesses. On the 
high and exposed pier heads of the Brunsbiittel 
locks protective railings would be much appreciated 
if they could be added without interfering with the 
working of the traffic through the locks. To what 
extent this has been done will be seen on our 
illustrations of the gates and locks. The edges of 
the locks remain everywhere free. 

The two pear-shaped pontoons, by means of 
which the locks can be closed in case of repair, are 
made of mild steel, and are, of course, provided 
with pumps. They are at present in the canal near 
Holtenau, and project rather awkwardly out of the 
water. They briog up the total bulk of the iron 
structures serving to close the locks, the various 
gates and pontoons, to 5000 tons. 

Actual excavations were commenced at Holtenau 
in January, 1889, when, after a dyke had been 
thrown up to guard against any inrush from the 
Baltic, the ground was excavated to a depth of 
16 ft., bringing the level down to 13.77 metres, 
reckoning from the datum adopted for all heights, 
20 metres below the normal zero. This work was 
completed during the course of the year. On 
account of underground water, the excavations 
could not at that time be carried any further. 
Near Holtenau a stratum of yellow loam, 16 ft. 
in thickness, underlies the crust of vegetable 
earth. Then follow sand, blue clay, and a water- 
bearing sand at about elevation 0. All these layers 
are greatly distorted, and glacial boulders are so com- 
mon in that district that operations were seriously 
impeded. Boreholes revealed the existence of 
the last-mentioned sand stratum, which proved 
saturated with sweet water under high pressure, 
communicating evidently with some higher-lying 
lake basin, and finding a subterranean outlet into 
the sea somewhere. The foundations of the lock 
could not be placed on the layer of clay overlying 
this sand, which might finally not be able to resist 
the pressure from below. Nor did it appear 
advisable to pump the lock chamber dry ; for the 
pressure of the water» would not have been 
removed, and the water would constantly have been 
trying to force its way up. Two ways offered them- 
selves out of this dilemma. LHither the beton had 
to be laid in the wet, an undesirable method of pro- 
cedure when one has to deal with excavations of hun- 
dreds of feet in dimensions, or the subsand had to be 
dried to such a degree at least as to reduce the water 
pressure to a manageable minimum. The latter 
alternative was chosen, although the administra- 
tion did not deceive themselves about the task they 
entered upon. It took, in fact, continuous pumping 
for a year and a quarter, before the water was 
mastered. 

Systematic pumping had previously been tried 
upon an experimental timbered shaft driven 
down into the sand. ‘Then three stone wells 
were sunk with the help of compressed air, one 
of them going from + 13.77 metres, the then 
level, down to —2.13 metres, so that its depth was 
at that time about 52 ft.; the other two had not to 
be driven quite so deep. All three grew upward, 
however, with the brickwork ; the one shown in 
section on the right-hand side of Fig. 36 has a depth 
of 72 ft.; the inside and outside diameters of all are 
11.5 ft. and 16.5 ft. Gravel and stones were piled up 
in these wells to supply a filter bed, and centrifugal 
pumps of 8 in. diameter were fitted up, of which 
generally two were in operation, delivering each over 
1000 gallons per minute. The effect was studied in 
the borehole mentioned, and inthe iron pipes rammed 
down into the sand all round the excavation. The 
water level sank first quickly, then at a slower rate. 
By April, 1892, the water, which had been forced up 
to + 22.02 metres, had fallen to 10,25, that is, by 
over 39ft. Later the water did not rise higher than 
+ 7, the pressure having thus been reduced by 49 ft. 
The pit had become almost completely dry ; no 
large quantities of water percolated through the 
clay, and the tmall springs which still formed in 
Spots where the irregular sand stratum had been 
bared, were weak and inoffensive. This water aud 
the surface drainage were drawn off into the wells 
through 1-ft. clay pipes embedded in gravel, which 
was spread along the walls to be erected. Two 
transverse branches connect these pipes with each 

other and the wells ; they can be traced on Figs, 36 


and 37. Apart from the pumping machinery, the 
three wells cost about 5000/., and the administration 
consider that this outlay has well repaid itself. A 
fourth well, originally planned—hence the asym- 
metrical disposition—could, under these circum- 
stances, be dispensed with. So far, the work had 
been done by Messrs. Holzmann, who excavated 
more than a million cubic yards. 

The well water became afterwards brackish, and 
a new well was sunk at the back of, the power- 
house to supply the feed water. The centrifugal 
pumps were removed after the lock chambers 
were filled. 

The water having been got under control, 
Messrs. Forster, Cordes, and Sénderop, of Kiel, 
stepped in. With the help of an excavator from 
the Liibecker Maschinenfabrik and the spade and 
barrow, which disposed of about one-third of the 
ground, the excavation was carried 10 ft. further 
down, to 10.77 metres, for which purpose 200,000 
cubic yards had to be removed. The Liibecker 
machine required 40 men altogether, including the 
discharge of the spoil into the dumping barges which 
took it out to the Baltic ; 1050 cubic yards in a day 
of 12 hours was considered very good work in this 
heavy soil. A piling was driven all round the ex- 
cavation along the pier walls. The piles had a 
length of 26 ft. or 30 ft., a width of from 9 in. to 
11 in., and a thickness of from 9 in. to 10in. ; the 
inner inclined rows had the lesserdimensions. The 
piles were tenoned and rammed in between guides, 
two at the time, clamped together by iron bars ; 
both direct acting and steam rams were employed. 
The longitudinal walls having been partitioned 
off by their two rows of lighter piling, the beton 
was applied in one depth with the aid of tip- 
wagons ; this operation required 44 months, down 
to November, 1891. The beton was rammed down. 
In September of that year the masons were able 
to start their work on the piers. When these 
walls had completely settled, the beton was depo- 
sited in the lock and gate chamber in the manner 
shown in Fig. 38, page 760. -This was not com- 
menced till the latter half of 1892, the winter hav- 
ing interrupted all operations, which were resumed 
in March. 

Messrs. Forster, Cordes, and Sénderop also built 
the inner harbour and the last kilometres (reckon- 
ing from Brunsbiittel) of the canal. Not far from 
the Holtenau, the wall cuts one of the locks of the 
old Eider Canal, which, at the north-west of the 
Holtenau lock, has been widened to form the service 
harbour, whilst a little more east it has been de- 


layers were hemmed in by the boards ; the lower 
ones were allowed to spread laterally, to give a 
good base. Up to 650 cubic yards of beton were 
dealt with in a day ; the length of a day was, how- 
ever, a very variable quantity on the canal. About 
a hundred men were occupied in this work. The 
wall has now a width of 13 ft. on the top, which is 
coped with basalt lava; for the outer facing the 
yellow Swedish clinkers were employed. 

The north quay leans against the bank. Piling 
had to be applied in the wing joining on to the lock, 
where enclosures of bog were met with. The near- 
ness of the Baltic much facilitated the removal of 
the spoil during the operations we have been de- 
cribing. 





ELEOTRIO TRACTION.—No. XXI. 
By Purp Dawson. 
: Motor TRvcKs. 

SeveraL other trucks, resembling the last two 
described, are manufactured. Fig. 196 shows a 
‘¢ Brill” truck. Elliptical and spiral springs are 
again used in combination to act in a similar way 
as in the ‘‘ Peckham” truck already described. 
The spring suspension from the axle-boxes is, how- 
ever, absent in this truck. 

We will now consider a different type of truck, 
namely, one with six wheels, and known generally 
asa ‘‘radial” truck. This was introduced to do 
away with the waste of power due to the skidding 
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graded toaditch. This lock was built on hundreds 
of piles, 30 ft. long, which were drawn during the 
first days of last month. The efforts of the men 
engaged in this dental exercise helped one to appre- 
ciate the kind of soil, the excavators and dredgers 
had to break their teeth and chains on. 

In erecting the south quay walls at Holtenau, 
Messrs. Sohst, Banse, and Ihms, of Kiel, resorted 
to a successful and clever device, which is well ex- 
plained by Figs. 39 and 40, on page 760. The shore 
there is flat, and the walls had to be raised in the 
water. Two double rows of piles were driven through 
36 ft. of water, a platform based on these, and the 
upper parts of the inner space partitioned off by 
boards. Funnels were constructed of iron, 42 ft. 
long, 3} ft. wide above, 64 ft. below, consisting each 
of 11 conical pieces, screwed into one another. Three 
such funnels were fixed to a travelling stage, moved 
under great difficulty by winches, and advanced 
slowly, whilst the first layer of beton, of 1 metre 
thickness, was spread on the firm bottom of the bay, 
over the whole length of the quay wall, 900 ft. The 
first layer being formed, a diver was sent down to re- 
move the lowest cone, and the process was repeated. 
In this way three layers of 39 in., followed by eight 
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and grinding of the wheels on curves of emall radius 
which frequently occur on street railways. It ori- 
ginated in Boston, a city which is not laid out in 
square blocks like most American towns, but has 
windingstreets. Thistruck iscomposed of threeinde- 
pendent two-wheel trucks pivoted together, the two 
end trucks carrying most of the load and the motors. 

The centre axle frame has smaller wheels and 
moves transversely across the bottom of the car 
body, which is pivoted on the central truck and not 
attached to it. In running, the axles become 
exactly radial in the curves. The framework of the 
trucks is builtof steel channel-ironsriveted together, 
and these are suspended by coil springs from the 
axle-boxes. Figs. 197 to 199 show elevation and 
plans of a radial truck and its behaviour on 
curves. The disadvantage of this gear is that on 
double curves of §-shape, the truck frequently 
derails, while it is also more costly than a four-wheel 
truck, Where very large cars are in use, two four- 
wheel bogies are generally considered to be prefer- 
able to the radial truck. 

Fig. 208 shows a typical American street car axle 
fitted to receive a 25 horse-power motor weighing 
approximately 2000 lb., of which the axle has to 
bear about half. Instead of turning down the 





layers of 3lin., were successively applied. The upper 
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ELECTRIC TRACTION: MOTOR TRUCKS. 


(For Description, see Page 751.) 
Fig. 196. 
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Fig. 200. 
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Weizht of Truck Equipped with 




















a4? ad 
2 (=) 
= | 8.R.G. 30. W P. 30. W P. £0 G.¥. 80° 
Make of Truck. > | aS : 
\Si#ie) 3 | 
fale Ie a os One | Two One Two | One Two | One Two 
|e |/A| & Es Motor. Motors. | Motor. | Motors. | Motor. | Motors. Motor. Motors. 
(cD (hac, Fee | | iapireened 
; | Wb. |i. |ftin,! 1b, In, | Ib | Ib | tb | I | Ib | Ib. | Ib 
Bemis, four-wheel ++ 250 |30 | 4 84 3123 5500 7800 5100 7000 | 5700 | 8,200 5000 6800 
Brill, four-wheel . ..| 800 (30 | 48%. 8500 5800 | 8100 | 5300 | 73C0 | 6000 | 8,600 | 5300 | 7100 
McGuire, four-wheel | 300 |30 | 484 3000 5300 | 7600 | 4900 | 6860 | 5500 | 8,000 | 4800 | 6600 
Tripp, four-wheel. . | 280 |30 | 4 84 sd 6900 820) 6500 | 7400 | 6100 8,600 | 5400 6903 
—_ — { 8120* ) ‘ : 
Bemis, eight-wheel ..| 300 30 | 4 8h | each ;| 6420 5020 | 5620 A | 4900 | 
, : 1300 30) 2700* ) | 
Brill (maximum) .. ‘12500 f225/ 4 ® { each f| 000 4600 5200 ee | 4500 | 
Ree 3200° . | . | 
Tripp, eight-wheel ..| 280/30 | 484 { Son }| 5500 | .. | 5100 | 6700 |. | 5000 
Robinson, radial. .. —«./{ 390 og5| 4 8b | 8000 | 73C0 | 7600 | 6900 | 8800 | 7500 | 10,¢00 | 6300 | £600 
Peckham, four-wheel .. 300 (30 | 4 8h 4400 6700 | 9000 63C0 | 8200 | 6900 | 9400 | 6200 | £000 
we eight-wheel .. 300 '30 | 4 gh ces | poles } oe ese: ee 


* There are two of these trucks per car, making the total 


weight of trucks per car twice the weight above given. 


TABLE LVI.—Dimensions or Cars. 


Cars for Street Railway Service. 





Length. 


Closed car .. 


( )pen car (8 bench) 
) 


Cars for Freight and 


Seating Capacity. 


| Weight with 30 Horse- 
| Power Truck. 


Weight of Car Body. 





Ib. Ib. 
22 4000 to 5000 11,009 to 12,000 
40 6 19,400 
40 3500 to 4500 10,500 to 11,500 
50 €4C0 19,000 





Passenger Service. 





Narrow Gauge. 


Standard Gauge. 





Weight. 





Weight. | Load Load. 
ae Ib. Ib Ib. - Ib. 
Eight-wheel flat .. 6,500 to 8,500 20,000 to 30 000 16,000 to 20,000 26,000 to 40,000 
Eight-wheel box .. i 10,000 ,, 12,000 20,000 ,, 30,090 18,000 ,, 24,000 26,000 ,, 40,000 
Four-wheel coal and ore 4,000 ,, 6,000 10,000 ,, 12,000 7,000 ,, 8,000 16,000 ,, 20,000 


Passenger car iets ee 20.000 ,, 22,000 


TABLE LVII.—Comparison or Axtes ON HorsE AND Exxctric Cars. 


45 to 50 passengers 


30,000 ,, 40,000 56 to 60 passengers 























Diameter of | eee or Total Weight Depth of Key.| Seating 
Style of Car. Axle between Hubs of - of Car Empty. way in Axle, | Capacity. 
. Wheels. Wheel ; | 
errs, Diameter. Length. | 
iu. in. in. in. 1. in. | 
Four-wheel electric motor Car 32 to 3] 8 to 3} 2] to 34 6 to 64 11,000 to 13,000 4 tog 30 to 50 
Four-wheeled two-horse car.. | 2h 23 lj 4} 50C0 to 6000 oe | 380 to 46 


| | 


axle upon a lathe to finish it and bring it to its 
desired dimensions, it is often ‘‘die drawn ” 
instead. The bars after being rolled from the 
ingots are drawn down through a die, as in the 
process of making wire, and it is claimed for the 
method that the torsional and transversal strength 
of the axles is increased, and sizes are guaranteed 
to be accurate to within a thousandth of an inch. 
As various keyways, collars, &c., are required to 
fit the motors on the axles, these are cylindrical in 
shape, it not being of much use either in saving of 
weight or increased strength to make them so as 
to have a form of greatest resistance. The cushion- 
ing of motors, truck, and car body from the axles is 
of great importance in increasing the life of axles. In 
constructing the journal-boxes to fit the axles, space 
should be arranged so as to allow approximately } in. 
of side play to the axle. The sides and ends of the 
brasses should be rounded off so as to allow of good 
lubrication and to prevent the wearing of a collar 
on the axle. The journal-boxes, as now generally 
used on American street crrs, have obtained a very 
great pitch of perfection. Most of them are not 
looked after or oiled for vight or twelve months 
together, and the brasses last six or eight years 
without renewals. 

In comparing the modern electric motor truck 
with the old horse-car, it will be found that a 
notable strengthening of the axles has taken place, 
and that the journal-boxes are much modified. In 
horse-cars a load of as much 500 lb. to the square 
inch of bearing surface of the journals was met with 
in recent practice. This has been brought down to 


from 300 lb. to 400 lb. per square inch, approxi- 
mating more closely to railroad practice, where, on 
an average, 300 lb. per square inch is allowed. 
The increased weight and size of the car bodies also 
call for much stronger axles than are in use on 


In both electric cars given above the gauge is 4 ft. £4 in., and 30-in. wheels are used. 


Nearly all manufacturers build bogie trucks for 
use under cars of from 32 ft. to 40 ft. or 48 ft. in 
length over all, such as are used for interurban and 
suburban traftic more frequently than on city lines, 
where such long cars would be cumbrous and 
difficult to fill. In a future article the various types 
of cars used according to the nature of the service 
required will be more fully treated. America is 
the home and origin of the bogie, which has found 
there universal adoption on all the steam railroad 
cars. For street railway work there are at present 
two distinct types of bogies in use; the ordinary 
four-wheel with the car body pivoted on the centre 
of the truck, the load being equally divided between 
the wheels ; and what is known under the name of 
the ‘‘ Maximum Traction” truck. In the latter, 
the wheels of the bogie are of two different sizes, 
and the weight of the car is not equally divided, 
the greater part being taken by the larger wheels, 
while the smaller are but just enough loaded to 
keep thetrack. The object of this is to get the full 
benefit (as nearly as possible) of the weight of the 
car for adhesion in starting, as only one motor is 
used on each bogie and the two paira of wheels are 
not coupled. This, of course, is only of importance 
when the line is hilly, or the tracks are unusually 
greasy. Under very adverse circumstances the 
frictional resistance between wheel and rail may fall 
as low as one-tenth of the total load on the wheel. 
If an ordinary bogie car weighs 8 tons, this 
would give 1 ton on each wheel; taking the 
horizontal starting effort as 70 lb. per ton, 560 Ib. 
would be wanted. The friction resistance of the 
four wheels available, supposing the use of two 
motors, the axles not being coupled, would give 
4 x 224 = 896, or amply sufficient. But the 
moment there are gradients, we find that under the 
unfavourable conditions supposed the wheels would 


Under ordinary favourable circumstances, or if sand 
was used, this would not happen, as then a friz- 
tional resistance between the wheels and the rails 
of one quarter the load can be safely counted upon. 
For fairly level roads, therefore, where very long 
cars are required, the ordinary four-wheel bogie 
fulfils all requirements. 

Figs. 201 to 203 show the McGuire four-wheel 
bogie. It is similar in construction to the truck b 
the same maker already mentioned. Fig. 204 is a 
section through the journal, and is self-explanatory, 
The Peckham four-wheel swivel bogie is in prin- 
ciple identical with the standard truck of the same 
name already described. Double spring suspension 
is provided, and coil and elliptical springs are used 
in combination. 

Figs. 205 to 207 show a ‘‘ maximum” traction 
truck. In this style of truck it is usual to employ 
from 30-in. to 36-in. driving wheels and 22-in. to 
24-in. trailing wheels. The pivotal centre of the 
car body in this kind of truck is frequently placed 
directly over the centre of the driving axle. <A 
pivot plate is dispensed with, and the car is 
supported on roller- bearing rub-plates on the 
outside upper frame of the truck, formed in 
the shape of arcs of circles having the pivotal 
point of the truck for their centres. By this 
means the driving wheels can be set up under 
the car, and the smaller wheels can radiate clear of 
the car body. The weight of a truck of this style 
varies between 2000 lb. and 4000 1b. Tables LV. 
and LVI. are useful in showing the approximate 
weights and sizes of trucks with and without motor 
equipments, and of complete street cars, such as 
are now in current use throughout America. While 
motors have been very much reduced in weight 
lately, the tendency with regard to trucks is rather 
the reverse. Very light trucks cannot be stiff, and 
their use is a mistake both for the motor equip- 
ments and permanent way. 





THAMES BRIDGES.—No. XV. 


23.—Kew Briper, Lonpon anp Sovutu-WEsTERN 
Rattway. 

Tue South-Western Company obtained Parlia- 
mentary powers in 1864 to make a railway from 
Kensington, commencing from a junction with the 
West London Railway, at a point a little to the 
north of Addison-road Station, and going vid 
Hammersmith and Gunnersbury to join their 
system at Richmond. The line was opened for 
traffic in January, 1869, Mr. W. R. Galbraith being 
the engineer, and Messrs. Brassey and Ogilvie the 
contractors. The railway is carried over the River 
Thames at Strand-on-the-Green, batween Gunners- 
bury and Kew Gardens Stations, by a bridge con- 
sisting of five spans of 115 ft. each, having a head- 
way of 20 ft. above Trinity high-water mark, 

The abutments are of brickwork, and are finished 
in an ornamental manner; the intermediate 
piers are cast-iron cylinders pitched 28 ft. apart 
between centres on the square, and 29 ft. on the 
skew. Theyare 6 ft. 9 in. in diameter for a length 
of 14 ft. 6 in. under the main girder beds, below 
which they are widened to 9 ft. in diameter, the 
14 ft. 6 in. length and conical-shaped piece having 
some ornamental castings and enrichments bolted 
on. The lengths of cylinders of 6 ft. 9 in. dia- 
meter, are made with 1}-in. metal, and in the top 
length of 18 ft. of the 9-ft. diameter cylinders the 
metal is 1} in. thick, the remaining portion having 
12 in. metal ; all the segments are well flanged, 
feathered, and bolted together. 

The cutting edge of the cylinders is sunk to 
depths varying from 37 ft. to 43 ft. 6in. below 
Trinity high-water mark, and beneath this the clay 
is excavated to a further depth of 3 ft. and to the 
enlarged diameter of 15 ft , the space being filled 
up with concrete, which is also carried up in the 
cylinders to the level of the bed of the river; the 
remaining portions of the cylinders are filled with 
brickwork, on the top of which are fixed Bramley 
Fall bedstones, 2 ft. thick, to receive the cast-iron 
bearing plates for the main girders. 

The bearings consist of knuckle-jointed cast-iron 
top and bottom plates, the bottom plate at the fixed 
end of the girder resting on, and being bolted to, the 
bedstone ; at the movable end the bearing is seated 
on steel rollers working on a lower cast-iron plate 
resting on the stone beds. 

The main trellis girders are placed 28 ft. apart 
between centres ; they are 115 ft long, and 9 ft. 
deep over the flange angle-irons. The section of 








(See Table LVII.) 


horse-cars. 


skid on a gradient of anything over one in 50. 


each flange of the main girder at the centre consists 
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of three plates 2 ft. 6 in. by j in.; of four angle- 
irons 43 in. by 44 in. by § in. ; and of two vertical 
plates 12 in. by % in., excluding covers. Taere ara 
four systems of triangulation in the trellis bars, 
which are set at an angle of 60 deg. and riveted to 
the vertical plates in the booms. The ties consist 
of pairs of flat bars, varying from 4 in. by } in. at 
the centre of the girder to 6 in. by ? in. at the 
end, and the struts are pairs of channel-irons bolted 
together, ranging in siza from 4 in. by 1? in. by 
} in. at centre to 6 in, by 3in. by ? in. at the ends 
of the girder. The plate cross-girders are fish- 
bellied, 1 ft. 9 in. deep at the centre and 8 in. deep 
at the ends, where they rest on a wrought-iron 
siddle fitted in the trough of the bottom boom of 
the main girders ; they are placed 5 ft. apart be- 
tween centres. Each flange consists of two plates 
12 in. by 4 in. and two angle-irons 4 in. by 4 in. by 
}in., with a 2-in, web-plate. To the top flange of 
the cross-girders are bolted longitudinal balks 
16 in. by 9 in. to carry the chairs and rails, the 
intervening space being filled up by 3-in. timber 
decking. 

The total weight of iron in the bridge, excluding 
the ornamental pilasters at the ends of the main 
girders, and the enrichments and mouldings on the 
cylinders, amounts to 1169 tons, made up as follows: 


Tons. 
Cast iron in cylinders 314 
‘ bedplates 19 
Steel in rollers for bearings 24 


Wrought iron in trellis girders, 59 to 
each ... ies 

Wrought iron in cro 

Bolts, &c. ... 


ns 
38° girders, 2 tons each = 


1169 


The total dead load on one span is 206 tons, in- 
cluding permanent way, timber decking, and a 
sprinkling of ballast. 


24.—Kew Bripce. 


For more than a hundred years Kew and Brent- 
ford have been connected by a stone bridge cross- 
ing the Thames, but excepting as a crowded means 
of communication between the two banks of the 
river at one of the most popular suburbs of London, 
the structure is of little interest ; its construction 
is commonplace, and its history meagre. Brent- 
ford is six miles from Hyde Park Corner, and owes 
its name to the adjacent River Brent, which here 
falls into the Thames. The Brent was spanned 
by a bridge of three arches as early as the time of 
Edward I., when toll was charged for the passage 
of cattle, and a prohibitory charge was levied 
on Jews, those on horseback having to pay 
ld., and on foot 4d. Brentford appears to 
have had a special attraction for the Jewa, 
for some centuries later they formed a syn- 
dicate on the Continent with the object of 
purchasing the town and creating there a central 
trading and manufacturing station ; the syndicate 
offered the Government of the day a cash payment 
of half a million sterling, and was prepared to 
double that amount, as the price of the privilege.to 
purchase the town, and they showed that the con- 
cession would result in the addition to the revenues 
of the country of 20 millions annually. The offer 
was not accepted, and the little town has gradually 
sunk from its position of relative importance to its 
present insignificance. The old three-arched bridge 
has long since disappeared, and one of a single 
Span now occupies its place. Kew has a less 
ancient history than Brentford, though a more dis- 
tinguished one. In the time of Henry VII. it was 
attached to the manor of Richmond, and it re- 
mained quite obscure until 1769, although some 
few historical Englishmen had built houses and 
resided there. Kew House was constructed in 
the seventeenth century, and in 1730 was ac- 
quired by Royalty, Frederic Prince of Wales 
having taken it on a long lease. After his death, 
the Dowager Princess of Wales developed the 
arrangement of an ‘‘ exotic garden,” which formed 
the origin of the existing gardens that have made 
Kew famous throughout the world. They were 
celebrated even within 30 years of their commence- 
ment, and the folio volume published in 1765 by 
Sir William Chambers, who had charge of the 
gardens during many years, contains a record of the 
progress made in his time. Since that date until 
its partial demolition, Kew House remained a royal 
residence ; the older part of it was spared, and was 
subsequently utilised under the name of Kew 
Palace. George III. commenced the construction 


are built on the Siemens reversing principle, with 
gas and air regenerators. 
and air reversing valves, and the waste heat of both 


|and carried it a considerable way towards comple- 
tion, but it was pulled down after his death. 
Until the year 1757 the only means of communi- 
sation between Brentford and Kew was a ferry 
which was the property of Robert Tunstall, evi- 
dently a person of some importance, being entitled 
to the suffix of ‘‘ Gent,” and of considerable means 
and influence, as he applied to Parliament for per- 
mission to build a toll-bridge on his own account, 
to replace his ferry. After the Act was obtained, 
much opposition arose, especially on the part of 
the barge-owners and others interested in the navi- 
gation of the river. Petitions against the bridge 
were presented to Parliament, and the sanction was 
withdrawn, to be again given the following year, 
under a second Act, wherein the site was changed 
to meet the views of the opponents, and it was 
provided that the bridge should consist of eleven 
arches, of which seven were to be of wood and the 
other four—two on each side of the river—of stone. 
The bridge was constructed in accordance with these 
provisions, and presumably did good service for 
nearly 30 years, when having fallen into bad repair, 
an Act was obtained in 1782 by another Robert 
Tunstall, son of the owner of the first bridge. This 
new measure provided for the construction of a stone 
bridge on the site of the old one. The engineer of 
the new work was a Mr. James Paine, and the first 
stone was laid on June 4, 1783, It was opened for 
public traffic in September, 1789. The bridge 
consists of seven arches across the river and of 
several small land arches of brick on the low-lying 
Surrey shore. The span ofthe centre arch is 66 ft. ; 
the two adjoining are each 55 ft., and the two others 
on each side are respectively 45 ft. 10 in. and 
38 ft.4 in. The clear waterway allowed by the 
piers is 345 ft., and the width of the roadway and 
footpaths between the parapet walls is 24ft. The 
bridge possesses no features of engineering or 
architectural interest ; the steep curve given to the 
roadway is inconvenient for traffic, though charac- 
teristic of the period of its design. The piers are 
probably carried on timber piles, though no infor- 
mation on this point appears to exist. But though 
not satisfactory as regards its design, Kew Bridge 
has been so familiar an object to many generations 
that it has earned its place in popular appreciation 
asa landmark with many associations. After re- 
maining the property of the builder for a number 
of years, it was sold to a Mr. G. Robinson for 
22,0001., and it continued to be private property 
until 1872, when it was purchased for the benefit 
of the public for the sum of 57,300/., under powers 
obtained by an Act of Parliament passed in 1872. 
In February, 1873, it was formally thrown open as 
a free bridge. 





THE GLASGOW IRON AND STEEL 
COMPANY’S WORKS, WISHAW. 
(Continued from page 624.) 
CoNnTINUING our description of the mills at the 
Wishaw works, we have now to deal with the plate 
mill which rolls the slabs brought from the cogging 
mill, illustrated in our preceding article. The plate 


of the furnaces is made specially of cast - iron 
secured to steel channel girders, and fitted with 
cast-iron covers, lined with firebrick. The covers 
are lifted and removed by a carriage above, running 
on steel wheels and driven by gearing. The lids 
are lifted by hydraulic apparatus, and to either side 
as required, while the slabs are either charged into 
or drawn by the steam portable crane which carries 
the slab to the roughing plate mill, and lays it on 
the live rollers, where it is rolled or broken to a 
thin slab, when it is transferred to the finishing 
mill by a travelling table. 

The hydraulic litting and travelling apparatus re- 
ferred to, and shown on Fig. 55, subjoined, was de- 
signed and patented by Mr. Williamson, and made 
by Sir William Arrol and Co. It is specially for 
the purpose of lifting the lids or covers of the 
wash-heating floor furnaces. It consists of a light 
traveller, fitted with hydraulic cylinder and ram, 
fixed at one end of the carriage. Attached to the 
top of the ram is a strong bellcrank lever with 
connecting links, to which the chain for each door 
is attached, and when the ram is operated upon, it 
raises or lowers the cover as required. The ap- 
paratus is worked by a lad who handles a hydraulic 
slide valve which is connected by a walking tube 
pipe to the cylinder fixed on the traveller. The 
carriage is made of steel channel bars riveted to- 
gether. For traversing there is a hand flywheel 
which gears intoa pinion working into a spur- 
wheel on the side of the travelling wheel, so that 
the traversing can be done quickly by a lad. 

The plate rolls are illustrated by Figs. 56 to 58, 
on page 756. There are two mills, one consisting of a 
stand of roughing and finishing rolls with traversing 
table, the other of 38-in. plate rolls. The former, 
the merchant plate mill, is of the two-high reversing 
type. It consists of two stands of housings. The 
roughing mill has rolls 8 ft. long by 28 in. diameter, 
fitted with hydraulic balances, and has a lift of 18 in. 
There is fitted steam screwing gear, driven by a pair 
of small horizontal engines, and geared to the re- 
quired speed. The finishing chilled rolls are 8 ft. by 
30 in. diameter. They have hydraulic balances, but 
are screwed down by hand. There are live rollers to 
each roughing and finishing rolls, asshown. These 
are driven by a pair of vertical engines. There is also 
a traversing table at the back of the mill fitted with 
live rollers, which travels from the roughing mill 
to the finishing mill, carrying, at the same time, the 
slab after it has been roughed down for the finishing 
mill. The table is hauled backwards and forwards 
by a strong wire rope, driven by a pair of vertical 
geared engines. The rope is fixed to the traversing 
carriage, is then led under and over a return pulley 
which has a screw stretching arrangement for taking 
up the slack of the rope, all as shown on Fig. 57. 
The same engine also drives the live rollers on 
the table. These rollers are geared to a horizontal 
square shaft, which slides through a gun-metal 
pinion, driving the gearing of the live rollers on 
this traversing table. The table is carried on four 
steel wheels, which travel on steel T-rails secured 
to a concrete bed. The traversing table moves ina 
pit. The top is level with the plate-mill floor, upon 





mill receives the slabs after they have been marked 


which it delivers the finished plate. The plate is 



































with size, weight, &c., being brought thither on 
bogies, from which they are transferred by a steam 
portable crane to the wash-heating furnaces, built 
on ground level with the mill floor. The furnaces 
are in two sets (see plan on page 536 ante), having 
six doors and covers. They are heated by gas, and 


Each has a set of gas 





of a new palace opposite the town of Brentford, 


leads into the onechimney. The framing on the top 








then seized by a set of tongs, to which a chain is 
attached, and is hauled up to the cooling floor, 
where it lies, and is marked off to size. Besides, 
it has all the marks chalked upon it before being 
sent to the shears to be cut to size. 

A large plate mill, with reversing gear, a pair 
of rolls 12 ft. long by 38 in. in diameter, has 
also been provided, and is shown in line with the 
roughing and finishing mills (Figs. 56 to 58). It 
has a single stand of housings mounted upon massive 
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PLATE-ROLLING MILLS AT THE GLASGOW 


CONSTRUCTED BY MES3SRS. LAMBERTON AND CO., ENGINEERS, COATBRIDGE, N.B. 
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beds, with hydraulic balances, rods, and steel 
cheeks with heavy brasses. The mill is fitted with 
steam screwing gear, arranged with indicator, so 
that the drafts can be very minutely divided. The 
rolls have a lift of 18 in. There is a complete 
set of live rollers at the back and at the front of the 
mill, with intervening carrying plates between each 
set of rollers, having holes bored in them. 
The steam screwing-down gear is illustrated by 




















4 ——a =A 
oe 7 | SS a 
a) 
Ed 
— Sk 


| Figs. 59 to 62, on the opposite page. It consists of 
a pair of small engines geared so as to screw down 
the rolls 545 in. per revolution of theengines. The 
worm for connecting the screw wheel to the main 
screws is made adjustable so that the rolls can be 
made parallel from end to end, or, in the event of a 
tapered plate being required, the rolls may be 
raised or lowered at either end. For this purpose 
a worm runs loose on the shaft connecting the two 
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worm screws, and the worm itself has two collar 


| bearings running in pillow blocks, The connection 


is made by throwing in a three-pronged coupling 
which is keyed to the shaft. The coupling being 
keyed on to the end of the shaft, it is only when it 
is thrown into gear that the connecting worm will 
be driven. 

There is also an hydraulic side-pushing bar 





arrangement the full width of the roller tables, one 
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STEAM SCREWING-DOWN GEAR OF ROLLING MILLS AT WISHAW WORKS. 
CONSTRUCTED BY MESSRS. LAMBERTON AND CO., ENGINEERS, COATBRIDGE, N.B. 
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set at each side of the mill. This pusher arrange-| therefore, gets over the risk of breaking the rolls. 
ment was illustrated on the two-page plate in our| Moreover, it saves time in adjusting large and 
issue of May 17 (Figs. 42 to 44). Thus, the plate, | heavy plates. 

while being rolled, can be adjusted so that it may| The mill pinions are placed between the two plate 
pass as nearly square as possible. This prevents the | mills, and are made of steel with stepped teeth, 
plate from running into the necks of the rolls, and, |! and flanged at each end and at the middle. The 








coupling’ boxes and spindles are likewise made of 
steel, and of sufficient length to reduce the angle 
at which they drive. 

The live rollers are driven by small vertical 
engines geared and coupled to shafting fitted with 
mitre steel wheels on to the live roller shafts. The 
shafting is carried on cast-iron frames bushed with 
brasses and covers, with lids and oil boxes. The 
two plate mills described (Figs. 56 to 58) were 
made by Messrs. Lamberton, of Coatbridge. [he 
floors are all plated and made up flush, the roller 
tables being level with the floors, so that the plates, 
when being rolled, slide along the floor plates. 
The whole of the mills are firmly bolted and secured 
to heavy concrete foundations, provided by the 
Glasgow Iron and Steel Company. 

The plate mills, both for roughing and finishing 
merchant plates and for rolling ordinary plates, are 
driven by a massive pair of reversing engines by 
Messrs. Duncan Stewart and Co., Glasgow, with 
cylinders 52 in. in diameter by 60 in. stroke, and 
are fitted with all the most modern appliances. 
They are geared in the ratio of about 2to1. These 
we illustrated on the two-page plate accompanying 
our issue of April 27, when we fully described them 
(page 539 ante), so that it is not necessary to refer 
further to them here. 


(To be continued.) 





GLASGOW HARBOUR TUNNEL. 
(Continued from page 693.) 

ConTINUING our illustrations of the elevators, we 
reproduce this week on the two-page plate accom- 
panying this issue, drawings of the cylinders of the 
elevating machinery, the cylinder valves,and sheaves, 
while on pages 758 and 759 are diagrams illustra- 
ting the working of some of the automatic appliances 
and valves. The engraving on page 761 shows the 
girder-work above the surface level, with the over- 
head sheaves and the sheaves over the cylinders. 

The elevating cylinders are bored and ground to 
a diameter of 13 in., being of 24-in. cast iron at the 
thinnest part, and for a distauce of 7 in. from the 
flanges, gradually increasing therefrom in thickness. 
The lowering cylinders are similarly bored to 
114 in. in diameter, and are of the same construction. 
The stroke of the rams is one-sixth the car travel— 
the gearing being by three tandem travelling 
sheaves, as shown on Figs. 39 and 40 on the two- 
page plate. All cylinders have been tested to a 
pressure of 1800 1b. per square inch. In the case 
of eight cylinders the piston packing consists of 
seven rings of l-in. hemp, thoroughly indurated 
with tallow ; while for the other four cylinders the 
packing consists of two [J-leathers, so that here 
opportunity is afforded of determining the relative 
merits of the two packings. Each cylinder is in 
one length, so that the packing does not pass over 
any joint. The stuffing-boxes, which are brass- 
lined, are packed with six rings of l-in. packing. 
The rams are of 10 in. diameter, of cast iron; the 
piston, stuffing-boxes, gland, and piston gland are 
all bronze. The piston is 30 in. long, including: 
both followers, which latter are so tapered that in 
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approaching the end of the stroke the egress of the 
water will be gradually decreased. The top follower 
can easily be removed, so that access may be had 
to the stufling-box gland. The ram is 1} in. thick, 
and through the centre is a 3-in. steel rod, attached 
above the piston and passing through the head of 
the travelling sheave frame, as shown on Fig. 39 on 
the two-page plate. This consolidates thoroughly 
the travelling sheave withthe piston. The stufting- 
box glands are all made with square edges instead 
of the usual bevelled edges. 

The travelling sheave frame, which is illustrated 
on Figs. 39 and 40, on the two-page plate, is built 
up of plates and angles, to which is bolted the 
crosshead of the ram. There are, in each case, 
three sheaves, 52 in., 56 in., and 60 in. in diameter 
respectively. The shafts of these sheaves run in 
babbited boxes, and are 5} in. in diameter, with 
an 8}-in. bearing on each side. Under each box 
is a sole-plate, the under side of the box and the 
top of the sole-plate being planed. In the sole- 
plate, where it rests on the wrought-iron framing, 
there are cast channels, so that, once lined up, a 
mixture of lead and antimony is run between the 
wrought iron and sole-plate, making permanent the 
alignment. As the wrought-iron framework for 
the travelling and auxiliary sheaves is built up solid, 
the sheaves are first put in the framing, and the 
shafts driven home. The sheaves are key seated, 
and two set screws finally unite them, The auxiliary 
eheaves, one of which is shown above the cylinder in 
Figs. 37 and 38 on the two-page plate, are 58 in. 
and 54 in. in diameter respectively. The steel frame 
of these sheaves rests upon the cylinder head, and 
is similar in design to that of the travelling sheave. 
The main and counterbalance sheaves are placed 
overhead, as shown in the engraving on page 761. 
When the photograph, from which the engraving 
has been made, was taken, one of these was being 
lowered into position. The main sheaves overhead 
are 60 in. in diameter, and the counterbalance 
sheaves 54 in. in diameter. The former are grooved 
for four ropes, and the latter for two. All the 
sheaves are practically alike in general design. The 
boxes and methods of alignments are similar 
throughout, except that in the case of the main 
and counterbalance sheaves the boxes are 45 deg., 
and butt-plates are riveted to the girder at the end 
of the sole-plates. 

The diameter of sheaves given in all cases is the 
diameter from centre to centre of {-in. ropes which 
are used. Each rope is composed of six strands 
wound round a hemp core, the strand itself con- 
sisting of 18 wires, and each rope is tested up to a 
tension of 24 tons. 

Beneath the travelling sheaves are suspended by 
steel rods 12 balance-weights as shown on Figs. 41 
and 42 on our two-page plate, while upon the sides 
of the travelling sheave frames are bolted slabs of 
cast iron, the aggregate weight being 16,000 1b. This 
acts as a partial counterbalance to the deadweight 
of the cars. 

The machines are operated by levers from the 
gallery situated above the cylinder girders as 
shown in the engraving on page 761. The main 
valves are bolted directly to the cylinder head, as 
shown in Figs. 37 and 38 on the two-page plate, and 
rest upon the small crossbars upon which the cy- 
linder is suspended. Along one side of the cylinder 
girder is a gallery which supports the hydraulic 
pipes and gives access to the cylinders and valves. 
The main valve is illustrated on the two-page plate, 
Figs. 43 to 46. Itis 3in. in diameter, and has 
openings so graduated that the retarding or accele- 
rating effort of the water when closing or opening 
the valve is constant. The valve is lined through- 
out with phosphor-bronze forced into the cast-iron 
shell under heavy pressure. The valve proper is 
entirely of phosphor-brorze. The levers from the 
operating gallery are connected with a pilot valve by 
a 1}-in. shaft supported at convenient intervals. 

The main valve is actuated on the differential 
principle, i.e., the area above is double that below 
the valve piston. The pressure is constantly below 
the valve piston, and the valve is moved down by 
admitting the pressure above the piston, causing 
the valve to descend. The valve will rise if com- 
munication be opened between the top of the valve 
cylinder and discharge tank. These operations are 
controlled by a pilot, consisting of a j-in. brass 
tube, through which are bored at the proper points 
two rows of eight ,\;-in. holes. The motion of this 
pilot valve is only slight in relation to the main 
valve, but is sufficient to bring either set of holes, 
as the case may be, into communication with the 





top of the cylinder, thus admitting or relieving the 
pressure. The direction of the water is shown by 
the arrows in Fig. 43, 

The exhaust waterfromthetop of thecylinder, after 
passing through the ;},-in. holes, passes through the 
stem of the main valve, which is hollow, and at its 
lower point is connected by a flexible pipe to the dis- 
chargemains. Supposing the pilot valve to be moveda 
certain distance, opening the pilot exhaust or pres- 
sure port, the main valve will correspondingly move 
until it has covered one or the other of these ports, 
the motion of the main valve being equal, there- 
fore, to the actual distance traversed by the pilot. 
It may be recognised that the action is somewhat 
similar to the hydraulic reversing gear on a marine 
engine. 

Great difficulty has hitherto been experienced in 
hydraulic controlling mechanism with the leather 
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other motion of the machines the weight of the 
rod is sufficient to bring the stop-motion lever 
to the centre. Primarily, the stop-motion lever 
actuates the pilot valve through the side rods, but 
should from any cause the main valve not respond 
to the pilot, the main valve is moved bodily, in one 
direction returning the water beneath the valve 
piston into the main-pressure pipes, and in the 
other the leather cup pointing downwards allows 
the water to circulate from top to bottom of 
piston. 

The main elevating and lowering valves are identi- 
cal, except that one of the bottom cupsof the lowering 
valve is reversed for lowering, as shown in Fig. 43. 
As we indicated in a previous article, the fact that 
three elevators were to be used for lowering, and 
three for raising, involved some interesting features, 
The elevating machines, illustrated on the two-page 
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cups flapping into the ports. In this case, how- 
ever, the leather cups do not directly cut off the 
water, this being accomplished by an enlarged por- 
tion of the valve stem, which is ground to fit the 
valve barrel. The amount of water, therefore, 
passing this bronze collar or plug is so small, that 
the points of tho leather are practically past the 
valve port before the leather has come into action. 
The leather, therefore, is simply arranged that 
there will be no leakage. 

An automatic balanced lever arrangement has 
been introduced with the view of stopping the ele- 
vating or lowering car when it has reached the end 
of its journey. The position of this balanced lever 
on the machine is shown on Figs. 37 and 38 on the 
two-page plate, while on page 761 are sketches (not to 
scale) indicating the working, and showing the posi- 
tion when the car is upanddown(Fig.51). Its general 
action will be readily understood. The tappet-rod 
is connected to the gearing sheaves. At all points 
of the stroke, except when this tappet-rod is touch- 
ing the stop-motion lever, the lever remains in a 
normal position, as shown by the broken lines on 
one of the sketches, so that the valve is free to be 
moved by the operating levers in either direction. 
This movement is accomplished by a weight 
operated in one direction only by the automatic 
stop-lever. The weight being raised, and the ma- 
chines being started in the reverse direction, the 
cast-iron weight overcomes the weight of the rod 
on the other end of the stop-motion lever until this 
weight is stopped by the rubber buffer. On the 
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plate, Figs. 37 and 38, have cylinders 13 in. in 
diameter, with a ram 10 in. in diameter, and the 
lowering machines a cylinder of 114 in. diameter, 
and aram 10 in. indiameter. The lifting machine, 
in contradistinction to the lowering machine, has 
a preponderance of weight on the car side, so that 
it will just descend ata given speed by gravity, the 
main valve being so connected that pressure is ad- 
mitted above the piston to lift the load, or com- 
munication is established from above the piston to 
the discharge tank, the car descending. The 
machine, however, uses water pressure in propor- 
tion to the load lifted, there being two powers. 
For loads of 6000 1b. or less, the motor will use 37.8 
gallons in lifting the load 74 ft., and above 6000 lb. 
load the consumption of water will be 70.7 gallons 
for the same travel. This change of power is en- 
tirely automatic in action, and is brought about 
by the use of the Thorpe valve as shown in the ex- 
planatory diagram (Fig. 52), accompanying which 
is a section of the valve itself. In reality, i‘ 1s 
simply an automatic weighing machine. ; 

On reference to the diagram above (Fig. 52) it 
will be seen that a small pressure pipe from the 
hydraulic-pressure mains communicates with the 
cylinder above the piston of the Thorpe valve, while 
below the piston is a pipe communicating with the 
main cylinder head. The pressure in the latter 
pipe is proportional to the load upon the elevating 
car. The areas above and below the piston of the 
Thorpe valve are so proportioned that, at the de- 
sired changing point, viz., 6000 lb., the effort 
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beneath the Thorpe piston exceeds the effort above, 
and the valve rises. In other words, it may be de- 
scribed as follows: In raising a car with a load of 
less than 6000 lb. as above, the Thorpe valve 
remains closed, so that the water beneath the main 
piston lifts the balance check valve, and is forced 
into a pipe connected to the main cylinder head. 
When lowering the car, however, the balance check 
valve closes, and the unbalanced check valve lifts, 
thus opening communication from below the piston 
to the discharge tank. An amount of water equal 
in volume to the space beneath the piston is drawn 
in below the piston, and on the reverse stroke, or 
when lifting, this water is introduced above the 
piston. Thus the actual amount of water used is 
equal to the displacement of the plunger only. 
When lifting loads exceeding 6000 lb., the pre- 
ponderance of effort is below the piston of the 
Thorpe valve, causing it to rise and open communi- 
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below the main piston, and by placing this valve in 
the opposite position, pressure is obtained above 
the piston, in which way the machine may be used 
for lifting purposes. Attached to the lowering 
machine is a speed governor or controller, as shown 
on Fig. 53, so that with the main valve fully open 
for the down motion there was by actual test 
practically no variation of speed with just sufficient 
load to make the car descend, or with the car 
loaded to double its capacity. 

The theory upon which this arrangement is based 
is that with water flowing past a partially closed 
valve in a pipe, if the different pressures at the two 
sides of the valve be constant, the volume of water 
passing through the valve is constant. On the dis- 
charge pipe, outside the operating valve, there is a 
cylinder and piston, very similar to the Thorpe 
valve on the lifting machine already described. 
The upper part of this cylinder is connected to the 
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cation directly between the valve and the discharge 
tank. The balance check valve is arranged with- 
out a seat as usually employed, for the reason that, 
with an ordinary seated check valve, the area below 
the valve is less than the area above by the area of 
the seat. This valve is so arranged that should the 
car be coming up, and the main valve suddenly 
closed, it would open, allowing water below the 
piston to circulate, and thus bring the car to a 
gradual stop. 

We now come to the lowering cylinder, which is 
11} in. in diameter, and the ram 10 in. in diameter. 
The weight of the car is overbalanced, so that the 
tendency of the unloaded car would be to rise, but, 
when loaded, to descend, thus using no water, the 
water in this case serving only as a brake. The 
main valve, therefore, has no direct communication 
with the accumulator pressure, but simply controls 
the egress of water below or above the piston for 
the ascending empty car or descending loaded car. 
In cases, however, of a vehicle being too light to 
overcome the overbalance and friction of the 
machine, there is a pressure valve operated by a 
lever alongside of the main operating lever on the 
operating gallery. This valve is illustrated by Figs. 
47 to 50 on the two-page plate, while on the present 
page there is a diagram explanatory of the action 
of the valve (Fig. 53). The operating valve, with 
pilot valve, in the centre of this diagram, is that 
illustrated in detail by Figs. 47 to50. By means of 
this valve the accumulator pressure is introduced 
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main cylinder head, the lower part being open to 
discharge water from the main valve. The spindle 
projects from the lower side of the governor piston, 
and is tapered, so that when the piston is down, the 
communication between the valve and the discharge 
tank will be closed, and, as it rises, will give vari- 
able openings due to the tapering. When the 
main valve closes, supposing that a load be upon 
the car, a proportional pressure would come above 
the speed-governor piston, which would cause it to 
close the opening from the main valve to the dis- 
charge tank. The main valve being placed in a 
lowering position, however, counter-pressure would 
be produced beneath the governor piston, which 
would open communication between the main valve 
and the discharge tank, just so far as would be 
necessary to establish equilibrium between the 
pressure above and below the governor piston and 
the adjustable weight on the lever arm, which 
weight can be so adjusted that this equilibrium can 
be obtained at any desired difference of pressure 
between the top and the bottom of the cylinder. 
There is also a positive throttle valve. 

In ordinary operation with a descending load the 
pressure or auxiliary valve is not used. With the 
governor the operator simply places the main 
operating valve on the down motion for descending 
loads, the governor so regulating that the speed 
shall be constant, whether the load be light or 
heavy. In descending with a load, the inlet check 
at the bottom of the cylinder opens, establishing 





communication directly with the discharge pipe ; 
and when coming up the inlet check to the top of 
the cylinder opens, allowing water to flow in 
directly from the discharge tank, it being purposely 
placed a few feet above the top of the cylinder. 
The pressure or auxiliary valve either admits water 
above or below the piston, as desired to lift a load 
or lower the empty car. The direction of the water 
in these various operations is indicated by the 
dotted lines on diagram Fig. 53. 

At the head of each lowering cylinder is a safety 
valve, so that pressure above a certain point cannot 
be reached. There is also a similar check or relief 
valve, so that should the pressure be admitted from 
the auxiliary valve to the top of the main cylinder 
and the main valve be closed, a pressure above that 
in the mains could not be produced below the main 
piston. This check valve opens against and directly 
into the pressure mains. In the same manner, 
were the car ascending empty, i.e., by gravity, 
using no water, and the main valve suddenly closed, 
this relief would open, preventing the slackening of 
ropes, and gradually absorbing the inertia of the 
machine. 

(To be continued.) 





FATAL COLLISION AT LURGAN. 

In the early hours of February 12, as a down goods 
train for Belfast was just moving out of Lurgan station, 
on the Great Northern Railway (Ireland), it was run into 
in the rear by another goods train from Dublin. The 
trailing van was broken up, and some of the wagons 
smashed and others derailed, The guard, who was in the 
brake-van, was very seriously injured, but lingered on 31 
days before succumbing to his injuries. 

Preece’s one-wire block system was in force, and all the 
existing regulations had been duly carried out by all 
concerned. With this system, the normal position of the 
block instruments is at ‘* Line clear,” and they are restored 
to that position as soon as a train has passed the home 
signal, whether it be standing just inside it or have gone 
on. Another block system—Harper’s—is in use on the 
southern section of the line (in which Lurgan is not 
included), and in this system the normal position of the 
block instruments is at ‘‘ Line blocked,” while in the 
working time book are found rules, applying to this 
system only, to the effect that ‘‘ Line clear,” or ‘‘ Train 
off,” as it is here worded, must not be given, nor another 
train accepted, until the previous train has shunted 
clear, or has gone forward 300 yards, and is continuing 
its journey. 

In the present case the signalman and all the men then 
at the station agree that the home and distant signals were 
duly on just before and shortly after the accident, while 
the men on the train from Dublin all say that they were 
off, There was a shifting fog, with frost and snow on the 
ground at the time. 

Major Marindin, in his report, which was delayed 
owing to his illness, comes to the conclusion that the 
Dublin train men have made wilful misstatements, and 
therefore lays the blame on them, and especially on the 
driver. The coroner’s jury found ‘‘that there was ro 
culpable negligence shown by any servants of the com- 

ny.” Anyway, the conclusion come to is most unsatis- 
actory, but, in view of the evidence, it is difficult to come 
to any other inference but that one side was mistaken, to 
put it mildly. 

The eyesight of the driver and fireman was found to be 
excellent. 

Major Marindin very naturally points out the necessity 
of having but one rule for clearing back, and that in 
accordance with the one given above, as it is not a proper 
mode of block working to a'low a second train to 
approach when a previous one is standing only a few yards 
inside the home signal. Certainly it is not. 





Tue Exxcrric Licut at PatTerBoroucu.—tThe electric 
light is to be introduced at Peterborough. The installa- 
tion will cost 15,000/., and it is proposed to charge 6d. per 
unit, which is about equal to the local price of gas. 





Frencu Tronciaps.—The plates required for the new 
French ironclad Gaulois are to be supplied by the Creus6 
Works, the Chatillon and Commentry Company, and 
MM. Marrell Brothers. The Gaulois is a vessel of the 
Charlemagne type. 





SEWERAGE AT DeRByY.—The report prepared by Messrs. 
Bramwell and Harris upon the sewerage of Derby has 
not been approved all at once, a special meeting of the 
council having been arranged for to further consider the 
question. Sir A. Haslam, who moved a resolution 
empowering the special drainage committee of the council 
to carry out the scheme, stated that, whenever there was 
a flood, cellars in the lower parts of De: by were flooded 
with sewage. 





Hutt Tramways —At the last meeting of the Hull 
town council the principal matter of public interest was 
the adoption of the minutes of the works committee, 
which contained resolutions recommending the council to 
—— the tramways and cépéts of the Hull Street 

ramways Company, Limited, and all its rights, &c., for 
12,500/., subject to ratisfactory arrangements being made 
for continuing temporarily the working of the undertaking 





under a contract to be prepared by the town clerk, 
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(For Description, see Page 749.) 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 6, 1895. 


Tue event of the week was the placing of large orders for bridge steel. 
Wages have been advanced in the Carnegie mills and the Cambria mills, and an 
investigation is now being made as to wages in eastern rail mills, preparatcry to 
an advance in the mills controlled by the Illinois Steel Company. The upward 
tendency now extends to every branch of the iron trade. Coke has been 
advanced, and will take another hop July 1. Pig iron and steel billets are 

rmanently higher, but the advance has come only after most of the larger 
ames have covered summer, and to some extent autumn, requirements. Steel 
billets may reach 20 dols. this month. Inquiries are in hand deg for 50,000 tons 
of steel rails, A speculative feeling is growing. Railroad corporations are badly 
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GLASGOW HARBOUR TUNNEL HYDRAULIC ELEVATORS. 


(For Description, see Page 757.) 





in need of repairs for roads and for equipments, but 
purchases and expenditures are closely guarded, There 
is a stronger probability just now than for two years 
of a general advance in prices within a month. The 
two years of economy in all consuming channels have 
made the conditions for a sudden development of 
demand when recuperative agencies have reached a 
certain point. The severe shaking up and down that 
American railway securities have had during the past 
two years will place them on a better basis for future 
investment. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-1ron warrant market 
was very quiet last Thursday forenoon, but the feeling 
was firm, with a decidedly hardening tendency in prices. 
Scotch iron, after changing hands at 43s. 54d. per ton, 
rose and closed at 43s. 74d., and some 10,000 tons or so 
were sold. A few lots of Cleveland and hematite iron 
were dealt in, and quotations were a turn stiffer. In the 
afternoon business was done in Scotch iron only, and at 
43s. 7d. and 43s. 64d. per ton. The settlement prices at 
the close were—Scotch iron, 43s. 6d. per ton; Cleve- 
land, 35s, 14d.; Cumberland and Middlesbrough hema- 
tite iron, 43s. 74d. and 42s. 44d. per ton, respectively. 
On Friday forenoon the market was very quiet, and 
prices were rather easier. About 10,000 tons were 
dealt in, the bulk being Scotch. There was a decline 
in price all round of 3d. to 1d. per ton. The market 
was more active and firmer in the afternoon, fully 15,000 
tons changing hands—10,000 to 12,000 tons of Scotch and 
3000 tons of hematite iron. Scotch made an advance of 
1d., and hematite iron 4d. per ton. The closing settle- 
ment prices were, respectively, 43s. 6d., 35s., 48s. 6d., 
and 42s, 3d. per ton. Monday’s market was very quiet 
in the forenoon, only 2000 or 3000 tons being dealt in ; the 
tone, however, was steady. Scotch was done at 43s. 7d. 
and 43s. 74d. per ton cash. Cleveland also improved 
to 35s. 1d. cash buyers. Hematite irons were not 
dealt in. About 5000 tons changed hands in the after- 
noon, and the prices of all kinds of iron suffered a decline. 
At the cloze the settlement prices were 43s. 44d., 35s., 
43s, 6d., and 42s. per ton respectively. Dealing was 
very quiet on Tuesday forenoon. Only some 5000 tons 
Were dealt in, and with the exception of two lots of 
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hematite iron, the whole was Scotch, which fell in price 
4d. per ton. In the afternoon the market was flat, 
About 10,000 tons of Scotch and a few lots of other irons 
were sold. Scotch fell 2d., and Cumberland hematite 
iron 1d. per ton. The settlement prices at the close 
were, respectively, 43s. 3d., 35s., 433. 44d., and 42s, 
per ton. Business was very restricted this forenoon, 











only some 2000 or 3000 tons of Scotch and 500 tons of 
Cleveland changing hands. The tone was quiet, and the 
cash price in each case gave way 4d. per ton. In the 
afternoon the market was steady, but there was only 
a very small turnover. The settlement prices were 
433. 3d., 35s., 438, 44d., and 42s. 44d. respectively. 
The following are the prices of some of the special brands 
of makers’ iron: Clyde, 48s. 6d. per ton; Gartsherrie, 
Summerlee, and Calder, 50s. 6d. ; Coltness, 52s. ; Lang- 
loan, 61s.—the foregoing all shipped at Glasgow; Glen- 

rnock (shipped at Ardrossan), 493. ; Shotts (shipped at 

eith), 52s.; Carron (shipped at Grangemouth), 54s, 
per ton. There are still 77 blast-furnaces in actual opera- 
tion throughout Scotland, as compared with 73 at this time 
last year. Four are making basic iron, 27 are working on 
hematite iron ore, and 46 are making ordinary iron. Last 
week’s shipments of pig iron from all Scotch porte 
amounted to 3692 tons, against 5800 tons in the corre- 
sponding week of last year. They included 110 tons for 
the United States, 200 tons for Canada, 540 tons for 
Australia, 320 tons for Italy, 200 tons for Russia, 260 
tons for Holland, smaller — for other countries, 
and 1769 tons coastwise. The stock of pig iron in Messrs, 
Connal and Co.’s public warrant stores stood at 282,311 
tons yesterday afternoon, as compared with 282,336 tons 
yesterday week, thus showing for the past week a decrease 
amounting only to 25 tons. 


Finished Iron and Steel.—The makers of finished iron 
report an increased inquiry for angle-bars and plates for 
home consumption, but there is ample room for an acces- 
sion of new orders. There is a rather quieter tone ob- 
taining in the steel trade, where the volume of new work 
does not give anything like full employment to the very 
large amount of plant recently put down. Steel plates 
are about as low as they were at the end of last year. 


Glasgow Copper Market.—One lot of copper was sold 
last Thursday forenoon at 43/. 17s. 6d. three months, and, 
unofficially, there was dealing at 43/. 6s. 3d. per ton cash. 
No business was reported in the afternoom, and the settle- 
ment price was 43/, At neither session of the market on 
Friday was any business done, but prices stiffened a little 
in the afternoon. Nothing was done in copper on 
Monday forenoon, when prices declined 2s. 6d. per ton. In 
the afternoon sellers were in excess of buyers, and another 
fall of 3s. 9d. per ton was recorded. Only one lot of 25 tons 
changed hands, the price being 421, 17s. 6d. one month. 
About 100 tons were dealt in yesterday forenoon at 
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421, 183. 94. cash—a loss of 5s. 9d. from the previous day. 
Prices stiffened up somewhat in the afternoon, when some 
150 tons changed hands. At the close prices showed a 
further drop, the settlement quotation being 42/. 53. per 
too. Copper was firm this forenoon, the cash price closing 
53. up, and the three months quotation 33. 9d. up from 
yesterday afternoon. A few lots changed hands in the 
afternoon, but prices were easier. 


Sulphate of Ammonia.—Business in this commodity has 
been quieter during the past few days. Transactions 
took place on Monday at 10/. per ton spot, with some 
sellers over. That was a reaction of 5s. per ton from the 
top price paid last week, when there was a bit of a 
spurt on, 

Starting the Aluminium Works at Falls of Foyers.—A 
beginning has b2en made with the works for the abstrac- 
tion of part of the water from the River Foyers for the 
purposes of generating power to produce the metal 
aluminium from the aluminous ore which is to be brought 
to Loch Ness from Ireland. Mr. Peregrine Birch, 
M. Inst. C.E., has designed the works, and _ has 
the superintendance of them, and Mr. Andrew 
Ainslie Common, one of the directors of the British 
Alumioium Company, Limited, for whom the works 
are being constructed, was also at Foyers last 
week to see the stard nade. Foyers House, which 
was formerly a shooting-box, but which has been in a 
ruinous condition for about a score of years, has been 
secured by the company for tke use of workmen, and is 
now fitted up as a commodious lodging. house with some 
50 beds. It is expected that about 130 to 150 men will 
soon be engaged. The works now begun include the 
extension of the pier at Foyers in Loch Ness by 200 ft., 
the construction of a tunnel (half a mile in length) 
through rock for the conveyance of the water to a point 
to which it is brought through pipes, the power thus 
obtained being expected to reach between 2000 and 3000 
horse-power. There will be other work to do before the 
production of the metal can be in progress. 


New Shipbuilding Orders.—Messrs. R. Napier and 
Sons, Govan, have booked an order for a new steamer 
for French owners, and Messrs. Mackie and Thomson, 
also of Govan, have sscured an order from a Grimsby 
fishing company to build two steam trawlers, each about 
120 ft, by 0 ft. by 12 ft. One of them is to replace the 
Bittern, which was lost at sea recently. Messrs. Muir 
and Houston, Kinning Park, will supply the engines and 
boilers.—Messrs. D. and J. Dunlop and Co., Port Glas- 
gow, have contracted to build three steel screw steamers 
for towing purposes. They are for French owners, 
and of about 90 ft. keel, and the engines are to be sup- 
plied by the builders.—Messrs. William Hamilton and 
Co., Port Glasgow, have received an order to build a 
second screw tug steamer for the River Thames. The 
engines will be supplied by Messrs. David Rowan and 
Son, Glasgow. 


New Shipbuilding Firm for Greenock.—It was lately 
stated that a new firm had been formed in Greenock for 
the purpose of acquiring the plant in the Cartsdyke 
shipyard of Messrs. Russell and Co., in the event 
of the Greenock Harbour Trustees accepting the new 
firm as tenants of the yard, and granting a loag 
lease of it. A meeting of the Harbour Committee was 
held last Friday, at which it was agreed to grant a con- 
tinuation of the present lease (which has yet six years to 
run) to the new firm, which will include several gentlemen 
well known in shipbuilding circles on the Clyde, both in 
Greenock and Port Glasgow. The new firm, whose 
business, by the way, will include engineering and boiler- 
making, as well as shipbuilding, have, it is said, booked 
a contract for a large sailing vessel to start with, when 
they get possession of the yard. 


Messrs. James and George Thomson, Limited ; New Direc- 
tors.—At a general meeting of Messrs. James and George 
Thomson, Limited, Clydebank, held a few days ago, Mr. 
John Grant, secretary, and Mr. John G. Dunlop, engine- 
works manager, were elected directors of the company. 
Mr. Grant has been for many years intimately connected 
with the Clydebank concern. 


Glasgow Corporation Tramway Station Partially De- 
stroyed by Frre.—This day week a fire occurred at the 
Kinning Park dépo) of the Glasgow Corporation tram- 
ways. Fortunately it was confined to the granary, in 
which, however, it did a considerable amount of damage 
to the machinery and stock. It is said by the convener 
of the Tramways Committee that the building, machinery, 
and stock have suffered to the extent of about 5000/., but 
they were so well insured that the loss to the corporation 
will only be about 400/. 


Incorporated Gas Institute. —'The annual meeting of the 
Incorporated Gas Institute is being held this week in 
Edinburgh, with Mr. Robert Mitchell, engineer to the 
Edinburgh Corporation Gas Works, as the president. 
There is a large attendance of well-known gas engineers 
from all parts of the kingdom, and the programme of 
papers embraces a great variety of matters connected 
with the gas industry. 

Railway Workshops at Perth Destroyed by Fire.—Last 
Friday night a large portion of the workshops; belonging 
to the Caledonian Railway Company, near Perth sta- 
tion, were completely gutted and destroyed by fire. The 
damage to the building and plant is set down at from 
25002. to 3000/. 

Machinery Belting Case in the Court of Session.—An 
interesting law case, between two of the leading local 
manufacturers, commenced last Wednesday in the Court 
of Session. Messrs. R. and J. Dick sue Messrs. Tullis 





belts has grown to very large dimensions—to something 
like a turnover of 90,000/. per annum for seven years. 
Messrs. Tullis sold quantities of chese belts bought from 
Messrs, Dick, but some years ago they began to manu- 
facture them for themselves. Their example being 
followed by German makera, Messrs. Dick have decided 
to assert their patent rights, the validity of which, how- 
ever, Messrs. Tullis contest. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was a 
very thin attendance on ’Change here, and hardly any 
business was transacted. Prices all round were weak, 
and some makers of pig iron were disposed to accept 
lower rates than have ruled recently. Several producsrs, 
however, who are fairly well sold for this month, were 
slow to reduce their prices. There were plenty of 
merchants ready enough to sell No. 3g.m.b. Cleveland 
pig iron at 35s. for early f.o.b. delivery, and a few lots 
changed hands at that figure. One or two makers were 
said to have sold No. 3 at 35s, Buyers in some instances 
endeavoured to purchase the ruling quality at 34s. 104d., 
bub we did not hear of any transactions at such a price. 
No. 1 Cleveland pig was firm, and few sellers would 
listen to anything below 37s. Middlesbrough warrants 
were dull throughout the day, and after selling at 
353. closed weak at 34s. 114d. cash buyers. The lower 
qualities of pig iron were only in moderate demand, and 
No. 4 foundry sold with some difficulty at 34s, 3d.. whilst 
833. 6d. was asked for grey forge. East coast hematite 
pig iron was weakish, the supply being considerably in 
excess of the requirements. Sellers quoted 42s, 3d. for 
early delivery of Nos. 1, 2, and 3, but less might have been 
accepted by come firms. Spanish ore was fairly steady, 
the recently advanced freights being maintained. Good 
rubio was quoted 12s. 3d. ex-ship Tees. To-day there 
was practically no change in the market. 


Manufactured Iron and Steel.—Dulness characterises 
the finished iron trade, and prospects for the future can- 
not be described as otherwise than disheartening and 
gloomy. So far as can at present be seen, there is really 
nothing to indicate an improvement in the near future. 
Producers of steel material are fairly well employed, but 
competition for new work is very keen, and prices are 
low. The following are about the market rates: Common 
iron bars, 41. 15s. ; best bars, 5/. 53.; iron and steel ship- 
plates, each 4/. 15s. ; iron ship-angles, 4/. 10z. ; steel ship- 
angles, 4/. 123. 6d.; and heavy sections of steel rails, 
$1. 123. 6d —all less 24 pear cent. discount, except rails, 
which are net at works. 


The Coal and Coke Trades.—Fuel on the whole is 
steady ; ab Newcastle best Northumbrian steam coal is in 
fair request at 8s. 9d. to 93. f.o.b., and steam small is 
33. 6d. Bunker coal is very plentiful, and prices are un- 
altered. There is not much demand for manufacturing 
coal, and household coal, as is to be expected at this 
season of the year, is depressed. Coke is rather quiet, but 
pricesare maintained. Here good blast-furnace qualities 
still realise 12s. 3d. delivered at Cleveland works. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Yorkshire Export Coal Trade.—During the past 
month the total tonnage forwarded to Hull was 201,232 
tons, as compared with 171,856 tons in May, 1894, and 
156,096 tonsin April last. This increase of 29,376 tons was 
exported, and actually left the port in the month, the 
coastwise exports totalling 20,118 tone, as compared with 
13,045 tons in the corresponding month of last year, whilst 
to foreign countries the exports reached the total of 
86,064 tons, as against 54,528 tons, an increase of 31,536 
tons. The report shows an increase in every total in the 
volume of trade over that of last year’s corresponding 
period. The month’s trade, shows an increase of nearly 
30,000 tons, in round numbers over that of May, 1894, 
97,374 tons greater than that of May, 1893, and only 
12,000 tons less than that of the prosperous May of 1892. 
For the completed five months the figures are 771,152 
tons, as against 756,168 tons in 1894, an increase of nearly 
25,000 tons; whilst compared with the five months of 
1893 the increase is 185,432 tons ; though here, again, the 
falling off, as compared with 1892, is very marked, 
amounting to no less than 118,096 tons. 


The Heavy Trades.—The improvement in the iron and 
steel trades, which was notified at the commencement of 
the month, continues. Pig irons are especially firm, and 
there is every probability that before long a few of the 
furnaces that are now idle will be again biown in. Manu- 
factured irons are also stiffer, and orders for all classes of 
best marked are being booked on both home and export 
account. There is at present an improved demand for 
wire for cable trams, and for haulage ropes used in mines, 
at home and abroad. For crucible steel of all kinds there 
is a more persistent inquiry, more especially with re- 
spect to files and special high-class tool material. There is 
considerable competition in wire rods, and owing to the 
slackness of trade in Germany, the manufacturers there 
are paying particular attention to the British market. The 
result is that Bessemer wire rods are purchasable in Shef- 
field at as low as 4. 15s. per ton. Ordinary high carbon 
rods realise 7/. 5s., special carbon rods 9/. 103. The quota- 
tions for old rails for re-manufacbture are from 2/. 122. 6d. 
to 2/. 153.; Bessemer billets, of special carbons used in 
the Sheffield trades, from 5/. 7s. 6d. upwards ; and hema- 


and Son for an infringement of patent gutta-percha | tites are firm atfrom 50s, to53s. Lancashire forge iron is 


machinery driving belts. 





It seems that the trade in these! sold at 36s. per ton. 








Gas and Steam Coal Contracts.—With respect to the 
contracts about to be entered into, the general feeling 
that prevails in the coal trade is that they will bs 
arranged at a reduction on last year. At present the two 
parties concerned are busily engaged in arranging terms, 
The coalowners will endeavour to keep up prices, and in 
this respect will be helped by the rise in quotations which 
has taken place in the iron iadustry. It is, however 
already affirmed that some small contracts have been 
entered into at a reduction of about 6d. per ton. Those 
engaged in the coal trade state that it will not be to the 
advantage of the commercial interests of the country if a 
heavy reduction takes place from the rates of last year. 
The coal trade is quiet, although steam fuel is moving off 
more rapidly, owing to the increased requirements of the 
Baltic ports. 





NOTES FROM THE SOUTH-WEST. 

Cardit.—The steam coal trade is not quite so active ; the 
best descriptions have made 10s. 3d. to 10s. 6d. per ton 
while secondary qualities have brought 92. 3d. to 93, 9d. per 
ton. Household coal has been dul]. The demand for 
coke has also been quiet ; foundry qualities have made 
15s. to 153. 6d. per tov, while furnace ditto have brought 
lls. 9d. to 13s. per ton. The manufactured iron and 
steel trades have shown little change. The tinplate 
markets have exhibited some tendency to improvement. 


New Colliery Railway.—On Thursday a branch railway, 
which has been constructed by Mr. J. Allen, Cardiff, for 
the Powell Duffryn Coal Company, was inspected by 
Colonel Yorke, of the Board of Trade, and the officials of 
the Brecon and Merthyr Railway, including the chief 
engineer (Mr. Thomas), Mr. Gall (general manager), and 
Mr. Owen (superintendent of the locomotive department), 
who were accompanied by Mr. Allen and Mr. Riley 
(representatives of Messrs. Mackenzie and Holland, Wor- 
cester). The new line has been constructed for the pur- 
pose of enabling the Powell Duffryn Coal Company to 
convey coal from new:pits which it is about to open at 
Bargoed. It commences at a point between Pengam and 
Upper Bargoed, and will enable the company to send coal 
either to Cardiff or Newport. In order to construct the 
branch, it was found necessary to tunnel under the 
Brecon and Merthyr Railway, the length of the tunnel 
being about 100 yards. After a minute inspection of the 
line and the tunnel, Colonel Yorke examined the sig- 
nalling apparatus, which had been supplied and put in 
working order by Messrs. Mackenzie and Holland, and 
he expressed himself generally satisfied. 


Submerged Torpedo Tubes.—Orders have been received 
at Keyham for the construction of fourteen 18-in. sub- 
merged torpedo tubes, to be distributed as follows: Four 
each for the line-of-battle ships Jupiter, Renown, and 
Hannibal, and two each for the cruisers Juno and Doris. 
These submerged tubes, which are manufactured by a 
secret process, and by a special staff of sworn mechanics, 
cost about 20007. each, 


The ‘* Sharpshooter.”—The Sharpshooter, torpedo gun- 
boat, undergoing a refib at Devonport, will, when com- 
pleted, carry out a series of seagoing trials in order to 
test the Belleville type of water-tube boilers, with which 
she has been supplied. She is to be ready for her trials 
next week, and a programme, which has been prepared, 
provides that she is to proceed to Gibraltar and back to 
Plymouth, remaining at Gibraltar about 24 hours to 
allow her to coal. She will be worked at various powers 
ranging from an indicated horse-power of 1500 to 3000, 
and she will steam for a prolonged period at each of the 
specified powers. 


The ‘‘Sultan.”—The third-class line-of-battle ship 
Sultan was subjected to an eight hours’ trial of her 
machinery, under natural draught, at Portsmouth, on 
Thursday. Since her misadventure in the Comino 
Channel, five years since, when she foundered while at 
torpedo practice, she has undergone a thorough refit. 
New decks, cabins, and top sides have been fitted, 
military masts and fighting tops have been substituted 
for her former sail-carrying equipment, a complement of 
quick-firing guns has been added to her original arma- 
ment, and she has been supplied with modern inverted 
triple-expansion engines designed and constructed by 
Mesers, J. and G. Thomson, of Clydebank, Glasgow. 
Steam is supplied by eight single-ended boilers, which 
are placed in two separate water-tight compartments. 
They are of the marine return-tube pattern, 15 ft. 23 in. 
in mean diameter and 10 ft. long, containing four fur- 
naces each. Siemens-Martin steel was used throughout 
for their construction, and they are designed for a work- 
ing pressure of 155 lb. per square inch. Everything 
passed off satisfactorily ; the mean data obtained from 
the eight hours’ steaming were: Boiler pressure, 147.74 lb.; 
vacuum, 254 in.; revolutions, 88.7; indicated horse- 
power—high - pressure, 1872; intermediate, 2205; and 
low- pressure, 2454, giving a total indicated horse power 
of 6531. The mean speed of the run, as measured by 
patent log, was 14.6 knots per hour. 


The Staff at Keyham.—Mr. Hobbs, second assistant to 
the chief engineer at Keyham, is shortly to be relieved by 
Chief Engineer Gregory, of the cruiser Mohawk, who is 
returning from the North American station to take up the 
appointment, which is worth 400/. per annum. Mr. R. 
Mayston, fleet engineer and chief engineer of Keyham, 
has served three years of his appointment, but it is stated 
that the Lords of the Admiralty have granted him an 
extension, in order that he may personally direct the 
completion of three sets of machinery which he has in 
course of manufacture. This appointment carries with it 
a salary of 5627. per annum, in addition to an official 
residence, 
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Newport.—Coal shipments have been scarcely so large, 
put prices have ruled firm. There is a prospect of a por- 
tion of the extensive iron and steel works of the Tredegar 
Company being again brought into activity. The works 
have been idle for more than two years, The local ship- 
repairing firms have been well supplied with orders of late, 





ANOTHER PANAMA RAILROAD.—The Caribbean Mining 
Company, of Baltimore, has completed a railway on the 
Isthmus of Panama, in order to carry the products of its 
manganese mines to the port of Vinto Trio. The railway 
is 14 miles in length. 





CANADIAN INTERNATIONAL EXuHtpition.—An Interna- 
tional Exhibition, proposed to be held at Montreal next 
year, will open in May and closein October. It will be held 
on the site of the present exhibition grounds, and on 
adjoining land of the Mount Royal Park, embracing 
altogether about 120 acres. The exhibition is expected to 
be upon a larger scale than any similar show hitherto 
undertaken by apy British colony. 





Tue WorRLD's SILVER.—It is noticeable that the produc- 
tion of silver throughout the world last year showed an 
appreciable contraction, as compared with the corre- 
sponding —_— in 1893, the quantity produced last 
year having been 149,100,000 oz, as compared with 


161,170,242 oz. in 1893, 152,939,986 oz. in 1892, and] be 


137,965,412 oz. in 1891 The value of last year’s produc- 
tion showed a much more considerable falling off, coming 
out, as it did, at 17,977,422/., as compared with 23,923,700/. 
in 1893, 25,370,513/. in 1892, and 25,900,2762. in 1891. 
The check which production experienced last year may 
have the effect of steadying prices, to some extent, 





CATALOGUES.—As announced some two years ago, the 
M. C. Bullock Manufacturing Company, of Chicago, have 
taken up the manufacture of the Willans engine in the 
United States, and have now issued a beautifully got-up 
catalogue, showing illustrations of several types of com- 
bined plants for electric lighting, for one of which they 
received an award at the World’s Fair, Chicsgo. Iilus- 
trations are also given of the application of the Willans 
engine to mill driving. One of these refers to a set of 
engines capable of indicating some 500 horse-power erected 
in an Ulster flax mill. Engravings illustrating special 
deta‘ls of the engines are also given.—Messrs. S. Moor. 
house and Co., of the Victoria Works, Staleybridge, have 
sent us a copy of their new illustrated price-list of lubri- 
cators. The variety of these dealt with is very large, 
several patterns of sight lubricators, of syphon lubricators, 
as well as common suet lubricators and tallow cups, being 
illustrated and described. Full prices are given in every 
cage. 





RAILROAD BrstiogRAPHY.—Mr. Edward Baker, of 14 
and 16, John Bright street, Birmingham, has issued a 
new handbook of railway publications from 1807 to 1894, 
Mr. Baker has made a speciality of collecting this class of 
literature, and in his new catalogue some most interest- 
ing works are to be found listed at quite moderate 
prices. A shorb synopsis is given of many of these 
volumes. The mania period was particularly prolific 
in these publications. It is interesting to note that 
the idea of nationalising the lines was mooted at 
a comparatively early date, as Mr. Baker notes two 
works discussing this question previous to 1844, The 
characteristics of the medical papers would appear 
to have altered but little during the past 30 years. To- 
day they have a habit of publishing sensational articles 
on microber, but in 1862 railways served the same end, 
the Lancet publishing a work on the rapid ageing of 
season ticket-holders. Many of the early works on con- 
struction, which Mr. Baker has succeeded in unearthing, 
should prove interesting reading. A certain number of 
letters from such men as Locke, the Stephensons, Pam- 
bour, and others are also included. A subject index 
forms a valuable addition to the catalogue, allowing any 
information de:ired to be readily turned up. The price, 
we should add, is 2a, 


Tar Reeves Freep-Water Fitter.—A simple filter, 
intended to remove the oil from the feed water of surface- 
condensing engines before it is passed into the boiler, has 
recently been introduced by the Reeves Patent Filters 
Company, Limited, of 39, Victoria-street, Westminster. 
The apparatus in question consists of a cylindrical casting 
having dome-shaped ends. The inlet valve to the filter 
is mounted on one of these ends, and the outlet on the 
other. The body of the cylinder is filled with sawdust held 
in place by two disc-shaped grids backed with fine wire 
gauze and perforated to allow of the water passing. The 
sawdust, being a powerful absorbent, retains any oil which 
may have entered the filter with the feed water, and under 
ordinary circumstances has only to be replaced with fresh 
material about once a fortnight. To facilitate this work 
a bye-pass filter of smaller dimensions, but similar con- 
struction, forms an accessory to the main filter, and is of 
sufficient size to purify the feed for some hours, thus 
giving ample time for replacing the sawdust in the main 
filter chamber. As a matter of fact, however, the opera- 
tion is effected very rapidly. By opening a blow-out 
cock at the base of the apparatus, the whole charge of 
spent sawdust can be blown out by admitting steam from 
the boiler through a suitable valve. To recharge the 
chamber a sufficient quantity of sawdust is mixed with 
water to form a thin porridge, and is poured into the 
chamber through an opening provided at the top. The 
water is run off through a drain cock, and the sawdust 
settles down into a compact mass. Sufficient is added 


to completely fill the chamber with sawdust, after which 
the top cover is replaced and the filter is ready for work 


MISCELLANEA. 


Tue Post Office has just completed the erection of the 
trunk wires intended to afford telephonic communication 
between London, Edinburgh, Glasgow, Dublin, and other 
important towns. 


According to a paper read by Mr. W. W. Lobdell 
before the United States Association of Manufacturers of 
Chilled Car Wheels, the charcoal rims used have a ten- 
sile strength of as much a3 35,000 lb. to 40,000 lb. per 
squareinch. Many of the finished wheels have run over 
300,000 miles, 


On Friday last, at a conference held at Rhyl, and com- 
posed of delegates from various county coutcils in North 
Wales, it was decided to petition the Great Western, 
the Midland, or the Manchester, Sheffield, and Lincoln- 
shire Railway Company to extend their systems into 
North Wales, assurances of public support to the exten- 
sion being given. It was also decided to request the 
county councils of Wales to inquire into the subject of 
railway rates and charges. 


In an article in ‘‘ Cassier’s Magazine” on ‘Machine 
Shop Economy,” Mr. Oberlin Smith remarks that a work- 
man should not be allowed to think that a cutting speed 
of 16 ft. per minute on soft cast iron is ‘‘ good enough,” 
since a good deal of lathe, planer and drilling work can 
done at a cutting speed of from 25ft. to 35 ft. per 
minute. Milling work may often be done at a cutting 
speed of nearly 100 ft. per minute, and in special work, 
such as drilling deep holes in gun barrels, speeds as high 
as 300 ft. and over have been attained, an abundant 
supply of lubricant being forced past the cutting edge. 


An excellent practice at many of the American technical 
schools is that of having discourses delivered by non-resident 
lecturers, who are able to deal in greater detail with 
special departments than it is possible for a professor to 
do who has to cover a much wider field. These lectures 
are not always confined to technical subjects. as during 
the past session of the Sibley College, Cornell University, 
the ‘‘Fundamental Principles of Business and their 
Application to Practice ” have formed the subject of an 
excellent discourse by Mr. T. Dunkin Paret, though it is 
true the lecture in question contains much debateable 
matter. 


A case of considerable interest to engineers and other 
professional men was tried before Mr. Himonings, Q.C., 
as Official referee, on Tuesday, May 28. In this, Mr. 
R. W. Maxwell-Muller, an engineer, of Victoria: street, 
Westminster, sued Messrs. Deacon, Gibson, and Medcalf, 
solicitors, for the recovery of his fees for work done to 
their order. The defendants denied liability, asserting 
that the order was given by them as agents for Messrs. 
John Waddell and Sons, contractors. It appeared, how- 
ever, that the principals were not disclosed in the letters 
of the defendants, yet, nevertheless, the official referee, 
whilst sympathising with the plaintiff, stated that he 
must dismiss the case with costs, as it had already been 
decided at law that solicitors were not liable in such cases. 


The Admiralty have issued invitations to marine engi- 
neers to submit tenders for the construction of three sets 
of propelling machinery for cruisers building in the Dock- 
yards, viz., the Furious, Arrogant, and Gladiator. The 
machinery of these vessels is to be of the triple-expansion 
twin-screw type, and the power is to be 10,000 indicated 
horse-power. The details of the engines are left to the 
contractors, but Belleville boilers are specified. Tenders 
are also asked for the construction of the machinery of 
the Pelorus. The power to be developed is 7000 indicated 
horse-power, and here some latitude is allowed in the 
matter of the boilers, for while they are to be of the 
water-tube type, either the Thorpycroft or Normand 
design may be adopted. 


The use of blasting powder has not yet entirely super- 
seded the use of fire for quarrying purposes, as there are 
still some few places on the globe where the primitive 
methods are still in vogue. At the granite quarries of 
Bangalore, India, the rock is one uniform mass many 
feet thick, without a single fault. In crder to detach 
workable blocks the native quarrymen make use of a 
wood fire, which is built along the edge of the rock. The 
heat causes expansion strains in the mass of granite 
below, with the result that a horizontal crack is formed 
some 5 in, below the surface. The fire is gradually spread 
over the rest of the upper surface of the rock, and the 
top layer is split off for some 700 ft. orro. The weight of 
wood burnt in the process is about one-thirtieth of the 
weight of rock detached. 


In an interesting article on feeder and other light lines 
published in the ‘‘ Bulletin de la Commission Interna- 
tionale du Congrés des Chemins de Fer,” by M. H. de 
Backer, the author states that financial aid from some 
outside source is essential to the success of such lines. 
The benefits accruing to the community, both direct and 
indirect, are, however, he considers, so great that this 
kind of assistance is completely justifiable both on theo- 
retical grounds and on the results actually obtained in 
practice. The best method of raising funds is, he con- 
siders, that in which the district served takes up the 
share capital, as is done in one way or another in both 
Austria and Belgium. He does not consider it advisable 
for this class of line to be built and worked by main line 
companies, as the interests of the local line are then 
liable to be subordinate too entirely to those of the main 


line. 


We have received from Messrs. Rowland, Barnet, and 
Co., Limited, electric light po of 8, Mosley-street, 
Newcastle-on-Tyne, a copy of a report by Mr. Thomas 
Hannirg, A M.I C E., on the lighting plant at Olympia. 





again, 


The plant in questicn contists of a 38 horse-power gas 





engine and a 16-kilowatt dynamo. The engine used 
24 ft. of gas per brake horse-power at the full load of 
38 indicated horse-power, the brake horse-power being 
then 32 horse-power. When indicating 18.5 horse power 
the brake horse-power was 12 horse-power, and the gas 
used 31.6 cubic feet per brake horse-power. The dynamo 
showed an electrical efficiency of 92 per cent., and the 
combined efficiency of the plant was 69 per cent. at full 
load. The cost under these conditions per unit generated 
is estimated by Mr. Hanning as 2.55d., made up as 
follows: Cost of gas per unit., .825d. ; interest and depre- 
ciation, 1.05d.; labour, .375d.; lamp renewals and 
carbon, .2025d. ; oil and waste, .0975d, 


An inaugural conference of the Industrial Union of 
Employers and Employed is to be held at Toynbee Hall 
on Friday and Saturday, June 21 and 22. Mr. W. 
Whitwell, J.P., D.L., the president of the Board of Con- 
ciliation and Arbitration for the North of England Iron 
and Steel Trade, will preside, whilst the vice-chairs will 
be cccupied by Mr. R. A. Hadfield, of Sheffield, and b 
Mr. John Anderson, the general secretary of the Amal- 
gamated Society of Engineers. On the Saturday after- 
noon a public meeting will be held in the Essex Hall, 
Essex-street, Strand, at 2.30 p.m., when tke following 
papers willbe read: ‘‘ The Origin and Progress of Boards 
of Conciliation and Arbitration,” by Mr. J. Stephen 
Jeans, London, secretary of the British Iron Trade Agso- 
ciation, M.J.I., &c.; **The Practical Nature of the 
Industrial Union from a Worker’s Point of View,” by 
Mr. Robert Halstead, Hebden Bridge, Yorke, fustian 
weaver (a contributor to the Economic Review). Full 
particulars of the conference can be obtained on applica- 
tion to the secretary g70 tem., Mr. Edwin Rainbow, The 
Butts, Coventry. 


The Technical Education Board of the London County 
Council will proceed in July next to award five of its 
valuable Senior County Scholarships. Therescholarships, 
which are reserved, as a rule, for young men and women 
under 19 years of age, are intended to enable promising 
and deserving students, who would otherwise be unable to 
afford the expense, to go through a three years’ course at 
a university, or at a technical institute of university rank. 
They are limited to those candidates whose parents are in 
receipt of not more than 400/. a year. The scholarships 
not only give free tuition, but also a money payment of 
60/. during each of the years that the scholarship is 
tenable. They are primarily intended to encourage the 
pursuit of some branch of science, art, or technology ; but 
they sey 4 also be awarded for the promotion of studies in 
modern languages or other bianches of education. Four 
of the echolars who were appointed last year are study- 
ing science or engineering at Caivensite College, London, 
Sidney Sussex College, Cambridge, the Durham College 
of Science at Newcastle, and the City and Guilds Insti- 
tute in Exhibition-road. The fifth, a lady, is studying at 
Bedford College. In making the award, the board takes 
mainly into account the record of each candidate’s past 
career and distinctions, and the evidence as to ability, 
industry, and good character which the candidate is able 
to supply. At the same time it reserves the right to 
apply any examination test that it may think fit. Full 
= may be obtained from the Secretary of the 

oard at 13, Spring gardens, S.W. Candidates should 
send in their names not Jater than June 29. 





AUSTRIAN LocomorTivE Burtp1nc—The number of new 
locomotives made available in Austria last year was esti- 
mated at 100, as compared with 138 in 1893. Of the 100 
locomotives brought into use last year 10 were for lines of 
local interest, while 40 were required for the Austrian 
State lines. The whole number of locomotives at work 
upon Austrian lines last year was 4218. Of the 100 addi- 
tional locomotives brought into use last year, six were 
obtained from abroad, while 94 were built in Austria. 





Tur Wortv's Coat.—The production of coal throughout 
the world last year was estimated at 553,700,000 tons. In 
this total the United Kingdom figured for 185,000,000 tons, 
Germany for 74,000,000 tons, France for 25,250,000 tons, 
Belgium for 19,500,000 tons, Austria and Hungary for 
10,250,000 tons, and the United States for 170,000,000 tons, 
It is estimated that 5,000,000 tons of coal were raised last 
year in Australia and New Zealand, 4,000,000 tons in 
Canada, and 3,000,000 tons in British India. 


Mapras Rartway.—The ratio of the working expenses 
to the traffic receipts on the Madras Railway in the 
second half of last year was 47.71 per cent. The corre- 
sponding ratio in the corresponding period of 1893 was 
49.46 per cent. ; and in the corresponding period of 1892, 
45.50 per cent. The length of line worked was 840 miles 
in each half-year. The aggregate distance run by trains 
in the second half of last year was 1,234,088 miles, as 
compared with 1,342,258 miles in the corresponding period 
r bro and 1,274,602 miles in the corresponding period 
0 4 


Coat FoR VicToRIAN Raitways.—The Victorian Coal 
Board has furnished the Victorian Railway Commis- 
sioners with a report with reference to recent experi- 
ments. Victorian brown coal has been subjected to a 
series of careful and exhaustive tests, and the board has 
ascertained that it is quite unsuitable for use in locomo- 
tives, In one instance, 30 cwt. of brown coal was utilised 
in conjunction with the same quantity of black coal, on a 
journey to Woodend, and in this way it was demon- 
strated to be of no practical utility, principally on ac- 
count of the large amount of moisture which it contained. 
Experiments which have been made with coal from the 
Jumbunna and Outtrim mines, however, showed it to be 





of equal value to Newcastle coal. 
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WORKMEN’S TRAINS. 

THE influx into towns of labourers who formerly 
lived in the country is a phenomenon found in 
most countries, but probably it is more marked 
here than anywhere. It is one for which there is 
no remedy in sight. Palliatives may possibly be 
found in allotments, cottage holdings, and the like, 
and these may do something to diminish the rate 
of flow townward ; but they can avail little against 
decaying agriculture and the desire to live a more 
active and exciting life, which is the fruit of school- 
board education. Bad as it is for the country dis- 
tricts to be denuded of their labourers, it is still 
more disastrous for the towns to be crowded with 
men for whom there is no proper accommodation. 
There are few places in which there do not exist 
slums that are the despair of the sanitary reformer, 
and it is in these already overcrowded quarters that 
the new comers settle, making matters worse than 
they were before. It is the misfortune of the work- 
man, be he skilled or unskilled, that he must gene- 
rally live where he can, and not where he would. 
His place of residence must be near his work, 
since it is impossible to travel very far on foot 
before six o’clock in the morning, and it is only in 
special instances that trains are available and fares 
sufficiently cheap to enable a workman to establish 
himself at a distance from the scene of his daily 
toil. It is seldom that a man is found so resolute 
as one we once knew, who had his home eight 
miles distant from the Wolverton Works, and 
tramped backwards morning and night, because, 
as he said, he liked to sleep in a clear atmosphere. 

In the industrial quarters of a town it is gene- 
rally found that people are huddled together in a 
way that is inimical to decency and morality, and 
quite antagonistic to comfort. This is a condition 
that tends to increase, because not only are new 
residents constantly coming, but the extension of 
works, docks, and railways is constantly decreasing 
the available area. Ifever our slums aretobe purged, 
it must be by providing better and cheaper means 
of transit between the suburbs and the manufac- 
turing parts of our towns. Parliament has done 
something to aid this movement. In 1883 it passed 
the Cheap Trains Act, by which it abolished the 
railway passenger duty on fares not exceeding one 
penny a mile, and empowered the Board of Trade 
to order a company to provide proper and sufficient 
workmen’s trains at such fares and such times, be- 


AGE ae ° ° e ° 
tween six in the evening and eight in the morning, 


as they think necessary. Further, it has inserted 
in most of the Acts authorising suburban rail- 
ways, a clause to the effect that there shall be 
run morning and evening one train at fares of 1d. 
for each journey. More recently the London County 
Council has gone into this subject with its charac- 
teristic energy, and has sought to impose such 
onerous conditions that in one instance the pro- 
moters of the line (the Epping Forest Railway) 


3} declared that they preferred to drop the under- 


taking rather than fulfil the Council’s requirements. 
They regarded their railway as a commercial pro- 
ject, and not as a philanthropic enterprise. There 
is abundant evidence, however, that workmen’s trains 
can be made to pay in suitable localities, in spite of 
the low fares. The Great Eastern Railway Com- 
pany furnishes an example in proof of this. 

The statutory requirements of the Great Eastern 
Railway are that they shall run one train every 
morning before seven o’clock from Edmonton and 
Walthamstow stations to Liverpool-street, and one 
every evening, after six o’clock, from Liverpool- 
street to Edmonton and Walthamstow, stopping at 





all stations, at fares not exceeding ld. per passenger 
per journey. Upon the London, Blackwall, and 
Millwall Extension Railway, they have daily to 
run a train each way, under similar conditions. 
Similarly, on the Barking-road to Beckton line, 
and upon the London and St. Katherine Docks 
line, morning and evening trains at penny fares 
have to be run. The total number of workmen’s 
trains required by Act of Parliament is five, with 
a mileage of 22 miles 20 chains, while the number 
of trains actually run is 73, with a mileage of 318. 
This total was not reached all at once ; the facilities 
offered by the company attracted workmen to their 
district, and as their numbers increased, additional 
trains were provided. In 1883 there were 
23 trains, running 116 miles; in 1890 there 
were 59 trains, running 271 miles; and in 1894 
there were 73 trains, running 318 miles. On 
the Wood-street and Enfield section the service 
commences at 4.41 a.mM., and is so frequent that 
the fourteenth train starts at 6.21. Many of the 
trains are comparatively fast, running through a 
considerable proportion of the stations without 
stopping. The tickets are available for return by 
any train after noon. The Stratford service com- 
mences at 5.18 a.m., and the eleventh train is 
despatched at 6.22. There are also six trains from 
Stratford Market to Woolwich, five from Strat- 
ford Market to Beckton, and eleven from Stratford 
Market to Royal Albert Docks. Return tickets 
onany of these trains cost 2d., except those to the 
docks, to Beckton, and to Woolwich, which are 
rather higher. The distance from Liverpvol-street 
to Enfield Town is 10? miles, certainly a very cheap 
ride for 1d. Of course the bulk of the traffic does 
not come so far, and pays higher rates propor- 
tionately. 

In addition to these workmen’s trains, there are 
others for which third-class return tickets are 
issued at one-half the ordinary fare, with a mini- 
mum of 4d. There are 85 such trains, witha 
mileage of 724. Practically all local trains timed 
to arrive before eight o’clock in the morning come 
under the denomination of cheap trains, and are 
available as such for anybody who chooses to 
travel third class, while the return halves of 
the tickets are available by all trains in the 
opposite direction. This arrangement was not 
the result of any Act of Parliament, or of the 
promptings of the County Council. The direc- 
tors of the line saw that: there was a profit to be 
made out of cheap fares, and they nursed the traffic 
until it attained its present enormous dimensions. 
It is not only the ‘‘horny-handed son of toil” 
that avails himself of these trains ; clerks, ware- 
housemen, messengers, office-boys, shopmen, flower- 
girls, factory hands, seamstresses, and a score of 
other callings, are to be found represented in every 
train, particularly in those that arrive just before 
eight o'clock. 

The London, Chatham, and Dover Railway Com- 
pany has a suburban district largely occupied 
by the working classes. The line from Lud- 
gate-hill to Victoria passes for its entire length 
through neighbourhoods where low-priced dwellings 
can be obtained ; indeed, it is only in Brixton and 
Clapham where there are any others. The statu- 
tory obligations require that one train shall be run 
every morning from Loughborough Park and Peck- 
ham Junction Station to Ludgate-hill, and one each 
evening in the opposite direction, at fares not ex- 
ceeding 1d. for the entire distance. This is not a 
very heavy responsibility, and is more than ful- 
filled. In 1883 the workmen’s trains actually run 
numbered 13, with a mileage of 93; in 1890 there 
were 17 trains, running 120 miles; and in 1894 
21 trains, running 153 miles. These trains have a 
third-class accommodation of 6610, and often the 
superior classes are filled with workmen also. On 
certain days of the week they receive considerable 
accessions of traffic from persons going to the early 
produce markets. The return tickets are available 
by any train after noon, but they cannot be used 
at Ludgate-hill, which is more than sufticiently 
crowded with other passengers in the evening. 
The penny fare only obtains on the Metropolitan 
Extension line; the return fare to Penge, Syden- 
ham Hill, Dulwich, and Herne Hill is fourpence, 
and the same fare is charged on the Greenwich 
line—the longest possible journey, being about 
seven miles each way. In the year 1893 the 
number of daily tickets issued was 1,563,850, in 
addition to tickets issued to the railway company’s 
employés. 

The Metropolitan Railway Company is under 
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Details of Trains. 




















Raitway Company. momen Special Running io 1883. Running in 1890. Running in 1894. 
| | 
| Number.| Mileage. | Number. | Mileage. | Number.| Mileage. Number. Mileage. 
| 
| miles ch. miles ch. miles ch. miles ch. 
1. Great Eastern oe - r 5 22 20 23 116 40 52 271 40 64 3'8 0 
2. London, Chatham, and Dover . 1 | 38 60 13 93 40 17 120 0 21 153 14 
3. Metropolitan * 2 9 40 12 9s 0 | 26 200 60 81 536 20 
4. 9 District 1 | 56 15 5 28 57 30 232 2 39 344 21 
5. North London e 5s : 1 | 20 5 10 0 34 196 0 35 201 0 
6. London, Brighton, and South | . 
Coast os aa - - 1 4 40 32 217 60 56 278 50 43 815 16 
7. Great Northern... - ‘a +. .- 3 32 58 6 66 51 9 8s 0 
Ss Western - - oe se 2 16 42 8 67 58 
9. London and North-Western +e oe 7 82 57 | 9 44 0 
10. ° South-Western 12 125 690 86 | 818 20 126 446 45 
1l. Midland oe nt os os 1 7 72 2 16 66 
12. South-Eastern ie iis : 2 17 49 6 69 6 10 91 16 
12. London, Tilbury, and Southend 3 | 22 67 4 28 18 6 3h 32 
id. City and South London .. ‘ . | sis ; 23 72 36 
Total .. a i : 11 47 15 110 | 763 81 307 1824 18 476 2732 «4 
| | | 





* Excluding boat trips. 


statutory obligations to run five workmen’s trains 
each morning, over various parts of the line, with a 
total mileage of nine miles. There are, how- 
ever, a large number of trains run in the 
morning under the following scale of charges: 
not exceeding 4 miles, 2d.; between 4 and 
miles, 3d. ; between 7 and 10 miles, 4d. ; between 
10 and 13 miles, 5d. ; between 13 and 15 miles, 
6d. There are 26 east to west trains, and 29 west 
to east trains, starting before eight o’clock in the 
morning ; 13 trains to Willesden and Harrow, and 
10 in the opposite direction. There are also cheap 
fares from Great Western stations to all stations 
on the Metropolitan and Metropolitan District 
lines. The total number of cheap trains in 1894 
was 81, running 536 miles, while 4,045,992 tickets 
were sold in 1893. The District Company run 39 
morning workmen’s trains, covering 344 miles. 
The return fares, excepting those in the single 
statutory train, vary from 6d. to 1s. between 
Whitechapel and Hounslow, from 2d. to dd. 
between Whitechapel and Turnham Green, from 
Gd. to 10d. from Whitechapel to Richmond, from 
5d. to 7d. from Whitechapel to Wimbledon, and 
from 2d. to 3d. from District stations between 
Mark-lane and Putney Bridge to Metropolitan 
stations between Aldgate and Notting-hill Gate. 
The total number of workmen’s tickets issued at 
District stations during 1893 was 1,233,700. 

The North London Railway Company make very 
considerable provision for early cheap trains, run- 
ning 35 daily over 201 miles, the service commenc- 
ing at 5.16 a.m. The return fare is 2d., and the 
number of return tickets issued in March, 1894, 
was 250,732. The Brighton Company run 43 
workmen’s trains over 315 miles, the return fares 
being 4d. for all distances from four miles to 
eight miles, and 2d. and 3d. for shorter distances. 
In 1893 there were issued tickets for 4,290,230 
single journeys. The Great Northern Com- 
pany run nine workmen’s trains over 88 miles. 
in addition they carry between London and all 
stations in the suburban districts, in both direc- 
tions, third-class passengers at a single fare for the 
return journey, provided the trains by which they 
travel are booked to reach their destinations before 
eight o’clock in the morning. There are 10 trains 
on which these tickets are available. The work- 
men’s tickets vary in price from one-half to two- 
thirds of the cheap return fares. There are 
no statutory workmen’s trains. The Great West- 
ern Railway Company run one workmen’s train, 
starting from Southall at 5 4.M., and arriving 
at Aldgate at 5.54. They also run some trains 
in connection with the Metropolitan Railway, 
the total being eight trains, covering 67 miles. 
In the year ending April, 1894, the average 
daily number of tickets issued was 141. The 
London and North - Western Railway Company 
run nine workmen’s trains over 44 miles, at 
return fares varying from 6d. for 11} miles 
to 2d. for 2} miles. The total number of pas- 
sengers carried in 1893 was 109,941. The Lon- 
don and South-Western Railway Company have 
an imposing list of workmen’s trains, the number 
being 126, and the miles 446. The daily fares are 
3d. to Clapham Junction, 5d. to Barnes, 7d. to 


t See Metropolitan Railway. 


Hounslow, and so on, or from about }d. to $d. per 
mile, counting the journey both ways. This is, of 
course, far above the fares charged by companies 
working under statutory obligations. The total 
number of daily tickets issued for the year 1893 


7| was 1,532,856, and of weekly tickets 65,329. The 


Midland Railway Company run two workmen’s 
trains, with a mileage of 16 miles, a very poor 
record. The South-Eastern Railway have 10 
workmen’s trains, with a mileage of 94 miles. The 
number of tickets issued in 1893 was 584,804. The 
London, Tilbury, and Southend Railway have six 
workmen’s trains and a mileage of 34 miles, and the 
City and South London Railway 13 trains, with 
40 miles. 

The figures for the whole of the Metropolis are 
given in the Table above. * 

The increase has been steady for years, and of 
late very rapid, there being an increase of 50 per 
cent. in four years. The present total of 476 
trains, with a mileage of 2732 miles, is one that 
must exercise an enormous influence on the social 
and economic conditions of the metropolis. It 
must be remembered, however, that only a mode- 
rate proportion of these are run at the statutory 
penny fare for the entire journey. For instance, 
the London and South-Western Company, which 
runs 126 trains—or more than one-fourth of the 
whole—has only one return fare as low as 2$d.— 
that from Queen’s-road to Waterloo and back, a 
distance of 2 miles 54 chains each way. The long- 
distance fares are cheaper than this, the average of 
the whole being about one-third of a penny per 
mile, counting the distance both ways. This may be 
very cheap from the point of view of the railway 
company, but it is more than can be paid by the 
class of labourers which it is most desirable to re- 
move from the town. The skilled mechanic may 
find it economical to pay 6d. per day to get a cheap 
cottage with a garden, but the labourer whose 
wages do not exceed 1/. a week, cannot possibly 
afford more than the statutory penny a journey. On 
the Great Eastern line he can travel to any station 
between Liverpool-street and Enfield for that 
sum, and on the London, Chatham, and Dover 
line to any station on the Metropolitan Extension. 
The Board of Trade might well exercise its powers 
under the Cheap Trains Acts in regard to such 
companies as do not give a four or five mile 
journey for ld. Such a proceeding would afford 
security for the building of workmen’s dwellings 
in the suburbs. As long as cheap trains are 
run merely at the pleasure of the company, 
investors hesitate—at least in some districts— 
to erect buildings that can only he occupied 
as long as the cheap fares are obtainable. But if 
the existing trains were rendered obligatory, then 
there would be afforded fair security for the future. 
The experience of the Great Eastern Railway shows 
that workmen’s traflic is worth having, but that it 
needs to be nursed to get the full benefit of it. It 
takes time to shift a large body of population ; the 
facilities must precede the traffic in the first 
instance, and be always kept a little in advance of it. 

* Workmen’s Trains on the Metropolitan Lines. Par- 
liamentary Paper, C 7541, 1894. Continuation of Par- 
liamentary Paper, C 6039 of 1890. 








THE NEW AMERICAN TRANS. 
ATLANTIO STEAMERS. 

THE arrival in this country of the first-class 
Atlantic liner, built by an American firm, is an 
event of great importance, since it brings home 
more forcibly than newspaper reports, the fact that 
builders in the United States may now compete 
with our best establishments. It is true that 
the builders of the new American liner St. 
Louis —the Cramp Company, of Philadelphia 
—have recently constructed several cruisers 
of high speed, which have been described and 
are illustrated in ENGINEERING, and that these are 
presumably evidences of their skill ; but it cannot be 
said that a cruiser is subjected to the same severe 
ordeal as the Atlantic liner. The proof of success 
is not so much in the attainment of high speed on 
short trials, but on long continuous running in the 
North Atlantic heavy seas. We have no doubt, 
however, that Messrs. Cramp’s new steamer will 
pass through this ordeal creditably. Her maiden 
voyage gives fair promise. Before she left the 
stokers struck work for higher wages, and scratch 
men had to be shipped, with the result that the 
stoking was very inefficient and the speed low. 
The vessel only arrived in Southampton early on 
Thursday morning ; having taken over seven days ; 
but everything worked satisfactorily throughout, 
and there is every prospect of good running in sub- 
sequent voyages. ‘To good design and workmanship 
there is the further advantage of a thoroughly expe- 
rienced chief engineer. Mr. John Walls has been 
in the Paris and New York, and knows his business 
perfectly. There is, therefore, every likelihood of 
success, and the Americans are to be congratulated 
on again having an Atlantic liner of their own con- 
struction. It is long since the days of the Collins 
Line; and there is this difference now, that the 
management both in America and in this country 
is in the hands of thoroughly experienced men. 
Griscom, Taylor, Spence, and Wilding are names 
well known in Atlantic shipping. 

On the occasion of the launch of the St. Louis in 
November last, we gave a general description of 
the vessel, with particular reference to passenger 
accommodation (ENGINEERING, Vol. lviii., page 634), 
and with the general dimensions, published similar 
measurements of her great competitors, New York 
and Paris, Campania and Lucania, and Teutonic 
and Majestic. She is the shortest of all these 
vessels, being 554 {t. long over all, but without any 
clipper bow. Her length between perpendiculars 
is, therefore, greater than the Paris, being 535 ft., 
as compared with 5274 ft. Her beam is 63 ft., so 
that the proportion of beam to length between 
perpendiculars is 1: 8.492; in the Paris it is 
1: 8.373; in the Campania 1 : 9.231; and in the 
Teutonic 1 : 9.826. The depth of hold is the same 
as the Paris, 42 ft., and there is the same number 
of decks, five; lower, main, upper, saloon, pro- 
menade, with a boat deck. The plating of the 
ship is carried up to the promenade deck forward 
and aft, the forecastle and poop being longer than 
in the Paris, while amidships the promenade deck 
is carried on continuations of the ship framing, or 
on stanchicns, but with a steel bulwark for the 
saloon deck instead of the usual rail. The boat 
deck has the officers’ state-rooms contiguous to the 
bridge, and affords a splendid navigating platform. 
Over it, of course, there is the usual navigating 
bridge, with chart-house, &c. 

The hull is constructed principally on the longi- 
tudinal system, the bottom framing being of plates 
and angles, the distance between bottoms being 
54 in., while the side framing is of channel bars, 
which have also been used in part for the deck 
beams. The shell- plating is, as a rule, 3 in. thick, 
lap-butted, the vertical seams being  triple- 
riveted, and the horizontal double-riveted. The 
sheerstrake, however, is double-strapped. The 
framing and plating is bossed out at the after end 
for the propeller shaft tubes in a manner now 
adopted in all large twin-screw mercantile steamers. 
The rudder is of the ordinary form, but built of one 
plate 12 ft. wide, and 1 in. thick, weighing nearly 
5 tons. Aft the keel rises in a long gradient, so that 
much of the deadwood is cut away, the shoe for the 
pintle of the rudder-post being nearly on the same 
level as the bosses for the propellers, which have 
three blades. This will afford a freer flow of water to 
the propellers. Itmay be remembered that Messrs. 
Harland and Wolff attain this end in their later 
vessels by arching the keel near the sternpost, which 
| gives the additional advantage of placing the pintle 
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of the rudder ata lower point, and thus giving a 
greater rudder area immediately between the pro- 
pellers. The weight of the hull is 6000tons. The dis- 
placement at 26 ft. draught—the normal condition— 
is 16,000 tons. This is about the same as the Paris, 
and as the speed is not required to be much 
greater, little more engine power has been given. 

As to the internal arrangements of the ship, 
there are 17 water - tight compartments, formed 
by 12 thwartship bulkheads, one longitudinal bulk- 
head between the two engines, and several flats. The 
collision bulkhead is 33 ft. abaft the stem, and the 
largest compartment isthat immediately amidships— 
the after boiler compartment. The machinery occu- 
pies about 230 ft. of the length of the vessel, but only 
in the case of the engines is this for the whole 
height. The boiler compartments extend only to 
above the orlop deck, so that around the uptake, 
and on the main and upper decks, extensive cabin 
room isavailable. On the saloon deck, again, there 
is the salle a manger, between the two funnels. 
This arrangement differs from that in the Paris 
and New York, where the saloon is forward on the 
promenade deck, but it is the same as in some later 
British versels—the Campania and the Lucania, the 
Orient liner Ophir, and the South African liner 
Scot. There is a large dome piercing the pro- 
menade deck, which affords light and ventilation, 
and, as in the Paris, an organ loft has been con- 
structed in the forward end of the dome. This 
loft adjoins the drawing-room on the promenade 
deck, entrance to which is from the grand stairway 
at the forward end. This stairway- leads to the 
dining saloon on the deck below, and also to the 
library, which is forward also on the saloon 
deck. The purser and chief steward’s offices 
are respectively on the starboard and port side 
of the ship at the side of the dining saloon doors, 
while the pantries are away at the after end of the 
saloon, over the immense kitchen, which is close 
against the engine casing and removed from the 
usual haunts of the passengers. There are some 
splendid state-rooms on the promenade deck, suites 
of rooms with every convenience. The saloon pas- 
sengers are all accommodated within 180 ft. in the 
centre of the ship on the main, upper, saloon, 
and promenade decks, and in three separate water- 
tight compartments. Most of the state-rooms are 
on the main and upper decks, and as in other large 
and fast steamers carrying a great number of pas- 
sengers, the inconvenience of inner cabins is un- 
avoidable ; on the St. Louis, it may be remarked, 
much has to be done in improving the ventilation 
of these inner cabins. The library, entrance hall, 
and dining saloon are on the saloon deck ; and the 
drawing-room, with several special cabins, on the pro- 
menade deck. The doors of communication between 
the water-tight compartments are only on the upper 
deck, above the load water-line, so that should any 
of the compartments be flooded, the flow of water 
will be restricted. The first-class smoking-room is 
well aft on the promenade deck, and is fitted with 
separate bar and lavatory accommodation. The 
promenade is unbroken from stem to stern, and 
the space on either side of the deck-house 12 ft. 
wide. Here passengers may lounge or sprint if 
minded, the arrangements on the American Line 
steamers being easily adapted for either. Again, 
a special pantry is provided for those who prefer to 
take their food al fresco. 

The second-class passengers have sleeping accom- 
modation in the water-tight compartment imme- 
diately abaft the machinery on the main and upper 
decks ; their dining saloon is above on the saloon 
deck, where also is the doctor’s room and the dis- 
pensary ; while above that, again, on the promenade 
deck, are the ladies’ and smoking saloons, the latter 
within a separate deck-house. The poop forms a 
splendid promenade for the second-class passengers. 
The total accommodation is for 320 first, 200 second, 
and about 800 steerage, the latter in the ends of 
the ship. The saloon passengers may all dine at once, 
the first-class saloon being 110 ft. long and 50 ft. 
wide, and it may be said that the companion-ways 
for getting about the vessel are numerous and con- 
venient. Another point, too, is that complete life- 
saving appliances are provided. There are 14 life- 
boats, 14 Chambers collapsible boats, 1 cutter, 1 
gig, and 4 metal lifeboats, all secured to, and 
operated from, the boat deck. 

In a subsequent article we shall deal with the 
main propelling engines, as well as with the 49 
auxiliary machines required for all purposes; but 
it may here be stated that the main engines are of 
the quadruple-expansion type, with six cylinders, 








working on four cranks, and designed to develop 
20,000 indicated horse-power. The smooth weather, 
and the slow speed on her maiden trip, gave no 
chance to the St. Louis to show her seaworthy 
qualities ; but there was an unusual absence of 
vibration, testifying to the easy running of the 
engines. There are six double-ended boilers, each 
with eight furnaces, and four single-ended boilers, 
all fitted with Howden’s system of forced draught. 
The boilers are in two compartments, with two 
funnels, oval in plan, 11 ft. 6 in. by 14 ft., the tops 
being nearly 100 ft. from the grate level. There 
are two steel masts, with wooden topmasts, and 
tiny gaffs. 








THE ROYAL SOCIETY SOIREE. 
Tue Lapries’ Nicnrt. 


On Wednesday evening last the Royal Society 
gave the second soirée of the season, to which, in 
accordance with custom, ladies were invited. To 
amuse and interest the guests, a number of exhibits 
were provided, but they were less in number than 
in most former years, and there were few that 
were at the same time both novel and attractive. 
Of course it is quite natural that the ladies’ night 
should not find so much material of a kind demand- 
ing notice at our hands as the first gathering, 
which is supposed to be of a more serious character, 
but making all allowance for this circumstance, it 
cannot be denied that the show was of a second- 
rate order, as compared with the brilliant displays of 
some former years. 

Of the physical exhibits several were described 
by us in connection with the soirée of May 1 (see 
page 581 ante). Amongst these was Professor 
Ewing’s magnetic tester for measuring hysteresis in 
iron, a detailed description of which appeared in our 
issue of May 10; Professor Roberts-Austen’s elec- 
trical furnace as used in the preparation of the dia- 
mond form of carbon and for the melting of titanium 
and other metals; and Mr. Shaw’s four globes 
illustrating phenomena associated with the forma- 
tion of cloud. Professor Vernon Boys showed 
the projection of ripples, and, like ll that 
he attempts, the experiments were beautiful 
and most successful. The surface of a vessel 
of mercury was thrown into minute ripples by 
the motion of fine wires attached to tuning-forks. 
These ripples were so minute and so rapid that 
when their images were thrown on the screen they 
were invisible unless the spectator blinked his eyes 
so as to view them intermittently. But when a 
disc with radial slits in it was interposed in the 
beam, and rotated at the proper speed, then the 
ripples were seen clearly, and beautiful forms were 
created by the crossing of ripples proceeding from 
two or three separate sources, and of different 
wave lengths and speeds of propagation. This was 
a brilliant experiment, and attracted a great 
amount of attention. 

The discovery that helium can be distilled from 
a rare earth has caused Mr. J. Norman Lockyer to 
enter into an extended investigation of a large 
number of minerals. He has constructed an appa- 
ratus comprising a retort connected with an end-on 
spectrum tube joined to a Sprengel pump, and in 
this he distils the gases contained in the mineral 
under examination. After exhaustion the mineral 
is heated to redness, and the spectra of the gases 
evolved at the various stages are both observed and 
photographed. A new department of physics is 
thus opened to study. In the spectra of the stars 
and of the sun there have always been many lines 
for which no counterpart has ever yet been found 
from terrestrial sources. But, in the short space of 
time that this new research has been in hand, 
a considerable number of lines have been matched 
from the spectra of distilled gases. This does 
not necessarily mean that we are on the 
eve of the discovery of a large batch of new 
elements, for the probability is that these gases 
are complex bodies, and contain many constituents. 
Mr. Lockyer states that helium is not an element, 
but a compound of some kind. Whatever the 
result may be, it seems as if we were on the verge 
of another great advance in our knowledge of the 
constitution of the stars, and probably of the life 
history of our world. 

At the adjoining stand Mr. A. E. Tutton showed 
a well-designed instrument for cutting, grinding, 
and polishing accurately orientated plates and 
prisms of crystals of every degree of hardness. It 
included a diamond-edged disc for slicing the crystals, 
a grinding table with a number of disc laps that 





could be mounted on it, and a holder, provided 
with graduated arcs, by which the crystal could be 
fixed and held in any desired position for cutting. 
The weight by which the crystal was pressed against 
the lap could be regulated by counterweights. Sir 
David Salomons had a very pretty experiment to 
show the effect of magnetism on a current. A large 
electro-magnet was excited by an interrupted 
current—an alternating current would have been 
more suitable, but was not available—and a glow 
lamp was held near the poles. The lines of force 
endeavoured to bend the current, and with it the 
filament, at right angles to themselves, the result 
being that the filament was put into rapid vibra- 
tion. It is possible to map out the lines of force 
of a powerful magnet by means of a lamp used in 
this way. At the same stand were several pieces 
of laboratory apparatus, such as a four-legged 
adjustable levelling table, and an electric top 
spinner. 

Two years ago Lord Armstrong showed a very 
curious electrical experiment in the lantern, and 
this year the apparatus was placed upstairs, so that 
it could be examined more closely. A glass funnel, 
terminating in a fine orifice, was placed in a vessel 
of water, and was connected to the circuit of an 
induction coil, in which there was also a spark gap. 
Passing through the centre of the funnel orifice 
was a piece of cotton thread, about the thickness of 
crochet cotton. When the current was turned on 
in one direction the water could be seen flowing 
downwards out of the funnel, while the cotton 
passed upwards, exactly in the middle of the 
stream, and in the opposite direction to the water. 
When the current was reversed all the other con- 
ditions reversed. This experiment will succeed 
with the discharge from a Wimshurst machine, but 
in every case the water must be chemically pure. 

The greatest novelty in the rooms was a set of 
photographs in natural colours, prepared by Dr. J. 
Joly, of Dublin. The negatives are taken in the 
camera in the ordinary way, except that a ruled 
glass screen is interposed before the sensitive plate. 
This screen is ruled in fine ink lines in the three 
fundamental colours, red, violet-blue, and green, 
alternating all across the plate at the rate of 200 or 
more lines to the inch. The selective action of the 
screen makes itself felt on the negative, the result 
being that, except where pure white light falls, it 
also is divided into lines. From the negative 
a positive transparency is prepared, and when 
this is viewed through another screen similarly 
ruled to the first, but with somewhat dif- 
ferent colours, the image is seen in the tints of 
the original object. It will, perhaps, make the 
matter clearer if we take a very simple instance. 
Let us suppose a photograph is taken, on a colour 
sensitive or isochromatic plate, of a sheet of paper 
of pure spectrum red colour. The red lines in the 
screen would allow the light reflected from the 
paper to pass, while the other lines would blot it 
out completely. When the negative was developed 
it would present a series of lines of clear glass, 
corresponding to the blue and green lines in the 
screen through which no light proceeded, and a 
series of black lines of half the width, correspond- 
ing to the red lines in the screen. The positive 
would, of course, be the opposite of this ; the red 
lines would be represented by clear glass, and the 
other colours by dark deposit. Now if a three- 
colour screen were placed at the back of such a 
transparency, with the red colour superposed 
exactly on the clear glass and the two other colours 
on the opaque parts, it is evident that the plate 
would give a general red effect all over, provided 
that the lines were'so fine that the eye could not 
divide the red and black streaks. Evidently the 
red of the last screen must be a different shade 
from the original paper, since the original colour 
has been weakened by the action of the twoscreens. 
It is an easy step to go from a simple example like 
this to a geometrical pattern in three fundamental 
colours, and once the idea is grasped, it will be 
seen how the ordinary colours of nature can 
be portrayed, provided always, we should 
imagine, that photographic plates of even colour 
sensitiveness can be found. The process seems 
to be founded on the same idea as Mr. Ives’, but 
instead of three colour screens being used to pro- 
duce three negatives, the screens are divided, so to 
speak, into fine shavings, the various colours being 
laid side by side to build up a single screen of 
alternate strips of red, blue, and green. Mr. 


Joly’s photographs were shown in the lantern 
during the evening. 
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An exhibit of great engineering interest was shown 
by the Bute Docks Company. This was a model 
illustrating Lewis and Hunter’s coal - shipping 
system in use at Cardiff. The trucks are brought 
up on lines at right angles to the quay, and are 
then passed over a turntable which sets them 
parallel to the quay. They are then run forward 
on to an hydraulic tippler, by which one end of the 
wagon is lifted, and its whole contents of 10 tons shot 
into a carrying box standing in a pit inthe ground. A 
crane then lifts the box, and slews it over one of 
the vessel’s hatches, down which it is lowered till 
the bottom is almost on the coal-heap in the hold. 
By means of a second chain the bottom of the box 
is then lowered a short distance, and the coal runs 
out. This bottom is a flat four-sided pyramid, and 
delivers the coal in four directions, spreading it 
over a very considerable area, without injury or 
breakage. The crane is mounted on a large four- 
legged base which completely straddles the line of 
railway alongside the quay, allowing trams or loco- 
motives to pass under it with perfectfreedom. One 
of these cranes has loaded as much as 303 tons of 
coal in an hour, and when three or four are at 
work at a ship at once, they very soon complete 
her cargo, the chief difficulty lying in procuring 
a sufficient supply of wagons to keep them busy. 
The cranes are self-moving, and there are hydraulic 
supply valves every 20 ft. along the quay, so once 
a ship is tied up there is no need to shift her until 
her loading is complete. Vessels come to Cardiff 
capable of carrying 9000 and 10,000 tons of cargo, 
and can fill up in an exceedingly short time by aid 
of such appliances, which explains, in part, the 
rapid rise of the port. 

There were two exhibits that appealed directly 
to ladies. The first was an electrograph for mark- 
ing linen, shown by Messrs. Nalder Brothers and 
Co. It consisted of a silver die, in relief, carrying the 
name which it is desired to impress. This is fixed 
in asimple press, and is forced down on to the piece 
of linen, whichis wetted. Under the linen is a car- 
bon plate. The current from three or four Leclanché 
cells is then connected to the apparatus for two 
seconds, passing through the die, the linen, and 
the carbon plate. This dissolves a minute portion 
of the metallic silver, and carries it into the pores 
of the linen yarn. The current is then reversed for 
four seconds, and reduces the silver from the metallic 
state to oxide, which is exactly the effect pro- 
duced by passing a hot iron over a word written 
in marking ink. Experiments show that the writing 
is proof against the laundress’s efforts, while the 
operation is simplicity itself. A single die will 
provide several thousand impressions. The second 
exhibit to which we refer was certainly not pre- 
pared with any view to female gratification, although 
it proved most attractive. It comprised four convex 
silvered glass mirrors by Dr. A. A. Common, from 
16 in. to 21 in. in diameter. Of course they gave a 
greatly magnified reflection of any person looking 
into them, and ladies could obtain a larger scale view 
of their charms than they probably ever saw before. 
To obtain unalloyed gratification from the sight, it 
was necessary that there should be no defect of 
feature or complexion, for the mirrors told the 
truth without flattery. 

We will now mention briefly a few exhibits that 
are less related to the subject to which our columns 
are more properly devoted. Mr. Francis Galton 
showed a number of finger prints, as methods of 
determining identity. These have already ap- 
peared several times at these gatherings. The 
University College Applied Mathematics Depart- 
ment exhibited a series of diagrams, calculated 
and prepared by Miss Alice Lee, to illustrate 
the time-decay of field due to a Hertzian oscil- 
lator. These diagrams illustrated the changes 
in the field during 64 complete oscillations. Mr. 
W. Gowland’ exhibited several examples of 
Japanese pictures of various dates since A.D. 
1322 to show the effects of time on the pigments 
used, which were chiefly carbonate of copper, lapis 
lazuli, red oxide of iron, vermilion, carmine, 
levigated oyster-shells, and soot prepared from 
oil of Sesamum Indicum. Professor A. G. Green- 
hill and Mr. T. I. Dewar showed an algebraical 
spherical catenary, which was first calculated and 
a and then verified by hanging a chain in 

oops on a globe. Mr. H. Thomson-Lyon contri- 
buted an instrument for describing parabolas by 
means of a combined sliding and link motion. This 
could not be described without diagrams. Professor 
Ramsey had on view the spectra of argon extracted 
from air, and also of a mixture of argon and helion 


extracted from cleveite. Mr. Killingworth-Hedges 
showed a curious gyroscopic model. Mr. A. P. 
Trotter contributed a model showing the relation 
of volts, amperes, and length of electric arc, while 
Mrs. Ayrton showed a most valuable set of draw- 
ings of the electric arc. 

In addition, there were several interesting 
exhibits in connection with archsology, natural 
history, biology, and astronomy, but it does not fall 
to our duty to refer to these in detail. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

THE Paris meeting of the Institution of Naval 
Architects commenced on Tuesday last, the 11th 
inst.; or perhaps one should say it commenced 
the day previously, for on the Monday evening 
Monsieur and Madame Bertin gave one of those 
brilliant receptions for which this year’s summer 
meeting of the Institution will for long be memor- 
able. We have already in previous issues made 
reference to the admirable programme which had 
been drawn up, and the generous scale on which 
entertainment had been provided by the hospitable 
Parisians for the instruction and amusement of 
their English visitors. The reception committee, 
of which Vice-Admiral Besnard was honorary pre- 
sident, and Vice-Admiral Charles Duperré presi- 
dent, had been indefatigable in their exertions to 
perfect the multitudinous arrangements; and in 
speaking on this subject reference should be 
specially made to the work done by M. Vaslin, of 
the firm of Messrs. Henry Chapman, of London 
and Paris. What would happen if a meeting of 
engineers were held in Paris without Messrs. 
Chapman’s aid it is difficult to say. Those who 
attended the meetings of the Institution of 
Mechanical Engineers, and of the Iron and Steel 
Institute, both held in Paris during the Great 
Exhibition year, will have pleasant recollection of 
the way in which Mr. Chapman and his colleagues 
made all the rough places smooth ; and at the meet- 
ing we are now referring to, their ready assistance 
was not less in evidence. To M. de Puligny, an 
engineer of the Ponts et Chaussées, the thanks of 
members of the Institution are no less due for the 
really hard work done in perfecting the arrange- 
ments ; but perhaps even this was eclipsed by the 
way in which he acted as translator of English 
speeches during the discussions at the meeting. 
M. de Puligny has really a genius for this work. 
He follows an English speech, and immediately gets 
up to give the whole matter in French, neglecting 
neither figures nor intricate technical details. We 
are not aware what particular branch of engineering 
practice M. de Puligny practises. When we first 
heard him in a similar capacity at the recent 
Maritime Conference held in London, we concluded 
he was an engineer with a very wide knowledge 
of river and harbour work, but we are by no means 
certain now that he is not a naval architect and 
marine engineer. 

On Tuesday morning members assembled in the 
new amphitheatre of the Sorbonne, a splendid 
meeting-place, which they owed to the hospitality 
of the Rector of the University of Paris, Monsieur 
Octave Gréard. The Institution was represented 
by Lord Brassey, the President, and many of the 
Council, in addition to which a large number of 
members and associates were present. 

Vice-Admiral Charles Duperré, president of the 
reception committee, speaking on behalf of the 
committee as representatives of the Government, 
the Naval Marine, the University of France, the 
Chamber of Commerce, as well as various scientific 
and industrial establishments, wished the meeting 
welcome in a few words of hearty goodwill, and, 
after a few words from M. Baudin on behalf of the 
city of Paris, Lord Brassey responded, making a 
brief inaugural address, which his lordship’s former 
residence in France enabled him to deliver in a 
language that was clear to his hosts. 


THE PRESIDENTIAL ADDRESS. 


Lord Brassey next proceeded to return thanks, 
on behalf of the Institution, for the welcome re- 
ceived. He said that the members should recog- 
nise especially the kindness of the President of the 
French Republic, who, when Minister of Marine, 
was the first to take up and encourage the idea of 
the proposed visit to Paris. To the present 
Minister of Marine, Vice-Admiral Besnard, who 
was Honorary President of the Reception Com- 





mittee ; to Vice-Admiral Charles Duperré ; and to 








the other members of the Reception Committee, 
the thanks of the Institution were also due. M. 
Bertin and M. Octave Gréard were also men- 
tioned by the President of the Institution as espe- 
cially entitled to the thanks of members attending 
the meeting, the former as chairman of the Execu- 
tive Committee, and the latter as Rector of the 
University of Paris. In a few well-chosen words, 
Lord Brassey referred to the many ways in which 
those connected with the reception of members 
at this meeting had shown courtesy and hos- 
pitality towards their guests, saying how much 
honoured the Institution has felt by the regular 
attendance in times past of French members so 
eminent as MM. de Bussy, Berrier Fontaine, 
Bertin, Normand, and Daymard, who had added 
so much to the value of the Proceedings by 
their contributions and by taking part in the 
discussions. The English members of the Institu- 
tion were present chiefly to gain instruction. Lord 
Brassey was reminded by Mr. Martell that it was 
under Colbert that mathematical science was first 
successfully applied to naval construction, but it 
was long before the same judicious blending of 
theory and practice was adopted in England. For 
a considerable period French ships were superior 
in model to those of British construction. Sir 
Nathaniel Barnaby had also reminded him that 
the Napoléon was the first steam line-of-battle 
ship seen in any navy. The first ironclad ever 
built was the Tonnante, launched at Brest in 
March, 1855. The first seagoing ironclad was the 
Gloire, launched in 1858, These three ships, each 
being a pioneer of a new type, owed their origin to 
the genius of M. Dupuy de Léme. 

Turning to the subject of materials, M. Henri 
Schneider took the first step in the substitution of 
steel armour for that of iron ; and he had produced 
plates of the unrivalled thickness of 22 in. To 
French constructors at L’Orient and Brest belonged 
the credit of having been the first to use the modern 
soft steel plating for building the hulls of ships. 
As in the constructor’s, so also in the engineer’s 
department, the maritime world was greatly in- 
debted to French inventors. In our latest cruisers 
—ships of dimensions never before approached— 
we had gone to France for the designs of the 
boilers. 

Turning to the subject of technical literature in 
connection with ships and machinery, the address 
referred to such authors as Bougeur, whose ‘‘ Traité 
des Navires”’ was published in 1746, and who was 
the first to make a theoretical investigation of the 
stability of floating bodies. The true theory of the 
rolling of ships in still water was first established 
by Bernouilli, almost a contemporary of Bouguer. 
The subject of stability was again taken up by M. 
Dupuis, who published in 1814 a series of original 
and brilliant geometric theorems, still used, as the 
President learned from Mr. Martell, with advan- 
tage by English writers. Coming to more recent 
times, we owe to M. Reech our knowledge of the 
laws of wave motion and resistance, as described in 
his ‘*Cours de Mécanique,” published in 1852. 
The most recent investigations on the same subject, 
and they are of great value, are those of MM. 
Bertin, Antoine, Duhil de Benaye, and Risbec. 
M. Daymard’s paper on ‘‘ Stability,” read in 1884, 
was, the President said, one of the most important 
papers which had been published in the 35 volumes 
of the Proceedings of the Institution. 

Before concluding, his lordship wished to say a 
few words on a great maritime enterprise with 
which, for a time, he was connected as a director, 
and in which France and England had worked to- 
gether for the beneficent purposes of commerce and 
civilisation. He alluded to the Suez Canal. The 
construction of the canal was wholly French work. 
Against every opposition—even, he regretted to 
say, that of England—the work was achieved, 
under the inspiration derived from a great French- 
man, recently lost. In making the Suez Canal a 
success, England could certainly claim no more 
merit than belonged to the labourer of the eleventh 
hour. After referring to the fact that Great 
Britain was the largest contributor to the revenues 
of the Suez Canal, and that he regarded the co- 
operation of the two countries in this undertaking 
as a happy augury of the friendly solution of 
political problems, his lordship concluded his 
address with the following words: ‘‘ Believe me, 
it is the highest ambition of the members of the 
Institution of Naval Architects to find themselves 
associated in the enterprises of peace with their 
French colleagues. We come here to-day warm 
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friends and admirers of that gifted French nation, 
to which, in every branch of human thought and 
effort, in political ideas, in culture, in literature, 
in art, in industry, invention, and practice, the 
world owes somuch. It gives me peculiar pleasure 
to be here to-day in the position which I have the 
honour to fill. I spent a great part of my child- 
hood in this country. My father came here by 
your invitation as the pioneer contractor, to 
organise works and workmen in the construction of 
those great railways which, in an incredibly short 
time, you learned to construct for yourselves. I 
remember with gratitude the fair and liberal spirit 
with which my father, a stranger in your midst, 
was treated by his French employers. Once more, 
in the name of the Institution of Naval Architects, 
I return their cordial acknowledgments for your 
generous and friendly welcome.” 


Tue Routine or Sues. 

The introductory proceedings having been 
transacted, the secretary, Mr. Holmes, proceeded 
to read the paper of M. Emile Bertin, the Director 
of Naval Construction, on ‘‘The Amplitude of 
Rolling on a Non-Synchronous Wave.” This paper 
we shall print in full at a later date. It treated 
upon a highly scientific subject, but, nevertheless, 
one of great practical importance, in a somewhat 
severely mathematical manner. M. Bertin had 
hoped to deal with the movements of ships at sea, 
as taken by the aid of the apparatus which has for 
some time past been rendered famous by M. Marey. 
This is designed to enable an analysis to be made 
of the movement of pitching by the aid of a series 
of instantaneous photographs. Such a study would 
be immensely interesting, but up to the present 
circumstances of weather and sea have rendered 
the observations taken insufficient for the purpose 
of making a complete analysis. It is to be hoped, 
however, that the efforts to obtain data in this 
manner may be continued, and M. Bertin was good 
enough to say that he would deal with the subject 
more fully at a future date. 

The discussion on this paper was opened by Sir 
William White. At the time of the last meeting of 
the Institution, Sir William had just undergone 
a grave surgical operation, and this being his first 
appearance since before the Institution, his name 
was received with an enthusiasm which spoke elo- 
quently of the appreciation members have for his 
worth. He commenced by saying that the paper 
just read appealed chiefly to those who could 
follow the mathematics of the subject; but it 
also possessed interest for those who built 
ships, whilst its importance would be hardly less 
appreciated by those who went to sea. The deduc- 
tions drawn formed what seemed broad conclusions, 
but nevertheless they would have been impossible 
without such experiments as were necessary for 
doing any work having a practical value in relation 
to the behaviour of shipsat sea. For mathematical 
purposes it was necessary to make assumptions, and 
these could be applied to practical work by the 
method of graphic integration. In now considering 
this question of rolling, the investigator must be 
struck by the important part played by fluid resist- 
ance, an element which occupied a more conspicuous 
position than had been thought prior to recent in- 
vestigations. The speaker referred to his paper 
read at the last meeting, which he said had been 
prepared under great personal difficulty, but he had 
made an effort to put on record the information on 
this subject that had been obtained. It was a great 
source of satisfaction to him to find that one so 
eminent in his profession as M. Bertin should 
study his work and have further investigated the 
matter. In England we looked on the late Mr. 
Froude as the leader of thought in these matters ; 
and in M. Bertin it might be said that in France 
there was a worthy colleague and co-worker with 
our own great investigator now dead. The 
speaker referred to the Table the author had 
given, by which the reduction of amplitudes 
was shown, and said that though members might 
not be able to follow the mathematical reasoning 
by which the conclusions were arrived at, they 
could all appreciate the results. There was yet 
much to learn, the speaker continued, as to the 
means by which resistance to rolling might be 
affected, and the way in which ships could be 
made steadier in a sea. No one could have fore- 
seen, by the aid of such data as had been accumu- 
lated, the results obtained by the alterations of 
H.M.S. Resolution, and this was a point on which 
M. Bertin had confirmed what he said. He hoped 





the bilge keel experiments would be continued, and 
the results would be made known side by side 
with the information on the subject which M. 
Bertin would come forward to give. 

Mr. Martell was the next speaker. In proposing 
a vote of thanks to the author, he alluded to the 
much greater liberality now displayed by Govern- 
ments in giving information on these technical 
matters than formerly existed. In regard to our 
own Navy vessels, he understood Sir William 
White’s position to be that he had contemplated 
fitting bilge keels to the Royal Sovereign class 
when the ships were designed, but had concluded 
that he would not be justified in doing so by the 
results promised, in view of the increased difficulty 
that would arise in docking. It was, however, 
gratifying that so large a reduction had been made 
in rolling by the bilge keels. In some cases the 
angle had been reduced 50 per cent., and he 
thought the thanks of the whole maritime world 
were due to Sir William White for the frank 
manner in which he stated the results of his ex- 
perience. In the mercantile marine they knew 
that bilge keels made an enormous reduction in 
rolling for vessels of moderate dimensions ; but 
they did not know that so enormous a reduction 
could be made in vessels of the great displacement 
reached in our big warships. 

M. Bertin briefly thanked the meeting for the 
vote of thanks passed, and referred in complimen- 
tary terms to Sir William White’s work. He con- 
sidered that model experiments should be the 
complement of observations with actual ships. 


SHEATHED SHIPS. 


The next paper taken was Sir William White's 
contribution on ‘‘ Wood and Copper Sheathing for 
Ships.” This paper we shall likewise print in full 
at an early date. The author commenced by de- 
scribing the method of applying wood sheathing, 
for the purpose of coppering, formerly pursued in 
the Royal Navy. It consisted of attaching to the 
hull a double skin of wood. The inner skin was 
fitted between Z-bar frames riveted to the skin, 
and kept in place chiefly by means of wooden 
wedges, with the additional security of a few iron 
screw bolts passing through the skin. The outer 
layer of wood was secured to the inner layer by 
brass screw bolts, passing into, but not intended 
to pass through, the inner layer. Both skins were 
to be well caulked, and the fraying surfaces well 
bedded in paint or composition. In the Russian 
Navy, the author believed, this system was still 
followed. 

In the earliest sheathed ships of the Royal Navy 
direct metallic contact was avoided between the 
copper sheathing and the iron hull, while the skin 
plating was unpierced. The Inconstant, sheathed 
in this way, had been afloat 27 years, and her 
sheathing had never given any serious trouble. In 
a modification of the earliest system through bolts 
were used, the planks being secured to the skin 
plating by iron bolts screwed through the skin, 
with nuts on the inside. The outer planking was 
secured to the inner by metal screws. It was con 
sidered that with good workmanship and thorough 
caulking, water would not get between the skins, 
but these anticipations were not realised in practice, 
and more or less indirect metallic connection was 
established, a galvanic current passing between the 
copper sheathing and the iron hull. In some cases 
there had been corrosion of the iron bolts securing 
the inner thickness, but in view of the great number 
of bolts, no risk was involved in the structural 
strength of the ship. 

In 1887 it became the author’s duty to inquire 
into this subject, and as a result, he came to the 
conclusion that a system of sheathing of one thick- 
ness of wood, with naval brass bolts and nuts, 
having their points screwed through the skin 
plating, was the best to be used, proper precau- 
tions being taken to keep all the structure water- 
tight. Thirty ships had been so sheathed since 
that date, and it was found by experience that 
the system was successful, the skin plating being 
kept quite dry, and showing no sign of rust. The 
new system obviously has the great advantage of 
simplicity and cheapness. 

Sir Nathaniel Barnaby was the first speaker in 
the discussion. He was sure that in saying the 
paper was full of instruction, he was giving what 
was not only the opinion of English members pre- 
sent, but also their French colleagues. It was 
hardly possible to exaggerate the importance of the 
communication, coming from so hign an authority 





as Sir William White. He felt it more incumbent 
to say this as he was the person chiefly criticised, he 
having the misfortune to be chiefly responsible for 
some of the earlier sheathed ships named in the 
paper. He fully recognised and deplored at the 
time the great cost of using double planking, but in 
view of the state of knowledge at the time, he felt 
compelled to put it on. Seeing this, they had 
turned in despair to zinc, but that, though tried, had 
not proved successful. When he had heard that Sir 
William White proposed to do away with the inner 
skin, he freely confessed he had expressed fears as 
to the wisdom of such a step; but the boldness the 
author had shown in acting up to his convictions 
had undoubtedly met with its reward in the success 
attained. He thought it due to one who had been 
so long his colleague to say that the method of 
screwing the bolt into the plating, described by the 
author, was due to the suggestion of Mr. F. K. 
Barnes, the late Surveyor of Dockyards. This was 
a very important detail. The author had said the 
bolts were of naval brass. The composition of 
these bolts wasa point that should not be forgotten ; 
and in his opinion it was important that yellow 
metal should not be used. 

Mr. Martell said that according to his experience 
the anticipations formed by Sir William White, 
when he investigated the question of sheathing, 
should be realised. In the mercantile marine they 
formerly had ships built on the composite prin- 
ciple, with two skins, the inner attached to the 
framing by galvanised iron bolts, the outer planking 
being attached by metal bolts. In these vessels 
bilge plates and diagonal plating were worked in 
between the skins, and these were found to be 
eaten away through water getting under the plank- 
ing. For that reason building composite vessels 
with two skins was given up. At the present time 
he did not think there was a single composite vessel 
being built in Great Britain for mercantile pur- 
poses, the reason being that the system was so 
expensive that it could not compete with a steel 
vessel. Mr. Martell made reference to the St. 
George, a steamer that had come under his notice, 
and in which the same system of sheathing had 
been adopted as had been followed by Sir William 
White. The results attained were satisfactory. 
He did not think it necessary to say much on the 
subject, as experience confirmed the soundness of 
the author’s views as set forth in the paper. 

Captain Kasy, of the Imperial Russian Navy, 
said that in his country naval constructors would 
be thankful to the author for his paper. In Russia, 
as Sir William had said, they adhered to the system 
of double wood planking as suggested in 1866. 
They had had experience of zinc, and found it would 
not answer, and had had also experience with metal 
bolts. They had also considered the double skin, 
applied as described, preferable, as on this plan 
not a single hole was made in the ship’s skin. 
Having, however, heard the paper read, he thought 
that possibly this more expensive method would be 
given up. The question of sheathing ships was one 
of perhaps higher importance in Russia, as they had 
so few facilities for docking. 

Mr. Artsayooloff, of the Russian Imperial Navy, 
said that in his experience in the south they had but 
one sheathed ship in the Black Sea, and that had 
the double thickness of wood planking as described. 
It had been surveyed after being 10 years in ser- 
vice, and the result confirmed the author’s views, 
as the corrosion was considerable. 

Admiral Fitzgerald said the naval view was that 
they would like all ships sheathed, and they did 
not care a button what it cost. 

In replying to the discussion, Sir William Whiic 
called attention to the fact that he had said the 
double wood skin had done its work well for 20 
years, and if by the light of further experience 
they had been able to introduce a system which 
reduced the cost, that was no more than was to be 
expected. There were so many things to do and 
to inquire into that there was always the danger of 
becoming too conservative and shrinking from fresh 
departures. He believed that in the French Navy 
they had ships sheathed with two skins, and he 
understood they were successful. The Volage and 
the Active were launched in 1869. They were still 
in service, and had given no trouble since. He 
would say that to the late Mr. Grantham, of the 
Admiralty, the greatest credit was due for intro- 
ducing the system of wood sheathing and coppering 
into the British Navy. 

Lord Brassey, in moving a vote of thanks to the 
author, referred to his yacht, the Sunbeam, which, 
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after 22 years’ service, still held the same place in 
Lloyd’s Register it had originally taken. The 
boiler, which was of even date, was still at work, 
but with a reduced pressure of 551b. The gratitude 
of the Institution was certainly due to the author 
for the contributions he had recently made to the 
Transactions. His last paper was prepared at a 
time of extreme suffering, which was borne with a 
fortitude that all must admire. The hope came 
from all hearts that the author would soon be 
quite well again, having such health as would 
enable him more easily to bear the burden cf his 
honourable and onerous position. 
Meracentric Heicut. 

Mr. Archibald Denny next read his paper, en- 
titled ‘‘M. G. Meter.” This we shall print in full 
shortly, with the illustrations. In it the author 
described an instrument which had been devised 
for the use of masters of vessels, so that they might 
obtain the metacentric height of a vessel. It 
consisted essentially of a spirit level pivoted at 
one end, and adjusted at the other by means of a 
micrometer screw. By the aid of a diagram the 
value M.G. is ascertained in a way set forth by the 
author. 

The time for adjournment having arrived, there 
was no discussion on this paper, which Mr. 
Denny read in brief abstract. 

The annual dinner of the Institution took place 
in the evening at the Hétel Continental. On Wed- 
netday morning the second sitting was held for 
the reading of papers, and M. Bertin showed pro- 
jections of a series of instantaneous photographs 
referred to in his paper. These were projected on 
the screen, and gave an analysis of simple move- 
ment of pitching and of rolling of several French 
warships. Yesterday there was another sitting for 
the reading of papers. These proceedings, and the 
various excursions on the programme, we shall 
deal with in accordance with our usual custom. 





NOTES. 
Gas ENGINEERING PRACTICE. 

Tue Incorporated Gas Institute is this week hold- 
ing its thirty-second annual meeting in Edinburgh, 
and although the gas engineers of the north country 
have an organisation of their own, a cordial welcome 
was extended to the Institute, which, of course, 
numbers many Scotch members. The president is 
Mr. Robert Mitchell, of Edinburgh, and in his 
address he reviewed present-day practice in gas 
engineering. Progress was very slow, but steady, 
and they had almost reached the stage of the stag- 
nation of perfection. He found great satisfaction, 
however, in the co-operation of the mechanical 
engineer in providing plant for the conveying and 
breaking of coal, charging and withdrawing retorts, 
and in the riddling of coke; and adverting to the 
great scope for economy in this and other directions, 
stated that the amount of coal carbonised annually 
was 12 million tons, involving the labour of 
nearly 60,000 men. The capital sunk in gas 
works authorised by Parliament was 68 millions 
sterling ; and this takes no cognisance of many 
small private works. Dealing with questions of 
technical import, Mr. Mitchell said he had oppor- 
tunities of inspecting the working of the Lowe water- 
gas plant, both in this country and in America, and 
he felt that the process would be adopted in most 
large works as an auxiliary, and would be an impor- 
tant factor in reducing the cost of production. Car- 
buretted water gas of 22 to 24 candle-power could by 
this process be delivered into the holder at a cost of 
between 1s. 1d. and 1s. 3d. per 1000 cubic feet, 
and there was this other advantage—that it offered 
a means of disposing of that surplus coke which so 
often cumbers the yards of many gas works. He 
thought its function was as ¢n enricher rather than 
a separate illuminating agent, and that because 
commercial considerations would prevent it being 
cheaper than coal-gas, and not because of the 
danger urged by the Board of Trade. In Massa- 
chusetts the year’s make was about 4400 million 
cubic feet, of which 46 per cent. was water-gas. 
There were 21 deaths, ‘‘clearly accidental,” from 
gas poisoning, and the details showed that these 
were due to culpable negligence, bad fittings ac- 
counting for many, a circumstance which led to a 
strcng plea for supervision by the gas authorities 
over the fittings to the same extent as is exercised 
by the water authorities. As regards acetylene, 


the position appears to be that with a photometric 
value of 240 candles it has little more enriching 


effect than coal-gas of 60 candles. Mr. Mitchell, 
too, urged the economy of immense gasholders, and 
contended that it would be intinitely more reason- 
able to educate consumers up to the use of the 
higher candle-power rather than reduce the stan- 
dard. 

Mosaic LinoLevm. 

An interesting demonstration of a new method of 
manufacturing linoleum was given on Tuesday last 
at the works of the Frederick Walton Mosaic Lino- 
leum Company, Greenwich. Mr. Walton is the 
original inventor both of linoleunmr and lincrusta- 
Walton, and has nowsucceeded in devising automatic 
machinery in which the pattern shown by the 
linoleum is built up as a mosaic, the separate 
pieces of different coloured linoleum being 
finally welded together into one continuous roll 
by the combined effects of heat and pressure. 
As is well known, linoleum is made by oxidis- 
ing linseed oil and combining it with cork-wood 
fibre and certain gum resins. This process of 
oxidation is somewhat slow, as even with Mr. 
Walton’s recent improvements it takes about a 
week to accomplish. In the first place, the oil is 
kept falling in a continuous shower-bath, the spray 
thus exposing a large surface for oxidation as it 
passes through the air. From this bath the par- 
tially oxidised oil is transferred to a vessel through 
which a continuous current of air is passed. The 
oil is slightly heated here, and is kept continuously 
stirred, the oxidation being thuscompleted. When 
removed the oil is found to be converted to a solid 
having a sponge-like texture, and on transferring 
this to a set of steam-heated retorts, a chemical re- 
action takes place, gas being evolved; and the 
residue, which is known as cement, has an india- 
rubber-like texture, and is ready for mixing with the 
cork fibre, gum resins, and colouring matter before 
being turned into the finished article. This having 
been done, the treated cement is conveyed auto- 
matically from the mixing house to sets of steam- 
heated rollers, which reduce it to continuous 
sheets of coloured linoleum. These sheets pass 
through cutting rollers, which stamp out the sec- 
tions wanted and transfer them to a large main 
roller, where the separate bits are held in place by 
pins. The mosaic being completed in this way 
in place on the main roller, the separate pieces 
are welded together into one continuous sheet by 
additional rollers. The welding of the separate 
pieces appeared perfect in the specimens on view. 
The pressures required to effect this are very 
great, and hence the machinery involved is of a 
very massive character. The main roller itself is 
11 ft. in diameter. The waste from the cutting 
rollers is returned by automatic elevators to be re- 
worked, so that there is no loss of material. The 
mosaics for all straight-line figures are cut on 
universal rollers, which cut up the sheet of linoleum 
into small triangles. The pieces so cut are then 
pushed out on to the main roller aforementioned 
by the action of cams acting behind and between 
the cutting edges. As yet only patterns of this 
class have been attempted, at: least on a commercial 
scale. 

ExEctTRICAL COMMUNICATION BEIWEEN LicuHt- 

HOUSES AND LIGHTSHIPS AND THE SHORE. 

The third report of the ‘* Royal Commission on 
Electrical Communication of Lighthouses and Light- 
ships” with the postal telegraph system of the 
country has now been issued, and as the subject has 
been repeatedly discussed in ENGINEERING, a 
short summary and remarks may be of interest. 
From the report it would appear that the connec- 
tion of many lighthouses and lightships has been 
made on our coasts since the first report in De- 
cember, 1892, and it is satisfactory to learn that the 
connections have been of service to our ships on 
mapy occasions, especially by informing lifeboat 
stations of vessels in distress. 
report shows that 34 lives have been so saved. The 
method of electrical communication with the light- 
ships is that known as the ‘‘Sunk” system, from 
the fact that it was adopted at the Sunk lightship 
in the years 1886 to 1889. The four ships which 
are so connected are moored by two or more chain 
cables attached to anchors, and shackled to the 
lower part of a patent swivel, to the upper end of 
which are shackled the vessel’s two bridle chains. 
The electric cable on its way from the shore passes 
through the ring or swivel, and, entering the bow of 
the ship over a roller, is then coiled on a drum to 
permit of its being run out or in. The drum itself 





is fitted to a revolving frame and placed between- 
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decks, so that turns made in the cable may thus be 
taken out. The Commissioners, while considering 
that the ‘‘Sunk” system is the best of the con- 
tinuous connection systems, yet think it de- 
sirable that a trial should be given to a system 
of communication by induction, as the ‘‘ Sunk” 
system is, in certain situations, a matter of ‘‘ very 
great difficulty.” The connection of lightships by 
induction was proposed by Mr. C. A. Stevenson, 
and we would refer our readers to two articles in 
ENGINEERING, February 10, 1893, and April 6, 1894, 
and the Electrical Review of April 20, 1894, where 
full details of induction at long distances are de- 
scribed, without the use of parallel wires, but with 
coils, which admits of a galvanometer effect by 
putting on more turns. There is also described an 
electrostatic method which has also been found to 
answer. The Commissioners, however, do not state 
which method of induction they propose to try, but 
merely say that it will be tried before issuing their 
finalreport. Both telephonic messages and call-bells 
can be used with induction. It will be interesting 
to hear that an induction apparatus has been fitted 
up at some rock station such as the Smalls, or at a 
lightship where the connections are so difficult to 
maintain. The disadvantage and difficulty of the 
‘*Sunk”’ system, pointed out in the article of 
April 6, 1894, have been fully borne out. At the 
Kentish Knock in 10 months the communication was 
interrupted no less than four times ; two at least of 
these interruptions appear to have been caused by 
want of experience in the management of the cable, 
at no time a very easy matter. At the Goodwin in 
the same pericd there were two interruptions, one 
from the wearing of the veering cable on the bottom, 
and the other to one of the vessels’ mooring chains 
giving way, which, the report states, cannot be attri- 
buted to any defect in the electrical communi- 
cation. The method, however, of mooring the 
vessels, incident to the ‘‘Sunk” system, is not 
conducive to stability and safety. The connection 
with Gunfleet Pile lighthouse suffered no interrup- 
tion. At Lundy a new shore end had to be put in, 
although in working order only for a year and a 
half. This connection should also be made by 
induction. It would have been interesting if there 
had been added to the report a statement of the 
cost incurred in repairing the connections, as this, 
combined with the probability of the interruption 
happening when communication is most re- 
quired, threatens to be a serious matter. The 
Commissioners recommend that the Formby light 
vessel be connected with the shore by continuous 
cable on the ‘‘Sunk” system, also that the Maplin 
and the Smalls lighthouses be connected by con- 
tinuous cable. The Committee also recommend 
that communication by aerial lines be established 
between Little Ross, Bidston, and Llanddwyn, ard 
the shore, and think that the system of storm 
signals should be further extended. The recom- 
mendations altogether are estimated to cost 8585/. 
The Committee propose in the ensuing summer to 
visit Denmark and inspect the system of electrical 
communication with lighthouses, which has there 
been adopted for some years, ard inquire into its 
working. 








A Great Frencae Divipenp.—The Northern of France 
Railway Company gives its shareholders a dividend for 
1894 at the rate of 154 per cent. perannum. The under- 
taking is probably the most profitable cf its class in 
Europe. The net revenue acquired by the company last 
year was 3,771,253/., as compared with 3,688,874/. in 1893. 
Of the 3,771,253/., representing the net revenue cf 1894, 
2,835,250/. was, however, absorbed by interest upon obli- 
gations. The final balance available for dividend upon 
4 a capital of the company for last year was 

81,0977. 





NorTHERN OF FRANCE Raitway. —The aggregate outlay 
of capital made by the Northern of France Railway Com- 
any to the close of 1894 was 60,560,318/., as compared 
with 59,569,453/. at the close of 1893. In these totals, 
works properly so called figured for 40,763,824/. and 
40,315,767/. respectively, and rolling stock and fixed plant 
for 13,330,162/. and 13,173,213/. respectively. The com- 
pany has still certain lines in course of construction. A 
line from Ormsy to Mareuil-sur-Ourcq was opened for 
traffic in September, 1894. A line from Denain to St. 
Amand has been completed, but it cannot be opened until 
the St. Amand station has been enlarged. A line from 
Sb. André to Haubourdin will be brought into operation 
in the course of the summer. The works of the section of 
the Cateau and Laon line, between Wissigny and Guise, 
are being actively pushed forward. The definite route of 
a line between Avesnes and Sars Poteries will be shortly 
determined upon. The company was working 2311{ miles 
of line at the close of 1894, or 303 miles more than at the 
close of 1893, 
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A NOVEL CHEMICAL BALANCE, 

A BALANCE for weighing very small quantities of 
substances, and constructed upon the principle of the 
hydrometer, has recently been invented by Mr. H. 
Joshua Phillips, F.I.C., F.C.S., consulting chemist, 
of Palace Chambers, Westminster, S.W. The follow- 
ing is a sketch of the instrument. 

It consists of a glass cylinder upon the top of which 
can be fixed a portable brass ring containing two up- 
right guide-rods of brass 6 in. high and 4 in. in diameter. 
Tae balance proper consists of gilded brass bulbs into 
which is screwed an aluminium stem. Screwed on to 
the top of the stem there are arms also of aluminium, 
which are perforated at each end so that the guide- 
rods can pass through them. Upon the centre of the 
arms there is a receptacle for a small aluminium scoop 
or pan to hold the substance to be weighed. Under- 
neath the arms it will be seen there are projecting 
needle-points ; there is also a movable point upon one 
of the guide-rods. The manner of using the instra- 
ment is as follows: The cylinder is first filled with 
cold recently boiled water, the bulbs and attachments 
are then dropped in, the guide-rods passing through 
the perforations of the arms. The balance sinks into 





the water until the bulbs are just covered. Supposing 
0.2 gramme of steel drillings are desired to be weighed. 
A0.2 gramme weight is dropped into the portable pan, 
the bulbs then sink to a definite depth, and which can 
be ascertained by bringing the movable needle-point 
upon the guide-rod so as to face the point fixed upon 
thearm. The weight is now taken off, and the bulbs 
rise again. The sample of steel drillings is now 
gradually introduced into the empty pan until the 
needle-points are again opposite each other—gently 
tapping the instrument to remove any friction—and 
the 0.2 gramme of steel is thus quickly obtained. The 
range of weight that such an instrument is capable of 
recording must of necessity be of narrow limits. The 
depth to which the instrument will sink in the liquid 
with a given weight, and also its delicacy, will depend 
upon the diameter of the stem. The diameter of the 
stem of the balance shown in the sketch is ,}, in., and 
a load of 0.2 gramme will sink it about 3fin. The 
height of the cylinder is 10 in., and its diameter 1{ in., 
and the total length of the stem 5}in. Aninstrument 
of these dimensions will be found useful for weighing 
steel for carbon tests, &c., and alo for weighing 
certain precipitates, &c. The sole makers are Messrs. 
Townson and Mercer, of 89, Bishopsgate - street, 
London, E.C. 





DERAILMENT NEAR MARLBOROUGH. 

On April 5 last a passenger train, consisting of four 
coaches, running from Andover to Cheltenham, on the 
Midland and South-Western Junction Railway, ran off 
the line towards the left at a point known as Tanner’s 
curve, about 24 miles north of Marlborough station. The 
engine (a six-wheeled, four-coupled, tank passenger engine) 
and two foremost coaches went halfway down the side of 
the embankment—here about 10 ft. high—and came to 
rest against a heap of chalk, the other two coaches remain- 
ing on the ballast. The foremost carriage had only two 
passengers in it, but the others were full. Fortunately 
no passenger received any injury, and the train men 
escaped with a shaking. he line is single, and following 
the direction in which the train was travelling, the line 
curves to the right with a radius of 30 chains and for a 
distance of about 550 yards. There is a falling gradient 
of 1 in 150, commencing about 430 yards from the Andover 
end of this curve, and extending to within 120 yards of its 
other end, where the line becomes level. The permanent 
way consists of flat-bottomed steel rails, secured to the 
sleepers by fang-bolts and spikes. The rails weighed, 
when laid in 1881, 70 lb., but are now estimated to be 
about 68 1b. per yard. They are in 24-ft. lengths, and the 
joints are fished and supported. The superelevation was 
said to have been 2h in. 

Lieut.-Col. Yorke comes tv the conclusion that the 
accident was chiefly due to the defective condition of the 
permanent way. Ib was proved beyond all doubt (1) that 
the road had been very much affected by the breaking up 
of the frost ; (2) that on February 16 it had been found 
necessary to issue a warning to all drivers to ‘‘drive care- 
fully ” over this portion of the line ; (3) that on March 27, 





and on other occasions, this same driver had occasion to 
call the ganger’s attention to slack places here; and (4) 
that at the time of the accident the driver felt his engine 
go down towards the right, and immediately afterwards 
(while in the act of applying the brake) swing round to 
the left and goover the embankment. Further, about 52 
yards from the first mark on the sleepars, which was just 
opposite to the gradient board at the bottom of theincline, 
one of the left-hand rails was found to be broken, with a 
piece 3 in. or 4in. long taken out of the middle of it. 
The inspecting officer thinks that this was caused by 
the right-hand wheel of the engine striking is when the 
latter swerved to the left, and that it was the effect and not 
the cause of the accident. He thinks that the engine was 
the first to leave the rails, but this cannot be definitely 
ascertained ; and to the suggestion that the rail broke 
first, he points out that this hypothesis fails to account 
satisfactorily for the mark on the sleepers 52 yards pre- 
viously. Unfortunately the broken piece of rail disap- 
peared directly after the accident, and is said to have 
been carried off by a passenger as a memento of his 
experiences. This was unfortunate, as it might have borne 
marks throwing light on the way in which it was broken. 
Relic-hunting passengers will please note what inconveni- 
ence their mania entails on those whose constant duty 
it is to see to their safety! There was nothing in the 
rolling stock to cause an accident, but Colonel Yorke 
rightly calls attention to the bad distribution of the 
weight on. the wheels of the engine. The driving and 
trailing wheels were loaded with 144 tons and 134 tons 
respectively, whereas the leading wheels had only 7} tons 
on them. ‘Chis would largely increase the tendency of 
the leading wheels to mount the outer rails on going 
round a curve, especially if the road were uneven. The 
centre of gravity of an engine should be in front of the 
driving wheels, and not some distance behind, as in this 
case, 

In the opinion of the Government Inspector, the speed 
also wastoohigh. The driver owned to coming down the 
bank with the regulator slightly open, although there is 
a fixed notice board at the top of the incline warning 
drivers at all times to shut off steam. As the train was 
10 minutes late on leaving Marlborough, and had lost time 
coming up a bank just previous to the one on which the 
accident happened, it would not be surprising that the 
driver should try to avoid losing more when running down- 
hill. That he was wrong in so doing, especially in the face 
of the special notice that ‘‘ enginemen are required to 
drive carefully over the line. . . . between Ogbourne and 
Marlborough stations,” issued on February 16, 1895, goes 
without saying, but as we cannot bub agree with Colonel 
Yorke in his subsequent remarks on this point, we make 
no apology for giving them in full: 

‘* But I regard this notice as one which should not have 
been issued in its present form, and which could hardly 
have been seriously intended to be obeyed. In the first 
place, it gave no reason for the warning that drivers should 
be more careful over one part of the line than another, nor 
did it specify the speed at which it was considered safe for 
the drivers to proceed, but left this to their discretion, 
thereby — responsibility on them which properly 
belonged to others. Moreover, as this train was booked to 
stop only one minute at Marlborough and one minute at 
Swindon stations, there was no margin of time available 
to permit of any delay. But it was permissible to stop 
the train by signal both at Ogbourne and Chiseldon; and 
if, inaddition to these stops, the drivers were expected to 
reduce speed over certain parts of the line, it follows 
that speed would have to be very much increased over 
other parts of the line, or else that the train would get 
hopelessly behind time. If the line was unsafe for the 
train to travel over it at the normal speed, as timed in 
the working time-book, specific instructions should have 
been given to drivers as to what they were to do, and the 
timing of the train should, if necessary, have been altered ; 
and, under any circumstances, I do not think the nature 
of the permanent way is such as to make it safe for trains 
to run at a speed of 35 miles an hour. 

‘*For these reasons I do not hold the driver to blame if 
he did not pay much attention to the special notice, bub 
he clearly disobeyed a direct order in not shutting off 
steam on descending the gradient of 1 in 150 on approach- 
ing Tanner’s curve, and I have no doubt that the high 
rate of speed at which he travelled round the curve, con- 
sequent on his failure to shut off steam, contributed to 
the accident. He had been on duty 5} hours at the 
time.’ 

As regards the last paragraph, we must point out that, 
however vague a notice may be, it is imperative that it 
be carried out at any rate to the letter, and that as soon 
as possible proper representations be made to a superior 
officer pointing out its impractibility, imagined or actual, 
and that, until rescinded, every effort must be made to 
loyally carry it out, failing which it appears to us not 
possible to maintain due discipline, without an intelligent 
application of which no great concern, such as a railway, 
can possibly be properly worked. 

The ballast under the -sleapers is formed of chalk, 
which in wet weather is little better than mud, and in 
dry simply dust, while the top ballast consists mostly of 
either chalk or soft stone, both of which are bad, and 
Colonel Yorke adds that this portion of the line is urgently 
in need of good ballast, and it was to the absence of this 
that he attributes the accident. He was informed that 
unfortunately no good ballast is to ba had in the neigh- 
bourhood of the line, and that the company are not in a 
position to incur heavy expense in obtaining any from a 
distance. 

It was most fortunate that the heaps of chalk were 
lying on the side of the embankment just at the spot 
where the accident sg as otherwise the chances 
are that the engine would have overturned, and that the 
accident would have been more disastrous, if not fatal. 





LAUNCHES AND TRIAL TRIPS. 

TuHE s.s. Barcelona, the first of a Spanish line of 
steamers to be run by Messrs. Pinillos, [zquierdo, and 
Co., Cadiz, between Glasgow and Liverpool and Singa- 

re and the Philippine Islands, went her trial trip on 

riday, the 7th inst. She has been built by Messrs, 
Charles Connelland Co., Whiteinch, Glasgow, and is of 
the following dimensions: Length, 390 ft.; breadth, 
46 ft.; depth, 314 ft.; load displacement, 8700 tons. Her 
machinery, consists of a set of triple-expansion engines 
having cylinders 30 in., 48 in., and 78 in. in diameter by 
54 in. stroke, two double-ended boilers and one large 
single-ended boiler with large donkey boiler, eight steam 
winches, Weir's feed pumps, heater, and evaporator, and 
all the latest improvements; it has been constructed by 
Messrs. Dansmuir and Jackson, Govan, Glasgow. The 
trial was satisfactory in every respect, the speed attained, 
with partly loaded vessel, being about 14} knots, and the 
indicated horse-power 3500, 


Earle’s Shipbuilding and Engineering Company, 
Limited, Hull, have just completed another steamer for 
the fleet of Messsrs. Thomas Wilson, Sons, and Co., 
Limited, of the same town. The new vessel, named the 
Hero, is 217 ft. long, 30 ft. beam, and 13 ft. 8 in. depth 
of hold, her engines being triple-compounds, with cylinders 
18 in., 31 in., and 53 in. in diameter by 33 in. stroke, and 
her two boilers of the water-tube type on Babcock and 
Wilcox's patent, made for a working pressure of 200 lb. 
on the square inch. On the 7th inst. a very exhaustive 
trial was made outside the Humber for the purpose of 
testing the capabilities of the — and her machinery, 
and all rezults were satisfactory, the vessel proving very 
steady, and attaining an average speed of 134 knots on the 
measured mile, 








Messrs. Ramage and Ferguson, Limited, Leith, launched 
on the 6th inst. a steel screw steamer named Nubia for 
Messrs. James Currie and Co., Leith, for their Conti- 
nental trade, She is designed for a speed of 11 knots at 
sea, loaded with 1500 tons deadweight. 





The torpedo-boat destroyer Spitfire, built by Messrs. 
Armsurcng, Mitchell, and Co. for the British Ad- 
miralty, was launched at Newcastle on the 7th inst. 
The Spitfire is a sister ship to Her Majesty’s ship Sword- 
fish, launched by the same firm in February. The Spitfire 
is guaranteed a speed of 27 knots, and that is expected to 
be surpassed. er dimensions are: Length, 200 ft. ; 
breadth, 19ft.; displacement, 265 tons. The armament 
is one 12-pounder quick-firing gun, five 6-pounder quick- 
firing guns, and two torpedo tubes. The indicated horse- 

wer of the engines is about 4000. The Spitfire, like the 

wordfish, is supplied with Mr. Beauchamp - Tower’s 
steady platform for the search light, 





The new steel screw steamer Afridi, built by Sir 
Raylton Dixon and Co., Middlesbrough, for the China 
and Japan trades, to the order of the Mogul Steamship 
ae of which Messrs. Gellatly, Hankey, Sewell, and 
Co., of London, are managers, was taken to sea on her 
official trial trip on the 8th inst. Her dimensions are : 
Length, 372 ft. ; breadth, 45 ft. 6in.; depth, 28 ft. 4 in. 
The vessel has a carrying capacity of 5500 tons dead- 
weight. Her decks are all of East India teak. Triple- 
expansion engines have been fitted by the Wallsend Slip- 
way and Engineering Company, Limited, of Newcastle- 
on-Tyne, with cylinders 27 in., 44 in, and 72 in, in 
diameter by 48 in. stroke, and working at a pressure of 
1701b., steam being supplied from two single-ended 
boilers, fitted with Howden’s system of forced draught. 


The s.s. Grenadier, the latest addition to the‘ fleet 
of steamers possessed i Bic: Tyne Steam Shipping 
Company, Limited, has mn built by Messrs, Wigham 
Richardson and Co,, Neptune Works, Low Walker, and 
has completed her speed trials. The steamer is 240 fb. in 
length by 30 ft. beam by 17 ft. deep, and is rigged as a 
three-masted fore-and-aft schooner. She has very com- 
fortable accommodation for 56 first-class passengers on the 
main and saloon decks, which includes a large saloon in 
polished oak, a smoke-room, a ladies’ room, and state- 
rooms, with the usual lavatories, &o. The second-claes 
passengers, 26 in number, are placed on the main deck 
under the topgallant forecastle, in two well-furnished 
rooms, one for ladies and the other for gentlemen. The 
vessel is fitted with electric light and steam heating. The 
auxiliary machinery consists of a steam windlass, two 
steam winches, four steam cranes, and steam steering 
gear. The best — were realised in regard to 
_— speed, 13? knots being obtained over the measured 
mile, 





—_—— 


The s.s. Mathilda, a large steel screw steamer, 
built by Messrs, William Gray and Co., Limited, to the 
order of Messrs. J. Christensen and Co., of Bergen, had 
her trial trip on the 8th inst. She is a cargo vessel, 
classed with Lloyd’s and Norske Veritas Registries, of the 
following dimensions: Length over all, 336 ft. ; breadth, 
47 ft. ; depth, 27 ft. 4 in. ; with long bridge and topgallant 
forecastle. A handsome saloon, state-room, captain's 
room, &c., have been fitted up in the large deckhouse amid- 
ships. Triple-expansion engines have been supplied by 
the Central Marine Engine Works of Messrs. William 
Gray and Co., having cylinders 24 in., 38 in., and 64 in. 
in diameter, with a piston stroke of 42 in., and two large 
steel boilers, working at a pressure of 160 lb. per square 
inch. The vessel made a speed of 11 knots. 


Messrs. David and William Henderson and Co., 
Partick, launched on the 6th insb. a steam yacht, built 
for his Grace the Duke of Sutherland, to the designs of 
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Messrs. G. L. Watson and Co. The yacht, named 
Catania, is classed in Lloyd’s, and is of the following 
dimensions : Length over all, 225 ft. ; breadth, 26 fo. Gin. ; 
depth, 16 ft. 6in. Externally the vessel has a very 
graceful appearance, the stem being surmounted by a full 
female figurehead. A novelty in the design of the vessel 
is a shade deck, extending nearly three-fourths the length 
and from side to side of the vessel, covering the deck- 
houses and machinery casing. This will furnish a long 
unbroken promenade, not usually obtained in a steam 
yacht. It is supported at the sides by stanchions above 
the main rail. A teak chart-house is fitted on this deck, 
also the navigating bridge. The other deck-houses are 
two in number, | are constructed of teak. The forward 
one contains the galley, saloon entrance, and a large 
writing room. In the after deck-house is the owner’s 

rivate room, fitted up in similar style to the forward one. 

he remainder of this house is occupied by the after com- 
panion and smoking-room. The machinery will be sup- 
plied by the builders’ firm, and consists of a set of triple- 
expansion engines, with four cylinders, one of 18 in., one 
of 284 in., and two of 32in, diameter, with a stroke of 
27 in., and a large single-ended boiler, fitted with forced 
draught. 





The steam yacht Urania was launched on Friday, the 
7th inst., from the yard of Messrs. James and George 
Thomson, Limited, at Clydebank. The Urania has been 
designed and built by Messrs. Thomson to the order of 
His Excellency Don ianalens Recur, of Madrid, and has 
been superintended during construction by Mr. Cresswell 
D. Haynes, M.I.N.A., of Cadiz. The Urania is 200 fb. 
long, 26 ft. 3 in. broad, and 16 ft. 6 in. deep, and has a 
tonnage of 550 tons, and has been built to the highest 
class of the British Corporation. The vessel is specially 
intended for long ocean cruises, and has a coal capacity 
of more than 200 tons, which will enable her to steam for 
6000 knots without coaling, at a speed of 10 knots. The 
vessel has a large electric launch, which will be capable 
of steaming for a distance of 100 knots, and has besides 
four other boats. 





Messrs. John Fullerton and Co., Paisley, launched on 
the 7th inst. an iron screw steamer of about 275 tons, 
which has been built to the order of the Carlingford 
Lough Steamship Company, Limited, for their coast 
carrying trade. This is the sixth steamer built by the 
builders for this company, of which Mr. Joseph Fisher, 
Newry, is managing owner. Compound engines of 
45 nominal horse-power will be supplied by Messrs. Hall- 
Brown, Buttery, and Co., Govan. As the vessel left the 
ways she was named the Kilkeel. 


Messrs. J. Scott and Co., Kinghorn, launched on the 
8th inst. a steel paddle passenger steamer named Ply- 
mouth Belle, of the following dimensions, viz., 220 ft. by 
26 ft. by 10 ft. The vessel has been specially constructed 
for the cross-Channel service between Plymouth and the 
Channel Islands and the coast of France. She will be 
under the management of Mr. Dusting, Saltash, Ply- 
mouth. The vessel was launched with her machinery on 
board and steam up, and immediately started for a pre- 
liminary trial. 





SWEATING IN DRAWING OFFICES. 
To THE Epiror OF ENGINEERING. 

S1r,—I notice that most of your correspondents are— 
perhaps from motives of prudence—quoting other people’s 
grievances. As some of your readers may, like your 
correspondent Mr. Yerhta, object to information based 
on hearsay, a little evidence at first hand may not be 
without interest. 

I was engaged as assistant draughtsman by a very well 
known leading firm a couple of years ago. They were very 
anxious to get full information about my ‘‘ character and 
capabilities,” but, on their part, they did not consider it 
necessary to inform me of some unusual features of their 
system. I only found out after some time, and quite 
accidentally, that they paid by the hour, and than they 
did not pay for any lost time, not even in case of sickness. 

As far as my experience goes, this is quite a unique 
arrangement, and I think the firm should certainly have 
drawn my attention to it when engaging me. That their 
not doing so in my case was not ap oversight is proved by 
the fact that three or four new men, who started during 
me | time, were left in equal ignorance. 

do not think there is any need to go into the ethics of 
paying by the hour, as your correspondent Mr. Yerhta 
attempts to do. I suppose we are ‘‘ one and all labourers,” 
just as, on some occasions, we all are miserable sinners. 
Still it is not quite ingenuous to misunderstand Mr. Rey- 
nolds’ use of the term, and the query, ‘‘ Why expect to be 
paid for absence?” is quite besice the point, which is 
simply this: employés holding positions of trust or re- 
sponsibility are generally paid irrespective of the exact 
number of hours they ll The idea which lies at the 
root of the arrangement is, I presume, that they will 
individually make up by increased exertion for lost time, 
or that the rest of the staff would always do a little 
more work to compensate for one man’s absence. 

Payment by the hour, to return to my case, was suffi- 
ciently galling to men not forewarned, but some even 
more aggravating measures were thought necessary to 
keep the drawing office from wasting time, the principal 
one being an order forbidding the draughtsmen to go into 
the works without the head draughtsman’s permission. 
This rule—from which the two senior assistants were 
excepted—applied to all juniors and about half a dozen 
assistants doing independent work. What interest they 
took in it, and what chance they had of suggesting im- 
provements, any one can imagine who knows the differ- 





ence between looking at drawings and examining the 
actual thing. , 

Iam afraid that it is hopeless to try to improve the 
financial position of draughtsmen by forming a union ; the 
only effect of such a step would be to make them less re- 
spected even than they are at present. Their wages are, 
like the prices of all other commodities, regulated by the 
ratio of ye pod and demand. They are not lower than the 
incomes of curates, or doctors’ assistants, or junior bar- 
risters, all of whom have to live as ‘‘ gentlemen,” which 
—fortunately or unfortunately—is not expected of en- 
gineers’ draughtsmen. 

But it should certainly be in the power of any drawing 
office to compel their employers to show them considera- 
tion, and to insist on being treated with some respect by 
the foremen and book-keepers. At present even the 
office boys in the correspondence or time departments 
feel and show a certain contempt for the drawing office. 
Unfortunately I have always found concerted action of 
any sort impossible in a drawing office, however legiti- 
mate the object of it. The apprentices—some of whom 
are found in every office—are, of course, powerless, and, 
amongst the rest, there are always one or two who “like 
to be trampled upon.” ; 

It is a great pity that those who, by their ability or their 
ill-temper, command more consideration than the rest, 
should be compelled to take for their motto, ‘‘ Every man 
for himself, and the devil take the hindmost.” 

I inclose my card, and am, Sir, 

Yours truly, 
E. H. 





To THE Eprror oF ENGINEERING. 

S1z,—The position of draughtsman is a matter requiring 
thorough consideration. Engineering is about as difficult, 
as full of responsibility, and requires as much thought and 
scientific attainment as any other profession in existence ; 
yet its brainworkers are as unfairly treated as any body 
of men going. 

Shortsightedness and greed are alone the causes of the 
present state of affairs. Socialists and trade unionists 
say many hard things about capitalism. Perhaps they do 
exaggerate. But if men can be found disposed to grind 
the faces of draughtsmen, depend upon it what is said 
about their treatment of the working man cannot be far 
wrong. 

Curtailing expenses by cutting down the salaries of 
those in drawing offices is about the most consummate 
folly imaginable. : 

Keeping down the wages of a number of working men, 
though unjust, means some material gain, but sweating 
such a department as a drawing office is a proceeding so 
senseless and unprofitable, that one cannot find language 
to express the absurdity of the thing. 

In virtue of the development of the principle of the 
‘division of labour,” the important work of engineering 
is becoming more and more thrown into one department 
—the drawing office. hat is as it should be; it is 
economic progress. But the thing is unfair unless the 
persons upon whom this increasing burden is being cast 
be duly recognised and abundantly recompensed. 

The drawing office is the very brain of an engineering 
establishment ; it is the centre of every possibility ; and 
why owners do not take a pride therein is indeed inex- 
plicable. 
immeasurable loss. 

Really is it worth while devoting oneself to a calling, 
the pursuit of which demands continual study in new 
directions, and entails immense anxiety and responsi- 
bility, and yet the reward is nothing more substantial 
than the pay of a common manual worker, together with 
the vague hope of dropping into some dead man’s shoes ? 
The result of all this is, when a young draughtsman 
reaches the age of thirty, he begins to think it is time 
to bundle out of the whole thing. The very name 
‘‘draughtsman” is detestable. Of course there are 
drawing offices and drawing-offices. Those firms who 
view the vocation of a draughtman from the right stand- 
point need not be hurt by anything said in this discus- 
sion ; they are known and respected. 

Yours truly, 


June 10, 1895. A. C. 





To THE EpitoR oF ENGINEERING. 

Sir,—I am glad, for his own sake, that Mr. Reynolds 
was not content, like the boy, with throwing a stone and 
running away, and, therefore, with reference to his query 
of the 3rd inst., as ‘* to this special case,” my answer is, 
an Englishman’s love of “ fair play.” 

If, by the institution of an attendance book, ‘‘an old 
and one-time leading firm,” whose average drawing-office 
staff number their years of service by tens, who gives a 
liberal leave in the year, makes a sick allowance of two- 
thirds pay, and carries an old-world courtesy through its 
dealings, almost unknown to-day, can beaccused of “‘sweat- 
ing,” ion Mr. Reynolds has grounds for having ‘‘ men- 
tioned one special case incidentally.” 

His ‘‘assurance” is great indeed that, upon “‘informa- 
tion not obtained in a direct manner,” he offers it to me, 
and he will do better to accept my ‘‘suggestions,”’ as he 
calls them, as being nearer to facts. I do not know which 
is most at fault, Mr. Reynolds’ “information” or his 
logic. His remark upon the ‘‘line” being drawn at 9.5 
means nothing, unless that the ‘‘grace time” be too 
short; ergo, he “‘advocates unpunctuality.” This also 
applies when I endorsed what he wrote upon every sub- 
oe save that to which I refer as not even a “‘half 
truth.” 

If a business man, he must admit that the more closely 
all matters are checked the nearer do we come to a proper 
management, for a principle to be kept up at all must be 
maintained in detail. 

Although Mr. Reynolds by nature evidently is not as 





the ‘‘disciple Thomas,” yet I would not ask him to 
believe me to be a draughtsman—he has already, I fear, 
shown too much credence—but I am and have been, I 
think, prior to and since Mr. Reynolds’ advent and de- 
parture from the drawing board. Ialso “signa book” on 
arrival every morning, because it is a regulation made by 
the firm I serve in safeguarding their interests, and does 
not imply an ‘‘ absence of trust” in their draughtsmen. 

A draughtman’s position is at once the most respon- 
sible and onerous in the works. Not alone must he be a 
good mathematician and able to draw, but, to be valuable, 
he must know intimately the minutie of construction 
in each department. He must combine the knowledge of 
patternmaker, moulder, smith, fitter, and erector, and 
thereby only can he arrive at designing and detailing in 
the most effective, practical, and economical manner to 
meet the various and in many cases almost obsolete tools 
the establishment possesses. For such a man pay, 
unequal to and even less than that earned by the artificers 
in any branch, is an absolute injustice. 

It takes many years to compass this vital experience, 
and although Mr. Reynolds may advise young men “ not 
to stay more than six years” in the drawing office, I fail 
to see how they will otherwise “‘recruit” the ‘‘ranks of 
the leading engineers.” 

With this necessary primary knowledge, position, re- 
sponsibilities, and future, the present rates of pay are 
entirely inadequate. Beyond the means for actual living 
are those for study. 

Our troubles lie: 1. In the over-supply already in the 
market. 2. In ourselves, our mutual jealousies, lack of 
combination, co-operation, and mutual support under acts 
of injustice. 3. In knowing one’s competence and under- 
taking responsible positions at low pay. 

A union would, I fear, but prove a ‘‘ levelling down,” 
not up ; but it would possess the advantage of shutting 
the really ‘* sweating ” firms out. 

**System,” ‘‘ A.M.1.C.E..” and all your other corre- 
spondents make many good suggestions, and I shall hope 
amongst their plenitude of wisdom some suggestion may 
be ventilated leading to our emancipation and to some fit 
and proper financial status. 

With apologies for trespassing at such length — your 
valuable space and venturing to hope that Mr. Reynolds 
will accord those of us, still *‘ tied,” a hint of guidance 
towards that Eldorado, outside of which he ‘ wasted 


10 years,” 
Yours faithfully, 
London, S8.E., June 11, 1895. 


. YERHATA, 





THE WILLANS ENGINE. 
‘Oo THE EpiToR oF ENGINEERING. 

S1z,—Will you kindly permit me to make a few correc- 
tions in your report of my remarks on. Mr. Robinson’s 
paper at the Institution of Electrical Engineers on the 
23rd ult. ? 

1, The consumption of the Belliss-Crompton steam 
dynamo for St. Pancras Central Station on the six hours’ 
official trial was 19.89 Ib. per electrical, and not per indi- 
cated, horse-power, as stated. The full results are inclosed 
herewith, from which you will see that the mean water 
— horse-power was 17.58, the efficiency being 


This is a very serious matter, and the cause of 88.39 


Belliss-Crompton Combination for St. Pancras.—Result 
of Six Hours’ Water Consumption Trial. 
Ltt l 
Indicated Horse- Water per 
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2. The remarks concerning the 300 horse-power engine 
at Messrs, Siemens’ Charlton station were aleo with 
reference to economy, and not vibration. Ourengine was 
a two-crank one, and therefore necessarily a little worse 
as far as vibration went than the three-crank Willans 
engine alongside. The exhaust lap put on to lessen this, 
affected economy eeriously in the trials referred to by Mr. 
Siemens at Newcastle. This exhaust lap has since been 
removed, giving a vacuum effect of 8 lb., instead of 4.4 lb., 
and this difference would have been sufficient to have 
given our engine a decided advantage in economy in the 
full, as well as the low, powers. The experience I referred 
to on the oil-testing apparatus at Portsmouth Dockyard is 
important from the fact that wben the mechanism was 
altered to give a double -acting effect on the bearing, 
instead of the dead pressure due to the single acting, the 
bearing ran effectively with less than one-tenth part of the 
oil than could previously be used. This difference must 
always exist, whatever the system of lubrication. In my 
concluding remark, I stated that the forced lubrication 
rendered our double-acting engine not only as. durable, 
but as economical and as noiseless, as the Willans engine, 
and that it had, in addition, the merit of far greater 
simplicity and less liability to break down. 


Yours truly, 
ALFRED Morcom, 
Ledsam-street Works, Birmingham, June 6, 1895, 
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A COMPARISON OF SECTIONS OF ARMOUR.- 
CLAD VESSELS AND CRUISERS, 
To THE EpiTor or ENGINEERING. 

Str,—Your illustrations and descriptions of H.M.S. 
Terrible show and describe the system of protective deck 
arrangement as extending from 3 ft. 6 in. above the 
water line at the centre line of the vessel to 7 ft. below the 
level of the water line (with the vessel at her load draught 
of 27 ft.) at each side of the vessel, and forming a regular 
curved deck from side to side. But this depth of 7 ft. 
of the curved deck at the sides will be reduced in pro- 
portion as the coal is consumed, thus leaving a very 
small margin below the water line for coal protection along 
the sides from shot, and for reserve of buoyancy in the 
event of injury and water filling the holds, and also a 
reduction of side to any angle of heel of the vessel, thus 
probably reducing the depth of under-water protection to 
a very small amount, and, in fact, under certain conditions 
of heel, the hold or lower portions of the vessel will be 
entirely exposed to the effects of shot or ramming. And 
also, although this system of protective deck arrange- 
ment is supposed to give great prevention and protection 
from shot, and reserve of buoyancy upon water entering 


























the holds, this volume of buoyancy will not be so very 
large or considerable for the purpose intended. Because 
the vessel will require to sink right to the depth of the 
protective deck before any buoyancy or power can be 
obtained from the belt likely to be immersed. 

Again, the coal protection afforded the vessel at this 
particular place is only the quantity contained in the 
angle formed by the protective deck and the sides, below 
the water line at the particular line of flotation and the 
water line itself, and upon the former assumption of the 
vessel becoming lightened by the consumption of coal, this 
angle may become very small indeed. And also the utili- 
sation of the spaces above the protective deck for stow- 
age of coal, takes up a considerable portion of room above 
this deck, and between the protective and lower or main 
deck. The coal bunkers, too, along the sides, below the 
protective deck, render the sides difficult of access in the 
event of penetration by shot or any casualty happening 
to the vessel. The centre longitudinal bulkhead for the 
length of the engine and boiler room is likely to be dis- 
advantageous to the vessel in the event of the holds 
becoming injured on one side only, and the water flowing 
into the compartments on that side. The protective deck 
also, being so far above the level of the water line, will not 
give much aid or support to the vessel upon any inclina- 
tion or tendency of the vessel to heel over to either side, 
and also the great curvature of the deck renders this 
deck useless for any living deck or other purpose. 

Now, to obviate these deficiencies, it may be seen that by 
the dotted line on section, Fig. 1, or comparative section, 
& vessel may be constructed, having the greatest amount 
of protective side, greatest carrying capacity for coal, and 
depth of side or angle of heel for protection and preven- 
tion from penetration by shot, torpedo, or other injury, 
and by divisions along the sides, a greater positive in- 
ternal reserve of shoulder stability or power, and buoy- 
ancy to prevent sinking or foundering. a, a, @ are 
longitudinal bulkheads, inner sides, skins, or casings, 
the portions below the lower deck being divided by 





diaphragms, or partial bulkheads, into compartments 
cells, or box spaces, and the spaces utilised as coal 
bunkers along the sides of engines and boilers and 
for ee fore and aft the vessel. Water-tight 
trunks W.T. will be provided for access to the compart- 
ments, cells, or box spaces, and cap scuttles with water- 
tight covers placed over them. Short bent trunks will be 
provided to the stokeholds from the coal bunkers, and 
fitted with sliding water-tight doors, made so as to be 
readily closed upon any casualty or accident happening to 
the vessel. 

_ These side chambers will provide a greater coal protec- 
tion, a greater reserve of buoyancy and stability with the 
holds filled with water, than with the protective-deck 
arrangement, and leave the sides of the vessel free and 
open for repairs. The space above the lower deck is left 
free and open for available deck space for crew and other 
accommodation, and this arrangement of construction 
will give additional strength to the structure of the hull 
of the vessel, in addition to providing a positive internal 
reserve of buoyancy and stability and protection from 
=" or from shot than with the protective deck arrange- 
ment, 

In Fig. 2 it may be seen that with the depth of side of 
the protective deck of 7 ft. below the water line, the 
vessel heeling, say, 12 deg. would be liable to be pene- 
trated by shot below the point of protection of the pro- 
tective deck, whereas in Fig. 3 it is shown that the point 
of intersection is 17 ft. below the water line, and the 
angle of penetration is increased to 27 deg. roll of the 
vessel, also the point and distance of penetration is in- 
creased. The centre of gravity of the coal is carried 
lower, and the facilities for trimming simplified. 

The small trunks from the coal bunkers will be placed 
so as to lead direct into the stokeholds, one or two to each 
compartment or division of the coal bunkers, the upper 
trunks for loading of coal being placed, one to every two 
divisions of the coal bunkers, so as not to unnecessarily 
interfere with the above-deck arrangements. 

By this system of construction the hull will be divided, 
above the water line, into three athwartship divisions, viz., 
port, central, and starboard divisions, the centre division 
being taken up with engine and boiler and hatchway 
casings, ladderways, ventilation, &c., leaving the sides 
free for port and starboard divisions or quarters. 

I am, Sir, your obedient servant, 

London, June, 1895. W. A, 








A NEW PISTON AND CONNECTING ROD 
ACCELERATION DIAGRAM. 
To THE EpiTorR or ENGINEERING. 

Srr,—In view of the correspondence in your columns 
on the above subject, it seems worth while calling the 
attention of your readers to the very simple diagram of 
Professor J. F. Klein, Lehigh University, U.S.A. Klein’s 
method is applicable, not only to the crank and connect- 
ing-rod, but also to the more general four-link kinematic 
chain. The original memoir appeared in the Journal of 
the Franklin Institute, September, 1891. 

The following is the construction, which I think Pro- 
fessor Elliott will admit is simpler than his own : 

Let O A and A B be the crank and connecting-rod in 
any position, O the crankshaft, B the crosshead, and O B 
the path of the crosshead. Produce the connecting-rod 
B A to cut the perpendicular O E to the line of stroke at 
E. With centre A and radius A E draw a circle, on A B 








as diameter draw another circle, and draw the common 
chord E, E, of these two circles cutting O Bat F. Then 
F O is the acceleration of the crosshead B, to the same 
scale as A O represents the radial acceleration of the 
crankpin. The dotted lines in the figure are only required 
for the demonstration. 

The demonstration may be indicated briefly as follows: 
Let rand / be the respective lengths of the crank and con- 
necting-rod, let v be the velocity (constant) of the crank- 
pin, and let I be the instantaneous centre of rotation of 
the connecting-rod. The motion of the crosshead B may 
be considered as compounded of two: (a) a motion equal 
and parallel to that of the crankpin A ; (6) a motion of rota- 


tion about A with varying angular velocity a . The 


acceleration due to (a) is a , and is in the direction A O, 
r 


and if the scale of velocity be taken such that v is repre- 
sented by A O, the acceleration “may also be con- 


, 
veniently represented by A O. The component of this 
acceleration in the direction of the connecting rod will be 
Ag, Og being drawn perpendicular to A E. The radial 





acceleration due to (b) is a l, which, with the same 
assumption as to scale, will be represented by f A ; f being 
the point of intersection of A B with the common chord 
of the circles. 
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The tangential acceleration due to (6) has no component 
in the direction A B. Adding, the component of B’s 
acceleration in the direction BAisfg. But obviously 
the total acceleration of B is in the direction BO, and 
must, therefore, be equal to F O. 

The above construction does not fail at the dead points. 

ARCHIBALD SHARP. 

Guilds Central Technical College, South 

Kensington, S.W., June 5, 1895. 





TESTING RAILWAY AXLES. 
To THE EDITOR oF ENGINEERING. 

Sr1r,—With reference to the difficulty which exists in 
finding out a flaw in that part of an axle which is within 
the boss of the wheel (see report on accident at Wood 
Green, &c.), I think that if four marks were carefully 
made on the axle on each side of the wheel at 90 deg. 
round the circumference of the axle, and the distances 
between the corresponding pairs of marks carefully taken 
on one of the accurate gauges which can now beobtained, 
it would be found that the distance between any pair of 
these marks between which fracture had taken place 
would be greater than that between any other pair of 
marks between which no fracture existed. In the case of 
a complete fracture, it is obvious that the distance be- 
tween all the marks would increase. I have purposely 
only made a rough sketch, just to give the idea, and have 
not attempted to make it accurate as to details, and in 
the case of “‘single frame” engines, where the axle ends 
at the outside of the boss of the wheel, a special design of 
gauge would be required. 

Yours faithfully, 
M.I.C.E. 





EARLY GREAT WESTERN LOCOMOTIVES. 
To THE Eprror or ENGINEERING. 

S1r,—If your correspondent Mr. G. A. Sekon (page 710) 
had given as much attention to the history of the de- 
velopment of the locomotive as I have, or if he had 
examined the locomotive drawings shown at the Chicago 
Exhibition, and so fully and splendidly illustrated in that 
valuable work on the ‘* Transportation Exhibitsat Chicago,” 
he would know at once that the greatest cause of trouble 
in locomotive history is ‘‘ names of engines in duplicate.” 

Mr. Sekon is talking about one engine, I am speaking 
of another, both named ‘‘ North Star,” both built by 
Stephenson and Co. in 1837. The engine “North Star ” 
which is the engine on the Great Western Railway was 
No. 150. We have only to turn to ‘* Wood on Railways,” 
1838, page 726, for evidence that the Great Western 
“North Star” was No. 150, and also the same book tells 
us that the ‘‘ North Star” for Russia was No. 163. There 
is the most clear proof that No, 163 went to Russia, for 
there are the records that it worked in that country for 
Over 25 years. 

With regard to the diameter of the wheels of the 
‘“‘ Hurricane,” I have the working drawings of the engine, 
and at the time of the Chicago Exhibition, the authorities 
wrote to the Great Western Company for information, 
and asked if the omneat ever had more engines than 
one with 10-ft. wheels. The official reply was, ‘‘ No; the 
‘Hurricane’ the only 10-f. wheel ever tried on our line.” 

It is all very easy for Mr. Sekon to consider the 
writer “dogmatic,” but when the company writes that 
there was never more than one 10-ft. wheel on the line, 
and the official drawings show that all the other engines 
of the period had only 8-ft wheels, I cannot accept Mr. 
Sekon’s statements. 

Again, Mr. Ackworth, in his well-known book, ** Rail- 
ways of England,” makes it quite clear that the “‘ Ajax” 
had not 10-ft. wheels, and Whishaw ‘in his book of 1840 
further confirms the fact. : 5 

I would suggest to Mr. Sekon that before writing again 
upon this subject, he should at least examine the working 
drawings of some of the engines, some of which are to be 
seen at South Kensington Museum, and others at the Free 
Library at Liverpool. I fully agree with Mr. Sekon as to 
going to the ‘‘fountain-head ” for Great Western history ; 
that is just what I have done, as the greatest part of my 
information on the subject used in my book was obtained 
from Sir Daniel Gooch himself. 

Yours truly, 
Ciement E. Srretron, C.E, of Leicester. 

Station Hotel, Newcastle-upon-Tyne, May 30, 1895. 





BOULT’S SYSTEM OF RAILWAY 
SIGNALLING. 
To THE Eprror oF ENGINEERING. | 

Sir,—The notice of my model at the Railway Ap- 
pliances Exhibition that you have been good enough to 
insert in your current issue is calculated to convey a wrong 
impression in one or two particulars. 

My system is by no means confined to the use of bell 
signals, which I should consider as alone quite insufficient 
for the purpose. In the model shown, the bells work in 
conjunction with indicators; and some form of visual 
indicator I look upon as absolutely essential, whether 
supplemented or not by audible signals. The model, 
however, is constructed to show, not some special form of 
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signal, but how any form may be actuated from the road 
by an apparatus of great simplicity and certainty of action, 
and that cannot be knocked about or in any way injured 
by trains running at the highest express speed. 

The reference to ‘‘oral” signals I cannot understand. 
It is impossible that your reporter could have suppose 
that I advocated the use of a shouting signalman, and 
what other oral signals can be used I do not see. 

When speaking of ‘“‘ permanent electro-magnets,” a 
printer’s error has evidently been made: the words should 
have been “ permanent or electro-magnets.” Again, the 
iron armature can hardly be described as ‘‘ carried in the 
train ;” it would be fixed to the under side of the engine. 

Your insertion of this explanation will much oblige. 


Yours faithfully, 
June 8, 1895. W. 8S. Bovtt, 








A STANDARD OF SOUND. 
To THE EpITOB OF ENGINEERING. 

Srr,—During the last 20 years many electrical units 
have been established, and have now gone into common 
use. For many years we have had units relating to every 
sort of engineering and scientific question, except a unit 
of sound, and I would like to suggest that some clever 
experimenter like Professor Crookes or Professor Boys 
should take the matter in hand and establish a convenient 
unit of sound which would be accepted by the Royal 
Society of Great Britain and the Board of Trade. If 
such a unit could be established and accepted by these 
two bodies, I have no doubt that it would be accepted in 
the law courts, and might be a ready means of deciding 
many vexed questions. 

All owners of electrical plant are liable to be com- 
plained of for making a noise. Sometimes it is said that 
their machinery causes vibrations to the surrounding 
buildings or grounds ; then, again, that they disturb tele- 

honic communications. Manufacturers are constantl 

aving injunctions served on them for making too muc 

noise when, perhaps, a3 a matter of fact, the noise is not 
even audible to those who make the complaint. In many 
cases, when electrical engineers and those interested in 
electrical plants have visited the houses of parties who 
have lodged complaints against electric light stations, it 
has often been found that the parties making these com- 
plaints were willing to swear themselves and to bring any 
number of witnesses to prove that the noise and jar pro- 
duced were enough to drive them nearly mad, when, as a 
matter of fact, the jar and noises were wholly occasioned 
by the ordinary street traffic, and at the very moment 
when they pretended to be so much annoyed, the electric 
light plants have not been running at all. Owners of 
electric and other plant may be, and often are, served with 
injunctions restraining them from running their works, 
when in fact the noise complained of is less than that 
produced by one cab passing along the street. 

The Maxim guns are fired at Erith in a building 
specially designed to suppress the noise and jar; never- 
alens formal complaints have been made against the 
firing, and on the very day when no Maxim guns were 
fired at all. The real noise came from Plumstead 
Marshes, about five miles away, where the Government 
have always fired their large guns and cannot now be re- 
strained from doing so. 

A large manufactory at Erith, having a small quantity 
of riveting todo, went to great expense to cover every- 
thing with felt, so that no noise could escape. The over- 
fastidious neighbours, however, imagining that they 
might hear some noise, have lodged numerous complaints 
et applied for injunctions restraining this important 
firm from carrying on its business at Erith. As a matter 
of fact, it requires a great strain on the imagination to 
hear any noise at all from this factory, the real noise nob 
being greater than that produced by a rubber-tyred 
bicycle in passing along the street. 

If a manufacturer was complained of for removing too 
much water from a river, and if the quantity was in- 
finitesimal as relates to the whole volume, he would be 
able to defend himself by showing by well-known and 
admibted standards of weight or volume that he was not 
injuring the river to any appreciable extent by re- 
moving the water. But, as I said before, there is no 
standard of sound. There is no unit of sound which is 
acceptable before the law courts. In most cases the com- 
plaints brought against manufacturers are for the purpose 
of extorting money, and in many cases they succeed 
because they are able to produce any number of wit- 
nesses who are willing to swear that the noise or dis- 
turbance is so great as to completely upset their nerves. 
If expert witnesses are employed—and there are plenty 
of them—they are willing to swear either way according 
to which side engages or pays them, so the only way out 
of itis to have some unit of sound which admits either of 
an aural or visual demonstration or comparison before the 
judge. 

I would cuggest, as a starter. that a kind of phono- 
graph should be employed, and that the record should be 
made on smoked glass which could be put in a magic 
lantern and greatly enlarged. The amplitude and fre- 
quency of the waves would indicate the intensity of the 
noise produced. For example, suppose a certain record 
should be made of the noise of the ordinary street traffic, 
and then another record of the noise of both the street 
traffic and the disturbance or noise complained of, the 
two mounted side by side and projected on a large 
screen would enable the judge to see at a glance how 
much the noise was increased by the machinery and how 
much cause there was for complaint, or the noise pro- 
duced by a factory might be compared with the noise 
produced by a Salvation Army band, or with other dis- 


reeable sounds which are tolerated by law, at the same 
distance. ’ 
Asa standard of noise which might be shown in court, 





I would suggest that shot of a certain size should be 
dropped, say, from a height of 1 metre, on to some 
standardised diaphragm, and that the waves should be 
recorded at, say, 5 metres from the diaphragm. A record 
of this artificial noise could be also shown on the screen, 


d | and at the same time the actual noise recorded produced 


in court. 

For telephones, a record of the vibrations set up while 
the machines were running should be compared with one 
of those set up when the machines were not running. 
The comparison of the two would enable the judge—or 
jury for that matter—to see exactly what the increase in 
noise actually was. . 

Perhaps I have not given this matter sufficient con- 
sideration before writing the above. However, it is 
enough to suggest that such a thing is necessary, and also 
to show that it can be carried out. 

I an, Sir, yours truly, 
TRAM S. Maxim. 

Baldwyn’s Park, Bexley, Kent, May 27, 1895. 








THE MANCHESTER STEAM USERS’ ASSO- 
CIATION BOILER TRIALS. 
To THE EpiToR OF ENGINEERING. 

Srr,—In your issue of March 29 was published an ab- 
stract of a report by the chief engineer of the Manchester 
sm Users’ Association on the tests of several types of 

ilers. 

Reading this over, I was surprised to find several im- 
portant items missing, the want of which renders its 
contents pent valueless as engineering data. Not being 
satisfied, I obtained a copy of the full published report, 
but even then could elicit no further information. : 

The principal omission I wish to draw attention to is 
that in no case throughout the report is the heating 
surface of the boiler under test given, the want of this 
important item rendering all the other information value- 
less, as it is impossible to tell whether any boiler is being 
forced or otherwise. The same omission occurs with all 
the economisers ; certainly the number of tubes are given, 
but nothing positive can be deduced from that, as the 
heating surface per tube may be anything between 8 and 
11 square feet. 

No particulars of the McPhail and Simpsons’ super- 
heater (which is effective heating surface) are given; full 
attention was drawn to this omission by your corre- 
spondent Mr. McGregor in your issue of April 12. 

In the case of the ‘* Advance” boiler, no mention is 
made of the extra heating surface gained by the riveted 
strips of angle-iron, as in the Serve tube. 

Though the calorific value of the coal is carefully given, 
yet no mention is made of the percentage of moisture or 
asb, though, as the calorific value of the coal given is “* as 
used,” these particulars are of secondary importance, 
None of the boilers seem to have been tested for priming. 

I can hardly imagine an engineer of Mr. Laving- 
ton Fletcher’s reputation presenting a report like this to 
the members of the Manchester Steam Users’ Associa- 
tion simply for “ effect,” and trusting to their want of 
| knowledge to escape criticism. I think, in 
justice to all who, like myself, have invested 2s. 6d. in 
the purchase of this report, that the least Mr. Fletcher 
can do is to publish (say, through your columns) the neces- 
sary information that would make his report a valuable 
addition to experimental science ; otherwise it is only fit 
for the waste-paper basket. 

Yours truly, 
SEVERIN NELSON. 

2, Spring-road, Ipswich, May 30, 1895. 





Pic rromM ALABAMA.—The Tennessee Coal, Iron, and 
Railway Corapany is sending an agent to Europe with a 
shipment of Alabama pig iron, which is to be offered for 
sale in European manufacturing centres, where the iron 
trade is not controlled by the English. The company will 
endeavour to show that it can deliver Alabama pig in 
Europe at a lower price than that at which English pig 
can be supplied. 





MIsTAKING A SIGNAL.—While a passenger train from 
Newcastle was entering Leeds New Station, the joint 
property of the North-Eastern and London and North- 
Western Railway Companies, on the evening of March 23, 
it was run into broadside by a light engine coming out 
of the station. The collision was slight, as the driver of 
the light engine was made aware of the imminence of a 
collision by the shouts of the Newcastle enginemen, al- 
though he was unable to puli upin time to avoid touching 
the other train, and the Newcastle driver promptly 
applied his brake as soon as he saw that a collision was 
inevitable. It is clear that the driver of the light engine, 
who had not had very much experience as a driver, mis- 
took the signal for another outgoing train for his own, 
although his attention had been specially called to this 
signal by his fireman asking if it was the right one. 

jor Addison, in his report, points out the unsatisfac- 
tory arrangement of some of the signals. A pair of out- 
going home signals, 200 yards outside the station, one arm 
of which was mistaken by the driver of the light engine 
for the other, are carried on one bracket post, although 
they apply to two different outgoing roads; one arm, 
therefore, is on the wrong side of its road. In coming out 
of the right-hand road, where the engine had been stand- 
ing, the objection to these bracket signals is further in- 
creased by the fact that there are two starting signals, one 
above the other, on one post, the higher one being the 
starter for going to the engine shed only, and the other 
for the main line, thus reversing modern ideas of signal- 
ling. The Inspector hopes that advantage will be taken 
of considerable alterations in the lines, which are now in 
contemplation, in order to re-signal the station where 
necessary. 





INDUSTRIAL NOTES. 


Last week was a week of congresses and conferences, 
all more or less relating to labour and industrial organi- 
sation. The International Miners’ Congress had specific 
reference to mines and miners. The determination to 
have a Mines Eight-Hours Act was re-asserted, with, 
as usual, the opposition of the delegates of Durham 
and Northumberland. These, however, will not 
oppose it if local option is given, that is to say, if 
they may keep outside its provisions. The regulation 
of the output and of prices is in quite another category. 
If the thing were attempted as regards corn, there 
would be an outcry, and yet the principle is the same; 
coal is a necessity of life just as much as corn. The 
regulation of one involves a principle the application 
of which might lead to grave conditions in the indus- 
trial world. It is difficult to make men understand 
where the principles which they affirm so confidently 
will land us, if once accepted as an economical dogma. 
Cleveland was, for a time, brought to the verge of 
ruin by the continued stoppage of the coal mines 
in Durham ; the prolonged efforts to control the out- 
put in Yorkshire and the Midlands ended in a large 
influx of fresh labour. The men are to-day suffering 
for what was then done. Besides, a limitation of pro- 
duction cuts in several ways: the earnings of the men 
in the trade are lessened ; the earnings of others, more 
or less connected with, or dependent upon, the trade 
are lessened. With diminished resources they have a 
lessened purchasing power, and hence other industries 
are affected in proportion. It is not the way to increase 
employment, but to diminish it, and the more there 
are thrown out of work, the more we shall hear of dis- 
tress, and of the cry for Government employment. 





The Co-operative Congress at Huddersfield was in 
quite another line. It was a congress of men whose 
movement has become so strong and powerful that 
they cannot find an outlet for their own capital. It was 
complained at the congress that the Wholesale Society 
had half a million sterling in hand, practically unin- 
vested. Many years ago there were loud complaints 
that a large sum was invested in Turkish bonds, and 
so strong was the feeling that the societies had to sell 
out. Now the question is, where is there an outlet? Some 
say co-operative production ; but many are very chary 
of engaging in that enterprise. The fact is that co- 
operators, when they embark in production, have to 
face all the difficulties of the private employer, and 
they are less able to meet them because of divided 
authority. The labour question is easy on paper, 
and on the platform ; it isnot so easy in application to 
every-day life. The congress voted for the new 
Factory and Workshops Bill quite unanimously ; in 
this case the provisions will apply to all their own 
industries, In this they were wise. The congress is 
going in for an active propaganda, mainly in the 
direction of production. Efforts are also to be made 
to reconcile the differences that have arisen in their 
ranks as to methods of working, and as to sharing 
profits. Ifthe co-operative movement is not to become 
merely a gigantic trading concern, on the same basis 
as joint stock companies, they must show an example 
to all other traders. They have come out from among 
the trading class ; they have denounced their practices; 
they must now show an example. They have done so 
in some respects, and are doing so constantly ; but 
much is expected of them. They certainly show a 
splendid example in the matter of education, from 
25,0007. to 30,000/. being spent on their educational 
institutions, libraries, classes, lectures, and other 
agencies. They are in themselves examples to the 
masses of what may and can be done to improve 
their condition and position. But, compared with 
the whole mass of the workers, they are only a small 
part ; they are, however, among the best, and may 
yet do much to help to solve the labour problem. 





The Irish Trade Union Congress refused to commit 
itself to land nationalisation as part of its industrial 
platform. Indeed, singularly enough, the proceedings 
were less political and less influenced by political dis- 
cussion than was to be expected. The chief resolutions 
were in favour of a Minister of Labour, of Cabinet 
rank, and amendment of the jury laws, so that work- 
men should be able to serve with payment for their 
services ; that Irish contractors should conform to the 
House of Commons fair wages resolution of 1891. The 
delegates complained that Ireland was not represented 
on the Parliamentary Committee of the Trades Union 
Congress. The congress of Irish delegates also com- 
plained that little was done to promote native indus- 
tries, and one delegate pointed out that the very note- 
paper on the tables of the congress was of foreign 
manufacture. The congress demanded that particulars 
of all Government contracts should be posted up in 
the House of Commons for the information of members, 
condemned the provisions and the administration of 
the Merchandise Marks Act, as totally inadequate to 
safeguard the interests of home workers, or prevent 
frauds by foreign manufacturers, demanded that provi- 
sions be inserted in the Factories and Workshops Bill 
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compelling master tailors to provide suitable work- 
shops, so as to prevent the spread of infectious 
diseases and put down sweatiog. It will be seen that 
the resolutions ran pretty much on the lines of the 
older trades union congresses, without any infusion of 
socialism, and with very little that can be called 
socialism in the programme. And yet the congress 
was a large one, about 200 delegates having assembled 
from all parts of Ireland, representing some 150,000 
members of trade union organisations. The congress 
was held at Cork, as being less associated, from an 
industrial point of view, with the more or less political 
aspects of trade unionism so often seen in Dub'in and 
Belfast. The congress was, indeed, remarkable from 
the fact that the political aspirations of the divergent 
sections were scarcely manifest in the discussions, and 
not at all in the resolutions carried. There was an 
entire absence of the scenes which distinguished the 
Belfast Congress, and especially its closing ceremonies, 
when many of the English delegates were compelled to 
beat a precipitate retreat from the demonstration 
platforms. 

The conferences of the great friendly societies repre- 
sented, more particularly, the thrift side of industry. 
These societies, however, represent a most important 
phase of industrial organisation. They are the largest, 
larger even than all the other forms of association com- 
bined. They arealso the wealthiest, representiog many 
millions sterling. They represent also the one form 
which, above all others, is self-reliant, proudly disclaim- 
ing all State aid, except such as renders them safe and 
lawfuliostitutions. There is, indeed, a jealousy of State 
interference; but this has not gone so far as to resent 
State control by the enforced publication of annual 
balance sheets, or even of periodical examinations from 
an actuarial point of view. The friendly societies can 
now boast of more than a century’s work under legis- 
lative protection, and with more or less of legislative 
encouragement; but in reality this only amounted to 
permission to associate without disability, and with 
the same protection to funds and property as was 
enjoyed by all associations not directly connected with 
labour. The growth was slow for many years, owing 
to the corresponding Societies Act, which prevented 
the friendly society, as well as the trade union, from 
having branches. This was first relaxed, then the 
societies were altogether relieved from the operation 
of the provisions of the Act. Since then their extension 
has been marvellous. The one new feature which has 
affected them of late is the proposal to give old age 
pensions, by compulsory payments on the part of the 
poor. Some of the friendly societies rather favour 
the suggestion, with modifications in form and applica- 
tion. Some ask that the societies shall be made the 
almoners, to a certain extent; but this could not be 
under a State-regulated scheme. Besides, it would be 
little less than dangerous to the societies in the long 
run. But the general feeling is averse to a State 
scheme. Recently the societies have been exercised 
over the child insurance question, the Bill now before 
Parliament being very generally condemned. As the 
Bill is drafted it is more likely to affect adversely these 
societies than the collecting societies, as the latter 
insure at birth, whereas in the friendly society members 
have to be a certain age before enrolment. The Bill, 
however, is likely to be strictly opposed in all its stages 
in Parliament. 





The engineering establishments throughout Lanca- 
shire had their usual rest during the Whitsun holidays. 
Very little was done except in cases where an early 
resumption of work was really required. But with 
the recommencement this week things look better and 
brighter for a good summer’s work than for some time 
past. Most of the estublishments are fairly well off for 
orders, and many of them are very full of work. 
Machinists have orders enough on hand to last for 
some time, chiefly, however, for abroad. Stationary 
engine builders are generally sufficiently well supplied 
with orders to keep them employed for some months 
ahead, and machine-tool makers have sufficient to keep 
them well engaged. Boilermakers are improving their 
position, and generally there are prospects of con- 
siderable activity. In the iron trade things have not 
changed during the holiday interval, but, if anything, 
consumers have been rather holding back. In the 
finished branches there is a decided improvement, and 
prices have had a hardening tendency of late. 





In the Wolverhampton district Whitsun week was 
given up to holidays to a very large extent, but the 
assembling of merchants and ironmasters was not in- 
terfered with, and the attendance of itself indicated 
that things were on the mend generally. The steadier 
demand for iron has continued, and the higher quali- 
ties have gone up in price from 2s. 6d. to 5s. per ton. 
The tendency is upward in all cases, but not with any 
elastic spring. 


The report of the Ironfounders’ Society points to 
an improvement in trade, the percentage of unem- 
ployed having gone down to the extent of 14 per cent. 


since the last report. The improvement is also mani- 
fest in the increase of the balance in hand by 
1202/. 13s. 4d. The special relief accorded to out-of- 
work members is still continued, the rule being to 
award 5s. per week for 52 weeks from the date when 
first given, unless trade so revives that the execu- 
tive will be warranted in withdrawing the allow- 
ance, in which event due notice is to be given. 
In this month there were 55 places, with 6898 
members, where trade was from good to dull; last 
month there was not one good, but in 46 places, with 
5073 members, the conditions were from moderate 
to dull. On the other hand, in 69 places this month, 
with 8199 members, trade was from slack to very bad ; 
last month there were 75 places, with 9941 members, 
working under similar conditions. The decrease of 
the unsatisfactory conditions, and the increase 
of more satisfactory conditions, show that the out- 
look is very much better. Nevertheless there were 
on the funds 2635; last month, 2820; decrease, 185. 
There was a decrease under all heads except one, 
travelling; but this shows that the men realise a chance 
of work, and hence they move from place to place. 
There was nota single member on strike, and only two 
last month. The total membership is 15,097, or only 
13 less than a year ago, after all the depression in 
trade. The total cost of benefits is still rather high, 
ls. 14d, per member per week; it ought not to be 
over ls, if trade be but even moderate. The presen- 
tation of 30/. to a 10 months’ member, by reason of 
an accident, causing the loss of his hand, shows the 
value of such a society. In making the presentation 
the branch officer said that he regretted that the 
member had lost 70/. by not being a full member of 
twelve months’ standing, as then he would have been 
entitled to 100/. But the 30/. was in itself a great 
thing, a help in time of need. These are the benefits 
that commend a society in the eyes of the public. 


The report of the Amalgamated Society of Car- 
penters and Joiners only barely refers to the lon 
pending dispute in the London building trades, an 
then only through its London organiser, who speaks 
hopefully of the crisis passing away without a strike 
or lock-out. The society has now 43,637 members, 
with 677 branches. Out of the total only 1111 
members were on unemployel benefit, 864 on sick 
benefit, and 512 on superannuation allowance. Ad- 
vances in wages and reductions in the hours of labour 
are reported in several places, the disputes generally 
being favourable to the men. In Leeds the result has 
been a code of working rules, with an increase in 
wages, reductions in working hours, improved condi- 
tions as to overtime, and other advantages. At 
Bridgewater a strike is still on, and also at Leicester, 
or rather was, for the matter has been arranged since 
the report was issued. At Aldershot the enforcement 
of the fair wages resolution of the House of Commons 
by the Government, has advanced the wages to the 
extent of 2s. 34d. per week, and at the same time the 
work is thrown open to the members of the union. 
The reports from abroad are not encouraging; in 
Canada, Australia, New Zealand, and South Africa, 
trade is bad generally; in the United States bad 
generally, but improving, and in some States fairly 
good ; but at the best it is only moderate taking all 
the States where there are branches, and there are 
90 of such in America, exclusive of Canada. There 
are 38 in Australasia, in not one of which is trade 
reported to be good. 





The report of the Cotton Spinners indicates an im- 
provement in trade, but not to any extent. The un- 
employed are now reduced to 4 per cent., but some are 
out of work from stoppages, not from bad trade. The 
report contains this sentence: ‘‘ All things considered, 
the members never enjoyed better labour conditions 
and other advantages than they do to-day.” The 
members are reminded that much of this is due to the 
association. Some of it is also due to legal protection, 
and some also to the cordial way in which the joint 
committee work in all cases of dispute. Sixteen cases 
of dispute were dealt with in the month, and in some 
the union has had to tell the members that the com- 
plaints could not be sustained. In this way the asso- 
ciation is able to put down frivolous disputes. 





The condition of things in the building trades is not 
in the least degree changed. The notices have ex- 
pired, but there is no perceptible change in the modes 
of working. The employers only acknowledge for- 
mally the reply of the Building Trades’ Federation as 
regards the rejection of arbitration, but no step has 
been taken. ‘The chief point appears to be as to sub- 
letting. The manifesto of the men refers to the sus- 
pense, and hints at possible compensation for the 
trouble and expense. 





The strike of electrical workers at the Ponder’s 
End factory of the Edison-Swan United Electric Light 
Company, entered into a fortnight since, continues 








and has largely extended. Only about 80 originall 
struck; last Saturday there were 410 persons handioel 


The company threaten to remove their works to Ger- 
many, but the union reply by placing the men on 
strike pay, and have issued an appeal to other trades 
for funds in their support. 


The annual meeting of the Federation of the En- 
gineering and Shipbuilding Trades was held in the 
City Hall, Glasgow, Mr. R. Knight, J.P., in the chair. 
The Amalgamated Society of Engineera withdrew from 
the federation a long time ago, but other bodies have 
held fast together. The question was discussed of 
allowing the eocieties of unskilled workers, connected 
with the several trades represented, to join the federa- 
tion, and the matter was relegated toa ballot of the 
unions. The rules were so amended as to provide for 
arbitration in cases of dispute between societies or 
sections. A resolution was passed condemning the 
Government for retaining on the list of Admiralty 
contractors firms not complying with the fair wages 
resolution, and demanding that the firms referred toshall 
either pay the full standard rates or be struck off the 
list of contractors. This matter was the subject of a 
deputation some time ago, a — of which was given 
in ENGINEERING atthe time. It has reference to some 
London firms only. 





The annual meeting of the Gas Stokers’ Union was 
held at Wolverhampton. The report states that the 
union has been weakened in one or two centres, but on 
the whole the progress has been steady and satisfac- 
tory. The delegates were welcomed by the local trades 
council, while a delegate from Birmingham occupied 
the chair, and spoke at some length as to the work of 
the society and its general progress. 

The labourers of the Newington Vestry went out on 
strike last week against the piecework system. It 
— that it was next to impossible to get a reason- 
able amount of work done on the daywork system. 
As a matter of fact, there are many complaints of 
malingering in connection with local work, and there 
is a tendency to introduce some method of task of 
check work. A fair day’s wage implies a fair day’s 
work ; the man who gives less than a fair day’s work 
deserves to be condemned just as much as the employer 
who fails to give a fair day’s wage. Reciprocal duties 
have to be insisted upon, and, whoever fails, the 
blame must rest on the right shoulders. Neglectful, 
slovenly, and lingering work is baneful all round, and 
the sooner it is put an end to the better. 





The Durham and Northumberland miners, although 
having two independent associations, are closely asso- 
ciated in general work. They constitute mainly what 
is called the National Union, as contradistinguished 
from the National Federation ; but they have a closer 
bond of unity in the Miners’ Permanent Relief Fund 
for the two counties. It has now existed for 33 
years, and at the annual gathering just held it was 
stated that during this period they had distributed 
more than 1,000,000/. in the two counties in relief 
alone. The total membership is 121,133 members ; 
the income last year was 96,225/. 3s. 10d. from 
members’ contributions ; 5068/. 16s. 7d. owners’ per- 
centages ; interest, 6329/. 103. 7d.; the total being 
107,641/. 1s. The expenditure was—widows and 
orphans, 20,0227. 15s. 9d.; disabled members, 
13,782/. 7s. 4d. ; aged members, 28,5061. 6s. 2d. ; 
minoraccidents, 14,672/. 13s. 1d. ; legacies, 1935/.2s. 1d. ; 
management, &c., 10,2641, 16s. 1d. ; total, 89,174/. 7s. 6d. 
The balance on the year’s working was 18,645/. 13s. 6d. 
The total balance is over 201,260/. During the year 
166 miners were killed, and 17,000 were injured. 
There were 217 applications for the permanent disable- 
ment allowance, and 536 were superannuated. There 
are now on the fund 1111 widows, 1225 children, 2828 
aged miners, and 673 permanently disabled men. The 
record is a noble and worthy one, such as is not to be 
found in any other part of the world; it is a splendid 
record of self-help. 


Mr. E. Cowey, the well-known miners’ agent of 
Yorkshire, has on recently taken to task for his 
statement that many men have been thrown out of 
work, displaced by machinery, and by the rush into 
the mines of unskilled labour. Some of the men think 
that their leaders ought to have prevented it. How? 
Thestrikes were brought about more by the men than by 
the leaders. The introduction of machinery followed 
the strikes, and then the influx of unskilled labour. 
The remedy is not so much haste, All labour problems 
cannot be settled in one day. Workmen must be 
content to go slowly. This is the only safe path of 
progress, as many are beginning to find out. 





AUSTRALASIAN GOLD.—The production of gold in the 
seven Australasian colonies—Victoria, New South Wales, 
Queensland, Western Australia, New Zealand, South 
Australia, and Tasmania—appears to be steadily increas- 
ing. In 1890, the combined output of the seven colonies 
was 1,453,172 oz.; in 1891, 1,518,690 oz.; in 1892, 
1,635,238 oz.; in 1893, 1,711,892 oz ; and in 1894, 





1,883,240 oz. 
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THE SENTINEL OIL FILTER. 


CONSTRUCTED BY 














We illustrate on this page a compact and neatly 
designed form of filter recently Meace: se by Messrs. 
Alley and MacLellan, of the Sentinel Works, Glasgow, 
and specially intended for purifying the feed water for 
the boilers of condensing engines, separating from it 
any oil which it may have entrained during its passage 
through the engine. The device consists of a cast- 
iron casing (Fig. 1) forming the support for the gun- 
metal casting shown in Fig. 4, into which are screwed 
six tubes, closed at their upper ends, but grooved 
longitudinally, as shown in the figure. These tubes 
form supports for sleeves or mantles of filtering 
material. These sleeves are shown separately and 
also in place in Fig. 4. The water to be purified 
is admitted to the outside of these sleeves, and 
percolating through them, gains access to the slotted 
tubes, passing down them into the boiler feed 
pipe. The filtering area is arranged to be about 
250 times the area of the feed pipe, so that a slow 
rate of flow only is needed through the filtering 
material. When the mantles begin to get choked, 
they can be very easily replaced by Stnsing a 
couple of bolts and removing a small cover. Access is 
thus gained tothe mantle beneath, and after replacing 
this with a new one, the whole casting carrying the 
tubes is turned through one-sixth of a revolution, bring- 
ing a second mantle under the opening. In this way 
the whole of the filtering material can be easily and 
rapidly renewed. 





KEITH’S SAFETY VALVE FOR DOMESTIC 
BOILERS. 

Tue correspondence that has taken place in our 
columns regarding safety valves for domestic boilers 
has called attention to the fact that while a safety 
valve affords adequate protection when in working 
order, yet it is, under certain circumstances, possible 
that it may be put out of action by incrustation. The 
water supply of some towns is so hard that not only 
the interior of the boiler, but also of the circulating 
pipes near the boiler, is quickly covered with incrusta- 
tion, and it is quite conceivable that a safety valve 
might be set fast by the same agent. To prevent this, Mr. 
James Keith, of Arbroath, and of 57, Holborn-viaduct, 
London, has brought out the relief valves illustrated on 
the next page. It will be seen that the chief feature of 
novelty is a cup below the valve containing water 
which is never changed. Heice there is no source 
from which incrustation can accumulate on the valve. 
The safety valve can be taken : ag and put together 
again within a few minutes. The lower portion is 
screwed to fit a }-in. bore wrought-iron pipe socket, 
and has a full way ?-in. in diameter aperture, as seen 
at O, Fig. 1. Three fins N are formed on the inside 
of this lower or outer cupped part, and support 
the inner cup M, which is separate, though accu- 
rately fitted between the inside edges of the fins 
N. This cup M forms the liquid seal on the under- 
side of the valve-seat, the central tube K extending 
downwards from valve seat or main body part into 
the liquid retained permanently in the cup M. The 
main body piece H screws on to the lower portion, a 
tight joint being formed on the soft metal seat. 
Three narrow fins J are formed in the interior of H 
space, and hold down the cup M. B is the valve 
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proper, resting on a ground seat, with a spindle A, 
held in central position, above all the waterways, by 
ribs G, and the upper part of the collar or shield 
F. The collar or shield F is screwed hard down on 
to top of the ribs G. This part F also acts as an 
inside shield for the spring, effectually protecting it 
from the action of dirt or water. The spring is double, 
and is formed of one piece of steel wire. It is held in 
tension at the lower end by the loose ring E being 
screwed down by the piece 1), and locked by the outer 
jam-nut. By unscrewing the top partC, and inserting 
a hooked piece of wire into the hole through the top 
of the spindle (and above the slot into which the top of 
the spring drops), the valve can be lifted and tested. 
The safety valves are made of gun-metal, and are 
adjusted to blow off at 50 lb. maximum pressure. 

Fig. 2 shows a valve of similar principle designed to 
be placed inside a boiler. This, however, is not a 
position that Mr. Keith approves in the case of hard 
water being used. These valves are also made of 
larger size for hot-water heating apparatus. In all 
cases the springs are in tension, and cannot be jammed 
by dirt getting between the coils. 





THE TWENTY-FOUR HOURS DAY.* 
By MM. Scorart and Rocca, Inspector-General and 
Inspector of Italian Mediterranean Railways. 
THE text of the question on this subject is as follows: 
‘The introduction of clock dials of a continuous numera- 


_* Abstract of Report on Question XV. to the Interna- 
tional Railway Congress, London meeting. 





tion of hours from 0 to 24, and the division of the hours 
into hundredths; the actual condition of the question ; 
its partial application in different countries ; its advan- 
tages to the public and railway services; are modified 
clock dials necessary, and if so, in what way should they 
be modified ?” 

The authors of this report divide the subject into 10 
sections, of which we summarise the more interesting and 
important. A complete investigation of this question 
would involve the necessity of setting forth all the phases 
through which it has passed among different nations, the 
determination of the origin of the civil day and its sub- 
division into parts. Such an investigation would be long 
and tedious, and reference need only be made to some of 
its more striking features. The day, one of the three 
fundamental measures of time furnished by nature (the 
two others are the lunar month and the tropical year), is 
certainly the most important for civilisation, because it 
falls the most directly under the perception of man, 
and imposes upon him, as it were, the obligation of 
making his periods of activity and repose coincide 
with the alternations in light and darkness. It is, 
therefore, natural that man should have sought from 
remote times to subdivide the day into equal parts for 
his greater convenience and the better regulation of his 
life. This subdivision was of necessity conventional 
and arbitrary, because nature did not furnish a measure 
of time shorter than the lapse of one day. It is for this 
reason that the various systems that have been adopted 
in past times vary according to nationality and to ages. 
The commencement was made by subdividing the period 
during which the sun was above the horizon, that is to 
say, the actual day, and regulating it according to the 
apparent movement of the sun. Then followed the sub- 
division of the night, a much more difficult matter, be- 
cause it was necessary to deduce it from the position of 
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the stars. It followed from these processes that the two 
subdivisions were independent, and that there were actual 
hours of the day and actual hours of the night. The 
number of these divisions varied from one age and nation 
to another; but the characteristic of them all was that of 
24 hours, 12 for the day and 12 for the night; this system 
was attributed to the Acadiens of Mesopotamia, and was 
adopted afterwards by the ancient Egyptians, to be 
handed down to the modern nations of the West. The 
diurnal and nocturnal hours were necessarily of unequal 
length, because in our latitudes the lengths of the day 
and the night only coincide at the period of the equinoxes. 
This was a grave inconvenience, which the invention and 
perfecting of time-measuring instruments made more and 
more evident. After a time the two qualities of hours were 
abandoned and all of the 24 were made of equal length. 
But by this arrangement the two B ge of 12 hours 
ceased to coincide with the real periods of day and night; 
all reason for observing the distinction had ceased, and it 
appeared natural to reckon them in a complete series 
from 0 to 24. This custom grew into wide use during 
the middle ages, and survived in Italy after it had dis- 
appeared elsewhere, hence it became known as the 
‘Italian hour.” At the present time, indeed, it still 
exists among the country population and the small 
towns of Calabria. The Italian hour fixed the com- 
mencement of the day by the time of the Angelus, 
half an hour after sunset, that is to say, at constant 
variable time, and which each day, according to the 
seasons, was in advance of or behind that of the day 
before. Thus two successive days were never of the 
same length, and in order to mark time correctly it was 
necessary to shift the hands of clocks and watches daily. 
To avoid this inconvenience, a fixed moment was adopted 
for the commencement of the day, and midnight was 
selected for that purpose. But at the same time the 24 
hour reckoning was abandoned, and the ancient arrange- 
ment of two groups of 12 restored; by this two new 
qualities of hours were created, which were distinguished 
from each other by the words “ post” and ‘‘ ante meri- 
dian,” or by equivalent terms in different languages. 
This numeration, which was adopted throughout the civi- 
lised world, continued unchallenged until the period 
of the French Revolution, when a decimal system of 
division was elaborated. 

This idea, due to Lagrange, and developed by Laplace, 
was undeniably logical and bold, too bold, indeed, to 
achieve success ; it was worthy of the epoch which be- 
queathed to us the decimal system, of which it was to 
have been the crowning glory. When the National 
Convention decreed in November, 1793, the reform of the 
calendar and the adoption of the decimal system, it 
decided, also, ‘‘that the day should be divided into 10 
parts or hours, these parts into 10 others, and soon. New 
clock dials were ordered to put in practice this novel 
method of calculating time; in order, however, that the 
change should not be too abrupt, the adoption of the 
reform was postponed for a year.” But before the year 
had expired, the ship of the Republic, shaken by many 
tempests, allowed its pilots neither the leisure nor the 
freedom of mind necessary to apply the system, which, 
therefore, never took practical shape. It is true, indeed, 
that quite a large number of decimal clocks were con- 
structed, amongst others that exhibited at the Tuileries, 
and which was made as a standard type ; and the decimal 
clock presented by the deputy Louis de Montand to the 
National Convention. But the proposed reform fell per- 
manently into oblivion. It must at least be admitted 
for this proposed change that it was thoroughly logical, 


for there is no good reason in preserving the duodecimal 
division of the clock dial and the subdivision of the hour 
into sixtieths, a method directly in opposition to arithmetic 
founded on the decimal system. And it cannot be denied 
that its extension to the measure of time, to the division of 
the circle, and to the numeration of longitudes, would intro- 
duce a most desirable simplification into calculations. The 
question, therefore, at least merits attention from every 
point of view, and the diplomatic conference held at 
Washington in 1884 for the determination of an initial 
meridian which would serve as a base for the universal 
hour, recognised this in the following resolution: ‘‘ That 
thetechnicalin vestigations having for an object to regulate 
and extend the application of the decimal system to the 
division of angles and of time, should be continued in 
such a way as to permit the extension of the application 
in such cases where it possesses real advantages.” That 
such a change would possess numerous and great advan- 
tages is probably beyond discussion, but the difficulties 
in the way of its adoption are too great to render the at- 
tempt probable; at each step obstacles almost insur- 
mountable will be encountered, compared to which those 
attending the introduction of the 24 hours day are as 
nothing. 

In order to give an intelligible idea of the actal situation 
with regard to the continuous notation of time, it is neces- 
sary to look back as far as 1859, when the 24 hours 
system was introduced into the telegraphic service of the 
kingdom of Sardinia. This innovation was due to the 
practical spirit and the bold initiative of the able director 
of the department, Mr. Bona. The circular in which 
this change was announced is an interesting document, 
which is reproduced in extenso. Ib runs as follows: 

‘* In indicating the hour of delivery, of the arrival and 
of the transmission of despatches, it often happens that 
in consequence of too much haste, or through negligence, 
it is impossible to distinguish clearly the hours of the 
morning from those of the evening, although the printed 
forms always contain the words ante meridian or post 
meridian, and by effacing one or the other no confusion 
ought to exist. Moreover, if it is wished to express, for 
example, the date 15 minutes after midnight of the 
10th of September, some of the despatchers write, 10 Sep- 
tember, 12h.15m. p.m., and others, on the contrary, 
write, 11th September, 12 h. 15 m. a.m. Again, in the 
transmission by telegraph of the hour when the despatch 
is handed in, and this is obligatory, there is an unavoid- 
able loss of time caused by having to transmit the words 
a.m.or p.m. This loss is, of course, repeated as many 
times as there are despatches to send forward. In order 
to avoid all these inconveniences, from October 1 next, 
you will indicate the hours in a continual series of 24 
numbers from midnight to midnight, that is to say, by the 
numbers 1 to 12 for the hours from midnight to noon, with- 
out adding the words a.m., and by the numbers from 13 
to 24 the hours from noon to midnight, omitting the 
words p.m., which will be superfluous. For example, to 
indicate 15 minutes after midnight of the 10th of Sep- 
tember, you will simply write, 0h. 15 m. ; to indicate, on 
the other hand, 15 minutes after noon, you will write 
12 h. 15 m.; to indicate 3 h. 30 m. a.m., you will write 
3h. 30 m.; and for 3h. 30 m. p.m., you will write 15 h. 
30 m., and so on, noon corresponding to 12h. and mid- 
night to 24h. Until a favourable reply from abroad con- 
cerning this method of enumerating the hours, the appli- 
cation of the new system will be limited to the telegraph 
stations within the kingdom. 

**(Signed) § The Director-General Bona. 

“9th of September, 1859.” 

The co-operation of foreign countries in this effort of 
Mr. Bona remained without result, but the subject has 
been seriously discussed at intervals ever since, especially 
at those congresses held to consider the adoption of 
common time, and notably at the diplomatic conference 
held at Washington in October, 1884, when the following 
resolution was adopted: ‘‘ The universal day ought to be 
a mean solar day; it ought to commence for the whole 
world from the mean midnight of the initial meridian, 
coinciding with the commencement of the civil day, and 
the change of date on this meridian. This day ought to 
to be reckoned from 0 to 24 hours.” 

In the United States the question had been discussed 
prior to 1884, and the 24 hours notation was on the point 





of being adopted at the same time as the unification of the 








hour, a change put in force on November 18, 1883. The 
project fell through, but the partisans of the new system 
were not discouraged, and aspecial committee of the Ameri- 
can Society of Civil Engineers was able to announce on 
the occasion of their annual meeting, held on January 20, 
1886, ‘‘that 171 companies, representing about 60,000 
miles of railway, were disposed to join the movement in 
favour of abandoning the a.m. and p.m. notations, and 
that some of them declared that they were in a position 
to effect the change immediately.” This committee was 
very persevering in its efforts, and on January 15, 1890, 
the special committee for the unification of the hour 
announced that they had received replies from 237 com- 
panies, and that only 17 of these were unfavourable. At 
the meeting when this announcement was made the society 
approved an address to the United States Government, 
praying for the introduction of a law embodying the reso- 
lutions of the Congress of Washington in October, 1884, 
and including in this law a clause authorising and making 
legal the use of the 24-hour day system. No results fol- 
lowed on this action, and two years later the same society 
returned to the charge, and sent a circular to all the railway 
administrations of the United States, inviting them to 
adopt, on October 12, 1892, the anniversary of the dis- 
covery of America, the 24-hours notation, to be called 
the Italian notation, in honour of the great Italian dis- 
coverer. That progress had been made was evident from 
the result of this circular; 276 railway administrations, 
representing 140,000 miles, declared themselves in favour 
of the system, but there the matter again stopped. It 
must be admitted that up to the present time the continued 
labours of the advocates of the notation have been crowned 
with but poor success ; only three railroads in the United 
States have adopted it—the Union Pacific, the Orange 
Belt line in Florida, and the Minneapolis and Saint Paul, 
where the change has yet to be made. 

In Canada the system has met with better success ; the 
Canadian Pacific was the first to accept the change, on 
June 27, 1886, for its lines west of Fort William, repre- 
senting a length of 3483 miles; the reason given for the 
change was “ that the running of a train which can tra- 
verse 53 deg. and soon 60 deg. of longitude, requires, for 
convenience of the service and to avoid confusion, the 
adoption of the 24 hours notation.” On the rest of the 
réseau no alteration has been made. In 1887 the Inter- 
colonial Railway made the change over a distance of 1154 
miles ; since that period eight or nine other companies 
have followed the example, but with the exception of the 
one of 306 miles, they are quite insignificant in extent. 
Altogether 5300 out of the 15,000 miles of railway in 
Canada are worked on the 24 hours notation—not a bad 
result, It may be added that legislation on the subject 
will probably be asked for shortly of the Canadian Par- 
liament. 

Many of the Indian railway companies have adopted 
the 24-hours day; the East Indian Company applied it 
30 years ago; the Eastern Bengal, in 1884; the Indian 
Midland, in 1888 ; and the Great Indian Peninsula more 
recently. The authors of the report state that they are 
informed that the change will shortly be made universal 
throughout India, so far, of course, as the railway service 
is concerned. In New South Wales the prospect of its 
adoption in the near future is also hopeful. 

On the Continent’ the advance is more marked. The 
adoption of the hour unification reckoned from the Green- 
wich meridian, was warmly disputed, but triumphed 
throughout almost the whole of Central mame The 24 
hours notation was proposed and maintained by many of 
the unification advocates, and notably by MM. Robert 
Schramm in Austria, Oppermann and Hesse-Wortegg in 
Germany, de Busschere and Houzeau in Belgium, de 
Nordling in France, Rajna and others in Italy, &c. 
Amongst other railway companies of Europe the following 
have adopted the 24 hours system: The Belgian State, 
the Austrian State, the Austro-Hungarian State, the 
Austrian North-Eastern, the Emperor Ferdinand 
Northern, the Gothard, the Jura-Simplon, the Dutch, the 
Norwegian, the Roumanian, and the Bulgarian State 
Railways. In _— the 24 hours notation has been par- 
tially in use for a long while, as, for example, in the 
*- Astronomical Calendar” of M. jna, the meteor- 
ological bulletins issued from the Milan Observatory, &c. 
In Milan the question was long discussed in the press, 
which was generally favourable, but on the proposition 
of the Minister of Public Works, it was decided to replace 
Roman time by that of Central Europe, and counting the 
hours in an unbroken series from midnight to midnight 
for the railway service. This reform, which was put in 
force on November 1, 1893, was established by a Royal 
decree. As a consequence of this, there was a repetition 
throughout Italy of what took place in 1866 when Roman 
time had been adopted for the railway services, Then all 
the towns voluntarily accepted the alteration, and in a 
very short period there was but the one uniform time 
recognised throughout Italy. In the same way, in 1893, 
Central Europe time and the 24 hours notation was 
“—— by the whole of Italy, inclusive of the islands of 
Sicily and Sardinia. In many instances new dials were 
— on the public clocks, with a double set of figures on 
them, 

The authors of the report devote considerable space to 
a consideration of the advantages resulting from the use 
of the 24 hours system, but in this part of their subject we 
can follow them only very briefly. They maintain that 
from a scientific point of view the method is, beyond dis- 
pute, preferable to the actual system, because it is more 
logical, more easy, more precise—reasons which caused 
astronomers to adopt it, and which should command the 
sympathy of all scientists. From a practical point of 
view the 24 hours notation would bring real advantages, 
especially in telegraphic and railway services. For the 
former a considerable economy in transmitting signals is 
claimed; “‘ The traffic of the Western Union Telegraph 
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Company inciudes the transmission of 44 millions of TABLE V —SUMMARY OF RESULTS OF ANALYSES 

despatches a year, and the general adoption of the 24- bigs - . 
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risk of error, and would effect an economy in the trans- |} —————__—— 

mission of 150 millions cf words per annum.” 

In Italy, as we have seen, the system was adopted for 

the telegraphic service in 1859, and no difficulties have ee on 

been reported from its use. Ia the railway services the | number crenata dtnonge. | hiibiniaite | 
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the report runs much as follows: We have now arrived Experiment with bismuth.. . 
at the end of our investigation, which we have endea- Matte and cupric oxide... ; Sse x a Sb Sb Sb Sb Sh 
voured to conduct with perfect impartiality, and to seb Reverberatory furnace, 2ndsampl., 0.187 | 0.584 | 0.203 | 0.033 | 0.432 | 0.044 | 0.442 | 0.108 
forth all the arguments favourable, or otherwise, to the 24- Experiment b a eer 
hour notation. Among the former has to be set the record | ssoses” with a ee + °° . ++ | 0.043 | 1.121 | 0.059 | 1.188 | 0 24 
of the success obtained in Canada over 3500 miles of rail- vylo~ Apgpamgaaiaesitmae GO a7 |erase |e tess an aoe en 
way, through the whole réseau of Indian railways, and Saperendas POR ae le ‘ : ; pa, ees ; : i ; 
what is of more interest to us in Italy, in all the ordi- oH e ee eee 
nary purposes of everyday life. Among the unfavourable | Matte with arsenic and nickel, 
arguments must be placed that of Canada itself, who, | 2ndsample.. .. ..  ..| 0.520 . 0.870 | 10.388 | 248 | 
while employing this notation on one-third of its railway | Matte with arsenic and nickel, " on Jed 
system, hesitates to do so on the remainder ; the United ao le.. +. «+ | 0.420 ; 60 | 9.08 | 3.06 | . aa ‘ eee ‘ ol 
States, where, although the number of its adherents you ee ae 0,092 | 0.055 | 0.151 | 0878 | Ose | 0 0.140 | 0.010 | 0. 0.067 
among directors and presidents of companies is always Experiment c, lead and excess of 
increasing, and where each year its introduction appears LSS Sea aes, ae : - i es 0.952 | 0.021 : 0.455 
imminent, the realisation seems unattainable ; lastly, the | Cupola, lst sample .. oa ; 0.142 | 0.201 0.205 0.312 | 0.255 ; 0.045 | 0.003 : 0.024 
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the part of the public, who would resent a change that at concentrated in the bottoms constitutes 0.23) per cent. of the entire weight of the bottoms. fi . 

oa a P Best A 8' : t Thus in No. 1 the arsenic remaining in the spongy regulus, and constituting 0.058 per cent. of the weight of the regulus, is 
might for a time inconvenience fixed habits. That this | 0.075 per cent. of the weight of the copper in the regulus ; and the weight cf the total arsenic in the regulus and bottoms together 
_ is — is — «4 facts _ forth in oy epee is 0.088 per cent. of the weight of the total copper in both. 

ub oug ese objections to create a permanent obstacle 
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shows us that public opposition to all that causes it in- AND CORRESPONDING PERCENTAGESt ON COPPER. : 
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Third Report to the Alloys Research Committee.* Experiment 9... * oe a oe -.  |3n 0.030/Sn 2.01/Sn 0.087|Sn 2.06 Sa ¢.463 
By Prorgssor W. C. Roserts-Avusten, C.B., F.R.S. © | mates’ with arsenic and n'ckel, | | 
(Continued from page 745.) | 2ndeample.. .. | 
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: | 2s. ee a os ee ‘> as we ae Pb 1.561/Pb 16 8: | Pb 2 25 | Pb 21.28 Pb 8.90 
By Mr. ALLAN Grp, Associate of the Royal School of | Cupola, letsample.. .. = ..| 0.€05 | 0.007 | 0.007 | 0.007 | 0.007 | | 
ines, | | f |S 20.593/S 0.8:0/S 29.89 |S 0.84 |S 14.26 
: Qndeample .. .. . | 0.09 | 0.011 | 0.013 | 0.011 | 0.012 2 | | 
In the Welsh method of smelting copper the earlier Tbe | | | \ O.688 Fe 1.651) Fels. 18 1.07 [Pe Ces. 
operations concentrate the copper into a compact “‘ matte ” | ——sius in No.1 the bismuth remaining in the spongy regulus constitutes 0.10 per cent. of the entire welaht of the regulus a1 
" ° ¢ bh: > 3 t t. of the entire weight of the regulus ; ard 
or “‘regulus,” known in smelting works as “‘ white metal,” that concontented in the bottoms constitutes 0.280 ber Sas at the entire weight of the bottoms. " ¥ 
z PNT ; us in No. 8 the tin remaining in the spongy regulus, and constituting 0.030 percent. of the weight of the regulus, is 0.037 per 
_* Paper read before the Institution of Mechanical | cent. of the weight of the copper in the regulus ; and the weight of, the total tin in the regulus and bottoms together is 0.453 per 
Engineers, ent. of the weight of the total copper in both. 
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TABLE V.—(continued). 


PeRCENTAGES* OF SILVER AND GOLD IN CoppER REGULUS AND CoprER Bottoms; AND CORRESPONDING 


ie 
| 
Percentage in | Percentage on Copper. 
| | 
| 
| 


PERCENTAGESt ON COPPER. 





SILVER. 





| 














GoLp. 




















| 
vumber = 
tae" Description of Sample. | Percentage in | Percentage on Copper. 
Sample. a eres eras © ‘Pee eas Se ———e 
Re- Bot- Re- | Bot- Re- Bot- Re- Bot- 
| gulus. | toms. | gulus. | toms, Total. gulus. | toms. | gulus. | toms. Total. 
| |per cent per cent) per cent| per cent|per cent/per cent|per cent) per cent|per cent|per cent 
1 Reverberatory furnace, 1st sample} 0.0249 | 0.0360 | 0.0323 | 0.0674 | 0.035 | 0.00024 | 0.0024 | 0.00031 | 0.00245 | 0.00049 
2 Experiment with bismuth oa 
3 Matte and cupric ox‘'d  .. .-| 0.030 0.092 0.038 0.095 0.046 nil 0.0011 nil | 0.00113 | 0.00016 
4 Reverberatory furnace, 2ud) | 
sawwple ie as .-| 0.019 | 0.061 | 0.025 | 0.062 | 0.031 Lil | 0.0019 nil 0.0019 | 0.0003 
5 Experiment b.. ee «.| 0.6251 | 0.0932 | 0.0343 | 0.C987 | 0.0454 nil | 0.0103 nil 0.C1C9 | 0.0019 
6 | 5 ee =i ae ..| 0.0.07 | 0.0825 | 0.0256 | 0.0825 | 0.0365 nil | 0.0087 nil 0.0087 | 0.0016 
7 | Matte with arsenic and nickel,| 
| _ 1st sample os -.| 0.062 | 0.101 | 0.094 | 0.141 | 0.102 
8 Experimentg.. | 
9 MS €.. oe Se mt 
10 | Matte with arsenic and nickel,| 
2ndsemple .. a oe “| 050 | 0.093 | 0.C66 | 0.126 | 0.108 
11 Matte with arsenic and nickel,| 
3rd sample ros re -.| 0.051 | 0.110 | 0.0684 | 0.144 | 0.101 
12 | Matte .. ee oe ..| 0.023 | 0.086 | 0.040 | 0.098 | 0.057 Lil trace 
13 SS ss = ee .-| 0.080 | 0.092 | 0.051 | 0.096 | 0.066 nil trace 
14 (Experiment ¢, lead and excess of! 
iron .. ue is . -.| 0.009 | 0.0504 | 0.013 | 0.0748 | 0.081 | 0.co008 | 0.c022 | 0.00012 | 0.0029 | 0.0011 
15 Cupola, 1st sample .. ee | 0.0134 | 0.0421 | 0.0193 | 0.0337 | 0.0309 | trace | 0.0C032| trace | 0.(0032 | 0.00016 
16 » 2nd sample.. - | 0.0074 | 0.0226 | 0.011 0.023 | 0.017 nil | 0.0018 nil | 0.0018 0.00073 











Tnus in No, 1 the silver remaining in the spongy regulus constitutes 0.0249 per cent. of the entire weight of the regulus ; and that 
concentrated in the bottoms constitutes 0.066 per cent. of the entire weight of the bottoms. 
+ Thus in No. 1 the silver remaining in the spongy regulus, and constituting 0.0249 per cent. of the weight of the regulus, is 0.323 

per cent, of the weight of the copper in the regulus ; and the weight of the total cilverin the regulus and bottoms together is 0.035 
per cent, of the weight of the total copper in both. 


ADDITIONAL EXPERIMENTS. 




























































































| . | 
Propucts OF FUSION. Copper. | ANTIMONY. acc l Sicvger. GOLD. 
oo | vt iit 
Fs Weight of Percentage in Percentage ia | Percentage in Percentage in Percentage in 
ee eee . ae Oe Fees) Pen: ae ene 
| | 
| Regulus, | Bottoms. | Regulus. | Bottoms. | Regulus. | Bottoms. Regulus. | Bottoms, | Regulus. | Bottoms. | Regulus. | Bottoms. 
_— | —— Y — 
grammes | grammes | per cent. | per cent. | per cent. | p2r cent. | percent. | per cent. | per cent. per cent. | per cent. | per cent. 
a 98.25 18.c0 | 72.71 96.03 x a s ae .0289 0,0940 trace 0.0098 
b1 (124.50 20.50 | 72.07 93.21 0.0036 1034 oe 0.0237 0.0990 nil 0.0125 
b2 = 126.50 20.50 | 73.10 94.387 | C043 1.121 ee on 0.0251 0.0932 nil 0.0103 
cl, 143.50 21.00 | 64.57 71.75 | 0.103 1.219 | Pb7.48 | Pb 9.2L | 0.0360 0.1225 | 0.0010 0.0083 
e2 104.50 50.60 | 67.82 60.43 | 0.014 0.952 | Pb1.56 | Pb 16.32 | 0.0090 | 0.0504 0.00008 0.0022 
J\ 112.60 S725 | 748 94.32 | ee ee | Bi 0.048 | Bi 0.099 | 
' i } 
TABLE VI.—ConcentTRATION*® OF SEVERAL ForreIGN METALS IN CoprpER BOTTOMS, WHEN VARIOUS 
PERCENTAGES OF TOTAL COPPER ARE SEPARATED IN THAT Form. (SEE Fic, 21.) 
ey | | ; | ‘ | | 
et | Copper | Poe , Ni = Nickel.| 
ei Description of Sample. in | Arsenic. | Jon Bismuth.| Sn= Tin. | Silver. Gold. 
a | | Bottoms, | y- | | Pb = Lead. | 
No, a | per cent. | per cent. | per cen‘. | per cent. per cent, per cent. | per cent. 
1 | Reverberatory furnace, lstsample ..  ..| 8.2 | 21.6 20 6| TR Ni 8&0 | 158 41.5 
2 | Experiment with bismuth .... oe -| 9.6 x an | se 16.0 
3 | Matte with cupric oxide ai ee . 44 2 ae ee | 48.2 29.8 100.0 
4 | Reverberatory furnace, 2nd sample .. 16.0 & 30.6 65.7 | 43.1 31.7 100.0 
5 | Experimentb .. = e ie eA tee be ee £08 | ie we 37.4 100.0 
6 % cece occ Sem eer. ss MN es ls ase me 42.9 100.0 
7 | Matte with arsenic and nickel, lstsample..; 19.3 9 77.7 |. 46.4 Ni 47.9 26.7 
8 | Experiment g ef ak oe i 2 ‘is ee Sn 934 
9 ” Bes Sie a ees) S| Cee | | 
10 | Matte with arsenic and nickel, 2nd sample.. 26.7 ye 813 | on | 35.1 
11 - és x ard, = «.| 883 HS} 89 | . |. 40.4 
12 * Be An oe se 29.3 @ Bs 87.1 | es as 50.6 100.0 
3 | ” memes Co me | gad | 47.8 . 49.8 109.0 
14 | Experiment c with lead and exces3 ofiron.. 35.0 a, ae 97.0 | oe Pb 83.5 74.5 92.8 
15 | Cupola, 1st sample co «aol SER | (OBO | OR | aS ‘a 67.2 1000 
1 | 5; saa 54.5 | 54.5 | 92.6 | £03 71.5 | 1000 
| | | 








' 








? Thus in No. 8, when 20.6 per cent. of the total copper is separated in bottoms, there is concentrated in it 93.4 per cent. of the 


total tin present in the origiral mixture ; so that the remaining 6 6 per cent. cf tin is all that is left behind in the spongy regulus. 


TABLE VII.—Retative Impurity* or CoppER REMAINING IN Sponcy REGULUS, AND OF COPPER BEFORE 


SEPARATION OF Bortroms. (SEE Fic. 22.) 








Ni = Nickel. | 























2 . | ossaetil | Anti- : | gir 
= | Description of Sample. | Bottoms. | Arsenic. mony. Bismuth. | ao cae ilver. Gold. 
| | | - 
a | | | 
No. | | per cent | per cent. per cent. | per cent. per cen*. per cent. | per cent. 
1 | Reverberatory furnace, 1st sample | 8.2 |} 85.2 6.0 98.5 | a 92.2 63 2 
2 | Experiment with bismuth “- | 9.6 ie oe 97.7 | 
3 | Matte with cupricoxide .. “2 ae | 14.4 & se a 67.0 os 82.6 
4 | Reverberatory furnace, 2nd sample .. 16.0 2 82.1 40.7 66.6 oe 80 6 
5 | Experiment b ae a * e «| 178 x 23.2 os A 75.3 
6 iF He eit aed, Sein soel, AR URS = iy ae 68 4 
7 | Matte with arsenic and nickel, Ist sample ..| 19.3 3 28.3 66.6 Ni 64.6 92.1 
8 | Experiment g Me oe AF --| 2.69 se oe Sn 82 
9 a Bed se) setae ae. 3s] ee a 
10 | Matte with arsenic and nickel, 2nd sample ..| 26.7 $ 27.2 se aa oe 88 4 
IL ” ”» fi). ty. ae ..| 23.8 2 22.5 EX oe oe $3.2 
12 | Matte rc ..| 298 a 12,0 v 70.1 
13 zs eee ee ES 17.6 78.8 as 77.1 
14 | Experiment ¢ with lead and excess of iron . -| 35.0 g 4.6 | ae <> Pb 25.3 42.0 11.0 
15 | Cupola, lst sample éo oo ‘a ++| 47.5 py 80.4 12.5 100.0 ee 62.4 
16 soe gy soe ctst. * aul een 100.0 | 16.2 108.3 64.7 
| 








* Thus if before fusion the total tin is 0.453 per cent. of the total copper (Table V., No. 8), and if the tin lefc in the spongy regulus 


is 0.037 pe 


r cent. of the cop 


er remaining in the regulus, the latter percentage is 8.2 per cent. of the former, as given in this Table VII. 


That is, as regards tin, the Lapedtiy of the copper remaining in the regulus is 8.2 per cent. of the impurity of the copper before fusion ; 
ab purity of the copper remaining in the regulus is more than 12 times as great in respect of tin as the purity of the copper 
‘fore fusion, 





which in composition approximates to copper disulphide, 
Cu,S. For the manufacture of ordinary commercial 
copper, the ‘* white metal” is roasted pet, Pm to pro- 
duce “‘ blister” copper, by exposing it whilst melting, and 
after it is molten, to the action of a strongly oxidising 
atmosphere in a reverberatory furnace. This roasting 
process, however, may be stopped,when any fractional part 
of the total copper in the ‘‘ white metal” is reduced to the 
metallic state ; and if the furnace charge is then tapped 
into moulds, some or all of these will be found to contain 
pigs consisting of two layers, the upper being a regulus of 
vesicular structure, known as ‘‘spongy regulus,” while 
the lower layer is metallic copper, known as ‘‘ bottoms.” 
This partial reduction of the copper in “‘ white metal” is 
the essential feature in the process of making ‘“‘ best 
selected ” copper. 

A modification of this process has also been followed, in 
which the furnace charge consisted not of white metal 
only, but of a mixture of oxides and sulphides of copper 
with coal. By the reducing action of the coal, varying 
quantities of metallic copper were separated and obtained 
as i as copper bottoms covered with a layer of 
regulus, 

oth of these methods are described by Dr. Percy, in 
his account of the early practice followed for the manu- 
facture of ‘‘ best selected” copper, taken from a manu- 
script dating from about 1743. According to Le Play 
both were still practised in 1848; but the last method 
seems to have fallen into disuse in more recent times. For 
the production of ‘‘ best selected” copper, which is the 
highest quality of copper that can be obtained by the 
Welsh process, the partial reduction of white metal, with 
the formation of spongy regulus and copper bottoms, has 
been extensively practised by copper smelters, for the 
reason that the spongy regulus was found to yield a purer 
copper than was obtained when the white metal was com- 
pletely roasted to produce “‘ blister” copper. 

Impurities. —The foreign metals which occur in copper 
ores, and which have the most deleterious effects on the 
properties of the metal when it is used for making alloys 
that have to be rolled into sheets or drawn into tubes, 
&*.—such as the alloys of the copper-zinc series—are tin, 
antimony, bismuth, and arsenic. During the operations 
of smelting, all these metals to a greater or less extent pass 
into the white metal ; and when it is roasted completely, 
so that the whole of its — is reduced, they are found 
in large proportions in the copper so obtained. When 
however, the white metal is treated by the process of 
partial reduction already mentioned, these metals con- 
centrate in the copper bottoms, and the spongy regulus is 
proportionately freed from them, The whole amounts 
present of these metals do not pass into the bottoms ; for, 
although their sulphides are all decomposed with more or 
less completeness by fusion with metallic copper, yet they 
all form double sulphides with copper disulphide; and it 
has not been found possible to decompose thoroughly 
these double compounds in the presence of excess cf this 
disulphide, even when fused with a large quantity of 
metallic copper. Hence, although on the large scale the 
proportion of copper reduced is large compared with the 
amounts present of these metals, their separation from 
the ‘accompanying regulus is but fractional. In this 
research an attempt has been made to determine with 
some exactness the relative degrees to which these metals 
are separated from the regulus and concentrated in the 
bottoms. To that end, samples were taken from the 
products of the following operations on the large scale, 
and also of comparatively small experimental fusions in 
the laboratory : 

Actual smelting operations in reverberatory furnacer. 

- re me ;» cupolas or blast-furnaces, 
Fusions in crucibles in the laboratory. 

The reason why samples were taken from blast-furnace 
operations was that the conditions which prevail in them 
are analogous to those of the process in which carbon was 
formerly used as the reducing agent. In the reverberatory- 
furnace samples, the proportions of copper reduced and 
separated as bottoms were 8.2 and 16.0 per cent. of the 
total copper in the charge, Table V., Nos. 1 and 4; while 
those from the blast-furnace formed 47.5 and 54.5 per 
cent., Nos. 15 and 16. In order to fill up the wide gap 
existing between the percentages of bottoms from the 
reverberatory furnace and those from the blast-furnace, it 
was necessary to make experimental fusions in crucibleg, 
in which other and intermediate proportions of copper 
could be separated. A fairly complete series was thus 
obtained. ‘Che samples were all carefully analysed, and 
the analyses are given in Table V. 

In Table V. are shown the percentages of copper and 
other metals in the spongy regulus and in the copper 
bottoms, and the corresponding reentages on the 
copper. In Table VI, and diagram Fig. 12 is shown the 
percentage of the several contaminating metals that is 
concentrated in the bottoms, when various percentages of 
the total copper are separated in that form. In Table 
VII. and diagram Fig. 13 is shown the relative impurity 
of the copper remaining in the spongy regulus, and of the 
copper before the separation of bottoms. From these 
Tables it will be seen that, when white metal is treated 
by the partial reduction process for the production of 
bottoms, the metals above enumerated—namely, tin, 
antimony, bismutb, and arsenic—are not all concen- 
trated in the bottoms to the same degree, even under 
similar conditions. The bebaviour of each will therefore 
be considered separately. 

Tin.—The concentration of foreign metals in copper 
bottoms is most marked in the case of tin. As this metal 
was absent from all the samples taken from actual smelt- 
ing operations, as well as from those pone in the 
laboratory from furnace materials, tin sulphide was added 
to a regulus made by fusing electrotype copper with 
sulphur; and the mixed sulphides were fused with oxide 





of copper, Table V., No. 8. The fusion produced 107 
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grammes regulus and 22.7 grammes bottoms. Theregulus 
contained 80.02 per cent. copper and 0.03 per cent. tin ; 
the bottoms contained 97.62 per cent. copper and 2.01 per 
cent. tin. Thus 20.6 per cent. of the total copper was 
reduced ; and it contained 93.4 per cent., and the accom- 
panying regulus only 6.6 per cent., of the total tin present 
in the original mixture. 

Antimony.—Antimony is next to tin in the complete- 
ness of its concentration in the bottoms. When 8.2 per 
cent. of the total copper was reduced, 21.0 per cent. of the 
total antimony was found with it im the bottoms, 
Tables V. and VI., No. 1;and diagram Fig. 12. This pro- 
portion rises to 80.8 per cent. of the total antimony, when 
17.3 per cent. of the total copper is separated, No. 5. 
From this point the proportion of antimony which con- 
centrates in the bottoms does not increase much with an 
increase in the amount of copper separated, only reach- 
ing 93.7 per cent. of the total antimony when 47.5 per 
cent. of the total copper is separated as bottoms, and 
actually receding to 92.6 per cent, antimony with 54.5 
per cent. copper, Nos. 15 and 16. Intermediate results 
are given in Nos, 4, 12, and 13. 

Bismuth.—In Table VI., Nos. 1 and 4, it will be seen 
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that, with a separation of 8.2 and 16.0 per cent, of the 
total copper as bottoms, 11.1 and 43.1 per cent. respec- 
tively of the total bismuth passes into the copper bottome, 
Fig. 21. ‘Lhare is hardly any further increase in the con- 
centration of the bismuth with any increased proportion 
of copper reduced. Thus in No. 15, when 47.5 per cenb. 
of the total copper is separated as bottoms, only 47.6 per 
cent. of the total bismuth is found in them. 

Arsenic.—The proportions of the total arsenic which 
concentrate in bottoms are 21.5 and 30.6 and 60.2 per cent. 
respectively, when 8.2 and 16.0 and 25.2 per cent. of the 
total copper is separated in that form, Table VI., Nos. 1, 
4, and 9; and diagram Fig. 12. Arsenic thus differs 
from bismuth in the rate of its elimination from the main 
bulk of the copper. With 8.2 per cent. of the copper as 
bottoms, a larger proportion of arsenic than of bismuth 
passes into them; while with 16 per cent. the proportion 
of bismuth concentrated in them is greater than that of 
arsenic. But at the latter point the concentration of the 
bismuth has practically reached its maximum; whilst in 
the case of arsenic this is only attained when 34.7 per cent. 
of the total copper is reduced. 

In all the experiments considered thus far the propor- 
tions of the contaminating metals are small, but are 
such as are found in the furnace materials commonly 
treated in British smelting works. The presence of large 
proportions of some metals often affects notably the con- 
centration of others; a marked example is afforded by 
the behaviour of the metal nickel when it occurs along 
with arsenic. 

Nickel and Nickel with Arsenic.—When present alone, 
nickel does not appear to concentrate in bottoms. Only 
8.0 per cent. of the total nickel is found in them when they 
contain 8.2 per cent. of the total copper, Table VI., No. 1. 
But when arsenic occurs together with nickel, as in Nos, 
7 and 11, and both are present in high proportions, they 
concentrate largely in the separated copper. Thus with 
a separation of 19.3 per cent. of copper as bottoms, 77.7 
per cent. of the total arsenic, and 47.9 per cent. of the 
total nickel are found in them, No. 7 ; and when 28.3 per 
cent. of copper is reduced, 83.9 per cent of the total 
arsenic is concentrated in it, No. 11. This is not contrary 
to expectation, in view of the well-known practice of con- 
centrating nickel in a speise (that is, a combination of 
arsenic or antimony with iron, copper, nickel, &c.). The 
materials in these experiments contained silver, and it is 
worthy of note that its co tration is | d by the 
aa of arsenic and nickel, as seen in the diagram, 

‘ig. 12, 
The concentration of gold and silver in copper bottoms 











has also been determined, although this hardly comes 
within the scope of the title of this paper ; for when these 
metals are present in proportions large enough to affect 
the mechanical properties of copper, their value is suffi- 
ciently great to necessitate other and special methods for 
their extraction. As, however, gold and silver were both 
present in the materials of the other experiments, it was 
thought a matter of interest to ascertain to what extent 
they could be separated from the regulus and concentrated 
in the bottoms of the ‘‘ best selected” process. The con- 
centration of gold in bottoms has been and is carried on 
as a means for its extraction from copper ores; but the 
concentration of silver is not sufficiently complete to 
render this process applicable for its separation. 

Gold.—The results given in Table VI., Nos. 1 and 3, 
show that, with a reduction of 8.2 per cent. of the total 
cm pag as bottoms, they contain 41.5 per cent. of the total 
gold ; whilst when 14.4 per cent. of the copper is reduced 
to bottoms, the whole of the gold is found in them, In 
some cases traces of gold remained in the regulus; but 
they were too small to be weighed, even when 50 grammes 
of the samples were taken for assay. 

Silver.—Silver nearly reaches its maximum concentra- 
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tion in bottoms when 19 per cent. of the total copper is 
separated in this form, 42.9 per cent. of the total silver 
being then contained in them, Table VI., No. 6. 

Effect of Metallic Iron onthe Concentration of Metals.— 
Theaddition of metalliciron during the separation of metals 
from a copper regulus and their concentration in bottoms 
was the subject of a special experiment. Metallic iron 
completely decomposes the sulphides of antimony, lead, 
and silver; but when these are present in the complex 
sulphides produced in lead smelting, their complete 
separation is not possible; and although iron reduces 
copper from the higher sulphides produced in the Welsh 
process of copper smelting, its action is gradually lessened 
with the increasing proportion of iron sulphide thereby 
formed. Copper sulphide with which had been melted 
sulphides of lead, antimony, silver, and gold, was remelted 
with an excess of iron. The proportion of total copper 
separated as bottoms was 35.0 per cent., Table VI., No. 14, 
and in it were concentrated : 


74.5 per cent. of the total silver 
83.5 


5 a as lead 
97.0 * re antimony 
92.8 ss gold 


It will be seen that there is a notable increase in the pro- 
portions of antimony and silver concentrated in the 
bottoms, when compared with those in the experiments 
previously considered in which iron was not used. 
Conclusions.—From the experimental results given 
above and in the Tables the following conclusions may be 
drawn. Of the four metals—tin, antimony, arsenic, and 
bismuth—tin is concentrated in the bottoms in the 
highest degree, antimony approaches tin in this respect, 
arsenic is concentrated in smaller proportions, and 
bismuth scarcely at all. Thus it is seen from Table VI. 
and Fig. 12 that, when about 20 per cent. of the total 
copper in ‘‘white metal” is separated as bottoms by 
partial reduction, the copper obtained by roasting the 
remaining spongy regulus will contain about 90 per cent. 
less tin and about 80 per cent. less antimony—and, when 
25 per cent. of copper is separated, about 60 per cent. less 
arsenic—than the copper which would have been pro- 
duced by roasting the white metalcompletely. In regard 
to bismuth, the copper produced from the spongy regulus, 
when 16 per cent. of the total copper has been separated 
as bottoms, will contain only about 43 per cent. less bis- 
muth than the copper which would have been obtained 
by complete roasting. The purifying effect of the sepa- 
ration of bottoms in the removal of antimony from the 
spongy regulus is but little increased when a lager pro- 





portion of copper than 20 per cent. is thus separated ; and 
in the removal of arsenic and bismuth the increase not 
only almost ceases when 25 per cent. and 16 per cent, 
respectively of copper are separated, but the purifying 
effect as regards arsenic is actually lessened when more 
than 35 per cent. of copper is separated as bottoms. 

It is hence clearly evident that in the process for mak- 
ing “‘best selected” copper, the proportion of copper 
separated as bottoms should not exceed 20 per cent. of the 
total copper in the furnace charge, a larger proportion 
having the effect not only of diminishing the yield of 
‘* best selected ” copper from the spongy regulus, but also 
of impairing its purity. 

(To be continued.) 





SLIGHT COLLISION AT HATFIELD. 

As a passenger train was setting back off the up main 
fast line on to the up slow line at Hatfield, on the Great 
Northern main line, on the evening of February 26, the 
rear of the train came into slight collision with the 
engine of a coal train standing at the north end of the 
slow platform. One passenger complained of slight 
injury, but no damage was done either to rolling stock or 
permanent way. 

The train consisted of an engine, tender, four passenger 
coaches, brake-van, and three horse-boxes, coupled up in 
the above order, and, with the exception of the horse- 
boxes, was fitted with automatic vacuum brake. The 
horse-boxes, which belonged to the North-Eastern Railway 
Company, were fitted with brake pipes ag 

Major Addison, in reporting on this slight accident, 
attributes it primarily to want of care on the part of the 
driver in setting back. Having three horse-boxes in rear 
of the train, instead of next to the engine, as is usually the 
case, he appears to have miscalculated the distance neces- 
sary to go back in order to bring the train to a stand at its 
usual place. The fireman and guard were on the plat- 
form side, and these men the Government Inspector does 
not consider free from blame, as he thinks that they ought 
to have seen a red light, which was being shown by the 
station inspector, sooner than they did. 

Major Addison further considers the present mode of 
working Hatfield station far from satisfactory, as it is 
quite contrary to the spirit, if not actually to the letter, 
of the block system to allow a train to stand at the 
northern end of the platform while a passenger train is 
being backed up to the southern part, a foot-crossing 
alone dividing them, and he adds that inspecting officers 
have always objected to passenger trains being backed 
into stations, while it was pointed out some years ago by 
Major Marindin that facing points should be provided to 
the north of the station, so as to enable stopping trains 
to run straight into the slow line, and so obtain access to 
the up platform without any backing. Owing to diffi- 
culties connected with the large amount of shunting 
carried on north of this station, this suggestion has not 
been acted upon; alterations are now in progress, but 
the company’s officials candidly admit that they do not 
see their way to bringing all trains to the platform 
through such cross-over road, should it ever be provided. 
It should bo mentioned that there is a sma!) island 
platform, barely wider than a ticket platform, and 
blocked by the roof pillars, between the up slow and 
fast lines, and although it has been in use for a long 
time, it cannot but be considered, in the estimation of 
the Inspecting Officer, and ours as well, as a temporary 
expedient only. Under the circumstances it is most 
strongly urged that the company lose no time in dealing 
with the question of remodelling the station in a thorough 
manner. As regards backing passenger trains into a 
station where another train is already standing, while we 
certainly deprecate doing this where it possibly can be 
avoided, yet we fail to see how two trains can be con- 
nected up except in this manner. Of course the extreme 
step may be taken of making all passengers alight before 
such connection were made, but if that were insisted 
upon, the public, not to mention the companies, would 
very rightly complain of it as an intolerable nuisance. 

The report concludes with calling attention to a breach 
of the order made upon the Great Northern Railway 
Company under the Regulation of Railways Act, 1889, 
whereby the number of unbraked vehicles allowed at the 
rear of a passenger train was limited to one. As there 
were three, and the driver and guards allege that the posi- 
tion of these contributed to their shortcomings, Major Ad- 
dison is ‘‘ quite prepared to admit that the men have some 
claim to consideration on that account.” Quite so. 





RussIAn Perroteum.—The production of petroleum in 
Russia last year is officially returned at 297,500,000 poods, 
as compared with 324,700,000 poods in 1893, and 
286,500,000 pcods in 1892. The production effected in 
January this year was 34,000,000 poods, while in February 
the output was 31,400,000 poods. The stocks held at the 
commencement of January this year were estimated at 
6,500,000 poods, The corresponding stocks in July, 1894, 
were returned at 23,000,000 poods. The demand for 
Russian petroleum is stated to be increasing both on home 
and foreign account. 





Carro TrRAMWAYS.—The General Economic Railways 
Company and M. Empain have transferred to a recently 
formed Cairo Tramways Company a concession of tram- 
ways in Cairo, which they obtained from the Egyptian 
Government in December, 1894. The transfer comprises 
four sections of line fully completed and equipped, 
together with works for generating electric power. The 
capital of the Cairo Tramways Company has been fixed 
for the present at 160,000. The company has power, at 
the same time, to issue 6000 4 per cent. obligations of 20/. 





each, 
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ComPpiteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888 
The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specrfication is 
not illustrated. 
Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 
The date of the advertisement of the pt of a plet 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
the advertisement of the opt of a uplet cification, 
give notice at the Patent O, of opposition to the grant of a 
atent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


6458. S. Z. De Ferranti, London. Dynamo Electric 
Machines. [20 Figs.) March 31, 1894.—According to this in- 
vention dynamo electric machines are made with iron armatures, 
pierced with holes a, close to their surface nearest the field 
magnets b, and these are wound with the electric conductor 
c, in which the currents generated by the magnetic field are 
produced. In order to satisfactorily insulate these conductors, 
insulating tubes d are inserted in the holes a@ intheiron. These 
tubes may be made of any suitable insulating material of sufficient 
mechanical strength. Where it is desired to have a few turns of 
conductor through each hole, the conductors care completely 
insulated by a solid cover e by means of a — of ebonite 
before putting them into the holes in the laminated iron z. The 
insulation, whether in the form of tubes or other covering put 
direct on to the conductors, stands out on either side of the iron 
z,as shown at f, Fig 3. The ends of the tubes d are received 
into boxes g, in which they make a tight joint and are supported 
by insulating blocks w. The conductors c therefore pass through 
the tubes in the iron and round through the boxes on a each side 
of the iron. It is thus possible to fill up these boxss with an 
insulating compound of either oil, wax, or other suitable 
material, so that the conductors c and the ends of the tubes 
d are entirely covered, and surface leakage is thereby 
avoided, the only thing necessary to provide for being the 
piercing effect of the current on the insulation used. The 
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armature may be made of segments h, and be built up com- 
plete with its boxes and windings in blocks of a segmental 
shape. The boxes are tied together by means of insulated bolts :, 
passing from one box to the other through holes in the iron stamp- 
ings projecting into boxes g through insulation tubes y. These 
bolts also act as keys for the iron, and may be run up with sulphur 
or other insulating material, 80 as to make the whole mass solid. 
The heads of these bolts are covered by means of an insulating 
block 2, so as to prevent any chance of leakage from the con- 
ductors to them. A number of these segments h are held together 
in a suitable frame j, and so make up a complete circular arma- 
ture. Preferably this armature is stationary, and the rotating 
magnets point out radially towards it. These magnets are pre- 
ferably wound with circular coils made of flat copper strip k, 
wound edgeways and insulated with suitable insulating material 
between each layer. Where the conductors require to come 
through to the commutator, they pass through an insulating 
gland, and are protected by means of corrugated insulation, so as 
to give the greatest surface and avoid surface leakage. The com- 
mutator may be built in the ordinary way, or may be air insu- 
lated between the segments, and the segments carried upon the 
rods which come through the insulating glands from the arma- 
ture. This is most suitable where very high tension is worked. 


11,452. R. E. B. Crompton and H. J. Dowsing, 
London. Connectors for Electrical Conductors. 
[18 Figs.] June 13, 1894 —In the ordinary form of connectors for 
conductors used with electrical apparatus the parts consist of a 
plug or male portion provided with one, two, or more projections 
which fit into corresponding holes or recesses in the socket or 
female portion of the connector. Whenever the socket portion of 
the connector is left permanently in connection with the source 
of electric supply there is always a danger that an accident may 
occur through any one accidentally or maliciously connecting the 
holes or recesses by a piece of metal, thus causing a short circuit 
and consequent damage to the conductors. By the present im- 
provements these holes are protected by being provided with a 
movable shield or cover. This cover is pierced with holes de- 
signed when in one position to register or correspond with the 
holes or which it protects, and it is so arranged that in 
that one position the holes of this cover register or correspond 
with the holes to be protected, and the plug part of the connector 
can then be introduced. When it is p nee A to disconnect, and 
the plug is withdrawn from the socket, the shield, which has a 
constant tendency to be moved by a spring, automatically revolves 








and covers up the holes. This shield may take the form of a 
revolving dise having holes in it, or of a revolving cylinder having 
holes in it, or of a slider moving laterally or vertically or in 
equivalent manner. The holes or apertures in the shield may 
either correspond in form with the sockets they are intended to 
protect or may have slotted prolongations having for their object 
the locking of the socket in position. In the form of connector 
for electrical conductors shown in Figs. 1 to 7, a spring a is provided 
in a recess or hollow b! in the side of the socket portion b. The 
—e end of the spring is connected to the socket b and the lower 
end is connected to the movable shield or coverc. The spring a 
normally acts to keep the shield ¢ with its holes c!, cl! away from 
the contact holes b2, b2, thus causing the contact holes to be 
covered by the shield c when the plug dis removed, as shown io 
Figs. land 2. When it is desired to insert the plug d, the ends 
di, d' are placed in the holes c', c! and the shield c is revolved within 
the cover or casing A by means of the plug d until the holes c’, cl 
are exactly over the contact holes b2, b* (Fig. 4), when the projec- 
tions may be inserted as shown in Fig. 5. When co ma is 
withdrawn, the spring a revolves the shield c automatically and 
covers up the holes. (Accepted May 1, 1895). 


5500. A. Lucchesini, Florence, Italy. Incan- 
descent Electric Lamps. [2 Figs.) March 15, 1895.—This 
invention relates to an improvement in incandescent lam 

which is effected by the employment of a flat mirror which is 
placed inside the glass in which the incandescent filament is 
situated. The flat mirror reflects the light, thereby greatly in- 
creasing the illuminating power of the lamp, mostly in the direc- 


Fig. 2. 





tion of the longitudinal axisof the lamp. The accompanying 
drawings show the manner in which the mirror is mounted in 
the interior of the glass, @ being the mirror through which pass 
the wires or leads conducting the electric current to the carbon 
filament. The mirror may be retained in position by small nuts 
6 which bind it between them as shown, or other equivalent 
means may be employed forthe purpose. (Accepted May 1, 1895). 


GUNS. 


11,518. Sir Andrew Noble and C. H. Murray, New- 
castle-upon-Tyne. Ammunition Hoists for Heavy 
Guns. [6 Figs.) June 13, 1894.—This invention relates to an 
ammunition hoist in which the cages, as they are raised and 
lowered between a magazine and turret or turntable, are guided 
by a flexible diaphragm fixed at its ends to the turret and maga- 
zine respectively, so that the cages always occupy the same 
position when lowered to the magazine, and when raised, are 
always brought into the same position relatively to the turret 
whether the turret be turned to the one side or the other. A is 
the trunk or shaft built into the ship and extending from the 
magazine up to the floor which supports the turret. B is the 
turret concentric with the trunk. B! is a casing extending down- 
wards from the centre of the bottom of the turret, and entering 
the top of the trunk. B2isa plate extending outwards from the 
casing B' and covering the remainder of the top end of the trunk. 
B3 is a metal plate fixed across the centre of the casing Bl. C is 
the flexible diaphragm secured at its — end to the bottom of 
the plate B*, and extending downwards through the centre of 
the trunk A. The diaphragm may be composed of a single band 
or of two, three, or more. From the lower end of the diaphragm 
bands Cl pass around pulleys D to rods E which are pressed up- 
wards by the action of coiled springs F bearing against nuts El 
screwed on to the rods, The pressure can be adjusted by screw- 
ing the nuts up or down ; any desired degree of tension can thu; 
be maintained on the flexible diaphragm. C2, C2 are rods fixed 
across the upper and lower ends of the diaphragm. When the dia- 
phragm is twisted, the ends of those rods which are at the top bear 
against curved bars C3, C3, fixed to the portion of the trunk which 
revolves with the turret, and the ends of those at the bottom bear 
against similar curved bars C3 secured to the fixed casing of the lower 
part of the hoist. C4are horizontal hoops fitting loosely within the 
trunk ; they are attached to the ends of rods C5 which are fixed at 


central. G G, G are three lines of rails in short lengths fixed to the 
opposite sides of thediaphragm. H, H, H are three guide pins pro- 
jecting out from the back of each ammunition cage K ; they are 
formed with heads which can slide in the rail grooves. The two 
outer ones project from the upper part of the cage, the central 
one from the lower part. At the pe part of the hoist the lines 
of rails G are continued along the two opposite sides of the 
metal plate B3, and, as shown at Fig. 1, this plate is inclined 
and brought in rear of and between the breech ends of a pair 
of guns Z, so that when the cage at one side of the plate is 
raised, it comes into position for the ammunition carried up 
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by it to be delivered to one gun; and when the cage on the 
opposite side is raised, the ammunition carried by it can be de- 
livered to the other gun. The cages can be raised and lowered by 
cords passing from them and over guide pulleys I to a drum I* 
which can be driven by asmall hydraulic engine J. L, L are bars 
for keeping closed the outlet doors of the various compartments 
of the cages K whilst the cages are being raised or lowered through 
the trunk. They may be formed in lengths, each suspended at fs 
upper end to one of the horizontal hoops C4 and ng loosely 
through a clip on the next hoop below. The flexible diaphragm 
may, if desired, be made of two chains held at a distance arart. 
(Accepted May 1, 1895). 


LIFTING AND HAULING APPLIANCES. 


11,691. S. Thomas, J.L. Powell, and C. T. Batchelor, 
Penarth. Apparatus for g and Discharging 
Material. [5 8.) June 16, 1894.—A is a shoot, down which 
coal is shot into a skip suspended bya hauling and traversing 
chain B. The improved skip consists of two half-skips C and D. 
The former is shown as the fixed (i.¢e., unpivoted) half-skip and is 
shaped to correspond with the angle of the inclination of the shoot 
A and to be a continuation of it as far as the bottom of the skip. 
Eis the usual cross-head. The half-skip C is made fast to it in 
any convenient way. D is the pivoted half-skip. The axis of the 
pivoted half-skip is in the ends of straps f, depending from each 
end of the cross-head E. This pivoted half-skip is wider than the 


ig. 3. 
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half-skip C, and its weight is so distributed throughout it, with 
reference to the position of its axis, that vity alone suffices to 
make it, when the skip is empty, drop down to, and embrace 
the then 0; ite edges (side and bottom) of the half-skip C 
asshown. Further, the weight must be co distributed and the 
concavity of the half-skip in question must be such that neither 
the weight nor the thrust of the material in the skip shall be 
capable of opening it. And, therefore, it may be convenient and 
even advisable to continue the arc of the said half-skip and the 
ends upwards, as indicated by the dotted lines in Fig. 1, 
Or, instead of making the said half-skip concave as shown 








(Accepted May 8, 1895). 





intervals of a few feet across the diaphragm and keep thediaphragm 





it may be of the same shape as the unpivoted half-skip, 
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G is the line provided for the purpose of opening the loaded skip 
by a pull on the pivoted half of the skip. To enable this line to 
givesuch pull at the proper moment, it is made fast by one end to 
the bottom of the pivoted half-skip, and by the other to some con- 
venient fixed point, the slack of the line between the bottom of 
the pivoted half-skip and the fixed point being adjusted to the 
distance the skip has to drop, in such a way that as the skip 
approaches the end of its drop, the line G is taut, and must pull 
on the pivoted half-skip. The commencement of this pull is 
timed so that by the time the skip has reached the bottom of its 
drop the pivoted half-skip shall be opened. This process of open- 
ing by a pullon the last-mentioned half-skip is indicated in Fig. 3, 
in which the chain G is supposed to be taut, whereas it is sup- 
posed to be slack in Figs. land 2. (Accepted May 8, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


10,471. G. E. Asbury, Newark-upon-Trent, Notts. 
Parallel Tube Expander. [5 Fiyxs}] May 30, 1894.—This 
invention relates to a tube expander in which the expanding 
operation is effected in a parallel manner. A is the longitudinal 
spindle ; B the parallely arranged rollers; C the stock or body, 
and D a crank handle for actuating the apparatus. The longitu- 
dinal spindle A passes centrally through the stock or body C, 
which in the construction shown is formed of three detachable 
sections, to enable the rollers B to be fitted in place, these sections 
being connected together by the screw bolt c. The spindle is 
screw-threaded for a portion of its length at a, and is provided 
with a fixed cone a!. a? is another cone, having a prolongation 
or sleeve a®, this cone being screw-threaded on its interior to 
engage with the screw-threaded portion of the spindle. Each of 
the rollers B consists of a cylinder having symmetrical conical 
ends /) that revolve in contact with the cones a!, a2? when the 
apparatus is in use and is actuated by the crank handle D. The 
taper of these conical ends and that of the cones a!, a? is such 
that the axes of the rollers B and the spindle A are always parallel 








to each other irrespective of the distance apart of the cones. The 
rollers B are prevented from becoming detached by means of 
end trunnions }! with which they are furnished, and which enter 
flanged recesses c' formed in the end pieces of the stock or body 
C. In order to prevent the distance between the cones a!, a2 from 
altering during the working of the expander, the prolongation or 
sleeve of the cone a? is provided with an cctagonal end a4, and 
the extremity of the spindle A, which projects somewhat beyond 
the end a4, is provided with a square enda®, The box spanner E 
is also provided with double cavities e4, e5, the former being made 
octagonal and the latter square. When, therefore, this spanner 
is — to the spindle A and forced fully home, it engages 
simultaneously with the octagonal end of the sleeve a? and with 
the square end of the spindle A. When the spanner is in this 
position any independent movement of the cone or the spindle 
relatively to each other is thus prevented. But by drawing back 
the spanner until it comes clear of the octagonal end a4, the spindle 
A can be readily turned by the spanner in either direction, and 
the distance apart of the cones «a', a? be thereby altered, the 
rollers B being simultaneously operated, so that they all move to 
the same extent in a parallel manner. (Accepted May 8, 1895). 


12,056. R. M. Wight, Sunderland, Durham. Ap- 
paratus for Use in the Manufacture ot Sheet 
Glass. [8 Figs.] June 22, 1894.—This invention relates to 
improvements in apparatus used in the process of making sheet 
glass to support the blowpipe whilst it is manipulated to expand 
the ‘‘ metal” gathered on the end into cylindrical form, and par- 
ticularly to that type of machine in which the blowpipe is 
mounted on the end of a rocking shaft fitted in a bogie or car- 
riage adapted to be run along the edge of the blowing pit. The 
object of the invention is to provide a simple and secure method 
of holding the tube whilst it is cscillated or swung round, and at 








the same time to leave it perfectly free to be rotated on its axis 
as required. The shaft A of the machine is mounted in the 
ordinary way, and the clutch B is rigidly secured upon its pro- 
jecting end. The piece B? of the clutch is hinged to B by the pin 
BS, and is held in the closed position by the catch or detent C 
engaging its end B+, The two pairs of anti-friction rollers B®, 
BS and B®, Bé are respectively pivoted by the pins B’ in recesses 
formed in Band B®. The catch or detent C is pivoted to B by 
the pin C2, and is kept normally in the position shown by the end 
of the spring stud or pin D bearing against it. The pin D pro- 
jects through the spring box D? in which the volute or spiral 
upring D® is compressed between the collar D4 on the pin D and 
the screw cap D5 of the box. The spring box is secured by its 
] 18 D6 by means of screws PD’ to the end of the clutch B. Jn 





order to open the clutch to release the blowpipe, it is simply 
necessary to spring the detent C asidé (to the position shown by 
the broken lines, Fig. 2) by laying hold of the finger-piece C*, when 
the clutch is free to be opened and the blowpipe withdrawn. 
Tne collar E on the blowpipe E? bears upon the clutch and 
prevents the blowpipe dropping through. To steady the blow- 
pipe the arm F is rigidly fixed upon the shaft A, and its curved 
end F2 terminates in a fork F? in which the blowpipe is confined 
by the pin F4, which pin is withdrawn to release the blowpipe 
from the fork. A seccnd collar E? maybe formed on the blow- 
pipe to bear against the fork-piece, and in conjunction with the 
collar E prevents the blowpipe moving longitudinally in either 
direction. (Accepted May 8, 1895). 


RAILWAYS AND TRAMWAYS. 
ing 


9371. L. G. Bauchal, Rouen, France. Preventi 
the Displacement of Railway Sleepers. [5 Figs.) 
May 11, 1894.—In order that railway sleepers may not shift under 
the action of the rolling stock, a support is taken upon the stratum 
of ballast situated below the sleepers, which stratum is loaded by 
the upper stratum of the ballast, by the fixed material of the way, 
and by the rolling stock. This support is obtained according to 
this invention by fixing to the extremity of the whole or part of 
the cross-sleepers a a 1ectangular ‘‘spade”’ or pallet ), which has 
nearly the height of the lower stratum of ballast and juts out 
laterally from the sleepers. The fixing of the ‘‘spade” upon 
wooden cross sleepers may be ¢ ffected either directly or by squares 
c of iron placed on the side or below, or by pieces of wood. With 














longitudinal sleepers and metallic cross-sleepers,‘the mode of fixing 
the ‘‘spade” varies with the kind of sleeper employed. The 
‘* spade” may be made of wood or of metal, either solid or pierced 
with holes for the passage of water. It may rise above the lower 
level of the ballast with the object of augmenting the strength. 
On curves the ‘‘ spades” may be all or nearly all attached on the 
side of the smallest radius. In straight parts of the railway 
they may he og nee alternately on one and the other side in the 
case of a single line, and in greater number on the outer side in 
the case of a double line. The ‘‘spades” may be fixed to the 
middle of the cross sleepers instead of the extremity. If neces- 
sary several ‘‘spades” may be placed upon a single cross sleeper, 
(Accepted May 8, 1895). 


23,416. J. Willoughby, Compton-Gifford, Devon. 
Tramcar Wheels and Axles. [4 Fiys.] December 3, 
1894.—The improvements consist in the combination of a t 
axle, divided transversely into two parts, a coupling sleeve loose 
upon both parts of the axle and adapted to turn therewith, and 
connecting together with capability of independent revolution the 
two parts thereof, and rings or grooves, or the like, upon the axle, 
and corresponding parts upon the interior of the coupling sleeve 
for preventing independent endway movement of the two parts of 
the axle and preserving the transverse rigidity thereof. (Accepted 


March 20, 1895). 
MISCELLANEOUS. 


324. J. Foster, Common. Antrim, Ireland. Kilns 
for Burning Limestone, &c. [5 Figs.) January 5, 1595.— 
Referring to the arrangement shown in Fig. 1, the improved kiln 
comprises an upper chamber A, which is made slightly taper, and 
has a bell-mouth opening, a middle chamber PB, and a lower 
chamber C. The upper chamber B is built on blocks Cl, while the 
chamber A, which slightly overlaps chamber B, is built on the 
blocks B!, The upper chamber A is provided with a portable 
chimney D, adapted to be easily removed for the purpose of 
charging the kiln. Two circles of fuel-feed shutes E and F pro- 
vide means whereby the kiln is to be fed, a small portion of fuel 
going in atthe top. The shutes E supply fuel to the chamber C, 
whilst those marked F supply fuel to the middle chamber B. Fuel 
in a state of fine division can be used with great advantage, 
especially in the fuel shutes, as it readily becomes mixed with the 
stones or other material under treatment. The shutes E and F 
are at their outer ends provided with hoppers G. These hoppers 
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G are closed and opened for feeding purposes by the cones H, 
chains I, and counterweights J. carried round pulleys K mounted 
on a bracket, or ona rod L. The kiln represented in Fig 3 has 
four chambers A, B,C, and Dl. The lower chamber D! is fed 
through shutes F, and the middle chamber C, as well as the lower 
chamber D! through the shute F'!, which passes through the 
centre of the arch. By the two upper elliptical chambers A and 
B, formed by the arch, the raw materia! alone is fed, and the two 
chambers A and B are always maintained filled tothe top. The 
brick chimney D with which the top of this kiln is surmounted 
is provided with openings D2 and D3, immediately over the 
elliptical chambers A and B, for the purpose of feeding the kiln. 
These openings, after the feeding operation has been completed, 
may be closed by doors. The arch Al has a superimposed par- 
tition wall A°, which is made narrowest at the centre, expanding 
towards the sides of the kiln, and which by virtue of its construc- 
tion affords complete resistance laterally to the pressure of the 
material in passing into the kiln. (Accepted April 10, 1895). 


2534. H. H. Lake, London. (The Cleveland Machine 


Serew Company, Cleveland, Ohio, U.S.A.) Machines for 
Measuring and Sorting Balls, &c. (2 Figs.) February 5, 
1895.—This invention relates to devices for sorting accurately 
according to size, balls which have been previously turned and 
ground to true spheres, and consists in a cabinet provided witha 
series of drawers for holding the different sized balls, arranged so 
as to allow the balls to be passed through the different drawers 
until they reach their proper places. The cabinet is preferably 
used in connection with a machine which automatically allows the 
balls to drop, ove at a time, upon an inclined plane or measuring 
slide, down which they roll over a longitudinal slot whose edges 
diverge gradually from top to bottom ; the design being to have 
the balls drop through the slot as soon as they reach a place 
where its width corresponds to their diameter. Beneath this 
inclined slot is placed the improved cabinet, which is provided 
with drawers which are cc ted with h placed beneath 
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the slot at different points along its length. A is the automatic 
dropping machine, and a is the delivery spout through which 
the balls drop on to the measuring slide B provided with 
the longitudinal slot O. This measuring slide B is made in 
two separate sections K!, K2, gy Rae slot O between 

e 


them, down which the ULalls roll. tide3 of this slot 





may be accurately separated any desired amount by micrometer 
screws at each end, and consequently the flare of the slot may be 
adjusted so that it is possible to know at what diameter the balls 
will drop into each hopper 01...05 beneath. These hoppers 
O'... O5 are arranged successively beneath the inclining slot 0, 
and are connected respectively by the pipes G'...G5, with the 
drawers C'... C5 of the cabinet C. The pipes G1...G5 extend 
down to the top of the cabinet, to which they are secured, 
directly over the holes H'...H®5, which extend down into the 
drawer Cl, Inthe drawer C', directly beneath the holes H2. . . H5, 
there are rigidly secured short upright tubes cl, cl, which connect 
with openings in the bottom of the drawer Cl into the drawer C2, 
and thus form an unbroken passage through the drawer C!. In 
the same way drawer C2 has three tubes c? through it; drawer 
C3, two tubes c3, and drawer C4, one tube c+; by which means, 
when the drawers are closed, a continuous passage is formed 
from hopper 05 to drawer C*, from hopper O/ to drawer C4, and 
so on ; while at the same time it allows the drawers to be opened 
easily, but makes it impossible for balls to pass from one drawer 
to another. The drawers are provided with spring catches, so 
that they may be held firmly closed when the cabinet is in opera- 
tion, in order to bring the pipes and tubes properly in line and 
allow the balls free passages to their proper drawers. (Accepted 
April 10, 1895). 

10,326. Dr. O. Zimmermann and G. Hageman, 
Ludwigshafen-a/Rh., Germany. Centrifugal Dis- 
integrating, &c., Mills for Treating Paper Pulp. 
(4 Figs.) May 28, 1894.—The operation of this improved appa- 
ratus is as follows: The circulation-vessel V V is sufficiently 
charged with pulp, and the mill is started, whereupon a valve a 
is opened to allow water to flow through the main 0) into the 
annular box c, and from the latter into the pinsd From these 
the water spurts out through small holes in the pins d against 
the pins of the rotating disc /, which break up the water into 
spray and throw it off outwardly. The pulp sucked up by this 
action rises up in the tube g, passes through the mill, and is 
thrown against the wall gl of the annular channel h, on the 
bottom of which a number of saddle-pieces 7 are formed for the 
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purpose of distributing the pulp uniformly. From the channel h 
the pulp flows through four openings k into the outer compart- 
ments of the engine-troughs. The arrows indicate the further 
progress of the pulp until it again enters the mill. In this manner 
the pulp can be made to pass through the mill as often as desired. 
In place of the fixed ring of pins d, a rotary pin-disc may te 
employed, and the mill thus be converted into a disintegrator ; 
in this case the driving power may be applied from both ends. 
The lower pin-disc is then open-worked at its centre to corre- 
spond to the cross-sectional area of the tube g, and the spokes 
thus formed may advantageously be made as screw vanes, which 
may, if desired, be develo to form a complete screw which 
dips into the pulp to be lifted, and, when provided with a sur- 
rounding casing or envelope, serves to supply the pulp to the 
mill. (Accepted May 1, 1895). 


UNITED STATES PATENTS AND PATENT PRAOTIOB. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 





reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand, 
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THE NORTH-EAST SEA CANAL.—No. IV. 


We add this week further engravings from 
photographs illustrating progress at Holtenau. In 
Fig. 41 we see the light inclined piling (referred to 
in our descriptive notice on page 750 of last week) 
driven along both sides of the piers, which had not 
attained any great height at the time the photograph 





engaged in the operations, to whom we wish to 
express our best thanks, unfortunately arrived too 
late to be utilised by us. 

Fig. 44, page 798, takes us over to Brunsbiittel. 
It is properly a pendant to Fig. 38, on page 760 ante, 
inasmuch as it explains the depositing of the beton 
in the wet ; at Holtenau this could be shot in the 
dry. In publishing this view, also from a double- 








Fic. 41. 





Hotrenav Lock. 








Fie, 42, Excavation at HoLrenav. 


was taken. The character of the heavy clay soil en- 
countered is clearly brought out in Fig. 42, which 
does not, however, display the other characteristic 
features of the ground, the granite boulders, far too 
frequent in many spots for the excavator, though 
welcome to the builder. The general view, Fig. 43, 
page 798, a reproduction of an excellent double- 
sheet photograph by Messrs. Constabel and 
Knackstedt, of Hamburg, dated August, 1892, 
about the same time as Fig. 41, was taken 
looking towards the west. The reproduction 
on a considerably reduced scale scarcely does 
justice to the original. The walls rose simul- 
taneously, and had to settle before the beton of the 
lock chambers was applied. Some further and 
very instructive photographs, taken by engineers 








sheet photograph by Messrs. Constabel and Knack- 
stedt, reproduced with their kind permission, we 
anticipate somewhat. The detailed description of 
this most interesting and difficult work will involve a 
good many more explanatory diagrams, and cannot 
be given until we arrive at Brunsbiittel. Butasthe 
daily press will have reported the formal opening 
of the canal by the time this issue will be in the 
hands of our readers, a slight anticipation will not 
be inopportune. At Brunsbiittel the excavation 
in the dry could not be carried beyond + 11 metres, 
reckoning from the datum 20 raetres below normal 
zero. A large dyke had to be thrown up along the 
Elbe. This dyke crosses the background of our view, 
the vessels visible beyond it being on the Elbe. An 
excavator was transported over this dyke, and the 


ground excavated, in the wet, down to + 9 metres, 
which meant 130,000 cubic yards of earth. Then 
the depositing of the beton commenced, through 
36 ft. of water, on August 8, 1892. The beton and 
mortar-mixing plants rested partly on firm ground, 
partly on piles, the track running along the north 
and south sides of the excavation on piles (on the 
right and left of Fig. 44). From this pile staging, 
the beton wagons passed over a turntable on to the 
floating platform traversing the foreground of the 
view. Along the front of this platform moved the 
floating stage, a wooden structure, from which the 
beton was sunk in eight boxes opening by hinged 
lids below. The beton boxes were counterbalanced 
in a very clever manner by perforated water vessels. 
When the depositing float had performed one 
journey, the platform was advanced the necessary 
distance, a scale having been marked along the 
side tracks. By December 3, 76,000 cubic metres 
(almost 100,000 cubic yards) had heen deposited. 
When early in November frost set in, the water 
for mixing the beton had to be heated. 

Fig. 45, on one of our two-page plates, per- 
mits us to take a retrospective peep into the 
eastern lock and gate chambers at Brunsbiittel 
in September, 1894. We notice five of the six 
passages from the side culverts into the lock 
chamber, and further down the two check gates 
with one of the two sluices up. The toothed rack 
for operating each gate would eventually be fixed 
to the square recess, more distinctly recognisable 
on Fig. 46, where, owing to the exaggerated per- 
spective causing foreshortening, the one rack 
appears to point a good deal too high. The 
chains visible are not the Galle sluice chains 
mentioned later on ; the chain shaft would be on 
the other, or inner, side. In the distance in 
Fig. 45 we perceive two flood gates between the 
three pier heads, which look far less imposing 
than they appear to anybody standing on the lock, 
and further beyond we see a part of the moles and 
a boat steaming up the Elbe. The chain quite in 
front on the right-hand side is one of the protec- 
tive chains stretching from the lock wall to the to 
corners of the flood and ebb gates. The chec 
gates have also chains (not shown), but those chains 
are weighted in the centre. The gates seen in 
Fig. 47 are more to the east, so that if we imagine 
these latter gates placed in the foreground of 
Fig. 45, we should have all the three pairs of the 
southern lock at Brunsbiittel together. The front 
leaves of Fig. 47 belong tothe ebb gate, which bars 
the lock against the inner harbour, into which we 
should step down by the ladder seen in the 
middle of the photograph. The two chains have 
just been spoken of. The perspective diminishes 
the actual difference in height between the front 
pair of leaves constituting the ebb gates and the 
back pair of flood gates. We see that to cross a flood 
gate, we have to step from the top of the pier head 
right on to a small iron platform (not to be distin- 
guished), down a few steps, and then walk along a 
protected passage. This passage is allright, but the 
stepping over is anything but pleasant ina boisterous 
wind. On the ebb gate matters are more comfort- 
able even than the illustration indicates. The gates 
were not quite finished when these three photo- 
graphs, which are all of the same date, were taken. 
The skin-plates go up to the top edge on the flood 
side of the gates, where the manhole of the gate 
shaft is placed in rough weather to prevent a flood- 
ing of the top. The railed approach at the back of 
the high wall and the railed steps are clearly shown 
in the photograph. 

A description of the gates will follow in our next 
article. To-day we must content ourselves with a 
fow remarks. Each leaf is a floating iron caisson, 
divided, roughly speaking, into air and water 
chambers. The check gates contain one of each ; 
the other leaves each one air compartment and 
three water compartments. The latter communi- 
cate with the outer water through pipes too small 
to be discernible in our illustrations, so that they 
float at all water levels without being buoyed up or 
dragged down to any great degree. Each leaf 
has one vertical shaft—the check gates, two—from 
top to bottom, and various manholes, by means of 
which access can be gained to all parts. Efficient 
ventilation has to be provided when inspections are 
being made, and is obtained with the help of power- 
ful ejectors in communication with an hydraulic pipe, 
which descends through the neck bearing of the gate. 
In construction the ebb and check gates differ from 
the flood gates. The latter are built up of hori- 





zontal iron girders ; the former have one main iron 
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girder at the top, and are in the rest vertically 
arranged, so that the water pressure is essentially 
taken up by the one girder. This vertical disposi- 
tion is not applicable when the ratio of height to 
width exceeds certain limits; hence the difference 
in the construction. The chief dimensions are: 
Flood gates, width, 46 ft. ; height, 52 ft. ; weight 
up to 125 tons ; ebb gates and check gates, width, 
46 ft. ; height, 40 ft. ; weight, about 90tons. The 
thickness, that is, the distance between the vertical 
walls, is between 4 ft. and 5 ft. These dimensions 
refer to one leaf. All the gates have been supplied 
by the Actiengesellschaft Harkort, of Duisburg-on- 
the-Rhine, who have also built the iron structure of 
most of the swing bridges ; the hydraulic machinery 
of these bridges was furnished by Messrs. Haniel 
and Lueg, of Diisseldorf. 

Fig. 48 on one of our two-page engravings illus- 
trates the building of the Rendsburg lock, a work 
which is frequently underrated now. Though of 
minor dimensions, this work is not by any means 
of minor interest, and fully deserves a detailed 
account, which we reserve for another occasion. The 
level of the Kider lakes just above Rendsburg, and 
of the Eider in Rendsburg, having been lowered by 
7 ft., a new lock replacing the old one was needed 
to maintain the connection of Rendsburg with the 
Baltic, which it had enjoyed in the days of the 
Eider Canal, and this new lock was to be spacious 
enough to allow gunboats to pass down the Eider 
River. No great novelties were introduced, and 
the lock itself, 223 ft. long, 39 ft. wide, and 18 ft. 
deep, is not imposing. But the work may be 
characterised as a clever adaptation of approved con- 
structive features to peculiar and delicate conditions. 
The excavations had to be made right in the heart 
of the town, with houses standing on the edge of 
the pit, and gas mains running along it. The fan- 
gates adopted to suit the peculiar conditions—the 
lock is worked by hand—are hardly known in this 
couatry. 

The gates of the Biittler Canal entrance (Fig. 49, 
page 786) are miniatures of the great gates. The 
Biittler Canal was built about 25 years ago to drain 
the Burg-Kudensee lowlands, of which we have 
already spoken ; the waters were discharged into the 
Elbe through a dyke-lock of 19 ft. width. The canal 
also serves for navigation, flat-bottomed boats 
taking peat from the lowlands up to Hamburg, to 
return with coal, stones, manure, &c. The new 
canal cuts the Biittler Canal at kilometre 6.6, and 
our engraving represents one of the entrances ; 
the other entrance is a little higher up the Baltic 
Canal, a deviation having been made, so that boats 
cross obliquely. The locks have no chambers. The 
gates are to allow boats to cross the great canal— 
both canals being somewhat tidal—twice a day for 
a certain number of hours. The traffic is not large 
enough to call for greater locks, through which 
boats might pass at any time. Each lock has a 
flood gate, which is to protect the lowlands against 
high water in the Baltic Canal, and an ebb gate, 
which is closed if the water in the great canal should 
sink below the level desirable for navigation and 
irrigation. The works are not grand, but present 
several interesting features. During summer some 
of the ditches communicating with the Biittler Canal 
run dry, and as they serve as landmarks, and as 
barriers for the cattle, these side canals have to be 
filled, not with the ea't water which might travel 
up the canal and other channels from the Elbe, but 
with fresh water. A powerful pumping station has 
hence been erected on the north bank of the great 
canal close to this lock and near the Taterpfahl 
Bridge, to irrigate these northern canal shores, to 
drain them if the drainage should be disturbed by 
high water in the Baltic Canal, to supply from a 
well 100 ft. deep fresh water for the houses of the 
oflicials on the way to and at Brunsbiittel, and to 
feed the boilers and hydraulic pumps there. The 
water main, which has a length of 4 miles anda 
diameter of 7 in., still crosses the lock as it does in 
Fig. 48 (of October, 1893), but will be placed 
under the canal bottom. During the last winter 
the exposed part of the main was carefully and 
successfully clothed. The water contains a good 
deal of iron, like all the well water in those dis- 
tricts ; a special plant is being put up for removing 
the iron and other impurities. 


VIL.—Tue Hypravutic MacHINERY FOR THE 
Locks. 
The power plants at the Holtenau and Bruns- 
biittel locks are identical. At both ends of the 


canal the power station is situated a little south of 


the locks. The steam from the boilers has to 
actuate the hydraulic pumps and motors, and also 
the engines driving the dynamos. Otherwise, the 
hydraulic plant and the electric plant are entirely 
separate. 

We have already mentioned that the hydraulic 
plant had, without competition, been entrustéd by 
the Imperial Commission to Mr. C. Hoppe, of 
Berlin, through whose kindness we are now 
enabled to place engravings before our readers. 
The designs came from the offices of Mr. Max 
Westphal and Mr. Franz, chief engineer and 
engineer to Mr. Hoppe, who superintended the 
erection of the plant at the locks. The machinery 
has to move the gates, the sluices of the check gates, 
the culvert sluices, and the capstans. Lach of 
the double locks has six pairs of gates, with a total 
of 24 leaves, 14 metres wide and 13 or 16 metres 
high. Eight of these leaves belong to the check 
gates, which have each four openings, 3 metres in 
width, and 6 metres in height, to be closed by 
their sluices. These sluices are themselves double, 
that is to say, there are two shutters, con- 
sisting of oak balks, sliding on rollers in an iron 
frame. One sluice lies behind the other until 
raised, the one after the other, by the same pair 
of Galle chains. The four pairs of chains of each 
leaf pass over one shaft, and are raised simulta- 
neously. The culvert sluices are arranged in pairs 
in the outer and inner heads of the three piers ; 
as the central pier (the intermediate wall) con- 
tains two culverts, we get altogether 16 sluices. 
The 16 capstans bring up the total of parts to be 
moved to 98. Some of the parts always move 
together; the check gates of the two locks, for 
instance, are always closed simultaneously, whilst 
other parts will never operate at the same time. 
For these reasons, only 66 movable devices need 
be counted, and the multiplicity of the gearing 
becomes somewhat diminished. But the installa- 
tion remains sufficiently complicated. 

The following conditions were taken as a basis 
for the general design : 

1. The two locks cf every pair must remain in- 
dependent of one another. 

2. Ample reserve power must be supplied. 

3. The consumption of high-pressure water must 
be kept as low as possible, and the arrangement 
must be such, that whilst the mean power must 
suffice to overcome average resistances, there shall 
be no failure under abnormal conditions. 

4. The machinery must be placed within the 
walls, between the mean water line and the plat- 
form of the piers. (This point has already been 
discussed on page 750.) 

5. All the machinery must be capable of being 
operated from the platform of the central pier. 
This condition does not, of course, concern the cap- 
stans. But the other devices on the north and 
south piers can be started from either their own 
pier or the central pier. 

6. So far as possible, all movements must be 
simultaneous, e.g., the gates and sluices shall be 
opened or closed at the same time. 

The first three of these conditions have been 
satisfied by dividing the movable parts and their 
gearings into groups to be driven by two motors. 
The head of a side pier (i.c., not a central pier) 
contains two hydraulic motors which are designed 
to actuate first the two culvert sluices, the two 
leaves of an ebb or flood gate, and the one capstan 
placed at the extreme end of the pier; the two 
motors, therefore, serve five devices. Each of 
these motors is powerful enough for ordinary loads, 
each can replace the other, and both can act upon 
the same device when special difficulties are expe- 
rienced. If a separate motor had been furnished 
for each part, five motors of maximum power 
would have been required, whereas the arrange- 
ment adopted manages with two motors of half 
maximum power; there would have been no direct 
reserve, and the consumption of water would have 
been doubled. How the motors, gearing, and 
couplings have been grouped, a reference to Figs. 
50 to 56 on one of our two-page plates, and Figs. 
57 to 60 on page 787, will best explain. The light 
lines crossing the gate chamber in Fig. 58 indicate 
the sills of an ebb gate, the dark lines those of a 
flood gate; Figs. 53 and 54 illustrate the gearing 
for a middle head, and Figs. 59 and 60 the gearing 
for a pair of check gates. Figs. 55 and 56 show 
the arrangements in the outer and inner heads 
of acentral pier. There are altogether 28 hydraulic 
motors, 16 of 20 horse-power marked M.S. in the 





diagrams, and 12 of 40 horse-power marked M.h. 





Besides these letters, M.S. and M.L., the followin 
letters have been made use of in these nate 
C. indicates a capstan ; H_, a heater (not to be con. 
founded with the -lids to be mentioned later 
on; these lids are not indicated) ; T.R., toothed 
rack; W., air chamber; S., sluice of culvert - 
E.S., emergercy sluice; U., culvert; P.C., pipe 
conduit ; P.S., pipe shaft; T., tunnel passage ; 
E., entrance to manhole ; K., cap for toothed rack 
of culvert sluice. Numbers like + 21.77 indicate 
height above the datum. In toothed gear ¢ signifies 
the number of teeth, d the diameter of pitch 
circle, 

We will now, however, go back to the engine- 
house (Fig. 50). It is a high and commodious 
building, the floor covered with tiles, the walls 
with a dado of glazed tiles. A few steps lead 
down to the boiler-house, and a passage over to 
the lighting station. The boiler-house contains 
five Cornish boilers with central furnace and Gallo- 
way tubes, each constructed for a pressure of 90 lb., 
and with 760 square feet heating surface. For 
ordinary working, three of these boilers will 
suffice ; one boiler will always remain in reserve, 
This spring, when only one lock was used, one 
boiler gave enough steam ; during the severe winter 
two boilers had to be kept under steam to feed the 
heater pipes of the hydraulic conduits and motor 
chambers. The coal wagons are raised by an hy- 
draulic lift and run on a track along and outside 
the wall opposite the fire-doors ; the coal is then 
shot down, so that the stokers have fairly easy work. 
The three high-pressure twin pumps (Figs. 51 and 
52) are placed by the side of each other, two of 
them in a line with their accumulators, which have 
their floors on a lower level ; a third accumulator 
may be added later. Ina passage on this lower level 
two circuits of hydraulic pipes run all round; the 
water can attain a velocity of one metre per second 
in these pipes. The engines can exhaust direct into 
the air or into condensers. The two air pumps for 
the condensers lie a little to the side; a third can 
be accommodated if required. They work witha 
vacuum of 67 centimetres. The two water tanks, 
into one of which the low-pressure pumps feed, are 
placed above the accumulators. The centrifugal 
pump has to help at low water to supply the injec- 
tion water. The buildings were finished in the 
spring of 1894. In Brunsbiittel the whole building 
has settled in a fairly uniform manner, by about 
9 in.; the locks have there been worked since 
September, 1894. 

Holtenau possesses good well water, so that the 
exhaust is allowed to escape into the culverts. At 
Brunsbiittel the feed water and the water for 
domestic use has to be supplied, as we remarked 
above, through a 7-in. main from Taterpfahl, a 
distance of about 4 miles. The water is pumped 
into one of the tanks, where suspended matter is 
allowed to settle, and oil and grease from the 
exhaust are removed. For the precipitation of the 
iron, special plants are being erected. We have 
also mentioned: already that the well water at 
Holtenau gradually became brackish, which caused 
some trouble in the hydraulic machinery, until 
the new well was provided. The buildings and 
plant can easily be extended, one wall of the boiler 
and of the engine-house having been left clear 
for this purpose. 

In his general estimate, Mr. Westphal assumed 
that high-pressure water might be wanted for about 
a quarter of the full time. The gates can be turned 
in about two minutes, and the sluices raised in a 
minute and a half. Even when the capstans are 
used, and temporarily, therefore, the consumption 
is large, there will be many and long intervals of 
rest. To insure economical working, the engines 
must be under the control of the accumulators, 
must go slowly when little water is consumed, and 
stop when the demand ceases. For these reasons, 
sixfuld expansion pumps have been selected. The 
pumps, of 150 horse-power each, take care of them- 
selves, and require hardly any attendance. The 
high. pressure plungers are connected directly to the 
tail ends of the piston-rods, and the low-pressure 
pumps are driven from cross-heads on the tail-rods. 

The two accumulators, which are not equally 
loaded, have rams of 400 millimetres (15? in.) 
diameter, and a stroke of 4.5 metres (15.7 ft.) ; the 
outer dimensions of the loaded cylinders are about 
4 by3 metres. The aggregate capacity of the accu- 
mulators is 1130 litres (250 gallons). They move 
between lateral guides, in the usual manner. There 
is also a tappet opening a safety valve through 
which the water can escape, and a cataract slide 
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which would break the fall if by accident the accu- 
mulator should run down. Each pump cylinder 
has an obliquely slotted expansion slide ; these slides 
of the valve gear of any of the cylinders are raised 
and lowered by either of the accumulators. 

The two accumulators act together in the follow- 
ing manner. Suppose two pumps to be working, 
and the water consumption to be brisk. After a 
while less water will be called for, the lighter accu- 
mulator will begin to rise and lift the expansion slide 
of its engine, so that the team supply of these cylin- 
ders will become more and more reduced, and the 
engine will stop finally ; the accumulator then comes 
against its buffers and remains at its highest posi- 
tion. If there is little or no demand for water, the 
second heavier accumulator will now begin to rise, 
since the second pump is still in action, until it has 
reached its upper limit ; both pumps are now at rest. 


> 











The governor further limits the speed in the 
ordinary manner. The normal speed of the en- 
gines is 35 revolutions per minute, at which speed 
each pump supplies 10 litres (2.2 gallons) of water 
per second under a pressure of 7701b. At 17 
revolutions, the secondary slide closes its port. The 
engines can, however, run at 70 revolutions with- 
out showing any signs of irregular action, although 
the valves are comparatively small. The theoretical 
considerations which guided Mr. Westphal in the 
construction of these valves have been explained by 
him in a paper ‘‘On the Dimensions of Pump 
Valves.”* The subject had previously been in- 
vestigated by Mr. C. Bach. Mr. Westphal arrives 
at the conclusions, which he confirms experimen- 
tally, that the velocity with which a valve strikes 
its seat is proportional to the square of the speed 
(revolutions per minute) and to the section and 
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This state may continue for some time without im- 
pairing the rapidity of action on restarting, as the 
cylinders and valve chests are well jacketed, and the 
condensed water can everywhere flow off. Presently 
water is again being consumed. The _ heavier 
accumulator descends without at first acting on 
the tension-rod controlling the valve gear, since 
this rod is pressed down by a weight held by 
a cataract. This cataract is not shifted until the 
accumulator has sunk to its lowest level; the 
rate of descent of the cataract can be adjusted. 
The position of the expansion slide is thus regulated 
to give a cut-off of 0.12 or 0.2 of the piston 
stroke, and the starting impulse does not ensue 
before the other accumulator has travelled part of 
its way. This arrangement has been made lest the 
ram of the lighter accumulator should remain per- 
manently raised. This lighter accumulator does 
not need the cataract just mentioned. Asa rule, 
it plays up and down a little, whilst the second 
accumulator keeps on its course. 

With the early cut-off referred to, the pumps could 
not start except at very few positions of the crank- 
pins, if an auxiliary device had not been added, 
which insures full steam at starting. Each of the 
expansion slides is provided with a small port of 
three millimetres (}-in.) bore, covered by a 
secondary slide, actuated by the governor in such a 


the stroke of the piston, and inversely proportional 
to the mass of water which would pass through the 
valve with the same (small) lift and a certain excess 
of pressure from below. The closing of a valve 
cannot occur at a dead point, and is not influenced 
by the length of the stroke. 

The wrought-iron pipes which convey the hy- 
draulic water to the motors, pass down the pipe 
shafts (P.S. in Figs. 53 to 60, already referred to) 
through the tunnels T. and along the pipe conduits 
P.C. in the floor of the passages, in some of which 
one can walk without stooping. Both the main 
supply and the return pipes form closed circuits, and 
consist of sections joined by straight-edged flanges 
after one of Mr. Hoppe’s patents. By the aid of 
these flanges, branches can easily be joined, slight 
deviations from the straight line and the true dimen- 
sions can be dealt with, and a faulty part quickly 
be exchanged in cases of breakage. Between the 
flanges, and inside the bolts, lie an outer and an 
inner ring, the latter flush with the internal sur- 
face of the pipe, separated by a third ring some- 
what like a flat trough with sloping sides. The 
inner ring, which fits into this collar, is taken out 
and replaced by a blank flange if a pipe should 
give way. 





* **Zeitsch-Verein Dautscher Ingenieure,” 1893, page 





way that the port is elosed as the speed rises. | 381 


Of the twenty-eight hydraulic motors, sixteen 
are of the smaller type, of 20 horse-power, illus- 
trated in Figs, 61 to63 ; the twelve larger, 40 horse- 
power, motors differ only in dimensions. They 
are all three-cylinder engines, constructed for a 
pressure of 700 lb. and 60 revolutions; the speed 
may safely rise to 100 revolutions. The pistons 
have diameters of 100 and 116 millimetres (3.94 in. 
and 4.56 in ) and 200 millimetres (7.9 in.) stroke. 
They are reversed in the usual way by a piston 
slide, which converts the exhaust ports into supply 

orts. This is done from the central pier, as was 
indicated in our last article, by opening one of the 
hinged lids marked U (not to be distinguished in 
our diagrams). There are besides the lids marked U 
other lids, marked A or H. All these lids lie flush 
with the surface of the lock and cover little shafts, 





in which, in the case of the A shafts, the valve keys 
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hang. Each motor has its A lid and shaft. The 
operator takes the key out and fits it over tho 
nut of the valve spindle. Before turning and 
thus opening the valve, he shouts ‘* Attention !” 
to the engineman down below in the motor cham- 
ber, the keys being hollow and serving as speak- 
ing tubes. When a U lid is opened, a little 
slide moves which sends the water to the rever- 
sing gear of the two motors which are to be 
switched, the one on the central pier, the other 
on a lateral pier. This reversing does not take 
more than a few seconds. 

The working conditions which we summarised 
in the introduction of this chapter demand that 
certain motors move simultaneously (or almost 
so) and perform movements which will be iden- 
tical if distances and consumption of water are the 
same, no matter whether the resistances be equal 
or not. For this purpose, two or more motors are 
coupled in series, so that the same water actuates 
several motors one after the other. This method 
of connecting hydraulic motors is the subject of one 
of Mr. C. Hoppe’s patents. According to this 
method the two corresponding leaves of one gate, 
and the four leaves of the two check gates (of the 
north and south lock), are moved together. The 
former can be done, and is often done; the latter is 
always done ; if the currents up or down the canal 
are too strong, both passages must be blocked, and 
it is desirable to close the two check gates (ebb or 
flood gates, as the case may be) at the same time, 
as the current would increase in the one passage 
after blocking the other. To effect this coupling, the 
lids marked H are turned. The water which would 
otherwise have escaped or passed into the exhaust 
pipes is then directed over to the other motor. 
The pipes are provided with small automatic re- 
plenishing valves which make up for the unavoid- 
able losses of water. 

The connecting gear between motor and gate or 
sluice should act as a brake, in order that the part, 
once disconnected from the motor, may retain its 
position and not be influenced by its own weight or 
external forces. The worm gear which has been 
chosen has an efficiency of less than 0.5. This low 
efficiency may be regarded as unsatisfactory. It 
must be considered, however, that the waves and 
the strong currents may produce forces which have 
to be borne passively by the gear, and which may 
be greater than the active force exerted by the 
motor. If there were no intermediate gear, the 
motors would have to be rendered more powerful 
or larger in order to be able to withstand these 
passive forces, and would ordinarily have to be fed 





with throttled water. The result would bea greater 
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diminution of the efficiency of the whole plant than 
the reduction introduced by the worm gear. The 
worms are entirely imbedded in oil and grease. 

Of the two motors of one group, the one works 
the leaves of the gates, the other the culvert sluices. 
Both act upon the same shaft, consisting of several 
coupled sections. The couplings are changed when 
the spare sluice is to be used instead of the ordi- 
nary sluice, or when the ebb gates have to be re- 
placed by the flood gates. This will not occur very 
frequently, and not during locking, but only during 
the intervals. The main gear wheels have mortised 
teeth ; the wheels of the other gears are of cast iron. 





THE BLACKPOOL TOWER.* 


(Concluded from page 661.) 

From the level of 85 ft. the tower tapers gradu- 
ally upward till the sides become vertical under the 
platform at 380 ft. level (Fig. 40, page 790), the 
system of construction adopted being four braced 
legs connected at intervals by horizontal lattice 
girders, and the panels thus formed stiffened with 
diagonal tie-rods. The legs diminish in width up- 
wards from 16 ft. 6 in. to 6 ft. 14 in. centre to 
centre of pillars, and the pillars themselves from 
2 ft. 3 in. square to 1 ft. at the upper floor. 

The bracing between the leg pillars, instead of 
being a single system of lattice girder, as below, is 
formed of a double system of two channel-irons, 
with horizontal strut girders corresponding in level 
to the main horizontal girders. This system of 
bracing is carried up to the level of 312 ft., but 
from there to the upper floor it is replaced by a 
double system of single T-irons, back to back (Fig. 
37, page 729 ante). 

The shearing force between the legs above 
85 ft. is resisted by the diagonal tie-rods, of 
which there are 32 to each bay, varying in size from 
3} in. to 2 in. in diameter. They have forged 
eyes at each end, through which they are connected 
by steel pins to gusset cheeks at the junctions of the 
cross-girders with the main pillars. Their length 
is adjusted by screwed couplings sufficiently near the 
lower ends to be easily got at from the cross-girders, 
The intersections of the diagonals are clamped by 
bent disc plates, through which pass horizontal bolts 
connecting them to the opposite pair (Fig. 35, 
page 729 aife). The last bay under the platform, 
at 380 ft. level (Fig. 40, page 790), forms 
the neck of the tower, and it is subdivided by 
vertical T-irons into three smaller bays of the same 
width as the legs at this level. These are con- 
nected at intervals by horizontal T-irons, and the 
small panels thus formed braced diagonally with flat 
bars 5 in. by # in. (Fig. 41). 

On the outer faces of the leg pillars are fixed the 
large curved brackets which support the overhang- 
ing promenade of the floor above, while smaller 
brackets of half the depth are fixed to the inter- 
mediate vertical T-irons of the neck (Fig. 43, 
page 781). 

At each level corresponding to the main cross- 
girders between the legs, the tower is braced 
diagonally across the inner corners with L or T 
irons, as well as horizontal bracing between the 
flanges of the cross-girders themselves. This is 
shown on plan (Fig. 27, page 728 ate). 

The floor at 380 ft. level is formed of concrete 
4 in. thick rendered over with cement, on T-iron 
bearers 3 in. by 3 in. by # in., placed about 2 ft. 
apart, resting on the floor girders. It is bracketed 
out 7 ft. beyond the sides of the tower, making a 
total width across the floor of 44ft. The corners 
of the floor are cut off by carrying the bearer across 
the extreme ends of the two brackets on the outer 
legs (Fig. 41). 

As this floor is the landing place for visitors 
ascending in the lifts, the centre portion, measur- 
ing about 18 ft. by 13 ft. 6 in., is obliged to be kept 
open to allow of the passage of the lift cabins. The | 
two sides of this space are boarded up between the | 
cross-bracing and the front and back, which are used 
for exit and entrance to the lifts, protected bv Bost- 
wick gates. On the front side is also a zigzag barrier 
railing to prevent the crowd making a rush into the 
lifts. 

The outer edge of the floor is carried across the 


* The preceding articles on the Blackpool Tower will 
be found on pages 574, 660, and 727 ante. Figs. 1 to 14 
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ends of the projecting brackets by a strong channel 
iron curb 10 in. by 3} in. by 3} in. by fin., to 
which are fixed the vertical T-iron standards which 
support the balcony above (Fig. 40). These are 
connected together by a light trellis girder, and 
each is braced back to corresponding verticals in 
the structure of the tower by L-ties 3 in. by 2} in. 
by 2 in., thus giving an arcade with a headway of 
about 7 ft. 6 in. all round the tower. 

The panels between the T verticals are filled in 
solid to aheight of 4 ft., with ;°;-in. plate, which 
forms a parapet, and above this it has been found 
necessary to fillin the openings with glazed sashes 
as a protection from the weather. The outside of 
the solid panels has been fitted with frames con- 
taining gold-backed glass, which gives a very rich 
effect in the sunshine. 

From this covered floor visitors ascend by a cast- 
iron spiral staircase 5 ft. 2 in. in diameter in leg 
No. 1 to the open balcony on the floor above, and 
from this again to a floor at 401 ft. level, descending 
by another spiral staircase in the opposite leg 
No. 3 (Fig. 41). This is the highest point to which 
the general public are admitted, as above it there 
is only a single spiral staircase to the balcony at 
430 ft. level, and beyond this again an iron ladder 
to the small platform 6 ft. in diameter called the 
the crow’s nest at the top (Fig. 44). 

The floor at 390 ft. level (Fig. 40) consists of an 
open balcony and promenade surrounding the central 
portion of the tower, which is entirely fenced in to 
screen the overhead gearing of the lifts. The main 
girders supporting the lift wheels are fixed about 
3 ft. Gin. above the level of the floor, so as to give 
a clearance above the top of the lift cabins, and 
upon these are placed rolled steel joists 8in. by 5in., 
13 in. apart in pairs, bent in plan to suit the direc- 
tions of the planes of the vertical wheels which are 
carried by pedestals bolted to the joists. 

The wire ropes that pass over the large pulleys 
4 ft. in diameter lead from the actuating machinery 
in leg No. 2, while those that pass over the smaller 
pulleys 3 ft. in diameter lead to the balance-weights 
in leg No.4. In each case the ropes are kept as 
close together as possible in the extreme corners of 
the legs, and boxed in so as to interfere as little as 
possible with the promenade through the legs on 
the main floor at 380 ft. level. 

It will be seen that the general design of the 
tower head is obtained by continuing the pillars of 
the four legs right through the main floors and up 
to a height of 412 ft., where they are terminated 
with a cornice and openwork cupolas, capped with 
little turrets and copper finials (Fig. 44). 





occur on pages 658, 659, 660, and 662, Figs. 26 to 38 on 
pages 728 and 729, and Figs, 40 onwards on pages 788, 
790, and 791, 





The leg pillars are reduced in section to four 
angles with open bracing on each side, and 
diminished width is obtained by telescoping the 
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upper lengths into those below from the level of 
the 380-ft. floor. 

Above 412 ft. the inner pillars only of the legs 
are carried up to form the external corner supports 
of the main lantern above ; they pass through the 
floor at 430 ft., serve as flying buttresses to the 
corners overhead, and are terminated with gilded 
cast-iron balls at a height of about 440 ft. 

The intermediate verticals of the neck on each 
side of the tower are carried up in a double row 
and form two planes of bracing to the level of the 
floor at 401 ft., but on the 380-ft. floor thosa of the 
inner row which come opposite the exit and 
entrance of the lifts are cut away, anda single one 
placed in the middle between the lifts; those above 
are spaced as below and carried on light girders 
over the entrance and exit of lifts. The verticals of 
the outer rows terminate at the balcony railing of 
the 401-ft. level, but those of the inner row are 
carried up to the floor at 430 ft., and serve as sup- 
ports to the projecting brackets of the balcony. 

At 401 ft. the whole area is floored over with 
concrete on T-iron bearers, as below, and the 
surface rendered with cement. In the centre of 
the floor is fixed the spiral staircase by which 
access is gained to the 430-ft. level. 

This being the highest point to which the public 
are admitted, has proved a very popular resort, 
both on account of its feeling of security (the 
bottom of the tower being hidden from view by 
the projecting balconies below), and for the un- 
interrupted view that is obtained from each side. 
In clear weather Barrow and the Cumberland Hills 
are seen to the north, and Liverpool and the Welsh 
Hills on the south; the Fylde country spreads out 
to the east, and the Isle of Man can be seen on the 
west. Perhaps the most interesting feature is the 
coast-line, which can be traced from the River 
Ribble up to Morecambe Bay. In exceptionally 
clear weather both the Irish and Scotch coasts have 
been distinctly seen. 


THE ERECTION. 


On the arrival of the first ironwork for the 
tower, namely, the cast-iron anchor-plates, the site 
had been roughly marked, and one pit commenced, 
so that the first thing to be done was to fix 
definitely the tower centre and the tower face. 
This was marked by centre lines which would 
bisect the main girders. 

The centre point was marked by a brass plug in 
a 12in. by 12in. pitch pine block fixed in concrete, 
over which was built a hollow brick pier 20 ft. high 
mounted with a plate and screw adjustment for 
the theodolite, and surrounded by a separate timber 
scaffold. From this pier the centre lines were 
extended to the buildings and furthest points 
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possible, and definitely and permanently fixed. 
The theodolite could then be adjusted by plumbing 
down on to the centre peg through the hollow pier, 
or set by sighting on to the cross centre lines. The 
pier was built diagonally on the main centre lines 
and left open at the bottom, so that lines could be 
ranged over the centre peg diagonally at 45 deg. 
with the main centre lines, for convenience in 
setting out the foundations, and permanent pegs 
were placed on these diagonals outside the tower. 
Each pit was set out by ranging the diagonal 
centre line and a second lina across the other 
diagonal of the pit, and distances measured along 
these. The levels were also set out at each corner. 
When the excavation had been carried to the re- 
(juired depth, and the slope of the bottom was correct 
(namely, a plane at right angles to the leg), pegs 
were put in for corners of each of the anchor-plates 
and driven to the correct levels. Between these 
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Fig. 45. Fiy. 46. 

pegs, to receive each plate, the surface was dropped 
3 in. and filled in with crushed coke to increase 
the electric conductivity between the plates and the 
earth ; on the top of this the cast-iron plates were 
placed and a copper strip 2 in. by } in. taken from 
each plate up to the base girders. The bolts were 
put through while the plates were on the packing 
timbers, the nuts put on, the cotters inserted, the 
nuts screwed back on to the cotters, and the plates 
dropped into position (Fig. 46) ; 6-in. boxes were 
then placed over the bolts, kept central by a packing 
at the top. A template was tixed at the top to in- 
clude the 16 bolts in the pit (Fig. 45), with a diagonal 
to secure rigidity, and the nuts screwed down tight 
on to the boxes, above which rested the template. 
All that was necessary to adjust the bolts was to 
fix the centre of the template and A and B on the 
diagonal centre line, and at the correct distance 
from the centre along this line, the levels, of 
course, being fixed by the anchor-plates beneath. 

The pit was then filled in up to the first Jayer of 
joists ; the level of these joists was very carefully 
marked, the joists placed in position and grouted 
in. When set, concrete was rammed between them, 
another layer of joists placed above, and concrete 
again rammed in, and brought to a clean surface 
with cement to a level of the top flanges of these 
joists. The boxes surrounding the bolts were cut 
down to the level of the joists, and the steel bed- 
plates placed over the bolts resting on the joists. 
This completed the foundations. 

The Superstructure. —Tais was commenced by 
building all the base girders on packings for the 
purpose of riveting, and then lowering them on to 
the steel bedplates. They were brought on to the 
site in two through segments and six short segments. 
The girders were adjusted into the proper position. 

Owing to the rake of the legs, the sides of the 
base girders do not follow the faces of the tower, 
but there is a set back of the inner corners ; a know- 
ledge of this fact was used in setting out these 
girders. 

When once properly in position, the nuts were 
tightened on the bolts, holding the girders fast. The 
first lengths of pillar were then erected all round 
by means of a derrick, and the bracing filled in; 
this being light, of four braced angles, was easily 


The segments of pillar, weighing about 6 tons 
each, were each lifted by a six-part rope tackle from 
a steam winch near the centre of the ground. The 
next lengths of pillar were then erec‘ed all round 
with the derrick and bracing filled in, bringing the 
legs up to the level of 58 ft. 6in., no propping 
being required, owing to the smallness of their 
rake. Some difficulty was experienced at first in 
keeping the legs in shape up to this level, the 
diagonal of the leg pointing to the tower centre 
tending to become elongated, but this was corrected 
by the addition of some diagonal leg bracing. 

The steel tape was then strung between two legs 
at the top, the centre dimension on the tape being 
marked, and the theodolite from the centre pier 
sighted on to the correct centre lines. The legs 
were then adjusted until they were 4 in. wide at 
the top, and the centre point of the tape was brought 













fixed by hand tackle. 


on to the centre lines by means of hydraulic jacks 


Fig.49/. 
380' Level. 






' 
| oo 

Hips vvwcedsopapeseidepaaigarmccqgapeara tery 
aivsdebcbuiieeanens 













Concrete Fibor on 7 irons B&3*% 








girders were fixed they were sighted on to with the 
theodolite, and, where necessary, adjusted ; the 
arches below the inner main girders were lifted 
from above and the spandrils filled in. The inter. 
mediate floor girders were lifted by a derrick at the 
centre on the ground and fixed, the floor joists 
placed on these girders bolted down, and the whols 
floor staged with 3-in. planks. 

At the 55 ft. floor, the level of the pillar tops 
being 58 ft. 6 in., the levels of the centre points of 
all the pillars were taken, and the maximum varia- 
tion was found to be gin. The required packings 
to bring these all to the same level were calculated, 
taking into account the temporary packings under 
the bases. The base girders were jacked up, and 
these permanent packings placed underneath each 
of the pillars. These varied from 0 to & in. 
The nuts were all tightened on the bolts for the 





last time, and the bolts grouted in. 
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placed under angle-iron brackets provided for the 
purpose on the base girders, which were then 
wedged and packed up and the nuts tightened. In 
this way the legs were adjusted all round. 

Main Girders —These girders, eight in number, 
joining the pillars between the legs at the 55 ft. 
level, were the first girders to be erected, the gallery 
girders below being fixed afterwards. They were 
lifted by tackle from the pillar tops, their weight 





being about 6 tons each. As soon as all these main 
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As soon as the 55 ft. floor had been planked, a 
rigid staging was erected in the centre, on which 
the theodolite was placed, and: very carefully 
brought on to the centre lines; these were then 
transferred on the three sides to the walls of 
buildings about half-a-mile away, permanently and 
plainly marked. The fourth side the mark could 
not be advanced, owing to the sea. 

On two adjacent sides observatories were fixed 
for the theodolite, from which the main girders 
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could becentred. This was found necessary owing 
to the shaking of the tower during construction, in 
the moving of heavy loads, and the working of the 
crane before the permanent riveting. 

The next lengths of pillars, from the heights of 
55 ft. to 85 ft., were then erected with a derrick 
on the 55-ft. staging, and the bracing to the legs 
filled in. 

The main and intermediate girders were also 
lifted by a derrick on the 55-ft. floor. The floor 
was then staged, the centre being carried by the 
lift framing. 

The lift guides were now placed in position from 
the 55-ft. floor up to this level, and a movable 
platform erected and fitted to these guides. It 
consisted of a wooden trussed girder, as shown in 
Fig. 47. On this platform the crane was erected. 

Crane.—This was of the Scotch derrick type, made 
by Mr. Smith of Rodley, and driven by an electric 
shunt-wound motor from a gas engine and dynamo 
in the cellars of the Aquarium adjoining the Tower 
site. The crane was capable of lifting 44 tons at a 
radius of 43 ft. (this being the weight of the heaviest 
piece to be lifted above this level), and could fix all 
the next floor, except the four outer pillars, which 
lengths were erected by a derrick, the derrick being 
placed into position by the crane. The platform 
was made to slide on the lift guides, carrying with 
it the crane, in all weighing about 18 tons, and was 
lifted from bay to bay as follows. 

Previously all the girders and legs up to the floor 
above were fixed, and the lift guides to 4 ft. above 
the floor ; a pulley was placed ona bracket specially 
made to fit the top of each lift guide, and a snatch 
block was fastened on each side of the crane plat- 
form (Fig. 48). A steel wire rope was made 
fast to the top of the lift guides, the other end 
being passed round the blocks on the crane plat- 
form, and round over the top of the lift guides. 
To the loose end of this was attached a balance- 
weight of 4} tons on each side, balancing the 
weight of the crane and platform. To lift the 
crane, all that was required was a light ?-in. rope 
tackle, carried down to the winch, the actual opera- 
tion of lifting being performed in from 15 to 20 
minutes. During lifting, the back legs were re- 
moved, and an auxiliary wrought-iron backstay 
used; near the top, where the work was much 
lighter, this auxiliary backstay was used by itself 
for fixing. 

The method of carrying up a bay was as follows : 

A steam winch lifted the material to the floor 
below the crane; the crane then picked up the 
pillars in two segments and fixed them in two legs. 
The main girders were erected by the crane lifting 
them from the centre ; this was done on one side, 
then the backstays to the crane were moved over 
and the remaining pillars and girders fixed. The 
diagonal tie-rods were placed in position ; the 
centres of the girders marked and drawn by the 
tie-rods on to the centre lines, the tie-rods being 
then tightened and the bracing placed in the legs 
all round by hand tackle, also the bracing on top 
and bottom of the main girders. The lift guides 
were fixed to 4 ft. above the next platform, and 
the balance-weights raised into position for the 
next lift of the crane. 

This crane was used for fixing up to the 435-ft. 
level, above which a light derrick was worked fromthe 
barrel of the crane. This is the first instance of an 
electric crane being used for this purpose. During 
construction the men were hoisted in a temporary 
cage running between wire guides up the centre of 
the tower, with oak guides on the cage. The guide 
wires were used for an electric circuit by means of 
which an electric bell for signals could be rung at 
the winch from the cage. The main winch for 
lifting was also controlled by electric signal from the 
top. A telephone was carried up to each level with 
the crane, and a speaking tube to the landing floor. 

During construction every precaution was taken 
for the safety of the men. Wire nets were fixed 
all round the tower 25 ft. out from the sides, also 
the floors of several of the bays were covered below 
the planking. The riveters’ stagings were sur- 
rounded with netting; this was found absolutely 
necessary owing to the close proximity of the streets 
and houses. 

The work of erection was very much hampered 
throughout, owing to the smallness of the ground, 
which was occasioned by the surrounding buildings 
being carried on at the same time, a large quantity 
of the material having to be stowed at the goods 
yard, but, owing to the untiring energy of the 
very competent staff, this difficulty was minimised. 


The work of erection up to the 55-ft. floor was 
conducted, on behalf of Messrs. Heenan and 
Froude, the engineers and contractors, by Mr. 
W. Gilbert, but on his leaving to take charge of 
the Wembley Tower works, Mr. F. D. Coleman 
took charge at Blackpool, and carried the work on 
to its successful completion. Messrs. Maxwell and 
Tuke were the architects, 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

In our last issue we gave an account of the open- 
ing proceedings at the recent Paris meeting of the 
Institution of Naval Architects, which was held 
last week under the presidency of Lord Brassey. 
When we wrote, the meeting was only commenc- 
ing, the first sitting only for the reading of papers 
having been held. Although it was to be seen at 
that early date that a programme of unusual interest 
had been prepared, no idea could have been formed 
of the brilliance of the gathering, and the generous 
hospitality which was to be displayed by all con- 
nected with the reception of the Institution. The 
early date at which we wrote must be our excuse 
for having been led into some misconception as to 
the part taken by our French hosts in the work done 
in connection with the reception of the Institution. 

As we stated, the Minister of Marine himself, 

Vice-Admiral Besnard, was the honorary presi- 
dent of the reception committee, Vice-Admiral 
Charles Duperré being a most active and untiring 
president. Where so many worked with such 
generous zeal, it seems invidious to mention any 
names without including the whole list of those 
acting on the reception committee, but we cannot 
help noticing the exertions of M. Bertin, who not 
only devoted himself for weeks beforehand to the 
arduous duties which were necessary to the success 
of the meeting, but by his courtesy and never- 
tiring good-nature throughout the proceedings made 
every member who attended the meeting feel that 
the welcome extended was prompted by a desire 
that all should enjoy their visit to Paris to the 
fullest extent. The same thing may be said of 
M. le Comte de Dax, the secretary of the Société 
des Ingénieurs Civils, and, indeed, to a greater 
or less degree of nearly all who gave their ser- 
vices so ungrudgingly to promote the enjoyment 
of their English visitors. It is difficult to speak 
upon this matter in adequate terms, and, indeed, 
anything that could be said would fall short of the 
occasion. Admiral Duperréand his colleagues may 
feel assured, however, that the reception accorded 
to the Institution will never be forgotten by those 
who attended the meeting, and that the record of 
the summer session of 1895 will always be one of 
the pleasantest chapters in the history of the In- 
stitution. 
We will first deal with the more exclusively 
business part of the meeting, that is to say, the 
sittings for the reading and discussion of papers. 
On Wednesday, June 12, the second day of the 
meeting, the members assembled again in the 
Sorbonne, but this time in the old amphitheatre, 
as that was more adapted for the lantern views 
which were to be exhibited in connection with M. 
Bertin’s remarks on the analysis of simple move- 
ments of pitching and of rolling of warships. We 
shall endeavour shortly to publish engravings made 
from the photographs by means of which the 
speaker illustrated his remarks ; and we shall also 
give an epitome of the lecture which accompanied 
the illustrations. 


THe VoLumE or Suirs. 

The next business was the reading of M. V. 
Daymard’s paper ‘‘On the Utility of Making the 
Calculations of the Total External Volume of 
Ships, and of Drawing out the Complete Scale of 
Sohdity, from the Triple Point of View of Tonnage 
Laws, Stability, and Load Line.” At the request 
of the author, the paper was read by Mr. Holmes. 

As we shall print M. Daymard’s contribution in 
full at an early date, it will suftice fcr the present 
to say that the author, in view of the confusion 
that exists from the great divergences in tonnage 
rules, proposes to solve the problem by considering 
the whole external volume of ships. He states 
that this system of the unification of tonnage rules 
would result in no one having to pay heavier dues 
than now exist. The point of departure, in making 
the calculations, would be the total external volume 
without any deduction, but the divisor would be 
increased. Instead of 2.83 for cubic metres, or 








100 for cubic feet, he would use, for example, 


divisors of double value. In this way a figure would 
be arrived at proportional to the bulk of the ship, 
in relation to which it would be reasonable to fix 
the dues paid on the gross tonnage. The taxes on 
net tonnage would be computed in exact propor- 
tion to the tonnage of goods loaded or discharged. 
In regard to fixing the load line, the most im- 
portant element is the percentage of reserved 
buoyancy. This could be determined by a com- 
plete scale of external displacement constructed 
from the calculation of the total volume. 

The discussion on this paper was opened by 
Mr. B. Martell, who said that all naval architects 
must be indebted to M. Daymard for so courage- 
ously grappling with a very difficult question. 
If the author could solve the problem of ton- 
nage for dues he would earn the gratitude not 
only of dock companies, but shipowners. Mr. 
Martell, however, did not appear from his remarks 
to be very sanguine that the author would be 
entirely successful if he made this effort. There 
had been, he said, committees of able and eminent 
men sitting in England for weeks and months, and 
yet they had been unable to arrive at a conclusion, 
The difficulty was that no fresh proposal could be 
brought forward, at least so it appeared, that would 
not involve as many anomalies as it swept away. 
The divisor of 100 referred to was adopted 
because it would not interfere with commerce, and 
not for any scientific reason. Morsoom’s rule in- 
volved no alteration in the amount of tonnage on 
the British register, and Great Britain was at the 
head of the list. In regard to negative tonnage, which 
the author had mentioned, the speaker considered it 
a scandal that the possibility of such a thing 
should exist. Many of the anomalies in regard to 
tonnage arose from the fact that in the case of 
steamers it was felt that the space for propelling 
purposes should not be taxed, as in such space 
cargo could not be carried. It was also undesirable 
that anything should be done to check the pro- 
vision for the comfort and safety of the crew. Ifa 
bigger engine-room were made, these features were 
secured, and shipowners should not be out of 
pocket for making adequate provision for those 
they employ. Whether the right proportion of 
allowance had been adopted, was another question, 
whichshould be discussed separately, but, for his own 
part, he did not see how they would get a better 
rule. In regard to the freeboard question, upon 
which the author had touched, Mr. Martell pointed 
out that he and his staff had previously carried out 
the suggestion put forward by M. Daymard. They 
bad obtained drawings of hundreds of ships, and 
from them had adduced a coefficient of fineness. 
The committee came to the unanimous conclusion 
that they could use the coeflicients arrived at, which 
were practically the same results as M. Daymard 
proposed. Shipowners had previously said that it 
was impossible to fix a load-line by rule, and asked 
that they might be allowed to fix their own Joad- 
line, untrammelled by regulations. There were so 
many complications, they said, that it would be im- 
possible to arrive at any general conclusion. Nesults 
had shown, however, that by grappling with the 
difficulties strenuously it was possible to overcome 
them, and the law was now found to work well. 

Mr. A. Denny agreed with the previous 
speaker that any alteration in the tonnage laws 
would be a matter of great difficulty. It was a 
purely commercial question, and therefvure one 
extremely delicate to meddle with. M. Daymard 
had said that by his proposals no one would pay 
more tonnage dues, but some would pay less. That, 
however, would introduce a complication, as the 
matter was one of competition between shipowners, 
and if a new ship paid less dues than an old one, it 
would be able to compete on more favourable terms, 
and naturally the owner of the old ship would 
object to this. In regard to what had been said 
about negative tonnage, he thought he might say 
that no ships were now built that measured 
nothing. The anomaly arose throvgh a defect in 
the law. It was a very delicate matter, as had 
been shown, to interfere with tonnage laws, and he 
thought that the world would have to wait until 
human nature changed before anything was devised 
which would ke generally satisfactory. In regard 
to the freeboard question, great credit was due to 
Mr. Martell and those who worked with him for 
evolving areasonable rule for freeboard. It worked 
well in all caves, excepting that of large ships, 
where it entailed too great a height of freeboard 
being adopted. The freeboard question was not 








only one of reserve of buoyancy, but the height of 
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platform had also to be taken into consideration. 
He thought that if another committee were to sit 
it would be found that there were many points that 
could be altered with advantage. 

Lord Brassey, in summing up the discussion, 
endorsed the opinion that uniformity of tonnage 
rule was much to be desired. 

M. Daymard briefly replied, pointing out that 
he wished to suggest general principles by his 
paper. He regretted Sir Edward Reed was not 
present, a sentiment in which all his colleagues 
most heartily joined. Sir Edward was as well 
known, almost, in France as in England, and more 
especially by his excellent book on shipbuilding in 
ironand steel. He wished to take that opportunity 
of expressing to Sir Edward the universal esteem in 
which he was held in France, and the sympathy of 
all French naval architects for the cause which 
prevented him from being present. 


Licut Scantiine STEAMERS. 

Mr. Martell’s paper “On Light Scantling 
Steamers” was next read. We shall print Mr. 
Martell’s paper in full, with the illustrations, at an 
early date. Without the latter it would be difficult 
to give a useful abstract of this contribution, and 
for the present it must suffice, therefore, if we 
say that it gave, in brief, particulars of a large 
number of light-draught vessels that had been con- 
structed by various builders. The paper was 1n- 
tended to be complementary to that contributed by 
Mr. Rickard at the spring meeting of the Institu- 
tion. The latter had, it will be remembered, said 
that it was possible the registration societies would 
at some time turn their attention to the construc- 
tion and classification of very light-scantled vessels 
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for river purposes. Mr. Martell had been ‘‘ con- 
siderably startled” by the remarks, and held that 
his paper proved that the committee of Lloyd’s 
Register were prepared to undertake the survey 
and classification of vessels intended for every 
purpose of commerce, whether the scantlings are or 
are not in accordance with its rules for vessels in 
general trade. 

Dr. Elgar was the first speaker in the discussion 
on this paper. He said that the thanks of the 
Institution were due to the author for the mass of 
useful information contained in the paper. Those 
who were engaged in the design of these special 
vessels would appreciate the difficulty in getting 
information in regard to details of construction, 
and for this reason the contribution would form an 
especially valuable addition to the Transactions of 
the Institution. Dr. Elgar wished to point out the 
great importance of bulkhead division, and, for light 
scantling vessels, that there ought to be considerable 
subdivision, as it would make the structure stiffer, 
and also reduce vibration ; putting aside the ques- 
tion of safety. Unfortunately in this class of 
vessel the tendency was to reduce the number of 
bulkheads. Some passenger vessels were built that 
carried hundreds or even thousands of passengers. 
He would call attention to one of the vessels illus- 
trated in the paper. In this any two divisions 
might be opened to the access of water without 
the vessel sinking. He was glad to see Mr. 
Martell’s statement that Lloyd’s were prepared to 
classify these vessels. Some shipbuilders thought 
that Lloyd’s were rather hard on them when they 
had to classify light scantling vessels. But it was 
to be remembered that the Registration Society 
had a great responsibility thrown upon them. He 
had had to do with Lloyd’s in connection with the 
vessel he had already referred to, and which was 
illustrated by the author. This vessel, we under- 
stand, is the Thames steamer Marguerite. Dr. 
Elgar said that in all his communications with Mr. 
Martell he had found him neither difficult to deal 
with nor unreasonable. 

Mr. A. Denny said he deeply deplored that any 
registry oftice whatever should have to do with this 
special class of boat. He frankly confessed he re- 
gretted that years of work and experience, which cost 
builders dear, should be made public in this way. 
That might be considered a mean thing to say, but 
if so, it was human nature. He thought he recog- 
nised some of the vessels illustrated by the author. 
Two of them were cross-Channel steamers, engaged 
in the same trade. But it would be noticed that 
there was a great difference between the scantlings, 
and yet both were classed. The reason one of these 
steamers was classed at all was a pure question of 
insurance, the vessel being classed after she was 
built. That was the case in many instances. The 
vessels were classed simply that they might be 
insured, and not that the owners required any 
guarantee. If, for instance, such a firm as that of 
Messrs. Yarrow and Co. were to build a steamer, 
no owner acquainted with the subject would think 
it necessary that the vessel should be built under 
Lioyd’s inspection, in order that he might ba 
assured the work were well done, the name of the 
tirm being sufticient guarantee in this respect. 

Mr. Yarrow was the next speaker. He said that 
the literature on the subject of light scantling 
steamers was so limited that the thanks of the 
Institution were due to Mr. Martell for his paper, 
more especially as the illustrations given were not 
merely fancy drawings, but represented actual 
vessels. Among the boats illustrated was one which 
he had had the honour to build for the French 
Government. It was interesting from the fact that 
it was built in sections, which were to be bolted to- 
gether after being put afloat. The speaker here 
made a sketch, by which he illustrated the 
method in which this was done. The hull was 
divided by bulkheads into four parts, each part 
being, as it were, a small vessel or pontoon 
in itself. When these parts were brought together, 
there was naturally a double bulkhead at each 
division. The sections were launched separately 
and set afloat. Round the edge of the bulkhead 
holes were made, through which bolts could be 
inserted. When the sections were launched, water 
naturally flowed in through these holes along the 
bottom edge, and, in order to prevent the section 
sinking, the floor next to the bulkhead, that is to 
say, the end floor of each section, was raised some- 
what. The water was thus contained between the 
bulkhead and the floor, and naturally was small 
in quantity. When the sections were brought to- 





gether, men were able to put their hands beneath the 
surface of the trough of water thus made, and set 
up the nuts on the bolts. This being done, it was a 
small matter to pump out the small quantity of water 
contained. The advantage gained by this sectional 
method of construction was that delay in putting 
the boat together did not occur, as it would if the 
plates and frames were sent out without being 
riveted together, after the manner so often followed. 
The sections were 18 ft. by 12 ft. long, and the 
floors to confine the water were 15 in. deep. They 
had built two boats on this system for the British 
Government, their contract being they should be 
put together in 24 hours. They had started the 
official trial to prove this at six in the morning, and 
had the boat running under steam by one o’clock 
the same day, or seven hours in all. That wasa 
100-ft. boat. 

Mr. Quelch said he had designed two steamers 
to run between London and Paris. Mr. Denny 
had expressed a wish that Lloyd’s should have 
nothing to do with light-draught steamers, but the 
speaker’s wish was the reverse to this, and was based 
upon experience. When he started to design these 
boats, it was said to him that, as they were not re- 
quired to cross the Atlantic, they should be of 
lighter scantling than other sea-going vessels. He 
took an opposite view to this, and reasoned that 
as they were to cross the Channel as well as run on 
the Thames and Seine, they should be built so as 
to make the voyage in all weathers, and not have to 
take shelter if the sea were rough. There was 
also another consideration which arose in connec- 
tion with river boats: they are liable to ground 
on shallows, and this had occurred on the Seine. 
For this reason he had made the first boat stronger 
than Lloyd’s 100 Alclass. The result was that 
though the steamer had frequently taken the 
ground, no damage had occurred. In the second 
steamer he still further increased the strength of the 
scantling. It was worthy of note that if he had not 
had the support of Lloyd’s Society he, possibly, 
would not have been able to cope with the ten- 
dency of owners to lighten scantling, and the re- 
sults might have been disastrous to underwriters. 

Mr. Martell, in replying to the discussion, said 
he was obliged to Dr. Elgar for his remarks, and 
perfectly agreed with what he had said as to the 
desirability of subdivision by bulkheads for pas- 
senger steamers. Difficulties were made by owners 
in this respect, but he would point out it was 
easier to subdivide a passenger steamer than a 
cargo boat. The difficulty was with the saloon ; it 
was said that bulkheads could not be placed 
here, but Dr. Elgar had overcome this difficulty 
in a very effective manner. A vessel built by the 
Fairfield Company, of which Dr. Elgar was a direc- 
tor, had gone ashore coming round from the Clyde 
to the Thames. This was the passenger steamer 
Koh-i-Noor, and she would have gone to pieces, 
undoubtedly, had it not been for the subdivision 
by bulkheads. After the terrible disaster to the 
steamer Princess Alice, by which so many persons 
lost their lives, the bulkhead question was very 
forcibly brought forward, and Mr. Martell then 
said he could see no difficulty in efficiently sub- 
dividing these light passenger boats. The horror 
of that terrible catastrophe had, however, died 
away with time, and the question ceased to attract 
the same amount of attention. He saw present a 
gentleman—Mr. Swann, of Armstrong’s—who had 
then shown him a drawing illustrating how a vessel 
of that class could be designed with efficient bulk- 
heads. Mr. Martell thought that if the Board of 
Trade would make a regulation enforcing bulk- 
heads, it would be far better than some of the laws 
they now made. In regard to what Mr. Denny 
had said, it was well known that he always spoke 
openly and with nothing to conceal. This was 
the more satisfactory as what was said boldly 
could be grappled with. Mr. Denny, however, 
was wrong in supposing that the boats illus- 
trated were those which he had in his mind, the 
two vessels referred to being intended for dissimilar 
purposes, and were engaged in different trades. 
One was a river boat purely, and could, therefore, 
be built with light scantling, whilst the other 
was intended for sea work, aud so had to be of 
stouter construction. That accounted for the dif- 
ference in scantling. It was said that Lloyd’s should 
have rules with regard to these vessels, but no hard 
and fast line could be drawn, and their reason for 
going into the subject was that they could appor- 
tion different forms of construction to different 





services. Mr. Denny here interposed, saying he 


felt sure that one of the ships to which he had 
made reference was the vessel built by his firm. To 
this observation Mr. Martell replied, ‘‘ No; you are 
mistaken.” Continuing, Mr. Martell said he was 
sorry Mr. Denny should disapprove of his paper 
and the making public of information. Sir Edward 
Reed some time previously had, however, given it 
as his opinion that Lloyd’s should advise shipbuilders 
in cases of construction of novel kinds. The Ad- 
miralty had also been criticised for their reticence 
in matters of professional interest, upon which 
they did not give information they had obtained by 
means of experiment. Now that he had taken 
that course, and had made public questions of profes- 
sional interest, objection was raised to the step. 
Mr. Martell considered, however, that in the pre- 
sent day things could not be hidden up, and it was 
no good for people to try to hide their heads in the 
sand. For his own part, within 24 hours he could get 
information upon the particulars of any ship built in 
this country. Mr. Yarrow had said to him, when 
he asked for details of the vessels built by his firm, 
that he could have all the drawings in his office if 
he wished. That was characteristic of the liberality 
which always distinguished Mr. Yarrow’s conduct, 
and it was a happy contrast to the procedure ob- 
served by many other people. 

Lord Brassey, in proposing a vote of thanks to the 
author, said they had had a most instructive paper 
and lively discussion. Whether members could 
bring their imaginations sufficiently into play to 
picture Mr. Martell as an ostrich, was a point 
which he could not decide. But, at any rate, he, 
he author, was far from trying to hide any infor- 
mation that he possessed. 


THE CoMBINATION OF BoILERS OF DIFFERENT 
SysTEMs. 

The last paper taken on Wednesday was a con- 
tribution by M. Pierre Sigaudy, engineer-in-chief 
of the Forges et Chantiers de la Méditerranée, 
entitled ‘‘On Coupling Boilers of Different 
Systems.” This paper we shall print in full 
shortly. In it the author gave particulars of a tug- 
boat, built by the Société des Forges at Chantiers 
for the Chamber of Commerce of Bayonne. 
This vessel is fitted with a boiler of the ordinary 
return-tube type, and also with a water-tube 
boiler of the Normand type. The conditions 
were that steam should be raised in 30 minutes, 
it being an important point that a tug boat, 
especially when required for salvage purposes, 
should get away quickly. The boat is fitted with 
paddle-wheels. The speed was to be 11 knots, and 
the coal consumption not to exceed 2.1 lb. per 
horse-power per hour. No special arrangement had 
been made for the steam and feed pipes, one single 
pipe making the communication between the two 
boilers, with a branch to each engine. The feed 
pipe is common to both boilers, and communicates 
with two independent feed pipes placed at the side 
of the engine-room. A single pump was worked 
during the trial. The boilers gave no trouble, the 
pressure remaining steady. No difficulty was found 
with the feed. The time for getting up steam with 
the Normand boilers was from 22 to 23 minutes. 
The coal consumption was 1.81 lb. per horse-power 
per hour with briquettes. 

Mr. J. I. Thornycroft opened the discussion, 
complimenting the author on his paper, which he 
said gave a very clear account of an interesting 
experiment. The present time he looked on as a 
critical one in what might be described as the 
battle of the boilers. The water-tube boiler was 
coming forward with rapid strides, but it was some- 
thing new to most people, and many had a fear of it. 
This made it desirable that the change should 
be effected from the old boiler to the new as 
gradually as possible. In the boiler adopted 
by the author the steam was not checked in 
its ascent, as in some boilers, such as, for instance, 
those of the Belleville type. On the other hand, 
the fluctuations of pressure in the engine due to its 
working would affect the pressure in the boiler more 
than would be the case with the Belleville boiler. 
In the speaker’s works they had an installation of 
steam-raising somewhat similar to that described 
by the author, using a combination of water-tube 
boiler and ordinary shell boiler. Steam was used, 
amongst other purposes, by a steam hammer, so 
that sudden and large demands were made for 
steam at uncertain times, and for this reason they 
had to make special arrangements to meet the re- 
quirements of the case. It was always necessary 





to note, in connection with this point, the speed of 
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revolution of the engines. He thought it would be 
interesting if M. Sigaudy wonld give the results of 
working with the Normand boilers alone. 

Mr. Yarrow, who followed, said that though the 
paper was shortit was very interesting, and mightlead 
to important results. The ordinary boiler possessed 
the advantage of the men being accustomed to its 
working, whilst the water-tube boiler was some- 
thing new. He referred to certain cruisers now 
being built for the Dutch Government. They had 
machinery capable of exerting 9000 indicated horse- 
power, but in ordinary cruising they would use but 
2000 indicated horse-power. The boilers consisted 
of a combination of water-tube and shell boilers, 
the latter being capable of generating sufficient 
steam for ordinary cruising. There were, in addi- 
tion, eight water-tube boilers, each of which could 
ba forced to give steam sufficient for 1000 indicated 
horse-power. 

M. Normand, who was next invited to speak, 
said that he had very little information to give on 
the combination of the two descriptions of boiler, 
his own being one, dealt with in the author’s paper. 
Mr. Thornycroft was quite right in saying that the 
easiest way of getting the water-tube boiler adopted 
was by putting it with others of a better known 
class. The Dutch boats referred to by Mr. 
Yarrow were screw steamers, and, therefore, would 
run fast, but with slower running paddle-wheel en- 
gines a larger draught of steam would be taken at 
each revolution, if the same power were developed. 

Sir William White, whose appearance was very 
heartily greeted by the meeting, said that in the 
absence of the Engineer-in-Chief to the Royal 
Navy he would like to say a few words on the de- 
sign of the Powerful and Terrible. It had been 
suggested in more than one quarter that the Ad- 
miralty authorities would have been wiser had they 
adopted the combination principle for the boilers 
of these large cruisers, instead of using those only 
of the Belleville type. He was at liberty to inform 
the meeting, however, that the plan of using a 
combination of return-tube boilers and water-tube 
boilers had been thoroughly considered at White- 
hall, plans in detail having been drawn out show 
ing all the arrangements. After mature deliberation, 
however, it was determined that the system was 
not one desirable for these ships, and it had not 
been adopted. Their decision might be challenged, 
and it had certainly been very fully discussed in 
England, but it had been well considered. The 
general principle had already been adopted in the 
Navy, quick-steaming locomotive boilers having been 
associated with those of the return-tube type. This 
the speaker had suggested some years ago ; and if 
it had not been for the mishaps with the locomo- 
tive boilers of the Polyphemus, no doubt it would 
have been followed out ; as it was in the Italian 
warship Lepanto. At that time he was acting as 
assistant to Sir Nathaniel Barnaby. 

The President next proposed a vote of thanks to 
the author, and Mr. Sigaudy having replied in a few 
brief words of thanks, the sitting terminated. 


Tue Cost or WarsuHIPs. 

The third and last sitting for the reading of 
papers was held in the Sorbonne on Thursday, 
June 13, Lord Brassey again presiding. The first 
paper on the list was a contribution by Professor 
Francis Elgar, LL.D., ‘‘Onthe Cost of Warships.” 
This we shall print in full shortly. This contribu- 
tion was full of interest, the figures given by Dr. 
Elgar being of great value. After referring to 
the old method of keeping account of cost, the 
author showed how, under the new system, which 
has been introduced of late, it was possible to 
find what was actually the cost of any given vessel. 
The wisdom of introducing the new system 
was plainly indicated by the reduced cost of later 
ships. From the figures given it would appear 
that the difference between the cost to the Ad- 
miralty of dockyard work and of contract work has 
been reduced from 91,9751. on the hulls of battle- 
ships of the Royal Sovereign type to 23,544I. in 
the Magnificent type. Nothing that is known 
about the differences between the ships, is, the 
author said, sufficient to account for this amount of 
reduction, and ho was unable to explain it. The 
difference between the cost of the dockyard ships 
and of the contract ships was shown to be much 
greater in regard to battleships than in any other 
class of vessel, The average cost of the hulls of 
four dockyard ships mentioned was 331,454l., ex- 
clusive of armour on bulkheads, barbettes or 


an average cost of four contract ships amounting to 


423,4921. Some correction has to be made to these 
figures, as stated in the paper. ‘The author also 
deals with other classes of war vessels, such as 
cruisers, gunboats, &c., but for the detailed figures 
we must refer our readers to the paper, which we 
shall shortly publish in full. 

Captain Jaques, late of the United States Navy, 
was the first speaker. The author had said that in 
England the cost of armour in warships was increas- 
ing, but this was not true of the United States, 
where the cost of protection was growing less. The 
speaker referred to the desirability of using nickel 
steel for ship construction, and predicted that 
before long there would be nickel-steel fleets, pro- 
tected by nickel-steel armour. 

Sir Nathaniel Barnaby said that a good many of 
the ships referred to by the author had been built 
when he, the speaker, was Director of Naval Con- 
struction. Though he was not directly responsible 
for the cost at which vessels were built, as Dr. 
Elgar was when he held an official position at the 
Admiralty, yet it was a question in which he was 
deeply interested. He could not complain of the 
tone of the paper. It bore evidence of having been 
prepared with care not to wound the feelings of 
those criticised. There were many points to be 
taken into consideration in estimating the cost of 
vessels, and one thing which had escaped the 
attention of the author was the disturbance 
caused by the change from muzzle to breech loading 
guns during the building of many of the ships. 
This entire change in guns had necessitated 
great alteration in the construction of the vessels. 
Mountings were altered, fittings were reconstructed, 
decks had to be newly laid, and a large part 
of the structure of the ship was, in fact, affected by 
the different form of gun. The delay was enormous ; 
they would be finishing a vessel for particular guns 
when the change of armament was ordered, and 
the new guns had to be put in the ships, with a 
consequential change of a large part of the vessel’s 
details. It might seem to some not an important 
thing, so far as the ship’s structure was concerned, 
whether the loading was by breech or muzzle, but 
those concerned in these matters knew that was 
not the case, and the effect on the cost was very 
considerable. He did not say this by way of com- 
plaint ; people acted according to their honest con- 
victions, and every one was trying to do his best. 
It was now known that we in England had taken 
&@ wrong course, and we had to pay for it. In 
France the engineers and artillerists had been 
more farseeing, and thus escaped the error into 
which we had fallen. 

Mr. A. E. Seaton said that the paper just pre- 
sented was the first in the annals of the Institu- 
tion in which an attempt was made to introduce 
the function of cost. That, however, was a factor 
which shipbuilders had ever before them, and their 
scientific equilibrium was often upset by it. There 
was one omission in Dr. Elgar’s paper which was to 
be regretted, although it wasnot altogether unlooked 
for. The author had pointed out how the cost of 
ships built for the Royal Navy had been reduced 
during recent years, but he had quite failed to indi- 
cate how much of that reduction in cost, and the 
salutary reforms that had been introduced in the 
Royal Dockyards, had been due to his, the author’s, 
own exertions and wide practical experience when 
filling the position of Director of Dockyards. Twenty 
years ago Mr. Seaton had served under Dr. Elgar, 
and had then found that he was not only an able 
scientific man, but one of great business capacity. 
In comparing the cost of ships built in the Royal 
Dockyards and by private firms respectively, it was 
not to be forgotten that there was the discipline in 
the Government establishments which could not be 
obtained in the private yards. In the former there 
was control over the workmen, and, therefore, 
labour troubles hardly arose. Just lately it 
was true there had been some little difficulty, 
but it was of so slight a nature that it caused 
hardly any inconvenience. In making reference 
to the question of cost, Mr. Seaton spoke with 
some reserve, as his firm was one of the three 
which had been under the unpleasant necessity of 
asking for arbitration as to the cost of war vessels 
built for the English Admiralty. Dr. Elgar had 
taken his figures from blue-books and other official 
sources open to the public ; if, however, he could 
have had access to other books not open to the 
public, he mighthave arrivedat a somewhat different 
conclusion in regard to the actual cost of the vessels 





turrets, casemates, and conning tower, as against 





built. The speaker believed that the firms who 


had constructed the big battleships had done 
very well. The Royal Sovereign had been pushed 
forward with the greatest energy, and those building 
similar vessels were able to get their information as 
to details of construction as they wanted it. 
Indeed, some of the firms had observers always on 
tne spot. The work, therefore, could hardly be 
described as new to them. With the first-class 
cruisers, however, the builders were not in the 
same happy position ; they got ahead of the dock- 
yards, and did not know how to proceed. They had, 
therefore, to stand still, or, if the overseer allowed 
them to go on, the work frequently did not meet 
with the approval of all the authorities that had to 
be satisfied, and, therefore, they had to pull it down 
again. That brought them to the position of 
the dockyard of old times, for they did not 
know where they were. There was another point 
to be taken into consideration in estimating 
the relative efficiencies of private and Government 
yards. The Naval Defence Act brought an enormous 
number of ships on to the stocks, and the material 
of which they were built came often from a com- 
mon source. In getting this material passed it was 
natural that the Admiralty officials should give pre- 
ference to that intended for the dockyards, so the 
contractors had to wait. The country was to be 
congratulated on the acquisition of the splendid 
fleet that the Naval Defence Act had produced, 
but it was well to remember that fleet was provided 
largely at the expense of the builders of the ships. 
The contractors for the second-classcruisers suffered, 
he believed, as much proportional loss as those who 
constructed the first-class cruisers, although their 
complaints had not been equally loud. Speaking on 
the scope of Dr. Elgar's contribution generally, the 
speaker was of opinion that papers on cost might 
with advantage be more frequently considered. It 
was a question quite within the scope of professional 
practice The best shipbuilder he looked on as the 
man who could make the best ship at the least 
price. That the private contractor, with his limited 
staff and limited appliances, could compete with 
the Government, was, not only a matter of pride, 
but the best test of ability. 

Mr. Bienaymé, who spoke next, said he had listened 
with the liveliest interest to Professor Elgar’s re- 
markable memoir, which contained most valuable 
information. ~ In France the cost of warships, 
whether constructed in the national dockyardsor by 
private firms, was practically the same, and in no 
case were there such differences in cost in France 
as those instanced by Professor Elgar. Mr. 
Bienamyé had been much struck by these dif- 
ferences when, more than two years ago, being 
then Directeur des Matériaux au Ministére de la 
Marine, he had compared the costs of the 
different ships as given in the Naval Estimates 
of 1893-94, and had found discrepancies which, 
on comparison with those usual in France, ap- 
peared inexplicable. Professor Elgar had shown 
very clearly the reasons for these differences, and 
it would thus appear that the practical equality in 
the cost of State-constructed and contract ships in 
France arose from the practical identity in the 
equipment and the conditions of work in both the 
State and the private yards. To his regret he had 
to admit that the conditions under which this class 
of work was executed in France were much less 
favourable than those under which the English 
yards worked, and that it was necessary, both in 
the case of the State and the private workshops, to 
follow the example of their English friends, and if 
rapid and cheap construction was to be accom- 
plished, to make those ‘sacrifices which the latter 
had been wise enough to impose on themselves, 
and of which the need had been demonstrated. 
For his own part, he thanked Professor Elgar for 
his paper. 

r. Martell called attention to a paragraph in 
the paper referring to the lowering of cost of 
production in Government-built veesels. It had 
been said, Mr. Martell reminded the meeting, 
that this decrease of cost was due to inferior work. 
Statements to this effect were made largely in the 
daily press, and for some time the report had caused 
considerable anxiety to the Admiral Superinten- 
dent of Chatham Dockyard. In consequence the 
Admiral had asked him to visit the dockyard, and 
inspect the ships there under construction. The 
result of this investigation was that he found the 
work then under construction was of a thoroughly 
efficient and trustworthy nature, and that the 
reports were entirely without foundation. 





Lord Brassey, in proposing a vote of thanks to 
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the author, said that in the paper there was brought 
together a mass of statistics such as had never 
been collected before. He, himself, had occupied 
@ position at the Admiralty which had necessitated 
his giving attention to the subject of cost; but 
then, even in his official capacity, he had not had at 
his command such material to work upon as ap- 
peared in the paper. They had to be content with 
a rough estimate in making any comparison, and 
their general conclusion was that ships cost in the 
dockyard about 10 per cent. more than in private 
yards. Since then, however, the steady improve- 
ment in administration which had been commenced 
by Sir Nathaniel Barnaby, and so ably followed up 
by his successors, had brought the cost of vessels, 
built in Royal dockyards and private shipyards 
respectively, approximately to a level. This, 
perhaps, did not appear to be the case by the 
figures quoted, but the sums lost by contractors 
should be taken into consideration, and in the case 
of the dockyards the special circumstances of a 
State nature which arose should be considered, so 
that the figures in either case were brought to a 
level. It was evident what should be the policy of 
administrators under these circumstances. Those 
who have control must be politicians, and in the 
large sums spent working men would demand that 
a part should go to the private trade. This was 
a matter that could not be resisted. 

Dr. Elgar, in replying to the discussion, said 
that he would only say a few words in confirmation of 
that which had fallen from Sir Nathaniel Barnaby 
in regard to the difficulties with guns. Judging 
from an examination of the records he found when 
he first occupied his post at the Admiralty his 
wonder was, not that Mr. Barnes, his predecessor, 
should have had difficulty in constructing ships, 
but he could only wonder how he got the ships 
built at all. 

Water-Tuse Borers. 

The last two papers read at the meeting were on 
the subject of water-tube boilers ; they were dis- 
cussed together. The first was by M. Augustin Nor- 
maid, and was entitled, ‘‘On some Necessary 
Conditions for Resisting Intense Firing in Water- 
Tube Boilers.” The other paper was by Mr. Mark 
Robinson, and was on the Niclausse boiler. These 
papers we shall publish in full, together with the 
illustrations, shortly. It is very much to be regretted 
that more time was not available for their dis- 
cussion, The question of water-tube boilers is one 
of the hour, and no place could have been more 
appropriate for its consideration than Paris. With 
s0 many competent authorities present, such as 
Messrs. Thornycroft, Yarrow, Seaton, Normand, and 
several others, a most interesting and instructive 
discussion might have taken place had time per- 
mitted. Unfortunately this was not the case, Mr. 
Thornycroft being practically the only speaker, 
and even his remarks were broken off owing to the 
lack of time. M. Normand’s paper contained a 
good deal of matter that was very open to discus- 
sion, and we think it possible that the English 
members of the Institution might have taken 
advantage of the occasion to consider the proposi- 
tions set forth had they had the opportunity. This 
is not the place to offer critical remarks of our own 
on the subject, but it is to be hoped that at a future 
meeting of the Institution the subject may be 
again brought forward, and that it will not be ruled 
out of order to include the matter contained in 
these two papers in the scope of the debate. 
As we intend printing both papers, with their 
illustrations, and as the discussion was of so brief 
a nature, it is not necessary to give any abstract of 
them on the present occasion. 

The first speaker was Mr. Thornycroft, who said 
that he differed somewhat from M. Normand in his 
views, but the points of difference were perhaps 
more apparent than real. M. Normand had 
adapted the principle used in his feed heater to his 
boiler ; that is, that he had taken the trouble to 
cause the gases to cross the heating surface of the 
tubes so as to agitate them and make them part 
with their heat. He had in this way tried an 
experiment which might have led to trouble, 
but as he had succeeded, they must give 
him the credit due to success. The Normand 
boiler was evolved from that of Du Temple, which 
was not inclosed by water tubes, but by a casing. 
One of the speaker’s improvements was to inclose 
the boiler in a water envelope, by which radiation 
and heating of the casing was reduced. This was 
an important point, especially in cases where space 
was limited. In the front part of his boiler he 


made the heat go through a limited number of 
tubes, and this might distress them more. Re- 
ferring to the question of circulation, Mr. Thorny- 
croft said that. so far as he could see, the force of 
gravity was all they had to depend upon to make 
the water flow in the boiler. They might go to 
another planet where the trouble due to lack of 
circulation would be more easily overcome, whilst 
if they descended to the centre of the earth no 
boiler at all could be made to answer. He 
had lately had set before him the problem of 
designing a boiler where simplicity was required. 
In that case he had used the tubes to form fire- 
bars. Here there were horizontal tubes with water 
circulating through them, and they had been used 
for some time in a boat without suffering in any 
way. It had been claimed that the system of natural 
circulation, which now distinguished the modern 
water-tube boiler, was due to Du Temple. He 
thought perhaps writers on this subject had been 
misled by something he himself stated when he pre- 
pared 4 paper in 1889. He did not at that time 
know what had been done in bvilera used in driving 
road locomotives, but he found that a boiler made 
by Gurney in 1825 had tubes to return the water 
to the lower part of the boiler. That, of 
course, was before M. Du Temple introduced 
his boiler, though the latter doubtless was not 
aware what had been done previously. Mr. Thorny- 
croft, in referring to the likeness between the boiler 
illustrated in the author’s paper and his own inven- 
tion, pointed out that M. Normand had been 
apparently driven to place some of his tubes above 
water. The speaker was still of opinion that it was 
better to have all the tubes above water; M. 
Normand apparently thought not. In considering 
this question, many persons appeared to base their 
arguments upon the assumption that there was a 
steady flow of water circulating through the tubes. 
That was not the case; the water came intermit- 
tently. This was shown by the paper he had read 
at a previous meeting, when he had quoted experi- 
ments proving that the flow of water discharged 
from tubes above the water leve] in the receiving 
drum was twice as great as was the case when the 
tubes were below the water level. 

Mr. Yarrow, who rose at the request of the 
President, said he had just been informed by Mr. 
Holmes that the time at the disposal of the meet- 
ing was very short. He would not, therefore, 
attempt to discuss the many important points 
raised by the two papers, and would content him- 
self with expressing his appreciation of the great 
services rendered by M. Normand to the science of 
marine engineering in the work he had done, and 
the papers he had contributed. 


ConctupiInG PRocEEDINGS. 

The business part of the meeting having been 
brought to a conclusion, it remained for the members 
of the Institution to thank their hosts for their 
reception in Paris. In this case the usual votes of 
thanks possessed more than ordinary significance. 
We have already referred to the generous welcome 
accorded to the Institution, and the members were 
fortunate in finding in their President one who 
could give expression to the feelings of gratitude 
felt by allin adequate terms. Lord Brassey first 
proposed a vote of thanks to the reception com- 
mittee. He could assure the members of that body 
that what they had done would be warmly appre- 
ciated not only by the Institution, but also by the 
whole British nation. Special thanks were due to 
the Minister of Marine, to the municipality of Paris, 
to the Paris Chamber of Commerce, to the authori- 
ties of the Sorbonne, and to M. Bertin, the chair- 
man of the executive committee, who entertained 
the members so hospitably on Monday evening. 
The invitation to the Institution to visit Paris came 
originally from four great bodies, namely, the 
French Institution of Naval Architects, the Society 
of Civil Engineers of France, the Society for the 
Encouragement of National Industry, and the 
Union of Yachts. With a full heart he proposed 
sincerest thanks be offered to the whole of the 
members of the reception committee. 

Sir William White having seconded the motion, 
Admiral Duperré briefly returned thanks. 

M. Bertin, the chairman of the executive com- 
mittee, who spoke in English, said that if the 
meeting had been an undoubted success it was 
largely due to the part played by the President of 
the Institution. e would not attempt to draw a 
comparison between the merits of the different 








speakers and contributors of papers, Many 





of those who spoke had rendered conspicuous 
services to science. They had at the meeting Dr. 
Elgar, Mr. Archibald Denny, Sir William White, 
and many others who were well known on both 
sides of the Channel. Mr. Martell was always in 
the breach, striking for Lloyd’s Register. To Sir 
William White their thanks were due in a double 
sense—first, for the great value of his work on the 
sheathing of hulls, and also for the characteristic 
energy he had displayed in writing a paper during 
a severe illness, and afterwards in braving the 
fatigues of a journey to Paris at a time when he 
most needed rest. M. Bertin concluded his speech 
by saying that he and his colleagues most highly 
appreciated their good fortune and the happy 
results which must follow the meeting of men of 
science of the two countries. The results of pro- 
fessional confraternity and good fellowship in the 
common country of science would extend widely 
beyond its domains. M. Bertin concluded a most 
eloquent oration by a touching expression of regret 
at the absence of Sir Edward Reed, with whom, 
he said, rested the best wishes of all for recovery 
from the illness which had prevented him being pre- 
cent at the meetings. 


FAREWELL ADDRESS TO LorD Brassey. 


As this was the last meeting which Lord Brassey 
would attend in his capacity as President, an 
address had been prepared, which was presented 
by Sir Nathaniel Barnaby, and which contained in 
appropriate terms the regret of all at the loss of 
Lord Brassey’s services. 

Lord Brassey next proposed a vote of thanks to 
Mr. Holmes, the secretary of the Institution. It 
was seconded by Mr. Martell, and carried with very 
hearty acclamation. The members then separated. 


Visits AND Excursions, 

The excursions undoubtedly formed the chief 
feature of attraction during the Paris meeting. 
Some frivolous persons were heard to remark that 
the only drawback to the meeting was the reading 
and discussion of papers. With this opinion we by 
no means agree, as the business part of the meeting 
was quite up to the usual average. It cannot be 
denied, however, that the brilliance of the social 
part of the gathering eclipsed the more prosaic 
features. The visits to works, which usually form 
so important a part of the summer meetings of 
technical societies, were not numerous. On the 
first afternoon of the meeting, that of Tuesday, the 
11th inst., there was nothing set down on the 
programme, the time being free to members to visit 
such objects of interest in Paris as they might most 
desire. 

On the evening of Tuesday, the dinner of the 
Institution was held at the Hdtel Continental, 
under the presidency of Lord Brassey. This was 
the first of a series of brilliant functions which dis- 
tinguished the Paris meeting. As guests of the 
Institution there were present the British Ambas- 
sador, Lord Dufferin, Vice-Admiral Besnard, Vice- 
Admiral Duperré, M. Rouselle, President of the 
Municipal Council of Paris; M. Delaunay- Belle- 
ville, President of the Chamber of Commerce of 
Paris ; the President of the Yacht Club of France, 
M. Bonie; besides many other distinguished per- 
sonages of all nationalities. 

On the following afternoon, that of Wednesday, 
June 12, after an interval for luncheon, members 
were conveyed from the Sorbonne in special 
carriages provided by the reception committee 
to the laboratory of M. Raoul Pictet in the Rue 
Championnet. Here they were shown the appa- 
ratus used by the famous chemist, especially that 
used for experiments in connection with the pro- 
duction of intense cold. From thence they were 
conveyed in carriages to the Place de la Madeleine 
to inspect the underground system of drainage in 
Paris. 

The evening of Wednesday was devoted to what 
was, at any rate to the large number of ladies who 
accompanied members to the meeting, the most im- 
portant part of the whole proceedings. This was 
a ball given by the Minister of Marine, Vice- 
Admiral Besnard, at his official residence on the 
Place de la Concorde. A description of this func- 
tion would be altogether beyond our powers, and 
we must content ourselves with saying that it was 
a most brilliant and enjoyable entertainment. 

On Thursday afternoon a special visit was paid to 
the Eiffel Tower, which was ascended, after which 
a visit was paid to the Anciens Etablissements Cail. 








The time at the disposal of members for visiting 
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this interesting and extensive establishment was 
far too short, and visitors were only able to make a 
hurried walk through some of the shops. It was 
said on the programme that there are manufactured 
here first-class torpedo-boats, marine boilers, 
machines for propelling torpedoes, marine gun- 
carriages, marine, coast, field, and mountain artil- 
lery, electrical machinery, locomotives, sugar- 
naking machinery, and tramway engines. No 
doubt all these interesting things might have been 
seen had time permitted. As it was, the attention 
of members was more particularly directed to the 
parts of two enormous locomotives which are being 
constructed on the Heilmann system. We have 
already in these columns, on a former occasion, de- 
scribed the system of electrical driving by means of 
a steam engine carried on the locomotive, by which 
Mr. Heilmann hopes to drive trains at 100 miles an 
hour. A large number of trials have, we under- 
stand, been made with the original locomotive on 
this system, and it argues great confidence on the 
part of those interested in it that they are now 
further venturing on these two enormous engines. 
Their trials will certainly be looked forward to with 
the greatest interest. 

From the Cail Works members proceeded to the 
adjoining establishment of Messrs. Sautter et 
Harlé. Want of time here also robbed the visit of 
much of its interest. Our readers are well 
acquainted with many of the features connected with 
this most’ interesting establishment. The beautiful 
work done by this firm, and the marvellous in- 
genuity displayed in the design of various electrical 
and optical apparatus, have often been commented 
upon in our columns. We cannot now attempt in 
this notice to do justice to even what was seen 
during the visit, but Messrs. Sautter et Harld’s 
works are always presenting fresh points of interest, 
and we hope to have something more to say about 
them at no distant date. 

On the evening of Thursday, the 13th inst., 
M. Delaunay-Belleville, the president, and mem- 
bers of the Chamber of Commerce, Paris, gave 
a reception at the Hotel Continental. Here, again, 
all was done that could be to make the evening 
pleasant, and again another brilliant success was 
scored by the hospitable Parisians. 

Friday, the 14th inst., was devoted entirely to 
excursions, and to an evening entertainment. The 
first business was a visit to the well-known Belle- 
ville boiler factory at St. Denis. Here members 
were shown Belleville boilers in all stages of con- 
struction, and the methods by which the parts 
were prepared. The process of erecting the boilers 
was watched with special interest, and when seen 
proved an extremely simple operation, the lengths 
of pipe being screwed into the headers as the 
elements were built up, and tightened by right 
and 1 ft handed threads. Having been shown all 
that was to be seen, a return was made to Paris, 
where an interval was allowed for lunch. In the 
afternoon another boiler works was visited, viz., those 
of the Niclausse Company in the Rue des Ardennes. 
Here, again, members were shown all through 
the works, the various methcds of constructing 
this novel and ingenious form of boiler being seen. 
One of the chief points of interest was the removal 
of a tube from a boiler under pressure, and the fix- 
ing of afresh tube in its place. The boiler was 
not under steam, but subjected to hydrostatic 
pressure. Thetime occupied in letting off pressure, 
removing the tube, putting another in position, 
and again raising pressure, was 74 minutes. It 
should be stated, however, that the element 
operated upon stood alone in the open. How much 
difference it would make if the operation took 
place actually on shipboard, we do not know, but 
probably it would not be great. It must also be 
remembered that the boiler was cold. The Niclausse 
boiler is one of great interest and considerable 
promise. We understand there is a possibility of 
it being actively taken up in this country, where it 
will doubtless find use in positions where the 
quick steaming of water tube boilers with smaller 
diameter tubes is not demanded. 

On the evening of Friday there was another 
reception, given by the President and members of 
the Municipal Council of Paris. This was held at 
the magnificent rooms of the Hétel de Ville. 

_ Saturday, June 15, was the last day of the meet- 
ing, and was mainly occupied by a visit to St. 
Germain. Members were conveyed down the 
Seine by steamers, starting from the Quai de la 
Conférence. Fortunately, the weather, which 


seven o’clock on the morning of Saturday, cleared 
up before the time of starting, so that the trip down 
the Seine was thoroughly enjoyed. Luncheon was 
served, at the invitation of the reception committee, 
at the Restaurant du Pavillon Henri IV., on the 
terrace of St.Germain. Afterwards a visit was paid 
to the castle, members returning to town by train. 

Saturday evening was devoted to what was the 
most important function of the whole meeting, 
viz., a reception by the President of the Republic 
and Madame Faure at the Elysées. This dis- 
tinguished honour to the members of the Insti- 
tution stamped the meeting as a national event, 
and the Institution may be congratulated upon 
having inaugurated what may, perhaps, prove to be 
a custom fraught with the happiest consequences 
in developing international goodwill and amity. 

It only remains to be said that the proceedings 
were conducted throughout without a hitch, and we 
do not think a single grumbling word was heard 
throughout the proceedings —a happy circum- 
stance, for which members have :o0 largely to 
thank their admirable secretary, Mr. George 
Holmes. 





THE GOULD AUTOMATIC COUPLER. 


We have already described in ENGINEERING (see 
vol, lvii., pages 767 and 770) the automatic couplers, 
continuous buffers, and vestibules of the Gould Coupler 
Company, of New York, U.S.A. The success which 
has attended these couplers on American railways, 
and the great experience of the company, have led 
them to introduce similar devices on European railways. 

The illustrations on page 795 show this company’s 
devices as they have adapted them to the conditions 
of the mechanical construction of European railway 
carriages and wagons, and Fig. 1 shows how they 
have actually been applied experimentally to some 
rolling stock on the London and South-Westera Rail- 
way. This engraving gives a clear illustration of the 
automatic coupler with its uncoupling lever applied in 
connection with the present well-known form of buffers 
used in Europe. The present continuous draw-bar 
and its draw-springs are to be used with this coupler 
to retain the advantages of that construction. 

The hook on the present bar is cut off, and a pivot- 
hole is made in the end of the bar outside of the head- 
stock. A pivot-pin, having a hook head, is used to 
retain the coupler head in connection with the draw- 
bar. A counterbrace on the underside of the head 
receives the lower end of the pivot-pin. The rear end 
of the counterbrace is brought up and fastened to the 
draw-bar. This makes a jaw, and forms a rigid vertical 
brace for the coupler. 

A small casing, placed each side of the coupler head, 
contains a cap and spring. These caps impinge 
against brackets on each side of the coupler head. 
The pivot-pin allows the coupler head to swing for 
very short curves, and the springs at the sides bring 
the coupler to a central position when disengaged from 
an opposing coupler. 

It is then always in position to couple with its mate 
automatically. The coupler has a swinging jaw of 
steel, pivoted to the coupler head and swinging on its 
pivot in a horizontal plane. This jaw is locked in the 
coupled position by a locking block pivoted in the 
head and in the path of the extension of the jaw. 

The locking block is retained against the extension 
of the jaw by an incline, and also by the spring tension 
of two horizontal springs, a clevis and link, the link 
being attached at one end to the clevis, and at the 
other to the rear portion of the lock. A chain is attached 
to the clevis and connected tu the uncoupling lever, 
with its quadrant, for pulling the locking block rear- 
ward when desiring to unlock the jaw. By this con- 
struction the coupler jaw locks automatically, and is 
unlocked by the lever without the porter going between 
the carriages. 

It will readily be seen that this makes a simple, 
ositive, and an entirely automatic device, which has 
een developed by extensive experience, experiments, 
and tests in actual service on thousands of cars, and 
by many years of hard service. 

The arrangement of the springs and casings at each 
side of the coupler head will be readily understood by 
reference to Fig. 2. 

Fig. 4 shows a central buffer with the coupling jaw 
open, and the locking block drawn rearward from en- 
gagement with the jaw extension by means of the un- 
coupling lever. The two sockets shown, one on each 
side of the coupling head (Figs. 4 and 5) are guides for 
the buffer stems, and are bolted through the headstock 
to sleeves containing light and heavy coiled springs 
for operating a plate buffer by means of the stems. 
The plate buffer, with the lap-plate, forms a con- 
tinuous platform and passage-way between carriages, 
Fig. 5 shows this plate buffer, with its operating 
stems passing through the sockets, forming a support 
and carrier for the plate buffer. It will be noticed 





had been wet on the previous afternoon, and up to 


that the plate buffer is of angle section, having a top 





plate supported by the extension brackets on top of 
each socket. The lap-plate has a roughened surface 
for sure foothold. This form of buffer is new to 
our railways, but it is, without question, the proper 
construction in connection with an automatic coupler. 
It is claimed that these couplers will make our car- 
riages ride much more steadily, preventing jerky side 
motion and vertical vibration, and insuring a safe 
and convenient access from one carriage to another. 
Vestibules are easily applied with this buffer and 
coupler, and the Gould Company have a simple 
and effective vestibule in connection with these 
devices, 

This coupler van be readily applied to either the for- 
ward or rear of locomotives, making a complete train 
equipment. 

In view of the fact that the Gould Coupler Company 
have furnished nearly 500,000 couplers for freight ser- 
vice and 10,000 for passenger service, it is conclusive 
that they are no longer an experiment, and now that 
they have been adapted for English rolling stock, there 
is every reason for giving them a fair trial. In this 
connection it might be pertinent to refer to the cele- 
brated Empire State Express, run by the New York 
Central and Hudson River Railroad, running between 
New York and Buffalo, a distance of 440 miles, in 
8 hours 4 minutes, including four stops of 20 minutes, 
known as the fastest long-distance train in America, 
and is equipped with the Gould automatic couplers, 
platform buffers, and vestibules, making it possible 
to run this speed with perfect safety and com- 
fort. Other trains, consisting of a combination car 
having a library and smoking compartment, also a 
barber shop, and parlour, dining, and sleeping cars, are 
run at a high rate of speed, rendered possible by the 
use of these devices for steadying the train. 





SovrH AFrIcAN Coat —Coal has been found on a farm 
in the Goupb, in the Karoo district of South Africa. Ibis 
stated to bs the best African steam coal yet discovered. 





Mexican Rattway Company.—Mr. A. M. Rendel, con- 
sulting engineer of the Mexican Railway Company, 
Limited, reports as follows: ‘‘ About 24 miles of 
new heavy 82-lb. rails were laid during the past half-year 
in place of the old 62-lb. rail. Upwards of 21 miles of 
steel sleepers were substituted for timber sleepers, and 
the total length of line now laid with steel sleepers 
amounts to 190 miles. The ballasting of the line with 
volcanic gravel has also made some further progrese, 
Three new Fairlie and four new passenger engines were 
placed on the line during the past half-year. The car- 
riage and wagon stock was maintained in its usual order. 
By the end of the half-year 489 wagons had been fitted 
with the Westinghouse air brake.” 





_CoAL IN THE MipLANps.—Increased attention is being 
given to coal-mining in the East Midlands. A colliery of 
the Staveley Coal and Iron Company, at Wareop, about a 
mile from the Mansfield and Worksop section of the 
Midland Railway, is advancing towards completion. 
Sinking operations were commenced two years since, and 
two shafts, each 19 ft. in diameter, have been carried to a 
depth of 470 yards. It is expected that coal will be found 
early in the autumn, at a depth of about 600 yards. 
Should this expectation be realised, plant will be put 
down to cope with a total output of between 2000 and 
3000 tons per day. The opening on Saturday of the 
Lancashire, Derbyshire, and East Coast Railway will, of 
course, afford further outlets for Derbyshire coal, as 
it will now find its way more readily to the east of 
England. 





Navy Recorps Socirry.—At the second annual meet- 
ing, on Wednesday, the 19th inst., when Earl Spencer, 
First Lord of the Admiralty, presided, it was stated that 
during the year the following volumes had been issued : 
Vols. I. and IL, “‘State Papers relating to the Defeat of 
the Spanish Armads, Anno 1588,” edited by Professor 
Laughton : Vol. III.. ‘* Letters of Lord Hood, 1781-2,” 
edited by Mr. David Hannay ; and, by the liberality of the 
Hon. T. A. Brassey, Vol. IV., ‘‘ Index to James’ Naval 
History.” prepared, under Mr. Brassey’s supervision, by 
Mr. C. G. Toogood. It is proposed to issue also during 
the present year, Vol. V., “Life of Captain Stephen 
Martin, 1666-1740,” edited by Mr. Clements R. Markham, 
C.B, F.R.S. The volumes for 1896 will probably be : 
“The Journal of Rear-Admiral Bartholomew James, 
1765-99,” edited by Commander J. Y. F. Sulivan; and 
‘*Mr. Holland’s Two Discourses on the Navy, 1639 and 
1660,” edited by Mr. J. R. Tanner. Other works in pre- 
paration are: ‘Navy Accounts and Inventories under 
Henry VII.,” to be edited by Mr. M. Oppenheim; 
**State Papers, English and French, relating to the War 
with France in 1512-3,” to be edited by Mr. Alfred Spont ; 
‘*The Declaration of the Navy,” by Anthony Anthony, 
1546, Roll IT, to be edited bd Professor Elgar. This is 
the roll now in the British Museum. The Council regret 
that the governing body of Magdalene College, Cambridge, 
have felt unable to give the Society permission to publish 
the other two rolls now in the Pepysian Library. ** State 
Papers relating to the Spanish War, 1585-7,"to be edited 
by Mr. Julian Corbett; ‘‘State Papers relating to the 
First Dutch War, 1652-3,” to be edited by Professor 
Laughton ; ‘‘ The Journal of Sir George Rooke, 1700-2,” 
to be edited by Mr. Oscar Browning. 
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THE ARMY AND PUBLIO WORKS. 

In our issue of March 22 last, attention was 
called to the unduly large proportion of officers to 
men in the corps of Royal Engineers. There are 
938 officers to 5525 men, or one officer to every 5.9 
men. According to the German standard, the 
British corps should contain 288 officers, and thus 
it has by this reckoning 3.19 times too many. 
According to the computation of Colonel the Hon. 
A. Parnell, late R.E., the number requisite is 270. 
Thus from two independent sources there appear to 
be three times as many officers as are required. 
The present organisation must rest on a curiously 
wrong basis when officers are annually recruited for 
appointments which do not exist in the corps to 
which they nominally belong. A large number of 
officers are consequently forced to lead a ‘* cuckoo” 
sort of existence, settling down into quarters where 
they have no apparent right of entry. But this 
they do with great satisfaction to themselves, as is 
evident by the tenacity with which they hold 
on to foreign ground when they have once 
got a footing there. The intense dissatisfaction 
which prevails amongst the civilians specially en- 
gaged for departments into which the Royal Engi- 
neers are thus intruded, is a matter of notoriety, 
and is by no means unknown to the authorities, 
whose duty it is to act impartially between the two ; 
but so long as this authority allows one side to sit 
on the bench and direct the cage, the other will 
have small chance of pleading his cause with any 
chance of success. 

Just now is a suitable time to call attention to 
this matter, because some months ago a committee 
sat in India, under the presidency of Mr. D. Lyall, 
I.C.8., to investigate the best means of effecting 
economy in the execution of military and of public 
works, the Secretary of State having drawn atten- 
tion to the high percentage of establishment charges 
in the former. H-»re would seem to be an excel- 
lent occasion fur a committee really desirous of 
arriving at the naked truth, to point out that the 
primary cause of the trouble is the excessive 
number of Royal Engineer officers forced upon the 
Indian Government by the Home Government, 
who, themselves, having three times as many 
officers as they can employ, shunt the charges for 
part of the surplus on the Indian revenues, and 
utilise (?) some of their own surplus in various civil 
departments at home. The report not having yet 
been published, it cannot be said that this has not 
been pointed out. But straws show which way the 
wind blows, and the answer lately given to a ques- 
tion in Parliament as to the number of Royal Engi- 











8 
neer officers required for military service in India 
6) that to publish the information would be detri- 


mental to the public service—indicates that, as 
usual, a Government department considers the 
‘* public service” to connote ‘‘ our own interests.” 
Fortunately this ostrich-like action does not hide 
the quarry from the pursuit of the hunter, as not 
only are the facts open to any observer, civil or 
military, but the opinion of competent authorities 


7| of the latter class has been recorded. ‘The late Sir 


G. Chesney, R.E., wrote in 1871, ‘‘ It is inconceiv- 
able that any considerable proportion of the whole 
staff of engineers employed on Indian Public 
Works should ever be called up for military service. 
Even in the Mutiny not one-half of the military 
engineers then in the country could be employed 
on military duty.” 

The present Indian establishment is 350 officers, 
which number divided by 3, gives 117 as the 
number that would be required by the Germans, 
who are not altogether ignorant of army organisa- 





tion. Our military authorities show a ready apti- 
tude at copying mere millinery, such as helmet 
spikes, &c., of successful foreign armies ; let them 
also examine more important points. 

Allowing an ample margin for the circumstances 
of Indian warfare, which may possibly require more 
than the European standard, though this has to be 
proved, we challenge any military authority to pro- 
duce a schedule showing how more than about 150 
engineer officers could be employed with the Indian 
Army. There may bea further number required 
for the ordinary military works, and with troops 
not on active service, but it can scarcely be gravely 
asserted that 200 are necessary. As for certain 
purely civil posts, which by tradition are occupied 
by Royal Engineers, it would appear rather due to 
the incurable habit of most people to regard what is 
as necessary, than to any inherent propriety in the 
arrangement, that these appointments are even 
thought of in reckoning up the number of Royal 
Engineer officers required. Given that there are 
too many officers, it is better to employ them in 
these places than to leave them idle ; but would it 
not be better in calculating the number of officers 
to omit such posts ? 

It is generally supposed that a principal reason 
for the appointment of the Lyall Committee was 
the fact that of late years young Royal Engineer 
officers have ceased to volunteer for the Public 
Works Department, even though they have con- 
siderable advantages in the way of pay and leave 
allowances over their civil confréves, and Govern- 
ment are consequently at their wits’ end to account 
for their enormous establishment. 

Now were this defection due to the pride of a 
warrior caste, who say, ‘‘ War is our trade, and we 
will none of your base mechanical employments, 
the action of the Royal Engineers should command 
universal sympathy, and the evil would have cured 
itself long ago by the reduction of the cadre to the 
necessary numbers. As matters stand, imputations 
are thrown upon the corps; its enemies may say 
that the position they assume is the result of a 
mere business calculation, which, though it may be 
legitimate, has nothing lofty about it. But their 
position is impregnable. Government has three 
times as many of them as they can possibly employ 
on military work, and they cannot force them into 
civil employ ; therefore they sit down ; they will 
not enter the Public Works Department unless 
guaranteed still further advantages and all the arm- 
chairs and influence as of yore. Indian service is, 
anyhow, no catch in the present state of exchange, 
with the possibility of a further fall. 

Truly the present condition of the Indian Public 
Works Department does no credit to those who 
have managed it, since neither the civil nor the mili- 
tary members appear to be content ; and that the 
machine turns as well as it does, is due to the in- 
tegrity of the individual members, who do their 
work manfully, even though they exercise liberally 
the privilege of a Briton to grumble. 

There are three obvious courses for Government 
to adopt. One is to do nothing, but continue 
the present arrangement until it becomes absolutely 
impossible. 

A second is to probe to the root of the evil and 
reduce the corps of Royal Engineers to a reasonable 
number, making it a condition of service that as 
the officer is paid by the State he is liable to earn 
his pay in any department of the public service to 
which he may be deputed in peace to enlarge his 
experience. We have the unimpeachabie authority 
of General Richard Strachey, C.8.I., R.E., for the 
fair terms of such civil employment in his note on 
the Report of Lord Lansdowne’s Committee (Par- 
liamentary Paper C. 276 of 1870). It need scarcely 
be remarked that this course is about the last which 
is likely to be followed. 

A third course would be the reverse of this—to 
man the Imperial service of the Public Works De- 
partment entirely by Royal Engineers as a means 
of avoiding friction. The objections to this plan 
are: That it would leave the evil elsewhere un- 
touched ; that either this Engineer corps must be a 
separate Indian one as of old, and bound to serve 
on any public work, or there may still be no limit 
to the demands of the Royal Engineer secure in his 
‘strong position,” the right to be paid without 
even the pretence of doing anything. Also the 
cost of establishment would be considerably in- 
creased, and if the whole of the civil works, 
especially railways, are to be manned by these 
pseudo-military officers, either the whole organisa- 
tion will be disarranged just at the time of the 
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greatest strain upon it by the officers returning 
to military duty on a mobilisation, or they are not 
available or wanted for military duty, and the 
army so far exists only on paper. 

This question is vastly more important than the 
cause which has apparently given rise to it, viz. 
the jealousy between civil and Royal Engineers 
as to which shall extract most plums from the 
public service pudding. Our Army is not so cheap 
that we can afford to overlook two thirds of a corps 
living in idleness or useless for and not required 
during war, nor is it so numerous that we can 
afford to keep on its rolls colonels and generals 
who may be excellent accountants, schoolmasters, 
or railway managers, but whose knowledge of the 
art of war is no better than that of the average 
Volunteer. War is now a science, and so is engi- 
neering, and it is impossible for any ordinary man 
to spend his whole time in one and yet be efficient 
in the other. From the nature of things a certain 
number of Engineer officers can always be spared in 

imes of peace, and then no better training can be 
had than upon engineering works. But by ‘‘ works” 
must be understood the actual dealing with men 
and materials, from the grade of assistant engineer 
up, and not merely sitting in an armchair and 
signing papers. It is left to military experts to 
decide for how long an officer can sever his connec- 
tion with the Army and yet be welcomed as an 
efficient soldier when war breaks out. 





ROAD LOCOMOTION. 

Last July, under the above heading (ENGINEER- 
1NG, vol. lviii, page 147), we recorded the competi- 
tive trials of mechanically-propelled road vehicles 
that had just been held in France, under the auspices 
of Le Petit Journal, and commented upon the highly 
successful results obtained. So much interest was 
aroused in France over these trials, that it was 
determined to resume them on a larger scale this 
year, anda body of subscribers, including Baron 
Zuaylen de Nyevelt, Mr. James Gordon Bennett, 
and some of the competitors of last year, got 
together a sum of about 3000/. for prize-money, 
and arranged for a trial which has just been held. 

Last year the final trial consisted of a run from 
Paris to Rouen, about 80 miles. This year the 


course selected was from Versailles, through 
Ktampes, Orleans, Blois, Tours, Poitiers, and 


Angouléme, to Bordeaux, and back to Paris, a total 
distance of about 740 miles, a far more serious 
undertaking, which has been accomplished, how- 
ever, by about one-half of the competing carriages. 
Thus, the petroleum carriage, No. 5, of Messrs. 
Panhard and Levassor, carrying M. Levassor and a 
driver, made the double journey in 48} hours, 
giving a speed over the whole journey of about 
15 miles per hour, a result which was exceeded by 
over a mile an hour on the outward journey. Of 
course, the stoppages were reduced to the utmost 
possible extent, that at Bordeaux amounting to 
eight minutes only, and the journey was completed 
without accident and without the necessity for the 
slightest repair. Now this is, beyond doubt, asplen- 
did performance ; that a small engine, subject to 
the work of a road carriage, should be able to run 
continuously for 48 hours, at an average speed of 
15 miles per hour, points to the greatest experience 
and care in designing ard skill in construction. 
This carriage, although having made the best per- 
formance, is not entitled to the first prize, one of 
the conditions of the competition having been that 
at least four persons should be carried, whereas 
it is capable of carrying only two. Another 
important condition was that any repairs required 
to a carriage on the journey must be made by the 
persons and with materials carried by the carriage 
in question. 

In the competition of Le .etit Journal there 
were 102 entries; about one-half that number 
turned up at the preliminary trials, and 21 entered 
the final, of which only four failed to complete the 
run. This year, of 46 entries, 21 vehicles actually 
made the start, and 12 completed the journey to 
Bordeaux, and ten returned to Paris within the 
prescribed time. ; 

The principal competitors, this year as in last, were 
Messrs. Panhard and Levassor, with four carriages, 
propelled by Daimler petroleum engines ; Messrs. 
Peugeot Fréres, with three carriages, also propelled 
by Daimler motors, but differently arranged to the 
foregoing ; M. Roger, with two carriages, driven by 


petroleum engines, on the Benz system, one of the 


features of which is that the flywheel rotates in a 





horizontal plane to facilitate steering ; and Messrs. 
Serpollet and Messrs, Dion, Bouton, and Co., 
with two steam carriages each ; the last-named firm 
make a point of avoiding the use of chain gearing, 
which is employed by the other competitors. 
Besides these, there were four petroleum, two 
steam, and one electric carriage, by various makers ; 
also two bicycles with petroleum motors. 

The start was made at noon on June 11, Peugeot's 
carriage, No. 15, with two passengers, leading, and 
the others following it at intervals of about three 
minutes. The second carriage, Dion’s ‘‘ dogcart & 
vapeur,” No. 3, soon assumed the first place, and 
kept it as far as Blois, between which city and 
Tours it had a piston broken, and thereupon 
dropped out of the running. Panhard and Levas- 
sor’s carriage, No. 5, the performance of which is 
alluded to above, had pushed on from its ori- 
ginal position as fifth in the file to that of second, 
and now assumed the leading place, which it 
retained throughout the run. It is noteworthy 
that the three carriages of Messrs. Peugeot, Nos. 
15, 8, and 16, each lost ground at the start, possibly 
through a desire to work up to the full speed 
gradually ; but they soon began to creep to the 
head of the file, and reached Bordeaux second, 
third, and fourth, respectively, in the same order 
as they finally arrived in Paris. Messrs. Panhard 
and Levassor’s carriages all shot ahead very early 
in the run ; one of them, No. 5, as has been pointed 
out, retained the leading position throughout ; 
another, No. 6, kept well ahead until apprcaching 
Bordeaux, when it ran over ‘‘a large dog,” and, 
coming down with a jerk, broke the hind wheels, 
so that it was delayed considerably, and was with- 
drawn from the competition, but subsequently con- 
tinued the journey; their remaining carriages, 
Nos. 7 and 28, also reached Bordeaux, and finally 
Paris, in good order, as did both of M. Roger's 
vehicles. As to the steam carriages, Messrs. Dion’s 
No. 3 has already been alluded to; their other 
entry, No. 1, a steam carriage hauling a separate 
carriage for the passengers, also started very well, 
but we lose sight of it at Poitiers, and it is not 
among the twelve recorded as arriving at Bordeaux. 
One of the Serpollet steam carriages is said to have 
broken a wheel soon after starting ; the other, in 
spite of a heated bearing, was one of the 12 in at 
Bordeaux, but it broke down at Tours on the 
return journey. The steam carriage, No 24, that 
of M. Bollée, was also one of the 12 in at Bordeaux, 
and in spite of numerous small accidents, was one 
of those, and the only steam carriage, which suc- 
ceeded in completing the return to Paris. M. 
Bollée’s carriage is really a fully equipped steam 
touring van capable of carrying 10 passengers, and 
was built in 1882. 

The electric carriage dropped out of the running 
very early. One of the bicycles, that of Duncan 
and Suberbie, got on fire and had to stop an hour 
at Orleans for repairs, but in spite of thie, and of 
losing a considerable time by going astray, it made 
a very fair show during the outward journey. 

The first prize, 1400/., is due to Messrs. Peugeot, 
for the carriage, No. 16 with four passengers, 
which completed the trip in 59} hours, giving an 
average speed of nearly 124 miles an hour; their 
carriage No. 8, also carrying four passengers, took 
exactly 14 minutes more on the journey. Last 
year the first prize was divided between this firm 
and Messrs. Panhard and Levassor, although the 
steam carriage of Messrs. Dion, Bouton, and Co, 
had made the best speed. This year the steam 
carriages make a very poor show indeed as com- 
pared with those having petroleum motors ; indeed, 
it would seem almost impossible to run a steam 
generator on a road carriage, at any rate with solid 
fuel, for the length of time and with the short stop- 
pages that the petroleum motors permit. 

Petroleum has certainly the advantage of being 
clean and easily carried ; it is readily obtainable 
everywhere, and is cheap ; it is stated that the cost 
for one of these carriages is about 1d. per mile, or, 
indeed, less than that. Again, the petroleum car- 
riages do not require the stops for fuel and water, for 
cleaning up the fires, &c., that are incidental to a 
steam carriage. On the other hand, one would like 
to know whether the vibration of these high-speed 
motors is not a serious source of discomfort to the 
passengers, and also whether the smell is not objec- 
tionable, both to the passengers and to the public 
at large. Still, even if these disadvantages are felt, 
it seems not at all unlikely that it is in the direction 
of the petroleum motor that we must look for the 
solution of the problem of passenger locomotion on 





common roads. In any case, there can be no doubt 
that the results obtained by Messrs. Peugeot, 
Messrs. Panhard and Levassor, and M. Roger, are 
most remarkable, and do those firms very great 
credit. 





THE MACHINERY OF THE AMERICAN 
LINER ‘ST. LOUIS.” 

A mopern Atlantic liner is relatively of small 
importance if it has not great speed. Its popu- 
larity depends almost entirely on this essential, 
but of course convenience in the arrangement 
of the saloons and state-rooms, and also beauty 
of decoration, add much. The St. Louis, as we 
showed last week (page 766 unte), has her 280 first, 
and her 101 second, class rooms, with their 
necessary conveniences, well arranged, although 
much regard is paid to that convention which 
seems to have been evolved by the designing 
of successive steamers by different firms. In 
the dining saloon of the St. Louis there is greater: 
height than usual, with an arched well in the 
centre, similar to, although perhaps not so large as, 
that which has proved such an attractive feature in 
the Paris and New York. Here, asin the other 
public rooms, one recognises a leaning more to the 
style of embellishment of Continental liners rather 
than to that elegant yet substantial decoration of 
British-built steamers. Stained glass, too, gives a 
finer finished appearance in the Paris than the cut 
glass in the St. Louis ; but, withal, it can scarcely 
be said that Messrs. Cramp have not shown 
in the St. Louis a skill which promises competition 
with Britain, if only financial considerations were 
equal. One pronounced feature, which attests the 
skill of the American Line management, is the ex- 
cellence of the second-class passenger accommoda- 
tion, with piano, library, and etceteras second only 
in scope to the first class. The libraries, by the 
way, were the gift, along with the ship’s colours, of 
the people of St. Louis. Here we lack sufficient 
enthusiasm in our citizenship to reccgnise honour 
like that bestowed on the American city named. 
Were it otherwise, perhaps our Admiralty would 
not be so fond of boastful names for our warships. 
However, neither name nor excellence in ship design 
is the first element of success in a warship or a 
passenger liner. The knots and power are more 
considered now than the number of guns or the 
number of passengers or tonnage; hence the im- 
portance of substantial and efficient machinery. 

Substantial work is preferable to handsome in ma- 
chinery design, but they need not be antagonistic ; 
and if we suggest that the massive proportions pre- 
dominated in the St. Louis, it is only because of 
the high standard of finish attained in some of the 
fast steamers by our leading firms. Certainly Messrs. 
Cramp’s engines are a good job; their efticiency 
can alone be determined by time. The main engines 
are of the quadruple-expansion type, but with six 
cylinders working on four cranks, an arrangement 
patented by Mr. John Thom, who is associated 
with the technical staff of the American Line as a 
consulting engineer. There are two high-pressure 
cylinders, and each of these is placed over one of 
the two low-pressure cylinders. The tandem 
cylinders are at the forward end, the arrangement 
being high pressure and low pressure working on 
the first crank, the same working on the second 
crank, the second intermediate on the third crank, 
and the first intermediate on the fourth crank. 
Steam, of course, is passed from the two high-pres- 
sure cylinders into the one first intermediate, then 
to the second intermediate, and thence into the 
two low-pressure cylinders. The diameters of the 
respective cylinders are : two high-pressure 284 in., 
first intermediate, 55 in.; second intermediate, 
77 in. ; two low-pressure, 77 in. The stroke in 
each case is 5 ft. The cylinders are each separate 
castings, and are supported on A-frames at back 
and front, the condenser and its pumps being sepa- 
rate and placed in the wings of the ship. The sup- 
porting frames are cast in two parts, each part 
having three sides only, with flanges to the outside 
for bolting together. The inside is thus entirely 
open, so that the soundness of the casting is 
apparent. The cylinders are braced longitudinally 
by cast-iron girders of box section, which also ex- 
tend between the forward and aft cylinder and the 
ship’s bulkhead, so that there is little tendency to 
work. These bulkheads are specially stiffened by 
girders 2 ft. deep, built of plates and angle-bars. 
Each high-pressure cylinder is carried 24 in. above 
the low-pressure cylinder on cast-iron frames on 
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either side, and this clearance enables a manhole 
to be provided on the top of the low-pressure 
cylinder to admit of examination, &c. The main 
stop valve is in the engine-room, on the same level 
as the high-pressure cylinders ; and the inlet to 
the high-pressure cylinder valves is controlled by a 
balanced piston throttle valve on the main pipe. 
The steam pipes, it may be said, are all of steel, 
lap-welded, with double-riveted flanges, and the 
largest is 20 in. in diameter. ~ 

Piston valves of the Thom’s balanced type are 
fitted throughout, and they are operated by the 
usual double eccentric link motion, the bent rod 
being for the astern motion. The eccentric straps 
are of cast steel filled with Parson’s white metal. 
There are two vaives for the low-pressure cylin- 
ders. Frequently the guide brackets for the 
crosshead for valve spindles in such cases are 
insuflicient, and the little slackness resulting tends 
to twist either spindle and snap it. In this 
case the guides have been brought out on either 
side to within 10 in. of the valve spindles. Cast 
brass guide blocks are fitted to the quadrant piece, 
the guides consisting of a cast-steel bracket bolted to 
the low-pressure cylinder. Special arrangements 
have been made for adjusting any wear. The 
spindle of the high-pressure cylinder valve is 
worked from the low-pressure valve crosshead 
through a bellerank lever. And here it may be 
said that the starting and reversing is done by 
gearing not dissimilar to Brown’s, but without any 
hydraulic cylinder. There is a steam cylinder 
24in. in diameter by 30in. stroke, and the 
cushioning is by the adjustment of the valve, and 
also by a spiral spring on the guide spindles. 

The cylinders are of cast iron ; the second inter- 
mediate and the two low-pressure cylinders only 
have jackets, and these drain into water taps which 
discharge into the hot-well tank. Outside all the 
cylinders are coated with asbestos, hair felt, and 
covered with sheet steel. Cramps’ metallic packing 
is used throughout. It is somewhat similar to the 
United States packing, with cast-iron rings com- 
pressed by a spiral spring. The clearance in the 
cylinders is on the top of the pistons }in., and below 
gin. The piston rods of the high-pressure cylinders 
are Gin. in diameter, and in the other cylicders 
8}in. The connecting-rod is fully twice the length 
of stroke, 11 ft. 3 in. centres, and it is 84 in. in 
diameter at top, and 10in. at bottom. The con- 
necting-rod at top is not forged with the usual U- 
end for the crosshead pins. The crosshead con- 
nection is built up. The top of the rod is squared 
toaT-piece, with ahole bored through the two heads. 
On the bottom of the cross-head itself, at either 
side, there is forged a projection, which is screwed 
and passed through the holes and bolted. In other 
words, the crosshead brasses have a steel T-piece 
with pin forged to the bottom which passes through 
the holes on the top of the connecting-rod. Slipper 
guides for the crosshead are fitted to one side of the 
framing. There is a steel flange fitted on either side 
of the column face, and the slipper works inside it. 
Between the back of the crosshead and the other 
frame there is a small gangway to admit of inspec- 
tion, and to economise weight a hole is bored 
through the crosshead brasses, which also have the 
usual piece for adjustment. Lubrication is from a 
separate tank at the top of the engine skylight, 
whither the oil is pumped from a supply tank, and 
whence it passes by gravitation in a series of pipes 
to the different parts of the engines, the supply 
being controlled at each delivery by a needle- 
pointed valve. ; 

The crankshaft is 21 in. in diameter, the crank- 
pins 22 in., the bolts being 5 in. at the bottom of 
the thread. The cranks themselves are 16 in. 
broad, the length of pin being 314 in., and there isa 
6-in. hole through the cranks and pins. The bear- 
ings are 26 in. long, and are of cast steel filled with 
Parson’s metal. They are bolted down with 4}-in. 
bolts, and in the bottom water is circulated. ere 
it may be stated that the bedplate is of cast iron 
box section, 3 ft. 4 in. deep and 4 ft. 7 in. at the 
centre, the centre part, instead of being flat, being 
dished to the extent of 1 ft. The bases of the 
standards are fitted to the dished part of the bed- 
plate as well as the flat portion, so as to tend to 
obviate the radial ‘‘ working” which sets up tor- 
sional vibration and strains. 

The ship, it may be said, has a centre-line keel 
4 ft. 9 in. deep, from which the side framing 
rises. This framing is of channel section, 7 in. by 
3} in. by $in., spaced 32 in. apart, every third 


face plates 
broad. 

The thrust shaft is 21 in. indiameter, and solid, 
the diameter over thrust rings being 33 in. There 
are 13 horseshoe collars, each 2} in. thick, and the 
surface on the ahead side is 6616 square inches. The 
length of the thrust shaft is 14 ft., and it is secured 
to the bedplate of the engines. The horseshoe 
rings are adjustable by a horizontal screw with two 
nuts for each side, which greatly facilitates the re- 
moval of any ring. The turning wheel is im- 
mediately aft of the thrust shaft. The engine has 
two cylinders, 8 in. in diameter by 8 in. stroke. 
The thrust shaft, by the way, is placed in a recess, 
and over it, with entrance from an upper platform, 
is the dynamo-room. 

The propeller or line shaft is 19 in. in diameter, 
alsosolid. Itis fitted in lengths of 23 ft., with bear- 
ings 14 ft. apart. These bearings are 2 ft. long, and 
have cast-steel bodies, filled with Parson’s white 
metal. There is fitted to the after length of the 
shaft a portable coupling. It is in halves, and 
through each half there is a longitudinal feather 
5in. wide and 2}in. deep. The ten bolts were 
put through the coupling when at a high tem- 
perature, the subsequent contraction giving greater 
binding to obviate slip. This arrangement, which 
is not usual, is to facilitate the drawing of the shaft 
for repair. The feathers running longitudinally 
through each half of the coupling would not have 
prevented the shaft from backing out when the 
engine was going astern, and to overcome this 
possibility, grooves 1 in. deep were turned in 
the shaft, forming collars, which engage in collars 
and grooves on the coupling. There is no outboard 
shaft, the framing and plating of the ship being 
bossed out in the same way as in most ee eae 
twin-screw merchant steamers now. The stern 
shaft, which is 21 in. in diameter, is covered with 
a liner 1} in., working in lignum-vite bearings, 
constructed in the old style in strips 3} in. broad 
and 1 in. deep, the division between the strips 
allowing water to circulate. The stern gland is 
light, but is packed with Tupper’s machine-plaited 
flax packing. The bosses of the propellers are of 
steel, with three blades of Parson’s bronze, and 
these, for the present, are set at a pitch of 27} ft. 

The condensers are, as we have already stated, 
separate from the mainengines. They are 7 ft. 2 in. 
inside diameter, and the tubes, which are of seam- 
less brass, are } in. in diameter and 16 ft. 8% in. 
long. There are six stay-rods, and the tubes 
are supported at two intermediate points between 
the tubeplates. The total condensing surface is 
26,170 square feet. The air pumps are also placed 
in the wings of the ship. There are four for each 
condenser, and they are of the Worthington type, 
with steam cylinders 26 in. in diameter and 20 in. 
stroke. There are 8-in. valves to each of the four 
buckets. On the voyage across these worked at 
about 20 double strokes per minute, giving a 
vacuum of 264 in. The air pumps discharge into 
the hot-well tank, which also receives the drainage 
from all the water traps in connection with the 
jacket of the cylinders, and with all the auxiliary ma- 
chinery, and all is subsequently passed into the feed. 
The centrifugal pumps for the condenser are also 
of the Worthiogton type. They are driven by 
engines with 12-in. cylinders by 14 in. stroke. The 
discs are 3 ft. 6 in. in diameter, with a 6}-in. inlet 
and 3? in. discharge. The water, after it has been 
used for condensing, instead of being run overboard, 
is forced up to a tank on the topmost or boat deck, 
where, at a temperature of 115 deg., it is stored ina 
tank available for use in baths or for galley or pantry 
use. There is also a cold salt-water tank on the 
same deck. 

The feed water is passed through Worthington’s 
feed heater, being raised to 210 deg., while the same 
company’s vertical feed pumps arein use. The evapc- 
rator and distiller are on Quiggan’s system, while 
the installation of general pumps for sanitary duty, 
for the hot sea-water to baths, and for bilge duty, 
is on the Worthington system ; and here it may be 
stated that all the auxiliary machinery exhausts 
into a separate condenser. 

We come now to the boilers, which work at 200 lb. 
pressure, having been tested to 300 lb. by water 
pressure. There are six double-ended and four 
single-ended boilers, each 15 ft. 74 in. in diameter, 
while the former are 20 ft. long, and the latter are 
10 ft. 44 in. The shellplates are 1,% in. in thick- 
ness, and are quadruple-riveted with 14-in. rivets. 
The front plate is flanged inwards. There are four 


running longitudinally and 30 in. 





frame being of web construction 30 in. deep, with 


furnaces in each end, and these have each separate 


combustion chambers. Thus there are in all 64 
furnaces. These are of Fox’s corrugated type, 
and in accordance with latest practice they are 
slightly reduced in diameter towards the back, so 
that they may be readily withdrawn for repairs 
without injuring the front of the boiler. The flues 
are 3 ft. 3in. in diameter, of 4? in. thickness of 
metal, and the furnaces, which have ordinary fire- 
bars, are 6 ft. 10 in. long. There are 416 tubes 
in the single-ended, and 832 in the double-ended 
boilers, the total number of tubes in all boilers being 
6656. The number of stay tubes is 328 in each 
double-ended boiler. The fire tubes are 2} in. in 
external diameter, and the thickness of metal 11 
B.W.G., while the stay tubes are 2} in. in dia- 
meter and } in. thick, the distance between the 
tube sheets being 7 ft. The tubes, by the way, are 
fitted with spiral retarders which have given good 
results in causing the hot gases to pass in a helical 
course through the tubes, and thus insure prolonged 
contact with the surface. The tubeplates are 2 in. 
thick. The diameter of the combustion chamber 
stays at the smallest base is 1} in. for the outside 
row, and 1: in. for the inside row, by 7 in. pitch. 
The total grate area is 1144 square feet, and the 
total heating surface 40,320 square feet. There are 
six safety valves on the double-ended and four on 
the single-ended boilers, all of 4 in. diameter. 

The installation of boilers is equally divided be- 
tween two water-tight compartments. There are 
thus three double - ended and two single - ended 
boilers in each, and the installation is worked under 
Howden’s system of forced draught, by which 
the air is heated before being passed into the 
furnace. The stokehold is open, and is specially 
well ventilated. It is divided longitudinally in 
the middle line by a thin plating or screen, which 
comes to within 6 ft. of the heads of the stokers. 
The down air shaft is on the one side of this 
screen, and the other side is closed in at the top, 
excepting the intake for the forced draught fans. 
Thus the current of air is brought as near the 
stoking floor as possible—an arrangement which, 
like several others, is due to the long experience 
of Mr. Doran, the superintending engineer of the 
American Company. The eight fans—two for 
each stokehold—are of the Sturtevant type, driven 
by two cylinder engines, 8 in. by 6 in. stroke. 
The fans are 80 in. in diameter, draw the air from 
the top of the stokehold, and deliver it into the air- 
heating tubes in the uptake, whence it passes to 
the space inside the furnace door, and thence 
through small holes to the fire. The system is too 
well known to require further description. There 
is bunker capacity for carrying 2500 tons of coal, 
which will just equal eight days’consumption. There 
is a small bunker athwartship, between the engine- 
room and the after- boiler compartment, one between 
the two compartments, and a third at the fore end 
of the forward compartment. There is 40 ft. of the 
length of the ship between each boiler compart- 
ment. There is a donkey boiler for supplying 
steam to the deck machinery. 

It will thus be seen that the machinery is com- 
plete in every detail, and there is every likelihood of 
satisfactory working. Mr, John Walls, the chief 
engineer, has had considerable experience with 
Atlantic liners, He was for 16 years in the old 
Inman Line, and continued in the same service with 
the change of flag. He was chief in the Richmond, 
afterwards one of the engineers of the New York, 
and subsequently became chief of the Paris, in 
which he wasthree years, while for the past three 
years he has been in the New York. We need 
only add that Captain Randall is in command of 
the ship, and has a splendid staff of officers. The 
dimensions of the vessel may be added, and here 
we may suggest that those who desire to compare 
the St. Louis with British and foreign competitors 
will be able to do so by a reference to the Table 
given in vol. lv., page 465: 


Length over all... oe aie 554.2 ft. 

», between perpendicularsa 535.8 ,, 
Extreme beam... nike saa eas a 
Gross tonnage ... . 11,629.21 tons 


Net tonnage as 5,893.73 ,, 
On the first voyage from New York to South- 
ampton the mean speed was 18.3 knots. The 
best speed was 19} knots, the power having been 
just over 16,000 indicated horse-power at 85 revolu- 
tions. Theday’s runs were 314, 443, 379, 441, 433, 
432, 416, and 269 miles. The engines never were 
pressed, but the satisfactory running may suggest 
better effort in the next voyage. 





(Zo be continued.) 
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ELEOTRIO TRACTION.—No. XXII. 
By Purp Dawson. 


Car CoNnsTRUCTION. 

THE difference between American and European 
tramway cars is very great, much more room being 
allowed to passengers in American cars than is the 
case in Europe, and it will be seen from a glance at 


the annexed Tables LVIII., LIX., and LX., that 
the car bodies in general use in America are far 
heavier than those which have been used on this 
side hitherto. This may be accounted for to a great 
extent by the fact of the nearly general adoption 
of mechanical traction in America, and it is more 
than probable that mechanical traction will very 
much change for the better the cars in use on this 
ride of the Atlantic. The style and size of car to 
be adopted depends, of course, to a great extent on 
the kind of service which it has to fulfil. Thus, 
for a line passing through crowded streets, where 
passengers are constantly getting on and off, small 
cars with ample platform space would be prefer- 
able, while for a suburban service, where passen- 
gers are generally taken from one end of the line to 
the other, cars of a much larger capacity should be 
adopted. The seating capacity cf the cars in use 
in America varies within very large limits, as 
shown in Table LVII[. The top-seat car so much 
used in this country is scarcely known in America. 
This may be accounted for in various ways. The 
American climate is more settled than ours, and at 
the beginning of each day it is easy to decide 
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whether the day will be fine or not, and the 
manager of a tramway knows whether to send out 
open or closed cars. In most parts of America 
the winters are so cold that sitting on tup of a car 
would be impossible during that season, while in 
summer the heat is so great that some kind of 
awoing becomes a necessity. In some parts of 
California the temperature varies within fairly 
large limits each day, and this has caused the adop- 
tion of a half closed and half open car, so that if 
at any time a cold wind should start up, the pas- 
sengers can move from the open into the closed 
part. 

Figs. 209 to 212, on page 794, show a few of the 
types of cars used in America. Figs. 209 and 210 are 
extremely characteristic illustrations, and show to 
what an extent overcrowding is not only possible, but 
is freely allowed on American cars. It must not be 
supposed, however, that street cars are habitually so 
overcrowded, while passengers are rigidly prohibited 
from climbing to the roof. In Chicago, however, 
during 1893, all rules were set on one side, especially 
on special days atthe Exhibition. Fig. 209 shows a 
single car, and Fig. 210 a train of cable cars as they 
were loaded on ‘‘Chicago Day,” in September, 1893. 
On that day more than 208,000 passengers were 
carried on 83 cars. Fig. 211 illustrates a car with 
outside seats, on the San Diego Electric Railway, 
and Fig. 212 is a car on an electric line in Cincin- 
nati. The luxurious fittings which are being in- 
troduced on all our railways show the tendency 
of these companies to fulfil the demands of the 
travelling public. This has been realised by the 
street railway managers, and the inside of an 
American street car is as richly ornamented, 
upholstered, and lighted as the finest drawing- 
room cars running on our best railway systems. 

It is impossible in these articles to go fully into 
the art of car building. Any one who wishes to 
get some idea of how these things are managed on 
the other side, should read Mr. C. B. Fairchild’s 
able work on street railways, published by the New 
York Street Railway Publishing Company. The 
electric motor car body has in some particulars to 
be constructed specially. Its framework must be 
exceptionally strong, and the cross timbers of the 


TABLE LVIII.—Givine Sizes or Usvat American Exectric Car Bopiks. 






































TABLE LX. —Stowixe Weicnt AND SIZES oF AMERICAN HorsE-CAR Bovis. 


Length | Length | Length | Width | | Width | Weight | Seating | Height 
Type of Car. of | Over |of Plat-| Over at Belt ofCsr | Capa- | inside Remarks. 
| Body. | All. | forms. | Sills. Rails. | ly. | city. | Centre. 
ft. in.| ft. io.) ft in. | ft. in.) ft. in. Ib. | ft. in. 
Closed motor car 160) 24 40 6 0 7 6 4,500 | 22 ce Standard-gauge four 
| wheel car, 
» trailer , : 1 0| 40] .. 7 6 | 4,000 | 22 e Ditto 
oieias closed or open motor car Se ie ee ee 7 8 | 4,600} 24 a Ditto 
open or closed vane * 78) SB) «a 7 7 | 4,300 28 ie Ditto 
Vestibule closed motor car. 17 0; 2 0; .. 8 0 4,800 24 8 0 Ditto 
Closed motorcar .. 1710; 260; 40 6 0 i. 4,800 26 ae Ditto 
Vestibule closed motor car. 18 0; 2@ 0; 40 6 0 7 6 | 5,100 26 ‘a Ditto 
Closed motor car «| B® 28 0; 38 6 6 0 7 6 5,250 | 80 Ditto 
Convertible open or clossd trailer car 22 0 1 hss pi 8 0 5,000 | 36 _Ditto 
Open motcr car 14 4/ 21 0] 8 4 ° 7 6 | 8,C00 24 5 ft. 2 in. gauge four- 
| wheel car. 
a 22 6 6 0 6 10 3,500 | 35 Standard gauge four- 
wheel car. 
», trailer car - 23 0 6 0 610 3,400 35 Ditto 
Vestibule open motor car .. 26 2 6 0 6 10 4,250 40 Ditto 
trailer car . a 25 0 6 0 7 6 4,000 60 Ditto 
Closed top seat motor car .. 1510 26 0 6 0 7 6 5,000 44 Ditto 
» trailer car .. 1510; 26 0 6 0 7 6 | 4,000 44s Ditto 
Open » motor cara ix 21 8 6 0 6 10 4,400 59 | Ditto 
- trailer carb 24 9 6 0 6 10 4,409 59 Ditto 
Combination open and cones top seat | | 2 
care .. e ao 27 6 6 0 6 10 4,600 48 8 1} Ditto 
Funeral motor car .. 1310; 20 0 6 0 7 0 3,900 ws | ee Ditto 
Street sprinkling motor car ( a 12 0 oo 6 6 3, 500 as Standard-gauge 
| eight-wheel car. 
Closed trail car 22 0 2810 a 6 0 7 6 6,000 30 Ditto 
»» motor car 25 0] 33 0/ 40/|60 | 7 6 | 5850; 386 | Ditto 
»» vestibule motor car. 25 0; 33 0; 40 6 0 78 | 6.050 36 | Ditto 
Convertible open or closed car 27 6| 34 0 “6 fe 8 0 | 6,200 44 Ditto 
Combination open or closed car e. = 29 0 a 6 4 7 6 | 5,600 40 | Ditto 
Open motor car oe 5 ‘- ee, tt 6 4 7 2 5,000 50 Ditto 
ie 34 0 ‘a 6 4 7 2 | 6,000 60 Ditto 
i: trail’ car Ne 3 6} fF 6) 4 0 Si 7 6 5,100 32 Ditto 
os oe 34 0 vw | 7 6 6,500 70 | Ditto 
motor car. 87 4) 44 0 | 8 0 | 9,000 90 Ditto 
Closed motor car senger ‘and | luggage | | 
combined f ..' - it a 2% 0! 32 0| 30 | 610 | 7 6 | 6,850 | 2b | Ditto 
Closed top eeat motorcar .. 2 6 35 0, 3 0 | 6 9 7 6 7,500 720 | ee Ditto 
Open top seat motor car 27 0; 36 0 oo | 7 6 | 10, "000 G0 | « Ditto 
a Height to ~ of awning, 16 ft. 3 in. b Height to top ‘of ai awning, 15 ft. sil in. ¢ Length of closed body, 9ft. d Capacity, 
50 gallons. e Length of closed part, 11ft.8in. jf Length of luggage compartment, 8 tt. 8 in. 
TABLE LIX.—Givine Divensions oF Some EncuisH Car Boptks. 
Length | Length | Width | Height Seating | Weight | 
S‘yle of Car. lof Body.| Over |at Widest Inside Capacity. Gauge. | of Car | Remarks. 
| All. Part. Centre. Body. 
| ft. in. | ft. in. | ft in. | ft. in. Ib | 
Two horse car.. 116 14/25 2 6 6 7 a 46 Standard | 3500 | Four-wheel. 
ss Se mois dis $s 67 48 cs 4000 0 
99 99 00 oe ee ee 149 | 22 3 6 6} 6 10 48 * 4000 99 
ss + ton |}12 8/21 8 6 6 7 4 34 e 3000 i 
e 13 4 | 20 10 6 3 6 7 36 4 ft. 3000 9° 
One- ‘horse closed car. on | 14 0 | 20 0 6 Lae 18 Standard | 2400 . 
Steam trailer double- decked car .. 20 0} | 29 14 5 9 7 0 60 8ft.6in.| 5900 Eight-wheel bogie car. 














Width at | Height | " ‘ 
, Length | Length | ‘y; i Seating | Weight of WARK 
Style of Car. | of Bedy. | Over All. Snorngg | Paco Capacity. | Car Body. REMARKS. 
= | ome eee | | - 
| ft. in, E ft. in. ft. in. ft. in. Ib. 
One-hors:3 “‘ bobtail” car closed .. 8 0 lL 0 6 6 7 0 10 | 1260 No conductor, no rear 
latform. 
- car closed | 12 0 17 6 6 6 7 6 16 | = 2880 With conductor, and two 
platforms. 
Two-horse ” ee oe --| 14 0 20 0 7 0 7 5 18 2800 
a es | 2 8 24 6 7 6 7 6 28 8900 
* top seat ear closed 1 2678 24 6 6 6 7 # 40 3800 
One-horse open car . i. of oe 12 6 6 6 6 10 20 1900 
Two . He Men aes | 18 0 24 10 7 6 = 32 4000 | 
Re os ee - es ee es 25 0 7 6 7 0 50 3450 
. top-seat car 2 9 6 8 | 7 &h 59 4100 | 








fere with the motors, and to enable trapdoors to 
be placed in such a way that the whole or part of 
the motor can be removed through these without 
having to lift the car body off the truck. The roof 
of an electric car has also to be constructed with a 
view to great strength, so as to be able to support 
the trolley and its stand. Figs. 213 and 214 show 
the framework by means of which the trolley is 
fixed to the roof of closed cars. Besides the actual 
weight of the trolley, the increased speed and 
lurching, and the leverage exerted on the base of 
the trolley, due to the pressure of the trolley 
wheel against the overhead wire, requires the top 
frame of an electric car to be far stronger and 
heavier than on either horse, cable, or steam cars. 

The woods principally used by American car- 
builders are ash, white and yellow pine, hickory, 
cedar, cherry, cypress, oak, maple, sycamore, 
mahogany, satinwood, and teak. The American 
street cars are never made hideous by the outside 
advertisements which we see in this country on our 
omnibuses and tramcars. Advertising is done, if 
done at all, by means of small metal or glass plates 
inside the roof of the car or on the windows. The 
painstaking care devoted to painting and varnishing 
street cars in America is very great, and the ap- 
pearance of an electric or cable car is more like that 





bo:tom frame must be so arranged as not to inter- | 





of a private conveyance than of the tramway car 








we are accustomed to see. The most elaborate 
design and ornamentation is used on first-class 
roads in painting the name on the cars of the street 
railway company which owns theni, and the destina- 
tions for which the cars are bound. 





NOTES. 

AMERICAN PaTENTs. 

Some very interesting patent cases have recently 
been before the United States courts. The most 
important of these is, perhaps, that of the Berliner 
patent, which is owned by the American Bell Com- 
pany, who managed to delay its issue for a period of 
14 years after it wasapplied for. Since the patent 
dates from its day of issue, the company thus hoped 
to extend their monopoly of the telep’one business 
for a further period of 17 years. A suit was accord- 
ingly brought by the United States Government to 
annul the patent, on the ground of a fraudulent 
delay in its issue, and also because it was 
claimed that the patent in question was anti- 
cipated by another issued in 1880. This suit 
was successful on both grounds in the court 
of first instance, but on appeal the deci- 
sion has been reversed, to the consternation of 
a large section of the American public. The 
matter wil] now have to go before the Supreme 
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Court, the decision of which will be final. American 
patent laws are often held up as examples to us in 
this country, but in their excessive care of the 
patentee there is no doubc that they give oppor- 
tunities to clever lawyers and patent agents to 
obtain advantages never contemplated by Con- 
gress. The patent dating only from its day of 
issue, makes it worth while, in the case of an im- 
portant patent, for the owners to take every step 
to delay the issue as much as possible. ‘This is 
usually done by filing an interference, both patents 
being often owned by the same company. Hence 
no effort is made to push matters to a decision, 
the real object of those concerned being to delay 
this as long as possible, and, in the present 
instance, the delay, as already stated, lasted 
for 14 years. In some few cases a righteous 
retribution has fallen on these schemers, since it 
has been decided that the life of an American patent 
is limited by that of any foreign patent issued 
before it. Great effortsare being made to have the 
law altered, so that this rule should come into 
force only if the American patent has been applied 
for after the foreign one. It is greatly to be 
regretted that the arrangements of the American 
Patent Office, which have been designed with a view 
to giving a poor inventor a really valid patent, 
instead of only a parchment on the strength of 
which he can go to law, as in this country, should 
afford opportunities for undue advantage being 
taken of the public. 


THE INTERNATIONAL Raitway CONGRESS. 


The ofticial programme of the International Rail- 
way Congress, which is to meet in London next 
week, has now been issued, and contains a com- 
plete list of the official delegates who are expected 
to attend. This is prefaced by an account of the 
object, scope, and constitution of the Congress, 
and there is also a useful explanation of the official 
titles used on English and American railways. 
This addition is a wise one, as foreigners often 
have difficulty in understanding the precise 
position of an official by his English designa- 
tion, and we know of one case in which the 
secretary of a large English railway company was 
only offered second-class accommodation ona Ger- 
man State line, the officials of which were under 
the impression that, as with them, the secretary 
was merely a subordinate clerk. The ceremonial 
opening will take place at the Imperial Institute 
at 3 P.M. on Wednesday, June 26, when H.R.H. 
the Prince of Wales will preside. This will be fol- 
lowed at 10.30 p.m. by an official reception at the 
Foreign Office by the Right Hon. James Bryce, 
M.P., President of the Board of Trade. On the 
Thursday, Friday, and Saturday there will be excur- 
sions to Lancashire and other places of interest, 
particulars of which were given in our issue of May 
17 last. The work proper of the Congress com- 
mences with the general and sectional meetings on 
Monday, July 1, at the Imperial Institute, the hours 
on each day being from 10 to 1 and from 2 to 5. 
These meetings will extend over a week, the closing 
ceremony taking place on the afternoon of Tuesday, 
July 9. In the meantime, however, various social 
arrangements in honour of our visitors have been 
made. The most important of these is a reception 
by Her Majesty, at Windsor Castle, on the after- 
noon of Saturday, July 6. The Railway Companies’ 
Association will give two banquets at the Im- 
perial Institute, at 7 p.m., on Tuesday, July 2, 
and on Thursday, July 4, whilst on Monday, 
July 8, they will give a third banquet at the 
Crystal Palace. A number of excursions to points 
of railway interest near London have been 
arranged for the afternoon of Wednesday, July 4. 
At the close of Congress, a week later, excursions 
will start for the Forth Bridge and other objects of 
interest in the United Kingdom. A very important 
series of questions will be discussed during the 
meeting of the Congress. The strengthening of the 
permanent way, in view of high speeds, will be 
treated of by Mr. Ast and Mr. Hunt. Places 
in the permanent way requiring special atten- 
tion will be dealt with by M. Sabouret, whilst 
M. Zanotta will present a report on junctions. 
The construction and testing of railway bridges 
forms the subject of a note by Herr Edler von 
Leber, whilst papers on locomotives and rolling 
stock have been prepared by Messrs. Sauvage, 
Aspinall, and Park. Electric traction will be dealt 
with by M. Auvert, the speed of freight trains by 
Mr. Lambert, and station working by Messrs. 
Richter, Turner, Eugéne Sartiaux, and M. de 





Boschan. The present state of signalling will, in 
the case of non-English speaking countries, form 
the subject of a report by M. Motte, whilst Mr. 
Thompson will describe the systems in use in 
England, the United States, and thecolonies. The 
remaining subjects include goods delivery, organi- 
sation, disputes, working hours, and light railways, 
and are in competent hands. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 11, 1895. 

THE iron markets are feverish over the advancing 
tendency in prices, and the danger of the presentation 
of demands beyond the immediate capacity of produc- 
ing interests. Pig-iron makers are now well sold 
ahead, but at low April and May quotations. Manu- 
facturers are extremely anxious to profit by the higher 
prices after July 1, but consumers do not gratify them 
by placing orders for more than immediate wants. A 
great deal of business is in sight, and negotiations are 
in progress. Bessemer is 12 dols. at Pittsburgh, and 
advancing. Billets are quoted 21 dols. here to-day, an 
advance of 4 dols. in three months. Mills are full of 
work, and blast-furnace production will be increased at 
once. This upward tendency may be deceptive, because 
the producing capacity is equal toany demand. Busi- 
ness is more active throughout the west than the east. 
Manufacturers have marked up quotations on several 
mill and factory products. Consumers are holding 
back to be sure the present higher level of values is 
safe. Railroad building is more promising, and con- 
siderable track-laying will be done in July. The 
currency issue is coming to the front, and party lines 
are being drawn in a manner that threatens to be 
destructive to the future supremacy of either existing 
parties. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

ow Pig-Iron Market.—There was more business 
doing in the pig-iron warrant market last Thursday fore- 
noon, the tone being firm, and the prices being about 4d. 
per ton upall round. Close on 10,000 tons of Scotch were 
so'd, as also 5000 tons of Cleveland, and 2000 tons of 
hematite iron. Middlesbrough hematite iron dropped 
54d. per ton. In the afternoon there was little doing, but 
sellers were scarce, and prices closed very firm. About 
5000 tons of Scotch iron changed hands, and in all cases, 
except Cleveland, there was a rise in price ranging from 
4d. to 24d. per ton. At the close the settlement prices 
were—Scotch iron, 43s. 44d. per ton; Cleveland, 35s. ; 
Cumberland and Middlesbrough hematite iron, respec- 
tively, 433. 44d. and 42s. 3d. perton. A moderate amount 
of business was done on Friday forenoon, when about 
12,000 tons were dealt in—6000 tons of Scotch, 5000 tons 
of Cleveland, and one lot of hematite iron. Prices were 
flat, Scotch dropping 14d. and Cleveland 4d. per ton. In 
the afternoon the market was rather easier. About 10,000 
tons of Scotch and 8000 tons of Cleveland were sold, and at 
the close the settlement prices were, respectively, 43s. 14d., 
343. 104d., 433. 44d., and 42s, per ton. Dealing was very 
quiet on Monday forenoon, the sales being about 10,000 
tons, the bulk of which was Scotch. The accident at the 
Redcar Works, together with the stoppage of production 
which was bound to follow, had a hardening effect on 
Cleveland iron, which rose in price 24d. per ton. Scotch 
sympathised to the extent of 14d. per ton. Business in 
the afternoon was very inactive, only a few lots each of 
Scotch and Cleveland and 500 tons of hematite iron 
being dealt in. Prices were practically unchanged, 
and Cleveland was very firm. The closing settle- 
ment prices were 438. 3d., 35s. 1d, 433. 6d., and 
423, per ton respectively. Things were very quiet 
in the warrant market on Tuesday forenoon, the ‘' ring ” 
for a time being empty. Not more than 5000 tons were 
dealt in, including fully 2000 tons of Scotch, the rest 
being Cleveland and hematite iron. Prices were firm, 
both Scotch and Cleveland being 4d. per ton up. There 
was a little more doing in the afternoon, and prices were 
well maintained, and closed unchanged from the morn- 
ing. About 10,000 tons changed hands—6000 or 7000 
tons of Scotch and 3000 tons or co of Cleveland. The 
settlement prices were, respectively, 43s. 44d., 35s. 3d., 
433. 6d., and 423. per ton. To-day’s forenoon market was 
very quiet, not more, it was calculated, than 1000 tons 
of Scotch and a like quantity of hematite iron changing 
hands. Prices were very firm at last night’s figures. 
There was rather more doing in the afternoon, and prices 
were rather firmer on what was thought to be ‘‘bear” 
covering by a few small jobbers. Scotch rose 1d. per ton, 
and hematite iron also advanced to the same extend. 
Some 7000 tons of Scotch and 2000 tons of Cleveland iron 
were sold, and the settlement prices were, respectively, 
43s. 44d., 35s. 14d., 433. 74d., and 42s, per ton. Two fur- 
naces have been blown out at the Gartsherrie Works, and 
consequently there are now only 75 furnaces blowing, as 
compared with 73 at this time last year. Four are making 
basic iron, 26 are working on hematite ironstone, and 45 
are making ordinary iron. The following are the quota- 
tions for several special brands of makers’ No. 1 iron: 
Clyde, 48s. 6d. per ton ; Gartsherrie and Summerlee, 50s. ; 
Calder, 50s. 6d. ; Coltness, 51s. 6d. ; Langloan, 61s.—the 
foregoing all shipped at Glasgow; Glengarnock (shipped 
at Ardrossan), 483. 6d.; Shotts (ship at Leith), 52s.; 
Carron (shipped at Grangemouth), 54s. per top. Last 
week’s shipments of pig iron from all Scotch ports 
amounted to 6816 tons, as compared with 5606 tons in the 


' corresponding week of last year. They included 161 tons 
for France, 100 tons for Italy, 185 tons for Germany, 300 
tons for Holland, smaller quantities for other countries, 
and 5638 tons coastwise. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores stood at 282,294 
tons, against 282,311 tons yesterday week, thus showing 
for the past week a decrease amounting to 17 tons. 


Glasgow Copper Market.—The market was completely 
idle last Thursday forenoon, but sellers held out for 
higher prices. Business was fairly active in the. after- 
noon, quite 200 tons being turned over. On the day there 
wasarise of 12s. 6d. per ton. On Friday forenoon 50 
tons of copper were sold, and the price was 43/. 10s. three 
months sellers, Prices were easier in the afternoon, 
when the sales were 100 tons. Notransactions took place 
on Monday forenoon, but the price was 2s. 6d. per ton 
easier. The market was a shade still easier in the after- 
noon, when the quotations dropped 1s. 3d. per ton, and 
the sales amounted to 100 tons. Yesterday forenoon 150 
tons were dealt in. The price was flat. Business opened 
flat in the afternoon at 42/. 5s. per ton cash, but the tone 
firmed up afterwards, and closed at 42/. 6s. 3d. buyers, 
showing no alteration from the forenoon. The sales 
amounted to 100 tons. No business was done this fore- 
noon, but in the afternoon there was a good demand. 
Sellers, however, were absent, only one lot changing 
hands. Prices rose 2s. 6d. per ton from the forenoon. 


Sulphate of Ammonia.—The price quoted for this 
commodity last Thursday was in the neighbourhocd of 
10/. per ton, and on the following day spot business was 
done at that figure. Buyers showed more disposition to 
do business forward, but makers were not disposed to sell 
at the prices offering. The market was firm yesterday, 
but sellers were inclined to hold off. 


Mr. Peter Denny, Dumbarton.—Mr. Peter Denny, 
LL. D., the head of two eminent firms at Dumbarton— 
William Denny and Brothers, shipbuilders, and Denny 
and Co., engineers—was seriously unwell some days ago, 
but a turn for the better has taken place, and it is re- 
ported to-day that he was a little better this morning, 
and that he passed a — night. Mr. Denny is now well 
advanced in years. The late Mr. William Denny, whose 
death created such deep regret in the minds of all who 
had the pleasure of knowing him, was the eldest son of 
Mr. Peter Denny. 


Contract for Filters for the Edinburgh Water Works.-— 
In connection with the works of the Edinburgh and Dis- 
trict Water Com missioners, two slow filters and a clear- 
water tank are to be constructed. the contract for which 
has been let to Messrs. James Young and Son, whose 
tender was 23,394/, 2s. 10d, 


Admiralty Contract for Steel Plates.—The Lords of the 
Admiralty have placed an order for 3500 tons of steel 
plates with Messrs. David Colville and Sons, 


Clyde Lighthouses Trust.—At a meeting of this Trust, 
held last week, it was reported that the steam dredger and 
two barges which belonged to the Trust had been sold 
through Messrs. C. W. Kellock and Co., Liverpool, for 
10,500/., the original cost of the same ——— up- 
wards of 40,0007. The work of dredging the channel, for 
which they were acquired, is now finished. 


Ayr Harbour Trust.—The Ayr Harbour Trustees re- 
solved last week to procure two hydraulic cranes at a cost 
of about 400/. each. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Co., Limited.—The directors of John 
Brown and Co,, Limited, have decided to recommend 
the payment of a further dividend on the ordinary shares 
of the company of 7s. 6d. per share, making, with the 
interim dividend paid in December last, 5 per cent. for the 
year. 


Dispute at the Thrybergh Hall Colliery.—The miners of 
the ‘'hrybergh Hall collieries are very uneasy in conse- 
quence of a difference with the manager as to the pay- 
ment for certain work, and are anxious to give notice to 
leave if a settlement of the points at issue cannot be 
made. The men allege that the management _re- 
fuses to pay for certain work according to the 
price list, and 24 men ceased working last week in 
consequence. The men, as a body, have adopted a 
threatening attitude, declaring that if the 24 are not 
allowed to resume work at the old rate of wages they will 
demand authority to set the pit down. Mr. W. Parrott 
advised the men not to be hasty, as he was confident if a 
deputation saw Mr. Hargreaves, the representative of the 
owners of the colliery, a settlement would be obtained 
without the adoption of extreme means. 


Yorkshire Miners’ Demonstration.—On Monday after- 
noon the annual demonstration of the Yorkshire Miners’ 
Association was held at Leeds. It was estimated that 
60,000 or 70,000 persons visited the town. A great pro- 
cession, in which 90 branches and 60 bands of music took 
te raded the principal thoroughfares, and marched to 

oodhouse Moor. Here three platforms had been erected, 
from which speakers addressed a large concourse. At the 
first platform, Mr. B. Pickard, M.P., secretary of the Y ork- 
shire Miners’ Association, and president of the Miners’ 
Federation of Great Britain, presided. He said much 
had been accomplished, and to-day it was pleasing to find 
that, instead of having some 6000 or 7000 men banded to- 
gether, they had 60,000; instead of having a few thousand 
pounds in the bank, they had invested in property some- 
thing like 91,0007. They had before the House of Commons 
the Miners’ Bill, which, in his judgment, if passed into 
law, would strike a heavy blow at their check-weighing 
system. If the system was adopted in Yorkshire, many 
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miners would go home without any wages, and be in debt 
to their employers at the beginning of the next week. Mr. 
Jobn Burns, M.P., said he had no sympathy with those 
who were advocating the Eight-Hours Bill in order that 
overtime might commence two hours earlier. 


The Heavy Trades.—Trade continues to mend, and the 
improvement is becoming more general. The request for 
railway fastenings in connection with the permanent way 
has brightened, and some firms are even employed over- 
time. There is an increased demand for Bessemer billets 
of special carbons used in the Sheffield trades, and they 
cannot be bought under 51. 7s. 6d. per ton. The engineer- 
ing trades areimproving, but the orders given are not dis- 
tributed evenly. There isa better inquiry for wire for cable 
trams and for haulage ropes used in mines. Bessemer 
wire rods are quoted at as low a price as 4/. 15s. per ton, 
owing to competition, ordinary high carbon rods at 71. 5s., 
and special carbon rods at 9/. 10s. Hematites are firm at 
from 50s. to 533., and Lincolnshire forge iron realises 363. 
The rolling mills are working better in the preparation of 
material for the Sheffield light industries, and this in 
itself demonstrates the existence of an increased demand 
in the cutlery and file departments. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Yesterday there was only 
a moderate attendance on ‘Change here, but the tone of 
the market was somewhat less depressed than it has been, 
and there was rather more disposition to do business. The 
suspension of operations at the Warrenby Iron Works, 
owing to the lamentable accident there, has curtailed the 
production of pig iron by nearly 2500 tons a week, and 
this, as might be expected, has tended to stiffen prices. 
Shipments of pig iron continue very heavy. Yesterday 
most of the makers quoted 35s. 3d. for early f.0,b. delivery 
of No. 3 g.m.b. Cleveland pig iron, and in some cases that 
figure was realised. Business was also transacted ab 
353. 14d., and it was said that some of the merchants had 
accepted as low a figure as 35s. No. 4 foundry pig was 
quiet at about 343. 3d., and grey forge was not more than 
333. 6d., both for eariy delivery. Middlesbrough war- 
rants were steady throughout the day at 35s. 2d. cash 
buyers. East coast hematite pig iron was in fairly good 
request both for local use and for exportation, but the 
abundant supply kept prices down. Few producers were 
inclined to accept less than 42s. 3d. for early delivery of 
Nos. 1, 2, and 3, but there were merchants who sold at 
less, down to 423. being taken in some cases. Spanish ore 
was firm owing to stiffer freights. (Good rubio was fully 
12s. 3d. ex-ship Tees, and up to 12s. 6d. was named by 
some firms. There was absolutely no change in the 
market to-day. 


Manufactured Iron and Steel.—What slight alteration 
there is in these two important industries may be said to 
be for the better. Several firms report more inquiries, 
and steel producers are fairly busy in most departments. 
Affairs generally, however, are still very bad. Competi- 
tion for new work is exceedingly keen, and prices keep 
low. Common iron bars are quoted 4l. 15s. ; steel ship- 
plates, 4/. 15s. ; and steel ship-angles, 4/, 122. 6d.—all less 
the customary 24 per cent. discount for cash and f.o.t. 
Heavy sections of steel rails remain at 3/. 123. 6d. net at 
works, 


The Coal and Coke T'rade.—Very little new can be said 
of the fuel trade. On Newcastle Exchange best North- 
umbrian steam coal is quoted 8s. 9d, to 8s. 104d. Steam 
small is about 3s. 6d., and is a little more plentiful. Gas 
coal is quiet at from 6s, to 6a. 6d. f.o.b. There is a large 
supply of bunker coal, the price of which varies from 
about 6s. 3d. to 7s. 3d. f.o.b. Household coal, as is 
usual at this time of the year, is very dull. There is no 
alteration in manufacturing coal, the demand being 
tolerably steady. 


Terrible Boiler Explosion.—A age has been cast over 
the Cleveland district by probably the largest and most 
disastrous accident in the annals of northern iron works 
catastrophes, Last week-end a terrible boiler explosion 
occurred atthe Warrenby Iron Works of Messrs. Walker, 
Maynard, and Co., which are situate about a mile from 
Redcar-by-the-Sea, and some eight miles from Middles- 
brough. Of the 15 boilers attached to the blast-furnaces, 
hardly anything intact remains, and, of course, other 
portions of the works are wrecked. ‘The extent of the 
damage done cannot be even estimated, but it is enormous, 
The most unfortunate circumstance in connection with 
the explosion, however, is the loss of life and the frightful 
injuries sustained by the workmen. Four workmen were 
killed on the spot, and six others have since died from the 
effects of the injuries they sustained. A number of other 
workmen were also injured, two of them so seriously 
that they are hardly likely to recover. Whether the 
explosion took place in one boiler, o- more at the same 
time, is nop known, and the probable origin of 
the misfortune can only be guesswork. Five of the 
boilers now lie ina heap some 200 ft. from where they 
were fixed. Two other boilers lie in an adjoining field, 
and one end of each has been blown out, whilst the other 
end is terribly battered. Portions of the boilers have 
been thrown 400 or 500 yards. The two first blast- 
furnaces are greatly damaged, and the tuyeres are blown 
completely out. Some of the newly-cast pigs of metal were 
wrenched off from the beds and hurled a considerable dis- 
tance. A huge 6-ton movable crane, which was on the 
rails in close proximity to the boilers, is lying a complete 
wreck about 30 yards from where it was last seen before 
the explosion. Of course, operations at the works are 


suspended for an indefinite period, and some 240 men are, 


able quantity of metal remains in the furnaces, and it is 
unfortunately cooling, but the firm, by the aid of tempo- 
rary boilers, are making every effort to get it away, and 
they are anxious to resume work as soon as possible. The 
boilers were insured. 





NOTES FROM THE SOUTH-WEST. 

Cardif/.—The steam coal trade is active, and trade is 
expected to continue brisk until the close of the month. 
The best descriptions have made 10s, 3d. to 103. 6d. per 
ton, while secondary qualities have brought 9s. 3d. to 
93. 9d. perton. The best Monmouthshire steam coal has 
made 8s. 9d. to 93. 3d. per ton. Short time prevails at 
most of the household coal collieries ; No. 3 Rhondda large 
has been quoted at 9s. 6d. to 93. 9d. perton, There has 
been about an average demand for patent fuel. Coke has 
shown little change; foundry qualities have made 165s, 3d. 
to 15s. 6d. per ton, and furnace ditto 12s. 9d. to 13s. per 
ton. The demand for steel rails has been comparatively 
limited ; heavy sections have made 3/. 12s. 6d. to 3/. 15s., 
while light sections have brought 4/. 5s. to 4/. 10s, per 
ton. 


The ‘* Algerine.”—The Algerine, twin-screw sloop, just 
launched at Devonport, is one of two vessels of a class 
designed by Sir W. H. White, Assistant Controller of the 
Navy and Director of Naval Construction. Her principal 
dimensions are: Length between perpendiculars, 155 fb. ; 
breadth, extreme, 324 ft.; draught of water, forward, 
11 ft. ; aft, 114 ft.; displacement, 1050 tons; estimated 
horse-power, 1400; speed with forced draught, 13 knots 
per hour. Her machinery, which is in course of construc- 
tion at Keyham factory, will consist of two complete sets 
of triple- expansion engines, with cylinders 134 in., 
204 in., and 31 in. in diameter, in separate engine-rooms, 
and each capable of developing 700 horse-power, with 
200 revolutions per minute. Provision is made for a total 
coal stowage of 200 tons. The cost of the Algerine will 
be about 66,0007. 


Ebbw Vale Steel, Coal, and Iron Company, Limited.— 
The directors of this company have issued their report 
for the year ending March 31, The amount brought for- 
ward from last year’s profit and loss account was 31,3761., 
and the gross profit for the year ending March 31 last 
amounted to 45,665/., making a total of 77,0412. After 
providing for working expenses, law charges, interest on 
debentures, and depreciation of property, a final balance 
of 27,419/. remains. The directors add: ‘‘ The iron and 
steel trades, which have been greatly depressed for some 
time, have during the past year reached a stage of almost 
complete stagnation, and owing to the keen competition 
for the limited number of orders on the market, prices 
have been brought to a point which is absolutely unre- 
munerative ; moreover, since the date of the last report, 
there has been a falling off in the price of South Wales 
steam coal, and the outlook at present offers no indication 
of early improvement. Under these circumstances, the 
board regret they do not feel justified in recommendin 
the payment of a dividend.” For 1893-4 a dividend of 2 
per cent. was paid. 


New Pier at Torquay.—A new pier was opened at Tor- 
quay on Monday. The pier is 930 ft. long, with a 
widened head 136 ft. in length. There is continuous 
seating for the whole length of the pier, capable of 
accommodating 1000 persons. On the widened head is a 
band stand for 25 performers, and half-a-dozen well 
arranged shelters. There isa landing stage at the pier- 
head, on which passengers can be landed from steamers 
at any state of the tide. The stage is 110 ft. long and 
10 ft. wide, so that there is little chance of overcrowding 
from the steamer which comes alongside. There are 
three levels to the landing stage, one for high water, 
another for low water, and a third for the intermediate 
state of the tide. Off the pierhead the water is deep 
enough for passenger steamers visiting Torquay at all 
tides. The construction of the pier has been carried out 
by Mr. A. Thorne, of Westminster. Mr. H. A. Garrett, 
C.K., designed the pier, and personally superintended its 
construction. The cost has been about 10,000/. 


Bristol Wagon and Carriage Works Company, Limited. 
The directors of this company propose a further dividend 
of 3 per cent., making, with an interim dividend already 
git. a total distribution of 6 per cent. for the year ending 

arch 31, 1895, leaving 905/. to be carried to the credit 
of the current financial year, 


South Wales Coal and Iron.—The shipments of coal, 
foreign and coastwise, from the four principal Welsh 
ports in May were as follows: Cardiff—foreign, 1,103,336 
tons ; coastwise, 152,657 tons. Newport—foreign, 224,223 
tons ; coastwise, 80,738 tons. Swansea—foreign, 105,742 
tons; coastwise, 58,589 tons, Llanelly—foreign, 12,227 
tons ; coastwise, 6805 tons. The aggregateshipments of the 
month were, accordingly: Foreign, 1,445,528 tons; coast- 
wise, 298,789 tons. The shipments of iron and steel in 
May were: Cardiff, 3665 tons; Newport, 188 tons; Swan- 
sea, 150 tons; Llanelly, nil ; total, 4003 tons. The ship- 
ments of coke were: Cardiff, 6152 tons; Newport, 214 
tons ; Swansea, 82 tons; Llanelly, nil; total, 6448 tons. 
The shipments of patent fuel were: Cardiff, 31,485 tons ; 
Newport, 7232 tons; Swansea, 35,321 tons; Llanelly 
nil; total, 74,038 tons. The aggregate shipments of coal 
from the four principal Welsh ports in the five months 
ending May 31 this year were: Cardiff, 5,264,221 tons; 
Newport, 1,387,997 tons; Swansea, 710,329 tons; Llanelly, 
92,639 tons; total, 7,455,186 tons. The aggregate 
shipments of iron and steel were: Cardiff, 14,068 tons ; 
Newport, 3303 tons ; Swansea, 1037 tons; Llanelly, ni ; 
total, 18,408 tons. The aggregate shipments of coke 
were: Cardiff, 40,723 tons ; Newport, 2034 tons; Swan- 
sea, 4684 tons; Llanelly, nil; total, 47,441 tons. The 


tons; Newport, 21,736 tons; Swansea, 97,652 tons; 
Llanelly, nil ; total, 246,952 tons. 


Briton Ferry.—The tinplate trade is looking better than 
for some time past. The Villiers Works were in full 
operation last week, as were also the Vernon, Baglan Bay, 
Gwalia, and Earlswood Works—at the latter an additional 
mill will be shortly started. The Briton Ferry Steel 
Works were also fully occupied. One of the furnaces 
which has been idle for some time, has been re-started, 
and the output of ingots and steel bars has been satis- 
factory. At the Albion Steel Works another furnace has 
also been brought into operation. 


Keyham Engineering College.—Mr. W. F. Hinchcliffe, 
senior instructing engineer at the Royal Naval Engineer- 
ing College, Keyham, left Devonport on Saturday to take 
up an appointment on the line-of-battle ship Revenge at 
Portsmouth. His successor is Mr. G. Richardson, who 
recently returned from the Philomel, on the West Coast 
of Africa. 





LAUNCHES AND TRIAL TRIPS. 

TuHE s.s. Rebecca, recently launched by Messrs. John 
Fullerton and Co., of Paisley, and built to the order of 
the Carnarvonshire and Merionethshire Steamship Com- 
pany, Limited, of Portmadoc, went on her trial trip on 
the 4th inst. Her principal moulded dimensions are 
140 ft. by 23 ft. by 10ft.6in. She is intended for the 
company’s coasting trade, and has also accommodation in 
deck-house for a number of passengers. The machinery 
was supplied by Messrs. Ross and Duncan, Whitefield 
Works, Govan, the engines being of the compound surface- 
condensing type, with cylinders 18 in. and 36 in. in 
diameter, by 26 in. stroke, and the boiler, of large size, 
working at 120 lb. pressure. 





Two vessels fitted with the Babcock and Wilcox water" 
tube boiler have recently been tried, one at Sunder- 
land and the other at HulJ, and the steam generator 
was identical in construction with those illustrated 
in ENGINEERING a few weeks ago, but larger. The trial 
trip on the 7th inst. was of the Hero, owned by 
Messrs. Thomas Wilson, Sons, and Co., of Hull, the 
engines and ship being built by Earle’s Shipbuilding 
we, and the boilers by the Babcock and Wilcox Com- 
pany. he engines are of 1300 indicated horse-power on 
the triple-expansion principle, and have a working 
pressure of 200lb. per square inch. There are two boilers 
to supply steam to the engines, and on the trial trip they 
worked with satisfactory results. There has been a saving 
of weight of upwards of 60 tons by the use of this type ot 
boilers in the ship. This is the second vessel owned by 
Messrs. Thomas Wilson, Sons, and Co. that is fitted with 
the - Babcock and Wilcox boilers, the earlier vessel, the 
Nero, having been at work for over two years. The 
second trial, on the 8th inst., was at Sunderland, off the 
Wear and Tyne, and was with a vessel named the 
Turret Cape, built by Messrs. Wm. Doxford, Sons, and 
Co. for Messrs. Petersen Tate, of Newcastle. he is 
exactly similar to the s.s. Turret Crown, by the same 
builders, and for the same owners, which had her 
trial trip a month ago. Each of these vessels has two 
of Babcock’s boilers on board to supply steam to the 
engines, which are triple-expansion, of 1100 horse-power, 
with a working pressure of 1801b. per square inch. he 
boilers worked well throughout the whole of the trial, and 
the vessel left after the trial for Canada. 





Kopo.itscH’s PortaBLE Exxcrric Drituinc Ma- 
CHINE.—We are requested to state that the British agents 
for the Kodolitsch portable electric drilling machines de- 
scribed in our issue of May 24 last, are Messrs. Mavor 
and Coulson, 57, West Nile-street, Glasgow. 





Goops Wacons IN DenmarkK.—The Danish State 
Railways havesuch a scarcity of goods wagons that they 
have been obliged to hire 200 from Germany, for which 
they pay 2 kr., or 2s. 3d., per day. New wagons have, 
however, been ordered, and it is expected that about 250 
of these will soon be delivered. 





THE GLASGow AND West or ScoTiaNnp TEcANICAL CoL- 
LEGE.—At a meeting of the Governors of the Glasgow 
and West of Scotland Technical College held on Wednes- 
day, the 19th inst., it was unanimously agreed to appoint 
Mr. John C. Longbottom, Wh. Sch., A.R.C.S., to the 
new Lectureship in Mechanics recently advertised in this 
college. Mr. Longbottom served his apprenticeship of 
six years in the various departments of the works of 
Messrs. F. and J. Butterfield and Co., Limited, engineers 
and machine-tool makers, Keighley, during which time 
he was successful in the competition for Whitworth Ex- 
hibitions (1889). By the aid of a National Scholarship 
gained in 1890, he had a three years’ course of training in 
science at the Royal College of Science, London, taking 
as his special subjects mechanics and physics. At the 
final examinations of the session 1891-92, in the advanced 
courses of mechanics and machine design, he was placed 
in the first position, being awarded the prize and first- 
class associateship of the college in Mechanics. At the 
May examinations of 1893, he was successful in the com- 
petition for Whitworth Scholarships being placed second 
on thelist. Since winning the Whitworth Scholarship he 
attended the engineering courses at University College, 
Londov, and spent some considerable time in practi 
laboratory work. He had experience as demonstrator 
for Professor Karl Pearson in his graphical courses in 
applied mathematics and mechanics, while during his 
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in consequence, thrown out of employment. 


aggregate shipments of patent fuel were: Cardiff, 127,564 





recent illness he carried on his senior class in dynamics, 
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MISCELLANEA. 
At the general meeting of the Engineering Society, 
King’s College, held on June 14, a paper on the Tower 
Bridge was read by Mr. Mowat. 


The sixth International Geographical Congress will be 
opened in London on July 26 next by H.R.H. the Duke 
of York. Special railway facilities will be offered to 
members coming from abroad, full particulars of which, 
and of the other arrangements for the meeting, can be 
obtained from the Secretaries to the Congress, 1, Savile- 
row, London, W. 


The Secretary of State for Foreign Affairs has received 
from Her Majesty’s Consul-General at Antwerp a de- 
spatch reporting that contracts for extensive engineering 
works are about to be allotted by the Belgian railway 
authorities. The cost of the works, the contract for which 
will be allotted on July 3, will exceed 2,000,000 francs ; 
towards the middle of August a further contract, involv- 
ing the expenditure of some 5,000,000 francs, will be 
allotted for the construction of a new railway station. 
Further details as to conditions of tender have been asked 
for, and, when received, can be seen at the Commercial 
Department of the Foreign Office, between the hours of 
11 and 6. 


The well-known Swedish aeronaut Mr. Andrée’s pro- 
jected expedition to the North Pole by means of a balloon, 
will undoubtedly be realised next year, the necessary funds 
having been fully subscribed. The balloonis to be manu- 
factured in Paris, and will be made of double silk, the 
cost of which alone will amount to some 2200/. The balloon 
will have a capacity sufficient to carry three men, the 
requisite instruments, provisions for four months, ballast, 
&c. Itis to be sufficiently gas-tight to be able to remain 
30 days in the air at a height of some 800ft. It will be, 
to some extent, steerable by means of a system of sails, 
The gondola is to be large enough to contain a sledge, a 
anit tia, photographic appliances, &c. It is the plan 
to start from a point in Northern Spitzbergen. 


An exceptionally deep 2-in. driven-tube well has just 
been pub down at Mr. C. Ernout’s brewery, Pont de 
Nieppe, near Dunkerque, a depth of 112 ft. from the 
surface being reached. The perforated point forming the 
bottom of the well was covered with a fine perforated 
brass strainer, as the water-bearing bed consists of fine 
sand. A supply of 800 gallons per hour has been obtained, 
which rises close to the ground level, and is connected to 
a direct-acting steam pump. The strata passed through 
consisted of 7 ft. of peat, 13 ft. of running sand, 49 ft. of 
stiff clay, and 43 ft. of sand. Messrs. Alfred Williams 
and Co., artesian well engineers, 39, Great Eastern-street, 
London, supplied the well, and the work was carried out 
under the supervision of M. Georges de Geyter, the 
brewers’ consulting engineer. 


In a paper presented to the American Society of Civil 
Engineers, Mr. H. R. Stanford deals with the properties 
of malleable cast iron, which is commonly used in the 
United States for important parts of engines and other 
machines. It appears that in America charcoal iron is 
mainly used for the work. The melting is done in a 
cupola when light castings only are to be produced, but 
an open-hearth furnace is employed when a superior 
quality of metal is needed, as in the case of heavier cast- 
ings. The whole of the carbon in the unannealed castings 
should be in the combined state, or the final product will 
be inferior. After sorting and chipping, the castings are 
packed in a pot with clean heavy forge scales, and the 
whole is then transferred to the annealing furnace, which 
is best heated with oil. The raw material should not 
contain sulphur, or theannealing is slow, but phosphorus 
does not appear to matter much. 


At the last meeting of the Leeds Association of Engi- 
neers, a paper on Continental workshop practice was read 
by Mr. Charles H. Holgate, who stated that though the 
English had in times past taught the Continent practical 
mechanics, ab the present time higher technical educa- 
tion was more common there than here. The Société 
Cockerill provided for the technical instruction of their 
workmen. The practice in this company’s shops was, in 
many ways, similar to English practice, but the hands 
are very numerous for the work turned out, since, wages 
being low, it was profitable to employ labour in place of 
machinery. Mechanics received 40 fr. to 56 fr. per fort- 
night, the hours being 58$ per week. The system of 
working to standard patterns was growing in Belgium, 
and enabled the cost of the machines to be reduced. 
Hospitals and orphanages were provided for the employés, 
and in some cases canteens for aged workmen, in which 
they could live for a small sum per week. A discussion 
followed the reading of the paper. 


The use of liquid india and other drawing inks has now 
me fairly common in drawing offices, several excel- 
lent makes being now on the market. Their use is likely 
to increase still more in the future, owing to the great 
convenience of having a supply of ink constantly ready at 
&@ moment’s notice, and the great saving of time and elbow- 
grease thereby effected. A particularly convenient 
method of putting up these inks has been has been intro- 
duced by Messrs. Charles M. Higgins and Co., of New 
York. The smaller bottles hold 1 0z., and are of a flat equat 
type, so that it is very difficult to upset them. A quill is 
stuck in the cork and dips into the ink. The pen can 
then be filled with ink by means of this quiil without dip- 
ping the pen itself into the bottle. This not only saves 
ink, but is in other respects exceedingly convenient. The 
coloured drawing inks made by the firm are also very use- 
ful. Since they will not wash down, all dimension and 
centre lining can be completed with them before colouring. 
A London office for the sale of these inks has been opened 


An interesting experiment of installing a telephone by 
trotting cavalry was recently successfully undertaken by 
some Prussian Uhlans between Berlin and Potsdam. Two 
sets of one officer and two non-commisioned officers pro- 
ceeded, in the early morning, respectively from Berlin and 
Potsdam. Each set was equipped with a complete 
telephone apparatus, which one of the men carried in a 
leather case on his chest, besides the requisite quantity of 
thin wire. The end of the wire was re noma th with the 
respective town’s telephone station, and the wire was, 
by means of a fork fixed at the end of the lance, thrown 
over the tops of the trees along the road. As each kilo- 
metre of wire was thus suspended, a halt was made, and 
it was ascertained whether there was connection with the 
station. A new kilometre of wire was then connected 
with the former, and on went themen. Thetwosets met 
at Teltow. The wires, having been respectively tested 
with their respective stations, were connected, and tele- 
phonic connection between Berlin and Potsdam was 
established. The distance is about 20 miles, and the 
whole thing was done in about four hours. 


The annual general meeting of the Association of 
Private Owners of Railway Rolling Stock was held at 
Derby on June 13, under the presidency of the chairman, 
Mr. W. F. Butler, of Wrexham. In moving the 
adoption of the report for the past year, the chairman 
referred to the desirability of a board of conciliation being 
constituted, to consist of representatives of the leading 
railway companies and the association respectively, for 
dealing with matters of dispute with regard to private 
owners’ wagons, and mentioned that steps were then 
being taken by the committee which, he hoped, 
might lead to that result. He then mentioned some 
matters which appeared likely to give rise to diffi- 
culties with certain of the railway companies, and 
stated that they would be dealt with by the committee in 
a determined, though not hostile, manner. He after- 
wards referred to the increase in the membership of the 
association, and urged members to get their friends to 
join it. The balance-sheet of the association was then 
read, and both the report and the balance-sheet were 
adopted and approved. A cordial vote of thanks to the 
chairman and committee concluded the proceedicgs, 


Mr. T. Timmins, C.E., has recently introduced an 
ingenious instrument for facilitating the drawing of a 
funicular polygon, and hence determining the stresses in 
girders and beams. The essential parts of the instrument 
are a modified form of the ordinary 2-ft. rule and a card- 
board diagram. A hook on one leg of the rule forms the 
pole of the polar or force polygon. The other edge of the 
rule is notched. Touse the instrument for a girder carry- 
ing, say, three loads of 10, 20, and 10 tons, notches are 
selected 10, 20, and 10 units apart, the operation being 
identical with setting off the forces in the usual way. 
The rule is opened out a suitable distance, and a string 
is then strung from these notches round the hook, 
and forms the rays of the polar polygon. This done, the 
rule is transferred to the cardboard diagram, which is 
graduated in rectangles, lengths being measured horizon- 
tally, and weights vertically. Placing the instrument 
with its ‘‘ hook” edge along the vertical zero line, a line is 
ruled along the first string up to the vertical correspond- 
ing to the distance of load No. 1 to the abutment. 
The point of intersection is noted, the rule transferred 
to this vertical, and a second line ruled in the same way 
along the second ray up to the line of action of the second 
load. A second portion of the funicular polygon is thus 
obtained, and by repeating the operation the whole of it is 
completed. The vertical intercepts between it and the 
closing line show directly the flange stress on the girder, 
provided the polar distance has been properly taken. A 
second cardboard diagram gives the proper web thickness 
and rivet pitch. The instrument in question can be 
— from Mr. B. T. Batsford, High Holborn, 
ondon. 


Mr. William Crookes, F.R.S., and Professor Dewar, 
F.R.S., have made their report on the London water 
supply for May to Major-General A. de Courcy Scott, 
R.E. It contains the results of their analyses of the 189 
samples of water collected by them during the past month, 
at the several places and on the several days indicated, 
from the mains of the London water companies taking 
their supply from the Thames and Lea. The whole of 
the 189 samples examined were found to be clear, bright, 
and efficiently filtered. The report goes on to say that the 
month of May was remarkably dry, the total rainfall at 
Oxford, representing the Thames valley, being only 
0.16in. As the 25 years’ mean for the month was 1.95in., 
the deticiency was no less than 1.79in. What little rain 
there was fell on four days—the Ist, 17th, 23rd, and 
30th. It had usually been found that the river water in 
dry summer months was of a somewhat higher degree of 
purity than when the summer was wet. On comparin 

the chemical composition of the waters during May with 
their composition in April, when the mean amount of rain 
fell, it would be seen that the improvement, although per- 
ceptible, was not so striking as it formerly was when the 
present high degree of purity was not so uniformly 
reached. It therefore appeared that the filtering plant 
of the several companies was quite sufficient to preserve 
the high standard of purity, irrespective of occasional 
influxes into the river of vegetable and peaty organic 
matter due to sudden or long-continued rain. The chief 
improvement was in the organic carbon and the colour. 
On the other hand, bacteriological examinations showed 
the improvement due to the dry season in a marked 
manner. The filtered water from the general wells at the 
works during the month of May contained an average 
of 18 microbes per cubic centimetre, as against 46 in the 
month of Apri], whilst the unfiltered water contained 


THE PHYSICAL SOCIETY. 


AT the meeting of the Physical Society held on June 14, 
Captain W. de W. Abney, president, in the chair, Mr. 
Burstall continued the reading of his paper on *‘ The 
Measurement of Cyclically Varying Temperatures.” 
Three sizes of platinum wire have been employed for 
the thermometers, in order that some idea might be 
formed as to the magnitude of the error caused by the 
lag of the temperature of the wire behind that of the 
gases. The constants of the platinum thermometers were 
determined either by comparison with a standard calendar 
platinum thermometer, or by means of ice, boiling water, 
and boiling sulphur. In most cases the thermometer 
constants were determined after the wire had been exposed 
to the action of the hot gases for about half an hour. One 
wire, however, was calibrated before being used, and an 
unusually high value was obtained for the coefficient 6. 
After this wire had been exposed to the hot gases, the 
value of 6 fell, however, to the normal. The author 
thinks the abnormal value may have been due to the 
formation of a gold-platinum alloy during the process of 
attaching the wire to the leads, and that this alloy was 
subsequently swept off by the hot gases. The paper 
includes a number of tables and curves, which embody the 
numerical results, and show that concordant results can be 
obtained on different days and with different thermo- 
meters. 

Professor Perry said that an instrument for quickly 
recording varying temperatures was greatly required by 
engineers. The temperature just inside the cylinder 
walls was, however, the most important to determine, 
and a knowledge of how the temperature from 1 to 2 
millimetres inside the walls varied would be of the greatest 
importance. He would like to ask the author if the 
observed temperatures agreed with the values, calculated 
on the assumption that the gases in the cylinder behaved 


as a perfect gas, and that Vv was constant during the 


whole stroke. Differences between the observed and cal- 
culated values might be due to dissociation, and not 
entirely to lag in t 1e thermometers. It was astonishing 
that even the fine wires employed were able to follow the 
rapidly ee temperature, and he would like to see 
some special experiments made to test this puint. 
Professor Capper showed a we id giving the values 


calculated on the assumption that - Tn 


such a calculation it was necessary to assume some tem- 
perature as a starting point, and in general this tempera- 
ture was obtained from an analysis of the exhaust gases, 
so that the calculated curve is most likely to depart from 
the truth at the commencement of the stroke. He (Pro- 
fessor Capper) hoped that the author would be able to 
accurately determine the temperature of some one point 
of the stroke, and he suggested that the point where the 
observed curve crossed the theoretical curve would be the 
most suitable one for this purpose. Such a point must 
exist, since at the commencement of the stroke the lag 
causes the observed temperature to be too low, while at 
the end of the stroke the observed temperatures are too 
high. Mr. Burstall finds a curious bump in his curves, 
and it is curious that a similar bump exists in the calcu- 
lated curves. From the constancy with which this bump 
appears, it would seem that it must have some physical 
meaning. It was important to remember that the expan- 
sion in the gas engine cylinder is not adiabatic, for heat 
is both abstracted and generated during the stroke. 

Mr. Blakesley suggested that since the temperatures 
dealt with were sufficient to make the wire red-hot, the 
question of lag might be investigated by the wire being 
examined by means of Becquerel’s phosphoroscope at a 
known interval after the removal of the source of heat. 

Mr. Griffiths said he considered an important source of 
error was the large thermal capacity of the leads when 
the working wire was so very short. He thought it 
would be possible to standardise the thermometers under 
conditions somewhat similar to those which occur in the 
engine cylinder. Thus, perhaps, alternate gushes of air 
at 0 deg. and 100 deg. Cent. might be used. The use of 
gold to attach the fine wire to the leads was objectionable, 
since the aes must permeate the platinum for quite an 
appreciable fraction of the whole length of the wire. He 
would like to know whether the change in 6 alluded to by 
the author occurred with the first explosion, or whether 
it was a gradual one. 

Mr. Enright pointed out that the nature of the working 
substance in a gas engine varied during the stroke. 
Professor Perry said that the change in the specific 
volume of the gases before and after combustion did not 
amount to more than 1.25 per cent. 
Mr. E, Wilson said he thought it was most important to 
shorten the time of contact, since at present the galvano- 
meter readings corresponded to the mean temperature 
over a range of about 5 per cent. of the whole stroke. It 
might be possible to make use of a condenser to get over 
this difficulty. 
Professor Riicker said that the Kew Observatory were 
making arrangements to undertake the testing of platinum 
thermometers. 
_ Mr. Enright suggested that with a very short contact 
induced currents might cause errors. 
Mr. Rhodes said that he had found that the method of 
determining the zero point of thermometers by means of 
melting ice was far from satisfactory, and that the results 
—" could not be depended upon to within 0.1 deg. 
ent. 

The author, in his reply, said the only chemical action 
on the wires he thought probable was the formation of a 
carbide, After several hours’ use, however, the wires 
— ag - * and clean. 

r. N. F. Deerr read a paper on “The Thermal 


constant, 








at 106, Charing Cross-road. 





4070 per cubic centimetre. 


Constants of the Elements.” The object of the paper 
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is to establish the following laws: If T denote the 

melting point on the absolute scale, C the mean co- 

efficient of expansion between zero and the melting 

point, S the mean specific heat, and L the latent heat of 

fusion, then for any family in Mendeleéf’s periodic classi- 

fication, the following relations will hold between metals 
and metals, and between non-metals and non-motals : 

L 

Ti= 

(T+) 

T C = constant. 

LC 

8 


C = constant. 


= constant. 


In the absence of other data, the mean values of C and 
S between 0 deg. and 100 deg. have been taken. 

Anomalous values are obtained in the case of gold and 
mercury. if these metals are included in their usual posi- 
tions. The author considers that the thermal constants 
indicate that gold ought to be placed among the transition 
elements. He further proposes to place mercury in a 
new group to come before the lithium group. Such a 
group, he suggests, would contain hydrogen, argon, and 
mercury. 

The paper concludes with an attempt to justify the 


cxpression { T + L C = constant, on theoretical grounds, 

Dr. Gladstone considered that the paper contained 
valuable numerical relationships, and that the second and 
third formule were much more strongly supported by the 
data given than the first formula, He, the speaker, had 
previously noticed that the elements of the transition 
group might be subdivided into sub-groups, and that the 
elements of each of these o_o were particularly 
closely related. He agreed with the author that gold 
ought not to be included in the first group. 

Mr. F. H. Neville said that since the author did not 
give the source of the data he had employed, most of the 
results given were rather indefinite. For example, while 
the author gives 870 deg. as the melting point of 
aluminium, Mr. Haycock and himself had found the value 
927 deg. The value of the latent heat of aluminium 

iven was 293, while Pionchon, in a recent paper 
in the ‘‘ Comptes Rendus,” gives the value 80. Theo: 
retical considerations appear to indicate that 80 is 
the minimum value possible. The author assumes 
that when you heat a substance from the absolute zero to 
its melting point, all the energy supplied is expended in 
the work of expansion ; some of the heat, however, must 
be employed in changing the kinetic energy of the mole- 
cules, even in the case of a solid. 

Professor Worthington said that in some cases the 
amountof work done against cohesive forces between0deg. 


and 100 deg. was much less than th of the whole 


10,000 
amount of energy supplied. 

Mr, Griffiths said he did not believe in any generalisa- 
tion which depended on the values of the specific heats 
determined between 0 deg. and 100 deg., the rate of change 
with temperature of specific heat being so great. 

The author in his reply said he had made every endea- 
vour to obtain the most accurate data for his calculations. 
The value 29.3 for the latent heat of aluminium was ob- 
tained from a paper by Mr. J. G. Richards. 

A paper on * An Electro-Magnetic Effect,” by Mr. F. W. 
Bowden, was postponed till the next meeting. 








ROYAL METEOROLOGICAL SOCIETY. 

Tue last meeting of this Society for the present session 
was held on Wednesday evening, the 19th inst., at the 
Surveyors’ Institution, Westminster, Mr. R. Inwards, 
F.R.A.S., President, in the chair. 

Mr. R. H. Curtis, F.R. Met. Soc., read a paper on the 
** Hourly Variation of Sunshine at Seven Stations in the 
British Isles,’ which was based upon the records for the 
ten years 1881-90. Falmouth is decidedly the most sunny 
station of the seven, having a daily average amount of 
supshine of 44 hours. This amount is half an hour more 
than that recorded at Valencia, and three-quarters of an 
hour more than at Kew. Of the other four stations, 
Aberdeen, the most northern, but at the same time a 
coast station, with 3.64 hours, has more than either 
Stonyhurst or Armagh, both inland stations; whilst 
Glasgow, with only 3 hours, or about a quarter of its 
possible amount, has the smallest record of the seven, a 
result to some extent due to the nearness of the observa- 
tory to the large manufacturing works with which 
the city of Glasgow abounds. At Valencia, Kew, Stony- 
hurst, and Armagh, the maximum duration is reached 
in May, the daily mean amount varying in the order 
named from 6? to 6 hours. At Falmouth and at the 
Scotch stations the increase goes on to June, when the 
mean duration at Falmouth reaches 74 hours, at Aber- 
deen 6} hours, and at Glasgow 5.5 hours. January and 
December are the most sunless months of the year. The 
most prominent feature brought ovt at all the stations is 
the rapid increase in the mean hourly amount of sunshine 
recorded during the first few hours following sunrise, 
and the even more rapid falling off again just before 
sunset. 

Mr. H. Harries, F.R. Met. Soc., reada paper on ‘‘ The 
Frequency, Size, and Distribution of Hail at Sea.” The 
author has examined a large number of ships’ logs in the 
Meteorological Office, and finds that hail has been ob- 
served in all latitudes as far as ships go north and south 
of the equator, and that seamen meet with it over wide 
belts on the polar side of the 35th parallel. 





Gas aT Brooktyn.—A consolidation of the seven gas 
companies at work in Brooklyn is said to have been 
effected. The aggregate capital of the new combination 
will be about 6,000, 0007. 





THE PARIS MEETING OF THE 
INSTITUTION OF NAVAL ARCHITECTS. 
To THE EDITOR OF ENGINEERING. 

Carr MonsizuR,—Je viens de lire l’intéressant article, 
que vous avez consacré dans votre numero du 14 courant, 
x la réunion des membres de ‘‘ The Institution of Naval 
Architects’ qui vient d’avoir lieu & Pari». 

Je suis trés hon’ ré de la mention, tout particuliere, que 
votre correspondant a bien voulu faire de mon nom, 2 la 
suite deceux des membres éminents du Comité de Récep- 
tion, mais je crains qu’il ne ee soit mépris sur l’importance 
du 106‘e que j’ai été aprelé & remplir dans cette circon- 
stance. 

Je dois & la verité de dire que je n’ai é:é iavité 4 faire 

artie du Comité qu’apres que toutes les dispositions pour 
a réception étaient déja prises, et que toute l’honneur en 
revient par conséquent & ceux auxquels est incomkés toute 
la préparation du programme. 

Je n’aidonc pu qu’aider & son éxécution, suivant la part 
qui m’était assignée, et je m’estimerai heureux si j’ai pu, 
comme vous voulez bien le dire, contribuer 4 rendre 
agréable la visite de nos amis, 

Agréez, Cher Monsieur, mes salutations distinguées, 

HENRI VASLIN. 

10, Rue Laffitte, Paris, 18 Juin, 1895. 








THE USE OF EXPLOSIVES. 
To THE EpiToR OF ENGINEERING. 

S1r,—I should be glad if any of your readers could give 
me some reliable data as to the description and quantity 
of blasting explosives annually consumed in the United 
Kingdom by 

A. Quarries, 

B. Coal mines. 

C. Iron and steel mices. 

D. Contractors and others for miscellaneous purposes. 

ours obediently. 

London, E.C., June 18, 1895. i. M. 2 





FAST RAILWAY RUNNING. 
To THE Epiror oF ENGINEERING. 

Srr,—I have read your article and the letters of Mr. 
Rolfe and ‘* A. G. R.” on the fast run of the Pennsylvania 
Railroad, and believe the distances given in the former to 
be correct, for Mr. Foxwell, whose accuracy is generally 
beyond question, in his ‘‘ Express Trains,” page 86, gives 
59 miles for the length of the line. On the other hand, I 
find in an old catalogue of the Baldwin Workze, the follow- 
ing figures, which agree very closely with yours : 


Miles. 
Camden to Haddonfield 6.74 
Haddonfield to Kirkwood ... 4.66 
Kirkwood to Berlin... ae 5.03 
Berlin to Atco ee 2.58 
Atco to Waterford ... 3.72 
Waterford to Winslow __... 4.37 
Winslow to Hammonton ... 3.15 
Hammonton to Elwood _... 6.09 
Elwood to Egg Harbour ... 4.89 
Egg Harbour to Pomona ... 5.24 
Pomona to Absecom ie 5.50 
Absecom to Atlantic City ... 6.62 


Total 58.59 


It must thus be admitted, I believe, that the run in 
question has been performed at an average speed of over 
76 miles an hour. Moreover, this feat appears not im- 
possible when it is borne in mind that the engine was an 
enormously powerful one, and the load a singlecar. Under 
such conditions it is quite possible to maintain on the level 
an even speed of, say, 83 miles throughout, for Mr. Rous 
Marten has timed Midland and Great Northern trains at 
84 miles an hour down 1 in 200, and in the P.L.M. speed 
experiments of 1889, unattached engines have attained 
90. As for intermediate speeds between stations, the 
times given by the Pennsylvania Railroad are, of course, 
totally valueless, as are all those given in fractions of 
minutes only ; the results of calculations based thereupon 
could only ke misleading. Such blunders are, however, 
rather frequent. For instance, Mr. Bowen Cooke, in his 
**British Locomotive,” page 312, states that a L.N.W. 
compound ran once at 87.5 miles an hour, with a gross 
load of 240 tons, down an easy gradient ; bub this plucky 
high speed has been obtained by timing the traia in 
minutes! The correct figure ought probably to have been 
70 miles an hour, or thereabouts. 

I am, Sir, yours faithfully, 
Ghent, May 29, 1895. ¥,. Kre.Horr. 





THE PROPOSED INDUSTRIAL UNION OF 
EMPLOYERS AND EMPLOYED. 
To THE EprroR oF ENGINEERING. 

Srr,—It may be remembered that the industrial troubles 

in connection with the great coal stoppage led some 
representative employers and some trade unionist and 
non-unionist labour leaders to meet together about 15 
months ago to consider whether some steps could not be 
taken to improve the relations between employers and 
employed. A perusal of the Conference Report (Methuen 
and Co., 6d.) tends to confirm the statement of a special 
correspondent who was present: ‘‘ The proceedings were 
marked with complete unanimity, and were characterised 
with a spirit of earnestness and hopefulness.” 
_ The recent grave dispute in the shoe trade is a fresh 
indication of the pressing need existing for the establish- 
ment of some ey agency of reconciliation 
between the essential factors of modern industry. 
“Strength is being wasted in vain grumbling and in 
sectional efforts.” 





The conference decided that it was desirable to promote 
the establishment of an ‘‘ Industrial Union of Employers 
and Employed,” and a joint provisional committee was 
then appointed which has drawn up a constitution, with 
ruler, &c., which are embodied in the papers sent here- 
witb. The ruler, &c., are at present in a preliminary 
stage, and the provirional committee will welcome any 
suggestion of additions or amendments. 

It is proposed that the membership shall bs confined to 
practical men wko are actually engaged, or who are 
directly concerned, in industrial pursuits, though the aid 
of social authorities and of all sympathisers will be 
heartily welcomed in the grade of Associates. 

The committee has been gratified at the measure of 
support which has so far been extended to the proposals. 
The lists of selected adherents (inclosed) include many 
leading employers, labour leaders, and social authorities. 
Working men’s organisations, representing upwards of 
50,000 members, have actually joined, while others intend 
to be represented at the conference. 

The inaugural conference is to take place on Saturday 
next (June 22) in Essex Hall, Strand, W.C., when Mr. 
William Whitwell, of Stockton-on-Tees, president of the 
Board of Conciliation for the North of England Iron and 
Steel Trader, will preside. Further particulars respect- 
ing the conference may bs gathered from your advertise- 
ment columns. 

A fund has been started for defraying the preliminary 
expenses of the movement, up to and including the 
inaugural conference ; such expenses are expected to 
amount to about 300/ , towards which about 200/. has been 
received. 

Fall particulars, with programme of the inaugural con- 
ference, will be sent post free on application to Mr. Rain- 
bow, —— pro tem., The Butts, Coventry. 

am, Sir, yours truly, 
R, A. HADFIELD, 
Chairman of the 
Hecla Steel Works, Sheffield. 


Provisional Committee. 





SWEATING IN DRAWING OFFICES. 
To THE EDITOR OF ENGINEERING. 

Srr,—I shall be much obliged if you can find room in 
your valuable paper to enter my protest against the most 
disgraceful sweating in drawing officer. At an office I 
was in at the West End I was compelled to work overtime 
for nothing, to make up for lost time caused by illness, 
and was only allowed three-quarters of an hour for lunch, 
which I do not think sufficient when one has to work till 
6 p.m., eye-blinding work, and till 2.30 p.m. on Saturdays, 
which spoilt the afternoon for sports of any kind. This, 
by the way, is not so bad as another well-known firm that 
require you to work till four o’clock every alternate Satur- 
day, without extra pay, and give extremely low wages, 
too. A word about tracing offices, which I think only fair 
should be brought into the case, as I think all in such 
situations will join me in asserting that they are the most 
sweated of the lot; you are expected to get through a 
superhuman amount of work for pay that only through 
dire necessity you are obliged to accept ; you are watched 
over and visited every few minutes, and treated like a 
dog. It was only mentioned a few months ago in a 
weekly paper how some of these persons make a thousand 
a year after clearing expenses, and you can see their 
= going to work with pale faces, carrying bread- 
and-butter for their lunch in their cheap basins tees 

It is a rule in some offices for the principals to receive 
@ commission on the business, making it their duty to 
keep the wages of those under them as low as possible. I 
do not think it is much use forming a union, as so many 
are narrow-minded and snobbish, and so mixed in their 
respective interests; I should consider individual action 
the best course to take. 

I pledge myself to set the example should I be placed 
by necessity in such offices again. 

Yours faithfully, 
June 14, 1895. WRATH. 








CATALOGUES.—We have received from the well-known 
firm of Joshua Buckton and Co., Limited, Leeds, a copy 
of a neatly got up catalogue containing illustrated descrip- 
tions of the very large variety of machine tools made by 
this firm. Of ordinary planing machines alone some 
29 standard sizes are made, without taking into 
account the edge-planing machines, armour - planing 
machines, and similar special tools. An improved 
tool - holder for enabling a cut to be taken on 
both strokes of the machine has been introduced, 
and can be fitted to almost any machine. An equal 
variety of lathes is also listed, many being special tools. 
A similar remark will apply to the drilling machines, the 
multiple drills in particular being worthy of note. 
complete line of boilermakers’ tools is also manufactured 
by the firm, whilst Mr. Wicksteed’s testing machines are 
so well known that they hardly require mention here. 
For chain-testing purposes they are made capable of 
a a pull of 250 tons.—The Electrical Company, 
Limited, of 122 and 124, Charing Cross-road, have 
sent us a _— of a small volume they have issued 
dealing with the electrical transmission and distribution 
of power. A popular account of the principles involved 
is given in the opening pages of the volume, and is fol- 
lowed by illustrated descriptions of the motors and dy- 
namos used. The rest of the work is mainly taken up 
with particulars of special examples of electrically driven 
machines. The price of the handbook is 2s.—Factory 
chimneys are, in the States, very commonly built of steel 
plates, some being of very large dimensions. A catalogue 
pete yger by the Philadelphia Engineering Works. 

imited, of Philadelphia, USA, gives particulars of 
aia number of these erected in different parts of 

erica. 
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GOVERNING ENGINES. 
To THE EpITOoR OF ENGINEERING. 

Sir,—In the very interesting paper by Captain Sankey 
upon ‘Governing by Throttle and by Variable Expan- 
sion,” and in the discussion thereupon, the latter part of 
which you recently published, there are some references 
to American practice, upon which I trust you will allow 
me the opportunity to make a few remarks. 

Let me state, in the first place, that I have no interest 
in any engine or engine works, and that, if I appear as a 
partisan, it is only through a desire to see credit given 
where credit is due. 

Captain Sankey, in his reply to the previous discussion, 
is quoted as saying: ‘‘That the sluggishness due to 
inertia was a real practical difficulty with shaft governors 
when designed solely on the centrifugal force principle 
was clear from the fact that in America the best of these 
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upon the engine, the reduction of speed at the end of the 
revolution would not exceed 4 per cent., or the average 
reduction during the revolution, 2 per cent. Ihave known 
this to be specified, and good engines of the high-speed 
type are able to meet the requirement. 

Since the normal load is always at least half the maxi- 
mum load, it is perfectly evident that it is hardly possible 
in any way whatever to throw a greater strain upon the 
governing power than the total cessation of work with 
the load on the engine for an entire revolution, would 
produce ; and we may say that 2 per cent. reduction of its 
average speed during one revolution is the maximum that 
can be produced upon an engine with a proper flywheel. 

Now, if we assume that, in a shaft governor in which 
the average circle described by the weight is 5 fo. in dia- 
meter, the maximum travel of the weight is 6 in., and if 
we further assume, for the sake of argument, that this 
travel takes place circumferentially, instead of radially 
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governors were designed on a combination of the centri- | or diagonally between the two, as in all actual governors, 


fugal and inertia principle.” 
Mr. Raworth also spoke of three American engines, one 


then the inertia weight would run ahead of the flywheel 
relatively at the rate of .02 m by 60 in., or 3.8 in. per 


of which is guaranteed to do wonderful things in the way | revolution, and it would take 14 revolutions to accom- 
of governing, and to become the property of the purchaser | plish the shifting of the weight from one extreme position 
upon the payment of 1 dol. if the guarantee was not fulfilled. | to the other, even if there were no friction or resistance of 
This engine makes great use of the inertia principle, it is | any kind (while, as a matter of fact, in this class of 
true, but there is the sanction of a distinguished American | governors the stresses are tremendous and the friction on 
professor, who has made many tests upon engine governors, | the joints very great, as commonly designed), to say 


for saying that the engine does not come up to the 
guarantee by a very considerable amount, and I have 
been told of a case in which the builders were compelled 
by the purchaser to make good the second part of their 
contract, having failed upon the first, and the engine 
became the purchaser’s for 1 dol. 





| 


| 


nothing of overcoming the friction and inertia of the 
valve, resistance of governor springs, &c. 

As a matter of fact, also, the supposition made as to 
the reduction in speed which the flywheel would allow is 
impossible in its severity, since, at the end of the first 
stroke, the governor weight would have passed over half 


This is only one instance in which the —— of the | its travel and admit a considerable amount of steam on 


inertia governor is “not proven;”’ but 
> 


Captain Sankey would have great difficulty in proving | 


that the best of the shaft governors in this country were 
designed upon a combination of the inertia and centri- 
fugal principles. 





Not only this, but I think I shall beable to show that it | 


is impossible for an inertia 
than, if as well as, some of the purely centrifugal gover- 
nors now built. 

An engine with a proper flywheel for electric lighting 
service will not slow down more than 2 per cent. if no 
work at all is done on one stroke while the normal load 
is upon the engine; or if no work were done during a 
whole revolution, the normal load being all the while 


overnor to do much better | 


believe that | the second stroke. 


It should be noticed, also, that the weight-travel I have 
assumed is as small, proportionally to the size of the 
governor weight circle, as is ever used in practice, and if 
anything were attempted to be gained by reducing it, it 
would require a proportionate increase of governor weight. 
It should be noticed, also, that the flywheels were as- 
sumed for electric light engine, and that for the street rail- 
way service they would be heavier, and, therefore, the 
possible variation considerably less. It may be seen, 
therefore, that it would be ange § impossible for any 
inertia governor to accomplish its full travel in 14 revolu- 


—_ and that it would not be likely to accomplish it in 
three. 


It will be seen from the above that the inertia governor 
can only work perfectly on receiving an impulse in the 
nature of a jerk, which it is the prime object of the de- 
signer and of good governing to avoid. 

T inclose herewith an illustration (Fig. 1) of the governor 
used by Professor J. E. Sweet upon his well-known 
‘*straight line” engine which is used under license from 
him by two other engine-builders in this country, and one 
in Canada, to say nothing of the infringers. 

I have some acquaintance with shaft governors, and I 
do not know of any other used upon more than one en- 
gine, nor of any engines which have the reputation for 
governing that engines governed by this one have, and I 
believe that among those who know, this would be voted 
the best shaft governor prominently upon the market. I 
say this by way of refuting Captain Sankey’s statement 
that the best governors in this country are designed 
upon a combination of the inertia and centrifugal 
principles, since it will be seen that the weight in this 
governor is so hung that the inertia will have the least 
possible effect upon it. I have had experience with this 
governor as built by two of the firms using it, and have 
seen the whole load thrown off the engine, and in an 
instant, with a Prony brake, the pencils being held upon 
the drums of the indicators continuously, from before the 
opening of the brake strap until the pencils were seen to 
be describing the same track each revolution after the 
strap was opened, and there would be one intermediate 
diagram upon one card, and two upon the other, showing 
that in 14 revolutions the governors had travelled from one 
extreme position to the other. 

I have also seen one of these governors, as built by Ames 
Engine Works, of Oswego, New York, running at 320 
revolutions without any load, fall off only three revolutions, 
as indicated by a technometer, when the maximum load 
that the engine could carry was thrown upon it; and 
when this load was thrown off, the governor controlled 
the engine perfectly, and, in a fraction of a second, had 
assumed its new position and was stationary. 

It should be noted in this connection that a much more 
sudden variation of load may be thrown upon an engine, 
or thrown off, with a Prony brake than with a dynamo, 
since the magnetic and electric lag in those machines 
occupies an appreciable time, while with the brake the 
whole load may be thrown off in a fraction of a second. 

A feature of the inertia governor which should be care- 
fully noted is that if the increase or decrease of speed 
occurs very slowly, the acceleration may be too slight to 
overcome the friction of the inertia weight, and so the 
speed creep up or down to a considerable extent. There 
is also a feature of some American engines with a shaft 
governor, which was also first introduced by Professor 
Sweet upon the straight line engine, and now used by 
several builders, whose existence does not seem to be 
known in England. I refer to the ‘‘ decreasing lead.” 

This consists in so locating the centre of suspension of 
the eccentric that the lead is quite large for the late cut- 
otfs and decreases rapidly, becoming negative for cut-offs 
earlier than aboutone-fourth, instead of remaining constant 
for all points of cut-off, as with the generality of designs. 

This is shown in the accompanying sketches, where 
Fig. 2 gives a Zeuner diagram of the valve motions for 
three-fourths cut-off, projected at the bottom, and for 
one-fourth, projected at the top, on the constant lead 
—— A 4b being the ‘‘ curve of centres,” while Fig. 3 
shows the same thing upon the decreasing lead system, 
AB again being the curve centres; or the path of the 
eccentric upon a scale of one-fourth size. 

The primary object of this change was to keep the 
compression more nearly constant, which it may be 
plainly seen that it does, and, by increasing the lead at 
the late points of cut-off, to make good the loss of 
“cushion” due to reduced compression, and so secure 
smooth running, in which it is eminently successful. 

A second benefit results from this, however, in securing 
the same effect as Captain Sankey gets with his combina- 
tion of expansion and throttle governing, since the de- 
crease of lead, resulting in decrease of port opening, at 
the earlier cut-offs, throttles the steam very effectually. ~ 

The effect of this is seen in the plotted diagrams of 
water consumption (taken from the surface condenser) 
and indicated horse-power, plotting according to the 
method introdueed by Mr. Willans, since these curves are 
very much flatter, especially at the lower end, than any 
shown by Captain Sankey for ‘‘constant pressure” engines. 

This system of valve working has been in use for about 
12 years, but it is only fair to add that it is doubtful if 
the economic value of it was appreciated much, if at all, 
before the first of Mr. Willans’ famous papers. 

With apologies for consuming so much of your valuable 
space, I am, yours truly, 


Longdale, Va., May 31, 1895, 


J. E, JOHNSON, JUN. 





SOUTH-EASTERN PERMANENT WAY. 
To THE Epiror or ENGINEERING. 

Sin,—The author of a history of the South-Eastern 
Railway, which has just been published, makes an impor- 
tant statement upon his fifteenth page, namely, ‘‘ that in 
the early days of that line 62 miles of the permanent way 
were laid with cast-iron rails, which, from their peculiar 
construction, required no sleepers.” In my large collec- 
tion of early permanent way, 1 was under the impression 
that I had a specimen of every form of early rail that had 
been tried in England. Of course I am well acquainted 
with Barlow’s cast-iron sleepers, and with the saddle-back 
rails, both of which I sent to the Chicago Exhibition, but 
I am quite at a loss to understand cast-iron rails without 
sleepers ever having been used on the South-Hastern 
Railway. Probably Mr. Sekon, the author of the history, 
may be able to explain the statement. 

Yours truly, 





Leicester, June 15. CLEMENT E. Stretron, C.F. 
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INDUSTRIAL NOTES. 

Ir is gratifying to find that most of the industries, for 
which returns have been received by the Labour De- 
partment of the Board of Trade, have shown a steady 
improvement during the period over which the returns 
extend, with the result that, on the whole, the per- 
centage of unemployed in all the trade unions making 
returns has fallen from 6.5 to 6 percent. The decrease 
is but small, but is encouraging, especially as it covers a 
large number of trades. ‘The total number of separate 
unions reporting was 85, with 387,411 members. Of this 
total 53 unions, with 146,320 members, had a total of 
unemployed under 5 per cent. ; of these, 31 unions, with 
96,733 members, had under 3 per cent. out of work, 
while 22 unions, with 49,587, had under 5 per cent. 
out of work. Of the remainder, there were 13 unions, 
with 139,693 members, between 5 and 7 per cent. of 
whom were unemployed ; 7 unions, with 20,455, had 
between 7 and 10 per cent. out of work; and 12 
unions, with 80,943 members, had over 10 per cent. 
out of work. Coalminers have been working over 4} 
days per week on the average, and ironstone miners 
5} days per week on the average. As the returns 
covered a large area in England, Wales, and Scotland, 
the proportion in work, taken with the average time 
worked, is by no means discouraging, especially in 
view of the fact that the demand for house coal has 
fallen off considerably. 

In the pig-iron industry the number of furnaces in 
blast was the same as reported last mouth, namely, 
293, while the number of men employed was slightly 
less, The number of furnaces in blast was 15 less 
than at the same date last year. The returns from 
183 employers having steel and tin plate works, roll- 
ing mills, and puddling furnaces, show that 59,509 
persons were employed, as compared with 59,662 last 
year at the same date. The returns of 41 tinplate 
manufacturers show that there were 162 mills in ope- 
ration, as compared with 176 in 1894, a decrease of 8 
percent. In the engineering and kindred industries 
there has been a continual, if rather slow, improve- 
ment; the percentage of unemployed having been 
reduced from 7.2 to 6.6 per cent., as compared with 
8.3 per cent. at the same period of last year. But the 
decrease of unemployed has been accelerated since the 
last returns were made up. The shipbuilding trades 
have also improved, the percentage of unemployed 
having fallen from 12.1 to 11.4 per cent. At the same 
date last year the proportion was 13.3 percent. But 
even 11.4 per cent. is a large ratio of men to be out of 
work at this season of the year. Any trade that shows 
over 5 percent. of unemployed is in a most unsatis- 
factory condition, 

The building and wood-working trades are again 
busy ; the percentage of unemployed in all the unions 
making returns has fallen to 2.5 per cent., as compared 
with 3.3 per cent. in the previous month, and 3.3 per 
cent. at the same date last year. 

The tailoring trades continue to be fairly well em- 
ployed, the ready-made branches, and also the bespoke 
branches, being busy. The boot and shoe trades are 
fully employed, with much overtime in many of the 
districts. It is fortunate that the dispute ended when 
it did, or the best part of the season might have been 
lost. On the whole, the condition of the textile, cloth- 
ing, and boot and shoe trades is by no means unfavour- 
able, particularly as compared with the last 12 months’ 
average of employment. 

In the shipping trades there is a considerable im- 
provement. The number of seamen shipped at the 
principal ports was about 25 per cent. better than in 
the previous month, and 9 per cent. better than at the 
same period last year. The dock and riverside labourers 
also have been generally better employed than during 
the previous month, with a few exceptions. In 
London the daily average employed at the docks and 
principal wharves was 13,884, but only about 80 more 
than in the previous month; but the total number 
went up as high as 14,509 iu one day, while the mini- 
mum only went down to 12,939, so that the general 
average was fairly good. As regards seamen shipped, 
the tetal was 36,487 in the month, as compared with 
33,548 last year at the same date, or an increase of 
2939. There was a slight decrease at Bristol, Liver- 
pool, London, and in Ireland ; in all other places there 
was an increase. Agricultura’ labourers have been 
busy; indeed, it is stated that the demand was in excess 
of the supply in some districts. General labourers in 
the building trades and other trades have been fairly 
busy in most districts ; there have been only one or two 
exceptions. 





As regards trade or labour disputes, there were 84 
fresh ones in the month, or one more than in the pre- 
vious month, but fewer by 34 than in the same period 
of last year. In the building trades there were 26, in 


the mining and quarrying industries 20, in the textile 
tradesniue, in engineering and other metal trades seven, 
in shipbuilding and shipping seven, in the clothing 
trades four, and in seafaring and dock labour only 
while there were eight in general or miscel- 
In 74 out of the 84 disputes nearly 


three ; 
laneous trades. 


— persons were concerned, or an average of 270 
persons per dispute, as compared with 156 on the 
‘average in the month previous. Nineteen old disputes 
| were settled in the month, affecting about 4100 persons. 
'At the clo-e of the month there were 62 disputes 
existing, involving about 6700 persons. In no case 
| were they very serious. The changes in wages were 
generally adverse to the men; of the total number 
, affected, about 111,000, the reductions affected 104,500, 
| which included 100,000 miners in South Wales and 
| Monmouthshire, and 2300 in the Bristol district. An 
‘increase took place affecting sone 6500 persons, 
| of whom 3500 were building trades operatives. ‘he 
| hours of labour were reduced in the cases of 2700 work- 
| people, and there was an increase in one care affecting 
| 400 building operatives. 





The condition of trade generally in the engineering 
industries shows a continuous improvement, and a 
gradual reduction in the number of unemployed. The 
total number of unemployed and on donation benefit 
was 4429, or 426 less than last month, the total 
decrease on donation being fewer by 2326 than at the 
beginning of the year. Taking the same period last 
year, the decrease on this one benefit is 1540. Alto- 
gether this is a most favourable sign, for the numbers 
out of work have gone steadily but slowly down for 
several months past, and are now at a lower point than 
for a long time. The favourable symptoms are the 
same as regards sick benefit, some 282 fewer being on 
the sick list than last month. The total number of 
members in the Amalgamated Society is 77,306, which 
the council hope to make up to 80,000 at no distant 
date. Of the total, 4437 were on donation benefit, 
1864 on sick benefit, and 2575 on superannuation 
allowance ; total on those three benefits, 8876 mem- 
bers, the whole costing 3692/. 17s., or 1s. 13d. per 
member, per week. The society is pretty free from 
labour disputes, but at 44 places the members are 
advised to see the branch secretary before applying 
for employment, if they are travelling in search of 
work. The levy for the contingent fund has 
been carried by a large majority, only 360 voting 
against it. The secretary of the American-Canadian 
Council is able to announce a further improvement in 
trade, there being a decrease of members on donation 
benefit. 


The recent favourable reports, as regards the 
engineering trades in Lancashire, continue. A gradual 
increase in the weight of new work coming forward is 
general in most branches in all the districts. But it is 
still only in exceptional cases where there is any real 
pressure of orders on hand, but the position is regarded 
as healthy, and the outlook for the future is decidedly 
hopeful. In theiron trade there has been a quietening 
down. This is usual at this season of the year. Onthe 
present occasion it was even more to be expected by 
reason of the heavy weight of material which changed 
hands a short time ago. Prices remain about the same, 
with perhaps a little less firmness ; but makers’ quota- 
tion are steady. In the finished iron trade a stronger 
tone generally has been manifest ; makers are well sold 
forsome time to come, and are not anxiously looking out 
for new business. The steel trade is only moderate, 
generally speaking, but the demand for structural 
material is fairly good; prices, however, continue 
rather low. 





In the Wolverhampton district the indications of 
improvement have by no means slackened down. The 
recent advances in selling prices have been well main- 
tained, and good business has been done in bars, 
boiler plates, rods, sheets, and other material. All 
attempts to renew expiring contracts on the same basis 
as to terms are declined, as makers are looking for- 
ward rather confidently to higher prices at an early 
date. Some good orders have been coming forward 
from export houses, and merchants evince greater 
anxiety to place orders before the quarter ends. Some 
makers have declined to book orders except at an 
advance. Some heavy Admiralty contracts have in- 
creased the demand for branded qualities of chain and 
anchor iron, and galvanisers seem to have been buy- 
ing heavily. Steel also is in better request. But the 
puddlers seem not to have been busy ; the mill rollers, 
however, have been fairly well employed in the dis- 
trict. The engineering and constructive branches 
generally are fairly employed, and the ironfounders 
are moderately off for work, if not actually busy. The 
toolmakers, machinists, and all branches of the cycle 
trades are busy. 


In the Birmingham district there is a general up- 
ward movement in material, but the demand has been 
running on sectional iron chiefly, and mainly on the 
smaller kinds. In the engineering branches a number 
ofmen are still unemployed, nearly 9 per cent., but those 
at work are working full time. Pattern-makers are 
rather quiet, with 7 per cent. unemployed. Brass and 
copper workers are better off for work, while the coin 
and medal trades are fully employed, good die-sinkers 





being in demand. Most of the silver and plated 








trades and the cheaper jewellery makers are busier ; 
some firms are working overtime, while others are on 
short time, but only about 2 per cent are unemployed, 
The bedstead trades are all busy, in all branches; 
metal rollers are busier ; the cycle trades are all very 
active and in full swing; but the iron-plate workers 
are slack. In the outlying districts the ironworkers 
have improved ; vice and anvil makers are slack ; lock- 
smiths are depressed ; cable and crane chain makers 
are on short time ; nail and rivet makers are all slack, 
Some of the trades not working in iron or steel, or other 
metals, are less favourably situated. 


The Factory Bill is nearing the end of the Com- 
mittee stage. The age of 14 has been substituted for 
16, at which young persons can go to work at night. 
The Home Secretary exacts some other conditions, as 
to exemption and regulation. The chief controversial 
points are now disposed of, and then the Bill will 
have to run the gauntlet of the report stage and the 
third reading. 

The Conciliation Bill has been read a second time, 
and is now referred to the Grand Committee on Trade. 
The two other Bills, having the same object, are to be 
sent to the same Grand Committee. 

The Unemployed Committee have been taking 
further evidence, of Mr. Charles Booth, who declared 
that trade unions did not materially assist labour. 
He favoured Parliamentary help to a certain extent 
in particular cases, Other witnesses urged the culti- 
vation of waste land instead of stone-breaking. That 
temporary relief ought not to disfranchise the reci- 
pient, and that co-operation of a voluntary character 
with boards of guardians would be beneficial, were 
also urged by two witnesses during the last sittings of 
the Committee. 





The Parliamentary Committee have adhered to the 
new standing orders, and have issued their invitations 
to the Trade Union Congress in conformity therewith. 
The trades councils have been left out, and no dele- 
gate will be eligible unless he is actually working at 
his trade, or is a paid official of his union. This will 
cut out the men who, of late years, have been boasting 
of having captured the congress. But there are 
ructionsin the camp. It is said that an effort will be 
made at Cardiff to reverse the decision of the Parlia- 
mentary Committee, or, as a last resort, to start 
another congress, on quite other lines. The new orders 
are stringent as to business : no resolutions are to be 
received after July 20, and no nominations for the 
secretaryship will be taken after that date. 





The long-pending dispute of mill operatives at Hey- 
wood has been settled, after lasting nine months, and 
costing the operatives 4000/., and severe losses to the 
company owning the mills. It is stated that the 
terms of settlement are satisfactory to both parties. 
The wonder is that some such terms could not be de- 
vised earlier. A nine months’ stoppage is a long time, 
even for a labour dispute. 





The Carmen’s Union complain that boy labour is 
supplanting men’s labour, the former at about one-half 
the wages of the latter. They further say that all the 
advantages of the strike of 1893 have been lost, by the 
severance of the men from the union. 

The Cabmen’s Union have expelled their former two 
chief officers for acting contrary to the rules of the 
union, calling a meeting on their own initiative, and 
passing a resolution in condemnation of the strike, 
and of the executive. 





Complaints are being made that men have been dis- 
charged from the Woolwich Arsenal because they were 
selected to go as a deputation to an official about the 
terms and conditions of their employment. The 
officials at the War Office deny this, but the matter 
has been laid before the Secretary of State for War 
by the secretary of the London Trades Council, and 
the complaints will be looked into and be considered by 
him. But discharges are in contemplation otherwise. 





There is every indication at present of a serious dis- 
turbance in the coal trades of Northumberland. The 
dispute at present affects both the miners and the 
mechanics, but each trade separately. In the first 
place, the coalowners gave notice some four or five 
weeks ago to reduce the wages of the mechanics and 
enginemen by 3d. per day. After an interview with 
the men’s repreeentatives, the employers offered a com- 
promise of 24d. per day reduction. The subject was 
discussed by the Mechanics’ Association, and a ballot 
of the men was taken, with the result that the men 
refused to accept the reduction. The employers then 
gave 14 days’ notice to terminate all existing hirings 
at the end of that period. The association thereupon 
took a ballot as to whether the men would accept 24d. 
per day reduction or strike ; the majority declared for 
a strike rather than accept a reduction of 24d.; but 
they agreed that an offer should be made to accept 2d. 
per day in wages. Whether this will end the dispute 
or not remains to be seen. In any case the difference 
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is not very great, and therefore it may be possible to 
avert a strike in this instance. 

But a more serious matter has arisen with the 
miners. The resent reduction in wages under the 
scale, or by conciliation, has not been at all popular 
with the men— quite the contrary. The discontent 
was so pronounced that the matter was put to the vote, 
when the men decided by a ballot to give the usual six 
months’ notice to dissolve the conciliation board at the 
end of this year. This decision is said to be final. 
The board has only been in existence about a year. 
Fortunately, six months have to expire before action can 
be taken ; within that time much can be done to avert 
the break-up of the board. Trade may to some extent 
revive, or some modus vivendi may be hit upon. The 
men look to the federation districts, where they see no 
reduction. The men in South Wales have suffered a 
reduction ; they, too, look at the federation districts, 
and see no reduction. The federation has apparently 
outwitted them all, but Scotland is in tne other scale. 
The men there were associated with the federation, and 
have had to submit. The different bodies begin to 
think that unity is best for all. 





WORKING LIGHT RAILWAYS. 

On the Working of Light Railways by Leasing Com- 
pynies. Question XVIII. for Discussion at the Fifth 
Session of the Congress.* 

By W. M. Acwortu, Secretary to the English Section 
of the Permanent Commission of the International Rail- 
way Congress. 

In Great Britain the only State-aided railway construc- 

tion of any importance, with which I am acquainted, was 

a loan of 100,000/. at 34 per cent. made in 1829 by the 

Government of the day to the directors of the Liverpool 

and Manchester Railway, in order to prevent the con- 

struction of their line being temporarily suspended. Some 

14 years later, a deputation, headed by George Stephenson 

himself, waited upon the Government of Sir Robert Peel 

to ask for State aid to a line connecting England and 

Scotland, which was regarded as of national importance, 

but not likely to pay a dividend on the capital involved. 

But George Stephenson went empty away ; the line was 

made without Government assistance; and for half a 

century nothing more was heard of State aid to railways. 

As recently as 1892 the Treasury did indeed promise 

to guarantee 3 per cent. for 30 years on 260,000/. in order 

tosecure an extension of railway communication through 

a barren district in the western portion of the Highlands 

of Scotland for a distance of some 40 miles, and last 

year it further undertook to subscribe a lump sum of 

45,0007. towards an extension of the Highland Company’s 

line in the same district to a more convenient point on 

the coast, which could only be reached by the construction 
of very expensive works. Neither of these new enter- 
prises has, however, as yet reached the point at which the 

Government contribution becomes payable; and at this 

moment it is, I believe, as has already been said, a facb 

that there is no penny of Government money invested in 
any railway line in Great Britain proper. 

In Ireland from the earliest period assistance has been 
given to the construction of railways from public funds, 
either by the State, by the local authorities, or by both 
combined. According to a return obtained in 1888, there 
had been advanced on loan to the Irish railway companies 
by the Imperial Government, the sum of 4,101,401/. ; of 
this sum 2,921,414. had been repaid ; debt amounting to 
37,7721. had been remitted ; the remainder was still out- 
standing, and was divided as follows: Interest overdue, 
114.720/.; principal in arrear, 200,339/.; not yet due, 
1,053,976. In all these cases the money was advanced 
by the State toa private railway company, the security 
for the repayment being, in most cases, a mortgage on 
the undertaking. In no case, however, did the Govern- 
ment claim, as far as I am aware, any special rights of 
interference with the working and management of the 
railways so aided, or with the rates and fares charged 
upon it, beyond that which it possessed under the ordi- 
nary law in reference to all railways, pecuniarily assisted 
or not. On the other hand, the rights of the Government 
as mortgagee have in some cases been asserted in a very 
peremptory manner. 

The other form of public assistance is what is known 
as a county guarantee, In this case the local authorities 
guarantee a dividend on the wholeor part of the capital at 
the rate usually of 5 (sometimes of 4) per cent., either in 
perpetuity or for a terminable period (usually 30 years), 
so far as this is not provided by the net receipts of the 
line. The earliest instance of such a local guarantee 
dates back to 1849, and roughly it may be said that the 
bulk of the railways round the western and southern 
coasts of Ireland have been made in this manner. 

Passing reference should be made to the Relief of Dis- 
tress Amendment Act, 1880, though only three compara- 
paratively small lines were constructed under it. A much 
more important Act in recent Irish history is the Tram- 
ways ani Public Company (Ireland) Act of 1883. This 
forms a further stage in the development of a system of 
local guarantees supplemented by State aid. In outline 
the procedure contemplated by the 1883 Act is the follow- 
ing. The promoters of a new line form themselves into 
a company, publish certain notices, and deposit with the 
secretary of the grand jury of the county concerned, full 
particulars of the engineering features of their scheme. 
An engineer, appointed by a department of the central 
Government, is then called upon to report on the scheme, 





* Abstract of paper prepared for the International 
Railway Congress, London meeting. 








not, as might have been expected, on its desirability, but 
on its practicability. These preliminaries complied with, 
the promoters go before the grand jury and apply for a 
guarantee. Ratepayers who object to the contingent 
liability being placed upon them may appear in opposition 
Both sides are heard with their counsel and witnesses. 
If the grand jury rejects the scheme, the whole of the ex- 
penditure incurred up to this point is thrown away. If, 
on the other hand, it approves, it duly reports in favour, 
and authorises a charge being laid upon the rates, either 
of the whole county, or of so many baronies as it may 
regard a3 more specially benefited by theline. It may be 
added that, supposing the line to traverse two or more 
counties, there will b3 two or more inquiries before the 
different grand juries, and they, needless to say, may 
arrive at opposite conclusions on the merits of the scheme. 

The approval of the grand jury carries with ib the 
obligation nob merely to pay interest on so much of the 
capital as the net income is insufficient to provide for, 
but also to meet any deficiency there may be in the work- 
ing expenses, and a further obligation to take over and 
complete the line and continue to work it, supposing the 
promoters for any reason, and at any stage, toabandon their 
undertaking. In return thegrand jury are given a certain 
amount of control over the railway while it remains in the 
promoters’ hands. They are entitled to nominate a 
certain proportion of the directors, and to appoint 
auditors. Needless to say, however, in remote country 
districts persons qualified by expert knowledge to control 
railway working are not very readily forthcoming. The 
control, therefore, of the grand jury has been found 
in practice more nominal than real. Assuming, how- 
ever, the ‘grand jury to have accepted these onerous 
responsibilities, the project for the new railway is 


then sent forward and submitted for approval to 
the Privy Council sitting in Dublin. here once 
more promoters and opponents may go into the 


merits of their cise, with the help of witnesses and advo- 
cates. A report by a Government Dapartment on the 
estimated cost of the scheme is produced, and the Privy 
Council, if the opposition is not persisted in, may accep 
the scheme, 

If, however, the opponents refuse to withdraw, the 
scheme cannot take effect till it has been confirmed by 
Parliament. The approval of the central Government 
carries with it, in its turn, the obligation to repay to the 
grand jury either interest at the rate of 2 per cent. per 
annum on the capital of the company, or half the difference 
between the net receipts and the tota] sum required to 
pay the guaranteed interest, whichever of these two 
amounts be the smaller. Under the provisions of this 
Act some 20 different light railways have been sanctioned. 
Their total capital paid up at the date of tke last return 
is 1,290,000/. Their total length is about 240 miles. Three 
of them are worked by the great companies with whose 
lines they connect; the remainder are worked by the 
petty owning companies themselves. The gross receipts 
of the separately worked companies are 41,000/., or say 
2001. per mile per annum. Of this amount, five-eighths 
are contributed by passenger and three-eighths by goods 
traffic. The mileage run is 444,000 miles per annum, or, 
in other words, about seven miles per mile of line per 
diem, almost the whols of this being by mixed trains. 
The working expenses amount to 44,000/., or, in other 
words, 107 per cent. of the gross receipts, leaving the rate- 
payers and the taxpayers jointly to make up, first, 3000/. a 
year deficiency in working expenses, and, secondly, the 
entire interest on the 1,290,000/ of capital involved. 

A result such as this cannot be regarded as entirely 
satisfactory. The rates and fares on the new lines 
are by no means cheap, being practically the same 
as those on the Irish main lines, which in their 
turn are fully as high as, if not higher than, those in 
England, which are commonly asserted—with what 
accuracy ib is impossible to say in the absence of statistics 
—to be almost, if not quite, the highest in Europe. The 
train service is, as has been seen, a very scanty one. Ib 
may fairly be asked whether such a railway service is 
worth the price that has had to be paid for it. The burden 
on the Imperia! Exchequer is, no doubt, unimportant 
enough ; 25,0007. per annum is not a bey serious charge 
on a Budget of 100,000,000/., but on the local Irish rate- 
payer the remainder of the amount often falls as a burden 
of crushing weight. It has been publicly stated that in 
some baronies in the west of Ireland the rate required to 
meet the deficiency of interest on the guaranteed railways 
amounts to not less than 2s. in the pound per annum. 
Under these circumstances one cannot be surprised that 
railway extension under the Act of 1883 has come to an 
end. The amount which the Treasury was, in the first 
instance, authorised to expend has been exhausted, and 
there does not seem to be any local demand for the 
creation of a fresh fund. 

It was in consequence of the failure of the Act of 1883 
that the Royal Commission of 1888 on Irish Public Works 
was appointed, and it is from the report of that Commis- 
sion that the bulk of the following description of the 
working of that Act has been derived. Let us notice the 
arrangements as to the payment of the guarantee. The 
theory was that private enterprise was not to be super- 
seded, but only to be supported. Accordingly, the pri- 
vate promoter was left in charge of the undertaking, and 
stood between the public on the one hand and the local 
and national authorities on the other. Consequently it 
was enacted that, in the first place, the accounts of the 
company for the half-year ending, let us say, December 31, 
1893, should be made up, and the exact deficiency of 
interest and working expenses, if any, ascertained. The 
earliest date at which this could be accomplished— 
for estimates and suspense accounts were not permitted, 
and closed and audited books were alone admissible—was 

robably about May, 1894. Then the accounts so audited 
had to wait the next meeting of the grand jury in the 








following July. Consequently the guaranteed dividend 
for the half-year ending December 31, 1893, only fell to be 
paid inJuly or August, 1894. Such a procedure was not 
likely to increase the favour with which investors looked 
upon the security, and, in fact, these guaranteed shares, 
which stand at present at something over par for a 4 per 
cent. dividend, were at one time in several instances 
quoted on the Dublin Stock Exchange at a discount of 
50 per cent. But if the shareholders were badly treated, 
the ratepayers of the counties were treated much worss, 
for they were required in the first instance to raise and 
pay over the whole of the deficit to the shareholders, and 
then ia their turn to wait till, possibly months later, they 
could establish their claim on the Treasury for repsymend 
of so much of their outlay as represented 2 per cent. on the 
total capital of the railway. 

Turning to a different point, it will be seen that these 
lines have been by no means cheap to construct, 50001. 
per mile for lines mainly of 3-ft. gauge, in a country pre- 
senting, as a rule, but slight engineering difficulties, 
where land rarely possesses more than a low agricultural 
value, for lines, too, whoss equipment and rolling stock 
need only bs calculated on the basis of a very light 
traffio—such a cost must be admitted to be greatly higher 
than ought to have been necessary. The explanation is 
to be found, partly in the very heavy preliminary costs 
incurred by the complicated course of procedure described 
above, partly also in the excessive cost of land owing to 
the peculiar land system of Ireland, with its tenant 
right and compensation for disturbance and its multi- 
farious interests, all of which have to bo settled with 
before land can be acquired; but still more in the 
onerous requirements as to the standard of construction 
made by the department of Government concerned—the 
Board of Trade—which hitherto has had almost no experi- 
ence of the possibilities of economical railway construc- 
tion, and bases its demands upon what may be reason- 
able enough in densely populated and wealthy districts 
in England, though in poor backward districts in Ireland 
it may be grossly extravagant. 

But if we — the capital outlay as excessive, there 
can be no doubt that the working expenses must be con- 
sidered to sin even more in the same direction. They 
amount, it will be seen, to 2s. per train mile, and this in 
a country where the purchasing power of a sovereign is, 
perhaps, as great as anywhere in Kurope. The manage- 
ment of the lines is in the hands of persons who have no 
interest whatever in economy ; and, in the long run, men 
who have no interest in economy will not be economical. 

Such, then, is the experience of the nearest approach 
that we in the United Kingdom have had to the Conti- 
nental system of affermage. That the experience has not 
been satisfactory will hardly be denied; nor can there 
be much question as to the reason of this failure. 

Oar history, however, is not yet closed. The ill-success 
of the Tramways Act of 1883 resulted in a very remark- 
able volte-face in Government policy. The Tramways Act 
was deliberately calculated to keep the existing main 
line companies out of the business. The Light Kailways 
(Ireland) Act, 1889, went on the precisely opposite tack, 
and enacted in effect that the State might subsidise a new 
line on condition that it was either to be constructed or 
worked by an existing railway company. Broadly, its 
result has been that 900,000/. of public money have been 
either paid, or promised, to five of the leading railway com- 
panies of Ireland on condition that they will construct 
and work 180 miles of extensions of their own systems. 
Undoubtedly the new procedure is a great improve- 
ment on the old, At the same time, the bulk of the 
money has been given to companies which, at present, are 
by no means unprosperous, and in many cases practically 
the whole cost of constructing their extensions has been 
given them in full, or at least what might have been the 
whole cost. Now, that these extensions will, when 
worked by a great company, in most cases at least poy 
their own working expenses, will hardly be denied. 6 
great company, therefore, is receiving gratis, at the pub- 
lic expense, the whole of the contributive value of new 
traffic to the old line. It really would seem as though 
the Treasury might have made a better bargain for the 
public, and that the State should exercise over the rates 
and fares charged, and the accommodation provided on 
lines for whose construction it has paid the bill, a greater 
control than it is entitled to claim on lines constructed 
solely at the expense of the shareholders themselves. Yet 
this is not thecase. It should in fairness be said that the 
Trish railway companies themselves hold a very different 
opinion. They consider that a very hard bargain has 
been driven with them, and say that, had they known 
how much it would cost them to make the lines, they 
would not have felt justified in embarking their share- 
holders’ money in so hopeless an enterprise as the attempt 
to make a profit out of the wild districts of the Irish west 
coast. 

The policy of the Act of 1889 was carried further by an 
Act of the following year. The Transfer of Railways Act, 
1890, provided that an existing railway company may 
absorb a light railway company, and take over and work 
its line if actually opened for traffic, or, if matters have 
not gone so far, take over its powers, and construct and 
open theline itself. But this, though it undoubtedly will 
tend in the direction both of economy and efficiency, will 
do nothing to obviate the inevitable friction between the 
guaranteeing grand jury and thecompany in reference to 
the accounts. As every railway man knows, it is a very 
complicated and difficult task to apportion fairly to one 
single branch of a great railway system the receipts and 
expenses which properly belong to it. If the trained staff 
of the French Minister of Public Works cannot accom- 
plish it without leaving, at least, an opening for criticism, 
we can hardly expect greater success from the auditor 
appointed on behalf of a guaranteeing barony, who ve 
possibly may be a local man of business in a small Iris 
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market town, and who, at best, will probably be a Dublin 
~~ who has no special knowledge of railway 
affairs. 








THE AMPLITUDE OF ROLLING ON A 
NON-SYNCHRONOUS WAVE.* 
(Szconp Norice.) 
By M. Emite Bertin, Directeur des Constructions 
Navales ; Member. 


I HAD hoped to read a paper on the study of the move- 
ments of ships at sea, as taken by the aid of the apparatus 
which has for some time past been rendered famous by 
M. Marey. The analysis of the movement of pitching, 
as shown by a series of instantaneous photographs, would 
have been specially interesting. But the circumstances of 
weather and of sea have rendered the goodwill of the 
fleet and zeal of the observers useless. The materials 
which have been collected are insufficient, and will only 
be of use for showing some projections on the screen at 
to-morrow’s meeting. In order to fulfil my promise of 
reading a paper, I will, therefore, take up again an old 
subject, which I have already dealt with in the Trans- 
actions for 1894, 

Rolling on a non-synchronous swell might be simply 
termed rolling, since the case of perfect synchronism—for 
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ago—is a purely theoretical case. It certainly presents 
varied and interesting subjects for study, but these, when 
treated by reasoning and calculation, are, I consider, not 
suited to hold the attention of even the most benevolent 
of audiences for any length of time. I know, moreover, 
but too well, that time is precious in the presence of the 
number of speakers who are ready to take part in the 
discussions. I will not, therefore, abuse the privilege of 
my place on the programme, but will limit myself to 
a rapid résumé, leaving the publication of all details as 
well as of the text in extenso for the volume of Trans- 
actions, 

The latest calculations bear upon a large number of 
particular cases, similar to the one which served as an 
example last year. The principle of the graphic method 
is as follows: 

Two curves are supposed to be known, viz.: 

1, The curve of successive amplitudes Y in a non- 
resisting medium, which were formerly taken as being 
the actual rolls, and were treated with a coeflicient of 
reduction. This curve may be deduced from the theory 
of the waves, and represents the theoretical element in 
the data of the problem. 

2. The curve of decrements, 5 ¢, of the actual rolls in 
smooth water expressed as a function of their amplitudes 
®, representing the effect of the passive resistances. 
This curve is a purely experimental datum. 

If, by a simple process, we combine the reductions of 
amplitude 8 9, which result from the extent of the un- 
known oscillations of the ship itself, with the oscillations 
¢, their sum representing the known amplitude y in a 
non-resisting medium, we obtain the curve of the succes- 
sive amplitudes %, which alternately increase and decrease, 
in a resisting medium. Thus in Figs. 3 and 4, B BB is 
the curve of the successive amplitudes without resistance, 
and the curves E E E represent the amplitudes with 
various resistances. Let us take the distance—which 
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constantly increases, starting from the origin—between 
one of the curves E and the curve B; this difference re- 
presents the sum of the reductions of amplitude due to 
the passive resistance for all the rolls which take place to 
the left of the point considered. 

We have here, as we see, a simple extension of the 
method —— to determine the amplitude of rolling 
on a synchronous swell, because this method simply 


amounts to tracing the curve of increase of amplitude 6 ¥ | }, 


on a non-resisting swell due to the passage of each wave, 
and of finding its intersection with the experimental curve 
of decrease of amplitude due to the resistance. For the 
case of synchronism we work with differential curves, but 
for the general case we must have resort to integrated 
curves. 

If the two fundamental curves, viz., that of ¥% and 
that of 59, were exactly known, the curve of successive 
amplitudes ¢ in a resisting fhedium could be drawn in 
a rigorously exact manner by the system of trial and 
error, 

Instead of using the exact curves of the amplitudes 
without resistance ¥, and the reductions of amplitude 
59 due to the resistance, I have employed simple ap- 
proximate formule. The numerical results obtained, 
whether for the amplitudes, or for the number of rolls 
comprised in an increasing and decreasing series, are, 
therefore, only approximate. I have taken for granted 





that they can be accepted for the limits of agreement 
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Vv =(m—1)0 


since the valve of 4. becomes equal to Y for N = 0. 

3. Ib isan asymptot of the plane of xy, where y be- 
comes infinite, since &,. tends towards zero, when N in- 
creases indefinitely. 

4. When x becomes infinite, it is an asymptot to a 
cylindrical surface, the generatrices of which, parallel to 
the axis of x, are situated above the plane of x y at the 
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This height is the amplitude of the maximum roll 
attained on a synchronous swell ; it becomes infinite for 
the value N=0. 

Such is the surface, simple enough in form, on which 
we require to obtain a number of points sufficiently close 
together, The numerical calculations which I have made 
have enabled me to trace ten sections, parallel to the 
plane of y z, pgs lg them the axis of y. They 
are represented on Fig. 1. I have also obtained 14 
sections parallel to the plane of « z, which are represented 
on Fig. 2. Each of these figures defines the surface 
, completely, within the limits considered. Ib is easy, 
by means of either system of curves, to find the maximum 
amplitude of aseries corresponding to any given values of 
(m-—1)andN. The problem of determining the amplitudes 
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between the periods T;, of the rolls and T of the waves, 
for which a complete series of rolls between the two 
zero points comprises ten or eleven oscillations 9, cor- 
responding to fourteen oscillations ¥ without resistance. 
All rolls of amplitude of 15 deg. on either side of the 
perpendicular appear to come within these limits, when 
the waves have an inclination © of 15 deg. and the resist- 
ae = hull has the ordinary value corresponding to 
N= VU . 

The two approximate formule made use of are : 

1, The expression for the maximum amplitude of the 
series without resistance (roulis d’ecclisité) 


Vv = (m — 1)9, 

coupled with the condition that 
_2T -T, 
edittiaas 2(T, -T) 


with corresponding formule for the values of y. 
2. The expression for the reduction of amplitude due 
to resistance— 
6¢?=N ¢* 


The amplitude a for the maximum roll of the series 
(roulis d@’apogée) is thus seen to depend upon only two 
variables (m — 1) and N, a fact which permits us to repre- 
sent it geometrically. The values of ?. are the ordinates 
of a certain surface, the absciseze of which are the values 
of (m — 1) along the axis of x and the values of N along 
the axis of y. 

The surface a, which varies with the value of 9, is 
governed by the four general conditions following : 

1. It cuts the plane of x y along the axis of y, because 
the amplitude of rolling attained by accumulation is 
always zero for the value 

m—-1=0, 
that is to say, for 
T.= 2 T, or T = 3T,.. 
2. It cuts the plane of xz in a straight line, the for- 





mula for which is 





Absessa, scale O.O166 -unity 
of the rolls is thus completely solved, even if not treated 
rigorously. 

The following Table may be used instead of the curves 
by means of algebraical interpolation. It gives the 
maximum amplitude ?, together with the maximum of a 
series of rolls, a corresponding to four values of (m — 1), 
the value of © being always 10 deg. 














© ®,, Maximum Roll of a Series (rou/is 
@apogée). 
N 
m—-l=0 m-1=9 m-1=7 | m-1=5 | m-1=3 

deg. deg. deg. de deg. 
0.000 x 90 70 50 , 380 
0.004 60.0 39.28 36.07 $1.20 | 23.28 
0.012 23.87 25.27 24.01 21.90 17.89 
0.020 22.36 20.29 19.39 17.92 19.06 
0.028 18.90 17.26 16.69 15.57 13.33 
0.036 16.66 14.50 14.92 14.00 12.19 
0.044 19.07 14.00 13.61 12 89 11.72 








Thus, for all the values of m —1 in excess of 3, the half 
amplitudes, for the maximum of a series, vary between 
12 deg. and 50 deg. It can even be said that they are 
comprised betwen 12 deg. and 40 deg., because the syn- 
chronism is never perfect. All the figures come well 
within the data observed at sea, and permit us to 
measure the progress which has been made since the 
time of the theories which led so quickly to amplitudes 
of 90 deg. If we even consider that the foregoing Table 
has been established by calculations made without the 
use of any empirical correction, we may consider the 
theory of rolling as much more advanced than the theories 
accepted for many hydrodynamical phenomena. 

The reduction of amplitudes, as shown on the Table, is 
very considerable, at least at the upper part of the Table, 
as we descend from one horizontal column to the follow- 
ing one, even for small values of (#—1). The prepon- 
derating influence, therefore, of the resistance of the hull 
on the amplitude of rolling makes itself felt far beyond 
the case of synchronism with the waves. It is easy to 
recognise, moreover, that a large increase of the value of 
N not only diminishes the semi-amplitude ®. for a con- 
stant value of (m-—1), but also diminishes the augmenta- 
tion which would result from an increase of (m—1); 
thus, for example, for N = 0.044, an increase of m—1 in 
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the ratio of 3 to 9 increases ®u in the ratio 1.3 only ; while 
From 
this we may conclude that, when the adoption of measures, 
as efficacious as those recently introduced by Sir William 
White, for increasing the resistance of ironclads to roll- | such, for instance, as in the ratiol to 2, This question, 


for N = 0.004 it increases it in the ratio 1.7. 
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possible practically to obtain large changes in the value of | tinued under the conditions indicated by Sir William 


White, 

The principal merit of the study of rolling on a non- 
synchronous swell, which I commenced last year, and 
which I have just tried to complete somewhat too rapidly, 
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ing, shall have become general, we shall no longer observe 
such large differences between the amplitudes of ships of 
different periods Tn, steaming in company. 

At the lower part of the Table, on the other hand, the 
effect of N on the semi-amplitude #, when we depart from 
synchronism, is very slight ; we thus get back to the cases 
noted in the paper of 1894, in which the effect of the resist- 
ance is reduced by that of the agreement of the periods, 
As the amplitude increases with (m—1), and diminishes, 
on the contrary, when N increases, I have found out what 
it would become for a value equal to the product 


r/'2 (a- 1), or E (m -1)* 


when both factors change. I have thus found that the 
coefficient E, and consequently the resistance to rolling, 
have the preponderance over (m—1) in all circumstances 
which bring about a semi-amplitude equal or superior to 
12 deg. If, then, (m—1) did not vary in infinitely larger 
proportion than N or E, the predominating influence of 
(m—1) would be limited to cases in which the amplitude 
of the rolling was very small. 

It is not sufficient to know that a considerable change of 
value of N modifies greatly the value of ®. , on a non- 
synchronous, as well as on a synchronous swell ; and that, 
for example, to double the value of 


Vx 
N 
in the formula gives much more favourable results than 


to reduce (m— 1) to one half ; we must also know if it be 
*T have called E the coefficient of ‘‘ clisity.” 





It repre- 


sents the function of N to which $< is proportional in an 
extreme case just as ib is proportional to (m—1) in another 
extreme case. 











rere 
Ao a 
Fig. 4 Abit eee 
P geo e \ 
| 1, ! 1 4\ 
gil ti ' \ 
Prete 
yoy eae 
Cy | | | \ 
ori er, 
Ni pty a ly 1) 
\ ‘te ty - it: \\ 
| 1? p koe ip Ab 
4 \ Ne | ply! | | \ 
\\ h Pyly gl hhah 
\, \ / | | \ 
\ [1 | pate! i? ie I o\ 
N\ aa [| \ Pte phryy tia 
— + /; 7 | ae Pr, FER G 
i Ya 1 eg bildqaa 
A! ML | a | 1 | | \ 
réd ae a IN \ a | | | \e 
Pri pr sng Neel tray 
YATE AN NEE 
IY ' is + a eee ee, i | | \ 
y, pee rT - + a i, ~~ NA a. 1 | | | | 
fA rb DSS EET i\ 
fil | tin | RAI NA $4. a eX 


iy yt! pt eR thee tas 
mH HHH SN el ba pee 


DECLINING ANCLE CURVES OF THE ROWING OF HM S EDINBURGH 


N 

| © Mean Dri ™O3 no keel : nsw O 

| lean Draught 793 no —_—— |0'07¢)| 0.0036 1g 6 

1 ee _ 7294 twokeels _____ \0°203\00276 I 7 

Oa ae paige no keel, at rest \0:056| 00032 Fillewing fiat of MOP Wedts paper on the use of Water Qambers ler reduang Oe reliina of Ships at Sea 
é i3 = le a 0 —_ yead, 10 howl len vance transtormed by marking cf? as ubsassee the squares ct the hall amplitudes 

iH do do —do —d 12 » |o-208\a,0029 Bansuctens cf the Insitutions ot drebatede for 1866 Wet INT PW ) 
ee eaaee bate ? 

F Seale cf the Ordinates 0"0125-1* 

| K French Gunboat the “Crocodile ‘x 1875\0:040\0,033 a : nS 

ee eee CE | Scale. of the Ahscasse 0" 


C0075 uruty 





which eludes calculation, has received a decisive answer 
from Sir William White in his paper ‘‘ On further Ex- 
perience with First-Class Battleships.” The new fact 
which has been most distinctly brought out is the great 
increase of efficiency of bilge keels in large as compared 
with small ships, as is shown by the curves in Fig. 5. Anu 
ironclad of 12,000 tons, provided with bilge keels with 
a moment relatively less than that of the bilge keels of a 
ganhoat of 460 tons, in the ratio of 0.88, attains to as 
nearly as great a value of N, in spite of the very unfavour- 
able conditions resulting from the enormous moment of 
inertia of the ironclad. 

We find, therefore, in bilge keels a more powerful 
method of checking heavy rolling than had been foreseen. 
In a different condition of things, free liquid provides a 
more rapid means of extinguishing small rolls than could 
have been foreseen from any calculation founded on the 
known properties of liquids. It is interesting in this 
connection to refer to the experiments which Mr. P. 
Watts described in our Transactions for the year 1888, 
the principal results of which are given on Fig. 6. Thus, 
on all sides, in proportion as we follow = the study of 
passive resistances, naval architecture finds long-neglected 
resources, which it is now learning to turn to account. 

Accurate observations made at sea are the necessary 
complement of all the theoretical researches and the ex- 
perimental study made in port. The results obtained 
from ships steaming in company are evidently superior to 
observations made on single vessels, even when the most 
perfect oscillographs are employed. Results of this sort 
alone permit us to isolate and to analyse the resistance of 
the hull by rendering it possible to compare the results 
obtained from two ships which are identical in every way 
excaptin regard to this resistance. In this respect, also, the 
experiments carried out on the latest English battle-ships 
will have an unprecedented importance if they are con- 








is, without doubt, its actual present-day interest, due to 
its unforeseen coincidence with the revival of experi- 
mental investigation and observations at sea, which had 
been laid aside for 20 years. 





ALLOYS. 
Third Report to the Alloys Research Committee.* 

By Professor W. C. Roserts-AusTEN, C.B., F.R.S. 

(Concluded from page 780.) 
THE PYROMETRIC EXAMINATION OF THE ALLOYS OF 
CoprER AND TIN. 
Appendix 2 to Third. Report to the Alloys Research 
Committee. 
By Mr. ALFRED STANSFIELD, Associate of the 
Royal School of Mines, 

THE experiments here recorded were made in the re- 
search laboratory of the Mint, with a view to obtain, by 
means of Professor Roberts-Austens’ autographic record- 
ing pyrometer, t curves which should represent the cooling 
of a series of alloysof copper and tin. Asin other photo- 
graphic curves which have been published in these reports, 
the ordinates give the —— of the alloy, which is 
cooling in a crucible, and the abscisse represent the time 
occupied in its cooling. A selection from the numerous 
curves taken will show the nature of the results obtained. 

Autographic Cooling Curves.—It will be noticed that at 
certain points the curves in Fig. 15 become less steep or 
even horizontal for a short distance, and then resume 


* Paper read before the Institution of Mechanical 
Engineers. 

+ See First and Second Reports : ENGINEERING, vol. lii., 
—— 548, and 579, and vol. lv., pages 608, 629, 658, 
an . 








812 





ENGINEERING. 


[JUNE 21, 1895. 








their original directions. This change is caused by the | freezing points coalesce, which were quite separate in the 


evolution of the latent heat of fusion in the alloy; and is | alloy containing 77 per cent. of copp 


nob due, as it sometimes is in the cooling of metallic ; 
masser, to molecular changes occurring in the solid.* The | 
alloys were placed in a thick crucible, made by luting a | 


alloy containing 10 per cent. of copper. 


er. <A similar 
coalescence of two points takes place in the alloy 
containing 20 per cent of copper, and also in the 
Riche* suppozed 


small clay crucib'e inside a larger one of graphite, as | that the alloys having the atomic proportions indicated by 


shown eight times full size in Fig. 14. 
loosely within the outer crucible ; and a clay tube, having 
its lower end closed, passed through a hole in the lid. | 
The wires forming the thermo couple passed down the | 
tube, being insulated by slips of mica, and were fused | 
together at the bottom. The two metals to form the | 
alloy were melted together, and were covered with | 
powdered electric light carbon, which proved very effective 
in preventing loss by oxidation. When the alloy was 
thoroughly liquid, the crucible was removed from the fire ; 
and the lid, tube, and thermo-couple, all of which had | 
been previously heated, were placed in position. The 
recording apparatus was then started, and the curve of 
cooling traced autographically. 

These photographic curves werecalibrated by reference 
to similar curves which showed the freezing points of 
gold, aluminium, lead, and tin; the respective melting 
points baing taken as 1045 deg., 625 deg., 326 deg., and 
227 deg. Cent.; or 1913 deg., 1157 deg., 618 deg., and 
441 deg. Fahr. The boiling points of water 100 deg. Cent. 
or 212 deg. Fahr., and of sulphur 448 deg. Cent. or 
838 deg. Fahr., were also used in calibration. In Fig. 15 
the cooling curves for the series of alloys have been 





plotted with time ard temperature as co-ordinates; and 
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they are so arranged that the point at which each 
curve intersects the horizontal ‘‘composition” line P P 
marks the percentage of copper in the alloy represented 
by the curve. 

Freezing Points.—Beginning at the copper end of the 
series, ip wiil be seen that pure copper has a single fairly 
sharp freezing point ; the temperature of the metal falls 
only slightly during solidification. As successive addi- 
tions of tin are made, the freezing point of the alloy is 
lowered ; and the part of the curve which represents the 
freezing of the mass becomes steeper, and more rounded at 
the lower end. 

In the cooling of the alloy containing 90 per cent. of 
copper, it appears that, while the alloy as a whole freezes 
at 1000 deg. Cent. or 1830 deg. Fahr., a small portion 
remains liquid until 770 deg. Cent. or 1420 deg. Fahr. is 
reached. Alloys containing about 80 per cent. of copper 
solidify in three distinct stages; and those containing 
from 50 to 25 per cent. of copper bave no fewer than four 
separate freezing points. 

This method of arranging the curves brings into pro- 
minence several points of interest. It will be seen that 
each of the alloys, excluding those at either end of the 
series, has at least two separate freezing points ; most of 
them have either three or four. Lines marked aa, bb, 
cd, ee, and ff respectively, are drawn through these 
freezing points. Three of these connecting lines, b b, ¢ ¢, 
and ff, are approximately horizontal ; one of the others 
cd may be regarded as two horizontal lines, cc and d a, 
together with a connecting portion; and the other line 
aaiscurved. This curved line a a connects the highest 
freezing points of each alloy; that is, the points at 
which the most infusible portion of the liquid alloy 
solidifies. The other lines, bing horizontal, show that in 
most of the alloys, although the proportions of tin and 
copper, of which the liquid mass is composed, may vary 
widely, there are always particular groupings of tin and 
copper which remain liquid for a considerab!e time, and 
then become solid at definite temperatures. It will be 
evident that there are five sets of such group’, marked 
respectively by the lines bb, cc, dd, ¢ e, and f f. 

The group which remains liquid longest in the alloys 
containing more than 50 per cent. of tin, and the freezing 
of which is indicated by the line f f, probably corresponds 
with the eutectic alloys (that is, the most fusible alloy of 
each series) discovered by Dr. Guthriet in other series of 
metallic alloys. It should be remembered that long ago 
Rudberg? showed that every member of the lead-tin 
series of alloys, with one exception, had two freezing 
points, the lower of which was always at 187 deg. Cent. 
or 369 deg. Fahr. In the copper-tin series the melting 
points of the several groups are widely divergent ; and 
this may account for the fact that no alloy has bsen found 
in which the freezing points coalesce in one point. In 
the alloy containing 73 per cant. of copper, two of the 





* See previous reports. 

t+ Philosophical Magazine, vol. xvii., 1884, page 462. 
See also ENGINEERING, vol. lii., page 579. 

* Poggendorf’s Annalen, vol. xvili., page 240, and vol. 





xix., page 125. Annales de Chimie et de Physique, vol. 
wlviii:, 1891, page 353: 


The lid fitted | the formula Sn Cu, and Sn Cu, had only single freezing 


points; but in this he appears to have been mistaken, and 
the solidification of all these groups could hardly have 
been detected without the delicate method of investiga- 
tion described in these reports. 

The lower freezing points, which fall on the horizontal 
lines ee and f f, appear to represent the crystallisation of 
definite compounds, rather than the freezing of a mother 
liquor after other compounds have fallen out of solution ; 
and it seems likely that these definite compounds were 
formed while the alloy was molten, and not merely during 
solidification. The relat ve osmotic pressure exerted 
by the liquid c>pper and tin—that is, the mutually inter- 
penetrating force of their mclecules—and the degrees of 
stability of the different compounds, will determine what 
quantity of each of these groups is formed. The respec- 
tive groups of tin and c»pper atoms which fall out of solu- 
tion are not merely rejected by the portions of the alloy 
which freeze first. The constitution of a solidified alloy 
of copper and tin may, therefore, depend on the tempera- 
ture to which the molten alloy has been raised, and on 
the time during which it has been in the molten state. 





An alloy. of copper and tir, which had been maintained 
molten for nearly a week, showed on analysis metallic 


The first appearance of a second freezing point occurs 
in the alloy which contwins 90 per cent. of copper. The 
first great break in the electrical conductivity curve 
also occurs in an alloy which contains 91 per cent. of 
copper. The alloy Sn Cu, freezes almost entirely at 
750 deg. Cent., or 1880 deg. Fahr.; and the group of 
copper and tin which in the 90 per cent. copper alloy freezes 
at 760 deg. Cent. or 1400 deg. Fahr., will probably contain 
nearly the same percentage of copper as Sn OCv,. 
Now Sn Cu, has the worst conductivity of the whole 
series, 80 that the low conductivity of the alloys which 
contain from 70 to 90 per cent. of copper is evidently 
due to the presence in these alloys of the particular group 
of copper and tin which freezes at 760 deg. Cent. or 
1400 deg. Fabr. 

The increase of electrical conductivity between Sn Cu, 
and Sn Cu,, and the more marked rise in the induction 
balance curve J, as well as in that of heat conductivity 
H, have probably some connection with the rise and in- 
creased importancs of the line cd, and may depend 
on the change of the alloy from the vitreous to 
the crystalline condition; while the still more sudden 
rise in the electromotive force curve E M F—between 
SnCu, which contains 61.6 per cent. of copper, and 
the alloy containing 60 per cent. of copper—appears 
to be due to the presence of one or both of the groups 
of copper and tin, whose freezing points lie on the 
lines ee and f f. The observed change in electromotive 
force would be produced by smaller quantities of these 
groups than would be required to produce a visible freez- 
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crystals of a copper-tin compound, which were insoluble 
in nitric acid, although all the known alloys of copper 
and tin are readily soluble in nitric acid. Similar 
crystale, but in much smaller quantities, were found in 
alloys which had not been so long melted. This com- 
pound of difficult solubility appears to form slowly, like 
certain other chemical compounds. 

Other Physical Properties.—In Fig. 16 the foregoing 
lines a a to f f, which connect the freezing points of the 
several alloys, have been plotted with temperature and 
percentage of copper as co-ordinates, thus showing ata 
glance the number and respective temperatures of the 
freezing points of an alioy which contains any given per- 
centage of copper. Curves representing various other 
physical properties of the copper-tin series are plotted for 
comparison. Curve E M F shows the electromotive force, 
as determined by Professor A. P. Laurie,t of a voitaic 
cell containing stannous chloride, which has for one pole 
the alloy to be tested. and for the other a copper wire 
coated with cuprous chloride. Curve E C represents the 
electrical conductivity of the members of the copper-tin 
series, as determined by Lodge.t I is the induction- 
balance curve of Professor Roberts-Austen.$ H is the 
conductivity for heat, according to Calvert and Johnson.|| 

The sudden fall which is produced in the electrical con- 
ductivity of copper, by the first addition of tin, has been 
given as evidence of molecular change. The sharpness of 
the freezing point of copper is also destroyed by slight 
additions of tin; and surfusion—that is, the property of 
cooling below the freezing point before actually becoming 
solid—which appear: to be a test of the purity of copper, 
has been observed only in a sample of particularly pure 
electrotvpe copper. Tin, on the other hand, shows sur- 
fusion, Fig. 15, even when alloyed with 5 per cent. of 
copper. 

* Annales de Chimie et de Physique, vol. xxx., 1873, 
page 417. 

+ Journal of the Chemical Society, 1888, page 104. 

t¢ Philosophical Magazine [5], vol. viii., 1879, page 554. 

§ Jb'd , page 551. 

Thurston’s Report on the Alloys of Copper and Tip, 
1879; Plate XIV. 
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ing point in a cooling curve. In general it may be stated 
that the changes in the physical properties of the copper- 
tin series, which take place between the alloy containing 
60 per cent. and that containing 70 per cent. of copper, 
are due to the re-grouping of the constituent metals, 
which occurs at this point. In alloys containing more 
than 70 per cent. of copper, the tin and copper are com- 
bined in groups whose freezing points lie on the lines bb 
and cc; while in alloys containing less than 60 per cent. 
of copper, the metals form the totally different groups of 
tin and copper atoms, whose freezing points lie on the lines 
dd, ce, and f f. 

Tensile Strength and Elongation—In Fig. 17 are 
plotted curves showing the ultimate tensile strength and 
elongation of the alloys of the copper-tin series, together 
with the foregoing linesaato ff joining the freezing 
points of the several alloys; these mechanical tests are 
taken from Thurston’s report* on the copper-tin series. 
The results of mechanical tests are in themselves com- 
plicated : tensile elongation, for instance, appears to 
require a certain degree of hardness; and the increase of 
extensibility which follows the addition of a small quan- 
tity of tin to copper, or of copper to tin, may be the 
result of an increase of hardness. On the other hand, 
the sudden decrease of extensibility which follows further 
additions of copper to tin, or of tin to copper, and the 
peculiar hollow which in the curve of tensile strength 
characterises the alloys containing about 90 per cent. of 
copper, occur almost simultaneously with the appearance 
of double freezing points. An alloy composed of two or 
more groups of metals, which have different freezing 
points and are mechanically mixed with each other, is 
less likely to be ductile than one in which the metals are 
homogeneously united ; and the groups of tin and copper 
atoms which fall out of solution are probably of a brittle 
nature. The fractures of the specimens may be noticed 
in connection with their mechanical properties. The 
great decrease in the strength of the copper-tin alloys, 
which takes place when the amount of tin is increased 
beyond about 20 per cent., is connected with a change ia 





* Report on the Alloys of Copper and Tin, 1879, 





page 456, and plate ii. 
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their crystalline character, which ceases to be finely 
granular, and becomes vitreous. The group or compound 
of tin and copper which produces this vitreous character 
has its freezing point at 760 deg. Cent, or 1400 deg. 
Fahr., on the line } b, and forms nearly the whole of the 
alloy Sa Cu,; so that this group would appear to contain 
about 70 per cent. of copper. It it probably this group 
which produces the remarkably sharp initial freezing 
point of the alloy containing 65 per cent. of copper; and 
the surfusion and the sharpness of this freezing point are 
quits exceptional in alloys of the copper-tin series. The 
crystalline fracture of the alloy Sn Cu, is quite different 
from the vitreous fracture of Sn Cu,; and this difference 
is evidently connected with the change in the group of tin 
and copper which forms the more fusible constituent of 
these alloys. In the alloy Sn Cu, the more fusible con- 
stituent freezes at 570 deg. Cent. or 1060 deg. Fahr., and 
is present only in small quantity; while in Sno Cuz ib 
freezes at 650 deg. Cent. or 1200 deg. Fahr., and forms 
about one-third of the whole mass. The group which 
freezes first in Sn Cu, is also modified in Sn Cug by the 
presence of an excess of tin. Among all the alloys of the 
series which have more than 10 per cent. of each metal, 
Sn Cu, is peculiar in having its two freezing points 
nearly united ; thus accounting for the slight evidence of 
liquation—that is, separation of its more fusible consti- 
tuents—which can be detected in it. Sn Cu,, which also 
shows scarcely any liquation, has its freezing points more 
widely saparated ; but in this alloy the more fusible con- 
stituent is present only in small quantity. 

Colour.—The colour of copper is rapidly destroyed by 
the addition of tin; only those alloys which contain more 
than 70 per cent. of copper have any of the copper colour 
left. Now all these alloys which retain the copper colour 
have an initial freezing point above the line b b, Fig. 15. 
The constituent of each of these alloys which produces 
the initial freezing point is copper dissolved in tin; the 
copper, not having combined chemically with the tin, 
but being in a state of solution in the liquid tin, retains a 
certain amount of its original colour. The least fusible 
constituent of each of the alloys that contain from 20 to 
70 per cent. of copper may be regarded as being the 
group which in other members of the series freezes at 
760 deg. Cent. or 1400 deg. Fahr. ; and in these alloys 
this group is diluted with a varying amount of tin. The 
blue tinge of colour, which is seen in the alloys containing 
from 52 to 62 per cent, of copper, appears to be due to the 
presence of the group whose freezing point lies on the line 
dd, Fig. 15. In alloys containing more tin this group is 
less developed, and no blue colour is visible. The alloys 
which contain from 20 to 40 per cent. of copper are com- 
posed of white platy semi-fiexible crystals, and show 
segregation of ayellow compound. Still further additions 
of tin produce grey alloys containing small crystals, 
which disappear as pure tin is approached. 

Ia this way, by considering the various physical pro- 
perties and the crystalline form and colour of the 
members of the copper-tin series, in connection with the 
cooling curves of these alloys, it is sible to obtain a 
general knowledge of the nature of the several groups of 
tin and copper, of which each alloy is composed. In 
order to obtain further information about these groups, 
it would be necessary to separate them ; either by liqua- 
tion, in the same way that Dr. Guthrie separated his 
eutectic alloys, straining off the more fusible constituent 
from a mass in which the less fusible constituents had 
crystallised out; or else, by separating the groups in the 
solidified alloy, by chemical or electro-chemical methods. 
As an example of the latter mode of procedure may be 
noted Professor Laurie’s experiments on the electromotive 
force of the copper-tin alloys. He found that, by using 
an alloy containing rather less than 60 per cent. of copper 
as one pole of a voltaic cell which contained stannous 
chloride, the other pole being of copper coated with 
cuprous chloride, tin was removed from the alloy until its 
composition approximated to 60 per cent. of copper. In 
this case it would appear that what was removed was not 
pure tin, but one or both of the groups, containing a large 
percentage of tin, whose freezing points are on the lines 
eeand f f. 

Practical Applications.—The present research is of con- 
siderable interest in regard to the industrial use of the 
various copper-tin alloys, such as gun-metal, bell-metal, 
speculum metal, and bronzes in general. It has been 
stated in works on the alloy of copper and tin that the 
most fusible constituent of gun-metal melts at 500 deg 
Cent. or 930 deg. Fahr.; and the line cc is found to lie 
at 500 deg. Cent. or 930 deg. Fahr., thus agreeing with 
previous observations. By simply taking a cooling curve 
from a small sample of any alloy, a manufacturer will 
be able to obtain much useful information about it. He 
can see at a glance its mode of aggregation, on which, as 
has been shown, its physical properties so largely depend. 
He can ascertain its degree of fusibility, which affects 
its value as a material for castiog. He will be able to 
measure the temperature at which its most fusible con- 
stituent freezes, which not only indicates the mechanical 
properties of the alloy when cold, but also practically de- 
termines to what temperature it may be heated without 
serious loss of strength. 

Annealing.—The temperatures at which the several 
constituents freeze will indicate the method which must 
be employed to anneal thealloy. Alloys like the bronzes, 
which have a fusible constituent freezing at a tempe- 
rature considerably below that at which the main part 
of the alloy solidifies, are annealed (not hardened) by 
heating to a red heat and chilling. The more fusible part 
of the alloy is thus melted, and made to solidify quickly, 
causing fineness of grain. The influence, however, of 
rapid or slow coling varies in the several members of the 
series. In taking the cooling curves in the present ex- 
periments, the alloys were cooled to the freezing point of 


4 oz When cooled in this manner, the alloy Sa Cu; 
solidified in large shining crystals ; when, however, it is 
cast in small iron ingot moulds, it becomes minutely 
crystalline, and has a decidedly blue colour. Speculum 
metal Sn Cu, freezss almost entirely at its higher 
melting point, and is nearly unaffected by slow or rapid 
cooling. Consequently in practice, while gongs and 
most articles of bronze are tempered by being heated to 
redness and cooled quickly, speculum niirrors for tele- 
—_ are cooled extremely slowly in order to anneal 
them. 

Tenacity.—Important information as to ths probable 
behaviour of alloys at high temperatures is also afforded ; 
for although the temperature at which marked decrease 
in strength occurs is below the lowest freezing point of 
the alloy, it nevertheless appears to have some connec- 
tion with it. Thus copper containing 0.1 per cent. of 
bismuth, which would have a freezing point at about 
268 deg. Cent. or 514 deg. Fahr., has at 160 deg. Cent or 
320 deg. Fahr. only one-third of the tenacity which it 
possessed at 15 deg. Cent. or 59 deg. Fahr.; while gun- 
metal, which has its lowest freezing point at 500 deg. Cent. 
or 930 deg. Fahr., does not show any marked decrease in 
strength until 300 deg. Cent. or 570 deg. Fahr. is reached. 
Pure copper or arsenical copper, in which the freezing 
point is high, does not show any considerable loss of 
strength at these temperatures. 

Summary.—1. No alloy of copper and tin which contains 
more than 5 or 10 per cent. of either metal solidifies as a 
whole; in each member of the copper-tin series there are 
at least two constituents, or groups of tin and copper 
atoms, which freeze at different temperatures. It is 
unlikely, therefore, that any alloy of tin aud copper 
which has been produced by melting in the ordinary way, 
is itself a simple chemical compound, though it may 
contain definite compounds, 

2. There is evidence of the existence in alloys of tin and 
copper of four or five distinct groups of tin and copper 
atoms, three of which appear to be fairly definite in com- 
position. These may be either chemical compounds, 
which are capable of dissolving, to a certain extent, in 
excess of tin or copper, or they may be particular cases of 
the solution of copper in tin. The groups are probably 
formed by the affinity of copper and tin when in the 
molten state, and as they never occur singly, they 
would appear to be unstable, no one group of tin and 
copper being produced to the exclusion of all the others. 

3. The initial freezing point appears to represent, in the 
alloys containing more than 70 per cent. of copper, free 
copper containing dissolved tin; while in the alloys con- 
taining less than 70 per cent. of copper, the initial freezing 
point seems to represent an excess of tin, dissolved, not 
in free copper, but in one of these special groups of tin 
and copper atoms. 

4. A comparison of the series of cooling curves with the 
physical and mechanical properties of the alloys, and with 
the appearances of their fractured surfaces, confirms the 
belief in the existence of these special groups; and 
indicates that the peculiar and sometimes sudden changes 
in the physical properties of alloys may often be explained 
by the appearance and disappearance of these groups, 





ON WOOD AND COPPER SHEATHING FOR 
STEEL SHIPS.* 


By Sie Wititram Wuirtr, K.C.B., LL.D., F.R.S, 
Director of Naval Construction, and Assistant-Con- 
troller of the Navy, Vice-President, 

THE subject with which this paper deals was suggested to 
me as likely to prove of interest and value to the members 
of the Institution. Nearly 25 years have elapsed since 
the sheathing of iron and steel ships was last discussed in 
papers published in our Transactions. During this period 
much experience has been gained, new methods of sheath- 
ing have been introduced, and, at the present time, larger 
numbers of sheathed cruisers are being built for various 
navies than at any previous date. 
A paper contributed by the late Mr. Grantham to the 
Transactions for 1869 contains an excellent summary of 
the state of knowledge in regard to methods of sheathing, 
and the results anticipated at that time. On reference 
thereto it will be seen that practically no experience had 
been obtained with sheathed ships; and that arguments 
were chiefly based upon experience gained with composite 
ships of the mercantile marine, In the Royal Navy 
wood had been largely—indeed chiefly—used in the con- 
struction of various pins of unarmoured vessels. But 
new departures had been made a short time previously. 
For the smaller classes of cruisers, up to corvettes, the 
composite system had been adopted, the internal portions 
of the framing and structure being of iron, and the skin 
being of wood. For the larger and swifter cruisers (In- 
constant and Volage classes), where the composite system 
did not provide sufficient strength and rigidity, complete 
iron hulls had been associated with external wood and 
copper sheathing. The object proposed was the same in 
all cases, viz., to secure the power of keeping the sea for 
long periods without such serious fouling of the bottoms, 
and consequent loss of spaed, as were commonly experi- 
enced with iron or steel ships. For composite ships it 
was possible to proceed with certainty on the basis of 
mercantile experience. For sheathed ships the procedure 
was necessarily experimental to a large extent. 

The Transactions for the period under review also indi- 
cate a considerable divergence of opinion as to the best 
metallic sheathing to be used on iron and steel ships. 
There were advocates of copper as an unrivalled anti- 
fouling material, resting their support on the extended 
experience of all war fleets. Oa the other hand, the 
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champions of zinc dwelt upon the danger of galvanic 
action being set up between copper sheathing and iron 
hulls, leading to serious injury to the latter. Their con- 
tention was that, with suitable arrangements, zinc could 
be made to keep fairly free from fouling when immersed 
in sea water for long periods, and that its position rela- 
tively toliron in the electrical scale, made its use on iron 
or steel hulls absolutely safe. The latter statement was 
undoubtedly correct; but from the first there were thore 
who —_ out that the action of sea water on zinc pro- 
duced insoluble salts, which must cause serious roughness 
on the surface, and would probably lead to serious fouling 
under many conditions of service. 

Tt will suffice to state, in passing, that experience with 
zinc-sheathed ships during the last 20 years has confirmed 
the anticipations adverse to the anti-fouling properties of 
zinc. In the Royal Navy it has become the rule to dock and 
paint the bottoms of such ships just as is done with iron 
ships. After long periods afloat, zinc-sheathed ships 
usually have an advantage over unsheathed ircn or stesl 
ships in regard to fouling; and certainly they are less 
liable to corrosion of the skin plating. But the general 
conclusion reached by all who have tried both zinc and 
copper sheathing, is that the additional first cost involved 
in using the latter is amply repaid on subsequent service 
by economy of coal and maintenance of speed. 

Mr. Grantham claimed, apparently with justice, to have 
been the first to propose the use of wood and copper 
sheathiog on iron ships, in association with brass stems 
and sternposts. In his paper of 1869 he dealt very 
thoroughly with the allegation that serious galvanic action 
would probably be set up on iron hulls if copper sheathing 
were fitted ; and quoted in support of his views the great 
authority of Mr. Mallet. On the whole, the conclusions 
arrived at by Mr. Grantham on this part of the subject 
are fairly in accord with subsequent experience, and the 
fact deserves to be noted, more especially as it must be 
pointed out that, in other respects, his anticipations have 
not been realised. 

The primary purpose of the system of sheathing proposed 
by Mr. Grantham (Figs. 1 and 2, next page) was to secure 
the anti-fouling properties of copper bottoms, with a 
minimum risk of metallic connection being made between 
the copper sheathing and the iron skin, so that the latter 
might not suffer from galvanic action if sea water found 
its way behind the wood planking fitted between the copper 
and the iron hull. For this purpose the wood planking 
was fitted in two thicknesses, The inner (next the iron 
skin) was fitted between Z-bar frames riveted to the skin, 
and kept in place chiefly by means of wood wedges, with 
the additional security of a few iron screw bolts passing 
through the skin, having nuts hove up on its inner sur- 
face. The outer layer of wood was secured to the inner 
layer by brass screw bolts, passing into (but not intended 
to pass through) the inner layer. Both layers of wood 
were to be well caulked, and the ‘‘faying” surfaces were 
to be well bedded in paint or composition. 

Mr, Grantham attached great importance to the use 
of the minimum number of bolts in the inner thickness of 
wood. From his lengthy remarks on this head it would 
appear that his chief objection to bolts was their assumed 
tendency to rapid and serious corrosion, produced by the 
entry of water into the bolt-holes, as the result of ‘* work- 
ing” or movement in the planking when a sheathed ship 
was subjected to severe stresses at sea. That such bolts, 
if of iron, may become seriously corroded is undoubted ; 
but hardly in the manner or for the reasons supposed by 
Mr, Grantham. In fact, if such ‘‘ working” of the wood 
planking took place as he presumed, it would probably 
involve consequences of a much more serious character 
than mere corrosion of bolt fastening. 

In the Russion Navy, I believe, considerable use has 
been made of Mr. Grantham’s system of sheathing, and 
it would be of interest to know the results of that experi- 
ence. Perhaps they may be communicated hereafter by 
some of our Russian members. 

The earliest sheathed ship in the Royal Navy was 
the swift cruiser Inconstant, designed in 1866, and 
launched in 1868. Her arrangements are illustrated 
in Figs. 3 and 4. They were of a very special and 
costly nature, and have never been repeated. Thick 
external strips of iron were riveted to the skin plating: 
the spaces between the strips were made flush with teak 
‘* filling pieces.” Into these strips were screwed the 
points of the iron bolts which secured the inner thick- 
ness of wood. The outer thickness of wood was fastened 
with brass screw bolts passing into, but not through, the 
inner thickness. In this manner direct metallic connec- 
tion between the copper sheathing and the iron hull was 
avoided, while the iron skin was unpierced by the bolts 
securing the inner layer of wood. The w planking 
had the faying surfaces bedded in waterproof glue, and 
was antic caulked throughout. 

This ship has now been afloat for 27 years, and has 
performed much trying service under sail and steam. At 
the date of her design she was of remarkable speed, with 
excaptionally large engine power. Her sheathing has 
never given serious trouble, and the anti fouling pro- 
perties of her coppered bottom have been well secured. 

Soon after the Inconstant was designed, two smaller 
sheathed vessels, the Volage and Active, were laid down, 
and were launched in 1869. They remain in service 
after being 26 years afloat. From 1885 onwards they 
have been continuously employed in the training squadron. 
Throughout their service no serious trouble has occurred 
with their sheathing or its fastenings. A departure was 
made from the system followed in the Inconstant in regard 
to the mode of fastening the inner thickness of planking. 
Instead of elaborate and heavy ——— for avoiding 
through bolts, the simple plan was followed of securing 
the planks directly to the skin plating by iron bolts, 
screwed through the skin, with nuts hove up on the inside, 





Both layers of planking were worked longitudinally, the 
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edges and butts of adjacent planks in the two layers being | 


carefully ‘‘ shifted,” in order to distribute the fastenings 
satisfactorily, and to develop the full strength of the com- 
bination. The outer layer of planking was secured to 
the inner by metal screws similar to those used in the 
Inconstant. 

In the paper of 1869 above mentioned Mr. Grantham 
strongly condemned this system of through bolting, and 
redicted failure through serious corrosion of the bolts. 
ixperience has not justified his opinion, although there 
have been many cases where bolts have corroded in 
sheathed vessels. The simplification gained by through 
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vessels were generally of wood. Up to the limit of dis- 
placement named, this composite system proved strong 
and durable. Vessels have remained on active service 
over 20 years. 

For ships of greater dimensions with coppered bottoms 
the system of sheathing illustrated by Figs. 5 and 6 was 
practically adhered to until 1887. In some cases the stems 
and sternposts were of wood, but more commonly of gun- 
metal or bronze. The thicknesses of wood in the two 
layers of planking and the dimensions of the bolts were 





practically constant for all classes of ships. The thick- 
nesses of skin plating were varied, of course, with the size 
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fastenings led to the general adoption of this method of 
sheathing in the Royal Navy for a period of 20 years 
(1868-1887), during which time :'4 ships of various classes 
and sizes were constructed with wood and copper sheath- 
ing, and eight with zincsheathing. Very similar arrange- 
ments were followed in sheathed ships built for foreign 
navies. Figs. 5 and 6 illustrate the principal features of 
the plan. 

Speaking broadly, it may be said that for copper- 
bottomed vessels up to 2000 tons displacement the practice 
of the Royal Navy during this period was to adopt the 
** composite” system, the skin consisting of two layers 
of planking disposed as in Fig. 5, reinforced by certain 
iron strengthenings, in the form of sheer-strakes, keel- 
plates, bilge-stringers, &c. The inner layer of planking 
was secured to the frame-angles by brass bolts, screwed 
through the angles, with nuts on the inner ends. The 


outer layer was secured to the inner by through copper 
bolts, the points being clenched on rings inside the plank- 
ing. 


The stems and sternposts of these composite 








of the ship. For purposes of structural strength the wood 
planking was practically neglected in determining scant- 
lings, except that the skin plating was made a little 
thinner or the frame spacing a little wider than it would 
have been in an unsheathed ship of the same dimensions. 
The largest ships sheathed on this system in the Royal 
Navy are the Impérieuse and Warspite, of about 8400 tons. 
built specially for service on distant stations where faci- 
lities for docking are limited or non-existent. 

The fundamental idea in this method of sheathing, as 
above explained, was the avoidance of metallic connection 
between the copper sheathing and the iron or steel hull, 
and the consequent prevention of galvanic action on the 
skin plating. It was hoped also that with the precautions 
ordered to be taken, with good workmanship and thorough 
caulking, the two thicknesses of wood sheathing would be 
as water-excluding as the corresponding planking neces- 
sarily had to be on composite ships. In that event, sea 
water should not have passed behind the wood and 
reached the outer surface of the skin plating, so that 








neither serious galvanic action nor corrosion would have 
occurred. To secure this result great care was ordered 
to be exercised in the selection of the planking. Teak 
was largely used and almost exclusively adopted for the 
inner thickness, For the outer thickness teak was 
specified for the parts above the light water-line, but 
pitch pine and English or Canada elm were permitted to 
be used under water as alternatives to teak. 

Experience has shown that these anticipations were 
not realised in practice. Careful observations, made when 
some of these sheathed ships were first coppered, showed 
that a more or less indirect metallic connection was esta- 
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blished, and that a galvanic current passed between the 
copper sheathing and the iron or steel hull. Moreover, 
after ships sheathed on this plan have been some time 
afloat, water, as arule, finds its way through the plank- 
ing or the caulking, into the. spaces between the planks 
and the skin po When such ships are docked, more 
or less considerable quantities of water usually run out 
from behind the sheathing, if holes are bored or bolts re- 
moved to facilitate its exit. 

This entry of water, and the degree of saturation of the 
sheathing, varies very much in different vessels. The 
amount of water which enters depends upon many cir- 
cumstances, such as the accurate fitting of the planks, the 
efficiency and distribution of the fastenings, the good 
bedding of the faying surfaces on paints or compositions, 
or the proper injection of these materials after the planks 
are fitted and fastened. The causes of entry also vary. 
Local defects in planking, inefficient arrangements for 
stopping the passage of water through bolt-holes, imper- 
fect caulking, or the boring of holes for screw-bolts fas- 
tening the outer thickness of planking completely through 
the inner thickness, may all produce the same result. 
Whatever may be the cause, if water once finds its way 
behind the sheathing, from the nature of the case it may 
be expected gradually to find its way over large surfaces 
of the bottom, and to lodge there for such periods as the 
ship remains afloat. All this points to the importance of 
securing the best workmanship and materials in the 
sheathing of steel ships, of using every means to mini- 
mise the spaces to which water can find access, and of 
securing the thorough water-tightness of the steel skin 


plating. 
’ (To be continued.) 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 

The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specrfication is 
not tlustrated. 

Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 

The date of the advertisement of the t of a yp 
specification i8, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the pt ofa yplete specification, 
give notice at the Patent O. of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


12,650. B. M. Drake and J. M. Gorham, London. 
Storage Battery Plates. [2 Figs.) June 29, 1894.—Ac- 
cording to this invention an accumulator plate of any pattern is 
sawn into strips A, A of about 1 in. in width, as shown at B, i.e., 
the thickness of the plate to be made; or the strips A can be 
rolled, stamped, or cast of the required width if desired. These 
strips are placed facing each other with sufficient clear space C 
between each and the next to allow electrolytic action to take 
place, about } in., and are then burnt together top and bottom so 
as to form one long composite plate, about lin. thick. The 
positive and negative plates may be similarly treated as above, or 
the composite plate may be used as the positive pole with the 
ordinary negative, or vice versa. These composite plates are 


connected up in the form of an accumulator in the usual way. 
It will be seen that, whereas the active surface of an ordinary 
plate is usually exposed directly to the active surface of the other 
late, in the above arrangement the part of the plate D directly 
acing the next plate consists of the edges alone, the electrolytic 
action taking place through the column of acid ceparating the 
strips and thence into the. active faces. These edges may be 
varnished or treated so as to prevent any possible scaling at this 
part. This = of plate avoids the ill effects resulting from 
buckling, for should any of the strips A, A, A composing the 
composite plate buckle as the result of unequal expansion, it will 
be seen that they will touch only strips of the same ee: and 
ed, 


the electrolytic action of the cell will not be affect (Accepted 
May 8, 1895). 


6163. W. A. B. Buckland, London. Plate for 
Secon: Voltaic massery. [6 Figs.] March 25, 1895.— 
According to this invention the frame (Fig. 1), consisting of a top 
bar A, conducting arm a, and a number of parallel round bars b, 
is cast in lead preferably alloyed with alittle antimony. A number 
of strips B of celluloid or other somewhat elastic a 
material, having holes corresponding in number and position wit! 
the bars }, are strung upon the said bars at equal intervals. The 
parts of the bars ) which are between the strips B are then sub- 
jected to pressure so as to flatten them, making them thinner and 
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wider as shown in Fig. 6, thus securing the partitions B in posi- 
tion. The plate thus prepared as shown in Fig. 4, may 
have active material, such as lead oxide paste, spread over 
both sides and filling up all the interstices to a surface level with 
the edges of the strips B, and in this condition, either bare or 
covered by porous material, it may be used in a secondary battery. 
It is preferred, however, to cement to the edges of ed strips B, 


vertical strips C, and then to fill up all the the paste 
as shown in Fig. 5, the active material being thus held securely 
in the grooves formed by the strips BandC. (A May 8, 


1895). 


6781, The Edison and Swan United Electric 
Light Company, Limited, London, and C. F. Proc- 





tor, Enfield, Middlesex. A Socket for Electric 


to a compact and simple construction of socket to receive the 
base of an electric glow lamp. Referring to Figs. 1 and 2,on a 
base A of ceramic or other suitable insulating material, there are 
fixed, by means of hollow screws B, two metallic holders C, to 
which the conducting wires D are clamped by screws E. Within 
the hollow screws B are arranged the springs and plungers ¥ 
which make the contact with the pieces in the base of the lamp, 
to which the leading-in wires are connected. The base A is grooved 
along each side, and the casing G which holds it has ite two 
opposite sides indented, as shown at H, so that the base A and 
the fixed on it are made to occupy the —— positions rela- 
tively to the bayonet-catch slot K by which the lamp base is held 
in the socket. In the modified arrangement shown in Fig. 3, the 
— F is made from a star-shaped piece of sheet metal having 
ts rays bent to form a polygonal prism, the sides of which, having 
a certain amount of ciasticity and se to spring outwards, 
make good contact with the metal in which the plunger slides. 
(Accepted May 8, 1895). ~ 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


Hu m, Brooklyn, N.Y., U.S.A. 
[4 Figs.] March 19, 1895.—The operation of this 
device will be apparent from the accompanying figures. Accord- 
ing to the size of the nut to be manipulated, either the large or 
small face of the head of the wrench is presented to the same, the 
wedge E removed from the recess f, and the plates C, Cl permitted 
to drop. The flanges B or B!, as the case may be, are then 
rested upon the side of the object, and the _—_ slide along the 
handle until the flanges D bear upon that side of the nut opposite 
that engaged by the flanges B. en the wedge E is placed in 
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the keyway e, and its point inserted in the recess f, whereby the 
object will be rigidly g ; and as the wedge fits the recess 
tightly, no slipping or loosening of the jaws of the wrench is is 
sible. However great the distance between the flanges B and D, 
these will always form a perfect square or portion of a square with re- 
ference to each other, and will consequently grasp a nut, however 
large, in such manner that all sides of the jaws will bear thereon 
throughout, and exert even pressure thereon. The wedge E also 
holds the flanges immovably at the proper distance apart. (Ac- 
cepted May 8, 1895). 


12,182. J. McGhie, Sunderland, Durham. Appa- 
ratus for Grinding or Polishing Tubes. [1 Fig.) June 
23, 1894.—The improved grinding or polishing apparatus com- 
prises a framing A carrying the usual set of skewed straightening 
and feeding rolls B, which are arranged in two or more pairs with 
an intervening space or spaces b between the ends of the rolls, in 
which the emery or other grinding wheel or wheels C is or are free 
to act on the exposed part of the tube carried and rotated by the 
skewed rolls B. The grinding wheel or wheels C is or are carried 
by ashaft c in journal bearings D fitted to slide in housings or 


















































standards E on each side extending over the skew rolls B, and 
carrying screws e which are operated by overhead bevel or other 
gearing cl and a handwheel ec? to raise or lower the grinding wheel 
C to suit the diameter of tube being acted on. The grinding 
wheel shaft c is driven from a belt pulley F or other gear, or by a 
motive power engine on either or both sides. The shaft is 
flexible, or a flexible connection /1 is made between the grind- 
ing wheel shaft c and the driving shaft or shafts in order to per- 
mit of the adjustment of the ding wheel C relatively to the 
tube acted on by it. The machine is also suited for grinding or 
—t ae or steel bars to be used as shafting. (Accepted 
ay 1, 3 


STEAM ENGINES, DOLaS, EVAPORATORS, 


1336. J. ¥. Johnson, London. (J. Belleville, Paris. 
Steam Generators. (8 Figs.) January 19, 1895.--This amen 
tion relates to improvements in water-tube steam generators 
more especially of the Belleville type, in which the flow of water 
to the sections or elements for every pattern of generator 
efficiently controlled by means of feed unions which may be made 
removable and capable of being —a by other unions with a 
feed section varying according to the requirements of each par- 
ticular case. A are the vaporising elements or sections of a 
steam generator of the Belleville type, and the water and 
steam purifying cylinder. C is the return outlet or overflow for 


is | ring, and is 


float d of the generator, and forms part of the outlet C from the 
purifier B. E is the automatic feeding device situated on the 
upper side of the boiler. F is a water reservoir of ial use 
with the marine type of boilers for maintaining the circulation 
when the apparatus is tilted at sea by rolling and pitching. G 
is the return pipe or downcast for the water from the purifier B 
to the feed collector I of the elements or sections. H isa junc- 
tion — where residues are separated by centrifugal force, com- 
municating at its centre part with the feed collector I, and at its 
base with the depositing chamber K. J is the union formed 
between each of the vaporising elements A and the feed collector 
I. According to this invention a plate A! is in the feed 
collector at an inclination or angle best adapted to cause the 
largest practicable supply of water in motion in the said collector 
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to be continually carried against the side thereof most exposed 
to the furnace heat, while the steam generated along the said 
heated side is driven back towards the base of the collector. 
The circulation of the water through the steam generator 
—_ is caused by the variations of temperature at the dif- 
erent parts of the generator, and through the feed collector or 
union in particular by the feed _ which forces the water 
therethrough. The water fed to the union here meets the water 
in the generator and draws it into the vaporising elements, where 
it continues to circulate. The inclined plate may be passed into 
the collector through an aperture 01 formed in one of the ende, 
and may be retained in its normal position by means of angle- 
iron plates B1, clamping pieces C', and locking screws Dl, (Ac- 
cepted May 8, 1895). 


12,458. W. Lockwood, Sheffield. Packing for 
Pistons, &c, [5 Figs.) June 27, 1894.—This improved ring is 
constructed as a compound — composed of inner and outer parts 
b, a, formed with arenes conical co-acting faces b!, a! of a some- 
what greater width (radially) than depth (axially), the angle of 
such conical faces being between an angle of somewhat less than 
45 deg. with the baee of the cone, and an angle of about 30 deg. 
with such base (Fig. 1), which will insure thatthe axial pressure 
of the inner part of the ring upon the outer part shall exceed its 
radial pressure thereon within the most useful limits, In the con- 
struction shown in Figs. 1 and 2, the part b of the ring is of a 
right-angled triangular form in cross-section, having a base of the 
width of the ring, an altitude of the depth of the ring, and its 
conicality determined by such base and altitude, in the plane of 


































tn t y, x A K 5 — 
WHE. a4 ad tg. 5. 
YAR \\ (SG 
AS || 23x 





[| 
WIAA UK 
NULY Y 


Dw 7, 
BN 
MA 









the diagonal of the rectangle formed by the radial cross-section of 
the compound ring, its upper external surface }! of a 
conical formation. The part a of the ring is of a reversely-formed 
triangular section and conical shape, forming the complement of 
the rectangle formed by the radial cross-section of the compound 
adapted to rest with its under conical surface a! on 
that b! of the part b of the ring. The conical faces of the two 
parts of the ring are coincident at all parte. In applying the ring 
to deep pistons in cases where there is but little radial width for 
the ring to occupy, the parts a, b may be made of a sufficient 
depth (Fig. 4); or the part a may be oy gee (Fig. 5) and 
applied to each side of a double-acting part b, which may also be 





the water from the purifier giving the greatest horizontal crose- 





Glow Lamp. (3 Figs.) April 2, 1895.—This invention relates 





section obtainable. D is the cylindrical chamber for the feed 





duplicated, so as to make three or four rings operating as afore- 
said. A self-expanding supplementary packing ring 42 may he 
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inserted in the groove round the ring J, to aid in keeping a 
steam-tight joint, Fig. 5. The meeting ends of each part 
of the ring are cut (Figs. 2 and 3) 80 as to leave an extension 
a a, on — of about — the — of a =~ ow 

engage with a corresponding recess in the o e part of the 
other end of the ring. The outer one of ne recesses may be 
deeper at its inner part than at its outer periphery, so as to pro- 
duce an inclined recess adapted to hold the correspondingly- 
shaped extension of the opposite meeting end with its outer peri- 
med coincident with that of the compound ring. In applying 
he ring toa — both parts of the ring are placed in compres- 
sion ; the radial action is principally dep t upon the part a of 
the ring, and the axial action is principally dependent upon the 
action of the part ) on the part a. The action of the part /, when 
of large diameter, may be, to some extent, increased, by locating 
coiled springs d (Fig. 2) in the opposing ends so as to tend to sepa- 
rate suchends. (Accepted May 8, 1895.) 


6221. J. H. Rosenthal, London. Superheaters for 
Steam Generators. [3 Figs.] March 26, 1895.—The figures 
illustrate the application of the improved euperheating ap- 

atus to a waterstube boiler of the Babcock and Wilcox type. 

he improved superheater is com of two cross boxes A, A', 
fitted in the combustion chamber C of the boiler, and connected 
together by a number of “y | tubes a expanded in them, and bent 
to U-shape, arranged in the combustion chamber in order to 
present a large surface for absorption of heat. The upper one 
A of the cross boxes has connected to it a vertical pipe B passing 
into the steam space of the boiler drum D, and terminating in a 
perforated cross pipe B!. The lower cross box Alis connected by 
vertical tubes A2 witha third cross box A® resting on the top of 
the boiler drum D, and which supports the weight of the apparatus 
and serves as acollector for the superhea' and dry steam. 
steam delivery pipe E, provided with a stop valve F, is attached to 
the collector A*, The ends of the tubes A? are expanded into the 
cross boxes Aland A®. The steam collecting in the boiler drum 
D passes through the perforated pipe B! and pipe B into the cross 








the door is opened, the air under pressure which is forced in in 
convergent jets towards the back of the furnace, as shown in the 
dotted lines in Fig. 2, forms a species of wind curtain, which, 
owing to its direction, opposes the escape of the flames and hot 
gases through the door op , and the tendency of the air thus 
forced in to carry external air along with into the furnace 
assists the air jets in preventing the outrush of flame. To 
prevent leakage or escape of gas through the door joints in 
consequence of the pressure existing in the furnace, a pipe E is 
arranged within the portion of the furnace mouth surrounding 
the door, this pipe E having perforations f leading to a groove 
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provided in the part facing the door; while in or around the door 
itself, ard in coincidence with the said groove, there is provided 
another similar groove 7, 80 that when the two grooves are joined 
together by the closing of the door they jointly form a passage as 
shown in Fig. 3. The pipe E communicates by the pipe E' with a 
source of supply of air under pressure, and the pipe E! is pro- 
vided with a valve operated by the door B, so that the air blast is 
not forced in unless the door be closed, The air thus admitted 
under pressure by the perforated pipe E tends to escape through 
the joint of the door, so that part of such air enters the furnace 
and part escapes to the outside. (Accepted May 1, 1895). 


10,562. T. H. and W. Blamires, Huddersfield, 
Yorks. Improvements in Firing Steam Boilers. 
[1 Fig.] May 31, 1894.—The improvements consist in an automatic 
device whereby the steam and air is cut off automatically 
by the action of opening the furnace door during such time 
as the fireman is stoking, or fuel is being added to the fires ; 
the object being to prevent the danger of the back action of the 
flames from flashing out in the stoker’s face. The furnace door 
is swung upon a pin B passing through the boss or lugs of the 
door, and is fastened thereto. At the end of this pin is a bevel 
wheel C 1, gearing with another bevel wheel C 2 fastened to the 
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box A, thence through the bent tubes a into the cross box A'!, 
from which it passes upwards by the tubes A? into the collector A®, 
becoming highly heated and dried in its course. The cross bc xs 
A, A' are each connected by pipes 7, g' to a pipe G attached tothe 
drum D, and the lower end of which is connected to a steam trap. 
A two-way cock is provided at the junction of the pipes g and G, 
and a three-way cock at the junction of the pipes g!, G, a stop 
valve I being also provided on the pipe G. By opening these 
cocks wateris admitted into the cross boxes A, A' and tubes« of 
the superheater, and water circulation maintained in them while 
steam is being raised, so that the risk of the tubes becoming 
damaged by the action of the fire is avoided, and the superheater 
is rendered more durable thar would be the case were the pipes 
left empty during steam raising. The arrangement permits of 
the superheater being drained by means of the valves referred to 
when it is desired to pass steam through it. Furthermore, the 
water circulating through the tubes @ and exposed to the fire 
passes into the drum D and facilitates the rapid raising of steam, 
the superheater then acting as auxiliary boiler heating surface. 
Accepted May 8, 1895). 


1 J. ¥. Johnson, London. (J. P. Serve, Lyons, 
France. Steam Boiler and other Furnaces, [3 Pigs} 
June 23, 1894.—For the purpose of preventing the mouth A and 
door B of a furnace from becoming too highly heated, owing to 
their contact with the flames, these parts are, according to this 
invention, made with hollows as saown, and a current of water 
is caused to pass through them so aa to exercise a cooling effect 
thereon. To this end the mouth A snd door B are provided with 
tubes a a', b b) respectively, communicating with a water supply 
and with discharge or circulating pipes, These pipes b in connnec- 
tion with the door are e0 made of flexible material or otherwise 
arranged as to allow of the necessary movements of the door. 
The furnace mouth A may also be lined internally with fireproof 
material C which protects it whenever the circulation of the water 
may happen to be momentarily interrupted. In order to prevent, 
when opening the door B, any of the flames from rushing to the 
outside as a result of the pressure existing in the furnace at the 
time, there is arranged within the mouth A a pipe D adapted — 
tically to fit the outline of the furnace door, and provided with a 
slot or preferably a number of tuyeres or ports d leadiog into the in- 
terior of the furnace F and inclined so as to converge towards a point 


at the rear of the door B as indicated by the dotted lines in Fig. 2. 
This pipe D communicates with an external pipe D' (Fig. 1) lead- 
ing to a conduit which supplies air under pressure and is provided 


by the movements of the door 


| spindle of the valve D, which admits the etcam do vn the steam 





with a valve arrangement opera 
B, 80 that the air is forced in only whcn the door is open. 


When 





periods. Oil isled tothe cav 








pipe S to the jets or blowers G1 and G 2, which direct the 
steam and air into the furnace for the purpose of creating a 
forced draught. The bevel wheel C 1 is moveable and locked 
with a thumbscrew K, so as to be readily put in and out of gear 
as may be required. Also by gearing a tooth forward or backward, 
more or less steam may be admitted at will. On opening the 
furnace door A, the movement is communicated through the bevel 
wheels C 1 and C 2 to the spindle of the valve D, and steam is 
automatically cut off by the act of opening the furnace door, thus 
obviating the necessity of having to shut off the steam by hand at 
every time of attending the fires. (Accepted May 8, 1895). 


MISCELLANEOUS. 


10,675. H. Lindley, Patricroft, Lancashire. Lubri- 
cation of Crankpins and Eccentrics. [4 Figs.] Juue 
1, 1894.—According to this invention the crankpin A to be lubri- 
cated has formed upon it a flat Al, the position of which is such 
that the crankpin brass B will never be pressed towardsit. In 
Fig. 1 the crankpin is shown, in dotted lines, in four different 
positions, and the vertical arrows show the direction of the thrust 
of the brass on the pin due to the steam pressure on the piston of 
the engine, the engine cylinder being situated vertically above 
the crankshaft. Thus the B pepe of the surface of the crankpin 
where the flat A! is situated is never subject to pressure from the 
brags, and if the cavity C thus formed between the crankpin and 
its brass be kept supplied with oil, such oil will be constantly 
laid on that portion of the surface of the brass that is, for the 











moment, not being preszed into contact with the pin. The corner 
A? of the flat A when the crankpin rotates in the direction of the 
circular arrow, should be well rounded as shown, in order to render 
certain the introduction of a sufficiently thick film of oil between 
the pin and brass to insure that the space between the two, when 
much wear has taken place, shall be entirely filled up with oil so 
that knocking or pounding shall at all times be «ffectually pre- 
vented. The oilspreadiog corner A2may be extended nearly the 
full length of the bearing surface of the crankpin as shown in 
Fig. 2, the cavity itself being shorter so as to leave some consider- 
able portion of the cylindrical surface of the pin available in cases 
where such may be sometimes desirable, as, for instance, in an 


in the crankpin. An arrangement for this purpose comprises 
an internally grooved oiling ring E carried by one of the toon 
webs, and to which oil is supplied by a pipe F from an overhead 
tank fed by a pump driven by the motor, or by means of a disc 
secured to the motor shaft and arranged to dip into oil and 
splash it on to a collector, whence it is led to the oiling ring, the 
arrangement being such tha: . when the engine is running, the oil 
fed to the oiling ring will pass to the grooved inner periphery 
thereof, whence it will pass in a continuous manner through the 
ry D in the crankpin tothe oil cavity C, which will thus be 

ept supplied with oil whilst the engine is running. (Accepted 
May 8, 1895). 


14,001. E. Tyer, London. Insuring 
Safety on Single Lines of way. (3 Figs.) July 20, 
1894.—This invention relates to apparatus for insuring safety 
of traffic on single lines of railway by electrically controlling the 
issue from a station of a staff to be carried by a train toa station 
beyond, thus providing against the admission of more than one 
‘rain to the section of the line extending between the connected 
stations, There is a set of the py at each of two stations 
(A) and (B) connected by the line wire. Usually, when trains 
coming to station (A) alternate with trains going to station (B) 
only one staff is — this being carried to and fro with each 
train, and no controlling apparatus is required. If, however, 
when the staff is brought by a train from (8) the distant station, 
the signalman there desires to issue a staff for another train from 
(B), he signals to the operator at (A), who then opens a lid L 
covering an aperture to his apparatus. When he does this, a pin 
or roller 7 on an arm of the lid acting on a curved lever /!' de- 
presses it to the position indicated by the dotted lines /2; also 
another arm 73 of the lid pushes down another lever /4 which 
breaks a contact /5, and thus prevents electrical communication 
with (B). Through the opening uncovered by raising the lid L, 
the operator at (A) inserts the staff which is held in the dotted 
position 8! by a horn projecting from the lever /! until the lid is 
closed, whereupon the levers /4 and /' are preg | their springs 
restoring the contact 15, and allowing the staff S! to slide down 


Apparatus for 


Fig.1 





























an incline S2. The staff in sliding passes over a spring lever C 
by which an armature Cl is moved - to an electro-magnet E and 
int? contact at c, by which the coil of the electro-magnet E 1s 
connected to one pole of a local battery and to line ; the armature 
C! being attrac is held in position, maintaining this connec- 
tion. The instrument I at (B) now shows that a current is pass- 
ing along the line, and thus the signalman at(B) is apprised 
that the staff is shut in the apparatus at (A), and cannot be 
issued to a train, and also that his own apparatus is free for issue 
of a staff. The current transmitted by the live excites in the 
apparatus (B) an electro-magnet F, the armature F! of which is 
usually engaged ina notch at the side of a spring plunger R', 
preventing it from being pushed to the left. But when the 
magnet F is excited, its armature is withdrawn from the notch, 
leaving the plunger R1 free. The operator at (B) being informed 
by his instrument I that the plunger R!' is free, pushes down a 
plunger P, the oblique end of which, entering between the lowest 
staff S and that just behind it, pushes S to the left against a 
roller R on the spring plunger R!, which is thus also pushed to 
the left. Finally the staff S reaches the dotted tion S2, where 
it descends into a — of the apparatus accessible by a door D; 
at the same time the movement of the plunger R! breaks an elec- 
trical contact 7, thus opening the line circuit and rendering both 
sets of apparatus inoperative. (Accepted May 8, 1895). 





UNITED STATES PATENTS AND PATENT PRAOTIOB. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGingERING, 35 & 36, Bedford- 
street, Strand 





WokKING STOCK ON THE MAprRAS RalLway. —The outlay 
made for working stock by the Madras Railway Company 
to the close of 1894 was 1,390,453. The amount ex- 
pended in the second half of last year was 26781. There 
were 163 locomotives upon the system at the close of 1894, 
two having been added in the second half of the year. 
The number of engines in running order at the close of 
December, 1894, was 128. The number of vehicles in ure 
in the coaching department at the clcse of 1894 was 626; 
of these 593 were in running order at the same date. The 
number of vehicles in use at the close of 1894 for the 
carriage of goods, minerals, live stock, &c., was 2822 ; of 





engine for a vessel ope | to go astern occasionally for short 
ty C through an oil passage D formed 


theze 2688 were in running order at the same date. 
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VII.—Tut Hypravtic MAcHINERY FOR THE 
Locks—continued. 

Tue toothed racks by which the gates are 
operated can be seen on the views of the gates 
given on one of our two-page engravings published 
last week. They may work above or below water 
level, as a rule above that level, and weigh about 
88 cwt. each. They consist each of a cast-steel grid 
with blunt teeth, wider at the back than in front, 
cast in lengths of eight teeth by Krupp of Essen, 
and riveted hydraulically to two bars, one at the top, 
the other at the bottom, of wrought iron, 1.2 in. 
thick by 7.9 in. wide ; the whole rack has a height 





The anchor bolts are indicated in the diagrams. 
The rack chambers are provided with foot-rails. 

In the early days a few rackshafts were broken 
at Holtenau in calm weather under circumstances 
which for some time appeared mysterious. It was 
finally ascertained that the breakage coincided 
with the entrance of large ironclads into Kiel Bay, 
and it has been suggested that a powerful wave 
was thus produced which, hardly noticeable on 
the surface, is taken up by the outer harbour of the 
lock like a funnel and produces the fatal shock. A 
breakage has also been reported from Brunsbiittel. 
Although no such failures have occurred recently, 
some modification of the gear may be adopted. 

The construction of the culvert sluices will be 
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of 17.7 in. The outer end is formed by a double- 
jointed eyepiece which is fastened by a pin to one 
of the girders of the gate. The inner end rolls on 
a rail of trapezoidal section ; two smaller inclined 
rollers serve as guides. The three rollers are encased 
in a box which is bolted to the front of the rack. 
The rackshaft standing vertically in the rackshaft 
chamber transmits the motion from the motor to the 
rack, Figs. 64 to 67, on the present page, illus- 
trate the arrangements for Brunsbiittel, where, 
owing to the tidal range, the one rackshaft has a 
length of almost 6 metres, or about 19 ft. When 
the gates are open, the toothed racks do not project 
from the piers ; the walls are thick enough to 
accommodate the racks, or have specially been made 
so. To reduce the length of the racks, the points 
of application have been placed near the middle of 
the gate leaves. Inthe central pier, the two racks 
belonging to two ebb leaves, for instance (one of the 
north and one of the south lock chamber), rest and 
glide the one over the other. Figs. 64 to 67 show 
this better than Fig. 60 (on page 787 ante). The 
rack of the north lock chamber has its horizontal 
axis at + 20.45, that of the south chamber is at 
+ 19.53, about 3 ft. lower. As the outer end of 
the rack describes an arc together with the gate, 
whilst the inner end must remain in gear with 
the wormwheel, the rails on which the rack moves 
have the shape of a flat S (Figs. 66 and 67). 





seen from Figs. 68 to 70, page 818. They are built 
up of oak balks, 20 centimetres thick (7.9 in.), have 
a width of about 8 ft., and a height of almost 15 ft., 
and weigh approximately 5tons. They have to 
close the culverts against water pressure from either 
side against a maximum head of over 11 ft. The 
balks are alternately wide and narrow, are tenoned 
into one another, and held by springs and by four 
strong iron bolts which pass right through the 
whole system. Each sluice slides on rollers between 
angle irons of 200 by 100 millimetres (8 in. and 
4 in. roughly). The wider balks are a little shorter ; 
to their ends the chairs which serve as bearings for 
the rollers, are bolted in such a way that each bear- 
ing is entirely independent. The narrower beams 
are continued in the recesses formed by those chairs. 
In order to keep fairly tight joints on their move- 
ment up and down, L-leathers are fixed to the four 
corners. The one arm of the L is nailed tothe oak 
balks, the other is held by a vertical wooden beam, 
which is taken up by a cam on the lower end of the 
sluice on the upstroke, and which is depressed on 
the downstroke by a crossbar above. Fig. 69 
shows these vertical beams. This arrangement 
cannot prevent all leakage, but that is hardly neces- 
sary. ‘The rack is cast in sections and bolted with 
the help of fishplates to an iron plate fixed along 
the middle of the oak balks. A guide roller has 
been placed cpposite the gear wheel. The upper 





end of the rack projects when raised into a cap of 
cast iron (K in Fig. 57, on page 787 ante), which is 
connected with the mechanism referred to in one of 
the previous articles, a revolving pointer describ- 
ing a spiral which indicates the position of the 
sluice to the man operating the valves. The pointer 
is fixed to a square box standing on the top of the 
lock near the A-lids. 

The sluices of the check gates are similar in con- 
struction, and will again be referred to when de- 
scribing those gates. In the case of the culvert 
sluices and the gates, no further provision has been 
made to prevent the movements exceeding their 
limits. Before the gates touch one another with 
their wooden fenders, the operator will have 
slackened the motor; and the culvert sluices cannot 
do much damage if they should, owing to careless- 
ness, knock against their upper or lower stops. 
But the check gate sluices being raised and lowered 
by their chains, might give the gate undesirable 
shocks. To obviate such contingencies, an auto- 
matic device has been introduced which reverses 
the motor as soon as the sluices have attained their 
highest position. This device consists of a spindle 
moving with the sluices, several conical rollers, 
ropes resting on these, and a weighted toggle joint 
which effects the reversal. It takes about 10 
minutes to wind the sluices up; a quicker motion 
would unnecessarily strain the gates and gear, since 
these gates are to stop strong currents. 

We come now to the capstans. The six capstans on 
the extremities of the pier heads have each their 
own motors ; the others are actuated by the group 
motors. The capstans constitute the last power 
reserve for the gates and sluices, as they, them- 
selves capable of being worked by hand if the hy- 
draulic service should have broken down, can turn 
the rackshafts and be coupled with the required 
device. When performing their ordinary duty, 
hauling ships into and out of the locks, the three 
sets of gearing illustrated in Figs. 71 to 76, page 820, 
come into play. The attendant opens a \-lid, 
close to the capstan, not previously mentioned, 
and thereby gains access to the operating lever 
marked in Figs. 74 and 75. Ordinarily this lever 
stands at 0, and the capstan pinion is then out of 
gear. When he moves the lever over to 3, 6, 12, 
the vessel is pulled with a force of 3, 6, or 12 tons at 
a velocity of 4,4, or } metre persecond. Assoon as 
the lever has been shifted, the \/-lid is closed again, 
and the man passes to the A-lid, and fits the key, 
on turning which the machinery will start. 

On the upright shaft of the capstan, Fig. 71, is 
a large bevel crownwheel, always engaging with 
the bevel pinion. The pinion shaft carries three 
toothed wheels, G, D, D; the main shaft, which 
lies parallel to the pinion shaft, three other wheels 
A, A, B. There are, further, three pairs of frames 
(Fig. 72), bearing the intermediate gear wheels, 
H and F on the same axis, and E and C on separate 
axes. These intermediate wheels are alwaysin gear 
with the pinion wheels, and their frames turn about 
the pinion shaft. When the lever has been set, 
and the A: valve turned, the respective doubie frame 
is lowered ; thus, e.g., F engages with wheel A 
on the main shaft, and H, revolving with F, trans- 
mits the motion over to G; a pull of 12 tons will 
then be exerted. The lowering and raising of the 
frames is effected by three differential hydraulic 
cylinders (Figs. 72 and 73), one for each of the 
three sets. The distributing slide C, best seen in 
Figs. 74 to 76, can never put two sets of frames in 
motion at the same time. The upper pipe marked 
‘to gear cylinders” carries the water above the 
pistons of the differential cylinders, the three 
emerging below introduce the water from below. 
All these smaller pipes, as wel] as the connecting 
pipes of all the hydraulic motors, are made of 
copper, and have external and internal diameters 
of 8 and 4 millimetres (0.31 in. and 0.16 in.) re- 
spectively. 

On the right-hand side of Figs. 74, 75, and 76 
a secondary slide-valve will be noticed, actuated 
by a double-jointed lever, which rises and falls 
with the Y-lid. This valve opposes the distributing 
slide and arrests its motion. The valve has been 
added in order to facilitate the shifting of the 
switch lever, and, further, to prevent that any but 
the intended coupling can be executed at one step. 
The capstans can also be utilised as brakes when a 
strong wind or current renders the vessel difficult 
to manage. When this is to be done, the attendant 
presses the A-key slightly forward. By this opera- 
tion an auxiliary valve is opened, which establishes 
in the motor a connection between the delivery and 
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the exhaust chambers. The motor then acts as a 
pump, and forces the water against throttling into 
the delivery chamber. If the main valve gear 
should not act properly, or the vessel should have 
gone too far, the cut-off valve can be opened again 
with the help of the key. 

The air chambers (W in Figs. 53 to 60, published 
last week) are interposed between the hydraulic 
motors and their starting valves, in a branch which 


Fig 68. 


4nside 


water then admitted from the upper one, and the 
compressed air forced over into this latter. This 
operation can be repeated, and several charges of 
compressed air thus be taken in, independent of 
the working of the motor. 

The heating of the motor chambers, the pipe 
conduits, and also of the three tunnels marked T, 
which pass under the lock, is effected by steam 
pipes and by the heaters marked H in the diagrams, 











less costly than hydraulic pipes. That electric 
motors would finally prove equal to the task, will 
not be questioned. The electric motor has become 
a useful and reliable assistant in almost every field 
where it has been tried. But it had first to serve 
its apprenticeship — when operating dock cranes, 
for instance, for which the electric motor seemed 
eminently fitted. At the time when the question of 





motive power for operating the gates had to be 
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is emptied when the motor is stopped, so that air 
enters, which is compressed by the water when the 
valve is opened again. The air cushion prevents 
shocks to the motor. The branch may be widened 
into one or two chambers. In the first instance, 
the discharge cock at the bottom of the chamber is 
connected with the spindle of the starting valve by 
a lever, so that the cock is automatically closed on 
readmitting water from the pressure main through 
the valve. A more recent patent of Mr. Hoppe’s 
secures a complete charging of the air chamber by 
dividing the chamber into an upper and a lower 
compartment, communicating with each other by 
two pipes, each provided with a cock. This con- 
nection can be arranged in various ways. The 





water is discharged from the lower compartment, 





in which the steam pipesarecoiled. In the tunnels 
into which water might penetrate, the steam pipes 
are placed within larger pipes. The heating plant 
has been constructed by Messrs. Rietschel and 
Henneberg, of Berlin. All the rooms, passages, 
and even tunnels, are illuminated by incandescent 
lamps. It was contemplated to distinguish the 
various lids by lamps of different colours. 

The application of direct-acting rams instead of 
toothed racks for the gates was taken into con- 
sideration ; preference has, however, been given 
to the gear described. [Electric motors were also 
suggested, and there would be much in favour 
of slow-speed electric motors. For one thing, the 
expensive heating of the hydraulic plant would have 





beenavoided, and cables would probably have proved 





decided, electrically-worked locks were not known, 
and, so far as we are aware, the electric current has, 
for this purpose, not yet found admittance into any 
large locks. The adoption of an entirely novel 
system of power transmission for these huge locks of 
the Baltic Canal was not to be thought of. Asan 
experiment, it might have been tried, as is now 
being done at Ymuiden. There was no time, how- 
ever, for such an experiment on the Baltic. 

In our introduction we alluded to the Ymuiden 
lock, at the North Sea end of the Amster- 
dam Canal, which has been built and improved 
since 1863. The great lock, of a length of 730 ft., 
is now being completed. Tenders for operating 
the locks having been invited in 1893, four schemes, 
two hydraulic and two electric, were submitted, 
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and disapproved. The Minister for Trade and 
Commerce has now made arrangements for experi- 
ments on a large scale, to settle what electric 
power would be required for the lock service. The 
experiments, in which Messrs. Ter Meulen and Co., 
of Amsterdam, representatives of Mr. Schuckert, 
and Messrs. Figee Bros , of Haarlem, manufacturers 
of hoists, take part, necessitate the erection of 
a complete steam and electric installation, com- 
prising both dynamos and accumulators, in order 
to ascertain whether the accumulators could help 
over any failure of the steam plant. The results of 
these tests, which are being conducted by Messrs. 
Hulswit and Dufour on behalf of the two firms 
mentioned, will be watched with the greatest 
interest. If the electric current should come out 
victorious, one more branch of engineering, for the 
present an important one, on the Continent, at any 
rate, will be open to the electrician. 

The cost of the two hydraulic plants at Holtenau 
and Brunsbiittel is said to amount to 100,000. ; 
other reports speak of 140,000. Considering that 
it is hoped to keep the Holtenau locks quite open 
during the greater period of the year, during four- 
teen-fifteenths, in fact, whilst at Brunsbiittel the 
tides alone enforce the constant working of the locks, 
it is not surprising that the equality of the two plants 
has been criticised. Accepting a hydraulic installa- 
tion, a moderate size accumulator, practically a regu- 
lator for the steam plant, it is suggested, would 
have sufticed for Brunsbiittel, where the boilers must 
constantly be kept under steam, whilst Holtenau 
might manage with periodically lighted fires or 
petroleum motors, provided an accumulator were 
put up, powerful enough to meet any sudden call 
for power. These points are so obvious that they 
will surely have been inquired into by the designers ; 
—if their experience had not entitled them to con- 
fidence, the Commission would hardly have left 
them a free hand. Winds spring up suddenly on 
the Baltic as they do elsewhere, and the economy 
of very large accumulators is not above suspicion. 
The gates have also been criticised. If .slight 
astonishment was expressed on the Baltic that wood 
—greenheart was not required on the Baltic, where 
the teredo is a rare visitor—had played so im- 
portant a part in the construction of the locks of 
the Manchester Canal, the iron caisson gates have 
not pleased everybody either, although they have 
stood the test at Bremerhaven, where larger 
gates of this kind will be built. There is an im- 
pressive group of eight such spare gates lying on 
the south bank of the canal, near Rendsburg. If 
sliding gates had been adopted on the Baltic Canal, 
argues Mr. Brennecke, in the ‘‘ Handbuch der 
Ingenieurwissenschaften,” the reserve plant might 
have considerably been reduced, and the pontoons, 
which alone cost 30,000/., would have become 
superfluous. We are not prepared to say whether 
sliding gates would have been able to withstand 
those powerful currents against which the adminis- 
tration have thought it necessary to guard them- 
selves, and whether their selection would have 
guaranteed that reliability upon which the Naval 
Department laid the greatest stress. It may be 
objected that this reserve would not prevent a 
stoppage if a neck bearing should break, a toothed 
rack get stuck, ora gear wheel block all motion. 
That objection would, however, equally apply to 
any larger power installation, though the non-yield- 
ing toothed rack may occupy a special position. It 
will not take so very long before experts will be 
able to form their opinions. . 





GLASGOW HARBOUR TUNNEL. 
(Concluded from page 759.) 

THERE are six elevator cages, three of which are 
shown on the half-plan of elevators, Fig. 56, on 
page 821. The smallest pair are each 18 ft. 9 in. 
long by 8 ft. wide; the next, 26 ft. 3 in. by 8 ft. ; 
and the largest, 26 ft. 3 in. by 9 ft. wide. The 
general construction is the same in all cases, while the 
arrangement of the counterbalance is similar, only 
differing in weight. This back balance is illustrated 
in detail by Figs. 57 to 63. It runs in maple guides 
at the sides of the cars, being supported by two 
f-in. ropes, similar to those of the lifting cables 
already described. One end is attached directly to 
the car crosshead, as shown on Figs. 64 and 65, the 
other being attached to a balance lever, so that the 
tension upon both ropes will always be the same. 
This balance lever is attached to the counterbalance 
side rods through a wrought-iron crosshead. The 
cables from the car pass through a guiding arm, and 





thence to the balanced lever. The guiding arm 
acts simply to bring the two cables close together. 
The side rods are 14 in. in diameter, and there are 
besides the crosshead four 408 lb. weights, which 
run on the guides. The intermediate or smaller 
weights, each of 180 lb., are divided equally be- 
tween the large or guide weights, and do not come 
into contact with the guides. In this way ad- 
ditional weights can be added as found necessary 
without disturbing the side rods. This disposition 
of guide weights, moreover, runs more evenly, and 
prevents the weights ‘‘ bellying ” out, as might be 
the case were there 15 ft. or 20 ft. between the 
top and bottom of the guide weights. At the 
necessary attachment of ropes they are passed 
through wrought-iron basket clevises, and each 
individual wire is bent and turned into the centre 
of the clevis and babbit metal poured into it. This 
makes up an attachment which is, if anything, 
stronger than the cable itself. To this clevis are 
fixed screw rods, some 2 ft. in length. By means of 
these the cables are adjusted. The screw rod at 
the dead end of the lifting cables passes through two 
wrought-iron bars across the top of the cylinder 
girder, and the nuts rest upon ball-and-socket joints, 
so that the pull on the individual wires is equalised. 

Dealing now with the cage itself, which is illus- 
trated in detail on page 821 (Figs. 64 to 74), it may 
be stated first that the frame is built entirely of 
steel, and of such lateral rigidity that should a safety 
grip at one side of the car go into action before that 
on the other side, the distortion of the frame would 
not be permanent. The top of the frame consists 
of a strongly braced lattice girder (Fig. 66). 
Attached to this are the side channels to which the 
floor girders are suspended. The car is braced 
vertically by adjustable tie-rods. These tie-rods, 
it will be seen, are in consonance with Ameri- 
can practice in girder work, pin connections being 
used. The floor system of the cars consists, as 
shown on Figs. 64 and 73, of lattice longitudinals 
and plate cross-girders, upon which are bolted the 
wooden floor joists, which are 8in. by 3in. Upon 
these, again, lie 2} in. by 8in. tongued and grooved 
pitch-pine flooring boards laid transversely, and 
securely spiked by 44-in. nails to the joists. Inthe 
centre of the car where the horses will travel 
the flooring is of British elm boards, laid diagonally. 
Two steel plates are laid for the wheels of the 
vehicles. These correspond with the rails and curbs 
in the tunnels. These rails are bolted at short inter- 
vals by 2-in. bolts through the pitch-pine flooring. 
The sides of the car are of 1}-in. tongued and grooved 
wood, 7 ft. high. At each end are gates, made 
specially heavy, and locked by a crossbar, all being 
of such rigidity as to render unnecessary the 
‘*scotching ” of the wheels of the vehicles. At the 
top of the gates there will be canvas blinds, extend- 
ing 3 ft. above the top of the guides, so that the horse 
cannot see beyond the car while the latter is in 
motion. 

At the top and bottom of the car, in the centre of 
its length, there are wrought-iron guide-shoes 2 ft. 
in length, Figs. 66 and 74, engaging in the pitch- 
pine guides for thecar. These shoes are kept against 
the face of the guides by springs, which pass over 
the ordinary inequalities without in any way jarring 
the car. There is, however, a set screw which 
would prevent these springs giving more than a 
certain amount. The counterbalance rods are 
attached directly to the plate on the head of the 
car, and in connection with these shoes and guides 
is the safety clutch, which is shown in various 
positions in Figs. 67 to 69, and of which a descrip- 
tion will be given presently. 

The lifting ropes, of which there are four, are 
attached to clevises and adjustment rods. The 
ropes are parallel to the car-head, where they sup- 
port round guiding blocks, so that each clevis 
screw is attached to opposite ends of a double- 
fulcrum lever (Figs. 65 and 66). Thus, should any 
rope break, the equilibrium would be destroyed, 
and this lever, turning round a centre, engages the 
grips, to be described later. This fulcrum is 
double-centred, so that ordinary inequalities of the 
rods would not be felt ; but the tension of one cable 
must be twice that of the other before the lever is 
canted. The motion of this lever is communicated 
through a transverse shaft across the car-head to two 
side rods, which connect directly to the safety grips. 

The triple-grip safety catches are fitted beneath 
the car on each side, as shown on Fig. 64, and in 
detail on Fig. 67, while the sketches, Figs. 68 and 
69, show the action of the grips, the elevation and 
plan, Fig. 68, showing the gripper not in action, 





while the other elevation and plan, Fig. 69, 
shows the grip inaction. The principle on which 
these grips are designed is the resistance of wood 
to longitudinal shear. On two sides of a plate 
are cut teeth ;5, in. deep, somewhat similar to a 
saw 1 in. thick with ;5,-in. teeth. The toothed 
plate, coming in contact with the wood sideways, 
makes a series of indentations of V-shape, while 
following the teeth is what may be termed a 
planer, which cuts out the indentations, thus making 
a large notch in the pitch-pine guide. Ordinarily 
the teeth are 2 in. free of the guides, the whole 
grip being hinged eccentrically, as shown on Figs. 
68 and 69, and they are brought into action by a 
smaller set of saw-teeth which are hinged to the 
main plate and incline in a vertical plane. The 
moment the inclined piece touches the wood it 
assumes a horizontal position, at the same time swing- 
ing the entire grip round its eccentric point, bringing 
all three faces in contact with the wood. In other 
words, the pitch-pine guide is 5? in. wide and the saw 
teeth when in a horizontal position only 5 in. 
apart. They are drawn into the horizontal position 
through two small rods attached to them (Figs. 64 
and 67), and working in conjunction with a governor 
shown at the top of Fig. 64 placed on the overhead 
girder-work. The governor is connected to tha 
safety grips by a 3-in. diameter wire rope. It is of 
the ordinary fly-ball pattern, and when an exces- 
sive speed is attained the balls fly out, throwing 
in two cams which grip the governor rope and 
bring the safeties into action. The governor rope, 
of course, travels with the car and at the bottom 
over an idle sheave from which are suspended 
sufficient weights to keep the rope taut (Fig. 64). 
The safety apparatus was tested with a load of 
31,851 Ib., wa after a free fall of 134 in., giving a 
velocity of 8.4 ft. per second, the total drop of the 
car being 2 ft. 10 in., it was stopped by the grips, 
the resisting power of which was equal to 26,415 lb. 
for each of the two safeties.* 

It will thus be seen that every precaution has 
been taken to guard against contingencies, and the 
cars, moreover, work with absolute smoothness. 
The cars are all operated from one platform, shown 
in Figs. 75 and 76. It is carried on knee-pieces 








Fig .76. 











Fig 75. 
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from the girders rising from the cylinder girders, 
as shown, while below is the platform in front 
of the valves. The whole mechanism is there- 
fore within sight and easy reach of the operator, 
so that he can with the minimum of trouble 
direct the traffic. The elevator cars are in front 
of him on the level of the cylinder girders, 
the whole arrangement being clearly shown by the 





* See ENGINEERING, vol. Ivi., page 649, 
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THE NORTH-EAST SEA CANAL; HYDRAULIC CAPSTANS. 


CONSTRUCTED BY MR. C. HOPPE, ENGINEER, BERLIN. 


(For Description, see Page 817.) 
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engraving of the plant shown on page 832. Every;no doubt that Mr. W. A. Gibson, the managing 
detail has been most carefully worked out, and the| director of the American Elevator Company, and 
cars have now been running experimentally for|Mr. J. R. Furman, the resident engineer, will give 
some time, and will be in a satisfactory condition | every facility for viewing this interesting installa- 
for the opening a week or two hence. Thus, when/tion. To them, and to the directors of the company, 
the _members of the Institution of Mechanical | as well as to Messrs. Simpson and Wilson, the chief 
Engineers visit Glasgow, they will find the installa- | engineers of the tunnel works, we are indebted for 
tion in splendid order for inspection, and we have | permission to illustrate the tunnel and plant so 
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fully, and particularly to Mr. Robert Simpson and 
Mr. Furman for special facilities for inspecting the 
works at various times. 





Betcran Steet Rarts.—The exports of steel rails from 
Belgium in the first four months of this year were 13,133 
tons. The corresponding exports in the corresponding 
period of 1894 were 16,355 tons, 
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GLASGOW HARBOUR TUNNEL; HYDRAULIC ELEVATORS, CAGES, &c. 
MESSRS. SIMPSON AND WILSON, ENGINEERS, GLASGOW ; THE OTIS ELEVATOR COMPANY, LIMITED, CONSTRUCTORS, LONDON. 
(For Description, see Page 819.) 
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THE GLASGOW IRON AND STEEL 
COMPANY’S WORKS, WISHAW. 
(Concluded from page 757.) 

We conclude this week our series of illustrations 
of the Glasgow Iron and Steel Company’s Works at 
Wishaw, by illustrating on pages 824 and 825 some 
of the machine tools at the works, and the pumping 
installation for supplying water to the boilers, 
Figs. 67 to 69, on the last-named page, showing one 
of Stirling’s water-tube boilers, by which the pumps 
are supplied with steam. The steam generators 
for the works, however, are of the Lancashire type. 
They make an imposing array, there being 20 in a 
row south of the melting furnaces. Each of the 
20 boilers is 28 ft. long by 7 ft. 6 in. in diameter, 
with two flues 3 ft. lin. in diameter, having five Gal- 
loway tubes. The boilers are made of Siemens mild 
steel ; and tested to 175 lb. per square inch under 
water pressure, being loaded to blow off at 100 lb. 
working pressure, with lever and weight safety 
valves. They are, of course, fitted with the latest 
of boiler mountings. These boilers have all been 
made by Messrs. Penman and Son, Glasgow. The 
holes have all been drilled in place, plates all edge- 
planed and thinned by machinery, and riveted by 
hydraulic pressure, so that scarcely a leak was to be 
seen when tested. They are divided into two 
equal sets, each set having a chimney, built square 
to the top, being 135 ft. high from base of shaft, 
with cast-iron coping on top, where the measure- 
ment is 7 ft. 9 in. square. They are each provided 
with lightning conductors. The furnace flues are 
in three sets, entering into ports on each of three 
sides of the chimney openings at the foot of the 
stack, each set being parted at the bottom of the 
stack and carried up about 10 ft. inside the chimney, 
which gives equal draught to each of the boiler 
furnaces. The boilers are covered with composi- 
tion and brick, and are fitted with two 18-in. main 
steam pipes to the mills and engines ; there is a 
U-shaped expansion pipe between the two sets of 
10 boilers. 

There are two lines of railway in front of the 
boilers ; one on a high level], so that the coals can be 
delivered from open-bottom hopper wagons imme- 
diately in front of the boilers. This high-level 
railway is carried upon cast-iron columns and steel 
girders securely braced together at top and bottom, 
the columns being bedded on a concrete base. 
The ashes from the boilers are loaded into wagons 
on a low-level railway, and conveyed to the ash-tip. 

The boilers are fed by a steam donkey force pump 
of the Cameron type, the water gravitating from 
ponds situated on a hill near the works, at an eleva- 
tion of about 30 ft. above the level of the boilers. The 
supply of water is derived from the River Clyde, the 
company having erected a pumping station at the 
riverside for the purpose of raising a suflicient 
supply to serve both iron and steel works. The 
supply formerly was pumped from pits in the 
neighbourhood, but it was not good for boiler use.” 

The Clyde pumping station is situated about a 
mile to the south of the works, and 300 ft. below 
the level of the boiler installation. At the station 
there are two sets of double-acting pumps, driven by 
triple-expansion engines, as shown on the two 
engravings on page 824 (Figs. 63 and 64). The 
diameters of the cylinders are 11 in., 164 in., and 
27 in. respectively, by 20in. stroke, and the engines 
work at 102 revolutions, equal to a piston speed of 
340 ft. per minute. 
160 horse-power, 
24 hours is 24 tons. 


while the coal consumption per 
There are four single-acting 
pumps placed below the engines. The barrels are 
12 in. in diameter by 18 in. stroke. The speed is 
34 revolutiuns per minute, the pumps being geared 
down by the large spurwhee's shown on the engrav- 
ings. The plunger speed ‘s 102 ft. per minute. 
The suction and delivery branches are 9 in. in dia- 
meter, and the pumps deliver at the rate of 60,000 
gallons of water per hour, through a 13-in. main on 
an incline of from 1 in 20 to 1 in 22, the height 
of lift being 300 ft. ; ; 
Steam is supplied to the pumping machinery 
by a Stirling water-tube boiler working to 170 Ib. 
pressure. The design of the boiler is well shown 
on the drawings reproduced on page 825, so that 
it is scarcely necessary to give a detailed description. 
One feature is the series of baftle-plates, which 
insure a large utilisation of the hot gases against 
the tubes forming the heating surface. 
ample steam supply, Mr. Williamson 
occasion to make careful examination 
evaporation. 


has not had 


At this speed the engines develop | 


As there is 


of the 


There is also in the works an electric lighting 
installation as well as a hydraulic plant. The 
dynamo is a 60-volt 150-ampere machine, and is 
worked at 960 revolutions by a single-cylinder hori- 
zontal engine, having a cylinder 12 in. in diameter 
by 12 in. stroke, and running about 250 revolutions 
per minute. 

We have already had occasion to refer to some of 
the machine tools—to the slab shears, saws, &c., 
as shown on the plan given on page 536 ante, and 
we now illustrate a fine set of cold plate shears and 
a plate-straightening machine, as indication of the 
massive proportions of this part of the plant, and 
of the size and thickness of the plates to be turned 
out at the works. The plate-straightening machine, 
illustrated on page 824(Fig. 65), was constructed by 
Messrs. Hugh Smith and Co., Possil Works, Glas- 
gow. Itis for plates up to 6 ft. broad by 2 in. 
thick. The machine has four rollers above and 
three rollers below, all the rollers being 8 in. in 
diameter, and made of best forged steel. The 
plate is passed through between the top and bottom 
rollers, the top rollers being screwed down hard on 
the plate, which is thus rolled back and forward 
between the rollers, to take out any twists or 
buckles, and make it perfectly flat. The rollers 
are fitted with Messrs. Smith’s patent arrangement 
of gearing. A large spurwheel is keyed on each 
of the three under roller axles, which are driven by 
three pinions on the long driving shaft below ; the 
two outer rollers being driven at the one end of the 
machine and the centre roller at the other end. 
The wheels and pinions are of proportionate 
diameter, to drive all the rollers at the same speed. 
With this arrangement of gearing, the power is not 
transmitted through small steel pinions, which have 
been found liable to break and give trouble. The 
machine also works with less power. The top 
rollers are made to raise or lower simultaneously, to 
suit the various thicknesses of plates, and the two 
outside rollers have independent adjustment for 
raising or lowering them for entering the plates at 
either end of the machine. The machine is driven 
by a pair of diagonal engines, with link motion for 
stopping, starting, or reversing. 

The plate-shearing machine, also illustrated on 
page 824 (Fig. 66), was made by Messrs. Crow, 
Harvey, and Co. It has been designed for cutting 
heavy steel plates up to 2 in. in thickness, cross- 
cutting plates 6 ft. 6 in. wide, having a clear gap of 
30 in. The shear knives are 11 ft. 8in. wide. It is 
driven by a pair of engines, securely fixed to side 
frames. Thecylinder is 20 in. in diameter by 24 in. 
stroke, having 73-in. piston valves, working in cast- 
iron liners. The engine power is transmitted toan 
eccentric slide shaft by steel gearing in the ratio of 
16 to 1 of shaft. The main eccentric shaft has 
journals 15 in. by 25 in. long, having gun-metal 
liners, which can be withdrawn without disturbing 
the cheek. The apron of the machine is of a strong 
massive design, 11 ft. 8 in. long by 3 ft. Gin. at the 
smallest end. The thrust of the eccentric connect- 
ing-rods work on steel bushes, and receive constant 
lubrication. The steel seatings have cast-steel 
beds, both in the apron and the framing of the 
machine. 

In concluding our series of articles, we have to 
express our thanks to Mr. Reid Stewart and the 
management for permission to illustrate the plant 
/so fully, and to Mr. Riley and Mr. Williamson for 
ithe facilities so readily offered to us for several 
| visits to the works, and particularly to the latter, 











| who is works manager, for the information so 
| freely given. 





THE NEW BRITISH ORUISER 
“ TERRIBLE.” 
(Concluded from page 727.) 

OnE of the most interesting and novel features 
of this vessel is the type of boiler which has been 
adopted, viz., that of Messrs. Delaunay, Belleville, 
land Co., of Saint Denis, France. These boilers 
‘are illustrated in detail on our two-page plate this 
week, and some brief notice of their general 
arrangement may assist the reader in following our 
description of the special details. Each boiler con- 
| sists of a series of sets of tubes, placed side by side 
‘over the furnace, and inclosed in non-conducting 
‘casings. Each set of tubes, called an element, is 





‘constructed in the form of a flattened spiral, and 
| consists of a number of straight tubes, connected 
at the ends by means of a casting, termed a junc- 
The junction-boxes of each element are 


tion-box. 





built vertically over each other, and tubes enter 
and leave these on the same level. The boxes 
at the back end of the boiler are close-ended, 
but those towards the stoking platform have holes 
in them to permit of the inspection of the inside 
of the tubes, these holes being closed by specially- 
constructed doors, kept tight by the boiler pres- 
sure. The tubes are all slightly inclined to the 
horizontal, and the lowest box of each element is 
connected, by means of a special form of conical 
joint, secured by bolts, to a horizontal cross-tube of 
square section, forming a feed collector. Each 
element is also connected at its upper end, by a 
similar bolted joint, to the lower side of a horizontal 
cross-drum, which performs the duties of a steam 
collector, and on the upper side of which is placed 
the main stop valve. Two external circulating 
pipes connect the bottom of the steam collector 
with two depositing chambers or mud-boxes, placed 
at each end, and to be described later, and whose 
upper ends are in turn connected with the end of the 
horizontal feed collector. The boiler feed water is 
delivered by either the main or auxiliary feed 
system to the adjustable feed-regulating valve, 
placed in aconvenient position for adjustment from 
the stoking platform. From thence it passes 
through the valve of the automatic feed regulator 
up to the feed check valve placed on the steam 
collector, midway between its ends and slightly 
below its horizontal centre. These special features 
we shall describe Jater. 

Circulation takes place by each element receiving 
a supply of water from the horizontal feed collector 
into its lowest tube ; this water is partly evaporated 
here, and passes, part as steam and part as water, 
through the back junction-box, into the tube above 
it, where a further portion of the water is 
evaporated. Each tuba, therefore, has to convey 
all the steam made in those tubes of the same 
element which are below it as well as that formed 
within itself. A mixture of steam and water is 
thus continuously discharged from each element 
into the collector. The water so circulated mixes 
with the fresh feed water, and both pass along 
the bottom of the collector, ard by means of the 
external circulating pipes, placed at either end, into 
their respective mud-boxes, and thence into the 
feed collector, again to be circulated through the 
elements. 

The function of the mud-boxes, which are illus- 
trated by Figs. 18 and 19, is important. Deposits 
on the heating surfaces of marine boilers, arising 
from the presence of small quantities of sea water 
and grease in the boiler feed, have always been a 
source of trouble, and frequently of accident. It is 
with the view to obviating the deposits on these 
surfaces that the depositing chambers or mud-boxes 
have been arranged. Two tanks containing lime- 
water are provided (Fig. 23). In the lime tank an 
inlet pipe is attached to the top, and the outlet is 
regulated by a cock situated on the side of the tank 
near the bottom. Lime is put into the tank by a man- 
hole, and the portion of the feed water diverted 
through the tank becomes impregnated to thedesired 
degree by means of the regulating valves provided. 
The diluted feed, as it passes along the bottom of 
the steam collector, together with the water which 
issues from the various elements, is raised to the 
temperature of evaporation before reaching the ex- 
ternal circulating pipes. Here it is found that 
the lime salts contained in the feed water, 
together with those added from the tanks to the 
feed, separate out in a solid non-crystalline form, 
but in a state of very high subdivision ; and in 
being precipitated they carry down with them the 
small globules of oil which may have gained admis- 
sion to the feed. This precipitate gathers in the 
lower part of the depositing or mud chambers in 
the form of a greasy mud, and can be removed 
through the blow-off valves fitted at the bottom, 
while the purified feed water flows off the 
top into the cross feed collectors, There is a 
vertical pipe screwed into the top of each mud-box, 
and it conveys the return water together with the 
boiler feed water from the steam collector, and a 
horizontal branch on the side communicates with 
the feed collector. A vertical web extending from 
the top of the mud-box intervenes between these 
inlet and outlet orifices, and is carried to 4 
sufficient depth in order to prevent the direct 
passage of water from the one to the other. The 
down-coming water, together with the suspended 
greasy mud, descends along the side of the mud- 
box, and as its movement is relatively slow, the 
precipated mud and lime salts cont‘nue to dercend 
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by virtue of their greater density, and are deposited 
at the bottom of the vessel, while the purified water 
flows off at the top into the feed collector by the 
exit branch. The blow-off valve for removing this 
deposit is shown on the bottom of the mud-box, and 
the valve fitted on the side is for draining the 
boilers into the reserve fresh-water tanks, in accord- 
ance with the usual Admiralty requirements. A 
couple of handholes with doors, similar to those of 
the junction-boxes, are also provided. 

The Belleville automatic feed regulator, illus- 
trated in detail by Figs. 20 and 21, consists of a cast- 
steel vessel in direct communication with the boiler 
by two connections, one pipe entering its lower 
end and connecting it with the feed collector, the 
other pipe being attached to the top of the apparatus 
and connecting it with the seventh junction-box 
of the generating element nearest to it. The lower 


part of the vessel contains a float, guided at its 
lower end by a rod, which enters a hole in the 





The float 


bridge-piece carried by the bottom cover. 
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BriiEVILLE STEAM 


is suspended by another rod from a lever which 
rests on knife-edges, and which carries a roller at 
its other extremity. This roller lifts a rod, 
which is connected to an external lever, from 
one of whose extremities is suspended a counter- 
weight consisting of a spring, bearing against 
a lug on the top cover, and of lead discs, of 
which some are placed on the upper end of the 
rod ‘of the counterweight, in order that their 
number may be more readily varied. The weight 
of the float is thus placed in equilibrio, partly on 
account of its displacement from the water of the 
vessel, and partly by the action of the counter- 
weights. In this condition, the regulating feed 
valve uncovers its opening to a certain extent, and 
the inlet feed water, entering through the outer 
check valve, flows through the regulating valve, 
and up to the feed check valve on the side of the 
steam collector. If the water level sinks, the float 
sinks also, to preserve its equilibrium, and the 
internal lever lifts the rod attached to the external 
lever, which presses down the regulating feed valve, 
aud so enlarges the passage for the feed water. 
If the water level rises, the float rises also, in 
order to preserve its equilibrium, and the roller on 





R educing Valve 


Saale Yeo" full Size 





the end of the internal lever descends. The 


counterweight causes the rod which presses on this 
roller to follow its motion, so that the external 
lever in sinking on the side of the counterweight, 
rises on the other side, lifting the regulating feed 
valve, which diminishes the section of the passage 
for feed water. Thus the float acts continuously 
for maintaining the water level at the same height 
in the apparatus. 

This level will be higher or lower according as 
the counterweight is loaded with a greater or less 
number of lead discs, Thus the level is raised by 
adding some discs, and is lowered by removing 
some. It should be remarked that the pressure 
exerted by the steam on the lower side of the feed 
regulating valve always tends to close it, while, on 
the other hand, the pressure of the steam in the 
apparatus, which acts upon the rod in connection 
with the external lever, tends, on the contrary, to 
open the feed valve. The diameters of the feed 
regulating valve and of this rod, together with the 
proportions of their respective levers, are so regu- 
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lated that these two pressures are in equilibrio, 
and that, therefore, they have no influence upon 
the action of the automatic apparatus. 

One of the most important features in the work- 
ing of the Belleville boilers is the regulation of the 
feed for a determined degree of dryness of the 
steam. When the boiler is at rest the water level 
is at the same height in the feed apparatus and in 
the boiler; but when steam is being raised the 
resistance which the steam mixed with the water 
experiences in circulating through the tubes pro- 
duces a reaction which causes the water level to 
rise in the feed apparatus in proportion as the 
evaporation is more active. On the other hand, as 
the quantity of water carried by the steam tends to 
increase with the rate of evaporation, it is neces- 
sary, in order that the steam should arrive in the 
steam collector always at the same degree of dry- 
ness, that the quantity of water contained in the 
boiler should vary in an inverse ratio to the activity 
of the fire. This result is obtained by the auto- 
matic feed apparatus illustrated by Fig. 21. The 
height of the water level in the feed regulator 
being regulated once for all, the supply is cut 
off automatically when this level is attained. 
From this it results that if the combustion be- 





comes more active the evaporation increases, 
and the water level rises in the regulator. The 
balance arrangement reduces the passage of the 
feed, and the quantity of water contained in 
the boiler diminishes progressively, according as 
the rate of combustion increases. On the other 
hand, if the rate of combustion diminishes, the 
evaporation becomes less active, and the level sinks 
in the apparatus, which causes the opening of the 
feed regulating valve to be increased, and the 
quantity of water contained in the boiler increases 
progressively according as the rate of combustion 
decreases. In the one as in the other case the 
quantity of water contained in the boiler is always 
in an inverse proportion to the rate of combustion, 
and the degree of dryness of the steam always 
remains practically the same whatever may be the 
activity of the fires. 

There are in all 48 boilers for the Terrible, located 
in eight boiler-rooms, and arranged symmetrically 
on each side of the central longitudinal water-tight 
bulkhead. The four after spaces on each side of 
the vessel contain eight boilers, respectively arranged 
in three groups, the forward and after groups each 
consisting of two boilers placed side by side, and the 
centre group of two pairs of boilers placed back to 
back and fired from athwartship stokeholds (Figs. 
14to17). The remaining 16 boilers are placed in 
four forward boiler-rooms, situated likewise in pairs 
on each side of the central bulkhead, and fired 
from longitudinal stokeholds. This difference in 
arrangement is necessitated by the fineness of form 
of the vessel at this part. The funnels are four in 
number, of oval section, one to each transverse 
division. They are of different cross dimensions, to 
suit the number of boilers leading to each, but 
the longitudinal dimensions have been kept the 
same in all four, in order to accord with the general 
symmetry of the ship. The height of each funnel 
from grate is 80 ft. To supply the air required for 
suitable deflection of the furnace flames and for 
admixture with the gases for insuring complete 
combustion, eight air-compressing engines are sup- 
plied and fitted in the boiler-rooms, there being 
one double-cylinder compressor for each of the 
four large compartments, and a single-cylinder 
compressor for each of the four smaller forward 
spaces. The air is injected into the furnace from 
a nozzle-box placed on the front of the boiler imme- 
diately above the furnace doors, and extending the 
whole width of thefiregrate. This air is discharged 
over the fire through small nozzles, which divide 
it into thin streams. The total grate surface is 2200 
equare feet, and the total heating surface 67,800 
square feet, which should give an ample margin of 
boiler power even when compared with merchant 
service proportions. 

In the case of the Terrible’s boilers the junction. 
boxes are malleable cast-iron and the tubes are mild 
steel lap-welded, 44 in. outside diameter, and vary- 
ing in thickness from Zin. for those of the lower, 
to ;; in. for the uppermost rows, The tubes are 
screwed into the back boxes, the pitch of the screw 
on the tube being very slightly different from that 
of the box, so as to form a metallic joint between 
them. A jam nut is added forgreater security. A 
similar device is employed for the front ends, with 
this exception, that, instead of both tubes entering 
the box, one is connected by means of a screwed 
coupling-nut to a projecting nipple. This arrange- 
ment is adopted to facilitate the removal of the 
tubes which form the elements. The casings which 
inclose these elements are particularly deserving of 
notice, from the careful manner in which they have 
been designed so as to secure the requisite stability, 
together with a minimum of weight. The radiating 
surfaces of these casings, as well as of the steam 
collectors, have been covered with a layer of 
asbestos 3 in. thick, which is in turn protected by 
thin plates securely and neatly fustened. 

The feed arrangements for supplying the 48 boilers 
have been most carefully worked out, and every pre- 
caution has been taken to insure the efficiency of 
the system against any contingency. The arrange- 
ment comprises a main and auxiliary system of 
pumps and pipes which are separate and indepen- 
dent of each other. Four sets of evaporators and 
two distilling condensers have been provided in the 
aft auxiliary machinery space, together with the 
necessary pumps, &c., and these have been arranged 
so as to admit of triple and compound distillation, 
which greatly increases their efficiency over the 
ordinary method. The distilling plant by Messrs. 
Normandy we shall illustrate in a later issue. The 
evaporators are capable of producing an aggre- 
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STIRLING WATER-TUBE BOILER AT THE WISHAW STEEL WORKS. 
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gate of 26,880 gallons of fresh water per day from 
sea water, part of which is condensed in the con- 
densers in the form of pure aérated fresh water 
for ship’s drinking purposes, and the remainder 
is condensed in the auxiliary condensers situated 
in the engine-rooms. From thence it is conveyed 
to the main feed tanks, so as to make good any loss 
of water incurred by the machinery through escape 
of steam and other causes. The main feed system 
consists of six double-acting pumps of Messrs. G. 
and J. Weir’s well-known special type, three being 
placed in each engine-room. These draw by inde- 
—_— pipes from the feed tanks, and each delivers 

y &@ separate pipe to a compartment of eight boilers, 
Whence the water is distributed by branch pipes 








to the feed regulators attached to the boilers. The 
eight pumps of the auxiliary feed system, likewise 
of Messrs. Weir’s manufacture, are placed, one in 
each boiler-room ; those in the four aft rooms are 
the same size as the main feed pumps, while all are 
capable of supplying their own boiler-room at full 
power. These auxiliary pumps are also connected 
tothe main feed tanks by independent pipes, and in 
addition have separate connection to the reserve 
fresh-water tanks and the sea, and each discharges 
to the feed regulators in connection with the boilers, 

The main steam supply is conveyed by six lines 
of steel steam pipes, three lines being arranged on 
each side of the central bulkhead, and these being 
each entirely independent of theother, as arealso the 








} 


we rama --- 5264 =o I 7! 9 %a—------------ 


connecting pipes from the boilers to each of these 
lines. Any boiler may, therefore, be cut out from 
the system without interfering with the perform- 
ance of the others in its compartment, as may also 
any compartment from which one of these main 
steam pipes lead, without affecting the efficiency of 
the other compartments. Any group of boilers 
may supply steam to any of the engines. 

The reduction of the pressure of steam from 
260 lb. to 210 lb. is secured by valves placed in the 
engine-room. It is effected by means of wire- 
drawing. A cylindrical bell-shaped ‘‘ gridiron ” 
valve is employed, illustrated by Figs. 24 and 25, 
on page 823. This valve has its ports cut in planes 
at right angles to the axis, oad extending about 
two-thirds of the circumference. Similar ports 
are cut in the circular valve face, which is 
secured into the valve chest in a manner similar 
to the liner of a piston valve into the cylinder 
casting. The inlet steam is led round the back 
of the valve face, and thence flowing through the 
narrow circumferential openings between it and the 
valve, enters the centre of the hollow valve and 
escapes without further obstruction by the mouth of 
the bell to the outlet branch. The valve chest is 
carried up over the dome of this valve, and through 
a special form of stuffing-box at the top, projects a 
spindle which is in connection with this dome. 
This spindle is jointed at its upper or exterior end 
to a lever, whose fulcrum is at its other extremity. 
At its centre is poised, on steel knife-edges, a 
cross-beam, from each of whose ends hangs a frame 
of springs. The lower ends of these frames are 
likewise attached to a similar cross-beam; and an 
adjusting hand-screw, yoked through a stiff projec- 
tion from the bottom cover of the valve chest, is 
attached to the centre of this beam. 

As the space between the dome of the valve and 
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the exterior valve chest is, practically, not under 
steam pressure, it follows that the upward pressure 
of the steam, which has passed through the valve 
openings on the interior of the dome of the valve, 
is resisted by the extension of the springs. By 
adjusting this extension, either by means of 
adding more springs to the frame, or by removing 
some, as well as by means of the hand-screw for 
finer variations, the openings of the circumferential 
ports may be regulated to any desired degree, and 
in consequence a corresponding reduction of pres- 
sure may be effected. The details of these valves 
have been most carefully elaborated, and are the 
results of many years’ experience on the part of 
Messrs. Delaunay, Belleville, and Co. A small 
safety valve, loaded so as to blow off at about the 
‘*reduced pressure,” is placed on the outer branch. 

Before concluding, it may be remarked that two 
large pumping engines of Messrs. J. and G. Thom- 
son’s duplex pattern are also fitted in each engine- 
room to serve as fire engines and for pumping out 
the engine and boiler room and tunnel bilges, in 
addition to the other compartments of the vessel. 
These pumps are capable of discharging a total of 
90,000 gallons per hour, with reduced steam 
pressure of 150 lb. per square inch at about 80 
double strokes per minute. The drains from the 
main and auxiliary steam pipes, stop and safety 
valves, and all auxiliary engines throughout the 
ship, are led bya special service of piping toa 
special collecting tank, from which the water is 
pumped by the duplex drain pump to the feed 
tanks. This special drainage system, which was 
initiated by the Admiralty some years ago, is a most 
important factor in reducing the loss of fresh water 
for the boilers, the significance of which loss is 
naturally becoming more and more apparent as the 
power of the engines is increased. 





THE DARLINGTON SHOW. 


DARLINGTON is not the kind of place which is 
associated in the popular imagination with agri- 
culture. The name suggests railways, locomotives, 
coal pits, and other features of the iron districts of 
the north, but it certainly does not raise visions of 
succulent meadows and flourishing homesteads. 
Nevertheless, it is on the edge of a great farming 
district, celebrated as a breeding ground for short- 
horns. If lines be drawn through Darlington north 
and south, and east and west, three of the four 
districts they bound are chiefly devoted to agricul- 
tural and pastoral purposes. In the remaining por- 
tion, the north-east district, come, or very nearly 
come, the towns of Newcastle, Durham, Sunderland, 
Hartlepool, Stockton, Seaham, Middlesbrough, and 
Eston. From this point of view Darlington is seen to 
be in an ideal position for an agricultural show. It 
lies between two districts, one of which lives on the 
products of the soil, and the other of which can 
be relied upon to furnish a good supply of gate 
money, which is a necessity of the show’s exist- 
ence. An outsider is apt to jump to the conclu- 
sion that these displays must bring an enormous 
sum to the coffers of the society. He sees that 
some 5000 or 6000 implements, and 1000 or 2000 
live stock, are collected, and that entrance fees are 
charged on most, or all, of them, and that in 
addition there are about 100,000 visitors paying 
sums from ls. to 5s. each. The receipts must be 
very considerable. But, on the other hand, the 
expenses are enormous, and in many years 
leave a balance on the wrong side of the 
account. The annexed Table demonstrates that 
every year from 1839 to 1857 the show resulted 
in a loss, and that even during the last ten 
years there have been four bad ones. The 
Windsor Show was special'y unfortunate in a 
financial point of view, and that at Plymouth was 
also bad. Since then there have been three good 
years, and the general course of events is towards a 
better state of things, which we trust will be fully 
maintained this year. Next to good weather the 
most important requisite is the propinquity of a 
large population able to take a half-holiday and 
pay two or three shillings for railway fare and 
admission. 

Although the show is held on the edge of 
& mining district, a capital ground has been 
found, rather more than two miles from the 
railway station and pleasantly diversified with 
trees and coppices. It is rather larger than 


usual, and is in every way a satisfactory site for 
the occasion. 








Table Showing the Extent and Results of the Various 
Country Meetings of the Royal Agricultural Society of 
England since its Establishment. 



































| “Be La ag j|2hS 
da (9 | f3 GEE. 
Ss “Ss Imo 5 
3 Place of Country | si | Se o8 |Lo g 
Year. Meeting. = 2 os | Se teas 
B20 | fees) 3B $ i 
es2|Sh| £2 l2.4 
pes | Sal!) Fe lzor | 
| | £ 
1839 | Oxford .. 54.| 247 «s. [= ase 
1840 | Cambridze 115 337 . — 938 
1841 | Liverpool | 222 324 . — 2,166 
1842 | Bristol.. ae bel 455 510 " — 1,806 
1843 | Derby... | 508 | 730 -< - [> amee 
1844 | Southampton., 948 575 ee — 2,142 
1845 | Shrewsvury .. 942 437 - — 2,995 
1846 | Newcastle 7 735 €37 ae — 2,138 
1847 | Northampton.. 1,321 459 - — 1,636 
1848 | York os 1,5€8 718 oe — 2,826 
1849 | Norwich 1,882 624 oe — 1,958 
18f0 | Exeter .. 1,223 619 oe — 1,629 
1851 | Windsor ae 988 ss — 1,294 
1852 | Lewes .. 1,722 655 26 — 3,218 
1853 | Gloucester 1,803 737 36,245 |— 2,083 
1854 | Lincoln 1,897 735 | 87,635 | — 1,002 
1855 | Carliale.. 1,314 808 37,533 |— 3860 
1858 | Chelmsford 2,702 752 82,982 |— 1,982 
1857 | Salisbury 2,496 1027 87.312 |— 346 
1858 | Chester 3,648 1026 62,539 |+ 1,181 
1859 | Warwick 4,618 1159 55,677 |+ 1,434 
1860 | Canterbury 3,947 891 42,304 |— 2,006 
1861 | Leeds .. 5,488 1027 145,738 |+ 4,471 
1862 | Battersea 5,064 | 1986 | 124,328 |— 3,634 
1863 | Worcester -.| 5,839 | 1219 75,087 |— 1,279 
1864 | Newcastle .. .| 4,024 | 1099 | 114,683/+ 1,342 
1865 | Plymouth 4,023 934 88,036 |— 743 
1866 | No show ee $a 
1867 | Bury St. Edmunds ..| 4,804 719 61,837 |— 2,04 
1868 | Leicester . ..| 6,369 994 97,138 |+ 448 
1869 | Manchester .. 7,724 1315 189,102 |+ 9,153 
1870 | Oxford .. oe 7,851 1377 75,749 |— 2,504 
1871 | Wolverhampton* 7,650 1267 | 108,213 |— 2,175 
1872 | Cardiff .. ae 5,843 1293 87,047 |— 603 
1873 | Hull .. 5,634 1145 | 104,722;|— 413 
1874 | Bedford 6,931 1527 71,989 | — 3,717 
1875 | Taunton : 4,214 1096 47,768 |— 4,576 
1876 | Birmingham .. 6,414 1499 | 163,413 }+ 3,425 
1877 | Liverpool 6,930 1292 | 138,354 /}+ 3,947 
1878 | Bristol .. 6,837 1354 | 122,042/+ 1,667 
1879 | Kilburn 11,878 2379 | 187,323 |— 15,064 
1880 | Carlisle ° --| 4,196 1485 92,011 |— 638 
1881 | Derby .. oe --| 5,90 1229 | 127,996 }+ 4,500 
182 | Reading : --| 6,162 | 1450 82.943 |+ 20 
1883 | York . o- 6,058 | 16.3 | 128,117 |+ 5,200 
1884 | Shrewsbury .. | 5,241 | 1664 94,126 |+ 2,300 
1885 | Preston 6,313 1563 94,192 |+ 1,921 
1886 | Norwich | 41656 | 1823 | 104,909 |— 1,062 
1887 | Newcastle » | 3,61 1825 127,372 |— 2,029 
1888 | Nottingham .. | 4,717 1886 | 147,927 |+ 4,228 
1889 | Windsor 7,446 3976 155,707 |— 4,965 
1890 | Plymoutht 4,143 | 1764 97,141 |— 2,197 
1891 | Doncaster . --| 5,347 | 2221 111,500 }+ 104 
1892 | Warwick ee ..| 5,480 | 1868 96,462 |}+ 2,055 
1893 | Chester 2% -.| 5,527 | 2059 | 115,908 }+ 2,404 
1894 | Cambridget .. | 6,031 | 1684t | 111,658 /+ 1,096 
1895 | Darlington 5,855 | 1703t | 





* Exhibition of duplicate implements prohibited after 1871. 
+ Entries of live stock by an individual exhibitor limited to 
three in one class after 1890, and to two at Cambridge in 1894. 


THE ENGINES. 


In reviewing the engines, we find that the petro- 
leum motor still holds the prominent position which 
it attained last year in consequence of the compe- 
titive trials then held, and that fresh exhibitors are 
appearing. Among these are Messrs. James and 
F. Howard, of Bedford, with two fixed engines of 
34 and 8 brake horse-power respectively, and an 
8 horse-power portable ; Messrs. Carter Brothers, 
Billingshurst, Sussex, with a fixed engine of 
7 brake horse-power, and a second engine of 2 
horse-power ; and Messrs. Tangyes, Limited, with 
a fixed engine of 6 brake horse-power. Mr. 
H. T. Reid, of 258, Euston-road, London, 
entered a non-vaporising petroleum engine, but 
it was not ready in time to be present. Some 
of the makers that have appeared at previous 
shows have modified their designs very con- 
siderably, or have adopted entirely new ones. 
The Britannia Company, of Colchester, show, 
in addition to Root’s engines, a new pattern 12 
horse-power portable engine, constructed under 
the patent of Mr. W. E. Gibbon, of Colchester. 
Messrs. Weyman and Hitchcock, Limited, of 
Trusty Engine Works, Cheltenham, are also 
among those that have made considerable altera- 
tions in their engines. The other makers show- 
ing are: The Campbell Gas Engine Company, 
Limited, Halifax; Messrs. Clarke, Chapman, 
and Co., Limited, Gateshead-on-Tyne; Clarke’s 
Crank Company, Limited, Lincoln ; Messrs. 
Clayton and Shuttleworth, Limited; Messrs. 
Crossley Brothers, Limited, Manchester ; Messrs. 
Fielding and Platt, Gloucester ; Messrs. R. 
Hornsby and Co., Limited, Grantham; Messrs. 
Robey and Co., Limited, Lincoln ; Messrs. 
Samuelson and Co., Limited, Banbury ; Messrs. 
R. Stephenson and Co., Limited, Newcastle- 


9| ports / and open the upper ports j. 








on-Tyne; and Messrs. Wells Brothers, Sandi- 
acre, Nottingham. 

The new engine shown by the Britannia Company 
is of the portable type, and is illustrated on page 828, 
It has no separate igniting tube, the heat of the 
vaporising chamber firing the charge when the 
compression is complete. The combustion chamber 
is not in the line of the cylinder, but is arranged at 
one side of it, with an ample passage between the 
two. Around the combustion chamber is a jacket, 
through which the air required for each charge is 
drawn, the effect being that the air is heated, and 
the temperature of the combustion chamber is kept 
from rising above a faint red heat. There is only 
one valve both for air admission and exhaust, but 
this is supplemented by a piston-like extension, 
fitting fairly loosely in a cylinder with ports in its 
walls, as shown in the detail view below. The 
cylindrical extension is hollow, and is provided 
with a series of circumferential openings, divided 
from each other by solid rings. During the com- 
pression and combustion stroke of the piston the 
valve is closed. When the exhaust stroke com- 
mences, the cam lifts the mitre valve off its seat to 
a sufficient extent to bring the lower ports in the 
cylindrical extension opposite the ports / in the 
casing leading to the atmosphere, into which the 
waste gases escape. During this stroke the ports j 
are closed by the wide upper rings of the cylinder. 
When the exhaust stroke is completed, ‘the 
valve is lifted still further, to close the. lower 
Then, on 


the outward stroke of the piston, air is drawn 
through the jacket around the combustion chamber, 
the ports j, the interior of the valve, and the 
passage i leading to the interior of the com- 
bustion chamber. 


When the charge is complete, 
the valve i drops on to its 
seat and the compression 
commences. The down- 
stroke of the valve is 
effected by the spring s, 
shock being prevented by 
the air cushion t. This 
cushion is made adjustable 
to enable the compression 
to be reduced or prevented 
while the engine is being 
started. The vaporising 
chamber is an open tube 
partly projecting into the 
combustion chamber and 
partly outside. The outer 
portion is provided with 
ribs, and is heated before 
the engine starts bya lamp. 
After the engine has been 
running a short time, the 
part of the vaporising 
chamber within the com- 
bustion chamber becomes 
sufficiently hot to serve 
as an igniter. It is surrounded by a shield to 
prevent the entering air from cooling it. The oil 
is pumped directly into the base of the vaporising 
chamber, the amount being under the control of the 
governor, which actuates a trip gear, by which the 
throw of the pump is either reduced or prevented, 
according to ‘the work upon the engine. At 
moderate loads the engine explodes at each cycle, 
but with reduced charges. By this arrangement 
the combustion chamber is always kept hot. 
The other engines shown by the firm are Root’s 
pattern. 

At the adjoining stand Clarke’s Crank and Forge 
Company, Limited, Lincoln, also show several of 
Root’s engines, of the kind illustrated and described 
by us in connection with the Cambridge Show last 
year (see vol. lvii., page 839). In addition, they 
have a portable engine, in which considerable 
pains have been taken to obviate vibration, although 
at the cost of some complication. At the 
upper part is a horizontal cylinder open at both 
ends, and having within it two pistons. The 
mixed charge is exploded between the two pistons, 
which are driven in opposite directions, and are 
connected by rods to two vertical beams, one at 
each end of the engine. These beams are, in turn, 
coupled by connecting-rods to a two-throw crank- 
shaft arranged beneath the cylinder, and from which 
the various valves are driven by means of gearing 
in the usual way. The general arrangement recalls 
one of Mr. Atkinson’s early gas engines, except 
that in his case the cylinder was below and the 
crankshaft above. That engine gave very good 
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results as regards economy, but was, we believe, 
unsatisfactory from a mechanical point of view. 

Messrs. Wells Brothers, of Sandiacre, have only 
made slight modifications in their engine during 
the last twelve months, and these relate to the 
valve gear. The oil runs by gravity into the cavity 
of a slide valve, which moves up to receive it, and 
then travels down to deliver its contents into the 
vaporiser. This valve is operated by a lever under 
the control of an inertia governor. When the 
speed of the engine grows too great, a catch on the 
governor holds the lever, and the valve does not 
ueliver oil to the vaporiser. 

The ‘‘Reliance” engine, shown by Messrs. 
Carter Brothers, Billingshurst, Sussex, appears this 
year for the first time at the Royal Show. It is of 
7 brake horse-power, and, as shown by the illustra- 
tion on page 836, follows the general design which 
experience has shown to be best for this class of 
engine. The oil is pumped out of a reservoir in the 
base, and is delivered in measured quantities into 
the vaporiser. A second pump supplies oil to a 
small elevated receptacle, which feeds the lamp. 
Both pumps have duplicate suction valves to pre- 
vent risk of stoppage. There is only one driven 
valve—the exhaust valve. This is under the control 
of the governor, as is also the oil pump, and when 
the engine is running above the normal speed, the 
exhaust is held open. Under these circumstances 
there is no vacuum on the suction stroke to open 
the automatic air valve and to draw a blast of air 
through the vaporiser. Consequently there is no 
charge admitted to the cylinder until the speed falls 
and the exhaust valve is closed again. 

We were sorry to miss Messrs. Priestman 
Brothers from the show. For many years they 
had a large and handsome stand, and did a great 
deal to popularise the oil engine in the days when 
it was received with much distrust. However, the 
vacuity they leave is filled by the very large exhibit 
of Messrs. R. Hornsby and Sons, who last year 
won the first prize in the competition. This firm 
show six or seven engines, of which the largest is of 
40 brake horse-power. This is an immense advance 
over anything that has appeared before at the show 
or elsewhere, and indicates the confidence of the 
makers in the future of the oil engine. The~ 
inform us that for more than six months they have 
had an engine nearly as large driving a part of their 
own works, and that it has given them no trouble. 
For the first time the firm show a pair of vertical 
engines designed for launch work, and provided 
with coil clutches and bevel wheels to enable the 
vessel to go astern. The large engines are fitted 
with a simple form of self-starter. This comprises 
a wrought-iron vessel into which a part of the 
charge, mostly air, is compressed at each cycle, and 
a pair of controllable valves. After a stoppage the 
engine is set at the proper position for starting, and 
the valve is opened to admit the compressed air to the 
piston. At the end of the stroke the valve is 
closed, and the engine runs forward by its momen- 
tum until the first explosion occurs, and the regular 
cycle commences. The stand is exceedingly well 
and steadily lighted by plant supplied by Messrs. 
Easton, Anderson, and Goolden, of Erith, and 
driven by an oil engine. 

Among the well-known engines which have ap- 
peared for several years at the show, are those of 
Messrs. Weyman and Hitchcock, of Cheltenham. 
These have been so far modified that they are 
entered as ‘‘new implements ;” unfortunately 
considerations relating to foreign patents prevent 
us entering into detailed explanations of the novel 
features. 

Messrs. Tangyes, Limited, Birmingham, exhibit 
an oil engine for the first time at these shows. Itis 
one of those in which simplicity is the end chiefly 
aimed at. There are only two valves, the exhaust 
valve and the air valve. The latter, however, 
serves two purposes. The oil pipe ends in a small 
port in the seat of the valve, and hence when the 
valve is down the oil is cut off. The exhaust valve 
is under the control of the governor, acting through 
a hit-and-miss motion, and when the speed is above 
the normal the governor holds the exhaust valve 
open. The result is that there is no vacuum formed 
in the cylinder in the suction stroke, and the auto- 
matic air and oil valve is not opened. The oil is 
placed in an elevated reservoir, and runs to the 
vaporiser by gravity. The charge is fired by 
an ignition tube, heated by a lamp fed from 
& separate reservoir at a considerable elevation. 
This lamp also keeps the vaporiser hot. There is, 
in addition, a separate lamp for heating the 


vaporiser at starting. At the same stand are a 
number of gas engines. As there is no town’s gas 
laid on to the show ground, an oil-gas apparatus has 
been erected in connection with this stand. It 
operates with petroleum, and is of the well-known 
type, with further improvements constructed under 
Pinkney’s patents. The oil passes first down- 
wards and then upwards in the retorts, and when 
these become choked with deposit the oil lifts a 
float and cuts off the supply, thus preventing 
waste. 

Messrs. Fielding and Platt, of Gloucester, and 
the Campbell Gas Engine Company, of Halifax, 
both show engines that are substantially the 
same as those of last year, as do also Messrs. 
R. Stephenson and Co., of Newcastle. This 
latter firm, however, have a_ hand starter, 
which is a loose ring slipped on to the end of the 
crankshaft, and serving as a carrier to a long lever. 
When the engine is not running, the heel of this 
lever obtains a frictional grip on the shaft, and 
serves to rotate it, but immediately the engine gets 
away the friction ceases, and the man runs no 
danger of having the lever torn from his grasp. 
Messrs. Clarke, Chapman, and Co., of Gateshead, 
show an engine similar to that of last year mounted 
asa portable. It is, however, not of a design that 
lends itself to this treatment without very consider- 
able modification. In the twelve months that have 
elapsed since Messrs. Crossley Brothers appeared at 
the show, they have made some small modifica- 
tions in their engine. The air pump used to 
urge the lamp at starting has been discarded, 
and in place of it the oil pump has been ar- 
ranged to deliver into a small air vessel, in which 
it presses the oil toa pressure of a few pounds on 
the square inch. The same pump supplies the 
vaporiser, the excess of oil escaping through a 
loaded valve, and flowing back to the tank. The 
air vessel supplies a jet of oil to the lamp at start- 
ing, and all that is needed is to heat up the lamp 
itself for a few minutes by means of a spirit flame. 
When the engine is stopped at meal times the lamp 
can be left in action, and then no time is lost at 
starting. A portable oil engine of 11 actual horse- 
power is shown driving a Ransome thrashing 
machine. The frame and wheels of the engine have 
been altered and improved since the last show. At 
the same stand are several of Messrs. Crossley’s 
splendid gas engines. One is of 40 horse-power 
nominal, capable of giving 110 horse-power with 
the Dowson gas with which it is working. 
It is fitted with the new scavenging action, 
which we have already explained (vol. lviii., 
page 719), but which is worth while to refer 
to again. The exhaust pipe is extended to a 
length of some 70 ft., and when the exhaust 
valve is opened the mass of air and gas contained in 
this pipe is set in motion. Once it is moving its 
mass is sufficient to enable it to act as a piston with 
considerable effect. Before the end of the exhaust 
stroke the air valve is opened, the effect being that 
air enters the cylinder and, rushing through it, 
entirely scours out the products of combustion. 
The next acting stroke finds nothing in the cylinder 
but air and gas, the result being that a higher 
pressure is obtained, and the power of the engine 
is greatly increased over what it would be if a 
quantity of inert gas were left in the cylinder, as 
was formerly the case. There is also shown a gas 
engine designed for driving electric machinery. 
This is provided with a very large flywheel, and is 
guaranteed to run quite steadily. 

Messrs. J. and F. Howard were to have had an 
oil engine in the trials last year, but they were not 
able to get it ready in time. They show it now, 
both in the portable and fixed types. The former 
has a well-designed frame, capable of turning sharp 
corners, and of being set either end on to its work. 
Its general appearance is well shown in our view on 
page 828. A constantly burning lamp serves to keep 
both the igniting tube and the vaporising tube hot. 
This lamp is fed from an air vessel, into which the 
oil is pressed by the pump. The same pump sup- 

lies the vaporiser, the surplus oil escaping under a 
oaded valve, and flowing back to the tank between 
the frames. The governor operates, through a hit- 
and-miss device, both an oil valve and an air valve ; 
these two are opened simultaneously. The oil 
spurts, under pressure, into the vaporiser, where 
it is immediately met by a blast of air sucked 
through the vaporiser into the cylinder by the 
piston. The mixed charge is thus carried into the 
cylinder to be compressed on the back stroke of 








the piston. The casing at the base of the chimney 





is for cooling the water that circulates round the 
cylinder. The water is delivered by the pump to 
the top of the casing, and is distributed in spray by 
a kind of reaction wheel. It falls on to a number of 
strips of wood, placed on edge, and arranged in 
layers, each layer being at right angles to the layer 
below it. Air is drawn through these layers in 
the opposite direction by the action of the exhaust. 
The engine carries 30 gallons of water, and can work 
with this all day, only needing the addition of 2 
or 3 gallons to make up for the evaporation. 
Messrs. Robey Brothers show oil engines that 


-are practically the same as those at previous shows, 


and Messrs. Clayton and Shuttleworth show en- 
gines constructed under the patents of Messrs. Wey- 
man and Hitchcock. Messrs. R. Warner and Co., 
of Walton-on-the-Nazs, make a good display of gas 
engines, which give an impulse at every revolution. 

As year by year we go to the show we never fail 
to be impressed by the wonderful display of steam 
engines ; and if it fell within our province, we 
could find great pleasure in writing an extended 
account of a large number of stands, calling atten- 
tion to the care and experience displayed in the 
designs, the perfection of the workmanship, and the 
excellency of the material. We fear, however, 
that our readers would prove restive under several 
columns of panegyric, if not the first year, cer- 
tainly the second. As we have now attended these 
shows nearly 30 years, the time has gone past for 
the expression of our admiration, although the 
feeling remains as fresh and deep as ever. We 
have long made it arule to confine this report to a 
chronicle of novelties which may serve either as 
examples or warnings, as the case may be. It is 
unsatisfactory to pass over so many splendid 
instances of engineering science and practice with- 
out a word, and to devote space to matters of 
really less importance, but the necessities of the 
case compel it. Further, it is exactly what all 
regular frequenters of the show do themselves. 
The question in every one’s mouth the first day 
is, ‘‘ What is there that is new ?” and the crowds 
gather round the novelties, leaving the other things 
—though of much greater value—comparatively 
unheeded. One is not asked, ‘‘ Have you seen 
Fowler’s ploughing tackle ?—or Aveling’s traction 
engines, or Clayton and Shuttleworth’s portables ?” 
as the case may be—but ‘‘ Have you seen Smith’s 
firebar or Jones’s whistle.” Hoary-headed wisdom 
is pretty much in the same case at the show that 
it is everywhere else. It excites plenty of re- 
verence and respect, but all the warmer senti- 
ments of sympathy and interest are lavished on 
youth, with its infinite possibilities both for good 
and evil. 

Among the makers of engines, Messrs. Mann and 
Charlesworth, of Dewsbury-road, Leeds, hold the 
leading position on the score of novelty, as they 
are quite a young firm, and appear for the first 
time at a Royal Show. They exhibit both traction 
and fixed engines (see illustrations on page 829). 
In the former, in view of the keen competition 
that awaits all beginners, they have studied 
the question of economy as far as it can be done 
without sacrificing efficiency. As an example, 
they have substituted for the link motion, with 
its expensive rods and pins, a single shifting 
eccentric, the construction of which will be under- 
stood from the illustration (Fig. 2). The eccentric 
has a large eye, which enables it to be shifted from 
full gear forward to full gear backward, and set in 
any intermediate position, the motion being in a 
straight line, so as not to vary the lead in the inter- 
mediate positions. The eccentric D is carried by 
two very broad links B and C, whose width is equal 
to the diameter of the shaft. To these it is pivoted 
by long pins that allow of no ‘‘shake.” These links 
are pivoted to lugs cast in a wheel which is keyed on 
the shaft, and in this instance used as the governor 
pulley. It will thus be seen that the eccentric is 
driven by the links. To fix its position in relation 
to the shaft, one of the links, B, has a second arm, 
or pair of arms, that convert it into a bellerank. At 
the ends of the arms are jaws connecting them with 
lugs on a sleeve E, which can be slidden along the 
shaft by means of a lever. When the lever is at 
the end of its travel in either direction the valve 
motion is in full gear, while at intermediate points 
the gear is notched up. As explained by Mr. Joy 
in his recent paper before the Institution of 
Mechanical Engineers, an eccentric of this kind has 
a constant tendency to go into full gear. Hence it 
is possible to relieve the rings in the groove of the 
sleeve of all friction, at the two ends of the 
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travel, by arranging that the sleeve shali come 
against fixed collars, At the intermediate positions 
there is, of course, some friction, but it is not 
great. If the catch be lifted out, the reversing 
lever can‘be easily held in any position, showing 
that the sideways pressure on the sleeve is not 
great. The engine itself is of alight 7 horse-power 
type. It has fast and slow pinions, sliding on the 
squared end of the shaft, with bearings at each 
side of them. The main axle has also squares to 
receive the bevel wheel and winding-drum. 

At the same stand is a tandem compound hori- 
zontal engine, with a shaft governor, which we 
illustrate on page 829. This is an adaptation of the 
same idea as that found in the valve gear of 
the traction engine. The eccentric is carried 
by two links like those we have just described, 
and is not pivoted to along arm, or banjo frame, 
as is often the case. One of the weights has 
a curved projection formed on it, and this 
takes into a slotted die fitted to the eccentric. The 
curve is struck to such a centre that when the 
weight moves in and out it has to shift the eccentric 
so as to increase or reduce the cut-off, according to 
circumstances. It will be seen that, although the 
weight has perfect command over the eccentric, yet 
the pressure exerted by the eccentric on the weight 
passes so nearly through the centre on which the 
latter turns that it can have little or no effect in 
determining its position. The effect is that this 
governor works satisfactorily with a flat slide, and 
does not demand the use of a balanced valve. 

Messrs. J. and H. McLaren, of Leeds, show a 
newly designed agricultural locomotive of 6 horse- 
power, with the driving gear arranged between the 
side plates that form the crankshaft brackets. 
The winding drum is loose on the axle, except 
when it is connected to it by a clutch. Hence the 
rope can be paid out when the engine is travelling 
forward, and time that would otherwise be wasted, 
be utilised. ’ 

Messrs. Ruston, Proctor, and Co., of Lincoln, 
are now making all their portable and traction 
engines with steel brackets riveted to the boiler to 
receive the cylinders and other parts, so that now no 
bolt goes into the steam space. This is a very 
necessary arrangement that ought always to be 
adopted. Messrs. Richard Garrett and Sons, 
Leiston, have on view a compound portable of 42 
indicated horse-power. This is a larger engine 
than they usually show. Messrs. Aveling and 
Porter have a fine show of very highly finished 
traction engines. Near tothem Messrs. Fowler and 
Co. show their ploughing tackle, particularly the 
turn-wrest plough we illustrated last year. They 
have also an 8 horse-power compound road loco- 
motive mounted on wheels, and arranged with a 
platform on front to receive a dynamo. We hope 
to refer to this engine again, and in the meantime 
need only remark that it is fitted with Marshall 
and Wigram’s valve gear. The cylinders, whose 
diameters are 64 in. and 11} in., with a stroke of 
12 in., are controlled by a single piston slide valve 
placed between the high and low pressure cylinders, 
and worked by a single set of link motion. Messrs. 
Wallis and Steevens, cf Basingstoke, have added 
automatic expansion gear to their traction engine, 
the arrangement being the well-known slotted 
link, with a block in it raised and lowered 
by the governor. As the engine has link motion 
to both cylinders in addivion, it has the appearance 
of being complicated. Messrs. Thomas Green and 
Son, Limited, Leeds, show a newly-designed steam 
road roller, with a single steam-jacketed cylinder, 
and with the gear inside the bearings. 

In connection with steam engines we may refer 
to the steam fittings shown by Messrs. Crozier, 
Stephens, and Co., of Newcastle-on-Tyne. They 
have an upright boiler which is a perfect museum 
in the matter of equipment. It has Holden and 
Brookes’ injector, high-lift safety valve, and steam 
dryer, Hientz’s steam trap and reducing valve, and 
Meldrum’s forced draught. Most of these devices 
are known to our readers, except possibly the 
steam trap and reducing valve. The former is 
a small casting with inlet and outlet, and a 
curved pipe filled with an easily vaporisable 
liquid which will boil and set up a pressure 
when the pipe is immersed in steam, but will not 
do so when it is surrounded with water below 
the boiling temperature. This pipe operates 
a valve at the inlet of the trap. When all is cold, 
the valve is open. When steam is first turned 


on, there is a clear way through the trap for the 
water, but as soon as the steam follows it, the 
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curved pipe somewhat straightens, and closes the 
valve, and it does so with such force that it will 
resist a pressure of 200 lb. on the square inch. 
When the trap cools, the valve opens again, but it 
closes immediately steam commences to flow. The 
reducing valve is constructed on the same principle, 
and can be adjusted at will to different pressures. 


IMPLEMENTS. 


There is a very large display of implements at 
the show, one very noticeable feature being the 
presence of several large firms who are merchants 





(See page 827.) 


rather than manufacturers. This is quite unusual. 
Generally each maker displays his own goods and 
none other, but here it is possible to see the pro- 
ducts of several workshops side byside. There are 
two competitions this year, the first for haymakiog 
machines, with prizes of 201. and 10/., and the 
second for clover-making machines, with similar 
prizes. There are 14 entries for the first set of 
trials, and nine for the second. The judging will 
commence on July 1, the trials taking place at 
Piersebridge, about 6 miles from Darlington. The 
trials have naturally caused implement manufac- 
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turers to revise their designs for all classes of 
machinery for dealing with hay, and a good many 
machines are spoken of as new, although the altera- 
tion is exceedingly small. It would often need 
detailed drawings, both of the new and old 
machines, to render evident the change that has 
been made, and then it would be seen that it relates 
merely to mechanical details of an unimportant 
character. 

Not only have Messrs. Ransomes, Sims, and 
Jefferies, Limited, of Ipswich, always a very large 
exhibit at the show, but they generally bring some- 
thing that is new. This year they have four 
novelties. The first concerns the rotary potato 
digger we illustrated in connection with the Ches- 
ter Show (see vol. lv., page 869). Instead of 
rapidly revolving skimmers being used to push the 
potatoes out of the ground, round steel lifters 
attached to eight arms on a rotary wheel are em- 
ployed, the potatoes being moved gently to one 
side without injury. The net which receives the 
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tubers and causes them to drop in a row is now 
slowly rotated by bevel gearing. A long hand lever 
is used, in connection with a friction brake, for 
lifting the share and breasts clear of the ground, 
the pull of the horses materially assisting in the 
operation. The depth of cut is regulated by the 
same lever. The shear blade and breasts are both 
adjusted by one movement, and always maintain 
their relative positions, and the pitch of the share 
is not altered. Bamford’s patent cultivator is the 
second of the novelties. This is a type of machine 
that is rapidly coming into use, and is, we believe, 
of American origin. It has three rows of elastic 
steel tines, 13 in all, covering a width of 5 ft. 9 in. 
These tines are of tempered spring steel, with re- 
versible hardened steel points. They are mounted 
on four independent frames, and on each frame 

ressure can be applied separately to make the tines 
bite into the soil. 

Theories of agriculture are abundant enough, 
and oftentimes the farmer has suffered from follow- 
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ing them too blindly. He was once told that his aim 
should be to bring the unexhausted lower layers of 
the soil to the top, and to bury those which had been 
in constant use for centuries. The steam plough 
offered him a splendid means of attaining this end, 
and when it was used without discretion it could 
ruin a field with the most striking celerity. A very 
little experience of the radical method of treatment, 
which consisted in turning the upper stratum of land 
upside down, showed that the lower layers were not 
immediately available for producing vegetation. So 
disastrous were the early attempts, that the method 
quickly fell into disrepute, and it was not until after 
further inquiry on a more intelligent method, that 
the conditions were established under which thegreat 
benefits of deep cultivation can be obtained. Soil 
needs to be accessible to air for a very considerable 
time before it acquires the qualities that the 
farmer desires, and hence its improvement must 
be a process to be undertaken with caution, and 
carried out with patience. To enable this to be 
done, Messrs. Ransomes, Sims, and Jefferies, 
Limited, have brought out a deep cultivating and 
aerating balance plough, which penetrates to a depth 
of 18 in., cutting off the soil in slices, and moving 
it a few inches sideways, without turning it over, 
or affecting the relative positions of the upper 
and lower layers. The slices are packed 
neatly side by side, but in division and move- 
ment they become cracked and disturbed, so 
that air can find its way to the bottom, and 
gradually enable the cultivation to be carried 
deeper and deeper. Another new variety of plough 
found at the same stand is a two-wheel swivel, one- 
way plough. The two wheels in front can be set in 
a moment to run the one on the ploughed and the 
other on the unploughed land, their relative positions 
being reversed at each headland without the man 
leaving his place. The same firm show a turf- 
paring plough. This has a paring blade ee 
by one vertical cutting blade. A bearing roller runs 
in front of the blade, and levels the surface, regu- 
lating the thickness of the cut. A marker, attached 





830 


ENGINEERING. 


[June 28, . 895, 








to the plough, marks a line on the grass, parallel to 
this cut, showing where the cutting blade is to run 
at the next turn. 

There are in the show two other potato-raisers 
of new design. Messrs. Haslam and Maudsley, of 
191, Rice-lane, Liverpool, show a machine by which 
the whole of the drill or ridge, both soil 
and potatoes, is delivered into a rotating wire 
basket. There is a broad share that cuts through 
the base of the ridge, delivering everything it cuts 
over the lip of the basket, whose height is adjust- 
able. The basket is on a horizontal rotating axis, 
and as it turns the soil gradually drops through be- 
tween the wires, while the potatoes travel back- 
wards until they are caught by elevator troughs, 
and delivered into a sack or hamper carried behind. 
Stones that come through are picked out by the 
man that attends to the filling. The potato tops 
are gathered first, according to the custom that 
obtains in Lancashire. It is claimed that this 
machine leaves no tubers behind. The entire ridge 
has to pass through the sieve. A machine similar 
in principle, but differing somewhat in mechanical 
construction, is shown by Mr. William James 
Burgess, of Magdalen, Lynn, Norfolk. In this case 
the wire cage is set on an axis at right angles to the 
line of travel, and a large basket, on wheels, is 
towed along beside the machine. There is a set of 
revolving forks to push the potatoes into the 
basket. 

We will now turn to the harvesting and hay- 
making machinery. Messrs. Harrison, McGregor, 
and Co., Limited, of Leigh, show an ‘‘ Albion” 
sheaf-binder. This is last year’s machine, but 
some mechanical alterations have been made in the 
knotter. Messrs. Samuelson and Co., Limited, 
of Banbury, show a low-down sheaf-binder with- 
out elevating aprons. In place of these there 
are curved arms that receive the crop off the 
first apron, and pack it into sheaves. These 
arms pass between clearing guides at each 
revolution, and these latter effectually keep 
them clear of straw. The machine will pass 
through a 9-ft. gateway without the horses being 
removed or the driver dismounting. The machine 
manufactured by Messrs. W. Deering and Oo., of 
Chicago, and shown by Messrs. A. J. Main and 
Co., of Edinburgh, is fitted with steel ball and 
roller bearings to reduce the draught. It has a 
butter, consisting of a zinc apron, the various 
sections being hinged together. Last year there 
was a canvas butter, but this was not found to be 
durable, and the metal form has been substituted. 
Messrs. Picksley, Sims, and Co., Limited, Leigh, 
have a swathe-turner, in which are two inclined 
shafts carrying a number of forks, also inclined 
at the same angle, at the lower end. As the ma- 
chine is driven along, these forks turn over the 
swathes, exposing the lower and wet sides to the 
sun and air. 

In the matter of haymaking machinery, Messrs. 
Nicholson and Sons, Limited, Newark-on-Trent, 
always make a large and interesting display. We 
have more than once referred to their machines 
with forks that imitate the motion of the hand in 
turning over the hay, without otherwise disturbing 
it. This has now forks situated outside the wheels, 
and so disposed as to clear the wheel tracks. This 
firm enters five machines for the competition. 
Messrs. Barford and Perkins show a hay tedder, 
of the ‘‘kicker” type, with a wind guard consist- 
ing of a series of wooden rods standing in a row 
over the kickers, and inclined backwards. It is 
stated that this guard enables the machine to work, 
without blocking, with the wind in any direction. 
This firm has five machines entered for the com- 
petition. 

To enable the entire effort of a horse to be 
utilised, Messrs. P. J. Parmiter and Co., of 
Ansty, Salisbury, make their rakes, hay-turners, 
and harrows of very large width, up to 8 ft., 
10 ft., or 12 ft. As these widths would be in- 
— of passing through gates and lanes, the 
axle is made telescopic, and the side sections turn 
back on to the central section, and thus reduce the 
width to the usual dimensions. A very simple 
hay and clover making machine is shown by Mr. 
John Dobbing, of Darlington. Three sets of forks 
project from the angles of a triangular body covered 
with wood. There is thus nothing for the hay to 
become entangled with. An automatic windrowing 
machine is exhibited by Captain Bryan, of East 
Hoathly, Sussex. The rake is a frame of vertical 
bars, running in guides. On the boss of one of 
the wheels are two bowls, which, at each revolution, 





come in contact with a lever connected to the rake, 
depressing the lever and raising the rake. The 
rake is thus raised automatically, and the wind- 
rows are exactly spaced. 

An entirely new hay-tedder is shown by Mr. 
Walter A. Wood, of 36, Worship-street, London. 
It is described as having revolving kickers, al- 
though this is almost a contradiction of terms. 
It has the light steel forks of the kicker, and these 
are arranged on wooden arms on a rotating shaft. 
By means of eccentrics, however, on fixed brackets, 
the forks are made to turn over as the shaft rotates. 
As they near the ground they are pointing down- 
wards, but as they approach the upper part of 
their travel the forks rotate, somewhat after the 
fashion of the floats of a feathering paddle-wheel, 
so that their points are still directed backwards. The 
effect is that the hay is not carried upwards and flung 
about in a cloud, as with the revolving tedder, but 
is dropped off the forks almost immediately. 

To enable both hay and straw to be consolidated 
in the same press, without breaking up the straw, 
Messrs. Barford and Perkins have brought out a 
hand-power lever press, in which the frame designed 
to receive the material to be compressed can be 
readily altered for the cube-like form required for 
the hay to the elongated shape suitable for straw. 
Some years ago Messrs. Marshall, Sons, and Co., 
of Gainsborough, used to show a chaff cutting and 
bagging machine. This has now been re-designed, 
and is again shown. It has five knives, and cuts, 
riddles, sifts, and bags automatically. 

To remove weeds from land, Messrs. Ord and 
Maddison, of Darlington, have a machine which 
suggests three daisy rakes set on a rotating axis, so 
that they sweep rapidly over the land, catching 
wild mustard, charlock, and other weeds, and 
dragging them out of growing corn. For cutting 
thistles the executors of the late Joseph Symm, of 
Newton, Stocksfield-on-Tyne, have brought out a 
machine in which several sharp spiral steel blades 
are arranged on discs some 2 ft. in diameter. The set 
of blades can be raised or lowered, and are drawn 
over a field by a horse. They are driven at a high 
speed from the travelling wheels of the implement, 
and lop off everything that offers any sensible 
resistance to their impact. 


Darry. 


The dairy department is comparatively barren 
this year. Nothing of striking novelty is shown, if 
we except the butter worker and moulder of 
Messrs. Thomas Bradford and Co., of London and 
Manchester. This consists of a wheel, rotated at 
considerable speed by hand gearing. In it there 
are a number of moulds with perforated removable 
bottoms. The butter grains are taken direct from 
the churn, without washing or working, and filled 
into these moulds, being finally lightly compressed 
by the insertion of wooden lids. The moulds are 
then fixed in the wheel, which is driven for 
about 24 minutes, after which the moulds are 
removed, when the butter is found to be dry 
and solid, and in a form ready for sale without 
further treatment. Mr. Sydney Cheeld, of Chesham, 
Bucks, shows a new churn, called the ‘‘ Speedy.” 
A short tub is fixed on a vertical spindle, and can be 
turned by a handle. As it rotates, the cream rises 
at the sides until it comes in contact with four fixed 
scoops, which divert its motion and deliver it again 
into the centre ofthe tub. It is said that butter is 
usually made in 34 minutes, which is certainly a 
very short time. Messrs. William Waide and Sons, 
of Crown Point-road, Leeds, show the Victoria 
butter-worker, in which the roller moves on concave 
rails, over a bed of similar shape, the effect being 
that the water and buttermilk run to the centre. 

Messrs. R. A. Lister, of Dursley, have, as usual, 
a large stand. On it they show the ‘ Farmer’s” 
cream separating plant, comprising a steam boiler, 
a milk receiver, and heater for scalding both milk 
and cream at the same time, a separator and steam 
turbine for driving it. We were unable to see the 
interior of the latter, or to gain particulars of its 
construction. A large scalder was also shown at 
the very extensive stand of the Dairy Supply Com- 

any. 
‘ We remember seeing in the Exhibition of 1862 
an apparatus for milking cows by applying suction 
to the teats. That is a long time ago, and up to the 
present very little progress has been made in the use 
of mechanical milking. But times are changing 
rapidly, and it seems as if the inventor would soon 
get a footing in the shippon. The poets have 
always united in praise of the milkmaid, but it 





is more than likely that if they had undertaken 
her duties for a week they would have found that the 
heat, the smell, the flies, and the not infrequent 
fractiousness of the cows, would have dispelled the 
pleasant impression created by her ruddy appear- 
ance and upright carriage, as she balanced the 
pail on her head. However that may be, the 
school - board educated youth shows a decided 
disinclination to follow the vocation of milk- 
ing, and often farmers are seriously hampered 
in their dairy operations from want of labour. To 
find a remedy for this, the Thistle Mechanical Milk- 
ing Machine Company, Limited, of 25, Gateside- 
street, Glasgow, has been constituted, and has 
quite a large stand at the show, with a number of 
cows. These are milked twice a day, and the 
public fight for positions to witness the operation, 
so popular is the spectacle. To effect the milking, 
a large rubber cup, roughened inside, is passed 
over each of the cow’s teats, the end pressing 
against the udder, to which it adheres by atmo- 
spheric pressure. Four such cups are united to a 
main tube, which communicates with a closed 
receptacle, and this is again connected to a 
pipe running the whole length of the shippon 
and provided with numerous branches. In 
this pipe a vacuum is created by an air pump. 
But steady suction does not produce a satisfactory 
effect in milking. What is wanted is an action 
resembling that produced by the hand of the milk- 
maid or the lips of the calf. To attain this, the 
exhausting machine is arranged to give a pulsating 
vacuum varying from 5 in. to 15 in. of mercury 44 
times per minute. The pump has, in addition to 
the usual valves, two others opened and closed by 
cams. The first valve admits a gush of air to the 
pipes, and the second exactly times its entrance, 
admitting and cutting it off to give, as nearly as 
possible, thg same effect on the cow’s teat as is 
caused by the dexterous fingering of the skilled 
milker. It would be very interesting to have indi- 
cator diagrams taken from the air pump, but we 
did not learn that this has been done. The cows 
do not manifest any marked objection to the pro- 
cess, although they had not been accustomed to it 
previous to the show. It takes some ten minutes 
to complete a milking. A small hand machine was 
on view. The company must be gratified at the 
interest their apparatus creates, although it natu- 
rally gave rise to considerable criticism. 


MISCELLANEOUS, 


It is seldom that we have not something to say 
about the exhibit of Pickerings, Limited, Stockton- 
on-Tees, for each year they show something new. 
As usual, they have a full-sized hoist in operation. 
At each floor there are safety gates at the landings, 
acting automatically, As the cage approaches 
the upper floor, the gate descends, and leaves a 
clear way out, and then, as the cage goes down 
again, the gate rises into its old position, being 
locked both when up and down. It is worked by 
thin wire cords winding and unwinding on drums. 
These drums are driven by a pitched chain, on which 
are tappetscaught by a projection onthe cage. There 
is one tappet for the rising motion, and one for 
descending, the one that is not being used folding 
back out of the way. The chain drives a drum, 
which contains Pickering’s self-sustaining device, 
so that it is only by rotating the drum that the gate 
can be moved. Pressure applied directly to the 
gate has no effect to alter its position. The cage is 
lifted by a wire rope winding on the grooved drum 
of a crab. The crab is driven by open and crossed 
belts, there being an independent belt shifter to each, 
so that the use of very broad loose pulleys is avoided. 
The bar carrying each fork runs in guides, and 
has near its end a number of teeth, cut like the 
teeth in a screw wheel. It is, in fact, a screw rack. 
The bar runs in contact with a wheel, having also 
a few corresponding teeth cut at two places in its 
periphery, the remainder being smooth and locking 
with a recess in the bar. When the controlling 
rope in the cage is pulled, it rotates this wheel until 
one set of teeth on it engage with one of the racks 
and put one strap on to the fast pulley. When 
the rope is pulled again the motion is reversed and 
the strap put back again. As the two sets of teeth 
on the wheel are some distance apart, no care is 
needed in pulling the rope the exact distance and 
no more. There is a considerable amount of lost 
motion between pulling off one strap and putting 
on the other, and hence the difficulty sometimes 
experienced in belt-driven hoists, of getting the cage 
to stand stil], neither rising nor falling, is quite 
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avoided. A new safety device is also fitted to this 
cage. There is the usual eccentric-shaped stop to 
bite against the guides. This stop is connected to 
a wire rope that passes over pulleys at the top of 
the well-hole and down the other side to a weight. 
The pull of this weight is balanced by a long elastic 
spring, adjusted to the intended speed of the hoist. 
Now, if the cage should fall suddenly, as from the 
breaking of a rope, the inertia of the weight would 
cause the spring to elongate, and would put the 
safety device in contact with the guide. essrs. 
Pickering inform us that quite a small increase of 
speed will bring the device into action. There is 
also an arrangement for stopping the elevating 
machine, or crab, if the lifting rope become slack 
in consequence of the cage sticking in its guides. 

An equalising whippletree, by Messrs. Black- 
stone and Co., of Stamford, seems to fall more 
naturally into this division of our report, than into 
that devoted to implements. It is the invention 
of Messrs. Carruthers and Jack, and consists of a 
crossbar provided with pulleys for chains to run 
over. The right-hand trace of the right-hand horse 
is connected by a chain running over these pulleys 
to the right hand trace of the left-hand horse, and 
similarly the two left-hand traces are connected, 
the effect being that both horses have to exert 
equal pulls in order to keep the crossbar in posi- 
tion. 

A firebar that has already attracted considerable 
attention was shown by Messrs. Caddy and Co., 
Limited, of Daybrook Iron Works, near Notting- 
ham. This has an oval wrought-iron tube cast in 
it, one end of the tube being turned down into the 
ashpit at the front, and the other being carried 
behind the bridge, and bent to direct the air drawn 
through the bar into the gases as they enter the 
back part of the furnace tube. It is claimed that the 
air current keeps the bar cold, so that the clinker 
does not stick to it, while the bars, which have 
chilled faces, last longer. A very neat form of 
portable forge, well adapted for use in new coun- 
tries, is exhibited by Messrs. W.H. Willcox and 
Co., of 34, Southwark-street, London. It is pro- 
vided with a fan to urge the blast, and when it 
is to be transported it folds up like a wheelbarrow, 
the driving pulley becoming the running wheel. In 
this respect the apparatus recalls the knife-grinder’s 
machine, which uses the same wheel for the strap 
as for propulsion. 

The methods by which Mr. Brigg makes the 
weight on the back of a horse drawing a vehicle to 
vary according to the effort he exerts, are now being 
shown by the Brigg Easy Haulage Company, of 
Thornton-road, Bradford, who exhibit a hansom 
cab, a dray, and a plough, all fitted up on the 
Brigg system. ‘ 

There is quite a large display of windmills on the 
ground, the only new one, however, being 
Rollason’s Wind Motor Company, of 13, Berners- 
street, London. This, which has already been ex- 
plained in our columns, consist of a vertical shaft, 
with a number of vertical curved vanes fixed around 
it. On one side it is partly surrounded by a screen 
which shelters the blades running into the wind, 
while those going before the wind are uncovered. 
This screen is moved round to the right position by 
the action of the wind itself. 

Pneumatic power hammers scarcely come under 
the description of agricultural implements, but 
there are three at the show, by Messrs. Samuelson 
and Co., of Banbury, Messrs. Allday’s and Onion’s 
Pneumatic Engineering Company, Limited, of 
Birmingham, and Messrs. Greenwood and Batley, 
of Leeds, respectively. 

At the stand of Mr. H. R. Marsden, of Leeds, is 
exhibited his latest hand hammer motion lever 
stonebreaker, as illustrated on page 835. It is 
15 in. by 10 in. at the mouth, and is mounted on 
travelling wheels and fitted with an elevator and 
an overhead screening and loading appliance for 
filling carts and trucks without hand labour. The 
combination is self-contained, and may be hauled 
and set to work in a few minutes without any 
erection or fixing. The machine breaks macadam 
at the rate of 8 to 10 tons per hour, and delivers it 
into the elevator, which conveys it to the screen 
above ; this takes and separates it into the sizes 
required, and delivers it into steel hoppers, 
from thence it falls into carts or storage ground. 
The stone rejected by the screen falls through a 
shoot into the mouth of the machineagain. At the 
same stand is another stonebreaker, fitted with 
cubing rolls ; these rolls are driven by ropes from 
the shaft of the stonebreaker. 





At the adjoining stand Mr. W. H. Baxter, of 
Leeds, shows a stonebreaker, screening and auto- 
matic loading machine, to break 8 tons per hour. 

There is a fair display of brickmaking machines, 
one large stand being occupied by Messrs. Swinney 
Brothers, of Morpeth, who are new comers at the 
show. They exhibit a double machine for making 
bricks from strong blue clay, which is liable to crack 
and twist in the burning. The clay is first passed 
through powerful rolls, then pugged by a double 
set of knives, and then carried along a copper- 
covered table to the front rollers, by which it is 
forced solidly into the die. Mr. T. C. Fawcett, of 
Hunslet, Leeds, shows a newly-designed brick and 
tile pressing machine, and a new sanitary pipe- 
pressing machine, in which hydraulic pressure is 
— for the steam pressure usually em- 

loyed. 

r The vibromotor introduced by Mr. W. W. Beau- 
mont appeared on two stands at the show—that of 
Messrs. EK. R. and F.Turnerand Company, of Ipswich, 
and that of the Hardy Pick Company, of Sheftield. A 
new variety of sifter is also shown by Mr. Harrison 
Carter, of Dunstable, Beds. This is called the 
‘* pendulum plane-sifter,” and is a box suspended 
and driven in such a way that the sieves within it 
receive the gyratory motion that is given to a hand- 
sieve by a skilful workman. There are no brushes 
to clean the silk. Ten or twelve sieves are placed 
one above another ; the feed enters at the top, and 
descends from one sieve to the other until it has 
passed over them all. The flour, after being 
separated from each sieve, falls on to canvas fixed 
tightly underneath the silk, and is then, by the 
pendulum movement, conveyed to the sides, where 
it falls to the tray at the bottom. The overtails 
pass from sieve to sieve, until they reach the last. 
We notice that Mr. Carter again shows flour-milling 
machinery, after an interval of nearly ten years. 
Near by the Central Cyclone Company, Limited, 
of 9, Fenchurch - street, London, make a large 
display of pulverisers for producing absolutely 
impalpable products. 

A new system of rapid building construction is 
shown by Mr. E. L. Pease, of Hurworth Moor, 
Darlington. The leading feature of it is a tube of 
sheet-metal with a slit running down one side ; this 
is made of a strip of sheet iron of 18 to 24 wire 
gauge rolled up into a tube, with an open joint. 
It is, of course, quite easy to interlock such a tube 
with two others, and by again interlocking each of 
the two with more tubes, a wall or column can be 
built up. Such a wall has but little rigidity, but 
if all the tubes be filled with concrete or plaster, or 
if some of them be so filled, and a layer of plaster be 
laid on the inside of the wall, very considerable 
stiffness is attained. It is stated that very good 
floors can be thus formed of a row of tubes, inter- 


by | locked by a row of smaller diameter, the whole being 


filled and overlaid by cement concrete. 

This concludes our report of the Darlington Show. 
It has been somewhat curtailed by want of space, 
but more particularly by reason of the smallness of 
many of the alterations which manufacturers put 
forward as novel features. They may be, in some 
cases, of great practical utility, but it would be im- 
possible to show their true significance to our 
readers without detailed illustrations both of the 
new arrangements, and of the older ones which 
they replace. When we come to the minutie 
of mechanical appliances, words cease to be de- 
scriptive. It would be possible to describe 
several varieties of (say) reapers in exactly the 
same words, and yet there are differences upon 
which the respective makers lay great stress, 
and which are, doubtless, important. Two ma- 
chines may be very much alike, and yet one 
may be good and the other bad. Often nothing 
but experience will show the difference. Agricul- 
tural implements are the outcome of a thousand 
successive experiments. The heaven-sent mechanic 
who can devise, without experiment, a new machine 
that will meet all the difficulties that arise from 
varying crops, fluctuating climate, and, above all, 
the bad treatment of the farm labourer, has not 
yet appeared. Trial and error is the only system 
that leads to success, and often it is a very little 
matter that makes the difference between accom- 
plishing the result aimed at and missing it. 








EncGuisH Coat IN France.—In the course of last year 
194,815 tons of English coal passed over the Northern of 
France Railway, or 1.88 per cent. of the whole quantity of 
coal carried over the system during the 12 months, The 
corresponding proportion in 1893 was 216,345 tons, or 





2.16 per cent. 





COLLISION AT PERTH. 

_ Masor ADDISON reports that as an engine was shunt- 
ing back two passenger coaches, happily empty, on to 
three other coaches in the south dock of Perth joint 
passenger station on the 24th of last April, they became 
detached from the engine ‘and ran with some force into 
the standing coaches, injuring three passengers in them, 
and — rear van partly over the top of the buffer 
stops at the end of the dock. The shunter who was 
riding on the runawa —- jumped off as soon as he 
saw they had becomedetached. Theshunter had coupled 
these coaches on to the engine with the driver’s spare screw- 
coupling, and admits not having screwed it up, and Major 
Addison lays the blame for this accident or the shunter 
for his careless way of attaching the carriages, and adda 
that the station officials can scarcely have been ignorant 
of this, as the man alleges, his usual way of coupling up, 
and that they, therefore, should not have allowed it. 
There is a discrepancy between the evidence of this man 
and of others as to the position of the coupling after the 
accident, but the Government Inspector comes to the 
conclusion that the shunter’s statement is not correct. 
There is nothing to show that the driver set back his 
train too fast, but the inspector thinks that, probably 
owing to a slightly falling gradient, his speed may have 
been higher than he thought. In pushing back, no doubt, 
one end of the coupling, which was somewhat stiff and 
rigid, slipped over the hook. The train of which the two 
carriages formed a part, was run from Inverness by the 
driver’s coupling, which Major Addison characterises as 
not at all a desirable arrangement, as a coupling fixed at 
one end is evidently less likely to become detached than a 
coupling hung on hooks at both ends. ‘‘The driver's 
coupling should be regarded as a spare coupling, only for 
use on emergencies.” Since the accident the carriage 
brakes have been connected to the engine during shunting, 
thus adding materially to the safety of the operation. 
Certainly this should be done in all cases where coaches 
containing passsengers are concerned, and even where 
they are empty, if their becoming detached would involve 
a collision with other passenger vehicles, 





Exectric TRACTION: Erratum.—In the title of 
Fig. 210, on page 794, of our last issue, and on page 802 of 
the same number, first column, line 24 from the bottom, 
for ‘‘ cable” read ‘‘ trolley.” 


Tue CorintH CANAL.—The first annual report of the 
Corinth Canal Company shows that the income of the 
canal does not even cover the working expenses. The 
number of ships which passed through the canal in the 
first quarter of the current year was 503. Most of these 
vessels were Greek ships. The steamers of the English 
Prince line have hitherto used the canal, but they will 
not do £o in future, as the passage is considered too dan- 
gerous. The amount of capital sunk in the canal is about 
2,000, 0007. 





BELGIAN Biast-F' uRNAcES.—The number of furnaces in 
blast in Belgium at the commencement of May, 1895, was 
30, while there were 14 furnaces out of blast at the same 
date. The total of 30, representing the number of fur- 
naces in blast at the commencement of May, was made 
up as follows: Charleroi group, 12; Liége group, 12; 
Luxembourg, 6. The output of pig in Belgium in April 
was 81,375 tons, as compared with 75,000 tonsin April, 1894, 
The aggregate output in the first four months of this year 
was 304,175 tons, as compared with 285,500 tons in the 
corresponding period of 1894, 





H.M.S. * Powrrrut.”—A date has now been fixed for 
the launch of the first-class cruiser Powerful, which will 
take place at the yard of the Naval Construction and 
Armaments Company at Barrow, on the 24th of next 
month. The Powerful is a sister ship to the Terrible, 
recently launched from Messrs. Thomson’s yard at Glas- 
gow, and, like her, is to be fitted with the Belleville 

ilers. It is curious to note that the Terrible, the con- 
struction of which vessel was originally intended to be 
commenced much later than that of her sister ship, has 
in the end been the first to take the water. 





Tue Etecrric Licut at York.—On Tuesday the 
York City Council further considered a report of its 
electric lighting committee recommending the acceptance 
of a tender of the Electric Construction Company, of 
Wolverhampton, to supply the necessary plant and 
fittings for 10,865/., and an application to the Local 
Government Board for sanction to borrow 15,000/. for the 
purpose of lighting the city by electricity. The scheme 
proposed is known as the Oxford system. There were 
three other tenders, viz., Messrs. Siemens Brothers and 
Co., 10,3457. ; the Brush Electrical Engineering Company, 
8360/.; and Messrs. C. A. Parsons and Co., 10,266l. 
Alderman Wragge spoke against the motion on account 
of the costlinees of the scheme, and moved as an amend- 
ment that the tender of the Brush Company be accepted, 
with the provision for the working of the plant by them 
for a term of years, subject to a modification of the terms 
proposed. The amendment was negatived by 12 to 4. The 
amendment was, therefore, lost. Mr. Purnell moved 
that the tender of Messrs. C. A. Parsons and Co. be 
accepted. This second amendment was rejected, only 
six voting for and 13 against it. Further discussion 
ensued, after which Alderman Coning moved that the 
report of the electric lighting committee be referred back 
to the committee with instructions to ascertain from the 
four companies on what terms they would supply the 
requirements of the city, and work the plant for a term of 





years. This was agreed to. 
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TECHNICAL RESEARCH. 

EvERY engineer is engaged in technical research, 
sometimes at his own expense, but oftener at the 
expense of his clients. The more important and 
commanding his position the greater is the propor- 
tion of his work that lies outside the boundary of 
assured knowledge. The ordinary everyday pro- 
blemsin construction are confided to the journeymen 
of the craft, who, out of the records of their expe- 
rience, can generally find a fitting solution, or can 
even go one step in advance of what has been done 
before. But when not one, but many, stages have 
to be travelled into the unknown, there is needed 
something more than a general knowledge of the 
subject, and fair ability to reason by induction. 
Then it is that the real art of the engineer—an 
instinctive power in adapting the forces of nature to 
new ends—comes into play. If the matter be one 
dealing with machinery, it is generally possible to 
try small-scale experiments in regard to a few, if 
not all, of the points of issue, and thus to eliminate 
some of the doubtful points in the subject. But 
there are many matters that are submitted to 
engineers the difficulty of which arises mainly from 
their magnitude, and which have to be treated 
entirely from a new standpoint. Only full-sized 
experiments would be of use, and therefore the 
whole affair becomes a gigantic piece of research 
work, for which the promoters find the funds, 
and on which the engineer stands to gain or lose 
reputation. Generally he gains it. It is perfectly 
wonderful with what a large measure of success new 
and difficult work is accomplished, and how exceed- 
ingly few are the serious failures. The mishaps 
that do occur are mostly connected with details 
that could be studied on a small scale if the engineer 
had time and money to investigate them. But 
while promoters will risk tens of thousands of 
pounds on a project, it is practically impossible to 
get them to provide a few thousands to be spent 
solely in acquiring knowledge on points that are 
apparently of subsidiary importance. They con- 
sider that technical research is no part of their 
business, and they decline to spend money in 
increasing the general stock of knowledge, although 
the first-fruits would be reaped by themselves. 

Great advances in engineering practice wait more 
often upon details than upon principles. The con- 
ception of the compound marine engine is old 
enough, but it was not until a satisfactory surface con- 
denser was produced that it became commercially 
possible. As long as the boiler was fed direct from 
the sea, 30 lb. persquare inch was the limit of prac- 
ticable pressure, and compounding offered no ad- 
vantage under this condition. The surface con- 
denser, as now made, is a simple enough affair, yet 
it took many years to arrive at, because neither 
marine engineers nor shipowners were willing to 
spend the necessary money over a series of com- 
parative experiments. Occasionally a sanguine 
individual ventured to try one, and when he 
found it unsatisfactory he generally preferred 
to face the known loss of abandoning it rather 
than enter into a series of experiments to perfect 
it. The triple-expansion marine engine furnishes 
another example. Up to about 1881 there was 
scarcely an engine of this kind constructed, and 
after that date there were very few built of any 
other kind. The deterrent cause in this case was 
a misgiving as to the possibility of finding a satis- 
factory material for boilers carrying 160 1b. to 
180 lb. pressure, and complying with the require- 
ments of marine service. Shipowners held back 
from making experiments for the benefit of the 
For years they stuck to the compound 
engine, well knowing that a 20 per cent. economy 
was available, if only certain preliminary difficul- 
ties, by no means insuperable, could be overcome. 
But, naturally, no one was willing to pay for ex- 
perience that would be immediately public pro- 


perty. 





It is only under the protection of a patent that a 
manufacturer can afford to institute researches and 
pay the cost of experiments. It is a matter of com- 
mon knowledge that some subjects which it would 
be advantageous to the public to have pursued, 
are allowed to sleep because it is known to be im- 
possible to secure a broad patent for any improve- 
ments that may be devised in connection with them. 
In years past attempts have been made to discover 
the best methods of bringing certain processes or 
materials into practical use, and although success 
has not been attained, yet the way has been so far 
pointed out that it is hopeless to try and discover 
an entirely new means of attaining the end. The 
solution is a matter of degree rather than of 
principle, and as such does not lend itself to 
be secured under the provisions of the Patent 
Law. Superheating furnishes a case in point. 
It is generally believed that we are on the verge of 
a revival of superheating, and that it will be suc- 
cessful. But in years past there was a very deter- 
mined attempt to use superheated steam. Appa- 
ratus was fitted in a large number of instances, 
particularly on board ship, and after extended trial 
was abandoned for several reasons. First and fore- 
most, there was the difficulty of finding a lubricant 
that would not decompose under the influence of 
very hot steam. The introduction of mineral oils 
and vaseline has removed that source of failure 
without any effort on the part of mechanics. Then 
there was the chance of the superheater becoming 
incrusted with salt carried over from the boiler with 
priming water. But salt in boilers is, or should 
be, a thing of the past, now that evaporators are so 
common, and thus a second source of failure 
has disappeared. The other difficulties were 
chiefly mechanical, and individually were not 
serious. But, taken in the aggregate, they are 
fairly formidable, and it is certain that they will 
take some time and a liberal expenditure of money 
to entirely overcome. As our columns have shown, 
attempts are now being made on a practical scale 
to introduce superheating. The attitude of the pro- 
fession is one of expectancy ; the majority are wait- 
ing to appropriate the result of other people’s 
experiments, certain that nothing can be discovered 
that will furnish grounds for anything but a narrow 
patent. 

It would be possible to adduce examples in 
many other departments of engineering to show 
that science languishes and progress is delayed 
because our predecessors advanced far enough to 
demonstrate the principles on which we should 
act, and yet fell short of attaining a commercial 
success. The last step, which they failed to take, 
often from not having the requisite material avail 
able, is capable of many solutions, and, therefore, 
seldom can be made the subject of a paying patent. 
A man may devise half a dozen means of attaining 
the end, and may fancy that he has closed every 
avenue to his competitors ; but no sooner has he 
published his plans than alternative methods, of 
which he never dreamed, start forth like the ghosts 
at Macbeth’s banquet. The man of business 
acumen waits and lets other people make his ex- 
periments for him, relying on his commercial ability 
to secure a fair share of the results, even if he be a 
little late in getting a start. 

There is, however, one class of men who find it 
to their interest to make experiments without 
the hope of direct gain, We refer to professors in 
technical colleges. They are very favourably cir- 
cumstanced for making researches, in that a large 
amount of apparatus is at their disposal, and that 
they have, to some extent at least, the command of 
funds for the purpose. Further, they generally 
have a considerable amount of leisure in the session, 
while the vacations are far in excess of what is 
necessary for physical and mental recuperation. 
They actually get more holiday than the school 
usher, who has not only to instruct his pupils, but 
who has also to undertake the formation of their 
characters and to join in their games. From morn 
till night, Sunday and weekday, the unfortunate 
assistant schoolmaster is boy-ridden. He eats with 
him, he walks with him, he plays with him, and often 
he sleeps with him, In spite of three intervals of 
rest per year, he grows narrow and petty, and his 
society is avoided by men of the world. But the 
professor is not subject to such contracting influ- 
ences. He has his lectures to —— and de- 
liver, and then he is free. If he is to be something 
more than an animated text-book—a retailer of 
other men’s ideas—he must experiment to furnish 
himself with original matter, or at any rate with 
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novel illustrations. Further, if he have ambitions 
beyond the teaching of youths, he must provide for 
a larger audience than that contained in his 
class-room. We once heard a civil servant say, 
‘“‘The way to make a reputation in the office 
is to make a reputation outside it,” and that 
is true of others than those that work for 
the Crown. The engineering professor, until he 
has made himself a name by original work, is like a 
figure set up in a fair for every clown, who has 
learned to chip and file, to have his fling at. He is 
a mark for the cheap gibe of the man who has never 
attempted enough to find the depths of his own 
ignorance. If he would meet the world with a 
smiling face, untouched by such petty annoyances, 
he must be sustained by the esteem of the profession. 
The only way to earn this is by practical work, either 
in the way of construction or of research. The 
former avenue is often closed, and even if it be open, 
it is difficult of entrance to a man who has a perma- 
nent engagement which cannot be set aside at 
will. But at research the professor is on his 
native heath, and the profession is deep in his debt 
for much valuable information that has been 
evolved by a great expenditure of time and thought. 
Possibly all of it is not immediately applicable in 
daily life, but that which cannot be used to-day, 
will be available at some future time, as the scope 
of our knowledge increases. If the total amount of 
engineering data that has been evolved in scientific 
colleges and schools could be separated from that 
obtained from other sources, and presented to 
us in bulk, we should be amazed to find how great 
and wide-spreading it is. 

The powers of the technical laboratory are, 
however, distinctly limited. Full-sized experiments 
are beyond its scope. If no other consideration 
intervenes, there is always expense to be considered. 
In spite of the constantly rising fees charged for 
tuition, educational establishments share in a 
marked degree in that ‘‘ eternal want of pence” that 
troubles the greater part of humanity. The avail- 
able funds have to be spread over the largest pos- 
sible area, like boarding-school butter. Investiga- 
tions on a really large scale can, therefore, not be 
attempted. There is very little chance of getting 
these done elsewhere in a systematic manner if, as 
we have already pointed out, the results cannot be 
secured to the experimenter under the patent laws. 
One notable exception, however, is found in this 
country to this rule. We refer to the researches 
undertaken by the Institution of Mechanical En- 
gineers. On these there have been spent hundreds 
-—possibly thousands—of pounds, and the results 
have been freely given to the world. The re- 
searches made by the Institution on riveting, on 
friction, on steam engine economy, and on alloys, 
are splendid monuments of the large-minded- 
ness of the Council. We know that certain Con- 
tinental societies have carried out similar inquiries, 
but not, we believe, with the same completeness. 
It is doubtful if any private person could obtain 
similar results, since, were his purse ever so deep, 
he would not be able to command the harmonious 
and zealous assistance of a number of men of equal 
ability to those serving on the research committees. 
He could not offer them such an honourable posi- 
tion as that of being the chosen representatives of 
a large and influential professional body. He 
would be obliged to content himself with the ser- 
vices of one man of the first rank, assisted by 
others of less eminence. 

It is strange that such a splendid example should 
be almost solitary. There is ample scope for other 
societies to undertake work of this kind without 
incurring the reproach of being imitators, or of 
trenching on each other’s territory. Next to the 
necessary work of holding meetings and publish- 
ing their Transactions, there is no purpose, to 
which their funds could be applied, so directly 
valuable to their members, and so remunerative 
to the profession. It is not necessary that 
a scientific body should have great accumulated 
resources. It is prudent, of course, to have some- 
thing in hand to tide over a few years of bad trade, 
but that is quite a different matter to accumulat- 
ing a vast estate. Engineers are not usually men 
with a long tale of ancestors, whose memory bids 
their descendants repay the benefits they inherit 
by making an ample provision for posterity. On 
the contrary, they have usually made their own way 
in the world, and are but little indebted to their 
forefathers. It is contrary to their instincts to 


make elaborate provision for those that will come 
If the next generation cannot main- 


after. 





institution for themselves in average 
times, they are not likely to derive much 
benefit from one existing on endowments. If 
a father have but a moderate sum to bestow 
on his family, it is far better that he should 
spend it in setting them up in life with all the ad- 
vantages of education, rather than he should leave 
them in comparative ignorance with a limited for- 
tune which is less than a competence. 

On all sides we hear the cry for technical educa- 
tion. Butif it be good for the youth to have know- 
ledge gathered up for him, and carefully tabulated 
and codified, surely it is also advantageous for the 
grown man to have the knotty points of science 
unravelled for him, so that he may lay out 
his clients’ money with advantage. Economists 
tells us that cheapening of production in- 
creases demand, and this does not apply only to 
manufactured goods. Scores of pieces of engi- 
neering construction are left unattempted because 
it is known that the cost so often exceeds the 
estimate. The reason is that the engineer has not 
the necessary data to guide him, and has largely 
to guess at his figures. The capitalist naturally 
declines to pay for the necessary research, since it 
is not his business to instruct the profession he em- 
ploys; the private engineer has neither the time 
nor the money to undertake it; the professor finds 
the means at his command inadequate for the task. 
And so matters stand still, waiting till the investing 
public forget the smart of their last loss, and gather 
confidence for another plunge. In the meantime the 
average technical society reads papers, distributes 
its sessional volumes, and congratulates its mem- 
bers on their wealth. It is a pity it does not do 
something to enable them to increase their indivi- 
dual incomes, by enabling them to furnish positive 
categorical assurances to their clients as to the 
efficiency of their designs and the reliability of their 
estimates. 

It is easy, we know, to raise a host of objections 
to research work being undertaken by societies. It 
may be suggested that some departments of the 
profession will be aided and others will be neg- 
lected ; that the council will consider the needs of 
their own practices and neglect those of the rank 
and file ; that reputations will be created at the 
general expense, and so on. It is so much easier 
and so much pleasanter to find objections than to 
undertake the work. But the fact remains that 
the Institution of Mechanical Engineers has now 
pursued its experiments for years, on a very exten- 
sive and liberal scale, and that no complaints have 
been made. A large amount of most valuable 
information has been gained, and there is the 
prospect that more will be added. But, we ask, 
why should it be left to one society to furnish 
funds and time and labour for the entire profes- 
sion? The possibility and success of these re- 
searches have been demonstrated, and it is time 
that other bodies undertook them as well. 


tain an 





INDIAN RAILWAY DEVELOPMENT. 


Few people interested in India fail to recognise 
the great advantage to be derived from extensive 
railway development. A Parliamentary Commission 
in 1884, after careful inquiry, were satisfied of the 
need of 60,000 miles of railway if the resources of 
the country were to be developed ; but there are 
only 18,458 miles in existence. The Director- 
General of Railways has scheduled 45 different 
schemes, aggregating 6168 miles of railway, which 
have been, or are being, surveyed ; and be it remem- 
bered this survey is only undertaken after the 
department has been eatisfied that there is in 
existence suflicient traffic along parallel highways to 
justify prospects of success. Therein we have 
official recognition of need. The difficulty is 
financial, and recently, it will be remembered, the 
Government offered certain concessions with the 
view of encouraging private enterprise. These in- 
cluded free use of land, the provisionof rolling stock, 
and the maintenance and working of the new lines at 
favourable rates by the main line administration ; 
the free use of surveys, &c., made at State expense ; 
the carriage of stores and materials over State lines 
at favourable rates ; and the grant of limited rebate 
from the main line earnings towards insuring the 
proprietors of the new linesa dividend of 4 per cent. 
per annum on the approved capital expenditure. 
Authority, too, was given to charge to capital account 
such sum as will suffice to pay interest at 4 per 
cent. during construction on the paid-up capital. 








But the result has not been very satisfactory, and 
Mr. J. W. Parry, a former executive engineer on 
the Indian States Railway, in a lecture at the 
Society of Arts recently, sought to demonstrate the 
reason, and urged that Government must guarantee 
interest at 34 per cent. during construction of all 
lines, and 34 per cent. for a period of years accord- 
ing to the prospects of successful working. He 
goes further, and propounds a loan scheme, extend- 
ing over 20 years. By the expenditure of two 
millions sterling annually, borrowed at 34 per cent., 
the 20 years would find 10,000 miles of railway 
added, at an average cost of 40001. per mile. 

We have never failed in our advocacy of railway 
extension, and would greet such a scheme with 
great satisfaction ; but, unfortunately, there are 
details. Along with Mr. Parry we are satisfied as 
to the possibility of raising the money on Govern- 
ment guarantee, for, as he suggests, there is a 
willingness to send gold to Turkey, Spain, and the 
most unstable of South American Republics, where 
the prospects of return are not so good as with 
India. India has never displayed that facility in 
renouncing debt or passing dividends which is the 
case with some countries, and there is little chance, 
so long as British statesmen are in charge of her 
affairs, of her following such practices. Therefore 
one must conscientiously face the problem as to 
meeting the call for interest. ‘‘ The only excuse for 
not prosecuting railways with vigour is that the 
finances of India will not admit of a guarantee keing 
given, that Indiais taxed tothe utmost, and cannot 
be taxed further.” Thus Mr. Parry, and then he 
adds that he has his doubts as to the accuracy of 
this view of over-taxation. However, he does not 
justify his doubts by facts, which is the more 
regrettable as he has spent such a long time in 
India. That being so, one must accept the sub- 
stantiatory views of responsible statesmen, who 
face the vigorous protest of Lancashire, and, what 
perhaps is more to the politisian, the probable 
resentful sequence in the polling booth, rather 
than add to the tax burdens of India. It is asked, 
‘*Supposing India were suddenly plunged in war, 
would not; money have to be forthcoming rome- 
how?” Certainly; but the cases are entirely 
different, especially as it will never be a war of 
India’s own seeking. A man will forego many 
necessities of life to oppose invasion by an enemy. 

The details of the scheme, although only sug- 
gested as possible solutions by Mr. Parry, accen- 
tuate the difficulties. He would have taxes on 
Indian cigars, tobacco, gold and silver jewellery, 
Cashmir shawls, and other luxuries ; upon carpets, 
khinkabs, &c., from Persia and Herat, upon all 
Russian goods, and an export tax ontea. He would 
increase the tax on Manchester piece goods, would 
increase the manufacture of opium, and exact a 
betterment tax—5 per cent—on the increased value 
of land, &c., within 15 miles on each side of the 
new lines. Although the Opium Commission’s 
report does not condemn the manufacture of opium, 
public opinion mightnot readily agree to any move- 
ment for its increase. Indians, too, would resent 
any increase to their direct burdens, failing too 
often to recognise themselves that the locomotive 
is so much superior to the pack horse, so that this 
heroic scheme does not provide satisfactory details. 
We do not object to a loan ; it is right that posterity 
should assist, as it must chiefly profit, but by exact- 
ing too great a tax from the individual the buoyancy 
of the whole State may be paralysed. 

We hope for more from the judicious, as well as 
vigorous, prosecution of lines which promise an 
early return, and therefore find greater satisfaction 
in the record of those 2705 miles which Mr. Parry 
gives as offering prospect of at once or soon paying 
a reasonable return ; and if the author of the paper 
had confined himself to urging the guaranteeing of 
33 per cent. to those lines for a short period of years 
with the view of inducing companies to undertake 
their construction, he would have done quite a 
satisfactory service without propounding his loan 
scheme. Many of those lines have already a raison 
d’étre, but it is suggested by the author that as they 
would shorten existing routes by Government lines, 
and thus enter into competition with them, the 
Government adopt a ‘‘dog-in-the-manger” policy 
by refusing to give the concession for construction 
to a company, notwithstanding the prospect not 
only of through but also of local traffic sufticient to 
make the lines pay. No attitude, either of indi- 
vidual or Government, is more to be reprobated, 
but we question if this idea is well founded. 
Amongst these lines are several to which we referred 
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in October last* in urging railway development in 
India. 

The Wazirabad-Multan Railway, 200 miles long, 
would cut off the detour by Lahore and shorten the 
run from Peshawur to Karachi, and be, moreover, 
through soil which is virgin, and on which bumper 
crops have during the past two years been raised 
only to rot owing to the want of transport. It com- 
petes with the North-Western Railway because it 
shortens the route, but nevertheless part of the line 
is undertaken in this year’s Government pro- 
gramme.t Similarly south of Lahore a detour 
would be saved by making the Delhi-Minchinabad- 
Bawalpur line, 400 miles, as well as the Rohri- 
Kotri line of 206 miles, which the Government 
have decided to proceed with forthwith. The lines 
are “‘through grand grain districts” where irri- 
gation canals have been made. For the Delhi line 
proposals have been made by private enterprise to 
construct the line, and as the Government are 
making the other section, there is some prospect of 
these offers being accepted, unless the Government 
propose to carry out the work themselves. Then 
there is the Rai-Bareli-Benares line, 139 miles long, 
through a district thickly populated, with 440 
capita per square mile, and cultivated with cereals, 
and at parts with opium. Here the competition 
might be with the Oudh and Rohilkhand Railway. 
With the view of shortening the run from the Delhi 
grain district to Bombay, the Rutlam-Muttra and 
Rutlam-Ujain lines have often been spoken of, the 
length being 400 miles and 52 miles respectively. 
These two the author declares the Government 
are willing to give out to companies, and he be- 
lieves that they would pay from the day of open- 
ing, as there is sure to be an extensive through 
traffic and a considerable local traffic. There is 
therefore very little reason for the doubt as to the 
sincerity of the Government even where their own 
lines are opposed. The projected lines mentioned, 
extending to some 1400 miles, and costing from 
30001. to 40001. per mile, are classed as first-class 
securities, and it is thought that the guarantee by 
the Government need not be beyond five years 
after construction. If this be so, and the returns 
in the archives at the Director of Railways should 
clear the point, then every effort should be made to 
get the railways constructed by private companies, 
if the Government themselves do not intend to 
undertake the work. 

The author also discussed railways extending to 
some 700 miles which he regards as second-class in- 
vestments, and for which he seeks a guarantee of 33 
per cent. interest for from five to ten years ; but 
into the details of these it is not necessary to go 
here. Some of them were decided upon as part of 
this year’s programme. As we have said, we favour 
a vigorous railway policy in India, with reasonable 
assistance to private companies, but any great 
increase on the burden of the people would involve 
discontent. Mr. Parry, undoubtedly, has done 
service in giving details of the prospects in several 
cases, gleaned in some instances by personal investi- 
gation. Such information must ever be serviceable, 
and his suggestion to the Director-General might 
well be adopted—that it should be publicly stated 
concisely what the probable traftic in each projected 
scheme would be. This information is ofticially 
ascertained by a deputy-commissioner, who, when 
the idea of a railway is mooted, is sent to make 
reports as to the traffic in that part, the number 
of carts, pack animals, and people who move 
about, the pilgrimages, melas, markets, and other 
gatherings. The Commissioner, in transmitting 
the report of his deputy, adds his quota ; when 
the document reaches the Local Government, or 
Administration, the Public Works Secretary has 
his say ; and when the report reaches the Govern- 
ment Office it is finally referred to the Director- 
General of Railways for his opinion. —f sufficient 
reasons have been given, a railway survey is 
ordered, so that for every survey there are valuable 
data, and probably constructors might be encouraged 
by the publication of such records. 








THE MAOHINERY OF THE AMERICAN 
LINER “ST. LOUIS.” 
(Concluded from page 801.) 
In supplement to our article last week describing 
the main engines of the new American liner St. 
Louis, we may give some general description of 





* See ENGINEERING, vol. lviii , page 457, 
t+ Page 53 ante. 


the auxiliary machinery throughout the vessel, and 
first reference may be made to the electric machi- 
nery. It is by the Electro-Dynamic Company, of 
Philadelphia. There are four dynamos, each coupled 
direct to high-pressure engines, with two cylinders 
12 in. in diameter by 10 in. stroke, and with a 
piston valve common to both cylinders. They 
are four-pole machines, with compound-wound 
Gramme-ring armatures, each giving 360 amperes 
and 112 volis at 470 revolutions, and running 700 
lights. Any of the machines may be used for 
any circuit. The ship is wired on the double-wire 
system, and one feature is that the connections 
are all in water-tight cases, while the. distribu- 
tion boxes are all water-tight, having three com- 
partments, for fuse, switching, and binding, the 
fuse-box only having a glass front. The circuit is 
subdivided into four sections, any or all of which 
may be worked separately. The lights are 16 
candle-power, and, for cargo purposes, six are 
grouped in a bell-shaped reflector, the con- 
nection to the mains being by a socket pipe in an 
indiarubber covered casing. There are several 
motors for driving Sturtevant fans for ventilating 
the passenger decks, including two 9 horse-power, 
two 7 horse-power, and four 5 horse-power ma- 
chines. The motors are of the two-pole, Gramme- 
ring type, and in addition there are two 10 
horse-power and one 5 horse-power motors for 
the retrigerating plant for the ship’s stores. They 
are of the same type as the other motors, but are 
series wound to admit of greater variation in the 
speed. The fan motors are shunt wound. There 
is also a motor for driving the pumps for the organ, 
placed in the gable of the arched well of the dining 
salon, The motor, &c., is placed between the 
inner casing of the dome and the outer and much 
stronger casing. Electricity is also used for a 
‘* tell-tale’’ at the navigating bridge and in the 
chief engineer’s room, to indicate the revolving 
speed of the engines. Acceleration in speed of the 
shaft increases the current passed to the tell-tale, 
and thus operates the indicator. The movements 
of the rudder are similarly recorded. To the 
rudder-head is a pointer which is moved over a 
contact plate, completing a circuit at each point, 
and thus indicating the movement of the rudder on 
the dial at the captain’s bridge. 

For ventilating the compartments where pas- 
senger cabins are situated, there are four stations, 
each with two fans, one for exhausting and the 
other for supplying air. These fans are driven by 
electric motors, as already stated. The exhaust 
trunks are carried to each state-room, while the 
supply fans discharge into the corridors and pas- 
sages, to pass thence through the jalousies of the 
doors. The fans, asa rule, are 5 ft. in diameter, 
and may run to 470 revolutions. The air supplied 
may, in winter weather, be passed through a casing 
with a large series of steam pipes supplied direct 
from the boiler. There is a valve by which the 
amount of steam may be varied to suit any tem- 
perature of air desired. The radiator pipes are in 
five sections, each controlled bya valve. There is, 
however, no corresponding means of cooling the air. 
Possibly were some method adopted, greater suc- 
cess would attend the ventilation, especially in 
calm summer weather. Such a cooling process 
has been introduced in other vessels. 

The steering of the ship is by gearing which 
in general arrangement is somewhat similar to that 
first introduced, if we mistake not, by Brown, of 
Edinburgh, and now much used in large British 
mercantile and Navy ships. The gear in the St. 
Louis was constructed by Messrs. Williamson, 
Philadelphia, and is actuated by Brown’s telemotor. 
There is a right and left handed screw, 8 in. in 
diameter and 10 ft. long, on which ruu two 
nuts, from which are connecting-rods to the cross- 
head on the rudder. The nuts are made in 
halves, so that should it be required they may be 
quickly removed. The revolving of the screw 
thus operates the nuts, and through the nuts the 
rudder. The engine for this purpose is horizontal, 
of the high-pressure type, with two cylinders 
14 in. in diameter by 12 in. stroke. The piston 
valve is operated direct by Brown’s hydraulic 
telemotor, or by shafting from the deck above, 
through bellcrank levers. The crankshaft of the 
engine works gearing which is of brass with V- 
teeth made in halves, to admit of machine cutting, 
and thoroughly pinned together. Buffer springs 
are used to arrest the motion when the rudder is 
put hard over, and when released aid in bringing it 








back to amidships. Clutches throw the steam engine 


out or into gear, and similarly three handwheelsmay, 
when required, be geared up to the right and left 
handed screw. Moreover, there is a tiller on the 
rudder-head, standing out above the right and left 
handed screw ; by this the ship may be steered 
either by the interposition of the steam engine or 
hand gear, through wire ropes winding round a 
series of pulleys, and made fast to the end of the 
tiller. A friction strap is provided to a horizontal 
pulley on the rudder-head to take up the strain 
of the rudder while any change in the gearing is 
being made. The gearing, which is fitted with 
electric tell-tale as already described, is of massive 
design, and should stand much wear. 

The vessel is fitted with the Hyde windlass in the 
forecastle, and there are two power and two speed 
capstans forward, and one power and two speed 
capstans aft on the poop, all of the same design, 
and supplied from the Bath Iron Works. This design 
of capstan and windlass we fully illustrated recently 
(vol. lv., page 702), so that it is only necessary 
here to state that the cylinders of the windlass are 
vertical, each 12 in. diameter by 10 in. stroke, with 
slide valves. The capstan engines are also vertical 
and not inverted, and the gearing is so arranged 
that either engine can drive windlass or capstans. 
The chain, it may be said, is 2? in., the largest yet 
made in the States, but } in. smaller than the Cam- 
pania’s. There are seven anchors, the weights being 
105 cwt., 104 cwt., 79 cwt., 78 cwt., 39 cwt., 
18 cwt., and 10cwt. They are of the Hall and Trot- 
man construction. The vessel will carry about 1500 
tons of cargo, and there are six hatches, for which 
five winches have been supplied. These are of the 
Williamson type, with horizontal engines, the cy- 
linders being 8 in. by 10 in., with a 24-in. drum. 
On the boat deck there is a boat hoist with long 
shafts and double drum on either side. There are 
16 ordinary boats, besides a number of collapsible 
boats and 16 rafts. 

There are two refrigerating installations, one 
amidships in connection with the stores for ship’s 
use, and one in the forecastle for cargo hold. Both 
are on the Kilbourn system, which has been fre- 
quently illustrated in ENGINgERING, so that itis not 
necessary to refer to details here. From the cold 
store there is an electric elevator. Part of the 
drum shaft is threaded for carrying a nut, which at 
the end of its travel releases the switch connection 
when the elevator has reached top or bottom. The 
connection is made by the half turning of a wheel 
on which the switch is mounted, until the switch is 
brought in contact with the gearing. 





THAMES BRIDGES.—No. XVI. 
25.—RicumMonp WEIR BrRIpGe. 


THE recent construction of a weir and lock at 
Richmond has brought the tidal limit of the Thames 
under control, 34 miles nearer London Bridge than 
it was when the lock and weir at Teddington marked 
the division between the upper and the lower 
Thames. When this lock was built, the réyime of 
the river was very different from that of the past 
few years. The tidal flow at Teddington, although 
always insignificant, was at least sufficient, so long 
as the wide piers of old London Bridge and its 
narrow arches, acted as a dam to check the seaward 
flow of the stream. With its removal, however, 
and the reconstruction of modern bridges in place 
of some of the ancient timber structures that im- 
peded the current, the conditions became much 
altered, and the change was assisted by the constant 
and extensive dredging carried on by the Thames 
Conservators to maintain and improve the navigable 
channels. As a natural consequence of these im- 
provements, the tide flowed upwards to Teddington 
far more rapidly than of old; the river ted became 
quickly filled, but the ebb followed the flood 
period after a very short interval, so that there was 
but little slack water, and the tide, unchecked to 
apy serious extent by the piers of the bridges down 
stream, receded almost as fast as it had flowed, 
leaving at low water only a very narrow and unin- 
viting channel between the broad flats of mud on 
either side. For many years this condition ruled 
below Richmond, and the beauty of the Thames in 
those famous reaches had departed, except, of 
course, for a brief period, at or near high water. 
The inconvenience and disfigurement were long 
resented by the neighbourhoods of Richmond and 
Twickenham, and a combination was made with the 
objectof reforming therégime of theriver. Theaction 








was opposed by the riverside interests lower down, 
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and fora long while the efforts to obtain sanction for 
the construction of a weir and lock at Richmond 
were unsuccessful. At last, however, the Act was 
obtained, and the works were commenced in 1892. 
The illustration on the opposite page gives an ex- 
cellent idea of the bridge that has been erected asa 
part of the plan, but some detailed description is 
necessary for conveying aclear notion of the manner 
in which the reach between Teddington and Rich- 
mond has been converted into a tidal, or a non-tidal, 
part of the river, at will. The bridge is a handsome 
structure of five arches, including two narrow 
spans on the Surrey and Middlesex shores, be- 
neath which is a lock, and a boat pass, respectively ; 
these spans are each 50 ft. in width, and the 
three river spans are 66 ft. The distance between 
the outer parapets of the bridge platforms is 
nearly 40 ft.; there are two of these platforms, 
for foot passengers only ; they are about 9 ft. wide, 
and have a high ornamental parapet on each side. 
It will be seen that by this arrangement there is a 
clear space left between the two parapets on the 
inside of the footpaths of about 16 ft; this is 
shown in the illustration of the bridge. Each 
of the two footways is carried on two steel girders 
and arched ribs, the space between them being 
filled with cast-iron spandrils of the pattern shown 
in the illustration; each pair of ribs is braced 
together by transverse bracing, and the pathway 
is carried on iron joists. The piers are of masonry 
founded on cylinders, and channels are formed in 
them for their entire height and for the width 
between the two footpaths. Within these channels 
are placed the guides for the sluices that occupy 
the whole width of the waterway. The sluices 
are on the Stoney system, and are so arranged that 
they can be raised or lowered by means of winding 
machinery installed on the level of the platforms. 
A masonry sill is constructed along the whole 
length of the waterway between the arches, and 
the lower edge of the sluices take their bearing 
against this sill when the former are lowered. The 
guides and hoisting machinery are so arranged that 
as the sluices are raised they assume a horizontal 
position and lie out of use, between the foot-bridges. 
When being lowered they are shifted automatically 
into a vertical position, and then retain the water 
above the bridge to the required height. The 
natural flow of the river—that is to say, the amount 
of water coming down from ‘‘ up-country ”--is pro- 
vided for by allowing it to pass beneath the sluices, 
instead of over the top as in the case of an ordinary 
fixed weir. As the volume of water flowing to the 
sea varies with the seasons, and with the rainfall, 
the height the sluices are raised from the bottom 
has to be altered. During the past winter, when 
some heavy floods were experienced, the sluices 
were not lowered at all for a considerable period. 
When the bottom of the sluice is bearing against 
the sill, the upper edge stands about midway 
between high and low water levels. 

It will readily be seen that by this arrangement 
there is no permanent obstruction to navigation or 
the flow of the river at high tide and for some time 
before and after; in fact, as long as the depth of 
water is useful for navigation, the conditions are 
the same as they were before the construction of 
the weir. It is only when the tide has fallen 
beyond a certain amount and it becomes desirable 
to impound the water in the upper reach, that the 
sluices are lowered from their higher horizontal 
position, and act as a dam which maintains a sufli- 
cient depth of water above the bridge. The illus- 
tration indicates the positions occupied by the hoists 
on the platform level and also the appearance of the 
sluices when in place ; these sluices are wrought-iron 
framed structures strengthened with arched trusses. 
Of course when the sluices are down, navigation 
through the bridge is suspended, and to provide 
accommodation for the large and small craft that 
cannot wait for the tide, the barge lock on the 
Surrey side, and the roller path for small boats 
on the Middlesex side, are provided. The former 
of these is 250 ft. long and 37 ft. wide for the 
greater part of its length, the entrances being 
reduced to a width of 26 ft. The distance of 50 ft. 
spanned by the land arch on the Middlesex shore 
is occupied by platforms and three roller paths to 
accommodate rowing boats. It is to be regretted 
that the Thames Conservancy did not provide some 
accommodation for the steam launch traffic, which 
is always heavy in the summer ; such boats are 
obliged to make use of the larger lock, which is a 
somewhat slow and inconvenient method. The 
engineer of this interesting work was Mr. James 
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More, acting for the Thames Conservancy. It 
may be added that a toll is charged for foot pas- 
sengers crossing the bridge, as well as for boats 
making use of the lock and ruller paths. 


26.—Tue RicumMonp Brivck or THE LONDON 
AND SouTH-WEsTERN Rar.way. 

Following the weir bridge just described, comes 
the Richmond railway bridge of the London and 
South-Western Railway. As this, and that be- 
longing to the same company at Kingston, are 
almost identical in design, we propose to defer our 
notice of them for the present, as a description of 
one, except for a few variations in detail and 
dimensions, will apply to both. 





NOTES. 
THE OPENING OF THE INTERNATIONAL RaILway 
ConGRESS. 

Tue fifth International Railway Congress was 
opened at the Imperial Institute on Wednesday by 
its Honorary President the Prince of Wales, in the 
felicitous language which we have come to expect 
as a matter of course from His Royal Highness on 
such occasions. He stated that he fulilled the 
duty in three capacities—in the first place, as re- 
presenting Her Majesty, who took the greatest 
interest in the discussion of matters so closely 
affecting the welfare of her dominions ; seccndly, 
on his own account, he was glad of the opportunity 
of expressing his deep appreciation of the 
courtesy and facilities afforded to him by the 
railway authorities both at home and abroad ; and, 
finally, as the spokesman of great railway companies 
of this country, who had asked him to undertake 
the taek. After referring to the fact that the first 
railway was opened between Darlington and 
Stockton nearly 70 years ago, and to the tragic 
death of Mr. Huskisson on the occasion of the 
opening of the yo eee and Manchester line in 
1830, His Royal Highness proceeded to say that 
though we could not, perhaps, in this country vie 
with the beauty of Italy, the gaiety of Paris, where 
the previous Congress had been held, or with the 
magnificent reception accorded to its representa- 
tives at St. Petersburg in 1892, we could nevertheless 
show, in Manchester, Liverpool, Cardiff, and Crewe, 
great centres of industry, whence, perhaps, the 
delegates might gain some useful information. 
In conclusion, he once more welcomed the members 
on behalf of Her Majesty, the railway companies, 
and himself, and expressed the earnest hope that 
the Congress might be the means not only of extend- 
ing scientific and technical knowledge, but of found- 
ing also many pleasant and enduring ponies 
which would be valued in years to come. : 
Dubois, Administrateur des Chemins de Fer de 
l’Etat Belge, replied on behalf of the foreign dele- 
gates, and was followed by Mr. Bryce, who said 
that whoever might occupy the post of President of 
the Board of Trade would, he could assure them, 
do his best to make their visit p'easant and profit- 
able. The great trunk lines of this country, he re- 
marked, represented the expenditure of about 1000 
millions sterling, which was one-sixth of the total 
railway capital of the world. The number of pas- 
sengers carried per annum was 900 millions, and of 
goods some 325 million tons. The railway servants 
numbered 400,000. The total mileage was, how- 
ever, only 21,000 in the United Kingdom, though 
in the whole empire there were 70,000 miles of line. 
The total mileage of the world was about 400,000, 
about half of this being in the United States. A 
reception was held in the evening at the Foreign 
Office by Mr. and Mrs. Bryce, and was very 
numerously attended. 


RELAYING THE GREAT WESTERN RaAILway AND 
Ropcers’ BaLiastinG System. 

Following upon the adoption of the standard 
gauge, in substitution for the 7-ft. gauge originally 
laid down by Brunel, the Grea: Western Railway 
Company decided to support the rails on transverse 
sleepers instead of on the longitudinal sleepers 
used in the case of the broad gauge. This, of 
course, has had to be undertaken on Sundays, as it 
was necessary to lift the permanent way in the pro- 


cess. Rodgers’ ballasting cars have been adopted, | P 


and, as we shall presently show, greatly expedited 
matters. The new rails are 32 ft. long—the London 
and North-Western, by the way, are using 60-ft. 
rails. The weight of the broad-gauge rails of 
bridge type was 68 Ib. to the yard, of the new 
standard gauge 921b., and the chairs are about 
47 lb. The latter have notches in the base to 
engage in grooves on the sleeper to minimise spread- 





ing. The sleepers are spaced 2 ft. 2in. apart at the 
joints, and for the remainder of the length are 
equally divided. The old permanent way is raised, 
and the new laid de novo instead of being built on 
the 6-ft. way and slewed over. This, it is con- 
sidered, gives a better permanent way. On a 
Sunday, working for nine hours, 14 miles is usually 
relaid, every key and fishbolt in and tightened, and 
the ballast shovel-packed. As arule, 90 men are 
engaged on each mile, and the way is made ready for 
trainsgoing 15 miles an hour. Nextday, ofcourse, the 
ballasting is packed with picks. The ballasting has 
all been done by Rodgers’ cars, and a large number 
of railway engineers went down beyond Bath on 
Friday last to see the process, which was fully ex- 
plained by Mr. Alexander W. Moore, divisional 
engineer of the Bristol section. The same system 
is adopted by the Glasgow and South-Western Com- 
pany (see ENGINEERING, vol. liii., page 270), and is 
extensively in use in America (ENGINEERING, vol. 
lvi., pages 296 and 297) and in Australia. We have, 
on both occasions, illustrated the system, so that it 
need only here be said that the ballasting train is 
made up of 16 hopper wagons, V-shaped in section, 
built up of 2-in. plates with angles, on a frame 
constructed of channels. The Great Western 
Company, having paid a royalty of 30s. per mile of 
railway, construct their own wagons, and have 
introduced one or two changes in detail. They 
have two cross-stays inside—round iron 2} in. in 
diameter—instead of three 7 in. by 1 in., and the 
rivets inside are countersunk. The hopper door is 
on one side, and the pins are arranged so that the 
opening may be Din., 7 in., 9 in., or 11 in., accord- 
ing to the amount of ballast to be deposited as the 
train moves along the line. Speed of train also 
varies the amount dropped. The wheel base of a 
ballast plough is 10 ft., and of a hopper 6 ft. 5 in. 
The tare is 5 tons 12 cwt., the load 6} cubic yards, 
or 12 tons. The brake van is fitted with a plough, 
the shares extending over the rai], over which the 
share is specially stiffened. The plough ordinarily 
has a clearance of 16 in., and is screwed down from 
the van floor close upon the rail, and near to the 
sleeper level. The pressure of the plough is taken 
up partly by a guiding shaft at the front end, and 
partly by heavy triangular brackets on the back 
guides. These brackets are of angles welded at the 
joints. There are spare shafts for raising the 
plough should the screw gear give way. It is, of 
course, locked up for ordinary running. The bal- 
lasting train on Friday travelled over the rails being 
ballasted at 2 miles an hour, and deposited its load 
of about 100 cubic yards of slag, from Pontypool, 
uniformly over a length of about 15 chains in 
6} minutes. Usually four trains are sufficient for 
1 mile. There is the further advantage that the 
ballasting train under the system does not delay the 
traffic, even on the busiest line. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 19, 1895. 

THERE has been a radical change in the American 
iron trade. The reaction is general, and is felt in all 
sections of the country. The three great pig-iron pro- 
ducers in the Southern States, controlling 90 per cent. 
of the production there, have formed a combination for 
selling iron, and have advanced prices 50 cents per 
ton, making an advance of | dol. 50 cents within two 
months. he weekly production is 157,000 tons. 
Several Southern, Pennsylvania, and Western furnaces 
are about being blown in, and the producing capacity 
will be expanded 10,000 tons per week as rapidly as 
possible. At present writing there is an uncertainty 
about what advance will be made in coke from 1.35 dols. 
Pig-iron stocks have fallen 96,000 tons within one 
month, and a further depletion is in progress. The 
average steel rail production for several years was 
1,600,000 tons ; last year it reached only 700,000 tons. 
An expanding demand is in sight, and the produc- 
tion this year will probably be not less than 1,100,000 
tons. Furnace and mill products of all kinds are in 
good demand, and while the tendency of prices is 
strongly upwards, large producers hesitate to take a 
bold stand on the matter of prices. Mills continue to 
fill up, and new work is accumulating. Confidence is 
very generally restored, and a multitude of new enter- 
rises are engaging attention. Railroad earnings are 
improving, and railway expenditures for re-equipment 
purposes will be heavy. In some quarters a general 
advance in prices is anticipated in July, when so much 
material is usually ordered. Foundries are filling up 
with work. Bridge- builders are estimating on a 
number of large jobs. The financial situation is im- 
proving in commercial circles, although a good man 
well-informed people believe the Government will be 
again obliged to become a borrower. 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Glasgow Pig-Iron Market.—There was practically 
nothing doing in the pig-iron warrant market last Thurs- 
day forenoon. Only 2000 tons of Scotch and one lot 
of hematite iron were dealt in. In the circumstances 
prices were very firm, Scotch and Cleveland both ad- 
vancing 3d. per ton. Business was brisker in the after- 
noon, when close on 15,000 tons of Scotch changed hands, 
One operator sold 5000 tons at 43. all this year with 2} 
per cent. interest and rent. For cash the price made 
another 4d. per ton, the finish being very firm. The 
settlement prices at the close were—Scotch iron, 43s. 6d. 

r ton; Cleveland, 35s. 3d.; Cumberland and Middles- 

rough hematite iron, respectively, 43s. 74d. and 42s. per 
ton. More activity was shown in the market on the follow- 
ing forenoon, Owing to the strong advices from America 
as to the position of the steel and iron trades, those who 
were ‘‘short ” of the market covered freely, 15,000 tons of 
Scotch and 4000 tons of hematite iron changing hands, 
and the advances in price were, respectively, 2d. and 14d. 
perton. In the afternoon the market developed further 
strength, and Scotch rose 14d., Cleveland 3d., and Cumber- 
land and Middlesbrough hematite iron 14d. and 64d. per 
ton respectively. There were few sellers, however, and the 
turnover did not exceed 10,000 tons of Scotch, 500 tons of 
Cleveland, and 1500 tons of hematite iron. The settle- 
ment prices at the close were 43s, 9d., 353. 6d., 433. 104d., 
and 42s, 74d. per ton respectively. A further sharp 
advance in the price of pig iron took place at Friday's 
forenoon market. Strong advices were cabled from New 
York which led to ‘‘ bear” covering, and the cash price 
for Scotch advanced to 443. 2d. per ton. Cleveland rose 
3d., and hematite iron 34d. to 5d. per ton. About 25,000 
tons of Scotch iron and a few lots of other sorts were dealt 
in. The market was a shade quieter in the afternoon, but 
prices were well sustained. Scotch dropped 4d., and 
Cumberland hematite iron made another 1d. perton. Only 
some 5000 tons of Scotch were dealt in. At the close the 
settlement prices were 44s. 14d., 35s. 9d., 44s. 44d., and 
43s. 3d. per ton respectively. There was less business 
doing on Tuesday forenoon, and the tone of the market 
was easier. Scotch, of which 10,000 tons were sold, 
moved between 44s. 14d. and 43s. 11d. per ton, and left off 
at the lowest, sellers. A few lots of Middlesbrough 
hematite iron also changed hands, the former relapsing 
34d. per ton. In the afternoon the market was still rather 
off in tone, Scotch dropping 1d. and Middlesbrough 
hematite iron as much as 3d. per ton; some 14,000 or 
15,000 tons constituted the turnover, of which 10,000 
tons were Scotch iron. The settlement prices were 
respectively 43s. 9d., 36s. 44d., 44s., and 42s. 44d. perton. 
The market was but moderately active this forenoon, the 
dealing comprising probably not more than 10,600 tons, 
5000 tons being Scotch, which lost 1d. per ton. There 
was less disposition to buy in the afternoon, especially at 
the close, and Scotch, after being done at 43s. 8d. Friday 
with a “ plant,” left off sellers 433. 10d., or 1d. up from 
the forenoon. Hematite irons made 14d. to 2d. per 
ton. The sales of Scotch amounted to about 5000 
tons. At the close the settlement prices were 43s. 91., 
35s. 44d, 448, and 42s, 44d. per ton respectively. 
The following are the current quotations for several special 
brands of makers’ iron: Clyde, 48s. 6d. per ton; Gart- 
sherrie and Summerlee, 50s.; Calder, 50s. 6d. ; Coltness, 
5ls. 6d.—the foregoing all shipped at Glasgow; Glen- 

arnock (shipped at Ardrossan), 483. 6d.; Shotts 
Chiewed at Leith), 52s. There are still 75 blast-furnaces 
in actual operation, as compared with 73 at this 
time last year. The shipments of pig iron last 
week amounted to 4359 tons, against 5783 tons in the 
corresponding week of last year. They included 475 tons 
for Australia, 160 tons for Italy, 321 tons for Germany, 
500 tons for Holland, 200 tons for China and Japan, 
smaller quantities for other countries, and 2228 tons 
coastwise. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores stood last night at 282,192 tons, 
as compared with 282,294 tons yesterday week, thus show- 
ing for the past week a decrease amounting to 102 tons. 


Glasgow Copper Market.—No transactions in the copper 
market were reported last Thursday forenoon, and prices 
were unaltered. One lot (25 tons) was sold in the after- 
noon, and the cash price gave way 2s. 6d. and the three 
months’ quotation 1s. 3d. per ton. Friday’s forenoon 
and afternoon markets both passed by without any busi- 
ness being reported. Quotations advanced at both sittings 
of the “ring.” Only one lot changed hands on Monda 
forenoon, when the price rose 6s. 3d. at 41l. 62. 3d. 
three months, sellers. In the afternoon 50 tons were 
sold,and the three months’ price eased off 1s. 3d. per ton. 
Yesterday forenoon one lot was sold at 42/, 18s. 9d. 
three months, and only 25 tons changed hands in 
the afternoon, when the market was a shade easier, 
the three months’ price dropping 1s. 3d. per ton. 
Nothing was done in copper this forenoon, and in the 
afternoon prices were 2s. 6d. better. Some 75 tons were 
dealt in, though not officially quoted, business being 
done at 42/. 8s. 9d. cash, and 42/, 16s. 3d. three months. 


Trade Prospects.—There are inquiries just now in the 
Glasgow market—the first for many a day—for certain 
kinds of steel for New York. This is regarded as a en 
good sign. There is also a large demand for iron telegra 
poles for South Africa. A ¢ expansion of telegraphy 
in that continent is projected, and an enormous number 
of these poles, which are made in the tube works, will be 
required. 


Glasgow Subway Arbitration Case.—The arbitration in 


Y|a dispute between the Glasgow Subway Company and 


Messrs. C. Brand and Son, contractors fora portion of the 
works, is now near the close. The matters in dispute are 
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said to represent some 45,000/. or 50,000/.,and evidence pro 
and con. has been given by quite a number of experts and 
practical men, some of the former being very eminent 
engineers, such as Sir Benjamin Baker, Sir William Arrol, 
Sir George Bruce, Mr. Greathead, and Mr. Douglas Fox. 
Since the taking of evidence was closed the law agents 
have stated the legal bearings of their respective clients’ 
positions to the arbiter, Mr. William Crouch, M. Inst. C. E., 
who is, indeed, the sole arbiter in the case, and that 
gentleman will very soon give his award. 


Mr. Dugald Drummond: Appointment to the London 
and South - Western Railway. — Mr. Drummond, 
M. Inst. C.E., of this city, the well-known locomotive 
engineer, has been appointed locomotive superintendent 
of the London and South-Western Railway. About 55 
years of age, Mr. Drummond served his apprenticeship 
in the North British Railway ——- Locomotive 
Works at Cowlairs. Thence he went to Inverness along 
with Mr. Stroudley to act as his assistant in the locomo- 
tive superintendentship of the Highland line, and subse- 
quently acted in the same capacity to Mr. Sbroudley, 
when that gentleman became locomotive superintendent 
of the London, Brighton, and South Coast Railway. Mr. 
Drummond succeeded Mr. Wheatley as locomotive super- 
intendent of the North British Railway, but 14 years ago 
he transferred his services to the Caledonian Railway, 
where he designed the powerful engines that upheld the 
reputation of the company in the famous racing that took 
place some 10 years ago between the east and west coast 
trains from London to Edinburgh. Four years ago he 
resigned his position with the intention of going to 
Australia, but, for various reasons, that intention was nob 
fulfilled, and he started business on his own account as an 
engineer in Govan. 


Leith Docks Coatract: Court of Session Decision.—Lord 
Low, in the Court of Session yesterday, gave judgment 
in an action raised by the Leith Docks Commissioners 
to reduce an award pronounced by Sir A. M. Rendel, 
London, their consulting engineer, in a question between 
them and their contractors, Messrs. Kinnear, Moodie, 
and Co., and also, if necessary, the submission under 
which the award was given. Phe difficulty which got 
into court originated through the death of Mr. Kinnear, 
of the contractors’ firm, with the result that the contract 
for the works was passed on to Mr. Best, who was also 
one of the original offerers. Lord Low ‘‘assoilzied” the 
defenders, Messrs. Kinnear, Moodie, and Cv., Sir A. M. 
Rendel, the trustees of Mr. Kinnear, and the two cau- 
tionere, with expenses. The original contract price for 
the new dock was 241,700/., and that of Mr. Best was 
277, 8000. 


Newest Machinery in Mills 120 Years Old. — Last 
Saturday afternoon the members of the Dundee and 
North of Scotland Institute of Mechanical Engineers had 
an excursion to Stanley Mills, over which they were 
shown by Colonel Sandeman and Mr. Frederick Sandeman. 
The various classes of machinery were set in motion for 
the benefit of the excursionists, and in the course of his 
remarks to the visitors after the inspection was over, 
Colonel Sandeman said that the mills were old, having 
been built more than 120 years ago, but they had the 
newest machinery, which enabled the firm to compete 
with Lancashire. Every manufacturing firm in Forfar- 
shire, Perthshire, and Fifeshire took their yarns from 
Stanley, and they got what they stipulated for. He was 
not sure that in Lancashire that was so. 


Ben Nevis Obszrvatory Fired by Lightning.—This day 
week the observatory buildings on the top of Ben Nevis 
were fired by a lightning discharge, and considerable 
damage was done alike to the bnildings and the instru- 
ments, and had it not been for the assistance got from a 
couple of visitors who were on the top of the Ben at the 
time, it is probable that the observatory would have been 
wholly destroyed. Since the mishap occurred the obser- 
vatory has been visited by the postal telegraph superin- 
tendent for the Lochaber district and the Fort William 
postmaster, the result of their visit being the re-establish- 
ment of telegraphic communication with the low-level 
observatory and with the outer world. It is not unlikely 
that lightning conductors will be forthwith brought into 
> 2 the more effectual protection of the observatory of 
the Ben. 


Shipbuilding Work in Hands on the Clyde.—It is 
estimated that there is at present in hand on the Clyde 
new shipbuilding work amounting to about 287,000 tons, 
as compared with 271,000 tons at this time last year. 


Glasgow Gas Supply Undertaking.—Some of the 
statistics for the past financial year of the Glasgow Cor- 
poration gas supply undertaking have been made up, 
and they show that the year’s output of gas was about 
4,000,000,000 cubic feet, the amount of the increase being 
260,000,000 ft., or upwards of 7 per cent. .over the output 
in the year 189394. The contracts for the coal re- 
quired io the ensuing year have just been concluded, 
the amount of coal bought being about 500,000 tons 
of all sorts, splints, cannels, &c. Ib is said that 
the merchants and coalmasters offered something like 
5,000,000 tons, and the prices at which the contracts 
have been placed are very decidedly under those paid 
last year, but about 3d. to 6d. per ton higher for splints 
than the prices of two years ago, while the quotations for 
the cannels are very little altered, if any. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Threatened Strike of Yorkshire Miners.—An important 
sit:ing of the council of the Yorkshire Miners’ Associa- 
tion has been held to deal with serious questions 
which have arisen. 


A considerable number of men are 








out at Wath Main Oolliery in connection with a pro- 
posed alteration in the mode of working the coal, and the 
council decided they should be paid the usual strike 
allowance, and that the whole of the men should be 
allowed to give notice to leave their employment rather 
than submit to the alteration in the mode of working, 
and the other alterations which the management are seek- 
ing to enforce. With respect to the state of affairs at 
Allerton Silkstone pit, the men allege that an alteration 
in the mode of working, proposed by the management, is 
of a character to injure the position of the workers, and 
that, in effect, a reduction of 44d. per ton in the wages 
of the men is sought for. The council could not agree to 
this and other alterations proposed, and, therefore. it 
was decided to pay the men strike allowance. At the Carl- 
ton Main Colliery some 1200 men are employed, and for 
a long time past they have been in a most dissatisfied 
condition. Now they declare that an agreement come to, 
and again renewed within the last couple of months, is 
being constantly broken. It was ordered that Mr. 
Pickard should write to Mr. J. J. Addy, manager of the 
colliery, asking him to meet a deputation, seeing that the 
men are determined that they will not any longer put up 
with the treatment they allege they are receiving. 


Shipley Miners and the Proposed Reduction.—A week 
ago the miners employed at the Coppice Colliery, Shipley, 
received a 14 days’ notice of a Ht in wages, 
statement giving reasons was also supplied to the men 
affected. The notice expired on the 26th. The men con- 
cerned have held frequent meetings to come to some 
settlement. The manager sought an interview with the 
leaders, and informed them the employers were prepared 
to meet them in the matter by asking only 1d. reduction 

er ton, instead of 3d. Accordingly the men held a pit- 

ead meeting, and it was decided that the proposed altera- 
tions demanded by their masters be accepted, which means 
a reduction of 1d. per ton instead of 3d. all round. 


South Yorkshire Steam Coal and the Railways. —The 
coal-owners of South Yorkshire had an agreement, 
tacitly understood, that they should seek to maintain 
7s. 6d. per ton as the contract price for the supply of 
hard steam coal to the railway companies for the ensuing 

ear, but the arravgement has failed to work, and the 

idland Railway Company has succeeded in contracting 
for —s at 7s. per ton, whilst the Lancashire and 
Yorkshire Company has been able to secure contracts at 
6s. 9d. per ton, one or two collieries which had not had 
any share of the railway trade previously, having accepted 
6s, 6d. per ton. From the South Yorkshire colliery- 
owners’ point of view, trade is in a worse position than 
it has been for a long time. Though the men as a body 
are nob — large wages, the cost of labour per ton 
is 30 per cent. higher than it was in 1888, 


Iron and Steel.—The iron trade from the end of May 
has remained firm, and smelters have not only cleared 
out stocks, but it is expected that some fresh furnaces 
will be blown in in the course of a few days. Hema- 
tite pig is particularly strong in the market, and Bessemer 
billets are realising 57. 7s. 6d. per ton, with Siemens- 
Martin 103. higher. There is a better demand for market 
bars, and the houses in this district who turn out parti- 
cular brands are well favoured with orders. Were it nob 
for political interruptions, a good run of trade might be 
expected. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Y esterday there was a thin 
attendance on ’Change, owing in a very great measure to 
the fact that the Royal Agricultural Show was being held 
in the locality, The market was quite of the holiday 
kind, and not much business was transacted. Most 
sellers of No. 3g.m.b. Cleveland pig iron asked 35s. 43d. 
for early f.o.b, delivery of that quality, and they reported 
that they had obtained that price, but buyers were very 
backward, and offered rather less. Some business was 
done at 35s. 3d. for early delivery of No. 3. Quotations 
ahead varied somewhat, and few forward transactions 
were recorded. The lower qualities of pig were fairly 
steady. No. 4 foundry was put at 34s. 6d., and grey forge 
was 33s. 6d., both for early delivery. Middlesbrough 
warrants after realising 35s. 5d., closed 35s. 44d. cash 
buyers, with little doing in them. East coast hematite 
pig was in fair request both for local use and for shipment, 
and about 42s, 3d. was generally named for early delivery 
of Nos. 1, 2, and 3. Some firms put the price at 42s. 6d., 
but we did not hear of that figure being paid. Spanish ore 
was firm owing to rather better freights. Rubio was 
12s. 3d. to 123. 6d. ex-ship Tees. To-day the only change 
was in Middlesbrough warrants, which eased to 35s. 4d. 
cash buyers. Through Messrs. Stevenson and Cowper, 
of Middlesbrough, Messrs. Daniel Adamson, of Dunkin- 
field, Manchester, have secured the order for 15 new 
boilers at the Redcar Iron Works. It will be remembered 
that the boilers at these works were demolished by the 
recent disastrous explosions. 


Manufactured Iron and Stecl.—Very little new can be 
said of the manufactured iron and steel trade. Orders 
are scarce, notwithstanding the prevailing low and barely 
remunerative quotations. Several establishments are 
badly off for work, and prospects must be described as 
discouraging. Prices are pretty much the same as those 
last mentioned. Steel producers give a slightly better 
account of that important branch of the staple industry, 
but prices do not advance. Most of the firms, however, 
are fairly well supplied with orders, but several of the 
contracts running are at very low rates. The following 
may be regarded as the market quotations: Ship-plates, 
41, 15s. ; and ship-angles, 4/. 12s, 6d.—both less the usual 
24 per cent. discount for cash. Heavy sections of steel 








rails are still put at 3/. 12s. 6d. net at works, and it would 
be difficult to place orders at less. 


The Coal and Coke Trade.—F uel is fairly steady ; prices 
alter very little. Good blast furnace po still realises 
12s. 3d., delivered at furnaces here, though some firms 
endeavoured to purchase at rather less. 


Messrs. Head, Wrightson and Co., Limited.—The report 
of this Stockton engineering company states that the 
gro3s profit for the year ending 30th April last, 
including 592/., balance of undivided profits from 
1893-4, was 10,8997. This sum the directors propose 
ta apply as follows: Interest on debentures, 5,40v/. ; 
a dividend at the rate of 24 per cent., 5,250/.; 
balance to be carried forward, 2491. The report adds : 
The profits have been less than in any year since the 
formation of the company. Under these circumstances, 
Mr. Head and Mr. Wrightson, M.P., have not drawn 
any remuneration for their services during the year, and 
have also provided the balance of the direction and 
management charge, with the result that the profit left is 
sufficient to pay a dividend of 24 per cent. for the year. 
The term of five — for which Mr. Head, Mr. Wright- 
son, and Mr. William Anderson were made directors has 
expired, and their re-election devolves upon the share- 
holders. Mr. Little also retires, but is eligible, and offers 


‘A | himself for re-election. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The demand for steam coal has not shown 
much change, prices having remained stationary. The 
best descriptions have made 10s. 3d. to 10s. 6d. per ton, 
while secondary qualities have brought 9s. 3d. to 9s. 6d. 
per ton. The house coal trade has shown little activity, 
and prices have been barely supported ; No. 3 Rhondda 
large has made 9s. 6d. per ton. Coke has remained un- 
altered; foundry qualities have made 15s. to 16s., and 
furnace ditto 12s. to 13s. per ton. The manufactured 
iron and steel trades have exhibited scarcely any change. 


Lundy Island.—Two lighthouses are about to be erected 
on Lundy Island, and the present structure will cease to 
be used. It often happens that while the lighthouse is en- 
shrouded in mist, less elevated parts of the island are per- 
fectly clear, and so neither of the new lights will be more 
than 200 ft. above the sea level, instead of 540 ft., as in 
the case of the old beacon. Work is nowin progress, and 
it is hoped that the buildings will be completed in two 

ears. For one of the lighthouses the position will be 
Lametory, on the south-east point of the island, just 
inside Rat Island and directly opposite Hartland Point. 
This is the only spot in the island where shale exists, the 
rest of the formation being of excellent granite. Here a 
platform is being cut in the rock for a lighthouse, which 
will have a background of rock. At Lametory a white 
light will be fixed, with a fog signal similar to that at the 
Bishop (Scilly), gun-cotton detonators being exploded at 
a distance from the lighthouse by electricity. Space for 
the second lighthouse is being prepared at the north-west 
point, a little west of the Constable Rock. 


Plymouth Sound.—Plymouth Sound survey having been 
completed, Staff-Commander Haselwood, the officer in 
charge, has been directed to repair to Weymouth to under- 
take the re-sounding of Portland Bay. The work com- 
pleted this year comprises the re-sounding of St. Ger- 
man’s River, within the limits of the present published 
chart, and this was undertaken on a scale of 24 in. to the 
statute mile, the whole of the sounding being done in 
the dinghey. The existing ouvey, the work of Lieutenant 
Huddlestone, late of H.M.S. Defiance, was found to be 
very correct. The area in the Cattewater, recently 
dredged, was examined, and the depths supposed to have 
been obtained were found generally correct, two small 
patches only having been left. Of these, one of rock was 
known to the local authorities, and is being removed by 
blasting, while the other, whose surface is mud, will pro- 
bably present little difficulty in its removal, should this 
be considered necessary. The = ground round Bull 
hee was also examined, and found generally as con- 
trac or. 


Rhymney Iron Company, Limited.—The directors of 
this company have issued their report for the year ending 
March 31, 1895. The balance of undivided profit is re- 
turned at 77,308/. The directors recommend a dividend 


.of 24 per cent. for the past year, carrying forward 53,048/. 


The directorsadd: ‘‘ The depression in the trade in steel 
rails, tinplate bars, and other branches of the company’s 
former business, to which the directors referred in their 
last annual report, has continued to the present time.” 
The prospect in this class of business is no better than it 
has been for the four years since the company’s operations 
were discontinued. Plant of this class becomes rapidly 
obsolete, and the steel works of the company could not 
be —— without very considerable outlay for new 
plant being incurred. In order to make a fresh start, 
new and improved blast-furnaces and blowing engines 
would be required, together with improved stoves and 
converters of increased size and more modern construction, 
and a new cogging and rolling mil], all for the purpose of 
producing an increased output with greater economy of 
working. The present outlook would not justify any such 
expenditure, and the directors consider that the wisest 
course they can adopt is gradually to dismantle the 
present steel works, and to realise the plant on the ground 
to the best advantage. They are accordingly proceeding 
in this direction, commencing with the portions of the 
plant which are most obsolete and cannot be of further 
use. 

The *‘ Arrogant” and the “ Furious.”—The cruisers 
Arrogant and Furious, which are to be built at Devon- 
port this year, are now fairly in hand, and the brackets 
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and longitudinal frames have been fixed up. The 
Arrogant and Furious, so far as size is concerned, are 
similar to ordinary second-class cruisers, but their arma- 
ment and steaming power will make them anew type, and 
instead of being termed second-class cruisers, they are to 
be known as fleet cruisers. The Vindictive and Gladiator, 
to be built at Chatham and Portsmouth, are of the same 
type. The armament of these vessels will consist of 27 
guns, all quick-firing, but of six different types, viz., four 
6-in., six 4.7-in., eight 12-pounder (12 cwt.) guns, one 
12-pounder (8 cwt.), three 3-pounder Hotchkiss, and five 
Maxim machine guns, The torpedo armament will con- 
sist of an 18-in. submerged torpedo-tube on each broad- 
side. The guns alone will cost about 16,5001. 


The Electric Light at Cardif.—Satisfactory progress has 
been made with electric = cme J in Cardiff. New pre- 
mises are being wired, and fresh applications are almost 
daily received. There are now upwards of 60 consumers, 
and in several cases premises have been wired where there 
are no corporation mains, in anticipation of extensions 
proposed in Newport road, as far as Castle-road, West- 
grove, up to the south end of Richmond-road, and down 
Charles-street and Nelson-terrace. An application has 
been made to the Local Government Board for power to 
raise 5385/. to carry out the extensions indicated. 


The Railway Congress at Cardiff.—A meeting in connec- 
tion with the International Railway Congress will be held 
at Cardiff to-morrow (Saturday). The visitors will include 
many representatives of Continental railways, and the 
Great Western Railway Company will bring them 
down, entertain them at luncheon, and show them the 
Severn Tunnel. They will then proceed to Barr 
and will be entertained by the company, after whic 
Cardiff will be visited. Here the mayor (Alder- 
man Carey) will receive the delegates, and- enter- 
tain them atluncheon. A visit will then be paid to the 
docks and other parts of the town ; Sir W. T. Lewis will 
show the deputation over the docks. The chairman and 
directors of the Taff Vale Railway will entertain the 
visitors at dinner. 

Maestcg.—Sinking operations have been for some time 
carried on at Coegnant pit, the property of North’s Navi- 
gationCompany. OnSaturday a fine seam of coal, 54 ft. 
in thickness, was struck 86 yards below the seam now in 
working. 





LAUNCHES AND TRIAL TRIPS. 

A SUBMARINE mining steamer named Sir Frederick 
Chapman has been launched from the shipbuilding shed of 
Messrs. Cox and Co., Falmouth. The length is 863 ft.; 
beam, 18 ft.; depth 9? ft. The framework and plating are 
of steel, planked over all with teak. Cabins arehandsomely 
fitted for four officers forward and for eight seamen 
aft. Her appliances for laying and lifting mines consist 
of a steel steam crane forward, all the motions of which 
are controlled by a two-cylinder engine below deck, also 
a derrick, box joggle, and combined steam winch and 
capstan. Her engines are compound surface-condensing, 
and there are two complete sets. The cylinders are 11 in. 
and 22 in. in diameter by 15in. stroke, with large 
surface-condenser, and independent centrifugal circulat- 
ing pump with engine attached. There is also a large 
duplex pump to act as supplementary circulating air 
pump, and for feed, bilge, and fire engine egg The 
stokehold is to be specially ventilated. The boiler has 
two furnaces, and a working pressure of 110 lb. per square 
inch ; the indicated horse-power of the engines is to be 
245 at 160 revolutions. 


The gunboat Halcyon was, on the 18th inst., taken 
outside Plymouth Sound for a commissioning trial of her 
machinery and further trial of the automatic feeding gear 
with which her boilers have been fitted by Messrs, 
Thornycroft and Co. Towards the close the after main 
bearing bolt of the starboard engine broke off, and the 
vessel returned to harbour without completing the trial, 
A similar mishap occurred to the Halcyon 18 months ago, 
during her preliminary trials. The officials were highly 
pleased with the working of the automatic feed gear, and 
the Admiralty have been requested to accept it without 
further test. Ib is expected that in vessels of the Halcyon 
class the gear will lead to the saving of at least one stoker 
in each watch. The Halcyon was to leave Plymouth this 
week for Spithead, to await the arrival of the Italian 
squadron. 





* The s.s. Countess of Morley was put upon her prelimi- 
nary trial trip on Saturday, June 22, down the River 
Ribble to Lytham, attaining a high rate of speed. The 
engines worked without a hitch, and their performance 
was very creditable. The principal dimensions of the 
vessel are 87 ft. long by 15 ft. by 6 ft. 9in. on a 3 ft. 6 in. 
draught of water. The engines arv compound, working 
at 120 lb. pressure, two sets (port and starboard) driving 
twin screws. Hull and engines were constructed under 
Board of Trade supervision. This vessel has been built 
for the Oreston and Turnchapel Company’s fleet of pas- 
senger steamers at Plymouth. The vessel accommodates 
about 300 passengers. The builders are Messrs. Allsup 
and Co., Limited, of Preston. 

The twin-screw steamer newegg built by Messrs. 
Bow, McLachlan, and Co., Thistle Works, Paisley, for 
Mr. Thomas Cameron, Portsonachan, for service on Loch 
Awe, went on her trial trip on the 15th inst. The vessel 
is to be used for passenger service on the loch, conveying 
passengers to and from Loch Awe station, Porvsonachan, 
and other places, and for pleasure excursions. Her prin- 
cipal dimensions are 80 ft. by 14 ft. 6 in. beam by 8 fb. 
deep, moulded. The machinery consists of two pairs of 
compound surface-condensing screw engines, steam being 


supplied by a horizontal marine return-tube boiler. The 
vessel was first erected in the builders’ yard, then taken 
to pieces, conveyed by rail, and re-erected on the shore at 
Loch Awe. As of over 13 miles per hour was ob- 
tained, which is in excess of the contract. 





The twin-screw tug Teir-el-Mina, lately built by 
Messrs. Fleming and Ferguson, Paisley, went down the 
Clyde on the 15th inst. for speed and power trials, and on 
the measured mile the power developed was about 20 per 
cent. in excess of that required by the contract, the speed 
being fully 11 knots. 





MISCELLANEA. 


WE understand Messrs. Yarrow and Co. have refused 
the order which the British Admiralty offered them for 
three 30-knot torpedo-boat destroyers, 


A new peat-coke manufactory has been erected close to 
Stockaryd station, in Smaland, Sweden. The manufac- 
ture will be on a large scale, and the system adopted will 
be that invented by Mrs. Angel, a Swedish lady. 


The return voyage of the St. Louis from Southampton 
to New York was slightly longer than was expected, 
owing to an accident to the rudder. The accident hap- 
pened on the Tuesday, but nevertheless New York was 
reached on the Saturday evening. 


The new second-class cruiser which the Admiralty have 
decided on building in Chatham Dockyard will be name 
the Vindictive, and will be of the same type as the 
Furious and Arrogant, which are to be constructed at one 
of the other Government yards. 


Messrs. Clayton and Shuttleworth inform us that 
they have removed their London offices from 78, Lombard- 
street, to 95, Queen Victoria-street, E.C., at which place 
they will have on view oil and gas engines in motion, as 
well as the portable steam engines for which the firm have 
80 long been famous. 


Messrs. Henry F. Joel and Co., of Wilson-street, 
Finsbury-square, have supplied the electric plant for the 
new Government House, Rangoon. The installation 
comprises two 250-lamp dynamos, with mains, switches, 
and fittings for 400 incandescent lamps, 11 of which are 
200 candle-power. 


At a recent meeting of representatives for the various 
telephone companies in Jutland it was decided, almost 
unanimously, to form one large company of all the many 
local companies. A new company will be formed to take 
over the whole of the Jutland telephone companies, and 
double wires will be installed between the various towns, 


The traffic ery for the week ending June 16 on 
33 of the principal lines of the United Kingdom amounted 
to 1,530,6867., which was earned on 18,7287 miles. For 
the corresponding week in 1894 the receipts of the same 
lines amounted to 1,531,344/., with 18,522? miles open. 
There was thus an increase of 658/. in the receipts, and an 
increase of 206 in the mileage. 


Professor Boys, Professor H. B. Dixon, Dr. Dupré, the 
Rey. F. J. Smith, and Professor Unwin, who have been 
requested by the Secretary of State for the Home Depart- 
ment to inquire into and report on the manufacture, 
filling, and use of gas cylinders, commenced their inquiry 
on Monday at the Home Office. Professor Unwin was 
elected chairman. In the afternoon these gentlemen 
visited Brin’s Oxygen Works. 


A noteworthy feat has been accomplished in the case 
of a 90-ft. truss bridge for the Irondale, Bancroft, and 
Ottawa Railway, Canada. Thestructure in question was 
shipped complete from the works of the builders, the 
Central Bridge and Engineer Company, Peterborough, 
Ontario, to its site. The principal dimensions of the 
structure as placed in the cars were: Length over all, 
90 ft.; height of trusses, 12 ft. 6 in. ; width over all, 
11 ft. 9 in. ; and the weight was 65,000 lb. The distance 
between the works and the bridge was 70 miles. 


Woodite has proved very successful as an insulator for 
high-tension currents. During the three years in which 
it has been used for this purpose at the Deptford station 
of the London Electric Supply Corporation, there has not 
been a single breakdown or failure. Before trying this 
material there had been great difficulty in insulating the 
pole-pieces of the field magnets of the large dynamo. A 
tension of 40,000 volts has proved unequal to piercing 
woodite sheets} in. thick. The material has also the 
advantage of being unacted on by oil, even at high tem- 
peratures, 


On June 12 the members of the Institution of Civil 
Engineers Association of Yorkshire Students visited the 
works of the Leeds Forge Company, Limited. The 
Siemens-Martin process of steel-making was shown and 
explained, and the ordinary processes of plate-rolling, &c., 
also Mr. Fox’s patent system for the manufacture of the 
well-known corrugated boiler-flue were exhibited. Atten- 
tion was also drawn to the welding of large circular tanks 
for oil storage, water gas being used for the heating. The 
department for the production of pressed steel bogies and 
frames for rolling stock was next visited, and the members 
were then hospitably provided with refreshments by the 
management, to in a hearty vote of thanks was 
passed. 


Some extraordinary records for production have recently 
been made at the Homestead Steel Works, Edgar Thom- 
son Steel Works, and the Duquesne Steel Works of the 
Carnegie Steel Company, Limited. In two turns of 12 
hours each recently there were turned out at the Edgar 
Thomson Steel Works 2011 tons of ingots. In the first 





turn of 12 hours the production was 1046 tons, and in the 


q|for the paper marks are placed in relief. 





second turn of 12 hours 965 tons. When it is considered 
that only two vessels were blowing, each about 144 tons 
to a charge, this can be considered a most extraordinary 
record. Inthe month of May there were turned out at 
the Homestead Steel Works, Duquesne Steel Works, and 
Edgar Thomson Steel Works 141,000 tons of ingots. It 
is claimed that in one month recently the Carnegie Steel 
Company, Limited, at their various plants turned out 
224,000 tons of finished material. 


The striking manner in which armour has beaten the 
gun in the struggle for supremacy was shown by some 
recent trials at the American Government ranges at 
Indian Head, when an unusually heavy armour-plate of 
18-in. Harveyised steel, backed by 36 in. of oak, was sub- 
jected tosome very severe tests. In all three rounds were 
fired at the plate, the projectiles used in the first two 
instances being 12-in. Holtzsr armour-piercing shell, 
fired with muzzle velocities of respectively 1465 foot- 
seconds and 1926 foot-seconds; neither of these shots suc- 
ceeded in perforating the plate, the hard surface of which 
broke up the projectiles, though the second round pene- 
trated to a depth of about 10 in. The last round was 
fired from a 13-in. gun, similar to those mounted in the 
new battleships Indiana and Massachusetts, but, though 
the shot had a striking energy of 25,000 foot-tons, it also 
was broken up, and though it starred and cracked the 
plate, failed to penetrate it, 


The watermarking of paper is effected by a ‘dandy 
roll,” which consists of a gauze roll, on which the designs 
Up to the 
present a separate roll has been required for each water- 
mark used, but Mr. W. K. Trotman, of the Dandy Roll 
and Papermakers’ Engineering Company, Linton-street, 
Islington, is now introducing a skeleton roll, to which 
gauze pads, bearing the watermark, can be attached, 
These pads require far less storage room than a complete 
roll does, and as they can be shifted to occupy any desired 
part of the skeleton roll, the same pad can be used for a 
number of different sizes of paper. Mr. Trotman has 
also effected a further improvement by making the axle of 
the rolls in the form of a hollow bar, perforated at frequent 
intervals of its length. Steam is admitted to the interior 
of this axle, and passing out through the holes, clears the 
gauze of froth, a constant source of annoyance when the 
ordinary arrangements are used. 


Remarkable progress is being made with the fitting on 
board of the machinery of Her Majesty’s first-class twin- 
screw battleship Renown at Pembroke. In the first 
week of May her engines were in the erecting shops of 
their builders, Messrs, Maudslay, Sons, and Field, at 
Lambeth, awaiting transit. On May 8 the vessel was 
launched. By June 12 all the heavy parts of the machin- 
ery, with the boilers, had been transported to Pembroke 
and fitted in position on board the vessel, and by the 15th 
of the month the engine and boiler hatches and the decks 
in their vicinity—which had been kept loose for getting 
in the machinery—were being so paren 4 replaced and 
riveted up that a very short time will see this part of the 
work completed. Great exertions are being made by the 
machinery contractors to have the vessel ready for her 
steam trials by the end of October next, so as to enable 
her to leave for Devonport—where she is to be completed 
—by the middle of the following month. To this end 
Messrs. Maudslay have agreed with the Admiralty for a 
consideration in excess of their contract price to have the 
vessel ready by that time, or pay a daily forfeit if it is 
exceeded. 


In a paper recently read before the American Society of 
Civil Engineers, Messrs. F. and A. S. Reffle gave an 
account of the laying of a submerged water main across 
the Willamette River, to supply the city of Portland, 
Oregon. The pipe in question was of cast iron, 28 in. in 
diameter, and the lengths were about 17 ft. each. The 
joints were of the ball-and-socket type, the ball spigots 
being machined truly spherical and caulked with lead. 
Some preliminary experiments were made by laying 
a few lengths of the pipe, caulking the joints, then 
revolving the ball through an angle of about 15 deg. On 
applying a pressure of 10 lb. per square inch there was 
considerable leakage, but on increasing the pressure to 
45 lb. per square inch this took up and entirely ceased. 
It was then determined to proceed with the submerged 
work, A trench of from 8 ft. to 23 ft. in depth, and from 
10 ft. to 12 ft. wide at the bottom, was dredged in the 
river bottom. For laying the pipes in the shallow water 
near the shore, trestle banks were erected, one for each 
lengtb, from which the pipes were suspended <A long 
screws, and it was thus easy to lower them gradually into 
their final position. For the deep water work a special 
cradle was prepared, consisting of a sort of long timber 
trough, having a curved bottom. One end of this trough 
was carried by two barges, whilst the other rested on the 
bottom of the dredged trench, but was also connected by 
suspension-rods with the sterns of the barges. The lengths 
of pipe could accommodate themselves without difficulty 
to the curve of the trough. As a new length of pipe was 
added at the top, the barges were moved forward, the 
lengths lying in the trough at the same time sliding 
down it, the lowest one being finally deposited in the 
bottom of the trench. In fine weather from six to eight 
lengths were laid per day of 10 hours. In order to secure 
tightness a heavy pull was put on the pipes after every 
200 ft. had been laid. This caused the lead to come to a 
perfect bearing. In a communication consequent on the 
reading of the paper, Mr. L. J. Le Conte stated that 
James Watt used ball-and-socket jointed pipes for the 
submerged syphon across the Clyde, at Glasgow, in 1810. 
In this case the joint was made good by a stuffing-box and 
hemp packing. In doing other work of the same kind, 
in 1830, 1838, and 1840, a similar form of joint was used 
by the Glasgow Water Company. 
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ELECTRIC TRAVELLER AT THE VICTORIA STATION, MANCHESTER. 


CONSTRUCTED AT THE LANCASHIRE AND YORKSHIRE RAILWAY COMPANY’S WORKS, 
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We illustrate on this page an ingenious form of 
travelling crane, recently erected at the Victoria 
Station, Manchester, by Mr. J. A. F. Aspinall, the 
chief mechanical engineer of the Lancashire and 
Yorkshire Railway. The apparatus is intended to 
facilitate the movement of passengers’ luggage, and 
has been very successful in relieving the congestion of 
traffic on the platforms. As will be seen from our 
engraving, a tramway has been suspended from the 
roof of the station, and on this runs a light car fitted 
with an electric motor and a seat for an attendant. 
Chains passing over a winch barrel, also operated by 
electricity, permit the basket truck, shown in the 
engraving, to be raised or lowered, and in this way 
it is possible to transfer a load of parcels from one 
platform to another, over the heads of the pas- 
sengers, who are thus free from the usual inconveni- 
ences to which they are subjected by the movement 
of the baggage at large stations. The motor was 
designed and built at the Horwich Works of the 
company, and it is proposed to extend the system 
to other stations. Perhaps the most surprising 
feature of the device is that nobody seems to have 
thought of it before. The plan should, if anything, 
be considerably cheaper than the lifts and subways now 
often provided for transferring luggage across the line. 





INDUSTRIAL NOTES. 


Tue public inauguration of the ‘‘ Industrial Union 
of Employers and Employed” took place in London 
on Friday and Saturday last. The proceedmgs had 
not gone very far when avery curious episode occurred. 
The representatives of what is called the ‘‘ Free 
Labour party” presented themselves for admittance, 
and were actually admitted to the conference. Then 
came a resolution for their expulsion, an amendment to 
allow them to sit, but not tovote, being lost. The resolu- 
tion that they be asked to withdraw was carried, and the 
men left without any further scenes. But one of the 
chief speakers declared that the Free Labour delegates 
were neither employers nor employed. A very odd 
position to be placed in, and the expression implies a 
very doubtful compliment. But apart from all other 








considerations, the expulsion of delegates scarcely 
fulfils the condition of union. “Moreover, the policy 
of expulsion was bad on the face of it. The Free 
Labour men constitute an element of weakness in the 
ranks of labour ; here was a chance of co-operation ; 
that chance is thrown away. Again, the Free Labour 
men are regarded with suspicious eyes by trade 
unionists; here employer and employed are seeking 
for a common basis of union, or co-operation, and yet 
the element of doubt is refused admittance to the 
councils of the body proposing a common understand- 
ing or basis of union. A conference so constituted 
and inaugurated cannot possibly last, or exercise any 
permanent influence upon labour questions. 

Apart from the untoward incident of expulsion of 
delegates, the conference of the Industrial Union of 
Employers and Employed had good objects in view. 
The interminable disputes of the last six years have had 
a bad effect upon general industry, for with very low 
profits, and sometimes no profits at all, the captains of 
industry, and those who have capital, have hesitated 
to speculate, or to take steps to inaugurate new enter- 
prises, because of the doubtful condition of the under- 
taking by reason of possible labour disputes. Hence 
every effort to promote a good understanding is com- 
mendable, whether by co-operation, by profit-sharing, 
or by conciliation. The two chief points discussed 
at the conference were the settlement of labour 
disputes by conciliation and arbitration, which was 
led off by a paper contributed by Mr. J. S. Jeans, 
secretary to the British Iron Trade Association. 
Industrial union from another standpoint was 
treated in a paper by Mr. R. Halstead, a fustian 
weaver, from the Hebden Bridge Co-operative Works. 
It cannot be too strongly urged that the alliance of 
capital and labour will have to be promoted in several 
ways as opportunity offers. It cannot be enforced or 
forced. Mutual arrangements may be made for a 
bonus or a share of profits; or the concern may be 
made purely co-operative ; or a sliding scale may be 
agreed upon; or, again, a mode of conciliation, or 
failing that, an agreement by arbitration may be 
entered into; but whatever the mode, the progress is 
sure to be slow until experiments have been tried, and 
success is more or less assured. The conference of 





HORWICH. 





last week may, therefore, be conducive to a better 
understanding in the future. 





The congress of the Labour Electoral Association 
was more political in its aims than social, but it was 
political only in so far as the means and methods are 
concerned, for it professes to have in view purely 
industrial or social objects. It is from this standpoint 
only that it can be adverted to in ‘‘ Industrial Notes.” 
The discussions at the congress were almost wholly 
concerned with labour, but the political element came 
in by the declaration that the best means of promoting 
the advancement of labour was by sending a larger 
number of labour representatives to the House of 
Commons. The question of the unemployed was dis- 
cussed at length, and a resolution was passed declaring 
that the land laws must be amended to secure better 
conditions for labour, both in rural districts and in 
urban districts. Other measures advocated were 
extended powers to municipal bodies, and the cultiva- 
tion of trade relations with our colonies and depen- 
dencies. The latter subject has not, perhaps, been so 
carefully considered as it might be. There are, how- 
ever, more difficulties, mostly as regards tariffs, and 
these crop up whenever the colonies are made self- 
governing. The congress, although held in Notting- 
ham, wasina mild mood when dealing with the eight- 
hours question. The delegates recognised that diffi- 
culties existed in applying the eight hours universally; 
some elasticity must be introduced, as some trades 
might find it impozsible to work on the eight-hours 
system. This recognition will help to pave the way 
for the general adoption of the system. It is impor- 
tant to remember that several of the delegates were 
the representatives of the Miners’ Federation, so that 
the concession is therefore all the more remarkable. 
But the one resolution of a distinctly Socialistic 
character was that in which it was declared that pro- 
ductive co-operation must take the place of the present 
individualist system of commerce. This is only a 
‘pious opinion,” but it will have the effect of restrict- 
ing the action and the influence of the association, 
if it is true that it has to depend upon the contribu- 
tions of the wealthy individualists who have made 
their money by the present system. 
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The Boilermakers’ and Iron Ship Builders’ Society is 
able to announce a further reduction in the number of 
unemployed, the percentage being 11 as against 12 per 
cent. last month, But even 11 percent. is a very large 
average of men to be out of work in one society, 
and that society one which keeps its own poor, with 
no helpfrom the rates. The total number on the funds 
was 5989, as against 6577 last month, a decrease of 588. 
The decrease would have been greater but for the in- 
crease on superannuation allowance, brought about 
by the age limit. There was a substantial decrease 
under the three heads of unemployed, and on sick bene- 
fit. There is one theme which again occupies attention, 


namely, the loss of time through drink. The society is | q 


very severe upon the members who thus act, whenever 
work is at all brisk. The council have decided, there- 
fore, to enforce the rule to fine members up to 5/. for 
injuring the employer by neglect of work. This 
salutary rule is not always strictly enforced, but it 
operates as a terror to some extent. The district 
committees are instructed to see that the branches 
carry out the rule. In reviewing the state of trade, 
the returns show that large tonnage is being 
launched, but that the new work secured is in excess 
of the output. Freights have gone up, and there is a 
good demand for vessels, The margin of profit may 
not have been large, but it is expected that prices will 
go up with the larger demand. The relations between 
the employers and the employed in the branches of 
trade represented by this union are so good that no 
labour disputes are anticipated. The society has been 
engaged for some time upon special audits of the 
branch accounts, and it is found that out of the whole 
number of 255 only six are in a bad condition. Most 
of them are pronounced to be very good. 





It is reported that a slow but steady improvement 
continues to be manifest in the engineering branches 
throughout the Lancashire districts. This improve- 
ment is certified by the returns of the various trade 
union branches, which are so numerous in Lancashire, 
all of which show a steady decrease in the number of 
unemployed. In the Manchester district, however, the 
number of the members of the Amalgamated Society of 
Engineers out of work is rather above than below the 
average of the country. Taking the entire society, 
the average of unemployed is 6 per cent.; in the 
Manchester and Salford district the average is about 
74 per cent., or was at the beginning of the month. 
However, this was better than for a long time pre- 
viously, and the returns are not regarded as altogether 
unsatisfactory, for the prospects have improved, and 
are improving. In the finished branches things are 
quiet, but the makers are well sold, and in some cases 
are asking higher rates. In the steel trade there is 
more business coming forward than of late, but the 
prices remain unaltered. The present range of prices 
are considered low in most cases, even for best boiler- 
plates. 





The War Office has made a concession which ought 
to have a most beneficial effect, both in official quarters 
and upon the minds of the working classes, whatever 
the final result may be. It appears that for some time 

ast there has been a slackness at the Royal Arsenal, 
Voolwich, especially in some departments ; this has 
led to some suspensions, and some discharges of the 
workmen. It seems that among the latter there were 
some who had taken an active part in the local labour 
union, and had been on deputations to the chiefs of the 
department. These men allege that they were dis- 
charged because of their action. The secretary of the 
Labour League thereupon put the matter in the hands 
of the London Trades Council, and Mr. Shipton, the 
secretary, called upon Mr. Howell, member for North- 
East Bethnal Green, to bring the matter before Mr. 
Campbell-Bannerman, Secretary of State for War, 
with the ultimate result that while Mr. Woodall 
declared, upon the authority of the officials, that the 
men were not discharged by reason of their action 
but because their term of service caused them to be 
the first on the list for suspension in case of discharge 
of hands, it was agreed to submit the whole case to a 
few of the Labour members, together with Mr. 
Shipton, as a Committee, who should proceed to Wool- 
wich to investigate the matter for themselves. On 
Friday Mr. Woodall made the announcement in the 
House of Commons of such proposed Committee, not 
because he doubted the accuracy of the information 
supplied to him, but to satisfy the workmen. This 
concession ought to satisfy the workmen, for the in- 
vestigators will be their own friends. 





In the Wolverhampton district the iron trade con- 
tinues in a buoyant condition. The recent advances in 
prices are fully maintained, and new orders are booked 
for immediate and deferred delivery on the advanced 
rates. The demand is pretty brisk for medium and 
common bars, sheets, hoops, strip, and galvanised 
iron. The home demand is heavier this month than 
for a long time past, and there is also a good deal of 
buying he export. Expiring contracts generally are 
only renewed on the advanced rates. Sheet-makers 





report a large volume of work on hand. Recent 
returns show that this is becoming a large industry in 
the district. The steel trade continues brisk at the 
old rates. The constructive and engineering branches 
of trade generally are pretty active, in some of the 
branches very active, and likely to be for some time 
to come. There are no labour disputes ia prospect. 
The iron and steel industries are better satisfied now 
that the age of night workers is fixed at 14 years, 
instead of 16 years of age, as both parties on the wages 
board opposed Mr. Asquith’s proposals. 


In the Birmingham district there has been only a 
uiet demand for iron, but the ironmasters are fairly 
well employed on old orders not yet completed. The 
mills in many cases are running full time, but new 
orders arrive slowly. Prices are mostly steady. In 
the galvanised sheet branch business continues good, 
and prices are firm. The heavier constructive branches, 
and many of the other local branches, are fairly good, 
with the prospects of further activity. No disputes 
of any consequence are threatened. 


The progress of the Factory and Workshops Bill is 
rendered precarious by the recent crisis in Parliament. 
Prior to that, however, concession after concession had 
to be made to enable the Committee to make progress of 
a substantial character, The age limit in certain indus- 
tries for night workers had to be put at 14 instead of 
16, but with a proviso that the Home Secretary could 
interfere. The clauses relating to laundries have had 
to be modified considerably. At times there was con- 
siderable friction in the Committee, and even irrita- 
tion ; as a matter of fact, the clauses were fought as 
bitterly as some of the clauses of a political measure in 
the full House of Commons. Singularly enough, the re- 
ligious sentiment came in, mostly as regards the con- 
ventual institutions in Ireland, some of which appear 
to do a good deal of laundry work. The outworkers 
clause was also hotly contested; but the sanitary 
clauses fared better as arule, though even those had 
some opposition. Indeed, it will be a good job when 
the whole of the sanitation clauses are removed 
from industrial legislation, and are putin the Public 
Health Acts, where they ought to be. The local sani- 
. authority can best look after this part of the 
work, 

The Conciliation Bill is relegated to the Grand Com- 
mittee on Trade. It is now manifest that the Govern- 
ment recognise the folly of incorporating in that Bill 
the Arbitration Act, 1889. It is said that they did so 
under pressure. It was not recognised at the time 
that the Act proposed to be incorporated was not on 
all fours with the other similar Acts relating to labour 
disputes. Whatever the fate of the present Bill, that 
mistake will not occur again. The Grand Committee 
has been strengthened specially to deal with this 
measure, some of the best experts in the House of 
Commons having been added by the Committee of 
Selection for that specific purpose. But, alas! that 
measure and other Bills will soon be among the 
‘*innocents.” 





The dispute in connection with the building trades 
seems likely to be revived, if we may judge by 
the two resolutions of the federated unions, upon 
which a ballot of the men has to be taken. The 
federation does not appear to understand the mean- 
ing, the import, and the application of the old adage, 
‘* Let sleeping dogs lie,” or they would leave matters 
alone just now. ‘The case stands thus: The employers 
gave notice to terminate the agreement of 1892, unless 
certain conditions were accepted. The men resisted ; 
then the employers extended the notice for a month ; 
that, too, expired; no further notice has been issued, 
and no change has taken place. If the employers had 
violated substantially any part of the old agreement, 
the men were prepared to resist; as it has not been 
violated, things remain as they were. Now, the two 
following resolutions have been carried, to be sub- 
mitted to a ballot of the members: (1) ‘‘That we 
recommend the trades to take a vote of their members 
to give notice to the master builders for a code of 
working rules, and an advance of 4d. per hour. (2) 
That the trades agree that, whenever the 1892 con- 
ditions are violated, immediate and united action be 
taken to enforce the same.” This will probably pre- 
cipitate action on the part of the employers. In any 
case the situation is somewhat changed by the demand 
for an increase in wages. The building trades are 
tolerably busy, and therefore the employers may give 
the —_— but resistance may lead to a disastrous 
strike. 


The strike of the boot and shoe operatives cost the 
union the full amount of their balance of 60,000I. 
Had it been prolonged, they say that they could have 
borrowed 30,000/. more to carry it on up to Whit- 
suntide. But now comes a rather unusual decision, 
The union proposed a 6d. levy to make up some 
of the lost funds; the men voted on it, and re- 
jected the proposal by a substantial majority. The 
executive are rather put out by the result of the vote, 





as even now all the ~~ in dispute are by no means 
settled. Of course the usual contributions give a large 
working fund to go on with; but it leaves a emall 
margin at present for possible emergencies, 





It appears to be a little doubtful whether the vote 
of the Northumberland miners to withdraw from the 
conciliation board will be effective. Some of the 
lodges declare that the votes were given by mistake, 
and eome desire that they shall be cancelled. There 
was undoubtedly some misapprehension. It is pro- 
bable that the vote will be reversed before any action 
has to be taken in the matter of a six months’ 
notice. The men are not usually precipitate, and, 
therefore, the result is all the more surprising. Never- 
theless, the executive and agents of the union have 
been somewhat alarmed by the published results of 
the ballot. 

The building operatives at work on the new post- 
office at Kilburn, about 200 in number, came out on 
strike on Friday last because some of the plastering 
work was sub-let. This may be a kind of preliminary 
strike to test the matter of sub-letting by the London 
master builders, as the men are all federation men, 
and this is the chief point in dispute. 

The french-polishers have struck work at a large 
furnishing firm at Kensington over ‘ reasonable ex- 
penses ” when away from home. There is usually an 
allowance for lodgings, fares, &c., when the men are sent 
out of London; in this case the complaint is that the 
firm does not allow sufficient expenses, 

The tram-men are in a fix over the stipulations 
made by the London County Council in the leasing 
clauses, the result of which has led to a demand by 
the company for a reduction in the men’s wages, The 
dispute may eventuate in a strike unless some modus 
vivendi can be found for settling it. 

The dockers’ strike at the Manchester Ship Canal 
has collapsed. The men intimated that they would 
return to work on Monday last, minus the badge, for 
the right to wear which the strike was undertaken. 
The strike has been as disastrous as it was ill-advised. 
The penalty now is the abandonment of the union 
badge, and all the losses in time and wages and in the 
union funds by the strike. 





ON WOOD AND COPPER SHEATHING FOR 
STEEL SHIPS.* 


By Sie Wittiam Wuire, K.C.B., LL.D., F.RS., 
Director of Naval Construction, and Assistant-Con- 
troller of the Navy, Vice-President. 


(Concluded from page 814.) 


EXPERIENCE has shown that under the actual conditions 
of service iron and steel ships sheathed on the system illus- 
trated by Figs. 5 and 6 (page 814 ante), maintain fairly clean 
bottoms for considerable periods afloat, and suffer noserious 
deterioration of the hulls, especially of the skin plating, 
when water finds access behind the planking, or saturates 
it. Inno case within my knowledge has galvanic action 
or corrosion extensively affected the skin plating or its 
riveting. The points of rivets have in some cases been 
corroded, but not to a serious extent. On the other hand, 
there have been many instances, both in the Royal Navy 
and in foreign navies, where the presence of water behind 
the wood sheathing has led to the comparatively rapid 
corrosion of large numbers of the iron bolts securing the 
inner thickness of wood. This corrosion usually occurs in 
the immediate neighbourhood of the steel bottom, and in 
some instances has practically eaten the bolts away, ren- 
dering them useless as fastenings. Instances have 
occurred in both British and foreign ships where serious 
deterioration of this kind has happened within four or 
five years of the launch; and considerable expense has 
been involved in renewing the fastenings. 

Having regard to the great number of the bolts in the 
inner thickness of planking, it is obvious that, even when 
the corrosion of many of the iron fastenings has taken 
place, no risk is involved either to the safety or structural 
strength of the vessel. Slight leakage may occur where 
bolts have bzen practically worn away, but this can be 
readily dealt with from inside the ship. With adjacent 
planks in the two layers overlying one another and fastened 
as shown in Fig. 5, there is practically no danger of detach- 
ment of planks in which corroded bolts are situated. But 
even if the old wood sheathing were removed, the struc- 
tural strength of the iron or steel hull would be sufficient in 
most cases. No such movement or working of the steel 
hull is conceivable under the maximum stresses occurring 
in practice on a well-designed ship, as would result in 
sensible straining or disturbance of the wood sheathing 
and its fastenings. All experience confirms this view. 

As an example in support of this general statement, 
reference may be made to the Calliope. At the end of 
1888 it was discovered that serious corrosion had occurred 
in a considerable number of the bolts fastening many of 
the planks in the inner thickness of her wood sheathing. 
After full consideration it was decided to continue the 
ship on service, and to defer thorough repair until her 
commission was completed and she returned to England. 
A few months later (March, 1889) the vessel successfully 
encountered the fearful hurricane at Samoa which de- 
stroyed so many other vessels, and passed through this 





* Paper read before the Institution of Naval Archi- 
tects at Paris. 
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ordeal, with her sheathing bolts in the defective condition 
described, without any sign of working or weakness. 

It is interesting to note in passing that Mr. Mallet, 
whose experimental researches on corrosion are so well 
known, predicted that the hulls of copper-sheathed ships 
would suffer but little, even if water found access to their 
skins. Ina passage quoted by Mr. Grantham, Mr. Mallet 
clearly explained that ‘‘ unless there was a stream of water 
in and out, so as constantly to renew the agents of corro- 
sion,” no serious deterioration would take place; and that 
if water ‘‘lodged”’ behind the wood sheathing it would 
speedily lose most of its corrosive power. Obviously the 
latter condition is realised very closely in ships built on 
the system described. Water which enters does ‘‘ lodge,” 
and suffers little change. Moreover, the paint or compo- 
sition used as ‘‘ bedding” for the inner layer of wood, 
gives considerable protection to the outer surface of the 
skin plating. The bolts are not equally protected, and, 
therefore, suffer more from local corrosion, which may bs 
rapid at firat, but must ba slower in the later stages. Is 
is a suggestive fact that, even on ships where corrosion of 
the iron bolts has been most considerable, there has been 
practically no loss of anti-fouling property in the copper 
sheathing. This in itself isa good practical proof that no 
serious galvanic action was in progress to the prejudice of 
the iron or steel hulls, although observations proved that 
a galvanic current was passing, as explained above. 

Iu 1887 it became my duty to review the experience 


Fig.7. 





many coppsr-shsathed ships hava been added to the 
Royal Navy as were added in the period 1868-1887. 

My expectation was that with the new method it 
would prove possible to practically exclude water from 
behind the wood sheathing. If water should enter in any 
case, then the bolts would not corrode as iron bolts have 
done. Further, there was every reason to believe that 
the skin plating would not suffer from galvanic action or 
corrosion. 

As the system was necessarily experimental to some 
extent, orders were given to make periodical examinations 
and special reports on the condition of the wood sheath- 
ing; its fastenings, and the steel skin. When ships were 
docked, careful examinations of the outer bottom were to 
be made; copper and planking being removed if thought 
desirable. 

The longest period any of these vessels has been adloat 
is about six years. This is only a moderate period of 
trial, although it exceeds by one-half the period which 
has sufficed to cause serious corrosion in the iron fasten- 
ings of many ships sheathed on the earlier system. 
Numerous reports have been made during this period 
from ships employed on various stations. These reports 
have been uniformly satisfactory. They agree in the 
statement that the copper has done its work as an anti- 
fouler, that the wood sheathing and steel hull remain in 
- condition, and that the naval brass bolts have not 

eteriorated. In nearly all cases the spaces behind the 
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which had been gained with copper-sheathed ships, and to 
propose a system for future adoption in the Royal Navy. 
For this purpose, I placed myself in communication with 
the shipbuilding officers serving under the Admiralty, and 
with private shipbuilders in all parts of the country who 
had constructed composite vessels. Genera] experience 
appeared to prove that, in yachts and other vessels built 
on the composite system with one thickness of planking 
and copper —e no trouble had arisen when brass 
bolts were used to fasten the planking to the frames ; 
whereas iron bolts had rapidly deteriorated. One case 
came under my notice where a foreign ship, built abroad, 
had been copper-sheathed upon a single thickness of wood, 
secured by iron bolts. These had rapidly deteriorated, 
and had to be removed at considerable cost ; on the con- 
trary, metal bolts (used as fastenings to the sea connec- 
tions) were found in perfect order, and the screw threads 
in the skin plating tapped to receive the points of these 
bolts were as clean cut and in as good condition as when 
first formed. The skin plating itself had not suffered. 

After full consideration, I proposed the system of 
sheathing illustrated by Figs. 7 and 8, with asingle thick- 
ness of wood planking, fastened to the skin plating with 
bolts of naval brass, screwed through the steel skin ; with 
nuts hove up on iron or steel plate washers, and gromets 
on the inside of the bottom plating. 

The principal features of this system are as follow: 

1. The adoption of such a thickness of wood sheathing 
as will admit of thorough caulking. The mean finished 
thickness of teak accepted is 4in. for large ships and 
33 in. for the smaller classes. ' 

2. The use of naval brass bolts and nuts, with their 
points screwed through the skin plating, and with thin 
plate washers fitted underneath the nuts. 

3. The thorough water-testing of the skin plating before 
planking is worked. 

4. The most careful fitting, fairing, and fastening of the 
planks ; the coating of all faying surfaces with suitable 
compositions before the planks are fixed in place; and the 
subsequent injection of composition in order to fill any 
interstices left between the planking and the plating. 

5. The use of hempen gromets steeped in red lead under 
the bolt heads and under the plate washera, to secure 
water-tightness in the bolt-holes. 

Detailed instructions for the working of sheathing on 
this system were drawn up by a committee of experi- 
enced shipbuilding officers, and have been found most 
valuable for guidance, 

Thirty completed ships have been sheathed on this 
system since 1887, and 16 vessels are now building. In 
other words, during the last seven years nearly twice as 
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sheathing have been found dry; and where water has 
been found it has been in very small quantities, occupy- 
ing very limited spaces. 

* one instance an adverse report was received from a 
ship on a foreign station at an early period in her service. 
She was ordered to be docked and thoroughly examined 
abroad. It was then shown that the defects were in no 
way important. 

Last December, when the ship had completed her 
commission, and been thoroughly examined at a 
home dockyard, it was reported that the wood sheath- 
iog and the skin plating were in good condition, the 
plating being found dry where graving pieces were cut 
out of the wood sheathing. The bolts were also in good 
order. This was five years from the date of launch. 

The system has been applied to battleships of large 
sizs—the Centurion, Barfleur, and Renown—and to a 
considerable number of cruisers of high speed and large 
dimensions. In all these vessels, so far as experience has 
been gained, the plan has proved completely successful. 
As one typical example, the Crescent may be mentioned. 
Launched in March, 1892, she was docked and thoroughly 
examined in March, 1895, after two voyages from England 
to Australia and back, in the course of which she had 
steamed about 50,000 knots, at an average speed of about 
124 knots. The oaeet may be summarised: Several 
pieces of wood sheathing were cut out, and some bolts 
removed from various parts of the bottom. In ea¢h case 
the skin plating was found to be quite dry, showing no 
sign of rust. The bolts were found as bright as when 
they were fitted in place, and the threads in the bolt-holes 
were clean and free from rust. In no place had the 
copper ceased to serve the purpose for which it was fitted, 
and the ship might have remained afloat a considerably 
longer time without fouling taking place. 

It is unnecessary to dwell upon the ease and economy 
of the processes of examination and repair obtained with 
the single thickness of wood as compared with two thick- 
nesses worked as in Figs. 5 and 6 (page 814 antec). Roughly 
speaking, to remove one plank from the inner thickness, 
four outer planks must be disturbed. Both weight and 
cost of sheathing are also reduced by the single thickness. 

These considerations, and the favourable experience so 
far gained, have led to the abandonment of the composite 
system in favour of the sheathed system for sloops and 
small vessels of the Royal Navy, which have hitherto had 
wood skins in two thicknesses. With the same weight it 
is possible to fit a complete steel skin and a single thick- 
ness of wood. Greater strength and rigidity are thus 
secured. 

There are obvious limits to the thinness of the steel skin 








of small sheathed ships. Ib has been thought in ever 
way desirable to retain the screwing of the bolts throug 
the skin plating which was a feature in the earlier plane. 
Less than }-in. plating would hardly give a satisfactory 
hold for the screw bolts, and this is the minimum thick- 
ness accepted. By accidental blows or carelessness on the 
part of the workmen in heaving up the nuts, bolt-ends 
and nuts may be broken off. Such cases have occurred, 
and then the good holding of the screwed bolt-end in the 
plating becomes important. The same thing is true if, 
by external injury, planks are torn off and bolts broken. 
There is a better chance of the holes being filled and leak- 
age prevented. 

No doubt the minimum thickness of skin accepted for 
the smallest sheathed vessels might be carried on into 
vessels of considerable siz9, in association with the thick- 
ness of teak plank necessary to secure efficient caulking 
(34 in. to4in.). Such planking obviously adds greatly to 
the local strength, and stiffens the bottom plating against 
both buckling and local deformation. nder tensile 
stresses also there is good reason for supposing that, 
within the limits of stress occurring in practice, teak 
planks, fitted and fastened as described, are capable of 
lending vaiuable assistance to the steel skin. 

Professor Rankine proposed to treat teak as equivalent 
to about one-sixteenth its effective sectional area in steel 
when constructing ‘‘ equivalent girders.” The only ex- 
periments with which I am acquainted in which combina- 
tions of plating and planking have been subjected to 
tensile stress were arranged by myself, and conducted at 
Chatham in 1869, They were of a pre aa character 
only, and served chiefly as demonstrations of the great 
difficulty involved in obtaining satisfactory and represen- 
tative results. I learned much on that occasion as to the 
unexpected fractures possible with wood planks, when 
samples were tested to destruction. They included planks 
of Dantzic oak, red pine, and teak bolted to iron and 
steel plates. 

Neither the testing machine available, nor the means 
of measuring extensions at my disposal, were such as 
enabled precise results to be obtained. Enough was done, 
however, to show that Rankine’s rule was not an over- 
estimate of the value of teak and other woods under 
tensile stresses such as are likely to be accepted in practice 
on the bottoms of ships. This result sufficed for the 
object I then had in view, and the experiments have never 
been resumed. 

Reference is made to them now in order to emphasise 
the point that our established practice—which is roughly 
to keep the bottom plating of sheathed ships about one- 
sixteenth of an inch thinner than the bottom plating of 
unsheathed ships of the same dimensions—really and in- 
tentionally gives a margin of strength in favour of the 
sheathed ship. Wood planking, properly fitted and 
fastened, is more than a mere ‘‘ padding” on which the 
copper sheets are nailed, although it is fitted primarily 
for that purpose. 

While the fact is recognised that teak planking on the 
bottom of a sheathed ship is capable of giving valuable 
assistance to skin plating under tensile, as well as com- 
pressive, stresses such as occur in practice, no practical 
advantage has hitherto been taken of that fact. In small 
ships the thinnest bottom plating permissible gives more 
than the necessary structural strength without any assist- 
ance from wood planking, consequently the only reason 
for fitting the latter is to receive the copper sheathing. If 
full credit were taken for the assistance which the wood 
could give within working limits of stress in ships of large 
dimensions, a sensible reduction might be made in the 
thickness of the skin plating. For the largest ships yet 
sheathed this reduction might approach } in. by Rankine’s 
rule. It has been preferred, however, not to carry the re- 
duction nearly so far. In fact, the actual thicknesses of 
plating used in large ships would give sufficient strength 
in most cases if acting alone. The reasons for this course 
are various. Underlying them all is the general feeling 
that it is preferable to treat wood sheathing as an adjunct 
to the structure proper, and not as a necessary contribu- 
tory to the structural strength. 

One consequence of this is that sheathed ships, when 
compared with unsheathed, have to carry a load of wood 
and copper sheathing constituting a large addition to the 
weight of hull. If a ship of given outside form is sheathed, 
the additional displacement gained very nearly counter- 
balances the extra weight involved. This added dis- 
—— has to be driven, and, with engines of a certain 

orse-power, the unsheathed ship with clean bottom will be 
a little faster than the sheathed ship. This advantage 
— disappears, however, after the ships are afloat, as 
the bottom of the unsheathed ship is sure to foul, while 
that of the sheathed ship keeps clean. 

The early advocates of sheathing, including Mr. 
Grantham, dwelt much upon the great gain resulting 
therefrom in case of grounding or other rough usage, 
which would perforate or seriously damage the thin skin 
plating of unsheathed ships. Cellular double bottoms 
were not so common a quarter of a century ago as they 
are now. Experience in both the war and mercantile 
marine has shown such bottoms to be the best pos- 
sible provision against accidents of the kind. No one 
would now be likely to advocate as alternatives to double 
bottoms either a considerable thickening of the skin 
plating with stronger supporting frames, or the reinforce- 
ment of the skin by wood planking. 

Wood planking outside an iron or steel skin does un- 
doubtedly add to its capacity fortaking hard rubs. Fair- 
bairn’s experiments made a plank 3 in. thick about equal 
to an iron plate fin. thick in resistance to puncture by con- 
centrated steady pressure. The actual gain in a sheathed 
ship is not fully expressed by these figures. The wood 
planking has a capacity for distributing local pressures and 
crushing under them, which is of enormous value in 
relieving the skin plating behind it from revere local 
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distress. This fact has been repeatedly illustrated by 
accidents to sheathed ships, For example, the Warapite, 
of the Royal Navy, took the ground badly in 1892, the 
false keel was torn away, the main keel badly damaged, 
and a considerable area of the wood sheathing crushed, 
yet the damage to the bottom plating and framing was 
not very serious or difficult to repair. 

For many of the services which have to be performed 
by the smaller classes of Her Majesty’s ships, it is most 
desirable to have a stout wood bottom protected by 
copper. Bare thin iron or steel plating is unsuitable 
under such conditions both to withstand the shocks of 
grounding and the risks of serious and rapid corrosion in 
tropical waters, containing large quantities of vegetable 
matter. Hitherto composite ships have performed these 
duties ; now sheathed ships are employed. 

It has always been recognised that in case of serious acci- 
dent to a sheathed ship, involving the exposure of certain 
portions of the bottom to possible galvanic action, no time 
should be lost in effecting examination and necessary re- 
pairs. Hitherto no difficulty has arisen in complying 
with these instructions, and their importance is obvious. 

There have been many advocates of plans for the 
electro-deposition of copper or zinc directly on the sur- 
faces of iron and steel plating, for the purpose of prevent- 
ing fouling. It is unnecessary to repeat what has been 
said in regard to the unsuitability of zinc as an anti-fouler. 
There has been a consensus of opinion among responsible 
authorities adverse to the deposition of copper directly 
upon icon or steel surfaces intended to be immersed in sea 
water, and necessarily subject to risks of abrasion and 
exposure in actual service. On this account such plans 
have never found favour, quite apart from any considera- 
tion of the difficulties and expense of carrying them into 
practical effect. Experience has shown also that care is 
necessary even in the use on ordinary iron or steel bottoms 
of anti-fouling compositions in which copper is largely 
used. In all war fleets up to the present time, the prac- 
tice is universal which interposes wood planking in one or 
two thicknesses between the skin plating and copper 
sheathing. 

About 15 years ago a thorough investigation was made 
at the Admiralty into the relative advantages and disad- 
vantages of substituting a non-corrodible skin for the 
combination of steel and wood usually adopted in sheathed 
ships. Naval brass was considered the most suitable 
material then available for the purpose, taking into 
account its strength and other qualities. The conclusion 
reached was that it was preferable, on the grounds of cost 
and efficiency, to adhere to the use of wood and copper 
sheathing. 

When nickel steel, with high percentages of nickel and 
relatively incorrodible, was introduced, the matter was 
again considered, but nochange was thought desirable. 

The introduction of various bronzes and aluminium 
alloys has also drawn attention to the possibility of 
improvement. Many years ago an experimental torpedo- 
boat was built of bronze for the Royal Navy, but the 
experiment has not been repeated. More recently alu- 
minium alloys and bronze have been used for yachts and 
small torpedo-boats in which the desire to save weight 
has been paramount, and first cost has not been much 
regarded. Experience gained in these vessels will be of 
value, especially in regard to the steps necessary for the 
preservation of clean bottoms. It is understood to have 
been already found advantageous to paint the bottoms of 
aluminium-built vessels. On this matter the discussion 
may afford some information, as so much has been done 
in France to develop the use of aluminium alloys. 

When this subjeci was discussed in 1869 there were 
some, including Mr. Grantham, who thought that sheath- 
ing would be largely employed for iron ships of the mer- 
cantile marine as a preventive of foulness of bottom 
and its consequent disadvantages. These anticipations 
have not been realised. I am not aware of the existence 
of any important mercantile steamer which has wood 
and copper sheathing. In fact, the composite system has 
practically disappeared from the mercantile marine, and 
is used simply for yachts and small vessels, Facts such 
as these are suggestive that there must be good reasons 
why private shipowners have not followed the lead of war 
fleets in this matter of sheathing. These reasons are not 
difficult to discover, and they make it most improbable 
that wood and ee sheathing will be adopted even for 
the swiftest merchant steamers. The evils of fouling in 
iron and steel ships are real enough. But taking into 
account the great and increasing facilities for dockin 
throughout the world, the improved anti-corrosive ce 
anti-fouling compositions now available, and the mode- 
rate time and cost involved in cleaning and painting the 
bottoms of iron and steel ships, it becomes obvious 
that it is more economical, on the whole, to dock 
and clean as frequently as may be necessary to 
avoid serious fouling, rather thin to incur the large 
additional cost of sheathing. Merchant ships, from 
the nature of their employment, are frequently in port ; 
and all vessels of high speed are employed on fixed routes 
and regular services. Under these conditions, docking 
twice, or thrice, or even four times, in the year is nota 
serious matter, while with such frequent cleaning of the 
bottoms fouling cannot become serious. 

For warships, especially the cruiser classes, the condi- 
tions are essentially different. These vessels are built 
with a view to distant and uncertain services, including 
the necessity for keeping the sea for long periods, and 
being for years on stations where suitable docking accom- 
modation may be entirely wanting, especially in war time. 
Economical considerations have to give way to other con- 
ditions in such vessels. Continued cleanness of bottom 


and maintenance of speed must be secured, even if first 
cost has to be largely increased in the process. This is 
the reason why, in recent years, the numbers of sheathed 
cruisers in all war fleets have been so greatly increased. 





Even copper-sheathed vessels may, and do, become 
foul after long periods afloat, and under certain circum- 
stances I have seen instances in which extraordinary 
fouling has occurred. On the contrary, copper bottoms 
usually keep fairly clean for a considerable time, and I 
have seen steel-sheathed vessels docked after 14 to two 
years’ service, chiefly in hot climates, with practically 
clean bottoms. 

The degree of foulness attained by unsheathed iron or 
steel ships necessarily varies very greatly ; but itseems to 
be generally agreed that in high-speed ships docking and 
cleaning must, as a rule, take place twice or thrice a 
year in order to maintain speed and economy of coal. 
Some lines, I am informed, find it advantageous to dock 
their vessels four times a year on an average. In the 
Royal Navy unsheathed ships are docked and cleaned 
about twice in the year. 

Even with such frequent docking and cleaning there 
is a sensible difference in steaming performance between 
clean and dirty bottoms. This, again, is a matter on 
which hari and fast rules cannnot be laid down. Cases 
are on record where very serious fouling has occurred 
after short periods afloat; while in other instances, from 
causes not fully ascertained, the bottoms have remained 
fairly clean for a year. 

Careful observations made ia the Royal Navy, on ships 
employed in European waters, have shown that after five 
to six months afloat about 20 Lo 25 per cent. more power 
was required to maintain ordinary cruising speeds than 
sufficed with clean bottoms ; after 10 to 12 months afloat 
this increase of power became 40 to 50 per cent. The 
ships on which these figures are based were not considered 
exceptionally foul when docked. 

Accepting these figures, it will be seen that for ships 
which, from the nature of their service, must keep the sea 
commonly for over a year, bare iron or steel bottoms are 
very disadvantageous. Under ordinary cruising condi- 
tions the coal expenditure is enormously increased, and 
the coal endurance correspondingly diminished. Sup- 
posing the maximum horse-power developed to remain 
unchanged, the maximum speed obtainable will be con- 
siderably degraded by the foul bottom. In cruisers of 
great power and high speed the loss of speed would be 
most serious. 

Wood and copper sheathing necessarily involve a very 
large addition to first cost, and some addition to the 
charge for maintenance. On the other hand, the long- 
continued cleanness of the bottom reduces the coal bill 
very considerably, and diminishes the expenses for dock- 
ingand cleaning. These latter savings may not, on barely 
economic grounds, be a compensation for the extra initial 
outlay. Its ample justification is to be found in the fact 
that the sheathed vessel is possessed of sea-keeping powers 
and a capacity for maintaining her speed after long periods 
afloat, such as are impossible to any unsheathed iron or 
steel ship. 





LOCOMOTIVE BOILERS. 

(JuUESTION V. of the proceedings of the present Inter- 
national Railway Congress refers to ‘‘ Boilers, Vire- 
boxes, and Tubes.” The report on this question has been 
prepared by Mr. Kdward Sauvage, Chief Engineer of 
Mines, and Assistant Locomotive Superintendent of the 
Eastern Railway of France. The report is a very elaborate 
one, and will form a standard contribution to the litera- 
ture of the subject. The report, of which we give a sum- 
mary, is accompanied by a valuable series of drawings, 
illustrating the present practice of makers of steel locomo- 
tive boilers. Steel is now used exclusively in the United 
States for locomotive boilers and fireboxes, and in Europe 
to a very large extent for boilers, but rarely for fireboxes. 
The substitution of steel for iron has not involved any 
great alteration in design ; somewhat thinner plates are 
used, or higher working pressures adopted. The tests 
under which steel is accepted by different railway com- 
panies for use in boilers, vary considerably, the general 
characteristics, within narrow limits, being, however, pre- 
served. M. Sauvage gives a summary of a number of 
specifications, which we have endeavoured to embody in 
the subjoined Table: 


Summary OF Tests OF STEEL EmpLoyEeD ror LocomorivE BoILErs. 


plates are accepted, of which the test-piece shows an 
elongation less than 20 per cent., a tensile strength of 
less than 55,000 1b. or more than 65,000 lb. per square inch, 
unless in the latter case the elongation is 27 per cent. or 
For inside fireboxes the following is the chemical 


more. 
specification : 
Per Cent, 
Carbon... ao = F 0.18 
Phosphorous, minimum _... 0.03 
Manganese, not more than... 0.40 
Silicon * ‘ ote 0.02 
Sulphur oe * 0.02 
Copper - ae . 0.02 


The tensile strength must range from 55,000 lb. to 
65,000 lb., with a minimum elongation of 22 per cent. in a 
test-piece 8 in. long. As above stated, steel fireboxes are 
the exception in Europe; the Great Eastern and the 
Paris-Lyon-Mediterranée are among the few companies 
using them. 

The use of iron or mild steel for boiler tubes is becoin- 
ing much more general. The following are abstracts of 
the specifications of various railway companies : 

Western of France.—The tubes must be of uniform 
thickness in length and circumference. They must be 
perfectly straight, and any minor and local deflection may 
not exceed ;', in., measured in a length of 3.28 ft.; the 
total deflection in the full length of any tube may not 
exceed 0.47 in. 

The following variations in external diameter will be 
allowed : .008 in. in defect or .0118 in. in excess for tubes 
less than 1.77 in. in diameter, and of .0118 in. in defect 
or .0197 in. in excess for tubes of greater diameter. The 
tubes must not present either externally or internally any 
grooves, pits, cracks, fissures or other defects. 

All the tubes will be subjected to an internal hydraulic 
pressure of 355 lb. per square inch; and they must not 
exhibit any sign of leakage or alteration in form under 
this test. 

At least one tube per 100, or one tube per contract, if 
less, will be selected by the company’s inspector and sub- 
mitted to the following cold tests : 

2. Tests. Measurements and tests will be carried out 
in the following proportions: One in five: Pressure tests. 
One in 200: Flattened out, reversed, beating out of a 
flange, expanded, curved, folded and tempered. In the 
pressure test, the internal pressure applied will be: For 
iron and mild steel tubes, 355 1b. per square inch. The 
pressure will be exerted for one minute, and the tube 
must not exhibit any alteration or leakage. All the tubes 
must be, before delivery, tested by pressure at the works 
of the manufacturer. In the flattening test, the test 
piece will primarily be annealed with charcoal, placed 
upon a solid and level surface, and flattened with a ram 
or hammer. No crack, flaw, or other defect should be 
visible previous to obtaining the following reductions in 
the original internal diameters: 88 per cent. for iron 
welded tubes; 96 per cent. for mild steel welded or 
drawn tubes. 

In the reversing test, a piece 4 in. long previously an- 
nealed will be sawn longitudinally, and reversed to form 
a tube of which the internal surface is the original ex- 
ternal surface. No crack, flaw, or other defect should be 
exhibited by any tube so treated. In the beating out 
cold of a flange at right angles to an end of a tube, the 
test-piece, primarily annealed, should be capable of bear- 
ing the forming in iron or steel welded tubes, of a flange 
having for external diameter that of the tube plus four 
times its thickness, the curve uniting the surface of the 
flange with that of theinterior of the tube having a radius 
equal to the tube’s thickness. 

In the test for expansion, which is to be made cold, a 
test-piece 8 in. long will be stood upright and expanded 
4 per cent. for iron welded and 8 per cent. for mild steel 
by means of a graduated tube-expander or mandril, until 
= external diameter is increased without crack or other 

efect. 

In the curving test, an end primarily tempered and 
filled with resin should be capable of being bent, without 
showing any defect, until the ends are united by a regular 





curve, having a diameter equal to five times the external 


Contraction | Length of 











Name of Railway Company. — Elongation. of Area. | Test Picco. Other Teste. 
; tons pereq. in. | percent. per cent. in. 
Norwegian State Railways 23.5 to 26 20 én 
North-Western of Austria a . 2 bs 52 
Austro-Hungarian State .. 22.5 ox 60 
Ferdinand Nord Bahn 25.5 to 28.5 ss 50 
” ” 30 —,, 34 .: 37 
Gothard es = »s is ~ 21.5 ,, 24 25 os 8 
” * -* o- - * * 23 ” 25.5 25 
Jura Simplon 7" . 28 ,, 6 21 to 26 8 | 
Mediterranean (Italy) 24 =, 26.5 28 ,, 30 8 | Folding, puncturing, and 
; | _ Chasing 
Adriatic System .. ao on 23.5 ,, 27.5 25 ,, 40 3.1 | Folding tests 
London, Chatham, and Dover .. 25 ,, 30 20 8 | 
Lancashire and Yorkshire : = . 26 «C4, 30 20 8 
North London be Ss bs a : 25.4 26 10 | 
Glasgow and South-Western . ne s 25 ,, 30 25 8 | Folding tests. 
North-Eastern... % 26 4, 30 26 4 im 
Natal .. 27.5 ,, 30.5 25 6 | Strip 12 in. x 3 in. drilled 
with {-in. hole and drifted 
. | tolgin. Folding tests. 
Western of France.. 28.5 ,, 32 25 = 4 | Folding tests. 
Orleans (special case) 5) ,, 54 12 to 15 *: 8 | Folding test twice the thick- 
ness of the plate. 
Pennsylvania = 26.7 25 an 8 


The Pennsylvania Railroad has probably had more ex- | diameter of any of the different classes of tubes. In the 
perience with steel boilers than any other company, hence | folding test, carried out hot with iron or mild steel tubes, 


their conditions of acceptance are worth quoting. No} 





a tempered test-piece is filled with moulder’s sand and 
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suitably heated, and should be capable of being folded 
without flaw until the internal radius is six-tenths of the 
external diameter of the tube. With mild steel tubes, 
one of the above-mentioned test-pieces, heated to a bright 
cherry red and tempered in water of a temperature of 
70 deg. Fahr., should afterwards easily take a. smooth 
file. 

Midi of France.—The thickness of tubes to be .0984 in. 
for tubes under 2.36 in. in diameter, and .118 in. for all 
others. This thickness may be exceeded by .008 in., but 
no deficiency will be allowed. 

In their length an excess of .787 in. or a deficiency of 
.196 in. will be permitted. The external diameter should 
agree with the specification and be regular for the whole 
length of the tube ; a variation either way of .020 in. will 
be granted. The ends of the tubes to be cut perfectly 
square. The tubes must be made of iron plate worked to 
a cylinder and lap-welded. 

Each tube will be submitted for one minute to an in- 
ternal hydraulic pressure of 355 lb. per square inch. Any 
exhibiting signs of deformation, fracture, or leakage will 
be rejected. The tubes having passed this preliminary 
test, will be divided as far as possible into lots of 51. 
From each lot the company’s inspector will choose a 
tube, from which and at any point of which he will cut 
two test-pieces 4 in, in Ban The two pieces tempered 
to a bright cherry red, and cooled in open air, will be 
submitted to the following tests : 

1. The beating out, on the first test-piece, of a flange 
whose external diameter shall be equal to that of the 
original tube plus .394 in. 

This flange shall be beaten out at right angles to the 
internal surface of the tubs, to which it must be joined by 
a curve of .197 in. radius. 

The flange will be worked down by two mandrils, one 
turning down to 45 deg., the second completing the right 
angle, 

D The second test-piece shall be sawn in the direction 
of its length, flattened out, and bent backwards until the 
edges meet. 

The test will be effected with the hammer. The flatten- 
ing will be done on an anvil, the reversing in a vice. 

3. The company’s inspector shall, in addition, choose in 
each lot a certain number for expansion tests ; which will 
be carried out as follows : 

One end of the tubes chosen will be tempered as men- 
tioned previously, and expanded cold until the internal 
diameter shall have increased 8 per cent. in a length of 
1.57 in. 

Paris-Lyon-Méditerranée Railway.—The tubes are made 
from plates of metal obtained by the Bessemer or Siemens- 
Martin process, and are lap-welded. 

The longitudinal edges of the plates are champfered, 
brought to a suitable temperature, and passed through a 
gauge-plate, which gives them a circular form and brings 
the champfered edges surface to surface, 

The rough tube is then reheated and passed through a 
spacial roll, the champfered edges become perfectly welded 
by the pressure exerted upon them externally by the rolls 
and internally by a button held in a fixed position. 

The tubes are then straightened, cut to length, and 
both ends annealed in charcoal. The tubes must be 
perfectly clean, and should not exhibit on the surface any 
crack, shake, fissure, or other defects; they must be cut 
perfectly square at the ends, which must be perfectly 
smooth. 

The tubes must have as nearly as possible the exact 
dimensions required by the specification ; the thickness 
must be uniform in the entire length and circumference. 
Slight allowances are made in the diameter, thickness, 
and weight. 

The tubes will be rejected if their dimensions or weight 
are not within the maximum and minimum limits given 
in a table; in addition, if their weights are in excess of 
the average weight laid down, the extra quantity will not 
bs paid for. The tenacity and malleability of the metal, 
both cold and hot, will be determined by tests carried out 
with finished tubes. To determine the tenacity of the 
metal whilst cold, all the tubes are submitted for one 
minute to a hydraulic pressure of 285 lb. per square inch, 
and must not then exhibit any sign of leakage or altera- 
tion. All tubes failing in this test will be rejected. 

To determine the malleability of the tubes, cold or hot, 
the company’s inspector will choose in any lot delivered a 
cartain number of tubes (atleast 1 in 50) and submit them 
to the following tests : : 

1, An annealed end should bear without flaw or break 
the hammering or pressing out, at right angles to its 
length, of a flange having a width equal to four times the 
thickness of the metal in the tube. The upper face of 
the flange should ba joined with the internal surface of 
the tube by a curved surface of radius equal to twice 
the thickness of the metal in the tube. The width of the 
flange will be measured between its outside edge and the 
prolongation of the internal surface of the tube. 

The force to produce the above effect should be exerted 
by a press or analogous machine. The test tube end is 
inserted in an iron mandril and a cone of 45 deg. pressed 
out, the flange being completed to a right angle in a 
second operation by means of a holding-up tool. 

2. An annealed test piece should be capable of bearing 
6 per cent. expansion. 

3, Two test-pieces, 4 in. long, are cut from opposite ends 
of a tube, annealed, sawn longitudinally and reversed 
whilst cold to form two pieces of tube the external surfaces 
of which were the original internal surfaces prior to saw- 
ing. No sign of failure should be seen. A tube end suit- 


ably heated should bear without failure the hammering 
out of a flange at right angies to its length, of a width 
equal to seven times the thickness of the metal in the 
tube. The upper surface of this flange should be connected 
with the internal surface of the tube by a curve of radius 
equal to twice the thickness of the metal in the tube. 





The width of the flange will be measured between its 
exterior edge and the prolongation of the internal surface 
of the tube. 

Great Western Railway.—The tubes to be of iron or steel 
as may be specified in the order. If of iron, the maker to 
give a written guarantee that they have been manufac- 
tured of wroughtiron of Earl Dudley’s or Barrow’s B B 
Staffordshire quality, or other iron of equal quality. If 
of steel, to be manufactured of mild Bessemer or Siemens 
steel of approved quality. The tubes to be perfectly 
sound and well-finished, the ends to be clean and square, 
and the surface free from defects. Each tube to be of the 
exact dimensions given on the order; and, unless other- 
wise specitied, to be of uniform thickness throughout of 
tia B.W.G., anc of the weight given in the following 

able : 


Diameter 


Outside. Weight per Foot of Length. 


in. 
21 Not less than 2.41 lb., not more than 2.56 lb, 
2 2.12 


a ” ” ” ” 2.27 ” 
1g Pe » 1.98 ‘ “ 2.13 ,. 
lf ” » 183 ,, ” 1.98 ,, 
13 ” » 169s, ” 1.84 ,, 
1} ” ” 1.55 9 ” 1.70 ” 


Tubes to be expanded ,\; in. in diameter for 3 in. at one 
end, and contracted } in. in diameter at the other end, 
when so specified on the order, without extra charge, 
Each tube to be well annealed at both ends. 

The tubes to be supplied clean and free from rust, in- 

side and outside, and not to be covered with paint or any 
similar coating. The maker’s name to be clearly stamped 
on the outside of each tube. Each tube to be capable of 
standing without leakage an internal pressure of 800 lb. per 
square inch and an external pressure of 250 lb. per square 
inch. 
Great Eastern Railway Compnny.—The tubes to be made 
of mild B or Si steel, and to be perfectly 
sound and well finished, the ends to be clean and square, 
and the surface free from defects. Each tube to be of the 
exact dimensions written on the tracings; and unless 
otherwise specified, to be of uniform thickness through- 
out of No. 13 1.S.W.G., and of the weight given in the 
following Table : 





a Weight per Foot of Length. 
in. 
2 Not less than — lb., not more than 2.05 lb. 
1 ; ar = - 1.90 5, 
1} z 1.60 ” re 1.80 ” 
13 ” ” 1.45 ” ” 1.65 ” 
14 ” ” 1.40 ” ” .60 ” 


All tubes are to be expanded } in. in diameter for 3 in. 
at one end, unless otherwise specified. The tubes to be 
supplied clean and free from rust, inside and outside, not 
to be covered with paint or any similar coating. The 
maker’s name to be clearly stamped on the outside of 
each tube. Each tube to be thoroughly well annealed 
and to be capable of standing, without leakage, an internal 
pressure of 800 lb. per square inch, and an external pres- 
sure of 250 lb. per square inch, and any portion must be 
capable of being hammered flat without the edges crack- 
ing. 

London and South-Western Railway Company.—The 
tubes to be lap-welded and to be mauufactured of steel. 
The weld is to be perfectly sound and well-finished ; the 
ends are to be clean and square, and the surface free from 
defects. 

Each tube is to be of the exact dimensions stated on 
the tracing furnished with the official crder. Steel dia- 
meter gauges for sizes of ends will be supplied by the 
railway company, and the tubes must be made to pass 
through these gauges a good fit. The tubes are to be 
supplied clean, free from rust inside and outside, and are 
not to be covered with paint or any similar coating, and 
both ends are to be properly annealed before delivery. 
The maker’s name is to be clearly stamped on the outside 
of each tube. Each tube is to be capable of standing 
without leakage an internal pressure of 800 lb. per square 
inch and an external pressure of 250 lb. per square 
inch. The contractor shall be required to provide at his 
own expense an additional tube for each 100 ordered, to 
be selected by the railway company’s inspector from the 
bulk, and to be tested in his presence by the contractor, 
to the pressures above mentioned. 

The methods of fixing the tubes in the tubeplates, are 
practically much the same everywhere; it is frequently 
completed by the formation of an external flange, and the 
addition of ferrules. Frequently the holes in the tube- 
plates are drilled with a slight taper to insure close con- 
tact of the surfaces after thetube is expanded. Ferrules 
are considered undesirable, because they contract the 
effective area of the tube. At the smokebox end their 
use has been abandoned, and it is not uncommon to 
dispense with them at the firebox end when the tubes 
are new, and apply them when they become worn. In 
America copper rings are inserted between the hole in 
the tubeplate and the exterior of the tube, when both 
are of steel. The practice followed by the Pennsylvania 
Railroad Company is as follows : 

Method of Preparing Holes in Tube Shect.—The holes 
in back of flue sheet are bored the exact diameter, 
while those in front sheet are bored ,'; in. larger than 
the flue. 

Method of Preparing Flues.—They are swaged on one end 
to receive a ferrule of copper 1 in. wide and .074 in. thick, 
which ferrules are made to fit snugly in the back flue 
sheet. The swaged end of the flue is ground in order to 
clean off the scale formed by swaging and prepare it for 





brazing. The ferrule is then thoroughly brazed on all 


around the flue, making a complete joining of the two 
together. They are then cut off to length and put in 
place in the boiler. 

Method of Setting Flues.—The first operation in setting a 
flue in flue sheet consists in driving into the firebox end a 
plug with taper of about fin. per foot. This is to ex- 
pand and firmly fix the flue ; and while this is being done, 
a bar with collar larger than the outside diameter of flue 
is held in front end as shown, to prevent flue from being 
moved back out of hole while plug is being driven in. The 
second operation is to expand flue in front sheet with a 
roller expander, and for this purpose there is used a Dud- 
geon expander, modified by having the rollers made the 
same taper as the pin, so that when pin is driven into the 
expander the outside rollers will be parallel. This is 
considered quite important, as it insures a good contact 
of the flue with the sheet through the whole thickness of 
the latter. The third operation is expanding the flue at 
the back end firmly into sheet and enlarging it inside of 
sheet. For this a Prosser expander is used. This opera- 
tion partly turns over the end of flue, which is further 
done by the use of hammer. The flue has, in the mean- 
time, been slightly expanded outside the front tube sheet 
with a taper plug. The taper of this plug is 2 in. per 
foot, The back end is finished with a regular heading 
tool, and the Dudgeon expander is then put in and 
flue slightly rolled, which completes the operation. 

It is stated that with careful workmanship the standard 
methods of fixing tubes are quite satisfactory, and several 
administrations are satisfied with expanding the tubes in 
cylindrical holes without beading or ferrules. Leakage 
is, however, difficult to prevent, and, apart from careless 
workmanship, is due chiefly to too sudden cooling, or un- 
suitable feed-water, which may attack the plates direct, 
or form incrustation by precipitating the solid matter 
they contain. Frequent washing out of boilers to a large 
extent prevents incrustation, but this wastes time, and 
keeps locomotives off duty longer than is desirable. The 
so-called antifouling compositions are used by some com- 
panies, but their employment is not general. The Eastern 
Railway of France uses the following composition : 


Water aaa ee 16.8 gallons 
Carbonate of soda 36.8 lb. 

Campechy extract ¥h.G 4s 

Qaebracho _,, sedi abe sys 4 
About half a gallon is poured into the tanks daily, and 
a gallon after every washing out. The sulphates of lime 
are dissolved by the carbonate of soda, and the extracts 
check reincrustation. The Western Railway of France, 
and the Paris, Lyons, and Mediterranean, and the 
French State railways employ somewhat similar com- 


” 


‘pounds, and several other lines use various specifics. The 


reporter points out that purification prior to use is the most 
efficacious way of preventing incrustation, and mentions 
that the Northern and State Railways of France, the 
London, Brighton, and South Coast, the Midland, the 
North London, the Netherland State, and the North- 
Western of Austria possess purification plants. The re- 
mainder of M. Sauvage’s report deals with experiments 
on steam production, the influence of the size and forms 
of smokeboxes and spark arresters, on tests of blast-pipes, 
and experiments on the influence of speed on the produc- 
tion of steam. We reproduce in extenso the reporter’s 
conclusions, which contain a careful summary of the best 
practice and experience in the construction and working 
of locomotive boilers, 

1. The use of mild steel for the boiler plates of loco- 
motives has become a matter of current practice; this 
use being mainly justified by the quality of the plates, 
which is much more uniform than in iron. Particularly 
in the flanged portions of the work, steel is more readily 
worked. 

2. Steel plate for boilers should be very mild and 
characterised by a breaking strain not exceeding 284 tons 
per square inch (45 kilogrammes per square ee 
and preferably between 254 and 22 tons per square inc 
(40 and 35 kilogrammes per square millimetre). The 
plates will be made from open-hearth steel; and no pig 
containing phosphorus should be used in their manu- 
facture. 

3. The substitution of steel for iron allows at times of 
a slight increase of pressure in the boilers, without any 
modification in thickness of plate. 

4. The working up of steel plates does not require any 
extraordinary precautions; they can stand local applica- 
tion of heat, notably for the drawing out of the corners. 
A wise precaution is to anneal the plates after working 
them, prior to riveting; nevertheless, this precaution is 
not indispensable when experience has aagen the good 
quality of the plates and the merit of the boilermaker’s 
work. 

5. Steel fireboxes continue to be practically unused in 
Europe ; the few cases in which they have been experi- 
mented with do not show that they have any advantage 
over the copper box, at least with the qualities of steel 
available in Europe. This opinion does not apply to 
small locomotives whose work is not of a very hard nature ; 
for these steel fireboxes may be advantageously used. 

6. Iron and steel boiler tubes have come more and more 
into use ; they can be substituted for brass without dis- 
advantage, the substitution actually resulting in a con- 
siderable economy. : 

7. Iron tubes do not require copper ends. 

8. The tubes are generally expanded with a Dudgeon 
expander, the holes in the tube-plates being slightly 
coned, or even cylindrical. 

9. The beading of the ends of the tubes is not indis- 
pensable. 

10. Ferrules are only necessary at the firebox end, and 
then only when the tubes show signs of leakage. 








11. In general it may be said that the avoidance of leak- 
age in the tubes depends mainly upon the care taken in 
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the working of the locomotive ; it may be safely said that 
locomotives, the tubes of which are fixed in the ordinary 
way, do not give any trouble if the fire is attended to ina 
regular manner, without abnormal entry of cold air into 
the box, and if care is taken to allow the boiler to cool off 
before being emptied, and more particularly before wash- 
ing out with cold water. It is unwise to draw fires before 
an engine has been shedded, as the blast in this case draws 
a - iia volume of air through the firebox and the 
tubes. 

12. Disincrustants may be found useful to obviate the 
formation of adhesive deposits ; but their nature and pro- 
portions should be adapted to varying local conditions. 

13. The purification of feed waters which contain much 
carbonate of lime, and particularly of selenitical waters, 
prior to their being used, is extremely desirable. The 

rovision of plant for this purpose necessitates a heavy 
initial outlay, but the capital thus expended will often 
be recovered through economies of fuel, cost of washing 
out, and maintenance. 

14. The delivery of the feed water into the steam space, 
in such a manner that the steam quickly ejects from the 
boiler the air drawn in with the water, and that any 
local cooling of the plates be avoided, is worth a trial. 

15. It is not usually advisable to exceed a length of 
from 13 ft. to 14} ft. (4 to 4.5 metres) for boiler tubes. 

16. The flue area should be as large as possible, which 
justifies the suppression of ferrules. The diameter of the 
tubes should not be too small, nor should they be placed 
too close together. As far as possible, it is advantageous 
that their internal diameters should be from 14 in. to 2 in. 
(40 to 50 millimetres), and their distance apart not less 
than 0.709 in. (18 millimetres). 

17. Ribbed tubes with an external diameter of from 
2.36 in. to 2.75 in. (60 to 70 millimetres) are suitable for 
locomotives when the tubes are short. It may be found 
advantageous to substitute them for ordinary tubes of 
2 in. (50 millimetres) diameter, with the same small 
diameter, by suitably reducing the size of the ribs. 

18. The coniparative effect between placing the tubes 
in chequerwise or in quincunx rows as against vertical rows 
isnotapparent’; tlie preferenceis, however, generally given 
to the latter arrangement. 

19, The nature of the metal in the tubes does notin any 
way affect the production of steam. 

20. The influence of varying the capacity of the smoke- 
box is inappreciable. Extensicn smoke-boxes, of Ameri- 
can type, which have been tried by many European 
Administrations, do not seem to give any better results 
than the ordinary smoke-box. It therefore appears 
advisable to retain the use of the latter arrangement. 

21. No evident superiority can be assigned to any par- 
ticular form of chimney ; those which are slightly conical 
in shape (of small diameter at the lower end) appear to 
be favoured. It is advisable to prolong the chimney 
towards the interior of the smoke-box, giving this exten- 
sion the form of a cone; the nozzle of the blast-pipe 
should not in this case be much higher than the top row 
of tubes. 

22. No form of spark arrester can be said to offer ad- 
vantages. All obstruct the draught without being abso- 
lutely efficacious; the ordinary spark arrester, made of 
wire, suffices in most cases. 

23. In the different systems of regulating the blast, the 
annular disposition appears to be slightly the best; it, 
however, becomes sometimes a little complicated if a 
variable section for the blast pipe, though otherwise 
desirable, is adopted. 

24. All exhausting through single blast pipes should be 
variable. The variation koala not, however, be carried 
to such a point as to abnormally reduce the blast pipe 
section; it is doubtless the lack of a suitable limit which 
has brought the use of variable blast into disrepute as 
being either injurious or useless. A simple mechanism 
with two controllable valves appears quite suitable. 

25. Attention may be recalled to the rule frequently 
adopted as to the height of blast pipe; it should not be 
much higher than the upper row of tubes, even if the 
chimney is not extended into the smokebox. 

26. Speed has no noticeable effect upon the production 
of steam ; in other words, with equal weights of steam 
exhausted per second, and the same pressure in the cylin- 
ders at the start of the pre-exhaust, the greater or less 
frequency of the exhaust impulses is a matter of indif- 
ference. This fact is clearly proved by the action in ser- 
vice of two-cylinder compound engines, 











THE VOLUME AND TONNAGE OF SHIPS. 


On the Utility of Calculating the whole External Volume of 
Ships, and Constructing the Complete Scale of Solidity 
from the points of view of ‘* Stability,” ‘‘ Tonnage,” and 
** Load Line.”* 

By Monsieur DayMarv, Member. 

Tue calculations relating to the total amount of closed 

spaces of a ship and the construction of a complete scale 

of solidity are already employed by several naval archi- 
tects and shipbuilders. 

I take the liberty of recommending this practice, which 
may be useful either in the present or in the future, 
from the triple point of view of ‘* stability,” ‘‘ tonnage,” 
and ‘load line.” 

I shall refer only to a few considerations on each of 
these three features. 

I.—SraBitity. 

The disasters which haveoccurred in our time to merchant 
ships, as well as men-of-war, which have capsized in a most 
unexpected and deplorable manner, and have been lost 
with all, or nearly all, on board, show that, notwithstanding 


* Paper read before the Institution of Naval Archi- 


the progress of modern science, the complication of actual 
ships is so great that it is more necessary now than ever 
to investigate thoroughly the stability in all cases, and 
particularly at large angles of inclination. 
The forces tending either to right or to upset the vessel 
must be calculated, in all positions, and (as humorously 
expressed by one of our vice-presidents) the naval archi- 
tect must completely capsizs his ship on paper in order 
to assure himself that the like will never happen at sea. 
This necessitates the finding of the total ce and the 
position of the ‘‘centre of bulk,” an important point in 
tracing the general curves of stability described and deter- 
mined under the name of ‘‘ Pantocarenes Isoclines”’* in a 
aper I had the honour of submitting to the Institution of 
Naval Architects in 1884. 

In the case of an ironclad, with a protected deck and 
superstructures upon it, two vessels have to be considered: 
one formed by the protected part only, which may be all 
that is preserved after an action; the other, including all 
the superstructures and closed-in spaces, in order that 
also the stability, rolling, and nautica! qualities of the 
undamaged ship may be investigated. 


II.—Lreat TonnacE, 


Notwithstanding the almost general adoption by mari- 
time States of Morsoom’s method for the internal measure- 
ment of ships, we sometimes arrive at widely different 
results in ascertaining the legal tonnage of ships. After 
the warm discussion on the subject of Suez Canal rates at 
the International Committee, assembled at Constantinople 
in 1873, it may be admitted by impartial men that none 
of the maritime States possessed a quite satisfactory 
system for the determination of net tonnage. Moreover, 
it was necessary for the payment of the Suez Canal rates to 
adopt a special tonnage, which, although more rational 
than most of those used elswhere, is still objectionable. 
The great divergences in the value of tonnage, not only in 
passing from one nation to another, but even within the 
same country, are extremely injurious and prejudicial to 
commercial affairs. These differences occur principally 
from the way in which deductions are made, and result, 
also, from the difficulty of fixing exactly the internal 
capacities, which must be included in Morsoom’s measure- j r 
ment—for example, the water-ballast spaces. It is not an | t 
exaggeration to say that with regard to tonnage, and 
especially referring to the different maritime States, a 
real “anarchy” prevails, which claims for pressing re 
form and international agreement. 

Now, I think it would be possible to solve the problem 
by considering the whole external volume of ships. 

In order not to alarm those who have to pay tonnage 
dues, it is necessary to say at the outset that the conditio 
sine quad non of reform and unification of tonnage must 
bs that the shipowners have, under no circumstances, to 
pay heavier dues than at present. 
introducing simplicity and uniformity, I do not forget 
that the first necessity is to tax at minimum rates the 
ships which are, above all, the instruments of commerce 
and civilisation. That being understood, I would pro- 
pose the following general manner of establishing the 
tonnage. The point of departure would be the total 
external volume without any deduction, but the ‘‘divisor” 
would be increased ; instead of 2.83 for cubic ‘‘ metres,” 
or 100 for cubic feet, I should use, for example, divisors of 
double value. 

in this way a figure would be arrived at proportional 


cylinders. 
of 14 ft. 64 in., and was originally built by Messrs. Stod- 
hart and Slaughter, of Bristol, in 1852, and was practically 
rebuilt in 1875. It was in the shops a year ago, when it 
was thoroughly overhauled, since which date it has 
required no important repairs. 
the connecting-rod measured 2;'; in. by 2;'; in. in sectior, 
and the total length of the rod was 5 ft. 02 in. 


and would, in fact, be mcre easy than those now necessary 
to ascertain the internal capacity, to make the corrections 
regarding the superstructures, the deductions, &c. 


I1L.—Liir or Dravcut or Load Line. 
Among the data required for fixing the maximum load- 


line with reference to security at sea, whether this line be 
fixed by the shipowner himself, or by acompulsory Govern- 
ment rule, the most important element for each type of 
ships, other things being equal, is certainly the “‘percentage 
of reserved buoyancy.” Now, acomplete scale of external 
displacement constructed from the calculation of the total 
volume, and which might be graduated in hundredths, 
will enable any one to read off at a glance the ‘‘ reserved 
buoyancy” corresponding to a given draught, or thedraught 
corresponding to a required ‘‘ percentage of reserved 
buoyancy.” i 
cation of measurements and calculations, also the chances 
of error, would be less. 
maticai and clearer than with the method (which I have 
pleasure in acknowledging to be very ingenione) of ‘‘ co- 
efficients of fineness,” or the application of rules referring 
to the load line. 


I think that with this system the coropli- 


The basis would be more mathe- 


ABSTRACT AND CONCLUSION. 
To sum up this paper, my object in recommending 
(a) The calculation of the wholeexternal volume of ships, 
(b) The fixing of the centre of this volume, 
(c) The construction of the complete scale of solidity, 
(a) The embodiment of these in the plans and specifi- 


tions, 

was to indicate that these data may be useful for the sur- 
vey of stability, for a possible general reform and simpli- 
fication of the rules of tonnage, and also for the fixing of 
the load line. 
mitted at meetings of the Institution, but it appeared to 
me that it would not be without interest to insist upon 
the others, and to expose to light the bundle of reasons 
which shows the utility possibly to be found in the 
habitual use of the calculations and data in question. 


The last point has been previously sub 





RAILWAY ACCIDENT NEAR BALLYHALE. 


As a goods train from Kilkenny to Waterford was 
unning up an incline about a mile south of Ballyhale, on 
he Waterford and Central Ireland Railway, on March 26 


last, the right-hand connecting-rod broke and pierced the 
firebox shell and firebox, causing such a rush of steam on 
to the footplate that the driver and fireman were blown 
off the engine and badly scalded. The driver died almost 
immediately, but the tiremar, his son, survived a fort- 
night, during which he was delirious and unable to make 
any statement. 
engine beyond the breakage of the connecting-rod, the 
piercing of the firebox, the breakege of the back and front 
piston covers, damper, and belly-stay, and the destruction 
While desirous of | of the firebox brick arch. The permanent way was not 
damaged. 


There was no damage to the train or 


The engine is a six-wheeled tender —. with inside 
It weighs only 24 tons, and has a wheel base 


At the point of fracture 


On the evidence of a foreman fitter, who, with his 


able to fix the dues paid on the gross tonnage. 


loaded or discharged. 


in Spain. 


be 


of lighthouses, ports, quays, &c 


At all events, the basis of 


shipowners an 


did not exist at all. 


to the bulk of the ship, in relation to which it is reason- 


The taxes on the net tonnage, which must correspond 
to the importance of commercial operations, would be 
computed in exact proportion to the tonnage of goods 
C This is nob an entirely new 
practice, and prevails already in several ports, notably 
; The total effect, it may be repeated, would be 
to insure that, after all, in average terms, shipowners 
would not have to pay increased rates, but even less, if it 
possible without injuring the interests of States, corpo- 
rations, or private bodies, which have to bear the expenses 


t dues would be more equitable 
and rational than it is now, and we would no longer 
witness such shocking anomalies as a tug-boat with a 
negative tonnage, or a vessel nominally of 70 tons dis- 
charging on the quay not less than 500 tons. It would, 
in my opinion, be comparatively easy to solve the diffi- 
culties which, perhaps, might bo raised as to the exactness 
of the “sheer plans” or ‘‘body plans” supplied by the 
shipbuilders, for the measurement of 
volume and of reproducing drawings which sometimes 


Public departments, like the Board of Trade in the 
United Kingdom, or the ‘‘ Administration de la 
Douane,” in France, which have to ascertain the ton- 
nage of ships, are as competent to defeat any attempt at 
fraud by means of false plans of ships, as to guard against 
any erroneous information which might be supplied to 
them by shipbuilders concerning their engines, boilers, 
safety valves, and other mechanical appliances. Measure- 
ments less complicated than those actually used for the 
calculation of gross tonnage will certainly allow verifica- 
tions of the body plans supplied, or, in rare cases of very 
simple vessels, of which no drawings exist, to make up 
for them with sufficient correctness. 

Moreover, I do not think the objection can be raised 
that, even with the plans in hand, the calculations will 
present too great difficulty. They only require the most 
elementary knowledge of arithmetic and geometry, such 
as is now to be found in the most unimportant shipyard, 


* The above name may have looked, perhaps, rather 
barbarous, but it was, in my opinion, justified by the use 
generally admitted of the word ‘‘Isocarene,” originated 








tects. 


by Charles Dupin, 


7 for a scheme of drainage and sew: : 
parish. Mr. Malcolm Paterson, M. Inst. C.E., explained 
the proposed works and method of sewage treatment, 


locomotive superintendent and general manager, was on 
the scene of the accident within two hours of its occur- 
rence, Major Marindin attributes the breakage of the rod 
to the big end having ‘‘seized,” and the piercing of the 
tirebox to the same cause. The oil cup was first opened 
in his presence, and from his examination of this and 
from the above man’s evidence, he comes to the conclusion 
that the seizure was due to imperfect lubrication, as ‘‘ the 
trimming was nearly 4 in. inside the pipe, instead of pro- 
jecting } in., so as to suck up the oil.” The Government 
inspector has been taken to task by some for not knowing 
that big end trimmings are ‘‘splash” trimmings, the oil 
being splashed up as the end goes round, and prevented by 
the trimming itself from running too freely on to the 
bearing, but although, as our readers are no doubt well 
aware by this time, we hold no brief for the present 
military inspectors, yet we would point out that the fitter, 
whose evidence was accepted as generally correct by the 
locomotive superintendent, also held the same opinion, 
and, therefore, unless Major Marindin had real cause, 
no evidence of which is in any way forthcoming, to doubt 
these statements, we scarcely see how he could have come 
to any other conclusion than he did, though, probably, 
had he been a practical railway man, he would have been 


in a better position to form a judgment on this point. 


The rod was apparently of good iron, and, though 


somewhat small, was of sufficient strength for sucha light 
engine. 
there was a small spot in the centre, which at first might 
have been taken for a minute flaw, a further examination, 
after the rod had been cleaned, showed that the metal 
was good throughout. 
wedged down with pieces of wood. 
endorsing Major Marindin’s encomium of the guard, 
James Googan, for his intelligent conduct in protecting 
his train, helping the fireman, and wiring for assistance. 


The fracture was a clean break, and, although 


The eafety valves were also found 
We have pleasure in 





PonTeFRAcT Rurat SANITARY AUTHORITY; GLASS- 


HOUGHTON DratnacE.—Mr. W. B. Clerke, M. Inst. C.E., 
held a Local Government inquiry at Glasshoughton on the 
21st inst., into an application for power to borrow 5000/. 


e treatment for the 


which will be by 


meee in tanks, and filtration 
on two acres of land, 
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‘“SENGINEERING” ILLUSTRATED PATENT 
RECORD. 
CompiteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS 1883—1888. 

The number of views given in the Specification Drawings is stated 
in each case; where none are mentioned, the Specification is 
not illustrated, 
Where inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office 
Sale Branch, 38, Cursitor-street, Chancery-lane, E.C., at the 
uniform price of 8d. 
The date of the advertisement of the acceptance of a complete 
specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may at any time within two months from the date of 
the advertisement of the pt of a uplete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


10,917. S. Z. de Ferranti,London. Electric Safety 
Fuses or Cut-Outs. [19 Figs.] June 5, 1894.—According to 
this invention the fuse a is formed of a thin copper wire or wires 
supported on a ridge of porcelain g, or other refractory non-con- 
ductor. The porcelain ridge g is part of a container c of refrac- 
tory material generally divided into two chambers by the porcelain 
ridge gy. The fuse a has its ends attached to springs b which are 
immersed in a heavy insulating oil d of non-inflammable character 
to the level shown. The fuse a itself is thus in air and very short. 
The current is led into the fuse by means of contacts; or per 
manent connections i, to terminals ec. From these the current 
flows through the springs b, through the fuse wire a, back by the 
second spring b', and out by the terminal el to the contact j. In 
cases where the current is heavy, instead of allowing the whole of 
the current to pass along the springs, an additional flexible con- 
ductor 7, made up of a number of copper strands, may be used. 
When the current becomes too strong, the fuse wire a melts, and 
the springs b and b' on each side of the insulating bridge g spring 
back into the oil and become entirely immersed, thus extinguish- 
ing the arc which follows on the breaking of a high-tensio fuse. 











Fig .1. im 
a ERY. 




















The pull which the springs b exert on the wire a tends to break it 
before its actual fusion, and there is thus a less tendency for 
arcing to take place after the fuse has blown. The figures show 
a type of fuse specially fitted for high-tension switchboards. In 
these the contacts j and j! are of large surface and make connec- 
tion into split contacts when the fuse container c is moved forward. 
These contacts are fixed in the containerc by means of type-metal 
t and a washer o and lock nut p. The spring ) is generally made 
of tempered steel where the current to be carried is a large one, 
and the flexible conductor f of fine copper strands which carry 
the current. This flexible conductor is sweated to the terminal 
eand also to a small gun-metal fitting m carried at the end of the 
spring b. Whenit is desired to put in the fuse a, the springs are 
raised and a fuse, made of a number of fine copper wires, is 
slipped over the circular ends of the gun-metal fitting m. This 
fuse then rests across the porcelain ridge g. If an excess of 
current passes, the fuse acts in the manner before described. A 
slight arc may take place at the instant of burning, and in order 
to protect this from doing any damage a lid of refractory material 
4 = over the top of the container c. (Accepted May 22, 
5). 


11,483. J. E, Liardet, London. Driving Dynamos, 
&c., by Water Power. (2 Figs.) June 13, 1894.—The 
general arrangement of plant comprises a water main a, a house 
supply Ee b, a tank c, and down pipe d, and a water-motor 
which drives the dynamo /, either directly or through gearing g. 
h, h are accumulators, which may be charged from the dynamo /, 
so as to insure a continuous supply of current, even when the 
water-motor is not working. The water enters from the main a, 
and passes up the house supply pipe 0, into the tank c, being con- 
trolled by the ball-tap m. The water leaves the tank as shown 


























by the arrow, and descends the down pipe d, its exit being con- 
trolled by the handwheel n by means of which the water is ad- 
mitted to the motor. The water then drives the motor e, which 
by means of the gearing g actuates the dynamo / for supplying 
current direct, or for charging accumulators or secondary bat- 
teries. The water, after working the water motor e, may escape 
into the sewers, thus serving to keep them constantly flushed, or 


12,817. A.Zobel and F. Buchmuller, Munich. Elec- 
tric Incandescent Lamps. [3 Figs.) July 2, 1894.—This in- 
vention has for its object to euable a user to utilise his lamps in 
such a manner that on the occurrence of a diminution in illuminat- 
ing effect he may be able to connect a second filament in place of 





the first in incandescent lamps with repl ig or rep ble fila- 
ment. In this improvement one of the connecting wires 2 and 3 
i ae 7 
Fig.3. 








2gI7 
— 





belonging to each of the filaments a, } is not, as heretofore, 
soldered on to the setting, but, like the connecting wire of the 
other or replacing filament, it projects out of the base of the 
lamp, so as to be capable of being connected to and disconnected 
from the contact plate W, as shown for wire 3, so that the similar 
connecting wire 2 for the suppl tary or replacing filament a 
may more easily replace it. The contact plate is provided with a 
slot or hole to receive the said wire. (Accepted May 22, 1895). 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


12.469. C. Hatry, Berlin. Incandescent Burners. 
(2 Figs.) June 27, 1894.—This invention relates to a protective 
wire cylinder for incandescent mantle burners. The incandescant 
mantles of the well-known Auer’s incandescent lamps are often 
rendered useless by the chimney or lamp-glas3 breaking, and whose 
splinters spreading round injure the mantle. This drawback is 
obviated, according to the present invention, by the provision of a 
protective cylinder of wire netting, corresponding in form to the 
lamp- glass, and either loosely inserted in or fastened to this 
latter. The wire cylinder b consists of wide-meshed netting, and 
is preferably of such diameter that its outer surface is in contact 
with the inner surface of the lamp glass. In the form of construc- 
tion shown in Fig. 1 it is simply inserted in the lamp-glass. In 
the modification shown in Fig. 2 hooks c may be provided at the 
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upper end of the wire cylinder ) which engage over the upper 
edge of the lamp-glass or chimney a, and thus enable the lamp- 
glass and the wire cylinder to be removed simultaneously from 
the burner gallery. The protective wire cylinder b being a good 
conductor of heat, causes, on the lighting of the flame, an even 
distribution of heat on the lamp-glass, as it presses against the 
inner side of the same. By this means, the breaking of the glass 
chimney in consequence of unequal heating during the lighting of 
the flame, is as far as possible avoided. If the cylinder does 
break, the wire cylinder holds the several parts of the same to- 
gether, and thereby prevents the splinters or fragments springing 
off the same and injuring the mantle. If splinters spring off they 
can only fall to the outside. A lamp-glass fitted with the protec- 
tive wire cylinder, even although already cracked, may continue 
to be used without danger until replaced. (Accepted May 22, 1895). 


GUNS. 


11,654. G. F. Redfern, London. (Z. Ternstrom, Paris). 
Gun Mountings. [9 Figs.) June 15, 1894.—This invention 
relates to a gun mounting for caponnieres or other embrasures 
comprising one or more elastic discs provided with means for sup- 
porting in their centre the gun which passes through them, the 
said discs being attached by their outer edges to the embrasure or 
to a frame, and allowing the guna certain recoil], and replacing it 
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after the discharge of each shot into firing position. A frame a of 
iron or steel is fixed in the masonry of the wall behind the em- 
brasure, and inside this frame tempered steel discs b are inserted 
and held to the frame by a _ ec bolted thereto. In the centre 
of the discs is an orifice in which the gus is mounted by means of 
a ball-and-socket joint, the ball d of which is fixed to the gun, 





it may, under certain circumstances, be returned to the main. 
(Accepted May 22, 1895). ; 





whilst the socket issecured to the discs b. A flange f formed on 


the socket in front of the discs, so that the edges around the 
orifice in the centre of the discs are located between the flange 7 
and theringg. Inorder to provide against the destructive effect 
of shells with high explosives bursting near the outer end of the 
embrasure, the front part h of the socket is made to protrude 
forwards, and to it is attached a ring i of larger outside diameter 
than the narrowest portion of the aperture in the framea. Thus 
the gases can only force the mounting backwards, further than 
the recoil of the discharge would do, until the ring ¢ is arrested by 
the narrowest part of the frame a, thus protecting the rest of the 
mounting and the gunners. An opening j is made through the 
balld of the joint for sighting. The frame a, the discs }, and the 
ball-and-socket joint effectually close the opening of the casemate 
so as not to admit into the service room any deleterious gaser. 
When the gun is laid by hand, a brake is provided for securing 
the gun in any ition of elevation or lateral direction. This 
brake can be made in the form of a bolt k fitted into the ball d and 
moving in grooves cut inside the socket e, the bolt k being pressed 
against and locked into the socket by an eccentric J on a shaft m 





which can be turned by a handle xn. The lateral and vertical lay- 
ing gearshown in Figs. 2 and 3 ccmprises a block 0, which enters 
with its upper part into the balld and serves as a pivot for the 
horizontal training of the gun, the ball d turning round it. Its 
lower part p has flat sides p!, pl which enter into a longitudinal 
groove qin the socket e, thus preventing the block o from turning 
horizontally, but leaving it free to be turned in a vertical plane in 
the groove q. The upper iy of the block o is cylindrical, 
except where a certain number of teeth r are cut, which engage 
with a traversing screw 8 fitted on the shaft c provided with a 
ratchet lever wu, this shaft having its bearing in the balld. Other 
teeth v are cut in the under surface of the block 0, with which the 
elevating screw w engages. This screw is fitted on the shaft 2, 
which is provided with a handwheel y, and has its bearing in the 
socket e. The horizontal traversing of the gun is effected by 
means of the ratchet lever u, which turns the ball d attached to 
the gun, while the vertical laying is effected by means of the hand- 
wheel y, which causes the elevation and depression of the gun by 
moving the pivot block o along the grooves q in the socket e. 
(Accepted May 22, 1895). 


LIFTING AND HAULING APPLIANCES, 


9957. W. A. Ker, London. Hydraulic Lifts, &c. 
[4 Figs.] May 22, 1894.—This invention relates to an improved 
method and apparatus for working hydraulic lifts, cranes, and 
other appliances where the load is variable; its primary object 
being to regulate the consumption of water in proportion to the 
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load to be raised, and, in some instances, by utilising the weight 
of the load in a descending cage, to effect econom 
water into a pressure reservoir. 


by forcing 
In carrying out this invention 





the socket ¢ rests behind the discs ), whilst a ring g is screwed on 





two or more power cylinders with rams are A ayny and arrang: 
in such a manner as to act as auxilia 


es to the lifting ram 
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cylinders; high-pressure water being admitted to one or more of the 
power cylinders according to the weight to be raised. The capacity 
of the idle cylinder or cylinders thus represents substantially 
the difference between the load actually lifted and the maximum 


capable of being lifted, and consequently the volume of water | 


The lift cylinder A is connected by a pipe a with 


economised. 
smal] power cylinders D, D' 


the trunk B of a balance cylinder C ; 


being mounted upon or otherwise disposed outside the balance | 


cylinder. A series of weights W are added to the platform of the 


balance cylinder C by which the requisite pressure is maintained | 


on the water in that cylinder to balance or partly balance the lift 
L and its appurtenances. 
provided for admitting water to one or more of the power 
cylinders and for allowing water to escape therefrom. 
small weight only has to be lifted, water is admitted from the 
pressure main / to one or more power cylinders D, whereupon 
the balance cylinder C and power cylinders D, D! are forced down 
together, thereby causing water to flow to the lift cylinder A to 
raise the lift. When, however a heavy load has to be raised, 
water is admitted to one or more power cylinders D'. 
lift is descending, water may be allowed to flow from the lift 
cylinder A to the balance cylinder C, and from the auxiliary 
power cylinders D, D! into an exhaust reservoir F ; or, under 
certain conditions as to load, water may be forced from one or more 
of the power cylinders into an accumulator or pressure reservoir, 
and so rendered available for future use. A pivot valve G of the 
usual kind and adapted to be worked by the attendant in the lift 
cage by a rope or rod y, admits water from the pressure main /, 
through the pipe i, to the valve apparatus E, the action of which 
is automatically regulated by a controlling device H. The water 
passes from the valve apparatus E by way of the pipes j, j' to the 
power cylinders D, D! according to the duty to be performed and 
the automatically assumed position of the controlling valve. 
(Accepted May 22, 1895). 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


12,270. R. Woottonand L. W. Goold, Birmingham. 
Manufacture of Metal Tubes. [5 Fizs.] June, 25, 1894.— 
This invention has for its object improvements in the manufac- 
ture of metal tubes and in the machinery for the said manufac- 
ture, and refers in particular to that portion of the process in 
which, after reducing the tube down upon a mandril, the mandril 
has to be withdrawn, and in doing which considerable difficulties 
have been experienced. The improved machine consists of two 
tables A and B (the upper one being mounted upon rollers a' and 
a? a little above the other) mounted face to face, so that the two 
faces are sutliciently apart when the upper table rests upon the 
rollers to exert pressure upon the thinnest tube required to be 
operated upon. The faces of the tables are provided with a series 
of corrugations or ridges a3 and b°, which run diagonally across 
the face, so that as atube E with its mandril thereon is passed 
between the tables, and one of the tables is reciprocated, the tube 
is rolled all over its outer surface by the ridges and enlarged in 
its circumference. The tube is not only enlarged, but it is also 


Fig. 7. 
fk 
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improved in quality. The table or tables may be reciprocated by 
means of the racks a+ which are operated upon by the tooth wheels 
F. These tooth wheels are mounted upon the shaft F! which is 
operated by the eccentric or crank H through the rod J and crank 
K, by which means the crank is given a sufficient motion to turn 
the wheels F backwards and forwards to give the required travel 
to the table. Or the eccentric may be connected direct to a pin or 
support L from a vertical shaft to reciprocate the table Bina 
similar manner. A couple of rollers M may be provided for press- 
ing upon the back of the top table to add pressure, in which case 
provision may be made to bring pressure to bear on the bearings 
of the shafts of such rollers if required. A hopper S may be 
provided to allow of the tubes being fedin. After the enlarge- 
ment the mandril may be removed without difficulty. More than 
one tube E and mandril may be operated upon at the same time, 
and the operation may be continued for a shorter or longer period 
as the quality and condition of the metal may require. (Accepted 
May 22, 1895.) 


MINING, METALLURGY, AND METAL 
WORKING. 


20,071. L. Bangert, Libau, Russia. Process for 
Coating Metals with Tin. (3 Figs.) October 20, 1894.— 
The apparatus comprises the tinning tank A, the oil tank with 
squeezing rollers B, and the water tank C. The tinning tank is 
divided into three compartments, 1, 2, and 3, of which Nos. 1 and 
2 are only divided at the upper part by a partition which extends 
downwards about 12 in. from the top of the tank, and dips about 
6 in. into the molten tin, below which point the two compart- 
ments communicate. In the first compartment the tin is covered 
with zine chloride, and in the second one with a special mixture 
of oils, the object of the partition being to keep the zinc chloride 
and oil mixture separate from each other. In compartment No. 1 
is a lever device a for bending the metal sheets os tinned that 
descend through the first compartment, past the under edge of 
the partition into the second compartment. No. 1 also contains a 
lifcing device b, for raising the sheets 1p through the compart- 
ment No. 2. Compartment No. 3 is entirely separated from Nos. 


THE 


While the | 


| land 2 by a partition, and contains pure tin covered with the oil 
mixture. The oil bath B which is filled with the oil mixture con- 
tains five rollers, of which two pairs ¢!, ¢2, ¢3, e4 are arranged ver- 
tically one above the other, and serve to squeeze the superfluous 
material from the sheets as they pass through them. The fifth 
roller ¢5 serves to clear the upper pair of rollers. The bath B 
also contains a lever device ffor bending and raising the sheets 
between the pairs of rollers. The water tank C serves as a re- 
ceptacle for the pickled iron sheets previous to the tinning. 
The operator first takes the plates, previously pickled in dilute 
| sulphuric acid, one by one from the vessel C, and immerses them 


Improved valve apparatus E (Fig. 2) is | 
When a | 
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in the compartment No. 1 of tank A, through the zine chloride 
covering. The lever a is then moved over to the left, so as to bring 
the immersed sheet past the lower edge of the partition into compart- 
ment No. 2. Asecond operator then moves the lever » to the right, 
and thereby raises up the tinned sheet out of compartment 
No. 2; and seizing the sheet by a pair of tongs, he immerses it into 
the compartment No. 3, after which he introduces it into the oil 
bath B. A third workman then operates the lever f of this bath 
80 as to raise the sheet up through the pairs of rollers, and the 
finished tinned sheet is then placed upon a table on which it is 
scoured with bran for removing the oil. (Accepted May 8, 1895). 


SHIPS AND NAUTICAL APPLIANCES. 


12,744. W. S. Winans, London. Improvements in 
Yachts. [3 Figs.) June 30, 1891.—According to this invention 
the sides of the keel are made to slope outwards, thus making the 
keel broader at the bottom than at the be so that when the 
vessel is heeled the keel presents a perpendicular, or nearly perpen- 
dicular, surface to the water, and is thereby much more effective 
in preventing leeway. Its greater width at the bottom also enables 
the ballast of the keel to be placed much lower down, and thereby 
with the same weight of ballast gives considerably more stability 
to the vessel. In applying centre-boards to keels of this kind, two 
are employed, one on each side, one or other of which is lowered 
according to the tack the yacht is on. These centre-boards are 
inclined at the same or a greater angle than the angle of the keel, 











so as to present a perpendicular, or nearly perpendicular, surface 
to the water when sailing on either tack, and are thereby much 
more effective in preventing leeway. These two centre-boards are 
connected together with a chain or wire rope overa pulley, so 
that in raising one board up and lowering the other as the vessel 
goes on the starboard or port tack, the friction only of the boards 
in so doing will have to be overcome, as one centre-board will 
balance the weight of the other. The figures show a yacht con- 
structed according to this invention, the cover of the recess in 
which the centre-board lies being removed. a is the keel, ) the 
ballast, cc the centre-boards pivoted at c! to the keel and con- 
nected together by the chain d pasting over the pulleye. (4c- 
cepted May 8, 1895). 


MISCELLANEOUS. 


11,801. J. Calderwood and J. Hodges, London. 
| Treating Paraffin Scale. (6 Figs.) June 18, 1894.—The 
| object of this invention is to secure the separation from the 
| paraffin scale of the oil or of the greater part thereof usually 
| present therein. Melted scale is allowed to cool slowly in a vessel 
| provided with an internal heating pipe. When the harder scale 
| has solidified, steam, &c., is passed through the internal pipe, and 
| the core of soft scale and oil flows away through a tap in the 

bottom of the vessel. To still further purify the remaining hard 

scale, steam, Xc., is passed into a jacketed space with which the 
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vessel is provided, the oily portion being allowed to pass away ag 
before, or the vessel itself may be placed in a room the tempera- 


ture of which can be regulated. The melted scale is delivered 
into the space a, and allowed to cool slowly. When the scale has 
solidified sufficiently, steam, &c., is passed through the internal 
pipe b, and the oil and soft paraffin which exude from the scale 
pass away by the tap c in the bottom of the vessel. 
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Instead 


Fig.3. 
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these operations being consecutive, they may be made concurrent, 
the heating fluid being allowed to circulate through both spaces 
at one and the same time. Figs. 3 and 4 show a modified form 
of cylindrical vessel which may be employed. In this vessel the 
melted scale is delivered into a series of concentric spaces with 
intervening or alternate spaces in which steam, &c., is made to 
circulate. (Accepted May 1, 1895). 


6782. S. Turner, New and C. L. Turner, 
Brooklyn, N.Y., U. tus for Supplyin, 

Liquid Fuel to Burners. (3 Figs.) April 2, 1895.—A is a 
tank containing the oil or liquid fuel. It is supported upon a 
bracket B adapted to be raised and lowered to increase or diminish 
the head under which the oilisfed. C isa suitable support for 
the bracket B and the tank A. A feed pipe leads from the tank 
A toa coupling d where it is joined by a re E leading from a 
water tank H fixed to the support C an a with filling 
and discharge pipes h, h!, and h°. From the coupling d a pipe 
leads to a coil F terminating in a burner f beneath the coil. A 
return pressure chamber of globular form K is connected bya 
pipe k with the feed pipe near the coil F by means of the 
coupling d. In operation, the oil alone, or the oil and water 
mingled tegether, is or are forced to the burner by the pressure 
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of the oil either under gravity or by artificial pressure upon the 
coil in the tank. The inlet and outlet pipes in connection with 
the water tank H are both tightly closed when the burner is in 
operation, so that a portion of the oil creeps back along the pipe 
E and, rising upwardly through the liquid within the tank H, 
exerts @ pressure upon the top of the water in that tank to feed 
it, together with the oil, to the burner. A portion of the oil or 
oil and water, as the case may be, gathtrs within the se kand 
tends to compress the air within the return pressure chamber K. 
When from any cause there is a sudden expansion of gases within 
the coil F which would tend to make the flame puff and send back 
the fuel from the coil, it will close the check valve in the feed 
pipe D! or D, and its effect will be felt along the pipe k, dis- 
charging a small quantity of oil or mingled oil and water into the 
return pressure chamber and at the same time further compress- 
ing the air therein. The moment the sudden expansion of gas 
ceases, the compressed air within the return pressure chamber 
will force the liquid fuel again into the coil F, and will thereby 
not only form a relief for the sudden pressure which takes place 
within the coil, but a quick response, after the sudden expansion 
takes place, to keep the feed and the pressure of the fuel within 
the coll constant. Paccepted May 8, 1895). 


UNITED STATES PATENTS AND PATENT PRAOTIOB. 

Descriptions with illustrations of inventions patented in the 
United Btates of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 & 36, Bedford- 
street, Strand 
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Yarrow and Co., London, 


SHIPBUILDERS AND ENGINEERS, 
CONTRACT FOR 

=— STEAMERS having speeds up to 85 miles 
an hour, 

PADDLE STEAMERS with draughts of 6 in. or more. 

MACHINERY constructed for boats built abroad. 

STERNWHEEL STEAMERS have been found by 
experience to be the best type of vessel for shallow 
river navigation, and of these Mesers. Yarrow have 


constructed a large number of successful examples for 

all parts of the world. 8759 

M ultitubular Steam Boilers. 
COCHRAN & 0O., BIRKENHEAD. 

See page 4. Od 4749 

QO Engines for Launches, 

a AND BARGES. 
Send for Lists. Od 8551 
VOSPER & CO., Broap Street, PORTSMOUTH. 
See Illus. Advertisement, June 7, page 64. 

Prorrestt & Son, Ltd., timexovss, 
LONDON, & WYVENHOE, ESSEX. 

SHIP, YACHT, LAUNCH and BOAT BUILDERS 

and ENGINEERS. 1182 

Rede path & Paris, Limehouse, 

London, E. Launch Machine , high-pressure, 

compound, or triple-expansion. Sole ers of Thom- 


gon’s Patent Circulators, the only successful apparatus 
for securing a perfect diffusion of heat in steam “ot 


illans’ Patent Central- 
VALVE ENGINES for ELECTRIC LIGHT- 

ING and other purposes. See large Advertisement 
on alternate weeks.—WILLANS & ROBINSON, 
Lurep, Thames Ditton, Surrey. 817 


Hynest Scott & Mountain, L™: 


(Lats ERNEST SCOTT & CO.), 
Engineers and Brass Founders, NRWCASTLB-ON-TYNB. 
'AN ENGINES, PUMPS, BRASS CASTINGS, 

AND ELEOTRIO MACHINERY. 99 


ulsometers, 


SINKING PUMPS, 
BOILERS, PIPES, &eo. 


ale or on ire. 























For 


Write for List No. 7 from The 


Pulsometer Engineering Co. L”: 


Ning Exams Iron Works, LONDON, 8.W. 975 
Or, IN EMERGENCIES, wire ‘‘ PunsomeTRR, LONDON.” 


W ater-Tube Boilers. 


Messrs. Yarrow & Co. 


are now prepared to construct Tubulous Boilers adapted 
for r natural cr forced draft to suit any rates of com- 








manufacturers of 
Portland Cement, 
As supplied to Government, Met. Board of Works, and 
Eddystone Light House. Sold under celebrated Nine 
Elms Brand. Established 1810. Medals: London, 1851; 
Philadelphia, 1576; Paris, 1878; Calcutta, 1883; 
London, 1884; Gold Medal, Paris, 1889; Chicago, 1893. 
Vauxhall, London, SE. Telephone, 4620. 822 
Resby Portland Cement 
COMPANY. 
MANUFACTURERS OF 
Portland Cement 
Of the Greatest Strength and Best Quality. Roman 
and Lias Cements. Blue Lias Hydraulic Lime, Ground 
and Unground. 
RUGBY, WARWICKSHIRE, 
Works: New BILTon. 958 
G. E. Belliss & Co., Ld., yen S™ 
e London Office: 7 ; 
9, Victoria Street, 8.W. Birmingham. 
SPECIALITIES :— 
ENGINES FOR ELECTRIO LIGHTING, 
HIGH-CLASS MARINE ENGINES and BOILERS. 
MACHINERY for TORPEDO BOATS & LAUNCHES. 
FAN ENGINES. CIRCULATING & FEED PUMPS. 
Am Compressors (PATENT) AND TORPEDO MACHINERY. 
See Illustrated Advt., last week, page 45. 952 
(rompton and Co., Limited, 
ELECTRIC LIGHT ENGINEERS, 
MANSION HOUSE BUILDINGS, E.O. 6812 
See Advertisement, page 11. 
¢) cbnson & Phillips, Telegraph 
and ELEOTRIO LIGHT ENGINEERS 
14, Union Court, Old Broad Street, E.O. Worke and 
Wharf at Charlton, Kent. 
Makers of Machinery, &c., for complete equipments of 
Oable Factories and Steamers. ectrie Light eg 
ratus of all kinds. ‘* Brockie-Pell” Arc Lamp. 
team Hammers (with or 
without guides). Hand-worked or Self-acting 
TOOLS for SHIPBUILDERS & BOILER MAKERS. 
DAVIS & PRIMROSE, LEITH, N.B. 1086 
Ds Fre! Jur naces 
FORCED DRAUGHT. 
MELDRUM BROS, MANCHESTER. 
See Advertisement, last week, page 22. 9289 
ranes, Excavators, and 
CONCRETE MIXERS. 
J. H. WILSON & CO., Lrp., SanpHILLs, LIVERPOOL. 
London Office : 6, DRLAHAY St., WESTMINSTER, S.W. 
See Advertisement, last week, page 32. 577 
Km@ery, Emery Wheels, 
SAW GUMMERS, GRINDING MACHINES, 
POL: ISHES, &e., & 
[the [[lanite 0.; 


STROUDSBURG, PENNSYLVANIA, U.S.A. 
LONDON: 839 
Thomas Hamilton, % CANNON St. 


team Cranes to Lift from 
1 to 100 tons, Hand Cranes, Engines, Boilers, &c. 
GEORGE RUSSELL & CO. 
Engineers, Cranebuilders, and Boilermakers, 
Motherwell, near Glasgow. 973 


A. G. M2z=?ford, 


CULVER STREET IRONWORKS, COLCHESTER. 
On ADMIRALTY AND WAR DEPARTMENT Lists. 
“ FAVORITE ” Fly-wheel Donkey Wall Pumps. 
COLCHESTER” Pumping Engines. 
Patent “DUPLEX” Vertical and Horizontal Pumps. 
Cheapest, most durable and best Pumps in the 
market. Supplied to ——. and War Depart- 
mente, Messrs. Donald Currie & Co.’s ‘‘Tantallon 
Castle’ and “Harlech Castle,” Mr. H. McCalmont’s 
8.Y. “Giralda,” and most of the leading ee 
and Shipbuilders in Great Britain. 1086 











Hydraulic Cranes 


and 
PASSENGER LIFTS, 
HYDRAULIO FITTINGS, PRESSES, &0. 
5915 
J. STANNAH 39 20, ym tae Brapeha London, 8.E. 


| eee Review of Machine 





TOOLS AND ~~ onde or ge 
Year jubscription, 2s. 
Rlottabs MACH E TOOL 00., TD., 
Laurence Pountney Hil, London, EC. 368 





and working pressure desired. The distinctive 
points of advantage in these boilers as compared with 
others, are, perfect safety, lightness, and reduced 
repairs, and for wood SOPLAR, LON a _ ws = 


[eomotive Tank Engines 


designed and constructed by 
MANNING, WARDLE AND COMPANY, 
Boyne Engine Works, Leeds. Od 2487 
See their Illustrated Advertisement, page 59. 


Bs Two - Pole Dynamos. 


BRUSH ELECTRICAL ENGINEERING COo., Lr., 
49, Queen Victoria Street, London, E.0. 
See Advertisement, page 42. 
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SE 1 
M2gnolia Metal. 
Tre Macyoua Mera Co., 75, Queen Victoria St., London, E.C. 


Schram’s Air Compressors 
and Seg MACHINES. 

RICHARD SCHRAM & OO., 174, Great George 

Street, — 8.W, “ae 





Hrter an and English, 
AND MILLWRIGHTS, 


IRON AND pornos py an! BOW, LONDON, E. 
DREDGING M INERY. 
HYDRAULIO MACHINERY. 
‘*WILLIAMS’” PATENT CAPSTANS. 
LAND AND MARINE STEAM ENGINES. 
DISTILLERY AND ge PLANT. 
FLOUR AND RIOE M 
WATER AND GAS VALVES, ORANES, LOOK 

GATES, &. PUMPING "MACHINERY. 
HUNTER’S PATENT FLOATING CRANE FOR 


DOCKS, &o. 
STEAM LAUNOH MACHINERY. Od 4955 


Boller Tubes, Iron, Steel, and 


HOMOGENEOUS. 
EDWIN LEWIS & SONS, WOLVERHAMPTON. 
London Office: 148, Cannon Street, E.0. 977 


[Tubes and Jiittings. auso 


AIRD’S PATENT FLANGED TUBES. 
LOCO., MARINE, GAS, STEAM, WATER, &c. 


e) oseph A ird, 
WROUGHT-IRON AND STEEL TUBE WORKS, 
GREAT BRIDGE, STAFFORDSHIRE. 8854 


Lonvon OrrFices :—46, QuEEN VICTORIA STREBT. 


~) ames Russell and Sons, Ld., 


OROWN TUBE WORKS, WEDNESBURY. 
London Warehouse: 108, Southwark Street, S.E. 
a Warehouse: 6, "Mark Lane, Briggate. 1057 


h : 114, Col Row. 
33, King Street West. 


[lubes and Pittings, 


IRON AND STEEL. 


Leva and Loya 


ALBION TUBE WORKS, BIRMINGHAM, and 
COOMBS WOOD TUBE WORKS, nr. HALESOWEN, 
LONDON OFFICE—90, Cannon St., E.C. 
LONDON WAREHOUSE—157, Urr. THamgs Sr. E.0. 
LIVERPOOL WAREHOUSE—63, PaRapisn Sr. 
MANCHESTER WAREHOUSE—42, DEANSGATE, 


BIRMINGHAM WAREHOUSES—Nizz S8t., SHsxp- 
core St., and 10, CoLESHILL St. 988 


See Advertisement, page 46. 


tis Elevator Co., Ltd., 


HYDRAULIC and ELECTRIC ELEVATORS 
(or LIFTS). 
JUEEN VICTORIA STREET, LONDON, E.C. 941 
See ll ‘ustrated Advertisement, May 3, page 34. 


(Fas Byrsizes 
Okes’ Patent 


Pps for 
Sewage and Water. 














Birmingham W: 
Manchester Warehouse : 











Steam Separators. 


ictoria 
Leather Belting. 


J. 0. R. OF* 


63, Queen Victoria Street, 


LONDON, E.C. 957 
P R. Jackson & Co., Limited, 
e SaLForD Rouuine Mitts, MANCHESTER. 
TOOTH WHEELS, STEEL CASTINGS, DYNAMOS, 
MOTORS, RAMSBOTTOM PISTON RINGS, &c. 

See Illus. Advt., June 14,{page 59. 1208 


Assoc. M.I.C.E., 
and M.I.M.E. 











See Advertisement, page 18. 
[2vincible auge asses, 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Manchest 





er. 9753 


— Ash Ejector. 


See’ Ss Hydro-Pneumatic 
Great saving of labour. No noise. = dust. No 


dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT, Naval Architect and Surveyor, 
43, Billiter Buildings, Billiter St., London, E. E.C. 1139 





(jontinuous Distillation 


or Gas Liquor For 
SULPHATE OF phemtot CRUDE LIQUID 
AMMONIA, PURE LIQUID AMMONIA. 

In successful operation at South Metropolitan Gas 
Works, L. & N. 7. Works, Crewe; Gas Works, 
Stafford, Kingston, ‘ottenham, Newbury, &c., and 
over 150 places on the Continent. 965 


Henry Simon, Manchester. 


B & S. Massey, Manchester. 


HIGHEST AWARD, CHICAGO, 1893. 

Parent STEAM HAMMERS More than 3,000 made. 
Patsnt StsAM Foreine Presses, Kick Stamps, 
SpxciaL Steam Stamps, Drop STAMPS AND HAMMERS, 
Pywrumatic Power Hammers, Forcing MACHINES, 
CIRCULAR SAWS for HOT and COLD METALS, 
BANDSAWS for COLD METALS, SMITHS’ HEARTHS, 
FURNACES, &c.—See back cover next week. 998 
Telegraphic Address; ‘‘ MASSEYS, OrzxsHaw.” 








Hthorn, Da Davey and Oo., 


PUMPING MACHINERY 


For Mines, — Supply, x rrigation, Drainage, and 
ene 
DAVEY’S po Oh aa AND 
HYDRAULIC MACHINERY GENERALLY. 
CaATALOGUBS ON fon yo ag 
See Illustrated Advertisement, page 4 


HIGHEST AWARD, PARIS, 1878. 
(Gjoldsworthy’s Emery, 
Emery Cloth, 
Glass Paper. 
969 


1141 





MANCHESTER. 
ohn Fraser and Son, 


Millwall Boiler Works, 
LONDON, E. 
Adjoining North Greenwich Station, G.E.R. 
MANUFACTURERS OF 
MULTITUBULAR STEAM BOILERS. 


Water-Tube Boilers. 49 


BRASS & COPPER TUBES, solid drawn, brazed, cased, 
mandrel drawn. Ventilator Circles. 
ope Allman & Co., sirucam. 


London Agent: C. NIGEL STEWART, 1100 
89, Victoria Street, Westminster, 8. W. 


ifts.—Safety, Silence, Hy- 
DRAULIO, ‘“‘ RELIANCE,” for PASSENGERS 
and GOODS. Lifts of all other types. SanpD ror Lists, 


Archd. Smith & Stevens, 
QUEEN’S ROAD, BATTERSEA. 85 7 
Liverpool and Manchester: WARREN WILLIAMS, 

__16, Commerce Chambers, 15, Lord St., Liverpool. 


40, KING STREET, COVENT GARDEN, W.O. 


homas Kell and Son, Litho- 


graphers, &c., execute every description of 

ney he Chromio-Lithography, Engraving and 
gineering, Architectural, and Pictorial 

Dewwien is best manner. Paper Drawing, Photo-litho- 
graphy,&c.—40, King St.,Covent Garden, W.O. 0d8463 


G3 and QO} Fizgizes. 


ALL SIZES. 

















Fielding & Plait, 
GLOUCESTER, 
Normand 
CONDENSERS and 
ormand’s Patent 


FEED HEATERS. See Advt., page 10. 


he Patent Corliss Engine 


and PATENT CORLISS GEAR ENGINE, with 
special ae by DOUGLAS and GRANT, 
ee oundry, Kirkcaldy, N.B. These Engines 
are made Horizontal or Beam, Condensing, Non-Con- 
—— and Compound. Also makers of Rice Mills 
Paper Mills, and General Engineers, Machinery 
ptace trucked direct from the premises. Od 3599 


Hall’s 
Refrigerating - Machinery 


(PATENT). 


Ice-Making Machinery. 
See Advertisement, page 13. 


Over 400 Machines supplied, all manufactured 
entirely at our works. 


Over 90,000 tons of Meat, Fish. Dairy Produce, &e., 
imported annually with our machines. 


J. & E, Hall, Limited, 


28, Sr. Swrrum’s Lanz, E.O. ; 
and Dartrrorp Inon Worss, KENT. 


EK P Batteries. 


See Advesttientia, ‘an week, page 67. 
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[the Electrical and General 


ENGINEERING COLLEGE, Penywern House, 

2 and 4, Penywern Road, Earl’s Court, 8.W. 
Prmorat—G. W.de TUNZELMANN, B. Sc., M.1.E.E. 
Smmior Instroctor—O. OAPITO, M.LE.E., M.1.M.E. 
Extensive laboratories, dyaamo-room, steam engine, 
engineering workshop, with machine tools, pattern 
shop, &o. . 850 








TENDERS. 
BENGAL-NAGPUR RAILWAY COMPANY, Limitep. 


The Board of Directors of the Bengal-Nagpur Railway 
Company, Limited, is prepared to receive 
Yenders for:— 
BALLAST SHOVELS. 

Specifications and Forms of Tender can be obtained 
at the Company’s Office, No, 132, Gresham House, Old 
Broad Street, E.C. 

For each Specification a fee is charged, which will 
not be returned. 

Tenders to be delivered not later than Noon on 
Monday, 8th July. 

The Directors do not bind themselves to accept the 
lowest or any Tender. 

By Order of the Board, 
ROBERT MILLER, Managing Director. 

London, 21et June, 1£95. H 307 








THE MEXICAN RAILWAY COMPANY, Limitzp, 
invites 


7 I ‘enders for the Supply and 
DELIVERY of the following articles, viz. :— 
COPPER and BRASS. 

Specifications, with Conditions and Forms of Tender, 
can be obtained at the Company’s Offices on psyment 
of Five Shillings each, between the hours of Ten a.m. 
and Three p.m., Saturdays excepted. 

Tenders must be delivered not later than Noon on 
Tuesday, the 9th July. 

By Order of the Board, 
JOHN T. DENNISTON, 
Secretary. 
The Mexican Railway Co., Ltd., 
45, New Broad Street, London, E.C., 


24th June, 1895. H 308 


THE BENGAL AND NORTH-WESTERN RAILWAY 
COMPANY, Limirrp. 





The Directors are prepared to receive 

. ~ . 

[lenders for the Supply of :— 
TROLLY WHEELS AND AXLES. 

Specification, with Form of Tender and General 
Conditions of Contract may be obtained at the 
Company’s Offices, on payment of 108. each (no part 
of which will in any case be returned). 

Tenders are to be delivered in sealed envelopes, 
marked on the outside ‘‘ Tender for Trolly Wheels 
and Axles,” and lodged at this Office, on or before 
Noon on Monday, 8th July, 18965. 

The Directors do not bind themselves to accept the 
lowest or any Tender. 

By Order of the Board, 
E. L. MARRYAT, Secretary. 

237, Gresham House, Old Broad Street, 

London, E.C., 24th June, 1895. 


If 309 
TO CONTRACTORS AND OTHERS. 
The LONDON COUNTY COUNCIL is prepared to 
receive 
. y ° 

Y ; Yenders for Works Required 

to be EXECUTED in CONNECTION with the 

SUPPLY and ERECTION of a New STEEL BRIDGE 
across the River Lea at Clapton. 

Persons desiring to submit Tenders may obtain the 
Drawings, Specification, Bills of Quantities, Form of 
Tender, and other mye at the Engineer's Depart- 
ment, County Hall, Sprin . Gardens, S.W., upon pay- 
ment of the sum of Five Pounds. This amount will, 
after the Council or its Committee has come to a 
decision upon the Tenders received, but not before, 
be returned to the Tenderer, provided he shall have 
sent in a bona fide Tender and not have withdrawn 
the same. Tenders must be upon the official forms 
and the printed instructions contained therein must 
be strictly complied with. Tenders are to be delivered 
at the County Hall in a sealed cover addressed to the 
Clerk of the London County Council, and marked 
** Tender for Reconstruction of Lea Bridge.” 

No Tender will be received after Ten a.m. on 
Tuesday, the 16th July, 1895. 

Any Tender which does not comply with the printed 
instructions for tender may be rejected. 

The Council does not bind itself to accept the lowest 
or any Tender, and it will not accept the ‘ender of 
any person or firm who shall on any previous occasion 
have withdrawn a Tender after the same bas been 
opened, unless the reasons for the withdrawal were 
satisfactory to the Council. 

H, DE LA HOOKE, 
Clerk of the Council. 

Spring Gardens, S.W., 

26th June, 1895. 


Re THE SOLWAY HEMATITE IRON COMPANY, 


Limirap, 
Ke Sale. 


Lot I.—The Leasehold Property, known as the 
SOLWAY IRON WORKS, 
pore ee) together with the FIXED PLANT and 
MACHINERY thereat ; also the Leasehold RESER- 
VOIR at Eilenborough, used for the purposes of the 
said Iron Works. 

Lor II.—About 4 acres, 3 roods, 8 perches of 
Customary Freehold LAND, adjoining the said 
Reservoir. 

Lot Ill.—The LOOSE PLANT, TOOLS, STORES and 
MATERIALS at the said Iron Works. 

Lor IV.—The Leasehold Land and Buildings, known 
as RISEHOW HOUSE, near to the said Works. 
‘Tenders for all or any of these Lots will be received 

by Mr. W. B. Prat, 90, Duke Street, Barrow-in- 

Furness, the Receiver of the Solway Hematite Iron 

meal Limited, up to and including the 31st July, 

1896 
The Receiver does not bind himself to accept the 

highest or any Tender, and in case of accepting any 

Tender, will only do so subject to the consent of the 

Court, to be forthwith applied for. 

For further information and orders to view, apply 


Messrs. W. B. PEAT & CO., 
90, Duke Street. Barrow-in-Furnese ; 
Orto Messrs. BROCKBANK, HELDER & CO., 
Solicitors, Whitehaven. H 








EAST INDIAN RAILWAY. 


The East Indian Railway Company is prepared to 
receive 


[renders for the Supply and 


DELIVERY of— 
CANVAS and INDIA-RUBBER HOSE, and INDIA- 
RUBBER SHEETING, 
COPPER BOILER TUBES, and 
LAMP GLASSES, LAMP FITTINGS, PLATE and 
SHEET GLASS, &c., 
as per Specifications and Drawings to be seen at the 
Company’s Offices. 

Tenders are to be sent to the undersigned, marked 
“Tender for Canvas and India-Rubber Hose and 
India-Rubber Sheeting,” or as the case may be, not 
later than One o’clock p.m., on Wednesday, the 10th 
day of July proximo. 

The Company reserves to itself the right to 
divide the order, also to decline any Tender without 
assigning a reason, and does not bind itself to accept 
the lowest or any Tender. 

For each Specification a fee of One Guinea is 
charged, which cannot under any circumstances be 


returned. 
By Order of the Board, 
A. P. DUNSTAN, Secretary. 
Nicholas Lane, London, E.C., 
27th June, 1895. H 342 





BOROUGH OF NEWPORT, ISLE OF WIGHT. 
NEWPORT URBAN SANITARY AUTHORITY. 


CONSTRUCTION OF WORKS OF SEWERAGE AND 
SEWAGE DISPOSAL. 


TO BUILDERS, CONTRACTORS AND OTHERS. 





Notice is Hereby Given, that the Corporation of the 
Borough of Newport, in the Isle of Wight, acting 
as the Urban Sanitary Authority of the said District, 
are prepared to receive 

’ | Yenders from Persons De- 

sirous of Contracting with them for the 

CONSTRUCTION of an OUTFALL SEWER of Brick 

and Concrete, with all the necessary Manholes, Venti- 

lators and Storm Overflows; the Construction of 

OUTFALL WORKS, consisting of Buildings, Precipi- 

tating Tanks, and the Provision of Machinery for 

Mixing Chemicals, and for Sludge Pressing, Penstock 

Chamber, Roads, and all Works incidental thereto. 
Plans and Specifications of the Works may be seen, 

and the Form of Tender obtained, at the Office of Mr. 
BaLpwin LatHam, Mem. Inst. C.E., 13, Victoria Street, 
Westminster, the Engineer for the Works, or on 
application to me, the undersigned, at my office 
in Newport. The Quantities of the several Works 
have been taken out by Messrs. HovENDEN & BARBER, 
of 30, Bishopsgate Street Without, London, E.C., and 
may be had on application either to the Engineer, or 
to me, the undersigned, on deposit of £10 (which will 
be returned, after a Contract has been entered into, 
to every person making a bona fide Tender, on the 
return of the documents entrusted to them. In the 
event of a Tender being withdrawn, the deposit will 
be forfeited. 

Sealed Tenders, in the forms supplied, endorsed 
“Tender for Sewerage and Sewage Disposal Works,” 
are to be delivered at the Office of me, the undersigned, 
at 17, Quay Street, Newport, Isle of Wight, on or 
before Saturday, the 20th day of July, 1895. 

The Corporation of the Borough of Newport will 
not be bound to accept the lowest or any Tender. 

Dated this 26th day of June, 1895, 

HENRY R. HOOPER, H 333 
Town Clerk. 





APPOINTMENTS OPEN. 





INDIA OFFICE, WuirruHat., S.W., 
26th June, 1895. 
BY ORDER OF THE SECRETARY OF STATE FOR 
INDIA IN COUNCIL. 
ce the Foundry and Shell Factory, 
Cossipore, an ASSISTANT FOREMAN STEEL 
MOULDER, thoroughly conversant with steel mould- 
ing and having experience in steel melting and iron 
moulding. 
Salary, 280 Rupees per month, rising to 320 Rupees, 
with free quarters, &c. Free passage out and home. 
Forms of application and further particulars can be 
obtained on application, by letter, to the Director 
General of Stores, India Office, Whitehall, not later 
than 16th July, 1895. 
J. PARKER H 321 
Director General of Stores. 


EAST INDIAN RAILWAY. 
ASSISTANT ENGINEERS. 


anted, for Service in 








The Directors of the East Indian Railway Company 
are prepared to receive 


A pplications (by letter only) 

from Engineers between the ages of 21 and 30, 
for TWO APPOINTMENTS of ASSISTANT EN- 
GINEERS, on a four years’ engagement, with a first- 
class free passage out, but not home, and otherwise, 
subject to the Company’s regulations. 

Candidates must produce certificates of superior 
proficiency, obtained after a regular course of scientific 
instruction at some recognized engineering school or 
college. It will be regarded as an advantage that they 
should have had, in addition, some practical experi- 
ence on works of construction or railway maintenance. 

The salary will commence at Rs. 300 to Rs. 400 per 
mensem, according to qualifications. 

Compensation for low exchange will also be granted, 
subject however to revision from time to time should 
the Secretary of State for India so require. For the 
present, it is given on the following terms :—To one- 
half of the salary is added a sum (fixed quarterly by 
the Government of India) approximately sufficient to 
enable an officer to remit that half salary to England, 
if he wishes to do so at Is. 6d. the Rupee. 

The Applicants selected will be required to pass a 
medical examination by the C 3 CG Iti 
Physician before appointment. 

Applications, marked ‘Application for Appoint- 
ment of Assistant Engineer,” accompanied by certified 
Copies (not originals) of testimonials and a medical 
certificate of fitness for residence in India, should be 
addressed to the undersigned not later than Wednes- 
day, the 10th day of July next. 

By Order of the Board, 
A. P. DUNSTAN, Secretary. 

28-30, Nicholas Lane, London, E.C., 

19th June 1895. H 207 
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THE NORTHERN POLYTECHNIC. 


The Governors of the Northern Polytechnic are 
prepared to receive 


A Pplications for the Appoint- 


MENT of PRINCIPAL. After 25th March, 
1896, the stipend will be at the rate of £500 
per annum, and the Principal will be required to 
devote his whole time to the work of the Institute. 
From 29th September, 1895, till 25th March, 1896, the 
stipend will be at the rate of £300 per annum, and the 
Principal will be required to attend the Governors’ 
Meetings, to take supervision of the equipment of 
the Institute, and to make arrangements for the 
future educational work. Applications must be made 
on or before 15th July, on Forms, which, together 
with particulars of the duties of the office, can be 

obtained of the undersigned. 

£. GRIFFITHS, Secretary. 
St. Mary’s Vestry Hall, Islington, N., 

17th June, 1895. H 278 





HULL CORPORATION, 
The Hull Corporation are prepared to receive 


A Pplications for the Post of 


HIGHWAY and DRAINAGE SURVEYOR 
(out-door), at £200 per annum. 

Particulars of duties may be obtained of the under- 
signed. 

Applications, stating age, experience, and qualifica- 
tions, and accompanied by copies only of testimonials 
(which will not be returned), are to be delivered to 
the undersigned on or before Thursday, 4th July. 

By Order, 


A. E. WHITE, 
Town Hall, Hull, Borough Engineer. 
12th June, 1895. H 259 








SHEFFIELD TECHNICAL SCHOOL. 


W anted, a Demonstrator for 


the Engineering Department. 

Applicants must have had practical experience in 
engineering works, and hold certificates testifying to 
their theoretical knowledge. Salary £100 per annum. 

Applications, stating age, and enclosing not more 
than three testimonials, should be sent, on or before 
July 2nd, to the SECRETARY. H 264 





BATTERSEA POLYTECHNIC, 8.W. 
The Governing Body invite 


A Pplications for the following 


APPOINTMENTS :— 
Day AND Evgninc WorRK— 
ASSISTANT in Mathematics and Physics. 
ASSISTANT in Mechanical Engineering. 
EVENING CLASSES— 
WORKSHOP INSTRUCTORS in Smithwork 
and Pattern Making. 
Intending candidates may obtain particulars by 
forwarding a stamped addressed envelope to the 
SEORETARY. H 332 


A ssistant Manager Wanted 


for the agricultural machine factory of an 
English Firm in Russia; must be thoroughly up in 
modern machine shop practice, and knowing either 
the Russian or German language ; a good opening for 
a capable man.—Address, stating age, experience, 
references, &c., Mr, W. J. GRAHAM, Stutton, 
Ipswich, Suffolk. H 288 


W anted, a Capable and 

Energetic MAN, to take a Contract for the 
Manufacture of Ingot Moulds; only a thoroughly 
competent man, with some small capital, need apply. 
— Address for particulars, C. H. 795, SELI.’s Advertising 
Offices, London. 














W anted, by a Large Firm of 

Wire Rope Manufacturers, a GENTLEMAN 
to represent them in Scotland. Must have a good 
connection amongst the collieries and mines, and 
one with some knowledge of the trade preferred.— 
Applicants should send full particulars of terms, 
present employment, and copies of three testimonials 
to H 314, Offices of ENGINEERING. H 314 





raughtsman Wanted in 


large Engineering Works in Manchester; one 
thoroughly accustomed to the mechanical construction 
of dynamos, motors, and switchboards. — Address, 
with recent testimonials, and stating salary required, 

age and experience, H 327, Offices of ENGINEERING. 
First-class 


H 327 
Was ted, a 
DRAUGHTSMAN, accustomed to every 


description of Lifting Machinery.—State experience, 
age, and wages, &c., to THOMAS SMITH, Steam 
Crane Works, Rodley, near Leeds, H 324 


Draughtsman, Good, Wanted; 


accustomed to high-class stationary engines 
and general engineering work. State full particulars 
of experience, wages, &c.—Address, H 301, Offices of 
ENGINEERING. H 301 


W anted, Smart Junior 

DRAUGHTSMAN, in office of Engineering 
Firm in London ; state age, education, experience, 
and salary required.—Address, H 322, Offices of Enai- 
NEERING. H 322 














anted, Experienced and 
Reliable ENGINEER, to erect and work Oil 

Mill abroad ; must be fair draughtsman.—Address, 
H 323, Offices of ENGINEBRING. H 323 


W anted, Experienced Fore- 

MAN, over 80, for small Engineering Works ; 
used to methodieal shop practice.—Address, giving 
experience, wages required, and references, H 313, 
Offices of ENGINEERING. H 313 








racer Wanted, Immediately, 


for London Office.— Address, stating experience 
and wages required, H 312, Offices of ENGINEERING 





H 312 


——__- 
> aD 
Rolling Stock Agency.—Firm 
with large output is PREPARED TO APPOINT 
AGENT having tion in L hire and, or, York 
shire with railway companies, coal masters, chemical 
manufacturers, contractors, shippers, &c. Applicants 
to state qualifications. Remuneration by commiseion 
only.—Addrees, AGENCY, W. Porrgovs & (po 
Glasgow. H 316 


Agents Wanted in every Town 


by an Old-established North of England Firm 
for well-known and largely used mechanical appli. 
ances, required by all users of power; liberal com. 
mission.—Address, H 263, Offices of ENGINEERING. 
H 263 


Hyngineering Pupil.— Vacancy 
with Firm (Government Contractors) manu. 
facturing latest types of machinery, oil and 

engines, &.; moderate premium.—Address, E 759 
Offices of ENGINEERING. E 759 


TO EMPLOYERS, COMPANY DIRECTORS, &, 


[ihe Law Guarantee and Trust 


SOCIETY, Limirxp, 
a gfe lta bad FIDELITY. 
end for complete Prospectus containing Bala 
Sheet. Copy of Policy, &., &. 1199 
Head Office: 49, CHANCERY LANE, LONDON, w.c, 




















SITUATIONS WANTED. 
Hyngineer, 12 years’ experience 


(seven years shops), three years with Sir J, 
Whitworth and Co., REQUIRES Responsible 
POSITION; well up on hydraulic machinery, 
engines, boilers, &c.; good designer; London pre- 
ferred ; age 31.—Address, H 335, Offices of ENGinzER- 
ING. H 335 


M echanical Engineer (22) 
REQUIRES a POSITION as Assistant Engineer 
or Junior Draughtsman; three years in shops, two 
years at an engineering school, five months at sea ; 
moderate salary.—H. R. G., 128, Selhurst Road, S.E, 
H 2754 


Young Engineer, who has 
held responsible positions, is WILLING to 
TAKE a subordinate position in a firm, with a view to 
being sent abroad by them.-—Address, H 338, Offices 
of ENGINEERING. H 338 


Wanted, Appointment to 


take charge of electric lighting, hauling or 
pumping installation (colliery or private); 10 years’ 
practical experience ; can do own wiring ; good fitter; 
first-class references. — Address, H 330, Offices of 
ENGINEERING. H 330 


ituation Required by Junior 
Draughtsman (21); five years’ experience with 
well-known firm, general engineering; quick and 
accurate, neat and rapid tracer, excellent references, 
—Address, H 317, Offices of ENGINEERING. H 317 


dvertiser (26) Desires 


APPOINTMENT as Assistant to Consulting 
Engineer; good draughtsman, excellent references.— 
Address, H 318, Offices of ENGINEERING. H 318 


Hyert, visiting Australia and 
New Zealand on business, and returning ina 
year, SOLICITS REPRESENTATIVE APPOINT- 
MENT from first-class Firm.—Reply, 6395, Herald 
Office, Glasgow. H 328 





























PARTNERSHIPS, 





Partnerships.—Gentlemen 

(practical engineers) desirous of entering esta- 
blished Cote concerns, are invited to commu- 
nicate with the undersigned, who have numerous bond 
fide establishments open to admit such. Referencea 
are given and required.—WHEATLEY KIRK, PRICE 
and GOULTY, 49, QueenVictoria Street, London, E.C.; 
and Albert Square, Manchester. 


Epgineering Firms of Good 
REPUTE, open to admit partners or desirous 
of selling outright, are requested to communicate with 
the undersigned, who have numbers of clients ~ 
for such.—_WHEATLEY KIRK, PRICE & GOULTY, 
49, Queen Victoria Street, London, E.C.; and Albert 
Square, Ww. heat, 964 


W beatley Kirk, Price and 


GOULTY (Established 1850), MECHANICAL 

and ELECTRICAL VALUERS, AUCTIONEERS and 

ARBITRATORS, Albert Chambers, Albert Sq., Man- 

chester ; and 49, Queen Victoria Street, London, E.C. 
Telegraphic Addresses : 

Manchester Office, INDICATOR. London Office, INDICES. 


Partner Wanted in Old- 


established re ere | Works in Midlands. 
Capital £5000 to £10,000,—Address, F 658, bag “4 


ENGINEBRING. _ Fd 
Practical Partner (£1500) 


WANTED in City works. Full plant, good 
connection. Trade easily doubled at good _profite. 
Present stock guaranteed.—H. PUMFREY, Esq., 14, 
Paternoster Row, E.C. H 336 

















Fizgineerand Machine-making 
BUSINESS.—An Engineering Firm, long estab- 
lished in Glasgow, with an excellent connection both 
at home and abroad, are DESIROUS, for sundry 
reasons, to CONVERT their CONCERN into & 
PRIVATE COMPANY under the Limited Liability 
Acts. The sum of £5000 or £6000 is required in or 
capital, and they will be glad to negotiate with 
parties willing to take up the whole or a part of the 
capital required. 

For further particulars apply to Messrs. JAMES 
REID & CO., 101, Leadenhall House, aa 7 
Street, London. H 


Partnership.— Wanted, Ener- 

getic Commercial or Practical ENGINEER, 
with £2000, to join a competent Manager with oe 
capital in taking a business in Yorkshire. Advertiser 
can introduce profitable trade = specialities. 
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WANTED, &c. 





—__ 


Winted, London Agency for 


Marine or General Engineers by a Consulting 
neer ; energetic representation ; good technical 





Engi ; 
edge and large connection offered.—Address, 
knoe Ofioes of ENGINEERING. H 339 
ngineering Agents, Ma- 


chinery and Metal Merchants, with large 
practical experience and good connection, are OPEN 
to REPRESENT one or more recognised good Manu- 
facturing FIRMS of Engineering Appliances, for 
Glasgow and West of Scotland.—Addrese, RONDO, 
15, York Street, Glasgow. H 56 


° qi ° 
atent Machines or Speci- 
ALITIES. — WANTED, SOLE RIGHT of 
MAKING, by a well-established firm of engineers and 
machine makers of good reputation in a good position 
for financing any practical marketable machine in 
ood demand; most modern works and plant for 
heavy or light work, — Address, H 283, Offices of 
ENGINEBRING. 


Firm of Engineers in 
London WISHES to MAKE ARRANGE- 
MENTS with a country firm to manufacture 
Specialities. Must have good modern plant and 
facilities for cheap production.—Address, H_ 340, 
Offices of ENGINEBRING. H 340 











Resrectable Firm of Engi- 


neers, thriving agricultural and industrial 
centre, south-west coast of Scotland, are OPEN for 
One or Two First-class AGENCIES.—Address, D. H. 
and F. REID, Engineers, Ayr. H 302 


FOR RUSSIA. 


ffers Wanted of 


VACUUM EVAPORATION APPARATUS, 
FOR 
Vegetable Extracts, specially santal wood extract. 








Only the very best class of the latest apparatus 
wanted, giving a product equivalent to that produced 
by the best French appliances. 


Please address, J. E. 9464, care of RUDOLF Mossz, 
Berlin, S.W. H3ill 


Wanted, about 100 tons 


S. and F. PIPES, 5in. by 7; in., 9 ft. lengths, 
cast iron and coated with Dr. Angus Smith’s solution; 
delivery ex. steamer in Thames; test required.— 
SMEED, DEAN & CO., L1p., Sittingbourne. H319 


W anted, Good Second-hand 
LAUNCH, either in wood or steel, about 28 ft. 

by 6 ft. 6 in. by 3 ft.; suitable to receive a petroleum 

engine.—Address, H 326, Offices of en . 








NOW READY. 
Weight 18 lb. 


Imperial 4to. Handsomely bound in Half Morocco. 
Price £3 3s. Od. 





A RECORD OF THE 


RANSPORTATION EXHIBIT 


AT THE 


WORLD'S COLUMBIAN 


By JAMES 


EXPOSITION OF 1893. 
DREDGE. 


(Partly Reprinted from ‘‘ ENGINEERING. ”) 





This Volume contains about 190 plates, and 800 pages of text and illustrations, 
forming, it is believed, a very complete record of the most important objects collected in 
the Transportation Exhibits Building at the World’s Columbian Exposition of 1893. 





OFFICES OF ENGINEERING, 35 & 36, BEDFORD STREET, STRAND, W.C. 


NEW YORK: Messrs. JOHN WILEY & SONS, 53, East Tenth Street (to whom all 
applications regarding the American Edition must be made). 








Imperial 4to, handsomely bound in Half Morocco, Price £2 10s. 
Tables and Plates, and over 700 Illustrations. 


500 pp. of Text, 
Weight 9 lb. 6 oz. 


MODERN FRENCH ARTILLERY 


(The St. Chamond, De Bange, Canet and Hotchkiss Systems). 


WITH ILLUSTRATIONS 


OF FRENCH WARSHIPS. 


By JAMES DREDGE. 


Chiefly Reproduced from ‘‘ ENGINEERING.” 


THE WORK IS PROVIDED WITH A CAREFULLY PREPARED AND COPIOUS INDEX, 





OFFICES OF ENGINEERING, 35 & 36, BEDFORD STREET, STRAND, W.C. 

















Wanted, Second-hand Steam 


HOPPER BARGE, with Grab Crane at fore 
end, to carry 150 to 200 tons.—Forward full particulars 
and price to MORDEY, CARNEY & OO., Lr., 
Newport, Mon. H 274 


anted, Set of C.S.C. Marine 


ENGINES, & * 124 in good condition; 


cheap for cash.—Apply, SMITH, Engineers, Lime- 
house Pier. H 337 


anted, First-class Lanca- 
SHIRE BOILER, new or second-hand, 

complete ; size, 30 ft. by 8 ft.; to work at 80 lb.; also 
Second-hand Machinery; New Steel Hopper Barges 
required, of 150, 200, and 250 tons carrying capacity, 
also second-hand. — Address, The BRITISH ENGI- 
NEERING IRON & COAL CO., 55, Market Street, 
Manchester. G 262 














PUBLICATIONS. 
JUST PUBLISHED. 


THE 
MANUFACTURE 
F 


EXPLOSIVES 


A Theoretical and Practical Treatise on the 
History, the Physical and Chemical Proper- 
ties, and the Manufacture of Explosives. 


OSCAR GUTTMANN, Assoc. M. Inst. C.E., F.LC., 


Member of the Societies of Civil Engineers and Archi- 
tects of Vienna and Budapest, Correspondent of the 
Imperial Royal Geological Institution of Austria, &c. 





RIE PETES An meas 


SECOND EDITION NOW READY. 





Royal 4to, 46 pp., Cloth, Gilt Lettered. 


Price 3s. 6d. 


Post free 3s. 9d. 


HE MANCHESTER SHIP CANAL 


Illustrated with Four Two-page Plates and numerous Figures in the Text. 
Printed throughout on Special Plate Paper. 
Reprinted from ‘‘ ENGINEERING.” 





OFFICES OF ENGINEERING, 35 & 36, BEDFORD STREET, STRAND, W.C. 








onions 


EE Oe or NA ND 
LONGMAN’S CIVIL ENGINEERING SERIES. 


PRINCIPLES AND PRACTICE OF 
HARBOUR CONSTRUCTION. 


BY 
WILLIAM SHIELD, 
F.R.S.E., M.1.0.E., Executive Engineer National 
Harbour of Refuge, Peterhead, N.B. 
With 97 Illustrations. Medium Svo. 15s. net. 

“This book is to be welcomed. The general 
principles which ought to govern the design and con- 
struction of harbours are here well laid down, the 
various types of breakwaters are described, and an 
interesting t of the methods of constructing 
them, as adopted in modern practice,is given. . . . 
The results of his own individual research and of an 
experience acquired during a practice extending over 
thirty years are not the least valuable part of the 
work.”—Transport. H 320 

Lonpon: LONGMANS, GREEN & CO. 








With 328 Illustrations, In Two Volumes, Medium 8vo. 
PRICE TWO GUINEAS. 
Uniform with the Specialists’ Series. 
H 268 





LonpDon : 
WHITTAKER & CO., Paternoster Square. 


THE RAILWAY HANDBOOK. 


222 pp., 12mo, cloth, containing descriptions and prices of railway 
books from 1807 to 1894. 

References to nearly 100 early Locomotives, to the earliest 
STeamBoats, to the earliest MECHANICAL CaRRIAGES, &c., &c. 
The only Brs.iocrapuy of the subject published. In it, the 
LARGEST COLLECTION IN THE WORLD of early railway books now 
on sale, is described on an entirely novel plan, and prices are 
added, The price, 2s. (post free), returnable to all purchasers of 
5s. worth of (out-of-print) books. 

“ENGINEERING,” 14th June, 1895, says :—“‘ Some most interesting 
works are to be found listed at quite moderate prices. A short 
synopsis is given of many of these volw " 


mes.’ 1215 
BirwincHamM: EDW. BAKER, 14 & 16, John Bright St. 








P ° 
‘Patents for Inventions 
AND HOW TO PROCURE THEM.” 
By G. G. M. HARDINGHAM, Mem. Inst. M.E., Assoc. 
a Inst. C.E., Fel. Chart. Inst. Patent Agents. 
on: 


CROSBY LOCKWOOD & 
Cloth price 1s. 6d. post free. 


SON. 





1175 





TO ALL INTERESTED IN PATENTS. 


(j leanings from the Patent 
LA OF ALL COUNTRIES, 


By W. LLOYD WISE, J.P., C.C., F.R.G.8., Fellow 
ft the Chartered Institute of Patent Agents, are now 
appearing in Work, published Weekly, 
CASSELL & COMPANY, Lumtsap, London. 

And Sold by all Newsagents. 


9749 











FOR SALE. 
Pile Drivers, Steam, 20, 30, 


and 40 cwt. in stock FOR SALE or HIRE ; can 
be seen in operation.—For catalogue apply, SOUTH- 
GATE ENGINEERING COMPANY, Limirsp, New 
Southgate. 








o Boilermakers and Others. 
—Ready for Delivery, One New HYDRAULIO 
RIVETING PLANT.— Apply, Mesers. THWAITES 
BROS., Lrp., Engineers, Bradford. F 80 








Fe Lease or Sale, a Well- 


EQUIPPED IRON AND STEEL FOUNDRY, 
of modern design and construction, with tools, stores 
and machinery, &.; a lease on equitable terms would 
be granted, or a sale arranged outright.—For par- 
ticulars apply to H. N. 794, Seuu’s Advertising Offices, 
London. H 270 





or Sale, on Hire Purchase, 


MACHINERY of every description, supplied on 
deferred payments or for cash, new and second-hand ; 
write for circular; inspect stock, including Lathes 
sizes), gt hines, Saw Benches, &., &0.— 

OWLAND G. OT & CO., 12, Gt. Saint Thomas 
Apostle, London, E.C. 1142 


or Sale or Hire, 30-HP. N. 


Loco.-type BOILER, by Robey ; double-riveted 
seams, pump, funnell, all complete; 8 HP. ditto; 
also a a" of Grasshopper Condensing Engines, 
50 HP. N., fitted with Porter governors and expansion 
valves, by Penn & Son, of Greenwich ; also Feed-water 
Heater, for exhaust steam, fitted with copper coil. 
Cheap, to clear. — J. WHITE, 213, Bow Road, 
London, E. H305 











or Immediate Clearance. 


MUST BE SOLD.—Horizontal Condensing En- 
gine, cylinders 18 in. diam., 30 in. stroke, 8 in. air 
pump. Two Cornish Boilers, each 25 ft. by 5 ft. 6 in. 
diam., with all mountings and fittings. Two Sets of 
Three-throw Pumps, gun-metal barrels, 12 in. diam. 
by 18 in. stroke. All above are Second-hand, but in 
splendid order, and only removed to make room for 
larger machinery. One New Marine Boiler, 8 ft. by 
8 ft., return tube pattern, built to Lloyds’ for 100 Ib. 
w.p. One 4 B.HP. Day’s Gas Engine, New. One 
Second-hand Cornish Boiler, 20 ft. long by 5 ft. 6 in. 
diam., with fittings.—Write, BOX P 51,017, Smirn’s 
Advertising Agency, 132, Fleet Street, London, re . 


? ? 
(Sherry s ‘“ Forget-Me-Not 

CALCULATOR, marvellous accuracy ; a 100 in. 

slide rule in 5in. by 2in., pocket form, in handsome 

case with book, 4s. post fre.—HENRY CHERRY, 

21, Festing Road, Putney. H 329 











Fr Sale, by Private Contract, 


as a Going Concern, the old-established and 
well-known ENGINEERING, FOUNDRY, FORGING 
and SHIPBUILDING BUSINESS now being carried 
on by Messrs. Harvey & Company, Limited, at Hayle, 
in the County of Cornwall. 
Several ed and profitable contracte are in 


Every facility for landing and export will be afforded 
on the adjacent quays. 

Steamers of 4000 tons have been built and com- 
pletely equipped in the yards. 

The main line of the Great Western Railway is con- 
nected with the premises. 

All particulars as to the holding, and any further 
information, can be had on ow to— 


HARVE CO., Limrrap, 
Hayle, Cornwall. 
Or the London Office Address, 


186, Gresham House, Old Broad Street. 9825 
Hyngineering and Ship-repair- 
ING WORKS, Uomplete, with Fixed and Loose 
Plant, &c., and having long river frontage, FOR SALE, 
or TO LET, with option of purchase.—Principals 
only can receive full particulars on application to 
Messrs. SNOWBALL & CO., Mechanical Valuers, Fire 
Loss Assessors, &c., Crown Chambers, Side, New- 
castle-on-Tyne. H23 


(ranes, Hand and Steam, 


DERRICK, PORTABLE and WHARF. 
Also all kinds of 
BUILDERS’, eee ro & QUARRYMASTERS’ 


New and Second-hand, FOR SALE or HIRE, 
always in stock. 


cates 1068 
BUTTERS BROS. & CO., 20,Waterloo St., GLASGOW. 
Telegraphic Address: ‘‘ Butters, Glasgow.” 
See Illustrated Advertisement, page 26. 


i athes—with or without Cut 
SS gece agp 
Ww: 
STEPHEN STELL, Alkincoate Works, Kelghiey. 


100 Machine Tools, comprising 
Lathes, Drills, Plan Shapers, Engines, 
Steam Hammers, &., now ready.—For list 
KEIGHLEY ENGINEERING CO., Keighley. 


adial Drilling Machines ; 
greatest variety in eo and largest stock, 
READY FOR DELIVERY. 
Inspection invited. 
Send for stock list and oo 
G. F. SMITH, 














apply, 
609 





Machine Tool Maker, Paragon Ironworks, Halifax. 
Telegraphic Address: ‘‘ Radial, Halifax.” H 284 


[™proved Four-spindle Boiler 
SHELL DRILL; 6-cwt. STEAM HAMMER; 
several other New Tools; 9 in. centre Second-hand 
Complete LATHE, 24 ft. bed.—GEO. BOOTH & OO., 
Halifax. H 213 


lewellin’s Time-checking 
MACHINE FOR SALE, with Clock ; complete, 

large size, in good condition.—Apply, STEEL OO. 
OF SCOTLAND, 23, Royal Exchange Square, Glasgow. 


315 
Fe Sale : 


Portable Engines, 16 HP., 12 HP., 8 HP., &c. 
Vertical Engines, 12 HP., 10 HP., 8 HP., &c. 
Condensing Horizontal Engines, 90 HP., 60 HP., 


40 HP., &c. 
Locomotives, 12in. cyls., 18 in. stroke ; 11 in. cyls. 
17 in. stroke; 14 in. cyls., 20 in. stroke, &c. 
Vertical Boilers with Engines combined, 8 HP., 6 HP., 
4HP., 3 HP., &. 
Massive Planing Machine, to take 35 ft. by 8 ft. by 6 ft., 
in excellent order. 
Planing Machines, 5 ft. 6 in. by 2 ft. 6 in. by 3 ft. 
Slotting Machine, 15 in. stroke, 8 HP., stocks, &. 
Wheel Turning Lathes, face — 4 ft. 9 in. dia. 
Lathes, Drilling Machines, Milling, &c. 
Large stock of Machine Tools, &c., &c. 
Machinery let out on Hire or Sold on Purchase Hire. 
Send for Catalogue. Inspection Invited. 


THOS. W. WARD, 
ALBION Works, SAVIL" Street, SHEFFIELD. 
Tele. Address: ‘* Forward, Sheffield.” 1116 


Fo Sale, One 4-wheeled 12 in. 


Tank Locomotive, in good working order. 

One pair Horizontal Winding Engines, 14 in. cyl- 
inders, 8 ft. drum. 

One Horizontal Engine, 16 in. cylinders, with fly- 
wheel and spur driving gear complete. 

One Horizontal Condensing Engine, 36 in, cylinders, 
6 ft. stroke, 20 ft. fly-wheel. 

Two Horizontal Pumping Engines (Brunt’s patent), 
48 in. cylinders by 4 ft. stroke, with 14 in. double- 
acting ram. 

One 5in. Quadruple Pump with two 10 in. steam 
cylinders, capable of discharging 13,000 galls. per hour. 

One Pair (Berryman’s Patent) Universal Expanding 
Tubular Water Heaters, No. 12. 

Lancashire Boilers of various sizes. 

One Robey Portable Boiler and Engine (undertype), 
8 in. cylinders, 

One Cochran Vertical Boiler, #2 ft. by 4 ft. 6 in.; full 
set of mountings; will work at 100 lb. pressure. 

Estimates free. Prices and full particulars— 
THE LOWCA ENGINEERING CO., Lrp., 
West Cumberland Machinery Stores, Whitehaven. 


N ew 6 HP. Portable Engine, 

by Ransomes, fitted with enlarged firebox 
(colonial size), never steamed, TO BE SOLD cheap.— 
Apply to CHARLES BURRELL & SONS, Ltd., 
Thetford. F 766 


¥ 5 and 16 HP. Portable or 


SEMI-PORTABLE ENGINES, with or without 
reversing gear; also MORTAR MILLS, all 

Ready for Immediate Delivery, at low Ayy for cash, 
or on easy terms of credit.—BARROWS & CO., Lrp., 
Banbury. F 807 


For Continuation of Small 
Advertisements see Pages 4 
and 70. 


























ENGINEERING. 


[JUNE 28, 1895, 





—— TT 





ELECTRIC ‘WELDING. 


THE 


Electric Welding Company 


(LIMITED) 





Is now prepared to contract for Welding 
Iron, Steel, Brass, and Copper, in large 
or small quantities. 


BUTT WELDING 
OF TUBES 
A SPECIALITY. 


OFFICES and WORKS: 


1, HINDON STREET, PIMLICO, §.W. 





Price List 


Post Free. 


Wm. R. DELL & SON, 


26, Mark Lane, LONDON, E.C. 806 
4 Caddy’ s s Patent Hollow Tubular 


FIRE BARS 


WITH canmsaS FACE. 





7 Gold Medals Awarded. 


ADOPTED BY 1130 


The Admiralty, H.M.S. Office of Works, and the 
Leading Boilermakers throughout the World. 


CADDY& CO. ,““: paybrook, NOTTS. 
THOMAS SHANKS & CO. 


UNION IRON WORKS, 
JOHNSTONE, near GLASGOW, 


— SOLE MAKERS OF — 


BARROW’S PATENT 


SCREWING AND TURNING MACHINES, 
NINE SIZES— 
1} in., 2 in., 24 in., 3 in., 3} in., 4 in., 5 in., 6 in. & 7 in. 


BOLT SCREWERS ONLY, 1 in., 1} in. & 24 in. 
FOR OTHER MACHINES, SEE ILLUSTRATED AD¥T., wins 4 
ISSUE IN EACH MONTH. 


CONDENSERS 


Our Speciality. 


BJECTOR 


AND 


RYAPORATIYE 














| APPLICABLE WEBRE WATER 18 SCARCE. 
tive Cond teed to 


4 =~ a 
ess water altogether than 
i with a non-condensing engine. 


T. LEDWARD & CO., 








DELTA METAL. 


Tough as Wrought Iron. Stronger than Steel. No Corrosion. Colour of Gold, 
CASTINGS, FORGINGS, STAMPINGS, ROLLED BARS, ANGLES, TEES, SHEETS, WIRE, TUBES, &c. 
THE DELTA METAL CO,, Ltd. 441 


Works: 29, Pomeroy Street, London, S.E. City Office: 110, Cannon Street, E.C. 


EMERY WHEELS. 


ROOPER & HARRIS, Ltd, STAFFORD. 


MUSGRAVE BROS. 


CROWN POINT FOUNDRY, LEEDS. 
ARE MANUFACTURERS OF THE LATEST AND MOST IMPROVED 


p HYDRAULIC PUMPS, 
ACCUMULATORS. 
\RIVETTERS, PRESSES, VALVES 


&C, &C 








1047 








on application 








THE 


UNITED ASBESTOS 


COMPANY, LIMITED, 


DOCK HOUSE, 


BILLITER STREET, LONDON, E.C. 
Pioneers of the Asbestos Trade. 


COCHRAN & Co., 


BIR EN HEAD. 

















PATENT VERTICAL 
MULTITUBULAR BOILERS 


READY FOR IMMEDIATE DELIVERY. 





—— ‘WOea[ddy wo sysy] Cog pus sysPy qo09g ~— 
‘SSAYDOUd YO MOOLS NI S3AZIS T1V 








85, Queen Victoria St., LONDON, E.C. 100 


———ey 


PATENT AGENTS, 


A Hison — ~o Agents 


a AND tans, Hol 1. ee 
Chance e, Holborn, ndon, W. 

Celsaial, aad Foreign Patents ete _eeita, 
made. Mate e Marks registered. 968 


atents.—E. P. Alexander 


and SON, Fel. net ee. rong 
19, Southampton Buildin, 


All business relating to British 
Designs and ks transacted On moderate 
terms. — and general advice gratis, 
‘el leaden” Od 585 
ESTABLISHED EIGHTEEN YRARS, 


rewer and Son, 
OHARTERED PATENT AGENTS. Ear. 1 1944. 
CHANCERY LANE, LONDON 

And 80, East Parapg, LEEDS. 966 


atents, Designs and Trade. 

es at moderate 

PROVISIONAL PROTEOTION FROM £3 her 

PLETE PATENT FOR FOUR YEARS FROM 50 te, 

A Ohart of 187 mechanical motions, free 1g, 

Circular of information gratis. —HARR S & MILLS, 
Patent Agents, Est. 1866, 28, Southampton Buil 

Chancery Lane, London, W.C. Telephone 2820, 47 


P Jensen, Chartered Patent 


e AGENT, M. Inst. M.E., twenty-seven yearg 
experience in securing British, ‘Colonial and Foreign 
Patents, Trade Marks and Designs. Full particulars 
on application. .—Office for Patents, J ENSEN a = 
77, Chancery Lane, London, W.O. 


Zelegram Addrese, —_——— London.” saan 


Phillips and ‘Leigh (He 


Hanrineron Laren, Assoc. M.1.0.E., Fel. In. phe 
22, Southampton ae Ohancery Lane, London, 
W.O. Immediate protection obtained for Inventions. 
Trade Marks and Designs in all Countries. “1245 


[the New Patent Law.—To 

Inventors. GENERAL PATENT OFFIOE, 
Established 1830. G. F. REDFERN & CO., 4, South 
Street, Finsbury, London. Provisional] Protection, 
£3 3s. French gH mney £8. Belgian, £4. Circular 
gratis. Telephone No. "169. Regis. Telegraphic Ad- 
dress : ‘‘ Invention, London.” 1230 


Patent Office, Glasgow.—W. 


R. M. THOMSON & CO., 96, Buchanan Street. 






































The INVENTOR’s GUIDE, 8 complete Handbook on 
Patents, Designs, and "Trade Marks, may be bad 
* and SON, British, Foreign, and Coloni haa 
Agents, 57, Chancery Lane, W.O., transact every 
for erp “A Guide to Inventors" free bye He 
John Platt and Co., 
97, CEDAR STREET, 
NEW YORK, U.S.A. 
PATENTEES’ REPRESENTATIVES, REPORTS ON 
AMERICAN PROPERTIES, 1244 
TIME CHECKERS. 
Extensively used in 
For ascertaining the time worked 
by Employés. 
Cutters of all descriptions. 
INDICATING, COUNTING, AND 


gratis. 
atents. — Messrs. Vaughan 
description ‘ot business connected with Letters Patent 
FIpEuIty Bupe., 
CONSULTING ENGINEERS, 
HYDRAULIO MACHINERY & MACHINE TOOLS. 
WORKS, OFFICES, & WAREHOUSES 
WHEEL, GEAR, & RACK CUTTING. 
Milling 
cLOck WORK MECH HANISM 
ECIALITY. 


ental Work for Inventors con- 
; Patent Business transacted by 


W. M. LLEWELLIN, C.B, 313 


Lilewellin Machine Co., Bristol. 





OV EI ROR AD 
Self-sustaining Hand-power 


TRAVELLERS. 


ALSO MAKERS OF— 
OVERHEAD ELECTRIC TRAVELLERS. 
OVERHEAD ROPE-POWER TRAVELLERS. 


VAUGHAN & SON, 


Hydraulic & General Engineers, 15 


MANCHESTER. 


EWALD STEINMETZ 
HANOVER CTC LINE 
‘ENGRAVER ON Woop 
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, Ltd. 

ietetien Go., Ltd. (United) 
‘Ashbury Railway Carriage 
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Aston chemical Co. « Se ve 

Said, w, J., & Sons, Ltd. 

ey, W. i & Co., Ltd. 

Ditto ditto 


per Blower Eng. 
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Loco othve Works 
Baldwin Bok .. 64] Coles, H 
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Barr, J. 
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Bessemer, seca & + Co. 
ld. 


Best Belting Co. 
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Dempster, Moore & Co. 
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Drum Engineering Co. 
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FLEMING: S 


ESTABLISHED 1797. 


oronto, Sydney, Melbourne, Bradford, 


ELEMiInNG, BinBByY & Goonrwm 


4a EsEs, Esp. 
BRANOHES :—Woodfield Mills, Liversedge ; Clifton Bridge Mills, Pater dong omer 7 ep Salford Oard Works, on nae 


11 eet :—Gold and Silver Medals, London, Paris, Vienna, 


BELTING. 


STANDARD OAK TANNED 


A really First-class Quality suppli 
ft. wide to oes on 1000 Ind 


ed. Main Driving Belts made up to 
. HP. Single Belts kept in stock. 


LEATHER LINK BELTING. SUPERIOR gee nea BELTING, 


AZZ, ENGEANMD. ESTABLISHED — 








uw ECTOp» 


4S5T ANNS SQUARE 


< MANCHESTER 


Co 





DAVIES & 
METCALFE’S 


and Automatic 
Re-starting 
Injectors. 

Highest Award, 
inventions, 

London, 1885, 
ana other 
Exhibitions. 


WE-SUPPLY 


MARINE or STATIONARY 
ENGINES 


D | Sole Successors 


_ to SHARP, 

| STEWART & 
C0.’8 (Limited) 
Injector Business 


Holders of the 
Original 
Patterns, 

Templates, &c., 

of the 

Giffard, Atlas, 

Friedmann, and 


SEND FOR LISTS OF 


INJECTORS 


FOR ALL 
URPOSES 


all others made 


by them for 
over 80 years. 


Exact duplicates 


only from us. 


THE BEST 
CHEAPEST 








MARINE ENGINES OF ALL SIZES. 
BREMME’S PATENT VALVE GEAR. 


TRIPLE-EXPANSION ENGINES 


TRIPLE AND COMPOUND LAND ENGINES 


OF MARINE TYPE 
FOR DRIVING FACTORIES, MILLS, &c. 


.DUNCAN’S PATENT PROPELLER. 


Xs 


STEAM VESSELS, LAUNCH LAUNCHES, TUGS, &c, 


ROSS & DUNCAN, 


WHITEFIELD WORKS, GLASCOW. 


ON ADMIRALTY LIST. 


63 








SPHINCTER WORKS 


(F. MARTEN HALE & CO., Ltd.) 


FLEXIBLE TUBES supple as Tempered Steel! 


Manufacturers of High- Grade 3 Flexible Steel Armoured Hoses. 
Cast Steel Wire, to Admiralty Specification, alone used. 


TEN DIFFERENT CLASSES OF ARMOUR! 


Sole Manufacturers of the “L, & C.” Patent Hoses, and the 
Improved Steel and Brass Lined Flexible Steam Tubing, super- 
seding all others for safety, economy and durability. 








ALL OTHER STEAM HOSES SURPASSED | 





SPECIALISTS IN FLEXIBLE HOSES, ne 





ADDRE ss- 


The Seereta 
SPHINCT 


SPHINCTER-GRIP ARMOURED 


R WORKS 
EMERSON S1,LONDON.S.E. 


EMERSON ST., LONDON, S.E 


“RUGOSITY, LONDON.” 


action. 


» and guaran’ 


High-Grade HOSES for ENGINEERING WORKS ! 


High-pressure Hydraulic Hoses : Hoses made ‘for specified duty, tested 
before delivery, and test certificate furnished with each length. 


PURCHASERS INVITED TO SEE TESTS MADE! 


Suction Hoses in several varieties: Corrugated, Embedded, 
Spiralled, ‘‘ L. and C.” Patent Steel and Brass Lined, &o. 


Special Hoses for Marine Use & Chemical Works. 


EFFICIENCY] Hoses and Tubes to convey any fluid, in any quanti 
any pressure, designed, manufact 


» under 
to’ give 
- 1077 





WHEN IN DOUBT OR DIFFICULTY CONSULT US! 











“wa SPECIALISTS IN PRESSURE PIPES. 
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CHADBURN & SON’S ALL GOODS MADE BY OURSELVES IN LONDON. 


“Duplex Gong” Telagraphs 
ENGINE TELEG RAPH 


BRIDGE — Hand and Automatic 
TRANSMITTER 


Sh Bri Ww 
owing on ,~ poy Engines Working 





DUPLEX GONG. 
TINDIOATORS. { Burl Gouy for Asters. 





Also— 
STEERING TELEGRAPHE. 


“LOOE-OUT” TELEGRAPHS 
DOOKING TELEGRAPHS. 
Tachometer—Revolution Indicator. 
Showing at a Glance a < Revolutions per 

Over 4000 Vessels Atted, including British and 
Forsign Nawies and Mail Steamers, Yachts, de, 
OGHADBURBN’S PATENT ENGINE OOUNTERS. 
SZELEGRAPH WORKS: 


11, Waterloo Road, Liverpool. 


GLASGOW : 68, Anderston Quay. 
WEWCASTLE-ON-TYNE: 83, Quay Side. 
LONDON: 105, Fenchurch Street. 


EXHIBITION AWARDS! 588 





London, Paris, N.-E. Coast, Amsterdam,| = 


Fisheries, Antwerp, Liverpool, & Havre. 





90 PER CENT. SAVING 
And SUCCESS OF THE STAUFFER SYSTEM 
Ensured ONLY with the Genuine 


“STAUFFER LUBRICANT” 


( Registered Trade Mark ) 
Ot which we are the SOLE MAKERS. 



























ie ie PATENT “UNBREAKABLE?” STAUFFER LUBRICATOR 

“ 52° TRIER BROS. witha ti Met some STE usar 

-_ Works: WORES, NEW CH ROAD, CAMBERWELL, 8.E. 12, 

MANLOVE, ALLIOTT & C0, Ltd, s5 tree 
ENGINEERS, 


NOTTINGHAM, 


LONDON, MANCHESTER, GLASGOW. 
MAKERS OF 


STEAM LAUNDRY MACHINERY. 
SUGAR MACHINERY. 
OIL MILL MACHINERY, 








_ 
And Machinery and Apparatus for the 1029 Ss te 


TREATMENT OF TOWNS’ REFUSE. | azn. preTor. 


For Particulars and Price apply to 862 
DE BERGVUE & Oo., 


LIMITED, 
Strangeways Ironworks, MANCHESTER. 











EP EMNESSa *e 


This Valve is especially valuable 
for SUGAR REFINERIES, as 
one of them may be placed on 
- each suction pipe from a series | wm ae pest yp 

of kettles or vacuum chambers, MASON’S PATENT rower BRIDGE. 
and a different and constant [JNWEARABLE “~ 
vacuum maintained in each, NON-SLIPPING Pte ye 
although one pump creates a| WNemmmmmmmemmmmmmer (6.5) Piste, Sc. 
vacuum for the series. | QTAIR TREADS. | 1..i°%(27"sfe'on 











*Y NASON REGULATORG: _ TEE EATEN. TREAD, SENDIGATS, Ut. 
SOMREGULATORG 15 open VICTORIA STREET, LONDON. = 


“THE “GLOBE” OIL ENGINE. 


Sole Makers: POLLOCK, WHYTE & WADDELL, 
GLOBE ENGINEERING WORKS, JOHNSTONE. 


ee el 
ge _ Is highly recommended. 


Simple, strong, economical, 











































reliable. 
No skilled labour required. 
It requires no Special Oil. 
No question of Insurance 
arises. 
No Lamp required after 
< ~~" We | = ON starting. 
a hh H\ a No soot or ashes to remove. 
:s ee YT No attention required whilst 
running. 


—t 


THOROUGHLY RELIABLE AND 
GUARANTEED. 











ALSO SOLE MAKERS OF 


- ‘GLOBE’ GAS ENGINE 
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W. SIMONS & CO, 


SHIPBUILDERS, ENGINEERS, & DREDGE BUILDERS, ER EIN E"EtEi ww, NEAR GLASGow . 


Screw and Paddle Steamers, Yachts, Tags, Hopper Barges, Sewage Steamers, &c. 


INVENTORS AND OONSTRUOOCTORS OF 


MOST IMPROVED TYPE OF DREDGE PLANT. 


ALSO FERRY STEAMERS WITH ELEVATING PLATFORM. 
_———{ ESTABLISHED 1810) 8208 
Ses 


cieauesamee London: 89, Victoria St., 

fag -ssxnites. W. T. GLOVER & CO,, vase: 

i — * SALEORD, MANCHESTER. 

go—le= General Engineers and Makers of Rope, Twine and Banding Machinery, Braiding Machines, 
32 SMALLWARE MACHINERY. 

—*- WIRE WINDING AND TWISTING MACHINERY, &c., &c. 


ALSO MAKERS OF ALL KINDS OF ELECTRICAL WIRES AND CABLES. 407 
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It you have not Py had any oat our A TEES, ve we ry it would be to 90 your advantage | to communicate with us. 


JOHN ET..ANG & ‘SONS. 


Lathe Manufacturers and Special Machine Tool Makers, 


JOMNSTONE!, NEAR GLASGOW. 903 
London Office : 72, Bishopsgate St, Within, E.0, WM. JAFFREY, Representative. Agent for Newcastle District: Mr. WM, STEVENSON, 32, Side, Newoastle-on-Tyne, 


JAMES ARCHDALE & CO,, Birmingham, 


Contractors to Her Majesty's War Department, the Lords of the Admiralty, the Council of State for India, the pK Agents for the Colonies, & the Foreign Governments. 
CONTRACTORS FOR MACHINE TOOLS TO THE ROYAL ARSENAL, ROYAL DOOKYARDS, ROYAL MINT, &. 
























VERTICAL 
MAKERS OF ’ 
COMPLETE PLANTS of MACHINERY for en ake eaaha TOOLS f MILLING 
manufacturing— Racks Machine-cut from the solid. MACHINE. 
MAGAZINE RIFLES of all kinds. 
avenue : IMPROVED PLANING MACHINES 
' With Quick Return Motion ; four times 


AMMUNITION for SMALL ARMS. the cutting speed. 
SPORTING AMMUNITION.  _—_ 
QUICK-FIRING AMMUNITION. 

8 and 6 POUNDER QUICK-FIRING GUNS. 
PROJECTILES for QUICK-FIRING GUNS. 
PROJECTILES for GUNS of any CALIBRE. 
WHITEHEAD TORPEDOES. 


Telegrams: “ ARCHDALE, BIRMINGHAM.” 


ABC (Fourth Edition), and 
Codes used { he Engineering Tel graph Code. Puoro. No. 886. 836 
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TANGYES 


PETROLEUM (cic) ENGINE 


OTTO PRINCIPLE. PINKNEY’S PATENTS. 























NOTE: NOTE: 
The Extreme The Reliability 
Fewness of Parts, in Working under 


and consequent varying loads. 


simplicity. 
The Suitability 


for working with 


The Absence 
of Fans, Pumps, 


and other appli- ordinary Petroleum 

ances for starting. (Pesta Lang) 
The Absence = Oil. 

of Air and Oil = 

Pumps for intro- = The Steadiness 

ducing the Charge. oe === of running, 


—— 














ale “ = = = 
‘ e. — wee ee ee 


The Illustration (taken from a Photo of the \- B I P, size) shows all the essential features of the Engine, nothing being hidden behind or in the Cast-lron Base. 








This Engine is recommended, and may safely be accepted as a strong, simple, economical, and 
RELIABLE Motor, suitable for placing in the hands of Farm Labourers and others unskilled in the 
handling of machinery. 

It requires NO SPECIAL OIL, either “heavy” or “light,” no Spirit, or Benzine, being STARTED 
and WORKED with what is known in shops everywhere as ORDINARY PETROLEUM, OR 
PARAFFIN OIL (abroad usually called KEROSENE). Any of the ordinary brands used in paraffin 
lamps may be employed, and can be obtained in small quantities even in out-of-the-way villages. 


SIZES NOW READY-—1, 2, 4, 6 AND 10 BRAKE HORSE-POWER. 
8 HORSE-POWER IN A SHORT TIME. 


GAS ENGINES OF ALL SIZES. 


EFEULI PARTICULARS FROM 


TANCYES LIMITED, BIRMINGHAM. 


ALSO AT No. 102 8. 
London, Newcastle, Manchester, Glasgow, Sydney, <n Bilbao, Rotterdam and Belfast. 
Stand No. 352, R.AS.0. Show, DARLINGTON. 
Copyright—Entered at Stationers’ Hall. Telegrams: “Tangyes, Birmingham.” 
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FLEMING & 


FERGUSON, 


ENGINEERS & BOILERMAKERS, 





PATSL.E yy. 





N.B.—F. & F. Guarantee Boilers for Six Months, and if do not give entire satisfaction 
undertake to replace same with ordinary cylindrical boilers free of charge. 





Advantages over present Multitubular Boilers : 





A large decrease in weight for same power and pressure. 

Lessening of boiler space in steamers, 

Capability of carrying highest pressureswithout the necessity ofusing abnormally thick plates 

Adaptability for quick steam raising without any danger of straining Boilers. 

Large roomy furnaces, suited for burning inferior fuel or wood, 

Facility of examination for cleaning and repairs, 

No difficulty with tube ends or other parts when using forced draught. 

No stays of any kind required or used, and the trouble which these often give by corrosion 
and leakage obviated. 

No joints or doors in connection with tube ends. 

These boilers are equally suited for use afloat or ashore. 

Require no more attention, skill, or care than the present ordinary type ef Beller, 

Are suitable for all kinds of steamers, navy or mercantile. 

Can be cleaned and repaired by ordinary class of men employed for such werk, 

Upper drum or steam chest of capacity permitting of Boiler being wrought without 
priming or fluctuation of water-level, or variation of steam pressure, Large tube area 
for steam delivery into upper drum. 

Tubes being curved allow free expansion without straining, and at same time prevents 
scale gathering in tubes. (Cubes are placed zigzag, so that flame has to wind through 
them, 

All tubes fixed by expansion in ordinary manner at both ends in both drums. 

Lower drums of sufficient diameter, and have manholes in ends to permit of man going 
inside to do expanding, &o, Any tube, whether in the centre of nest of tubes or elsewhere, 
can be readily taken out by drawing it into upper steam chest, and fresh tube put in its 
place without interfering with any other tube or taking down any of the casing or fittings, 
Boilers of this type made double-ended and fired from both ends, or fired athwartship, 
giving large steaming capacity in one boiler; single boiler giving steam for as much as 





"FLEMING & FERGUSON, Engineers, PAISLEY. ~ 


SPHCIALITY : 


“CLYDE 
WATER TUBE 


BOILERS. 


PATENTEES AND MAKERS OF 


IMPROVED TYPE OF WATER TUBE BOILERS. 


These Boilers have been designed to take the place of the 
ordinary Cylindrical Fire-Tube Boilers, afloat and ashore. Are 
not the lightest possible Water-Tube Boiler, nor have they the 
greatest amount of heating surface—TOO OFTEN GAINED AT THE 
SACRIFICE OF WORKING EFFICIENCY—but are thoroughly fit to 
— the every-day wear and tear of constant service on sea or 
and. 
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HODGES’ ===: BLOWERS 


WITH 1895 IMPROVEMENTS, SUITABLE FOR ALL PURPOSE 
PRICES GREATLY REDUCED. 


v PECIALITIBS- 
High-speed Engines, Direct- odting Gamn Pumps, Air Comgearen, Ex- 
hausters, Forced Draught and Ventilating Fans, &., 


ENGINEERING WORK, MACHINE MAKING AND REPAIRS UNDERTAKEN. 


HODGES & CO., Engineers & Millwrights, 


Cansnove Road, Stoke Newington, LONDO 


CHARLES McNEIL, Junr. 


Specialist in Hydraulic Stamping and 



















WELDLESS 
LOCOMOTIVE DOMES, 
up to 14 in, thick. 





Forglag 
STAMPED STEEL a — 
PISTONS, MS NENG iil i Ali \ 
up to MAKER i \S 
42 in. diameter. \ CLAS GOW i” ‘ 





KINNING PARK IRONWORES, 270, West Scotland Street, GLASGOW. 770 


DARLINGTON SHOW, sme 22 t 2s. 


a“ HORNSBY'S Stand No. G. 
FOR GREAT EXHIBIT OF OIL ENGINES, 


ga8- Reduction in Prices.—Lists on application. 




















R. HORNSBY & SONS, Ltd., GRANTHAM. 


FRESH WATER FROM SEA WATER 


FOR SHIPS AND LAND STATIONS. 
WORMANDWTsS FPATIANT 


DISTILLING MACHINERY 


TWO GOLD MEDALS, London International Health Exhibition, 1884, 


The Water produced is PURE, COLD, CLEAR and agreeable to the TASTE. 


NORMANDY’S PATENT CONDENSERS for STEAMERS produce Oold 
Drinking Water of above quality when worked with the greasy steam from 
the main boilers, and at the same time will also supply Hot Fresh Water for 
Make-up Feed. 


NORMANDY’S PATENT CONDENSERS for 
LAND STATIONS produce at least 29 tons, or 6500 
gallons, of Water of above quality per ton of coal. 


NORMANDY’S CONDENSERS have been largely 
supplied to the English Admiralty, and to the German, 
Russian, Spanish, Dutch, Japanese, and other Govern- 
ments. Also to the P. & O., Royal Mail, and many 
other Liner Oompanies and Yachts, including the 
Royal Yacht “ Victoria and Albert.” Also to Land 
Stations in various parts of the world. 


NORMANDY'S PATENT 


MARINE AERATED FRESH WATER CO., Ltd., 
Opposite Custom House Station, Victoria Dock Road, 
LONDON, E. 


ALSO SOLH MAEHBRS OF 


NORMAND’S PATENT 
FEED WATER HEATER. 





























BAKER’S ROTARY PRESSURE BLOWERS AND EXHAUSTERS 


WITH ALL THE LATEST IMPROVEMENTS. 







FOR CUPOLAS, SMITHS’ FIRES, BASIC 
PROCESS, REFINERIES, &. 
ADOPTED BY H.M. INDIAN COVERNMENT. 
CAST STEEL 
SPANNERS. 
Single or Double-ended. Light, Strong, Durable. 





STEEL, [RON ‘BRASS CASTINGS, TOOL STEEL, FILES, 
FORGINGS, BESSEMER BARS, &e, 


BAKER BLOWER ENGINEERING CO., Stanley St., SHEFFIELD, 


Successors to SAVILE STREET FOUNDRY & ENGINEERING CO., Ltd. = 1157 





RETAIL RICE 


Yj 
i 7 
f | Y 
Chie 
Z 
< c by 
2 


‘ REDUCED.T.0 


1 ae a aa OL 


a 

: INSTANTANEOUS HEATING 
a8 — Gas ENGINE TUBE — 
3 


GOOD AS NEW-WRITE 70 1188 


RAL AAAAAAWY 











MOVEABLE HYDRAULIC CRANES, ARCHWAY TYPE. ee 
‘DEEP WELL PUMPS, 40.T0N STEAM CRANE 





PATENT Patent —_— 
EAST FERRY ROAD 
PNEUMATIC  enaineerina works 
COMPANY, LTD., 
GRAIN MILLWALL, LONDON, E. 
Crane =. 
ELEVATORS. Weighing Machines. 



















Adopted by the British and other Governments. 























hein Malvaarne U. arena 
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Contractors te Oentractors te 
Her Majesty’s Government The Indian Government 
and and 
{he London County Council, Hundreds of Local Authorities, 


uJ 


OSB 


Guaranteed genuine and free from adulteration, Metallic Oxide Paint of High Percentage 
for Structural Ironwork. Quick-drying Red for Girder Work, &c, 
Paint for Ships’ Bottoms. 


ADOLPHE CROSBIE, LD. 
COLOUR WORKS, WOLVERHAMPTON. ™ 














A 


The cut shows Superheater at Erith for 400 HP. Engine, with independent firing. 


yee a 


FRASER & CHALMERS, Ltd. 


WORKS: ERITH, KENT; CHICAGO, ILL., U.S.A. 
OFFICE: 43, THREADNEEDLE STREET, LONDON, E.C. 


i i 


SCHWOERER SUPERHEATER, 


OVER 300 IN CONSTANT USE. 








The special Metal and Joints used allow the use of 

Temperatures up to 600 deg. Fahr., for extended 

periods without difficulty. They may also be placed 

behind or under existing boilers, and effect a saving 
of about one-fifth of the coal usually required. 












AERC LAMP Ss. 


Tran NEw LTPr 


“CROMPTON-POCHIN” 


has been proved, by full tests and practical experience, to be 


THE BEST, STEADIEST, MOST EFFICIENT & CHEAPEST. 
oy 








SOLE MAKERS— 


CROMPTON & CO., LIMITED, 


Arc Works, CHELMSFORD, 
And Mansion House Buildings, LONDON, E.C. 


Crompton’s New Pocket Catalogue and Formula, with Magnifying Glass. Just Published, 
Post Free, 18 Stamps. 6811 
Crompton’s (Trotter’s patent) Wiring Slide Rule, 2s.; cloth cover, 2s. 6d.; leather cover, 8s. 


FARRAR’S PATENT 


STEAM TRAP 


pe F 
4] 























IN TRODUVUOCED. 
SOLE MAKHRS: 


LLEWELLINS & JAMES, 


Engineers, Brassfounders, Bellfounders, Ooppersmiths and 
Ooopers, 








SPECIAL CATALOGUES ON APPLICATION, 1117 








Castle Green, BRISTOL." 
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GOLD MEDAX AT INVENTIONS EXHIBITION. 


The EJECTOR CONDENSER, 


MORTON'S PATENTS, 


Produces a vacuum in all classes of Steam Engines, Steam 
Pumps and Sugar Pans, Saving from 25 to 50 per cent. in steam. 


cin ft ALEX* MORTON & THOMSON, 


SoLe PATENTSES AND MANUFACTURERS, Od ean 


96, BUCHANAN STREET, GLASGOW. 
SCHOFIELD’S PATENT 


COLLAPSIBLE ——— FLOATING DOCK 














THE CHEAPEST 
THE BEST 
THE MOST STABLE. 
CAN BE TOWED TO ANY 
PART OF THE WORLD. 
‘HUOSSHUd CANIM ON 
mALITIAGVLIS NHOAIND 
& ‘SAdIS IVUALVI ON 
‘ZIVH FINO ag0naa4 
SUSNdXa ONIMHOM 








JAMES ‘SOHOFIELD, Geekeaer; 21, GROVE ST., HULL. 


MARSHALL, FLEMING & JACK, Grinetiskers, MOTHERWELL. 
Overhead Travelling Cranes 


OF EVERY SIZE AND TYPE. 



































ROBERT WARNER & CO. 


TREBLE PLUNGER PUMPS 


For Collieries, Water Works, Brewerles, Paper Mills, &c.; arranged for driving either by Ropes, 
Belting, Shafting, direct or combined, with Steam, Gas, Oil Engines, or Electric Motors. 
















- CROMER WATER SUPPLY. 


Dar Sir8s,—Herewith I have the pleasure to enclose 
) a final Certificate in this matter, and I would wish to 

Q express my thanks for the very satisfactory way in 
od which you have executed the work and carried out 
your contract. 

Yours faithfully, 
J. C. MELLISS, C.E., 
232, Gresham House, E.O. 

Mesers. R. Wannzr & Co. 





ute 


‘G38N ONIXOVd IWNHSLNI ON 





yt 


MANY HUNDREDS OF SIMILAR PUMPS MADE AND WORKING ON ALL 
LIFTS UP TO 11560 FEET WITH GREAT SATISFACTION. 


“31SIS8300V ATISW3 SAAIVA TIVv 


From a mS ote itd with 6 ne diam. Plangers, 10 in. stroke, made and ninscanehe for a 700 ft. lift. 


UNSOLICITED TESTIMONIAL. 
Gateshead-on-Tyne, February 11, 1892. 
Dear Sirs,—We have 20 of your pumpe going, driven by wire ropes, electric motors, and — all of 
which have been satisfactory, so that we have no reason to Tz your designs.—Yours trul 
JOHN BOWES & PARTNERS, Ltd. 
O. ‘Burxxry. 





To Messrs. R. Warnar & Co. 


ROBERT WARNER & CO., 27, Jewin Crescent, Cripplegate, LONDON, E.C. 
Telegraphic Address: “HYDROLOGICAL, LONDON.” 
WORES: WALTON-ON-THE-NAZE. 





643 





Applications by Competent Persons accustomed to Travel as | 
Agents for Engineering Firms in the Colliery, Mining and other 
Districts, will be entertained by the above Firm. 








DELAWARE HARD | FIBRE ce 
15.LONG LANE .LONDON.E.C 


“HARD. mm rue 














Length 322 Feet. 


High Level Bridge, Manchester Ship Canal. 


ANDY HANDYSIDE & CO.,L°. 


104, Queen Victoria St. 
LONDON. 


Managing Director, 
A. BUCHANAN. 


Britannia Works, 
DERBY. 





780_ 


CRAIG & DONALD, Johnstone, nr. Glasgow, 


MAKERS of EVERY CLASS of MACHINERY for 


SHIPYARDS, BOILER, GIRDER AND IRON WORKS. 
CAM LEVER SHEARING po PUNCHING MACHINE, 


Shears 1}-in. plate, and cuts Punches two holes 
notches in stringer plates, through 1-in. plate, 
or 
one hole through 
1}-in, plate. 
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DEMPSTER, MOORE & Co., 


49, ROBERTSON STREET, GLASGOW. 


VERTICAL & HORIZONTAL STEAM ENGINES & BOILERS 


ENGINEERS’ MAOHINE TOOLS of all kinds. HAND and STEAM ORANES and 
WINOHES. Hand Pumps. Steam Boiler Feed and Bilge Pumps. Injectors, Water 
Lifters, &o, OAPELL'S BLOWING AND USTING FANS, 


ILLUSTRATED GATALOQUE ON APPLICATION. ie 

















sini Chaln of Superior Quality for aie Holts, storing Gear, wining & a ape. 
London Office: 60, QUEEN VIOTORIA STREET, E.0. ™ 
ee aaa 


THOMAS SUMMERSON & SONS, 


MANUFACTURERS OF 


SWITCHES AND OROSSINGS, 


CHAIRS, _—— FISH PLATES, PL. </apeeed TOOLS, &c. 




















FISH PLATES SIDINGS 
AND BOLTS CONTRACTED 
for various sections FOR 
‘—— _ COMPLETE. 


RAILWAY P PLANT “WORKS, DARLINGTON. «« 508 


ARMSTRONG, STEVENS & SON, 


WHITTALL cer i BIRMINGHAM. 


BEST ENGINEERS’ BOLTS & NUTS, BLACK & BRIGHT IRON & STEEL. 











SET SOREWS, MACHINE SCREWS. 
STUDS, OOTTER PINS. 
RIVETS, ) WHEEL KEYS. 
OOACH SCREWS. TAPER ‘PINS, 
ELEVATOR BOLTS. Pitch & Crane Chain. 











DROP FORCED STEEL SPANNERS, SINGLE & DOUBLE-ENDED 


To suit all size Whitworth Bolts onl Nuts, 3 in. to 2 in. dia. 


eo 


Mlustrated Price Lists on application. 1074 


SPECIAL DROP STAMPINGS, IN IRON OR STEEL, TO ANY PATTERN. 





TT 


N 7, Mt i a 

















SOME OF THE USEEHS OF 


J, & E, HALL’S erar REFRIGERATING HACHIES 


H.M. War Department 

H.M. Ordnance Department 

The Victorian Government 

The South Australian Government 
London & India Docks Joint Committee 
The Bolton Corporation 
Bombay Ice Co. 

White Star Line * ” 
Peninsular & Oriental Co. . 
Union Steamship Co. _ = 
Hamburg American Packet Co. 
Eastern & South African Telegraph Co. 
Nelson Line of River Plate Steamers - 
Huddart, Parker & Co. 

Houlder Bros. & Co. 

Lamport & Holt 

Commercial Cable Co. 

Alfred Holt 

Scotswood Shipbuilding Co. And many others. 


30 DAIRIES HAVE BEEN SUPPLIED THIS SEASON WITH THESE MACHINES, 
J. & E. HALL, Ld., 28, St. Swithin’s Lane, E. C. 


And DARTFORD TRON WORKS, KENT. 


ui ho 








9 Installations 
2 Installations 
13 Installations 
9 Installations 
8 Installations 
4 Installations 











14, Union Court, Old Broad St., E.C,, & Charlton, Kent. 
MAKERS of the MOST MODERN MACHINES for— 


CABLE MAKING. CABLE LAYING. 













THE MOST POWERFUL DRIVING 
PULLEY IN THE WORLD. 








IMPROVEMENTS IN DRIVING, 
WITH PRICES. 
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POWER PULLEY CO., Ltd. 


“ PERFORATION.” MANCHESTER: 





REFRACTORY 

POWER : 
AND DURABILITY [4'S) 
UNEQUALLED [ay\ii! 


SPECIAL ara CONTINUOUS & INTERMITTENT HEATS 
GROUND GANISTER 


FOR LINING & REPAIRING ALL KINDS OF FURNACES 
STEELMOULDERS COMPOSITION AND OTHER HICHLY REFRACTORY GOODS 


J.CRAYSON LOWOOD&CO.L™ soatTeRcurre RD. SHEFFIELD. 


BYANY OTHER BRAND 
3 FOR 
SIEMENS PROCESS 
GLASS WORKS 








BIN GEHORNS 


PATENT 


=) METALLIC: VALVES(@e 














For ECONOMY and Are being largely used 
DURABILITY are not by the BRITISH and 
equalled by any other FOREIGN NAVIES and 
valves made, and can be the principal Steam- 
easily fitted to existing ship Lines. 

pumps. onadaiinm 

—— FIG. B. MULTIPLEX 
FIG. A. FLEXIBLE DEAD LIFT VALVES 

SHEET VALVES. 


For Particulars and Priee Lists apply at the Offices of the 


METALLIO VALVE 00., Tower Buildings, Water Strest, LIVERPOOL 
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- 1881 abe 
- 1880 & 


need 6 


ce ey) London - 1885 
Bs 1886 § 


Y Liverpool - 
Plymouth . 


SIMPSON, sTnKLA 60," 


= pring accent aye Lords of the hee The War Office, The Crown nts for the Colonies, The Tham: ussian, 
. Spanish, Dutch, Ottoman, N.S. Wales, Brasilian Gov vernmen aT P. booabass estes Date oe aoe eW 0! rid. 









We claim for our Launches and Yachts, fitted with 
Ki: ’s Patent Machinery (of which we are Sole 


() *  tmost Possible Economy webu Fuel. 
















: (2) First-class Wor p and Moderate 

q The L il (8) Greater Obtninabte Power for 
e pace Occu 

gine ; (4) Quickness in Ralsing 






The most Economical 
Engine for the Power 
- Developed ; and 

* Decidedly the Best Engine 
of ite class that is made. 


DARTMOUTH, SOUTH DEVON. 
LONDON, TEDDINGTON (opposite Lock). 


Send for Testimonials and Prices. 
ABC and ENGINEERING TELEGRAPH Codes used. 




















Works (2 











——BALTIMORE.N MO. 1) > 
MANUFACTURERS AND DESIGNERS OF ALLKINDS OF 


HEAVY MACHINERY 


oe S WORKMANSHIP AND MATERIALS. 
10-4 


ye OLED 
a ib 


ue 5 eat WHITE LEAD FERTILIZER WORKS 
NV ELEVATORS: “FLOUR MILLS, BRASS, COPPER 
ee MILLS, CABLE :oiMA RINE Rai LWAYS 
POOLE-LEFFEL TURBINE WATER WHEELS. 
Io, pee reins MACHINES. 
CA 














UNITED KINGDOM : 


ST. GLARE BYRNE, 





—_—____ 
ERNE 


“= ROB" MIDDLETON, + 


JOHN H. WIDDOWSON 


(46 yoars Manager at Sir Joseph Whitworth & Co.), 
BRITANNIA WORKS, orosaLt Lane, SALFORD, MANCHESTER 


——— MANUFACTURER OF 


Improved TUBE-PLATE TAPPING APPARATUS, 


And every description of Screwing Tackle, &c. 


onwee L_eeee —sésttE 











Central Works, 


GUNTHER & SONS, oto 
=, TURBINES 


(GIRARD & JONVAL) 


ANY FALL OR POWER. 


PELTON WHEELS. 


Descriptive Catalogue on application. Quotations 
on receipt of Accent 1008 


J. E HOPKINSON & C0," 


PARA RUBBER MILLS, 


WEST DRAYTON, 
MIDDLESEX. 


INDIA-RUBBER SHEET 
INSERTION 
VALVES. 









































“Ricksha, 
West Drayton.” 








Telegrams: 


MATS, 

TUBING, CORD, 

WASHERS, JOINTS, 
BELTING, 


HIGH-CLASS HOSE PIPES 
FOR ALL PURPOSES, 


RUBBER-LINED CANVAS HOSE PIPES 
(RED OR GREY RUBBER). 
PADS. 


RAILWAY BUFFERS 1298 
AND VACUUM BRAKE MATERIALS. 




















HYDRAULIC ENGINEER, 
SHEEPSCAR FOUNDRY, 


LEEDS, 





& 
eo 
Y 
o 














2 ae 
mies @ Y HYDRAULIC 
MAKER WS? PRESSES, 
on ) ‘9 PUMPS, 
> ey: CRANES 
== S e CAPSTANS, 
xy ¢* ACCUMULATORS, 
oe INTENSIFIERS, 











LEATHERS, &c., &c. 
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Cchiele’s Patent Fans 


GIVE BETTER RESULTS THAN ANY OTHER FAN IN THE MARKET. 















FANS FANS 
FOR 
FORCED EXHAUSTING 
DRAUGHT. PURPOSES, 
FANS OF ALL KINDS. 
FOR SPECIAL FANS 
SMITHS’ FIRES. DESIGNED 
CUPOLAS FOR 
SPECIAL 
" 
FURNACES. PURPOSES. 








BLAST FAN. 


SCHIELE UNION ENGINEERING CO., Ltd, 


Pollard Street East, 
ANCOATS, MANCHESTER. 





Telegraphic Address—“ Schiele, Manchester.” 








London Representative: E. 0, AMOS, M.I.M.E., 11, Queen Victoria 8t., E.0. 


DUNSMUIR & JACKSON. 


MARINE ENGINE MAKERS, 





SHIPBUILDERS & BOILERMAKERS =: 


Govan Engine Works, 
GLASGOW, 


CONTRACT FOR 


ALL SIZES & DESCRIPTIONS OF 
STEAM VESSELS, 
MARINE ENGINES AND BOILERS. 
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W.S. LAYCOC K. 


Victoria Street Works, 
Ss Et Ei E* =" x =I. TD. 


— MANUFACTURER OF — 


~TRAILWAY AND. STEAMSHIP. SPECIALITIES 


PATENT BLIND ROLLER. 

PATENT TORPEDO VENTILATOR. 
PATENT WINDOW LIFT. 

PATENT DUST & DRAUGHT EXCLUDER. 
PATENT SPRING SEAT. 


Patent Elastic Journal Packing for Axle Boxes. 


The best Lubricating Material yet produced. Composed ot 
Curled Horse Hair and pean — retains its elasticity 
in the box 


PATENT STORAGE HEATERS 


For Warming Railway Carriages, Tramways, Steamships, Public 
Buildings, Workshops, &c. 


LINCRUSTA-WALTON FRANCAISE. 


Specially adapted for Decoration of Railway and Steamship Panelling. 








~ TRIRST PRIZE MEDALS—CHICAGO, 1883; INVENTIONS EXHIBITION, 1886, 





928 
LONDON OFFIOH, 91, QUHHN VICTORIA STRHBHT, 5.0. 


JOSHUA HEAP & C0., Ld. 


OLDHAM ROAD ENGINEERS’ TOOL WORKS, 





ASE TOM-UNDIRNR-L.YMN Ei, 


—— MAKERS OF —— 
Pipe Screwing Machines up to 12in.dia. @ 
Bolt do. do. do. 4in.dia. |— 


— ALSO —— 


STOCKS AND DIES, TAPS, PIPE CUTTERS, 5~; 
WRENCHES AND SCREWING TACKLE ! 
OF EVERY DESCRIPTION. 





TsusenaMs—" HEAP, LIMITED, ASHTON-UNDER-LYNE.” ! 





Patent Bolt Serewing “i fat a Talal Machine, 





Estimates given on application. 








Dies without § 
With Releasing Motion, for Opening, Dies topping or 


835 Bolt Tap, 
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THE STEEL COMPY.OF SCOTLAND, 


(SIEMENS PROCESS). 
23, Royal oe ae GLASGOW. 






















Bort MAEBAEEHS OF 


Riley's Patent Stockless i Wright's Patent Improved |". 
Anchor, Martin’s Anchor, 





ALL @RDINARY TYPES OF ANCHORS TO ORDER, RODGER'S, 
___TROTMANS, ADMIRALTY PATTERNS, Go - 


WILLIAM BEARDMORE & C0, 


(CONTRACTORS TO ADMIRALTY 
PARKHEAD FORGE, ROLLING MILLS, AND. STEEL WORKS, 


GLRASGOW . 


MANUFACTURERS OF 


STEEL SHIP & BOILER PLATES, ANGLES, BARS, & RIVETS. 
FORGINGS OF ALL DESCRIPTIONS & DIMENSIONS. 


(aLL STEEL BY SIEMENS PROCESS.) 


Admiralty. Licyds’, Board of Trade, Bureau Veritas, Indian State Railway, and other tests at Works. 
SPECIALITIES: 


Steel ARMOUR PLATES, as approved by H.M. Government, 
OONNING TOWERS, &c., Finished Oomplete, 
HOLLOW SHAFTS for Marine Engines, &c., of oa dimensions, 
Steel BOILER PLATES of largest dimensions, 
All kinds of FLANGING WORK by Hydraulic Pressure, 


RICHARD KELL & C0., — 
Newoastle-on-Tyne, 


HSTABLISHHD 1784. 




















GRINDSTONES TURNED TRUE % 
___ BY MACHINERY. ss 


‘A YERY GOOD THING, 


In fact a mutual benefit, if you write us for our Catalogue before you purchase 


WEIGHING MACHINES 


If you buy high-class ones, 
WRITE FOR LIST No. 67 8. 


A. WOOD & SONS 


8 & 10, Stockwell St., 
GLASGOW 


PATENTEES AND GOVERNMENT 
CONTRACTORS, 

















Manufacturers of Class 1 Machines 
UP TO 1070 


100 TONS. 


H.R. —We bare om ied the Admiral! 
pplie bing ty 









Ta 


WEARDALE IRON AND COAL CO., 


-TUDHOE IRONWORKS, SPENNYMOOR, DURHAM, ENGLAND, 
MANUFACTURERS OF 


MILD STEEL PLATES & SHEETS 


For BOILERS, LOCOMOTIVE FRAMES, GIRDERS, BRIDGBHS, &c.; also 
STEEL OR IRON BARS, ANGLES, TEES, HOOPS, STRIPS, CHEQUERED PLATES, SINGLE ROUND EDGE 
TYRE BARS, FOR CARRIAGES AND OMNIBUSES &o. 
ALL STEEL MADE BY SIEMENS ACID PROCESS— 
Of the Highest Quality, to Admiralty, War Office, Board of Trade, Lloyds’, Bureau Veritas, and other Teste, 





BRANDS ; STEEL “'Sicci*""* IRON BARS, «ance Crown,’ ana Diamond f= 
WEARDAL ee, peters, Cylinders, Plough Shares, and other 
PIG IRON{ mailed Cas + Making and Foundry Purposes. 





COLLIERY PROPRIETORS AND COKE MANUFACTURERS, 


Manufacturing and Gas Coals. Coke for Foun last Furnace 
on Beteks for Linine Steel Walting Farcaese” Fine inte and fie Gane 





‘Tudhoe Iron Works, SPENNYMOOR. Yard, Upper Thames St., LONDON, E 0. 
Offices Mercantile —— yside, Ro; Exchange, MIDDLESBROUGH. 
CASTLE-ON-' oe Victoria Terrace, TLEPOO) 
15, Grosvenor Guiles, Deansgate, MAN 128, Hope ‘Street, GLASGOW. 


Warehouses {™* aa Bit Yard, Upper Thames Street, LONDON, E.O. 


ATESHEAD-ON-TYNE. 1188 

















|G. C. DUNKERLEY & Co., 


IRON & STEEL MERCHANTS, MANCHESTER. 


IN STOCK. 

IRON AND STEEL GIRDERS. 

Sections from 20 x 7 to 8 x 1k, 
Maximum lengths 40 feet, 













: 
“BON ouogdeso) 


"AJAX, MANCHESTER.” — 





CHANNELS. ANGLES. 
FLITCHES. | TEES. 


&0., &0., do, 
INQUIRIES SOLIOCITHD. 


“699 "MIN "6/Z “IVNOLLVN 
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OFFICES—66, PORT STREET, MANOHESTER. 


THE HUNSLET ENGINE GOMPANY, 


LOCOMOTIVE 
TANK ENGINES 


Of all descriptions and any size, for 
Ironworks, Collieries, 
ntractors, Docks, 


ufactories, 
Braneh Railways, 
&e., &¢. 
Sa Ss Ss 
Gauge of Railway. 
a MADE FOR 


») 
= On Purchasing Lease or other: 
‘ wise. 048 




























If you want particulars of the BEST STEAM PACKING in the World, 


=| WRITI 


UNITED STATES METALLIC PACKING C0., LTD., 
BRADFORD, ENGLAND, 





675 





th py er be f and 
6 ve req lor five years, 
ve never had a single complaint. 









FOR ENGINEERING CATALOGUE 3. 
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BINNEY & SON, 


GOVERNMENT AND RAILWAY 






CONTRACTORS, whe 
General Mill Patent Self Lubricating 


Steam, and Patent Hydraulie 
@lue Thread 2 Trade Marks), Hydraulic 


Ram, Asbestos, and various other Packings. 


‘Head Office: Oatherine 8t., Oity Road, London, E.0. 
Oity Office: 62, Queen Victoria Btreet, EB.0. 


—— BIRMINGHAM, GLASGOW, LEEDS, NEWCASTLE. —— 


PATTE RN MAKING 


5B SPECIAL MACHINERY 
Gs | 8 


PATTERN WORKS. 











Furnishers 








1015 





J.GIBSON 
Le E Db s 
BLACK BULL STREET 


Ns ic Oo lo 


CPECIALITY:- MA:HINi: CUT WHEELS. LEEDS. 
728 








NILES TOOL WORKS CoO. 


HAMILTON, OHIO, U.S.A. 


MACHINE TOOLS. 
Iron and Steel-Working Machinery 


FOR ALI CLASSHS OF MACHINE SHOPS. 


BORING & TURNING MILLS 
A SPEOIALTY. 


Built in sizes to swing from 5 ft. to 30 ft. 
in diameter. 

Feeds automatic at all angles, and ad- 
justable instantly to any ee within 
their range, 

Boring Bars counterbalanced at all 
angles, 

# Table runs on heavy spindle supported 
= by a truncated cone extending down from 
bed, making machine self-contained. 


CORRESPONDENCE SOLICITED, 1180 


yi =e pl 


A ~ 








12-ft. BORING AND TURNING MILL. 








PATENT WELDLESS STEEL TUBES, 
== For Boilers, Hydraulic Presses, Ferrules,Boring 
Rods, Bushes, Shafting, Couplings, & other uses, 











ee 
WHITTAKER ’ss 
Patent Self-contained 


MOULDING MACHINE 


By which WHEELS or PULLEYS of any des- 
— or size, from 8 in. to upwards of 
4 ft. diameter may be made. 


The nasil Complete and aisiens Machin 
hitherto in lurecueed to Engineers, . 


All SS BA en ey the 
The Melhine was awarded the SILVER MEDAL 
by the Society for wa of Scientific 
GEARING WHEELS 
Supplied to Consumers. 

TOOTH WHEELS CUT BY MACHINERY. 
REFERENCES AND TRSTIMONIALS ON APPLICATION. 


WM. WHITTAKER & SONS, 
, Engineers, Millwrighte, Iron- 
founders, &c., 
OLDHAM. 
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COLVILLE 





BOILER BRAND. 


MILD STEEL 
BOILER PLATES. 


BARS, ANGLES, BULBS, BULB-TEES, 
CHANNELS, ZED BARS, &c. 


TO LLOYDS, BOARD OF TRADE AND ADMIRALTY TESTS. 


DALZELL STEEL & IRON WORKS 


MOTHERWELL, 
N.B. 





890 





i ieeieeeennenneeenmennal 


=z". G. BONE'’S PATENT 


— TUBULAR CORNISH — 


We beg to call attention to the sizes and power 
of these Boilers, showing the small amount of 














space they occupy— 

9ft. long, 5fb. _ diameter, 20 horse-power. 
10ft. ,, 5ft. 6in. fe 30 Me 
ry »» fb. Oin. me 40 és 
13ft.. ,,  6ft. Gin. 7 50 ss 
14ft. ,,  7fd. Oin. a 60 ns 
15ft. ,, 7ft. 6in. ‘ 70 = 
16ft. ,,  8ft. Oin. + 80 es 
17ft. ,,  8ft. Oin. a 90 a 
18ft. ,,  8ft. Oin, »» 100 id 
sa Testimonials and Prices on application, 


south London Boiler Works, Long Lane, Bermondsey London. 


A LARGE NUMBER OF PRACTICAL MEN KEPT ON HAND SPEDIALLY FOR BOILER REPAIRS, 19S 














ALLEN’S PATENT PORTABLE 
PNEUMATIC RIVETTING MACHINES 


mn 
\\! ‘| 


S| ! 


CLippER TYPE 


Fixepo RivetTer. 





jet — system of rivetting, the Machine is worked by compressed air, supplied by a small air compressor, at a pressure of about 
b. per square inch. This is a really portable ncaktned for all descriptions of Girder work, as, owing to the moderate pressure, 

the a pot be carried by ordinary India-rubber tubing attached to the Machine, which can in consequence be freely moved about in 

any direction, and suspended from an ordinary swing or travelling Crane over the work to be rivetted. 

The ordinary s oaeg! 7 agen will | my oe rivets sup tol =. diameter as fast as they can be put in place. They will work at any 

angle in the required, and no service of water. The air is discharged 

freely at whatever works ‘the 1 Machine is working, without the necessity of return tubing, as is the case with any other system. 











DE BERGUE.& CO., Lim*» MANCHESTER,” 
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i, Hope Street, 2, Southgate, 77a, Queen Victoria St., 
GLASGOW. MANCHESTER. LONDON, E.C. 


oe SCHAFFER & BUDENBERG 





Automatic Expansion Governor, 


By the application of which any old Engine, with 

Single Slide Valve, can be easily and cheaply con- 

verted into a Variable Expansion Engine. No second 
Eccentric required. 


ECONOMY OF STEAM. 
UNIFORMITY OF SPEED. 


PRICES OF LEADING SIZES, COMPLETE. 


2in..... £17 10s. Gin. .... £54 10in..... £100 
é4in. .... £27 10s. £85 12 in, 110 


Largest Makers in the World of 


| _ PRESSURE GAUGES, 


having made over 1,600,000 Gauges. 
<“PBREDOT” 


Pan RESTARTING INJECTOR, 


Of which more than 65,000 have been Sold. 
“ THOMPSON’S” INDICATOR. 1076 
TACHOMETERS, COUNTERS, &c. 


STEAM REDUCING VALVES. 
All Classes of Engine & Boiler Fittings. 
OATALOGUE FREE 10 INTENDING BUYERS. 





Deer 














J. H. CARRUTHERS & CO., 


Polmadie Iren Works, GLASGOW. 





DUPLEX AND DIREOT AOTING, 
FOR ALL PRESSURES AND PURPOSES 


ALWAYS in STOOK and PROGRESS. 


PARTICULARS AND PRICES ON APPLIOATION. 

















Fo TUTE TURAN i aie tom Cn a 


“Cer ——=-F 


“OPTIMUS” COMPOUND ROGK DRILL 


(P. J. OGLH’S PATHNT.) 
ei iene at the same time 


AIR COMPRESSOR 


WITH COMPOUND AIR & vag CYLINDBERB. 
Fitted with Schram’s Inlet and Outlet Valves, gi greatest efficiency, 


SCHRAM’S IMPROVED ROGK DRILLS 











2500 IN USE IN ALL PARTS OF THE WORLD. 
DIAMOND PROSPECTING DRILLS. 


RICHARD SCHRAM &CO. 


ITA, Great Georae Street, Westminster, S.W. 


For BEARINGS of Every 
Description. 


pete Stiffened 
ning Metal 


ANTI-ATTRITION METAL CO, "LT, 
Emerson Street, Southwark, LONDON, ON, 8. 


R. G. ROSS & SON, 


Engineers, GLAS! GLASGOW. 


RAPID CAUL CAULKING 
AND CHIPPING. 





Thoroughly Reliable. 
Caulks at the rate of 3 ft. per minute, 
In use by Leading Companies and 
Firms. 


Engin 
Does the work of half-a-dozen men. 


ALSO SOLE MAKERS OF— 902 


~ | RIGBY’S PATENT STEAM HAMMERS, 


TRADE MARK—‘‘RIGBY’S PATENT.” 
Telegraphic Addrese - - - ‘Glenros, Glasgow.” 


NEGRETTI & ZAMBRA, 


SPECIAL THERMOMETERS 
AND PYROMETERS, 


For Engineers, Brewers, Malsters, Bakers, &c, 


THERMOMETERS 
For Tea Drying and 
Refrigerating Machinery. 
HYDROMETERS, 
SALINOMETERS, 
and SACCHAROMETERS. 


POLARISING 
SACCHAROMETERS 


For Sugar Analysis, &c, 


THERMOMETERS 


For Submarine and Under- 
ground Temperatures. 


THERMOGRAPHS 


For giving continuous records of temperature 
on a chart for any period from 1 to 60 days, 


STANDARDIZED HYGROMETERS 


For Cotton Factories. 


AIR AND PRESSURE GAUGES. 


BOURDON'S (max nie) STEAM GAUGES. 


Shipbuilders supplied on —* terms with Marine 
Barometers, uplied on speci yey my all 
Scientific fo so Bg pernccant etic Ships’ 


NEGRETTI & ZAMBRA 


SCIENTIFIC INSTRUMENT MAKERS 


To Her Ma: the Queen and Royal Family, 
Royal 0 line wae (ow and Pomel 9 te Belay 
and Foreign Governments. 


88, HOLBORN VIADUCT. 











Telegrams; “ Schram, London.”  A.1., A.B.O. and The Engineering Telegraph Codes used. 825 


Brancurs—465, Cornhill, and 122, Regent St., London. 
Photographers—Crystal Palace. Sydenham. 
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“WATTS AUTOMATIC BOILER GIROULATOR 
AND ‘DEPOSIT EXTRACTOR 





1, WATT, 11, ceran Street, BIRKENHEAD.| [ie 


HEATHMAN’S 
FIRE BUCKETS, PUMPS, &c. 


2, ENDELL ST., LONDON, W.C. 1134 


JEMERY & EMERY CLOTH) 
as miss 


W.J.DAVIES & SONS 
100, Wzston S8z., 
BE. 1088 


Improved Patent 
OOO 


COMPOSITION 


me aa tg gE ane, ful a tors he 
cite: diate 6a comafussiss wins 

used tet M. Dockyards, Arsenals; also by 

principal Railway and Doek Co.'s: 

[} May be seen where it has been in use for fifteen 

q years. 


LF. LEROY & CO., 


GRAY ST., OOMMERCIAL RD., LONDON, e 


Also at MANCHESTER, 891 








SILVER MEDALS INTERNATIONAL HEALTH (1884) AND 
INVENTIONS (1885) EXHIBITIONS. 


owe 
MARK 


vA 


\ 
a 


‘) 
5 


heat and condensation of Mion in fae 


and effects a a 
and labour. is not affected 
to Weather, and is 


NON-CONDUCTING 
Vegetable Pulp, 


h : 

é 1} in. thick, 8% lbs. per super. 

aquare foot. 

ee este 
artioulars, apply te 


— * 


"REGISTERED. 


e4\\ |MATTHEW KEENAN, Sole Manufacturer, 





888 





THE 


BOILER INSURANCE 


AND 


| STEAM POWER CO. 
Hud Oo; 67, King S¢., MANCHESTER, 


AUTHORISED “CAPITAL - - £250,000. 
) INVESTED FUNDS . £100,000, 


Boilers and Engines Insured 


and Inspected, 


Employers Insured against Claims 
‘ “The Employers’ Liability Act.” 
Joint Policies Issued. 
Individual Accident Insurance. 


1.P.L, OBOSLAND, M. Inst. 0.B., M. Inst. MLE. 
©. BULLOCK, Asoo. M.Inst.0.8., Assist. Engineer, 
EDWARD HADFIELD, Secretarv. 
Applications for Agencies Envited. 754 











A. HAACKE & CO., 


under | |ZgF3 





JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, EMERY WHEELS 
EMERY CLOTH, For all Purposes. 
Wellington Mills, GLASS PAPER, Pe 


WESTMINSTER BRIDGE ROAD, 
LONDON, 8.2, BLACK LEAD, &c. 











ORIGINAL MAKERS, 
Sotz AGENTS FOR THE AUSTRALASIAN COLONIES: 


e London, E.; Liverpool & Glasgow. 
HADLEY & OO., AUCKLAND, N.Z. 


PRATCHITI T BROTHERS, CARLISLE 


Pumping Winding, Hauling and 
Mill Engines, 


com Water & Sewage Works Pumping 
cro Machinery. 
* Manure Works Machinery, 
Mortar, Clay & Cement Grinding 
, Machinery. 
Disintegrators for Palverising Coal, Manure and other Substances. 





C.J. EDWARDS & SON, 


HIGH-OLASS 


LEATHER BELTING, 


LEATHER HOSE AND 
FIRE BUCKET 


Manufacturers, 


&c., &c. 


AGENTS FOR 


GALVERT’S PATENT 
FIBRE PULLEYS. 


02 433,07, SUTTON STREET, 
LONDON, £.C. 


Telegrams, ‘Transmission, London,’ 


ESTABLISHED 1792. 


695 


STEEL&MALLEABLE IRON CASTINGS 
FOR ENGINEERS & TOOL MAKERS 
TO MACHINE 
CLEAN & BRIGHT ALL OVER 


PARKER FOUNDRY Co DERBY. 


DAVID AULD & SONS, 


HITEVALE FOUND 
GLASGOW, 


PATENTEES AND MAKERS OF 
AULD’S PATENT 


Steal Reducing Valves 


— ~ LAND & MARINE PURPOSES, 


These Valves are extensively 
in use for supplying steam for 
purposes where a lower pres- 

AD sure of steam is required than 
a 7) that in the boiler, 


ALSO MAKERS OF 924 


REDUCING VALVES FOR AIR OR WATER, 


JAMES BARR, ENGINEER, 


KILMARNOCK, 


MAKER OF 


Band sawing 
MACHINES, 


Circular Saw 
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THORNYCROFT’S 


PATENT AUTOMATIC 


FEED REGULATOR 


For Water-Tube Boilers. 
INCREASES EFFICIENCY & ECONOMY 


IS ESPECIALLY 
ADAPTED FOR 


Marine | Work, 


Electric Supply 
Stations. 


FITTED TO THE 
FOLLOWING 





SHIPS 


SIMPLE & DURABLBE. 








ADJUSTABLE. 


JOHN |. THORNYCROFT & CO. 


OHISWICK, LONDON. 


HM. NAVY. 


SPEEDY. 
DARING. 
DECOY. 
ARDENT. 
BOXER. 
BRUISER. 
HANDY. 
HART. 
HUNTER. 
“ALSO TO THE 
IMPL. GERMAN 
IRONCLAD 
gE y"” 5 
ABOVE 
REPRESENTS 


49,000 


__1BP. 


IN 







1124 









RON ROOFS. HOUSES AND BUILDINGS : 


FOR ALL PURPOSES AND ALL CLIMATES 


= IRON ROOFS & BUILDINGS 


eer and Steel Works, = 
SHIPBUILDING YARDS, ip 





¢ 
! 


















RAILWAY, MINING, 
: AND 
‘(AGRICULTURAL PURPOSES. 















SPECIAL ATTENTION GIVEN 10 EXPORT WORK. 


Constructional Ironwork of 
DRAWINGS AND ALL INFORMATION ON APPLIGATION. 


‘ISAAC DIXON & C° . LIVERPOOL.+ 


HILL & SMITH, Brierley Hill Lronworks, or. Dudley 


sSoutTtTne STAYrFTORDSHIRNREA, 

























































RAILWAY HEAVY FORGINGS 
FENCING for all kinds ot ; 
and RAILWAY 
GATES, &c. ROLLING STOCK, 
q 


Galvanized Corrugated Iron ROOFS, SHEDS, BUILDINGS, SHEETS, cutter tian and 1 Fittings, TRON BRIDGES, 
for Railways, Road and Foot Service, All kinds of CONSTRUCTIONAL IRON WOBK. 
LONDON OFFICE: 118, QUEEN VICTORIA STREET, E.O. est? 








Sydney Smith & Sons 


Sole Inventors, Patentees and Manufacturers. 


BASFORD BRASS WORKS, 


NOTTINGHAM. 
PATENT STEAM SYREN. 


PRIZE MEDALS & DIPLOMAS. 
1886,| 








London Inventions, 1885. Liverpool, 
Newcastle, 1887. 
HIGHEST AWARD 
WORLD'S FAIR, CHICAGO, 4893, 





Contractors 
to the 
Admiralty 
and other 
Goveraments, 


Telegrams : 
“ Smiths, 
Nottingham.” 
Telephone 
1537. 





SEND FOR 
ILLUSTRATED 
PRICE LISTS. 





ADVANTAGES: 


1. SOUND—Very Powerful. 
2. JAMMING—Impossible. 


3, PRINCIPLE—Very Simple. 


4. WEAR—Very Durable. 
5, ACTION—Very Sensitive. 


6. BLOWING—Instantaneous. 


7. COST—Very Reasonable. 
















Decauville’s Narrow Gauge Portable Railway and Rolling Stock. 


Sole Agents—ALEXANDER von GLEHN & CO., 7, Idol Lane, EC. 
LARCEST MANUFACTURER OF NARROW GAUGE PORTABLE RAILWAY IN THE WORLD 


00 Different Types ot Line, and 
: 300 Types of Wagons. 

= ADOPTED BY ALL EUROPEAN GOVERNMENTS. 
PLANS AND ESTIMATES FREE. 1069 


Office & Show Room: 7, Idol Lane, E.C. 


(Close to Monument Station, Underground Railway.) a 
Where Sections spony ae and Gauges of 2°% oe ae 

























(TELEGRAMS : 


PENMAN, GLASGOW.” 
“ABC CODE” 


Caledonian Boiler Works, GLASGOW. 


London Office, 20, Bucklersbury, E.C. 











MAKHRS of ALL TYPES of 


ca 
E He 
ks 


wn bah STEAM FORTHE : 
He ES 
HEAVY MACHINERY ATTHE  . In IRON & STEEL. : 


6 
/ON, sige RIVET HOLES drilled after the plates 


ly bent i into 9 form, fat ey | 











“| EpINBURGH EXHIBIT 






on outer 
P. & Co. have the most complete t —r 
Trade, 


dine in the 















eI 
& 








1071 


s Wy; = = === = ii i 3 a number of n ew Steam Bollers 
Ba A iveady for IMMEDIATE DEkIVERY. 
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THWAITES BEOS., rita. 
BRADFORD. 


THE OLDEST MAKERS 
F 


Root s Blowers, 


IMPROVED 


ROOTS BLOWERS 


With DUPLEX ENGINE attached. 


FITTED WITH PATENT BARRING GEAR. 








THE CHEAPEST AND BEST BLOWER YET 
INTRODUCED FOR 


CUPOLAS, SMITHS’ SHOPS, ALKALI AND 
BLEACH WORKS. 





= Made in all sizes to deliver Air from 
cc. nN 20 to 20,000 cubic feet per minute. 
NHI Hil M 


ly = ani mi be == ue : ™ 
SS enone 7 
alll finn =a oe PLEASE ASK FOR CATALOGUE B. 


MEASURES BROS., LTD., 


LONDON. 


Siemens-Martin and Bessemer Steel hist 
MEASURES’ JOISTS ARE THE BEST AND CHEAPEST IM THE MARKET, 


or now in their Town Stock 6500 tons of STEEL JOISTS, 8 In. to 

20 in. oer also 1000 tons of Iron Joists, Channels, T Angles, 

Plates, &c. Riveted Girders, Fireproof Floors, — lumns, 
Chequered Plates, Rails, Bolts, &c. 

SECTION SHEETS AND ESTIMATES ON APPLICATION. 

PROMPT DHLIVARY FROM STOCE. 1176 








oe 





SSOIPPY oTqdvapopey, 
Telephone No. 4,586. 
From.8” to 20” deep. 


x TOpUOT ‘sornsvom ,, 














FOR ALL KINDS OF MATERIALS. 


Any Crane can Work these Buckets. Send for Illustrated — 


COMMUNICATIONS TO BE ADDRESSED TO THE WORKS. 


J. JESSOP & SON, ENGINEERS, LEICESTER. 








tU00 A } p{) R 


FLFCONTAINE 


REQUIRES =— Sn 


NO pow Ene 




















References ean n be given to Users 
in every part of the World. 


OVER GOOO SOLD. 
BEWARE OF CRUDE IMITATIONS 
bringing discredit on our system. 
The ONLY LAMPwhich has stood the 
TEST of THE MARKET. 


EACH “LAMP GUARANTEED. 
Over 500 used on the Manchester Ship Canal. 
Adopted by 224% Governments. 
300O British & h & Foreign Railways. 
and by ALL Leading Firms. 


HORIZONTAL FLAME unaffected by Weather. 
THE BEST I8 THE SIMPLEST. 








PRICE 
COMPLETE. 
No. @.— 500 Candles, small hand pattern .. £7 7 0 

No. 1.—1500 Candles, hand pattern, with 
No. 2size burner for Tar Oil... .. £10 0 © 

No. 2.—1500 or 2500 Candles, useful and 
portable pattern .. £15 10 0 

No. 3. 2000: or 3500 Candles, Manchester Bhip 
pat £16 10 0 


tern bes 
No, 4.—8500 or 4800 Candles. Amost powerful 
TT Taal athens se, sae eee 


ARRANGED To BuRN KEROSINE OR PETROLEUM IN FoREIGN 
Counrtrizs. & TAR OIL OR THE ABOVE IN Great Britain. 


WELLS’ “UNBREAKABLE” 


LAMPS & OIL FEEDERS. 
OVER A_ MILLION: SOLD. 
HORIZONTAL OIL FEEDERS, 


. ‘ WITH 
Valves & Brass Tops. 
Ho. % bi: esas 
No. z. pe 


New Improved Pattern mance lo St Top 45s. per Dozen. 
Also made Without Vie. “Also hen With Patent Filler. 


Wells’ Torch Lamps. 


For Sperm, Rape, Colza, or other heavy Smokeless Oil. 
Also used for Kerosene, 


No.5, Pint, Hook No. 8, as shewn, 
Ste, per Dozen. 
No.5a, } Pint, Hook No. 3, as shewn, 
No.5, 1 Pint, Hook No. 8, asshewn, 
36s. per Dozen, 


WELLS’ O1L GAS GENERATING LAMPS. 


ht from Kerosene or Petroleum without 4 
e, oF Bell at Joss than one Penny par our 
Perfect Safety. 

No EaplosiveNaptha used 
Thousands sold. 
Unaffected by by Wind, 

No. 12, Shours_.. ae 


Be. 12a with Tripod eS. 
‘o. 18, 5 hours 148. 





























Extra Burners 
for above 
2a. each. ° 





= 
KETTLE TORCH LAMPS. 


The Miner’s Favorite. 
Thousands Sold. 
Used exclusivel, De 
ak 
Also used by _ 





No 18, 8 Pin in, 
Wick, 4s, ao: 
bot he having $e tw: 1) Pinte 
0 

Os.each. 708 





Send for complete Descriptive Price Lists. 


A.C. WELLS & CO. *e"Panores.’ LONDON 


Branch: Cheetham, Manchester. 





D 
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DANCASTER & TONGE, 






BIRMINGHAM BATT 


BRASS & COPPER / 
2 Mine SHEE 







BIRMINCHAM 
SEAMLESS & BRAZED 


” '/ TUBES 


a 
) === —F Y / FOR BOILERS, CONDENSERS, &c 
TELEGRAPHIC ADDRESS: << e aq fon SELLY Oa” a, 


za. A. STACE YW, 


Heeley Bridge Foundry, SHEFFIELD. 


PATENT STEAM HAMMERS 


To work both self-acting and by hand, and will 


STRIKE A DEAD BLOW. 


F. H. STACEY’S PATENT VALVE MOTION 
has been fixed on other makers’ hammers and effects a great 
saving in the cost of working. 


SOLE MAKER OF THE 177 
WILKINSON Patent PRESSURE BLOWER 
(NEW PATENT) 

FOR CUPOLAS, SMITHS FIRES, &c. 
Its principal advantages are Simple Construction and Small Power required to drive. 


THE LONGFORD WIRE, IRON AND STEEL GO., Limited, WARRINGTON, ENGLAND. 


Sole Makers of Wood's Patent Woven Wire Railway Oarriage Seats, Mattresses and Ship Berths, 
Settee, Sofa, and Chair Cushions. 


UPWARDS OF 20,QC000O SUPPLIED TO RAILWAYS, viz. 


Great Eastern; Great Western ; Lancashire & Yorkshire ; London & North-Western ; London, 
Chatham & Dover; London & South-Western ; London, Brighton & South Coast; City & South 
London; London and India Dock; Midland; Manchester, Sheffield and Lincolnshire ; Cheshire 
Lines; North-Eastern; Rhymney; Rhondda; South-Eastern; Highland; North British; Cale- 
donian; Great North of Scotland. Belfast & North Counties, Belfast & Co. Down, Donegal, 
Great Northern, Cork, Bandon & South Coast, Great Southern & Western, Midland, Great 

Western, Waterford & Limerick. Indian, Ceylon, Cape, Swedish, Belgian, &c., &c., Railways. 













= -_ 
























































































SF Sa SSS a : = 
Makers of Bright, Black, Galvanised, Coppered, Tinned and Barb Wire, Enquiries respectfully solicited. 767 
R — ON ADMIRALTY AND WAR OFFICE LISTS.— A 





a 


&MANNESMANN TUBE C2 L2 


LaANDORE R.S.0. SouTH WALES. 
N 


LARGEST MANUFACTURERS OF WELDLESS N STEEL TUBES. 
SPECIALLY ADAPTED FOR HIGH PRESSURES. 7 STEAM,GAS AND 
HYDRAULIC TUBES 
AND 
BORING BARS 


—— 


































HOLLOW PROPELLER SHAFTING 








SAILOWO901 





WELDLESS TUBES 
FOR BIG WHEEL. 
a bh bs AT EARLS COURTr , An , 





CYCLE TUBES 


AGENTS 


Lonpoon:~ H.E.Dresser, II0 CANNON ST. E.C. 
Grascow:-Cross.ey TiLBURN & Ce 189 CENTRAL CHAMBERS, 12 WATERLOO ST. 
MANCHESTER: R.J.ROSTRON, Box 303 Rovat EXCHANGE. 
BiRMINCHAM:= W.A.HOLLAND, 21 PERSHORE ST. ste 


MIDDLESBOROUGH. & NEWCASTLE ON TYNE: J.STEYENGON & COWPER, coir ON Tyne 
ii 

















Engineers, PENDLETON. *™ 





Re LO er 
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WE LET STONEBREAKERS 
All Types, with Steel or Iron Frames; also 
veo eee ese 
On Hire, with Option of Purchase, New and Second-hand. 

OomNw BROoS. 
Stone Breaking and Grinding Machine Makers, 
BRANDON STREET, LEICESTER. 1207 


GOLD MEDAL, Inventions Exhibition, 1885. 


(| ST g)< 


MATHEMATICAL INSTRUMENT 


MANUFAOTURER 
To H.M’s. Government, Council of India, Science and 
Art Department, Admiralty, &. 
Mathematical, Drawing, and Surveying Instruments 
of every description, of the highest quality and finish, 
at the most moderate prices. 908 
Price List post free. Engine Divider to the Trade. 


Address: GREAT TURNSTILE, HOLBORN, LONDON, W.0. 


GAS & OIL ENCINES 


IF you want a good Engine Cheap, go and pick one 
out of a large number and see it run before going 
elsewhere. All Engines guaranteed. Dozens of En- 
es of all sizes, by Crossley Bros., always in Stock, 

m3 to 20 HP. Dynamos of all sizes and makes. 
N.B.—Small Engines taken at good value in 
part payment for larger ones, 1003 


BUYERS OF ALL MAKES OF GA8 ENGINE, 
Gas & Oil Engine & Dynamo Supply Co., 


91, Queen Victoria St., LONDON, E.C. 














wu} 


qu 
CENTRIFUGAL PUMPS 
AND PUMPING ENGINES, 


Por Docks, Qircula' 
The Cheapest and most Efficient Pump in the Market. 
From Newest and most Improved Patterns. 
Specianisies: Contetiags Pumps, = Engines nt Ti 
8 Engines, Hydra’ Presses Pum) y' 
Oranes, A 1 Hy li s, Litt of all kinds. 
DERYWSDALE & COO. 
Bon Accorp Exemvs Works, GLASGOW. 996 
TELEGRAPHIC AppREss; ‘‘ BONAOOORD,” GLASGOW. 








LORD KELVIN 


(SIR W* THOMSON) 


ATI ] a 
{ 
\ He 
\ i 
Ra TELS AAdAL Ns 


i 


7 
AMM 


4 


Guaranreeo ror 3 YEARS 


NO PACKING 
NO WASHERS 
NO LEAKAGE 


LUMBERS& IRONMONGERS, 
ND-BY:TH | 





MANU 


FACTURES = 







dé ~ 
Paar — 


SHEET WASHERS, VALVES, CORD, TUBING, BALL VALVES, BUFFERS. 
PACKING OF ALL DESCRIPTIONS, DELIVERY AND SUCTION HOSE, CELLUYERT FIBRE, 
FOR BNGINADRING & MEOMANICAL PURPOSES. 


VULCANITE AND EBONITE, CELLUVERT FIBRE. 


SHEETS, RODS, OR TUBES, FOR ELECTRICAL PURPOSES. 





] VULCANITEH AND INDIA. RVUBBEWN 


SHEET TUBES, PUMPS, VALVES, BALLS, &c., &c., FOR CHEMICAL PURPOSES, 





537 


BRICK MACHINERY 


For Working all kinds of Clay. 


Che stiff or semi-plastic system of Brick-making for 

producing a dense plastic pressed brick ready for im- 

mediate removal to the kiln was invented by us 28 years 

ago, and it is most successfully working in nearly all 
parts of the world. 


DOUBLE THE STRENGTH OF ANY OTHER 
MACHINES IN THE MARKET, 


Brick plants for producing the best plastic-pressed 
f bricks on the most economical system. 


Awarded Three Highest Medals at Adelaide 
Exhibition, and the ONLY Gold Medal for 
Brick Machinery — Exhibition, 








oes fee 





MVD TLL 


ee 
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<a” BRADLEY & GRAVEN, 


WESTGATE COMMON FOUNDRY, %i2 


WAKEFIELD, ENGLAND, 








GRAVEN’S PATENT BRIOK MOULDING AND PRESSING MACHINES. 
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GLASGOW 
IRON & STEEL 
COMPANY, 


LIMITED. 
HEAD OFFICES: 


36, ST. VINCENT PLACE, 
GLASGOW. 


“INGOT, GLASGOW.” 


COLLIERY 
PROPRIETORS. 


sSQBLBBRER ER EEE? 


MANUFACTURERS OF 


PIG-IROWN 
WROUGHT IRON & STEEL 


SULPHATE OF AMMONIA, 
Coal Oil, Tar, Pitch, &c. 


MAKERS OF 
BARS to all sections in IRON or 
STEEL, ANGLES, BULBS, 
CHANNELS, TEES, ZEDS, 
GIRDERS, ROUNDS, (up to 7 in.), 
RIVET BARS, STRIPS, HOOPS 
(Splayed and Plain), NAILRODS. 
Also STEEL SLABS, BILLETS and 
BLOOMS. 


Telegraphic Address 





COLLIERIES: 
BAILLIESTON, MOTHERWELL, 
WISHAW. 


BLAST - FURNACES 
AND SULPHATE OF AMMONIA PLANT 
WISHAW. 


IRONWORKS : 
GLASGOW AND MOTHERWELL. 


STEELWORKS: 
WISHAW 














eurv—v—TTTs ru 


The Steelworks having been recently 

equipped with Mills and other appliances 

of most approved type and largest size, 
can now supply 


SHIP, BRIDGE AND 
BOILER PLATES 


of finest qualities and largest sizes up to 
1l ft. wide, and of greatest weight and 
area made, 


SHEETS IN IRON OR STEEL TO 
ALL GAUGES 
AND FOR ALL PURPOSES. 
BRANDS. 1220 


MALLEABLE IRON “sLascow qf * 
“GLascOW “GLASGOW 
STEEL 


SHIP,” BOILER.” 


STERN BROS. “UNIVERSOLINE.” 


(REGISTERED TRADE MARE). 


The Most Efficient Lubricant for all Frictional Surfaces, 
For Greasing and Rendering Tight Flanges, Boiler and other Joints, Pipes, Valves and Manholes, and for 


facilitating the smooth working of Gas and Water Cocks ; also for Preventing Rust. 
SOLD IN EHGS OF ALI SIZHS8. 


SOLE MAKERS: 


STERN BROS., 57, GRACECHURCH ST., LONDON, E.C. 


Telegrams—‘'CentuMviR, LONDON.” 1150 

















The BURHAM BRICK, LIME, & CEMENT OO., Lid, 
7, NICHOLAS LANE, LOMBARD STREET, LONDON, E.C. 


BURHAM WORKS, near AYLESFORD, KENT. 
London Depots: BURHAM WHARF, Belvedere Road, Lambeth; VIOTORIA WHARF and Draw Dook, Nine Elms. 


PORTLAND, SHEPPY AND ROMAN COBIAN T 


Grey Stone and White Flare Lime. Great Ouland Oliff Hydraulic Lime. 
Gault and Olamp Burnt Bricks, Oornice Tiles and Tubes, Pether’s Patent Diaper Bricks, &c. 


FRANCIS MORTON & CO., LTD, 
aie iTios, LIVERPOOL. 


GALVANIZED CORRUGATED IRON ROOFS, 
LONDON OFFICE: 


Buildings and Sheds for all purposes, 
\7, VICTORIA STREET, WESTMINSTER, S.W. 











GALVANIZED CORRUGATED SHEETS, 
And Heavy Corrugated Plates. 


GIRDER AND BRIDGE WORK. 


Pontoons, Tanks, and Buoys, 


FENGES, GATES, RAILINGS. 


General Foundry, Fitters’ 


SMITHS’ WORK FOR THE TRADE, : 
Castings up to 45 tons in a piece. 


WROUGHT IRON TELEGRAPH POLES, 


Indian Government Pattern, of which upwards of 
400,000 have been supplied from Hamilton Works. 


ESTIMATES AND DESIGNS FURNISHED FOR EACH CLASS OF WORK IN THE MOST ECONOMICAL FORM. 775 


ST. GEORGE'S IRONWORKS, L™- MANCHESTER 


(Late ORMEROD, GRIERSON & CO., Ltd.), 


HNGINEHERS & MIiLOoOW RIGHTS, 
a Have the Largest Assortment in the Trade of 









lf 














Stationary Steam Engines for all purposes. SS 
Porter's Governors; all sien in Stoo. oon PATI ERNS, 
MILL GEARING. Sp eee 
Cranes, Turntables and Water Columns. S 7 \ ‘ , SPUR WHEELS, BEVEL WHEELS 
Compressed Air & Air-Compressing Engines Mis e E MITRE WHEELS, 
Prospecting Boring, Machines, Hrs es ae FLY WHEELS. 
eensactapesi (AZO RNG eye steetiee oaivina PULLEYS AND oRUMS 
CEMENT MACHINERY Sata MIE senor, 
HYDRAULIC PRESSES. ee edoonochi 


PATTERNS ON APPLICATION. 


Nations! Te'ept one No. 229, 1078 


CATALOGUE OF WHEEL AN 





* & & 
PiC-IRON 


° " WISHAW.” 





Qelegraph Address: ‘‘Onmzrop Grierson, MANCHESTER.” 
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ALEZANDER SHANKS «SON malt {x 
SORES ETE ee it | PATENT BELT ADJUSTER 
Horizontal and Vertical Engines of Improved Design. IF tt Pr Se 





HIGH-PRESSURE, WITH 
COMPOUND, JET OR SURFACE 
and CONDENSERS, 
TRIPLE- or 
EXPANSION. NON-CONDENSING. sound Condensing 


Compound Non-Condensing 
Launch Engine. 


MARINE ENGINES 
AND BOILERS, 


arine Engine. 


FOR LAUNCHES, 
YACHTS, TUGBOATS, &c. 

















ALSO SINGLE 
vamadiiaan and 
eres DUPLEX 
VERTICAL STEAM 
BOILERS. PUMPS, 





deeipiitiguat Vertic Engin 


— —_ oo = an 
CATALOGUES ON APPLICATION. on 


ARBROATH; & 110, CANNON STREET, LONDON. 


Se HILL — LTD, 


att 





Locomotive Type Boiler. 


DENS IRON WORKS, 














LEED Ss. 


i 


MACHINE TOOLS. 


Contractors to Her Majesty's War Department, the Lords of the samira, the Council of State for India, the Crown Agents for 
the Colonies, the Foreign Governments, and the Chief Railway Companies, Engineers, &c.. of this and other Countries." 


CA. PARSONS & ( CO., NEWGASTLE- -ON-TYNE 


CONTRACTORS FOR THE 

















RRS uebet oak Be Pons i anareg ae 3 


COMPLETE EQUIPMENT OF 


CENTRAL ELECTRIC 
LIGHTING STATIONS. 


Small Space Oceupied. 
Small Cost, Upkeep & Attendance. 
Low Consumption of Steam. 
No Holding Down Bolts, 














SOLE VENDOR; 


JULIUS WALLACH, 


67, Gracechurch Street, 


LONDON, E.C. 
AGENTS WANTED. 
TaLegRamMs—‘' HAMMERMAN, LONDON.” 


WEBB & SON, 


TANNERS, CURRIERS, 
Fellmongers, 
GLOVE AND GAITER 
Leather Dressers, 





1061 












BUCKETS 
AND HOSE. 


NR ene 


| 12 First-Class Medals 


AWARDED. 


Combs Tannery, Stowmarket. 


Price Lists and Terms on application. 





LARGELY USED IN 


COMPOUND 
AND 









70,000 miles 
with one ring add 


SAFE. EIEN He GOs 


R. B. LINDSAY & Co. \& 
48, Mair Street, Plantation, GLASGOW, 











WATER METER CO., 


LIMITED, 
ST. GEORGE’S HOUSE, 
EASTCHEAP. 195 









SPECIALIT 1ES 


YT LAUNDRY 
PLANT 


OOOKING 
APPARATUS 





ao HOUSES 
Catalogues, Plans and Estimates on application. 
W. SUMMEBSCALES & SONS, Ltd, 
PHCENIX FOUNDRY, 


ERAaIGH LE DT. 658 





j [ELECTRIC MOTORS. 
| TRANSFORMERS. 


Turbo-Generator supplied et on order for the 
pees. Statio 

Newcastle & District Electric Li vat Co., Ltd, 

_ | Cambridge Electric Supply Co., Ltd. 
Scarborough Electric Supply Co., Ltd. 

¥ Portsmouth Corporation. 

A +’ | Metropolitan Electric Supply Co., Ltd. 

Woking Electric Supply Co., Ltd., &€., &c. 








LONDON OFFICE: 1101 





J 66, Victoria 8t., 8.W. 


* Turbo, mone a 
Dunamis, London. 
* Turbo, 





Tele, Adare 


350 unit “Parsons” Turbc-Alternator, 


Jeu of the 


Stockton, Wilmoote, and Harbury Works, 
Tyne,” Depots WOROESTER 


GREAVES'S BLUE LIAS LIME 


And PORTLAND CEMENT. 


GREAVES, BULL & LAKIN 


Sills Gedhete ant Seman aid tine Com 
London oge @orker a $ 
by rail and boat direct 
Chief Offices: WARWIOK. 
WHARF, BIRMINGHAM 
WHARF, PADDINGTON, W. 6004 6366 
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BUTTERS BROS. & CO., 


CRANE MAKERS, 
Contractors’ Engineers and Machinery Merchants. 


BSTABLISHED 1867. 











SPECIALITIES. 7 
Improved Wire Rope Steam and Hand Dumiok Cranes, 
With Jibs from 40 ft. to 70 ft. long. 
MAKERS OF ALL KINDS OF BUILDERS’ & CONTRACTORS’ PLANT. 
LARGE STOCK OF SECOND-HAND PLANT, FOR SALE OR HIRE, always on hand. 


Oatalogues and Prices on Application. 
} GLASGOW. 


Offices— 20, WATERLOO STREET, 
Works—LAMBBHILL ST., PAISLEY ROAD, 
1171 


Registered Telegraph Address—'‘ BUTTERS, GLASGOW.” 


6 — Engineering & Hydraulic C0., 


PROVIDENCE WORKS, 




























\ PUMPING 

EB MACHINERY. 

\ HYDRAULIC 
PLANT. 


hcp G AND 
= WINDING 
ENGINES. 
ecumulators 
PRESSES. 
CRANES. 
LIFTS. 


vnqeennnuieee 


BALLAST 
PUMPS 


HARGREAVE’S ~* 


PATENT 


PISTON RINGS. 


Boiler Feed Pumps. 





HYDRAULIC 1188 
Stop, Safety and Relief Valves. 





NO DEAD CENTRES, CAUSING VERY UNIFORM EFFORT ON CRANK PIN 


SMALL AMOUNT OF FRICTION, INCREASING EFFICIENCY OF ENGINE, 


LANCASHIRE BOILERS 


Parent QUICK-SPEED D.C. COMPOUND ENGINES 


“ BUCKLEY'S ” 


JOHN MUSGRAVE & SONS, Ltd. 


“FLEMING & FERGUSON’S PATENT” 
QUADRUPLE, TRIPLE AND COMPOUND 


VERTICAL EXPANSION ENGINES. 


ADVANTAGES IN THESE HNGINES. 












AND PERFECT STEADINESS, 
PERFECT GOVERNING. 
SMALL COST OF ENGINE HOUSE AND ENGINE BED. 
HIGHEST ECONOMY IN FUEL, 


ALL PARTS EASY OF ACCESS. 











































































































ALSO MAKERS OF 


Al, KINDS OF HORIZONTAL ENGINES, 





UP TO 200 Ib. WORKING PRESSURE. 


MILLWRIGHTS’ WORK IN ALL ITS BRANOHES. 








FOR ELECTRIC LIGHTING AND OTHER PURPOSES. 


‘*Crompton’s Patent’ Metallic Packing 


FOR PISTON ROD GLANDS. 


PATENT PISTON ROD SUPPORT. 











GLOBE !RONWORKS, BOLTON, LANO. ' 
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Thomas Turton & Sons, 


MANUFACTURERS OF LIMITED. 


ENGINE, CARRIAGE, AND WAGON SPRINGS, 
Cast Steel Files, 


ENGINEERS’ TOOLS, HAMMERS, EDCE TOOLS, STEEL 
FORGINGS, SPRING STEEL, 


Tool Steel. 
SHEAF WORKS, SHEFFIELD. 


London Office: 90, CANNON STREET, EC. 
Boston, U.S.: 40, KILBY STREET. 


GRAFTON & CO. _ 


CONTRACTORS TO HM. GOVERAMENT. 



















CYCLOPS WORKS, 


GRAFTON, BEDFORD, BEDFORD. 


AMUN 


Iilustrated Descriptive Price List free on = 








The oldest 
The best 
The cheapest 


Belting. 


Wheatland Works, SEACOMBE. 

430, Queen Victoria Street, LONDON. 

29, South Corridor, Royal Exchange, MANCHESTER 
33, Queen Street, GLASGOW. 

92, Charles Street, BRADFORD. 

49, Grey Street, NEWCASTLE. 


24, Rodingsmarkt, HAMBURG. 
8, Rue Rouget d’lsle Courbevole, PARIS. 














PATENT HEATER GONDENSER C? 
“ES” WESTMINSTER “sau 


SOLE MAKERS OF WRIGHT'S PATENT 


LATEST IMPROVED 
BERRYMAN 


ea FEED WATER HEATERS if] = 
WATER SOFTENER»©- im 


[je secevcceeg 












jo 0000 62 Bankese. 


SURFACE CONDENSER «~~ 


"1G, CREAT GECRGE ST. 2: 





WATER RYAPORATOR Bo: 








Tiny 
Ce = =s#s( NAP Cm bad pnan lOO fee er eee 


Water analysed and reported upon 
where Softeners are anticipated 


FREE OF CHARGE. j _— 
SAVING FROM 20% to 60%. : 


110,000 HP. oo 
__OF HEATERS SOLD DURING THE LAST FIVE YEARS. 


“THE DONKIN GAS-VALVE ” 


(REGISTERED TRADE MARK.) 


We are the Sole Makers of these 
ae Valves, fitted (for sizes above 5 in.) 
Oe pe with our patented application of 

> wine gs! Volute or Spiral Springs. With 


Mh RUT ee | | A these the breaking of springs is 
| nh i I) > almost an im ibility, and any 
| I i, jamming of t oo "from the 

/ Ut 


a se an impossibility, 
pe | Hf 
i i i i 
lh a ;orrasen?. 


Over 1200 Valves always in Stock to insure quick deliveries, 


BRYAN DONKIN & CO. 


LIMITHD, 


SOUTHWARK PARK ROAD, BERMONDSEY, LONDON. 


Also Makers of COLUMN and SCREW VALVES and Sole Licensees of 
J. BEALE’S NEW PATENT EXHAUSTER, 1019 


Manchester Office: HENRY THOMAS, 10, Mawson’s Chambers, Deansgate, 








5,000 applications of these 


} a a a te 
esting, in order that 


Manager may have perfect sdlenes 

on the tightness of our Valves, 
; en leaving our Works; and, 
iy wines wished, we are prepared to 
test them with foul gas. 























DaBiiveron.” 
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IRON & STEEL BRIDGES. 


SPECIAL 
HYDRAULIC PLANT 


Trough Flooring for 

















ESTIMATES GIVEN FOR 


Bridges, Girders, 
Roofs, Tanks, 





and Bridges, 
General on Firaproof Flooring and 
an 
Flanging, 
Smith Work. eng 
: sanitaitiei Z Full Equipments of 
FINDLAY, MOTHERWELL. Public Works Department, Burma; 100 ft. Span Bridge, PLANING, DRILLING 
——— AND OTHER PLANT. 








ALEX. FINDLAY & CO., MOTHERWELL, N.B. 


DARLINGTON SHOW, STAND 6G. 
THE TWO £50 FIRST PRIZES WERE BOTH AWARDED TO 


THE ‘HORNSBY-AKROYD’ OIL ENGINE 


At the Royal Agricultural Society of England’s Trials 
at Cambridge, Jume 18th to 25th, 1894. 














Oost of Working less than One Halfpenny per Hour per actual Horse Power. 


>, LESS THAN HALF THE COST OF STEAM. 


Much Cheaper than Gas. No Expensive Connections to Gas Mains. yr 
No Stoker or Driver required. No fear of Explosion. No Water Consumed. ] Vv N »{ 
No Electricity. | Nolgnition Tubes. | No Lamp (except for starting). SAC 











‘eakuanene Prices and Full Particulars to be had from the Sole Makers: BALE ist Prise Portable Of! Engine, 


RICHARD HORNSBY & SONS, LTD., 


SPrirrilAGATE rRON WwWokEs, GRANTHAM. 
LONDON—76a, QUEEN VICTORIA STREET. NEW YORK—P.O. BOX 2098. Telegrams: “HORNSBYS, GRANTHAM,” or “HORNSBYS, vedio: 6 


DUDBRIDCE 


GAS ENGINES. 


Otto Principle, with several Patented 
Improvements, Simplest of Designs, 
with Fewest Possible Working Parts, 
and no complications to get out of order. 
Absolute Reliability in Starting and 
Working. Lowest Possible Consumption 











od 
or foe 








of Gas. 
REDUCED PRICE LIST AND FULL PARTICULARS SENT 
ON APPLICATION. 1127 


messsttbneernce tne 


~~ Humpidge, Holborow & Co. 


D, 
sTROUD. Lares 


London Show Room, 242, New Kent Road, S.E. 














i 
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Eagle Ironworks, BELPER, DERBYSHIRE. 


EDGE RUNNER GRINDING MILLS 


FOR ALL DHSORIPTIONS OF MATERIALS. = 1204 

















ESTABLISHED 1777. : 
MAKERS OF “UNIT” Anglo-American OIL MILL, 


O : L M ( L L S, Showing Pumps, Presses (four), Paring Machine, Stones and 
Kettle. 

CAPACITY PER i! HOUR8S—Linseed and similar small seeds, 

Hydraulic Ram & Pump Leathers,” ase Sin baihlldy Ghali, tnannl madi Utero ID 
THE KINGSTON PATENT supplied. 


= DREDGER & EYCAV ATOR. — GEARING SUPPORTED ON THE MACHINERY. ' 











Catalogues and Prices in English, French, German and 
Spanish, free on application. 


fs ROSE, DOWNS & THOMPSON, Lo. 


GOVERNMENT CONTRACTORS, 


OLD FOUNDRY, HULL, 


— — eS 76, Cortlandt St., New York, & 1, Lal Bazar, Caloutta | 
redgers for the Gc — Reclamation On Adairatiy aan War Office Lists. 1012 ‘iM = 


Works In Lower Egyrs 


EM AMERY LUKE & SPENCER, Ltd. wnt DS CS 
BROADHEATH, near MANCHESTER, 


—,- THOMAS CHATWIN, 


* GREAT TINDAL STREET, BIRMINGHAM. 
| PATENTEE AND MANUFACTURER OF 
'STOCKS, DIES, TAPS AND 
| RIMERS, » 


Improved Screwing Machines 


For Hand and Power. 


STANDARD CYLINDRICAL GAUGES, 
SURFACE PLATES, TWI3T DRILLG, ; 


MILLING CUTIERS, CUT GEARS, 
SPANNERS & WRENCHES, 


Patent Tube Cutters, Tube Wrenches and Vices, and 
General 5 























































'g motion for 


ear without stopping 





for power, with quick releasin 


throwing dies out of g 


machine. 





Sole Maker of W. Jon 
PATENT PIPE CUTTER FOR WAINS, 


and Pa'mer & Blackmore's 
PATENT TWIST DRILL GRINDER, 


» | Which grinds both lipe at ~ setting, with automatic 
= | movement of —- eel across edge of drill, and 
| also grinds. to a diamond cutting point, ensuring a 
true hole, and other advantager. 1011 








IMPROVED BOLT SCREWING & NUT TAPPING MACHINE, 





Palmer & Blackmore's Patent Twist Drill Grinder. 
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CRANES «= o» SPECIALITY 














AND LIFTING MACHINERY CONTRACTOR TO THE 








8 

» 

< BY WAR OFFICE, 

g Ss ¥ E A M 5 ADMIRALTY, 

bi HAND INDIA OFFICE, 

# ELECTRIC ; COLONIAL AND FOREIGN 

: GOVERNMENTS 

oo A I R 5 , 

g AND HOME AND FOREIGN 
DOCKYARD 

§ HYDRAULIC mwa, mets 

Ps POWER. HARBOURS, &c., &c, 


Lonpon AGENTS: 
BARRY & HIGHAM, 954 
BroaD StTREgT Hovusk, New BroaD Street, E.O. 


TEomMmases SmuiT=ea, 
STEAM CRANE WORKS, OLD FOUNDRY, 
_RODLEY, near LEEDS. 


PATENT MICA GREASE 


SAVES BO TO @O© PER CENT. OVER COST OF OL. USED ON ALL KINDS OF MACHINERY AND SPECIALLY ADAPTED FOR INDIA & HOT CLIMATES, 


PATENT MICA-GOTTON PACKING. PATENT MICA-FLAX PACKING. 
PATENT MICA-ASBESTOS PACKING. | PATENT MICA-INDIA-RUBBER PACKING. 


“MICA.” BELTING SLTRUSY. 
The yt of these Packings over ordinary Packings are:—THEY DO NOT HARDEN IN THE GLANDS. THEY ARE MORE DURABLE. THEY DO 
NOT SCORE THE RODS, but put a MICA SURFACE on them similar in appearance to Electro Plate. They are 26 per cent. lighter than ordinary Packings. 


SOLE PROPRIADTORS AND MANUFACTURERS, 


THE MICA LUBRICANT CoO., 


Sou TE a BNGLAM DBD. — 


asians Address: “MICA, SOUTH SHIELDS.” National se cua No. oe 























—_ 
eal aiaes 


=_E. READER & SONS, == 
io Eeners ‘Readers, Nottingham.” 
ENGINEERS, LB mls —— N OTTiN GHAM. 


AIR COMPRESSORS. 
DUPLEX PUMPS 


SKIN-SPLITTING 
MACHINES. 
_- SHAFTING, COUPLINGS, 
~~" ROPE & BELT PULLEYS. 
GEARING. 1 


























MAKERS OF 
HIGH-CLASS ENGINES, 
with Corliss or other Valves. 


HIGH-SPEED ENGINES, 
Compound & Tri.-Expansion. 


INDEPENDENT 
CONDENSERS. 


THE “BUFFALO” INJECTOR. 


HIGH GRADE, DOUBLE Automatic & Re-starting. 
TUBE MACHINE. | sy seting WATER REGULATION 


Lifts 24 ft. without Adjustment. UNDER ANY CONDITIONS. 
LIFTS 12 ft. Anyone can with- 


Takes Hot Suction Water. | draw Tube without Tools for 
Cleaning. 


















CLASS B. 






























CHEAPNESS with 
WORKS WITH STEAM RELIABILITY. 
20 Ib. to 200 Ib. MEETS ALL ORDINARY CONDITIONS. 
Prices and full particulars upon application to WASTE 


MASTS 






Telegraphic Address : 
Temperature, London. 


GREEN & BOULDING, 


ENWGINDUNS, 21, FHA THaBURSTONE ST., shen: B.o. 


ES 5, Royal Exchange France; J. HUET, 90, Rue des Marais, Paris. 
Lancashire & Cheshire: JAMES CAMPBELL & GONE, Willam Moult | Dundee: ROBT. FERGUSON & BONS. 1115 de 
. . | ¢ tq fy Sy *~\ pean Ereneveal: A OE 1 eee 


Bull : GEO, CLARK & SOND, Wetechouc Lane. M. WILD, 18, High 
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“o GEO. CRADDOCK & Co., 


Chlcago Exhibition. WIRE ROPE WORKS. “7 AAT EIE"EEIE.DD. WIRE DRAWING MicLs. 


Original “Qriginal Manufacturers of Registered Trade Mark 




















LANG’S iy used {n the Manufacture 
of our Ropes is drawn by our- 
PATENT ROPE selves fom specially prepared 
; Wire _ exclosively for _ 
American OFFICE— Own use & on no account w! at 
GEORGE CRADOCK & CO. 
(1 A. WIGHAN, Agent), ever do we supply the Trade, 
Fidelity and Casuality Build.ngs, 
97. Cedar Street, Lompon Orrica— 
NEW YORK. 7, EAST INDIA AVENUE. 
AUSTRALIAN O¥FICB— : ; TaLEeRAMs— 
ore hucrate rt eco Biatae Ubersite aly irate hia tre aaa ek we aoteebare ae mane sass “ORADOOK, WAKEFIELD," 
ata cost of and nine d Mavi avai ing 880, 200 tons wands 13 ie bf a ie sea raising 741,600 ro age Tes! ot.. 2 a4 had worked MEIR HEY COLLIERY, LONGTON, STAFFS. ABO& te Repineing Tet ‘tie legraph 











RICHARD MORELAND & SON, 3, Old St., London, E.C, 


MANUFACTURERS OF 


EIiGH-OLASS STEAM ENGINES, 


Simple or Compound, with Jet, Surface or Evaporative Condensers, up to 1,000 Indicated Horse Power. 


PUMPING MACHINERY 


Ot the most powerful and economical type, for Water Supply, Irrigation, Docks, Drainage Works, 
and other purposes, and all Olasses of General Engineering Work. 
FOR TYPE OF OUR DIRECT-ACTING PUMPING ENGINES, SEE “‘ ENGINEERING,” 3rd OCTOBER, 1884, 735 


_CONSTRUOTIONAL IRON WORK FOR BUILDINGS, &c._ 


CHAS. MACINTOSH & CO. ume 


Works: CAMBRIDGE ST., MANCHESTER. 


TELEPHONE No. = = 267 NATIONAL, 
” n° © 1124 NEW, 

















BUFFER SPRINGS. 





R(M(O(U(R{E 1D| 
























TRADE MAR 
Goin MEDAL (HiaHEest AWARD) PARIS EXHIBITION, 1889. 
HiaHEsT AWARD ae. WORLD'S FAIR, 1893. 


Manufacturers of Steam Engine Indicators, Sight-Feed Lubricators, “ Pop” Safety 
Valves, Water Relief Valves, Ohime Steam Whistles; and Sole Agents 
for the Mason Reducing Valves, and Chapman Full- -way Stop 
Valves, for Water, Steam, Gas, Oil and Ammonia, 





75, QUEEN VICTORIA STREET, LONDON. — 


OROSBY-WAAREN-HAUS, Admiralitat Strasse 32, HAMBURG. 758 
HHNRY CHAPMAN, 10, Rue Laffitte, Paris. RICHARDS INDICATOR, for Slow Speeds, 








CROSBY INDICATOR, for High Spoods 
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LEXANDER PENNEY & CO. 


rucerapnie Adv] 107, Fenchurch Street, LONDON, E.C. = ["oities fences 


“ Finitimus, London.” 


LIGHT RAILWAYS, TRAMWAYS & ROLLING STOCK 


PORTABLE RAILWAYS & WAGONS. 
STEEL SLEEPERS, STEEL CASTINGS, STEEL SHEETS & BOILER PLATES, STEEL ANGLES, JOISTS & CHANNELS. 
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Passenger Train for Light Railways, 30 in. gauge, 80 Ib. Rails. 


ROLLED STEEL TYRES. FORGED AXLES. 
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Y~ \IOLBS PER YARD 





Steel Girder Tramway 
and other 
Rails, all Sections. 


Hydraulic Pressed Steel 


Locomotive, Carriage, 





and Catalogue on Appli- 


Wagon Frames. cation. 





ESTIMATES AND FULL PARTICULARS ON APPLICATION. 
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BOLLING & LOWE, - os" 


LARGE STOCKS OF NEW AND SLIGHTLY DEFECTIVE RAILS. D codes uot: 43 6 41 and Engineering Telegraph, 
PLANS AND BSTIMATES 


RAILWAY & TRAMWAY MATERIALS, MACHINERY, &c. 
ba A. Im i I t ft PORTABLE RAILWAY FOR MINES, COLLIERIES, &. : 
ASKHAM BROS. & WILSON, Ltd... SHEFFIELD. 


Crucible  mngineering cou. 9 ““ GS ® A p BRAND” = 4288 Double 
Steel Shear, 


Castings. 


Cast Sted SPECIAL TOOL STEL FOR ALL PURPOSES. ‘sis. 


HEENAN & FROUDE, fiiig E* AL INT Ss. 


BIRMINGHAM Ae _—a it ua —— fe 2 FANS 
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~ Ventilation, 
Blast, 
Forced — so 


Draught, 


&c. &c. 

















SPECIAL TOUGH QUALITY MINERS’ DRILL STEEL, OCTAGON, ROUND, SQUARE AND FLAT. 





ome. | 























HOLDEN & BROOKE, Ld. 


SALFORD, MANCHESTER. 
THE “1890” SELF-ACTING 


INJECTOR. 


Works equally well at all pressures (15 lb. 

to 200 lb.). Entirely operated by one move- 

ment, Self-contained steam valve. No water 
cock required. High lifting. 

By half a turn of the Lever steam is 

turned on and the Injector (1) started, (2) 

regulated for any pressure, and (3) the 














Water in Steam Pipes, Hammering, Broken 
Joints, —— &c., absolutely prevented by 
RUSSELL’S PATENT 


EJECTION VALVE. 


Automatically Ejects all Condensation 
Water when steam is first turned on, 
entirely preventing trouble and danger 
when steam is admitted to Pipes, 


For all Boiler Pressures. 
An Economy of 25 to 50 per cent. admitted by users. 



































Oylinders, &c., containing Water. 
Readily attached at any point or in any quantity of feed varied as required. Oannot EXHAUST 
position. Very Small and Oompact. be wrongly worked or misunderstood. STEAM [AM INJECTORS. 
BROOKE'S ree 
r - WATER LIFTERS 
PATENT STEAM DRYER. | HEINTZ STEAM TRAP. TBE PUMPS) 
Effectually Extracts Water “ ws FOR RAISING LIQUORS, SLUDGE, ASHES, 
# 
from Steam, = S ~ 
and ws 2 
eg 25 
Prevents Priming, = s* 
Waste, Broken Joints, Pipes, | — 3 = 
Covers, &c. = S Works equally well at all pressures. = 3 
2 es No pressure inside the trap. oo 
= bee 
Special Patterns for 3 No festa; ‘no levers; uo cir valve. Ee Boiling, Circulating, and Heating Jets 
attaching direct to Priming : S FOR ALL INDUSTRIAL OPERATIONS. 
Valve full open at starting. 
Boilers or Ejectors for Extracting Air, Gas, 











_—— Vertical Pipes. NO RECULATION. ABSOLUTELY THE BEST. | Moisture, &c. m1 
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THE MOST PERFECT CLUTCH IN THE WORLD. 


LINDSAY’S COIL FRICTION CLUTCHES, Patented. in the United Kingdom, Europe and America, have advantages 

possessed by no other form of Clutches, viz., They can be Started at High Speed without Shock and Set to release at “< 

given HP. They can be made to reverse the drive—no End pressure—no Seizures—and Healing is impossible as ail 
frictional surfaces are oiled like an ordinary bearing. , 


UTORES GUARAN 2 ED EROM i TO 5000 HF. 
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DUST-PROOF CLUTCH, fitted inside Pulley Boss. 1000 I.HP. COLLIERY WINDING DRUM, fitted with Coil Clutch and Brake Cluteh. 
Weight of Clutch and Pulley, 6 tons 15 ewt. 1250 HP. These Clutches can be fitted to haul either hand and lower 
‘ 5s ; either hand off the Clutch, which acts as an emergency brake; all 
movements are manipulated with one handle. 
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REVERSING CLUTCHES arranged for Oil, Gas or Electric Engines, 
Launches, &e. The drive ean be reversed at right-angles, as well as 
in direct line by this appliance. 





1000 HP, REVERSING GEAR, arranged for Rolling Mills, enabling existing plant to be utilised at an Enormous Saving. 
These Clutches Guaranteed to 5000 HP. 


CLUTCHES FOR ALL USES. 


Dynamo drives Pulley or Gearing drives Couplings, Mill drives Grinding Machinery, Saws, &e. 


All Clutches guaranteed, References to Users given. To Engineers, unacquainted with the Appliance, a trial 
will be accorded by arrangement. 


POP PPP PPA AAA AA AA AAAAAAAAAA AAA hd Ah f he fh hhh thle 


SOLE MAKERS— 


THE COIL CLUTCH & PULLEY 00. Ltd, 


ASHTON .GA TE, BRISTOL. End Elevation of Gas or Oil Engine, 


Telegraphic Address: “Transmitter, Bristol.” 








Sole Agent for Scotland : Messrs, J, McILWRAITH & CO., 92, West Regent St., GLASGOW, 


Telegraphic Address: “MclIlwraith, Glasgow.” 


Manchester Representative: Mr. J, M. HARVEY, Queen's Chambers, John Dalton Street. 


Telegraphic Address: ‘“‘Control, Manchester.” 





ESTIMATES, REFERENCES, AND DESIGNS ON APPLICATION, ™ ‘sik iedhs ahaa aie 








LINDSAY'S PATENT CLUTCH, 
Fixed to Belt Pulley. 
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stone Breakers & Ore Crushers.| A . oterrmrnorsnsrarsnzacrne 


LATEST IMPROVED PATENT SELF-ACTING 
THD “BLAKH-MARSDEIN” IS THE BIST. 


AIR PUMP VENTILATOR, 
‘THE RESULT OF THIRTY YEARS’ EXPERIENCE. —— 


50 PHR OHNT. RHDUOTION IN PRIOE. 
H. R. MARSDEN, Soho Foundry, LEEDS. 








Ohea and most powerful Exhaust Ventilater in existence. Nemes 
Laan 


Strengly made of the best Steel, Galvanized, and finest <i 
64, Holborn Viaduct, LONDON ; 110, Bothwell Street, GLASGOW. 











OVER 10,000 IN USE. 80 FIRST-OLASS AWARDS: 
60 MACHINES OF DIFFERENT TYPES IN PROGRESS TO SELHOT FROM. 


ILLUSTRATED LISTS IR ENGLISH, FRENOH, AND SPANISH. 0655 
Postal Address: H. R. MARSDEN, LEEDS. Telegrams: MARSDEN, LEEDS. Ty F A R 4 LY Wi NS. 
Ee Mi E = y WI i aa al 1 S. TRANSMISSION OF POWER. TRANSMISSION OF MATERIALS, 
Chain Elevators, Chain Conveyors 


eee eee e meee nnseeneee WATER WHEELS, Belt Elevators. Rope Conveyors, 


PRICE LISTS FREE ON APPLICATION. 
Tray Elevators, Tray Conveyors, 


MITCH ELL’S EMERY WHEEL CO. P Mill 8t., Bradford, MANOHESTER MILL ENGI NES, Tilting Elevators. Spiral Conveyors, 








Barge Elevators, Seed Conveyors, 


STE EL PU LLEYS, Ship Elevators, Tilting Conveyors, 


Ciro tm Ea nergy | MILL. GEARING, | tues” Sas 
BIROPE PULLEYS, | See ST 





Bale Elevators, Disintegrators, 


B = LT PU LL EYS, Coal Conveyors. Chain Belts 
(JP LEX UMP \ FLY WHE ELS, Coke Conveyors. Sprocket Wheels, 
SHAFTING. Box Conveyors. Automatic. Stebel, 


FOR*ALL PURPOSES 








BARRY, HENRY & (0,, Ltd., ABERDEEN, NEW CONVEYOR CO., Ld. 


Re ° 3 & 4, Lime , a Square, | 3 & 4, Lime Street Square, 
LONDON. | LONDON. 725 


Managing Director of the Twin Companies: Mr. GILBERT iowa 


DAVEY, PAXMAN & CO., ENGINEERS & BOILERMAKERS, COLCHESTER. 


D. P. & Co.’s “Economic” Boiler is one ot D. P. & Co. are Makers of High-class Cornish, 


the best steam generators before the Public, Lancashire, “Essex,” Vertical, Locomotive, 
and it is being adopted very largely for “‘Economic,” Safety, Water-Tube, Marine, 


CENTRAL ELECTRIC LIGHTING STATIONS, ae 
MILLS & FACTORIES, &c., 


Write GRAAT SUOGCOCABSS. 


122- 124 WARING sow 























Boilers made up to 200 lb. working pressure. 


ALL RIVET HOLES DRILLED. 
Od 5901 


CATALOGUES, PRICE LISTS, ESTIMATES, &c., POST FREE. 


TELEGRAPHIC ADDRESS — “PAXMAN, COLCHESTER.” PAXMAN’S PATENT “ ECONOMIC ” BOILER. London Office: 78, Queen Victoria St., E.C. 


REE RIGCHRATIIN CG 


me. DGGE) see 


ICE-MAKING MACHINERY 


= OVER 2300 MACHINES SoLD. wm 


THE LINDE BRITISH REFRIGERATION O0O., Ltd., 


35, QUEEN VICTORIA STREET, LONDON, E.C. WORKS AT LOWER SHADWELL, E., AND AT BIRMINGHAM. ea 


Hadfield, She om 
Telegrams 4 ‘Ron ssaiitont tes Telephone No. 750. 


MANGANESE STEEL 


FOR THE 


WEARING PARTS OF GRINDING & CRUSHING MACHINERY 


INCLUDING 
Rolls, Jaw Faces, Huntington Mill Rings, Side Cheeks, &c., &c. 











—™ 


























Sole Makers of Manganese Steel under the Hadfield System and Pat wts. 


HADFIELD'S STEEL FOUNDRY CO., Ltd, SHEFFIELD, 


WANTFACTORERS of BEST STEEL CASTINGS of every description, 





LONDON OFFIOE—156 & 157, LEADENHALL ST., E.0. i 
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UNIFORM THICKNESS. [Mn ee EASILY SCALED. 


BOILER FURNAGE. 


Recognised by Engineers as possessing Exceptional Advantages, including the Highest Margin of 
Safety and Quick Steam-raising Powers. 
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Tue LEEDS FORGE COMPANY, Lto., LEEDS 
PARIS ETHBIIN. PETER BROTHER HOO D, PARIS PARIS EXEIBIIO, 


GOLD MEDAL, MEOHANIOAL ENGINEER 
cise co,” Belvedere Road, Westminstar Bridge, LONDON, Sz, SILVER MEDAL, 


PHPBB AAABAABABEBABBEBBBAABAAAB*E 


—=— IMPROVED Patent SIMPLE or COMPOUND i Cylinder ENGINES, lee 











FOR DRIVING (yr 144,750 HP. Supplied, DOUBLE-AOTING 
FANS, SIMPLE OR COMPOUND 
CENTRIFUGAL HIGH-SPEED 

PUMPS, 

HIGH-SPEED Driving Dynamos, &6., 
MACHINERY, AS FITTED ON H.M. YACHT 
AS LARGELY USED in the BRITISH “VICTORIA & ALBERT," 

AND FOREIGN NAVIES. H.M.8, “ROYAL SOVEREIGN,” &c, 


Double-Acting Open Engine and Dynamo, 











Ss GEORGE =ELLIOT & CO.. manuracturers OF = 
O BES Y PATENT LOCKED WIRE ROPES & LANG'S LAY PATENT WIRE ROPES 


wk COIL ROPE. And other Wire Ropes for Mines, Oranes, Lightning Oonductors, Hawsers, &c. ; 
Sten il. OFFRON: 16, GREAT GHORGE ST., WESTMINSTER, LONDON. — setion A 1101 

















VEN S 
FOR MINES, TUNNELS, & 
CONSTRUCTORS.OF THE I oy 
° VENTILATING MACHINERY AT THE 


‘Dp —— Sf. n pe AIR COMPRESSING RESSING ENGINES 
TA 1 \ as GAS COMPRESSING ENGINES 
BESSEMER BLOWINC ENGINES 





lkers’ Pret Friction Clutchelinderdround Haulage Machinery 
GIS. NC EXTENSIVELY IN USE FOR HAULAGE PURPOSES. *% ne 
Y LL DURANCE OF THE MACHINER ano ROPES wil a MINIMUM EXPEND F. POUR. — 
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“MPHAIL & SIMPSONS’ | 














RPA TEN TS. ; 


DRY STRAM GENERATOR 


SUPERHEATER. 


ins an 
GREATEST REDUCTION IN COST OF STEAM 
PRODUCTION OF THE ACE. 


Guarantee of Economy given in all cases. 




























































































Longitudinal Sectional Ele vetign 
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IMPORTANT TO ALL STEAM USERS.—Applicable to all Steam Boilers, Land or Marine. Produces a Large Saving of Fuel, greater Carrying Capacity 
in Steamships. Prevents Priming and Cylinder Condensation. Perfect Control of Amount of Superheat and Temperature of Steam. No inju to Cylinders, 
Valves, Pistons, or Difficulty in Lubrication. Durability. Thorough Efficiency and Freedom from Trouble of any kind. Over Two Years’ Working in Large 
ae “s both = and New Boilers. All parts subject to Pressure Tested to 500 Ib. per square inch. by Lloyd's Committee and the Boiler 
nsurance Companies. 


FULL PARTICULARS WITH TESTIMONIALS, REFERENCES AND TESTS OF ECONOMY, ON APPLICATION. a 


McPHAIL & SIMPSONS’ DRY STEAM PATENTS COMPANY, Ltd., Engineers, WAKEFIELD. 













ul 
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ROBEY & CO. 


LIMrreED, 


GLOBE WORKS, LINCOLN, ENGLAND. 





ORIGINAL INVENTORS AND MANUFACTURERS OF 


THE “ROBEY INDERTYPE ENGINE 


SIMPLE AND COMPOUND. 
4 to 200 HORSE-POWER, SELF-CONTAINED ON ONE BASE. 


ECONOMICAL. 
EASY TO MANAGE. 
DU EAE. EI. 























OVER 15,000 ENGINES AT WORK IN ALL PARTS OF THE WORLD. 
References can be given to upwards of 5000 Users of this Type of Engine. Prices and particulars on application. 


ROBEY & CO., Ltd., 


ALSO MANUFACTURE ALL KINDS OF 





804 


Horizontal, Vertical & Fixed Steam Engines, Oil Engines, Gas Engines, Mine Pumps & Gold Milling Machinery. 
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un ROOT? "ti" BOILER 


WITH ALL THE LATEST IMPROVEMENTS. 


FIRST PATENT, 1867,—--— LATEST MODEL, 1894. 
KGS” 8 NOW MADE FOR WORKING PRESSURES UP TO 300 LB. PER SQ. INCH. —@aii 


Extensively used for Mining, Pumping, Electric Lighting and Industrial Purposes of all Descriptions. 











FOR PRICES, SPECIFICATIONS AND DRAWINGS APPLY TO— 


THE SOLE MAKERS, 


CONRAD KNAP & CO., 


11, Queen Victoria Street, LONDON, E.C. 








WORTHINGTON, PUMPING ENGINE CO. 


I63, QUEEN VICTORIA STREET, LONDON, E.C. 
WORTHINGTON. 


Telegrams: “Tune Harp, London.” Telephone Mo. 1614. 








TRADE MARK. 


Worthington Pumping Engines are the recognised Standard 
for Pumping Machinery. 


OvVHR 7 or 
80,000 1,600 
PUMPS PUMPS 

SOLD IN STOCK. 





WORTHINGTON PRESSURE PUMP. 


WORTHINGTON PUMPS FOR ALL SERVICES. 


CATALOGUBS AND HSTIMATES ON APPLICATION 
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June 28, 1895.] ' ENGINEERING. 41 









y| I 





Ze 


ZINGINEERS & CONTRACTORS. 
(Oh LEADENHALE SVREEV, LONDON. 2.Ge 


A BC and The Engireering Telegraph Code used, 








SOLE MAKERS OF TURNTABLES, 
j TRAVERSERS, 
KHRR’S POINTS and CROSSINGS. 
PATENT 


LOCOMOTIVES 


WACONS 


For every class of Work. 


LIGHT and HEAVY RAILS 
(All Sections). 


STREET TRAMWAY RAILS 


PORTABLE 


RAILWAY 


SUITABLE FOR 


COLLIERIES, 
CEMENT WORKS, 













IRON WORKS, re (All Sections). 
SUGAR PLANTATIONS, | eee bee CONTRACTORS FOR TRAMWAY 
RAILWAY F J - CONSTRUCTION. 
CONSTRUCTION, 2 = — Cotsbeditaiane Pené-en 
&e., &o, = = application. 907 














BERING WORKS KILMARNOGK. 





6457 3 
= a 
N 





AW es cers [001 
a - Standard Gauges & 

| 0. eitewing ‘Apparat 2 

| hitwarths(2 Measuring om stino Machines, etc 
* OPENSHAW, yg ‘> HYDRAULIC MACH INERY 
sx“ @ MANCHESTER x we \ AND FORGI NG PLAN iF Zz 


PROJECTILES, 


Skers 


\ 


ANU 





ANN 


CRANK SHAFTS. 
CAUTION. 


Ajir Vessels forlorpedoes,. Egat: 


HOLLOW STEEL SHAFTS. 


Fished or Stee! Forgings pf @stings & Tool Steel. area 


; GUNS, GUN CARRIAGES 


UFavatattsteleve 


— 


an * 1Fs. WARREEE 
Bag Ielegraphic Whitworth, \ weil ne celine CNS 
| 7 Address. Openshaw. & ISS S 
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ee —————==— aman 


R.A.S.E., DARLINGTON, JUNE 22nd to 28th. _At STAND No. 328. 


E. R. & F. TURNER, (Y), go Mek Lowe LONDON, EC., 


WILL EXHIBIT A LARGE QUANTITY OF 


FLOUR MILLING MACHINERY, 


As well as CRUSHING MILLS, GRINDING MILLS, &c., 


AND DRIVEN BY ONE OF THEIR WELL-KNOWN 


PATENT AUTOMATIC EXPANSION PORTABLE ENGINES. ™ 


BRUSH 




































SEND FOR PRICE LISTS TO 


_ BRUSH ELECTRICAL ENGINEERING CO. 


49, Queen Victoria | Street, LONDON, E.C. 














SPECIALITIES. SPECIALITIES. 
Steam Steering Gears. TELEGRAMS : Stern Wheel Steamers. 
Hand Steering Gears. ‘‘BOW, PAISLEY.’ High Speed Launches. 
Compound Triple and Quadruple Surface Light Draft Side Wheel Steamers. 
Condensing Engines. es Screw and Paddle Tug Boats. 
Screw and Paddle Engines. On Admiralty List. Screw Steamers. 
Marine and Land Boilers, &c. Dredgers, &c. 








BOW, M&LACHLAN & CO., 


HNGINEERS, TRONFOUNDERS, 


BOILER MAKERS AND GOVERNMENT CONTRACTORS, 


Plans and Estimates ‘ Plans and Estimates 
furnished t Or S furnished 
on application. § é on application. 
798 
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SIEMENS BROTHERS & CO, Ld, 


ELECTRICAL AND TELEGRAPH ENGINEERS. 


MANUFACTURERS or 
INDIA-RUBBER, GUTTA-PERCHA, LEAD-COVERED WIRES AND CABLES FOR TELEGRAPH, TELEPHONE AND ELECTRIC LIGHT WORK. 
MATERIALS FOR LAND LINES, IRON TELEGRAPH POSTS, INSULATORS, INSTRUMENTS, BATTERIES. 


Electric Mine Exploders, Torpedoes, Torpedo Apparatus, Fire, Police and Railway 
Signals and Block Apparatus, 


DYTNA MOS AND ALTAUNRNATOBNS, 
TRANSFORMERS, LAMPS, AMMETERS, VOLTMETERS, ELECTRICAL APPARATUS OF ALL KINDS. 














CONTRACTORS FOR 
SUBMARINE OABLEIS AND LAND LiINDZDS. 


CENTRAL STATIONS FOR THE SUPPLY OF ELECTRICITY. 


HLHOTRIO RAILWAYS AND TRAMWAYS AND THH TRANSMISSION OF POWER (BY HLHOTRIOITY). 
Electric Light and Power in Mills, Factories and on Board Ship. 
SOLE MANUFACTURERS IN ENGLAND OF HELLESEN’S AND OBACH’S DRY BATTERIES. 


AGENTS FOR “SIrEMEaNS’” GLow LAMPS, 
AND MENZEL Y TUBULAR BEARINGS. 


LONDON: 12, QUEEN ANNE’S GATE, WESTMINSTER. 
GLASGOW: 261, West George St. © NEWCASTLE-ON-TYNE: 16, Victoria Bldgs., Grainger St. West. MELBOURNE: 46 & 48, Market St 


WoREs: WooriwtonH, KUN T. 
Cable Address—" SIEMENS, LONDON.” Codes—“A BC,” “A 1,” “ENGINEERING.” 








763 
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CAMERON e 4 


ESTABLISHED 1862. 





OVER 


21,000 
SOLD. 


JOHN CAMERON, 


INVENTOR AND MAKER, 


OLDFIELD ROAD IRON WORKS, 
SALFORD, 


MANCHESTER. 
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NORFOLK WORKS, SHEFFIELD. ZD: 


TELEGRAMS: “FIRTH,” SHEFFIELD; “EZRA,” LONDON. 


SPECIAL GRUCIBLE CAST STEEL 


Tools, Drills, Taps, Dine, Punches, Swords, 
Bayonets, &c. &C. 


SHEAR & SPRING 


EDGE TOOLS, 
FILES, AND 
SAWS 


non _ rr ORDNANCE, 


a.soron MARINE & ENGINEERING PURPOSES, 


In the Forged state, or Rough-Turned, Bored and Oil-Tempered. 
TIRES, AXLES, PROJECTILES, &c. 


STEEL CASTINGS ozschrrions 


LONDON OFFICE—110, Cannon Street: MR. J. E. DARBISHIRE. 


THE MANCHESTER” 


a — 


























































TRE yp 


os DANK PEARN & CO. POR 


MAN CHES TEE. 


DONKEY o» WALL PUMP. 


las pO 
NNN \ J go> CATALOGUBHS ON APPLICATION. 
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— SPECIALITY: — 


~ he ELECTRIC 
= —_— CRANES 


As made for the East and 
West India Docks. 


Southampton Harbour Board. 


HARBOUR “MAKING PLANT. 


TITANS from 10 to 100 tons. 


Concrete Mixers. Railway Plant. Turntables. 
Water Cranes. 


PUMPS. HYDRAULIC MAGHINERY. 


BOILERS, oes ENGINES. 
BAT EL, ENGLAND. 


TELEGRAMS: “STOTHERT, BATH.” 


TOTHERT ano PITT, umren. 



































ee ee ee ee ee, eee ee ee en ee Oe ee 


i JOHN BROWN & C0, limited £3 


SH HE HIE LD. 


MANUFACTURERS OF THE FOLLOWING 


‘SPECIALTIES ™ MARINE PURPOSES: 


| “HARVEY” Patent STEEL, “ELLIS” Patent STEEL FACED, ALL STEEL or IRON} 
ARMOUR Plates and Bolts. | 
|} LARGEST sizes of CRANK and STRAIGHT SHAFTING, Hydraulic Pressed, 
Solid or Hollow, Rough Machined or Finished. 


“ELLIS & EAVES” Patent SUCTION DRAUGHT COMBINATION, sil 
the greatest amount of Evaporation combined with Economy and Comfort. } 


“PURVES” Patent Ribted BOILER FLUES, unsurpassed for resistance to Collapse by any Present Type | 
of Flue, in any respective Thickness and Diameter, and possessing special advantages over all other types. | 


} “SERVE” Patent Ribted BOILER TUBES, giving more Steam per Pound of Fuel than any | 
other Tube or Combination. 


“VAN OLLEFEN?” Pat, Gear for Quick Lowering of Doors of WATER- TIGHT BULKHEADS. | 
} FLANGED BOILER END PLATES of the Largest Sizes, Flanged in ae 
PRESSES sm ONE Zeat. 


STEEL PROPELLER BLADES and BOSSES, well known for Ezceptional Soundness and 
Smoothness of Surface. ‘ 


—_—~wewewwewewevewweeeeCeTCeCeeeCCCeCCeeeTeTewewewewewwweerwwewwewwwrwwovwwvwrvrrvwrwrwrvwrrvrrvrrerrrrrrrrrrrrr~~* 





Seetion of Serve” Tubes. 
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LLOYD & LLOYD 


TUBE MAHERS, 


Albion Tube Works, BIRMINGHAM. 











“ALBION” LOOSE FLANGED JOINT. 


ay 








These Tubes are specially oath for use in mines, being both light and strong; Joints are easily connected, and a 
Tube can be easily removed without disturbing the run. 


ELECTRIC WELDING & HEATING BY THE IMPROVED BENARDOS SYSTEM. 
Boiler Tubes of Iron, Steel and 














icu3xuVcvcxzvtcccrcc1rcruvcd”4cccecdnn CMUMULULU A Homogeneous Metal. 
| ) Gas, Water, Stan & hand —— 
Tubes and Fittings, cor 


fg 
es 
LS 
pie eR. EE = = 
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— == eit 








| 





Illustration is from a photo- 
graph of the Paddle Steamer 











= “GUANACO.” 
ay TL all ) , 144 ft. long b.p. by 152 ft. long 
ao = E iow | TT RE 0.2.3 24ft. beam m.d. by 39 ft. 


beam 0.a.; 5 ft. 3in. depth. 
Draft Loaded, 2 ft. 6 in. 














Illustration shows Six 
70-ton Barges, for ship- 
ment in pieces, built in 
1890, lying in our yard 
ready for dismantling. 











ALLEY & MACLELLAN, E Encincers & Supeuioess, GLASCOW. 


FULL INFORMATION GIVEN ON a Ae OF APPLICATION GIVING PARTICULARS OF REQUIREMENTS. 























tl 
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COOPER & SMiT=ze’s 
— SOLU BLE— 


ANA NAW =n ©) oe 0) BY 


EOR THE PREVENTION OF 


INCRUSTATION & CORROSION IN 


STATIONARY 


w« BOILERS 


For Use in Great Britain [THE TANNATE is delivered in Steel Drums, 64 Owt. Net each. 
For Export OF SODA is packed in Crystals in 4 Cwt. Wooden Barrels. 











SOLE MANUFACTURERS : 





ASTON CHEMICAL ut. BIRMINGHAM 




























BELT PULLEYS 


of all kinds. 


ALSO 


SELF -OILING 


i) Loose Pulleys. 











SHAFTING 
COLLARS. 


BEARINGS 
of every kind. 


i) ) i , BEARINGS. 
: Self-Oiling. 


COMPLETE 

CATALOGUE 
POST FREE ON 
APPLICATION 





Illustration, without Cover. 


THRAPSTON. S Mi T ry G = AC i Cornwall Buildings, 
Telegrams: ‘Grace, Thrapston.’ m 35, Queen Victoria Street, F.C, 








WORKS: 





All sizes kept in stock by PFEIL & 00O., 145, St. John Street, CLERKENWELL, LONDON, 


[4 


l 
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THE “NON-DRIP” SHAFT BEARING 


aroneaL1’SsS PATENT... 


BES Ir seamen ee 




















SELF SELF 
LUBRICATING. SWIVELLING. 
NO DRIP CUPS NO DRIP CUPS 

REQUIRED. REQUIRED. 








SEND FOR PRICES. SEND FOR PRICES. 











SOLE MAKERS-— 


HUDSWELL,GLARKE & CO. 


a nn a nance ae LEEDS, 
LE MAKERS 


“RODGERS PULLEYS” 


(REGISTERED), 


anD LOCOMOTIVE TANK ENGINES. ° 














CLARKE, CHAPMAN & co., Ld. 


ELECTRICAL ENGINEERS, 
CONTRACTORS TO BRITISH & OTHER GOVERNMENTS 


GATESHEAD-ON-TYNE. 


MANUFACTURERS OF 


EN G N E High-speed, Single or Compound, Automatic Lubrication 
throughout, for Continuous Running. 


DY N A Mi O For Continuous or Alternating Currents, Direct Coupled 
or Belt Driven. 


ELECTRIC MOTORS, 


For Pumping, Hauling, Hodlsting, 
Ventilating, &. 


ELECTRIC LIGHT PLANTS, 


Of all descriptions. 


SEARCH LIGHT PROJECTORS, 


Specially arranged for Suez Canal 
Passage. 





















Estimates and Full Information on = _— 
Receipt of Particulars. : 


Telegraphic Adress: ‘Oyelope, Gateshead,” ——“7MPROVED ELECTRIC: PORTABLE: DIP PUMP. ws 
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Crossley’s “Otto” Gas Engines. 


Represents New Type £40 HP. 
Nominal High-Speed Electric 
Light Engine. 


GREATLY REDUCED PRICES. 











ui 














CROSSLEY BROS., Ltd. Openshaw, MANCHESTER. .. 


HATHORN, not & CO., LEEDS. 


palpioencs ee G ENGINES 











FOR FOR 
DRAINING TOWN WATER 
MINES. SUPPLY. 
| | 7 ere) 
HYDRAULIC i a a iis WATER 
MACHINERY i; | a \ a - wa it PRESSURE 
for DOCKS, &c. | = PUMPS for 


MINES. 


DOCK PUMPS. rt a i aise 


q als 
ial | i a te a 
IN he III WEEE TULA 7? D 


Se <thsdda i Zi TL ZA AVEY MOTORS. 





DRAINAGE 
PUMPS, STEAM PUMPS. 
Catalogues Registered Tele. Address ; 


on Application. Mae “HATHORN, LEEDS.” 


436 
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AT THE 


THE LARGEST EXHIBITORS Gloucester Railway Carriage 
AND 





WAGON CO., LIMITED, 
GLOVOCHSTAR, HDNGLAND. 
4. SLATER, General Manager. 


















Telegrams—“ Slater, Gloucester.” 
Short Postal Address—‘“ The Wagon Company, Gloucester.” 








SOLE MANUFACTURERS OF 


IMPERIAL INSTITUTE DURING THE LUARD & LINDGLEY’S PATENT 


INTERNATIONAL RAILWAY CONGRESS. SCREW COUPLING 


~ The “TRUSTY” OIL ENGINES. 


LARGE INCREASE IN POWERS. 
GREAT REDUCTION IN PRICE. 
IMPORTANT IMPROVEMENTS. 

















sr AnmD 364, 


Sc=ema 7.AS.E. SHOW, DARLINGTON, 


JUNE 22nd to 28th. LLY 


WEYMAN & HITCHCOCK, Lr, CHELTENHAM. 








LONDON OFFICE: 11, QUEEN <a STRERT, B.O. 


BOILER-FEEDING SPECIALTIES. 


9 FEED-WATER HEATERS. 
WR IR ‘ pirEcT-actiNa FEED PUMPS. 
COMBINATION FEED OHEOK VALVES. HYDROKINETERS OR BOILER CIRCULATORS. 


EVAPORATORS. 


Landon Oftce : G. & J. WHIR, LTD... [ pj, / 8 OE 
{, f, Billtter Buildings, Biliter Stree, & LLj/CoA THEOART, GEASGOW. — “ Hydrokineter, London.” 


THOMAS. ROBINSON & SON, 


; ELOCHD AX. Ei. LETED, 
‘i WOOD-WORKING MACHINERY, ENGINES, AND BOILERS. esa — 
HIGHEST AWARDS, PARIS, 1889: ~— PRIZE, HIGHEST AWARD, : 


bl)». THE GRAND PRIX & COLD MEDAL.! ANTWERP EXHIBITION. 


S 
y 
XY ale 


hy ~ 
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TRON & @ WE ea V U1 et To \ CT pS sere wen TUBES 
Coe Reais’ EWS & ai THE 
TUBES JO) TUBE MANUFACTURERS "WOLVERHAMPTON STAFFORDSHIRE ORWATER 














NIPPL 


UNION 


London Office: 143, CANNON STRAZEBT, 2C. ™ 


WA. STAMM, 


3, HAST INDIA AVENUE, LONDON, E.C. 


SPHCIALITY = 


GrusonwerK GUNPOWDER MAGHINERY 


COMPLETE INSTALLATIONS FOR BLASTING, 
RIFLE, AND ALL SORTS OF MILITARY POWDER MANUFACTURE. 


4 | Machines & Installations for Smokeless Powder Manufacture. 











- GOMPLEATE FPLANT FON GuUN-COTTON MAZING. 





Most of the Continental and English and Foreign Powder Factories have been supplied with these Machines, 


CATALOGUES IN ALL LANGUAGES FREE ON APPLICATION. 


ZORTING BROS.. 


ENGINEERS, 53, VICTORIA STREET, WESTMINSTER, S.W. 


— MAKERS OF — 


INJECTORS for Locomotive and Stationary Boilers. 

STEAM JET ELEVATORS and SILENT WATER HEATERS. 

STEAM JET AIR COMPRESSERS, EJECTORS, VENTILATORS, &c. 

STEAM JET UNDERGRATE BLOWERS for BOILERS & RE-HEATING FURNACES. 
STEAM TRAPS and SEPARATORS. GILLED HEATING PIPES and RADIATORS. 
EJECTOR CONDENSERS for all kinds of Steam Engines. —) 
PULSATORS (Direct-acting Steam Pumps). Patent Steam Trap. 




















Patent Injector. 





Takes Water at 140% F. 
and delivers it above Works with any pressure. Will 
boiling point. PFPRICwyzS, &o., ON mcmahon Discharge at High Level. 


















EAGLE IRONWORKS, 


NEWBURY, BERKS. 


MANUFACTURERS TO THE ADMIRALTY, 
First Prize, Royal Yacht Club, Cowes. 


PLENTY & SON, "ras 














PATHNT 


Enon Bens ely 


FOR 


SMALL STEAMERS, YACHTS, TUGS, LAUNCHES, tee CO ee 
TORPEDO BOATS, &c. a nf) 6 
Simple, High-Pressure, Compound, Surface Condensing, and - <a 


Triple-Expansion Engines always to be seen in 
progress at Works, 8820 
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TAYLOR & CHALLEN, Ltd., Engineers, BIRMINGHAM. 
PRESSES, DIHS, LATHES, &vo, FOR SHEHT METAX,. 
FACTORY STEAM ENGINES, SHAFTING, PULLEYS, &c. 


TELEGRAMS, “DERWENT, 4 emcees esol 741 


TURBINES | “EUREKA” GRAIN CLEANING MACHINERY | 


a i. nah gy Ay my For Grain Warehouses, Flour Mills, Breweries, Distilleries, &. ae, 


2 Over 160 different styles, sizes, &o., with capacities ranging frem 6 to 3600 bushels per hour. axl 


253 Sold to the Canadian 
Government. SOLE MANUFAOTUREB— 







































—— to H.M. see oe rusian, French, Indian, Egyptian and — Governments. 1190 Barska " Wheat Boourer, 


__ “litt Giant” Turbine. 











FRIED. KRUPP, Cast Steel Works, Essen-on-the-Ruhr, Germany, 


—- YO~=MAEBR OF — 
Crucible and Siemens-Martin Steel Forgings and Castings up to any weight. 

Also Cast Steel Stem, Stern and Rudder Frames; Steel Ship and Boiler Plates, Angles, Bars, &c. 
ae and Cast Steel Rolls, Pinions, Housings , &e., for Rolling Mills. Best Cast-Steel Tyres. 
rank and Straight Axles. Crossings. Foushit: -Iron and Cast-Steel Disc Wheels, &c. 
Finished Guns and Steel Shells. Also Solid Steel Armour Plates. Tool Steel of all Descriptions. 


Apply to AUGUST REICHWALD, Sole Representative for the United Kingdom, 9, New Broad Street, LONDON, B.C. 


NAPIER BROTHERS, Ltd. Works: 100, Hyde Park St., GLASGOW. 


PATENT STEAM & HAND STEERING GEAR, 


for working both the Chain Barrel and Screw Gear, 
as fitted on the Royal Mail Steam Packet Company’ s 
New Steamers “Nix” and “DanvseE.” 

















War Office, Colonial and Foreign 
Governments. 
S]UGUIUI0A04) 
UZ[eIOY PUB [eTTO[OD ‘aoqO JVM 
“AyTRaTUIPY 04} 0) yuouRUJoddy Aq szoyeNU0) 5 


875 


Contractors by Appointment to the Admiralty, 





COL 


NETTLEFOLDS LIMITED, BIRMINGHAM, 


SOLE Sal naan. OF 
WESTON'’S STORRS 


PATENT DIFFERENTIAL RATCHET BRACE—PATENT OPEN TOP SUET LUBRICATOR. 


These BRACES, which have been several years before the public, and are MUCH APPRECIATED by them, 
aay | ys, NETTLEFOLDS have lately CONSIDERABLY IMPROVED by enclosing the SOREW in a SLEEVE (A) which always 
5 rant (Jax, PROTECTS it from INJURY either from DIRT or BLOWS, This SLEEVE also acts as & GUIDE for the NUT, 
Mg | ovme |_| NYY Mak thus keeping it steady throughout the whole of its traverse, and consequently enabling the drilling to 
—\ =< be effected with PERFECT ACCURACY. 

The Surt LusricatTor has effected a saving of 70 per cent. in the cost of lubricating material used 
na Nettlefolds’ Engines, and has now been fully tested in their works on 15 Cylinders working to 750 

orse power. 

Messrs. HICK, HARGREAVES & Co. write :—“ We find the saving in excess of that stated in Messrs. 
Nettlefold & Chamberlain’s Report—viz., 70 per cent., and the cylinders to which these Lubricators have 
been applied are in beautiful condition. We shall adopt them for all our Engines.” 

By this Invention the steam is lubricated before passing to the valves, while the supply of grease 


is uniform and constant. 
SOLD BY THE UNDERMENTIONED AGENTS :— 











Eon, — 


BIRMINGHAM Wakeman, C. H., Gt. Charles St, || SHEFFIELD .. Wilkes Brothers és Co. Tasker Sons, & Oo, 
LONDON .. .. Nettlefold & Sons, NEWCASTLE-ON-TYNE Galloway & Co. 
MANCHESTER Edmondsons & Co. NOTTINGHAM .. .. — Manlove, Alliott, Fryer & Co, 
GLASGOW . W. McGeoch & Oo., Schaffer and BELFAST... —~ — .. .. Patterson, R., & Sons, 

e Budenberg. eee. Handyside & Co. Od 788 
EDINBURGH... Redpath, Brown & Co., Thos. Scott, 1 RUSSIA . .. — — . Sumner,JohnM, &OCo., Manchester. 
BRISTOL ~ — Weston, J. D., & Son. GERMANY . . . . Sohaffer & Budenburg, Manchester. 
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DORMAN, EL.ONG & CO., I”. 


19, Victoria Street, Westminster, S.W. 
STOCK YARD: NINE ELMS LANE, S.W. WORKS: MIDDLESBROUGH. 


Where Large Stock of Joists, &c., are kept and can be obtained at lowest prices, 























SECTIONS oF JOISTS, 
SECTIONS OF JOISTS. MANUFACTURERS OF i, in, 
o «in. is ~ + ea ie. . , 8x 4 x Q5Ibe, 6x dex 17 Ibe 
2. oO: Se SS eee “SIEMENS - MARTIN” 7 x 88x 18 ibe, 5 x 8 x 15 Ibe. 
18 x 7 x 75lbs, 12 x 5 x 48 7 x 33 x 15]bs. 5 x 3 x 13 Ibe, 
16 x 6 x G4lbs, 10 x 6 x 45 Ibs. : 6kx 3h x 18lbs. 48x 18x 9 lbs, 
dHEHE @ HESEIENGLISH STEEL JOISTS|f:2 i254: = 
15 x 6 x 6libs, 10 x 5 x 20lbs, 6 x 4 x 19lbs. 4§x 3 x 14 lbs, 
15 x 5 x 42lbs. 10 x 44x 31 lbs. 6x38 x 16lbs. 4 x 3 x 12 lbs, 
Scesee pf. Soa COMPOUND & PLATE GIRDERS, 6 x 3 x 13ibe. 4 x 18x 8 ibe 
18 x H x pg : . > pda ALL KINDS of STRUCTURAL IRONWORK, Sh 2 - 11 Ibs. sfx lax 6 Iba. 
12 x 6 x 44Ibs. 8 x 5 x SI Ibe, WROUGHT IRON AND STEEL COLUMNS, &e. 72 ~s P+ nah dh He wton 
Bulbs, a to 12 in.; Rounds, } in. to 7 in.; Half-Rounds, I} in. to 34 in.; Squares, 4 in. to 4 in.; Flats, | in. to 18 in.; Rails up to 30 lbs. per yard; and all sizes 
Angles, Channels, Tees, Bulb Tees, &c., for Engineering, Shipbuilding, and Wagon ‘Work. Illustrated Section Books on n._Application. 1187 











MANUFACTURED UNDER 
MANCHESTER 
STEAM USERS’ RULES 








BO j L E. a S sO ae 
LANCASHIRE, CORNISH AND VERTICAL. N\ ETTINGSHALL, 


BOILERS FOR ALL PRESSURES. — 
AIR RECEIVERS. 71 "\ . 3 
CYLINDERS, eee ma a 
ALL : Nae LAM Fr > 
PLATE EDGES PLANED 5 mo See YS 
= ENDS TURNED AND ALL WORK DONE a. (a), aN 
y BY SPECIAL MACHINERY OF THE eed: (| 20 ar ede 


MOST MODERN CONSTRUCTION. 


ites LONDON OFFICE : 590 


_ list __ kB] B. POWNALL & SON, 73, IN, 73, Queen Vict Victoria Street, i, ——— 


VICKERS, SONS & CO., LIMITED, SHE SHEFFIELD. 


humatiin Office, 28, Victoria Street, Westminster, 8.0. 
TOOL STHAL OF ALL DHSORIFPTIONS. 


BEST CAST STEEL TYRES, CRANK & STRAIGHT AXLES. 
MARINE CRANK & STRAIGHT SHAFTING & PROPELLERS. 


SOLID CAST STEEL CROSSINGS, BELLS AND HEAVY STEEL CASTINGS. 
OONTRACTORS TO THE BRITISH GOVERNMENT FOR 


FINISHED GUNS, GUN FORGINGS, STEEL SHELLS. 
SOLID STEEL ARMOUR PLATES. 


HOWELL & CO., LT). :jgey eer “a 


SEEHEEIELD. ay ce 

























































HOWELL’S PATENT 






Full size, 





STERL, IRON AND OTHER METAL FLANGES Tcomsaal 
NO WELDING. NO BRAZING. poten 


4 a. | 


NO SCREWING. : 
i i¢- ceccccereneescsesces 2 & INCHES -o-+srreeeeeenneneees : 


SOLID FLANGED TUBES. ©"! 22" { 


1228 
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JOHN FOWLER & CO. (Leeds), Lal, Engineers, Leeds 





LOMBARD STREET, 


LONDON, E.C. 









































= = 


STEAM CULTIVATING TAC 


ble and Si 


KLES on the Dou ngle Engine System, for every class of Crop. 








Pinlieilil 


ry 


Hh 


=a FO ac® 
eens (LinaiTED) Lee! 





























’ AGRICULTURAL ENGINES adapted for Thrashing, Hauling, Pumping, Chaff Cutting and General Farm Work. ”” 
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W. H. BAILEY & CO., L*” 


Manufacturers of every description of Steam & Water Fittings, Boiler Mountings, Engine Mountings, 


&e., including Valves and Cocks of every class, Pressure Gauges, Fusible Plugs, Fire Brigade Fittings, Lubricators of immense variety, 
Low Water Alarms, Injectors, Steam Roarers, Steam Traps, Steam Pumps for Boiler Feeding, Steam Kettles, &c., &c. 


0444444644644 4646444444444 44444444 4444444444444 44444 4b 4 OO he be bleh ttl tte ttt ter tertile ltr tr tr Lr 




















NO RUBBER DIAPHRACMS. oe il a 


As Supplied to the Admiralty and War Departments. 
Made in all sizes from 4 in. up to 14 in. 







mm 
Ty 


. m 


‘ey 
won | 
ne | 


z No. 1116 K. <a ~@ ” 
No. 1116 H. (All Gun-Metal), No. 1116 G. No, 1116 F, No, 1116 B. 
All gun-metal), | Made also with iron body (1118 ©). (All gun-metal). (All gun-metal). (Iron body and gun-metal wearing parte). 


ANY FLUCTUATIONS OF THE INITIAL PRESSURE DO NOT AFFEOT THE PRESSURE ON THE REDUCED SIDE. 
Many Thousands in use at all the large Steel Works, Collieries, Bleach Works, and Textile Manufactories. 


BATU © Ss STEAM AND VACUUM GAUGES, 
GYROMETER (Tachometer) MERCURIAL GAUGES. 
Or “Sight” Speed Indicator. SPEED INDICATORS, 


AS SUPPLIED TO 
THE ADMIRALTY FOR DYNAMO WINDING INDICATORS. 




























ENGINES, &c. RECORDERS FOR STEAM, WATER, & BLAST 
TO THE PRINCIPAL ELECTRICAL PRESSURES. 
ENGINEERS, 






PYROMETERS. TESTING MACHINES. 









Also Made with Recording Clock. 


Tells at a glance, and without the least calculation or reference to a watch, the exact 
speed at which the Engine is running. Price 160s. 


SEND FOR LIST OF BAILEY’S USEFUL INVENTIONS FOR USERS OF STEAM POWER 


(1893 HDITION), POST FRE. 














SAFETY VALVES FOR ALL KINDS OF BOILERS. 



















BAILHY'S BAILEY'S 


TURNSTILES 


WERE USED AT 


The ‘‘Inventories,” the 
Manchester Royal Jubilee 
(1887), the Glasgow (1888), 
Edinburgh (1890), and Paris 

(1889) Exhibitions { 
to admit Millions of Visitors. © 














THE “*MCCRACKEN” PATENT STEAM TRAP. 


For draining condensation water from 
Steam Pipes, Oylinders, &. 


CERTAIN IN ACTION. 
SIMPLE IN CONSTRUCTION. 
OCCUPIES LITTLE SPACE. 

















7 TURNSTILES 


ARE USED BY MANY 
Football, ee and Cricket 
u 


S5 
Race Course, Railway, Pier, &c., 
Companies ; 
Public Museums, Art Galleries, 
Pleasure Gardens, Baths, &c., &e. 


THROUGHOUT THE UNITED KINGDOM 
ALSO AT 


7 The Zoological Gardens, Amster- 
- dam, the Citadel Armoury, Malta. 
















TaH GRETHER 


PaTENT “GRIP-LOCK” HOSE COUPLING. 


The only Hose Coupling in the market with sorH mNDS ALIER. 


ANY Instantly Locked or Unlocked. OVER 10,CO00 sus IN USE. 
Peto Sn pahergir log nat When fixed the water pressure assists in keeping the joint perfect. Gives a true indication of the 
“ practically a new trap—when worn. It can Made in the Usual Sises. height of the water in boiler. 
a. ena FIRE VALVE, STAND PIPES, HAND PIPES, &c., Asbeaten SOW. S encdion’ quailty, and 
in price. 
MADE WITH THIS COUPLING TO ORDER. Packed. 












2 BAILEY’S 

‘” ASBESTOS-PACKED” 
WATER GAUGE. 
Strong, — well 


For Asbestos ed Oocks, 
bar and nd nla po 









PP 
® “SCAVENGER” WATER GAUGE 





















TELEGRAMS : 


“BeaooN, saLronD.” ALBION WORKS, SALFORD, MANCHESTER, tion Teernone no. 991. 











Just Published, Price Six § 
Demy 4to, Boun rey 





Post Free. 


“BAILEY’S PUMPS AND HYDRAULIO MAOHINERY,” 380 pages, 
Cloth. Probably the most complete Oatalogue of its kind in existence. 72 
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Tame Mees: EMITH BROTHERS & CO., suman ww 


‘‘ PLANER, GLASGOW.” 
KINGSTON ENGINE WORKS, GLASGOW, 


Makers of all kinds of Shipbuilders’ and Boilermakers’ Machinery, 


Eccentric and Lever Punching and Shearing Machines, Beam Bending and Horizontal Punching Machines, 
PATENT ADJUSTABLE Z IRON AND ANGLE IRON CUTTING MACHINES, 


Plate Bending Rolls, Plate Flattening Machines, Cold Iron Saws, Boiler Shell Drilling Machines, Plate Edge Planing 
Machines, Hydraulic Garboard 8trake Flanging Machines, Hydraulic Rivetting Machines, 
Pumps and Accumulators. 

















VERTICAL PLATE BENDING ROLLS HORIZONTAL PLATE BENDING ROLLS. 


STERN WHEEL STEAMERS, 


BY YVARROW & CO., LONDON. 


=— —— = 
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‘“‘INEZ CLARKE,” I60 ft. by 28 ft.; speed, 15 miles an hour; draught, 16 in. “STEPHENSON CLARKE,” II6 ft. by 24 ft.; speed, 13 miles; draught, I3 in. 
These vessels have been successfully running on the Magdelena over [4 years, and are still in thoroughly efficient condition. 


Stern Wheel Steamers have been found by experience to be the best _ of vessel for shallow river navigation, and of these, Messrs. YARROW have constructed 
a large number of successful examples for all parts of the world. ey build them varying in length from 60 ft. to 200 ft., and in draft from 6 in. to I8 in. 


<rEH HNGINEERING THLEGRAPH CODE” USED. 1060 


HULSE & CO., 


Ordsal and Regent Works, 


MANCHESTER. 


MACHINE TOOLS 


For Marine, Ordnance, Railway, and other 
Engineering Work. 











MILLING CUTTER AND TWIST DRILL 
« GRINDING MACHINES. 


SPECIAL MACHINES 
For Drilling, Screwing and Tapping 


WATER-TUBE BOILERS. 








Horizontal, Vertical and 





PATENT TWIN-SGREW LATHES 
For Heavy Cutting In Steel. 
PATENT MILLING MACHINES, 


London Engineer: G, GLASS HOOPER, 20, Bucklersbury, £.C. 
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SELF-ACTING INJ ECTORS. 


GRESHAM'S PATENT. 



















































an? 


a 
A large Stock of these and every other pattern of Injector tir. , 
ALWAYS READY FOR IMMEDIATE DELIVERY. b : 
SUITABLE FOR ALL CLASSES OF BOILERS.?:\ 
CIRCULARS AND ALL INFORMATION ON APPLIOATION. + 
AL. SAORE,€0, Que Vc 8, SSNOAREL, Dg 
3 


GRESHAM & CRAVEN, Ltd. 
CRAVEN IRONWORKS, ORDSALL LANE, MANCHESTER. 


(zLEGRAPHIO AppREss: ‘* BRAKE, MANCHESTER.” 668 

















ALL GLASSES OF ENGINES AND BOILERS 


FOR ELECTRIO LIGHT INSTALLATIONS. 


HIGH-SPEED ENGINES. 


FOR DRIVING DIRHOT OR BY BHLT. 


Throttle Valve or Patent Automatic “Shaft” Governor, 


| 7 ENGINES AND DYNAMOS COMBINED AND TESTED 
sox IPSWICH; *“v"™ LONDON. 


= Telegrams: “RANSOMES, IPSWICH”; and “ANGLIA, LONDON.’ “= 


JOERNM FuUrLLiIs « SOmNm 


ST. ANN’S LEATHER WORKS, GLASGOW. 


PATENTEES AND SOLE MAKERS OF ORANGE TAN AND GNU HIDE BELTING. 













































. = 
6 oa 
Oo ui ORIGINAL MAKERS OF OCOTTON CANVAS BELTING, and of LLAMA HAIR BELTING. ” Cam 
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o ol OLD "STYLE. NEW PATENT. O= 
be A Flat Chain Belt (as above illustration) on a rounded pulley never works well, only of the Belt A Flexible age py Chain Belt, Arched on one or both sides (as above illustration), takes aperfec) " pra 
@ ey contact. The loss of power from slip is great. The rivets get strained and broken. grip of a rounded pulley, without straining the rivete or loss of power from slip. = 


s—————- LEATHER LINK CHAIN BELTING, ARCHED TO SUIT THE ROUND OF ANY PULLEY, IS THE BEST POWER-TRANSMITTING BELT IN THE MARKET, ——— 
TMlustrated Price Lists on Application. 


MANCHESTER—Mr. JAMES SCOTT, 5, Blackfriars S 
WAREHOUSES = reverses sm Warehouse: Mr. F. B. DUFF, 5, Laurence Pountney Hill, E.0. BIRMINGHAM cMr, DAVID WINDRAML, 1) Cocoa 
Consumers’ do. Mr. A. W. THOMSON, 22, St. Mary Axe, E.C. LEEDS—Mr. CHARLES BEST, 12, Mill Hill. 


MANUFACTURERS OF SEPHOLTAL CANVAS GuUTTA-BALATA BELTING. 0833 
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LOCOMOTIVES 






















Of all Sizes & Gauges, for Main & Branch Lines, Contractors, Collieries, Ironworks, &c, 
PHOTOGRAPHS, SPECIFICATIONS, AND PRICES ON APPLICATION. 


PECKETT & SONS, 


ATLAS LOCOMOTIVE WORKS, BRISTOL. : 


Telegraphic Address: “PECKETT, BRISTOL.” Locomotives always in Stock with Cylinders from 40 (to 6n ce, 4 and 6 whens coupled, ready fo imme le. 


PLANTS PLANTS 




















js FOR 

Lapwelded COLD DRAWN 
TUBES. » » Seamless... 

Buttwelded TUBES. 


pecdvtons SAMUEL ATT. eo - ; = . T 1 Nt “" BRASS TUBES. 


TUBES. _WEDNESBURY. ERT 


etiam card. Gibbins & Co, 


BERKLEY STREET, BIRMINGHAM, as 

















MAKERS OF PORTABLE AND MIXED 


‘STEAM & WAND GRANES, wal tu 


WITH ROLLED STEEL SEAMS. Derrick, Foundry, Overhead Travelling and Warehouse CRANES, 


[ i } i ORAB WINCHES, LIFTING JACKS, HAND PILE DRIVERS, 
MAUDSLAY, SONS & 1 FIELD, Engineers, LAMBETH, 


‘Inlet MANUFACTURE ALL TYPES OF AUXILIARY MACHINERY. 
I 


—= yh An As Illustrated in otherNumbers of ‘‘ ENGINEERING.” 









































THEIR 


FEED-WATER HEATERS, EVAPORATORS, 


AND 


DISTILLER S 


(ON HENNEBERG’S SYSTEM, PATENT) 
Are designed and constructed to meet all 


requirements, and are suitable for all 
conditions of working. 














FEED-WATER HEATERS. —Suitable for all pressures. Make a most 
substantial increase in ope of Feed Water, the sudden rise in temperature 
releasing all the air and oily matter passing from the Feed Pump to the Boiler, 
and discharging the scum waste. The ce 5 seg is light and handy, built of 
cast-iron ehell for low pressures, and wro ron for hig er. All joints 
metallic, eteenel cylinder and heating pipes of copper. eaters dealing with 
3892 tons per hour are now in daily use. 

DISTILLING PLANT.—For the uction of sweet water for drinking, 
cooking and washing pu! , where such is not obtainable, and by which system 
a water which fully equals the best spring water is manufactured from salt sea 
water. The plant se of Ev — with Automatic Feed Apparatus, - 
Condenser and Cooler, with Filter and Pump, with Distribution Valve. Is compact, 
and in every way most serviceable. Simpler he ga constructed for land purposes, 
and where steam from boilers cannot be ob 


EVAPORATORS.— Constructed of sizes capable of cating with water 
varying in amount from 2 tons to 30 tons per 24 hours. The design has been 
eS on fullest consideration being given to the most importan nt pints, viz. : 

— efficiency gained by using steam at boiler Ba poe and obtaining atmo- 
spherie pressure at exhaust of heating coil ; elli I section of heating coil and 
ssremgenent of fitting afford a continuous self-c! — movement in the coils, 
Can be worked either under pressure or vacuum, the large area of steam space 
obviating any _— action ; the coils can be speedily removed ; all connections 
are metallic; the whole apparatus is of light weight, and the larger sizes will be 
—— in every way easily dled. Evaporators supplying in all 296 tons are in 
ly use. 












































Write for full Partiowlars. Estimates and Illustrations given free 


om the Makers— 


MAUDSLAY, SONS & FIELD, Ltd. 
Lambeth, LONDON. 


AGENTS.—GLASGOW : 101, St. Vincent St. NEWCASTLE: 
1, Queen St., Quayside. LIVERPOOL: 14, Water St. 
HULL : Commercial Chambers. 1082 









Condensed 
Water Outlet 
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Established 1831. | Annual Capacity 300. ROGERS LOCOMOTIVE CoO 
a 
oe) ae OF PATERSON, NEW JERSEY, 
BUILDERS OF 


LOCOMOTIVE ENGINES OF ALL GAUGES, 


AND FOR EVERY VARIETY OF SERVICE. onitin 


PATERSON, NEW JERSEY, UNITED STATES OF AMERICA. 
rene eet Capacity tO’: BALDWIN LOCOMOTIVE WORKS, Puitavevpnia, U.S.A. 


BURNHAM, WILLIAMS & CO., PROPRINTORS, 























BUILDERS OF 


SINGLE-EXPANSION AND COMPOUND LOCOMOTIVES, 


Adapted to every variety of service, and built accurately to standard gauges and templates. Like parts of different engines 
of same class perfectly interchangeable. 


Rack Rail Locomotives, Electric Locomotives, Compressed Air Locomotives, 


MINE LOCOMOTIVES, NARROW GAUGE LOCOMOTIVES, 8TEAM 8TREET CAR8, de, 
AZILE WORE: THOROUGHE-LY Gv EID. 


Cable Address; ‘‘ BALDWIN, PHILADELPHIA ;” “‘ RODADURA, LONDON.” 1114 


London Office: Dashwood House, 9, New Broad Street. 




















| 
| 














Se 
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MANNING. WARDLE & CO., 


BOL N Ei amr WORE SS, LEEDS, 04 1488 
Makers of Locomotive Engines for any width of gauge, and for all purposes. Materials and workmanship or the best quality. Tank Engines up to 15 in. Cylinders, on four or six wheels, always in stock or in progress. 
Makers of Robbins’ Patent Driving Axleboxes, Specifications, Photos,, and Prices on application, and Special Designs sent on receipt of particulars of requirements. The “ABO” and “The Engineering Telegraph Codes” used. 


THE PRESERVATION OF BOILERS. 
LIT eEOoOLAINtEi 


Prevents Incrustation, Internal Corrosion, and Wasting, reduces ‘‘ Wear and Tear” and Cost of Bopaire toa 
minimum, and indefinitely prolongs the livesof Boilers. See Articles in Enemrasnine, July 11, 1884, and Jan. 7, 1887. 





























Photo of Scale } in. thick, PREVIOUSLY IMPOSSIBLE TO REMOVE, loosened by action of Canemee and oo 
from cross-water tubes and shell bottom of a boiler by Galloways Ltd., Mancheste: Analyses Free. 
Recommended by Leading Engineers, Boiler Insurance Cos., and Boller Makers. 


— eo Telegrame—' Constant, Manchester." Telephone (National) No. 1887. 524 
=— : aut r. THEE LITHOLINE CO,., 32, Victoria Street, MANCHESTER. 


MATTHEW PAUL & CO. 


MAEKHRS OF 


f ANS a ENGINES for Forced Draught & Ventilating. 
ENGINES & BOILERS for Launches & Yachts. 

ENGINES & BOILERS for Electric Lighting, up to 1000 I.HP, 
MARINE & LAND ENGINES & BOILERS or au sons 
AUXILIARY & CENTRIFUGAL PUMPS & CONDENSERS. 


BUILDERS OF 


LUNCHES & YAGHTS, sya ut 


Om ADMIRALTY LIST. 


LEVENFoRD Works, DUMBARTON 
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THE CLAY CROSS CO,., 


Manufacturers of PIG IRON, GAS AND WATER PIPES, TANKS, COLUMNS, STANOHIONS, AND OASTINGS? 
FOR GAS, WATER, AND SEWERAGE WO COLLIEBIES, ENGINES, PUMPS, &c. 


WOoREsS: OLATYT OHROSS, NEBAH OES TEHBREIEIL.D. 


THLEGRAMS: “JACESON, OLAY CROS8S? SS 
LONDON OFEIOCE: 12, BURWOOD PLACH, Ww. 794 


JAMES FAIRLEY & SONS Scr cccc™ 
General unto itt inuisettenge ~ - " | QOL STEELS 


FAIRLEY’S SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds, 


considered to be the HARDEST and dete ed Steel made (altho the Chea ~~ yt in the Market Small samples free to a: 
Nore. SAMES FAIRLEY & SONS’ WORKS (Bramall Lan SUEY FIE fFIELD, ba St. Forge Mills, BERMIN NGHAM) ane merely Bran Seeeeh Deneetinents, and 


ear All Communications should be ec to the Head Ofices—OLD MINT, SHADWELL STREET, BIRMINGHAM. 1140 


THE KILBOURN PATENT REFRIGERATOR CO., LIMITED, 


—— MANUFACTURERS OF -—— 


ICE-MAKING AND REFRIGERATING MACHINES 


ON THE AMMOWIA OOMPRESSION SYSTEM BY BRINE OIROULATION OR DIRECT EXPANSION. 


For Ice Factories, Steam and Sailing Ships, Abattoirs, and Cold Storages, Bacon Curing Houses, Butter Dairies, Creameries yy 
Cheese Factories, Breweries, Paraffin Oil and Candle Works, Steam Trawlers and Fish Carriers, &c. 


Office & Works: 23, Dublin Street, LIVERPOOL. 


THE BLAKE & KNOWLES STEAM PUMP WORKS, LIMITED 


EFFICIENT—DURABLE—ECONOMICAL—WARRANTED. 
1147. QUNBEBN VICTORIA STREET, LONDON, B.C. 
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Vertical and Horizontal _— Vacuum a COsttiéws EIS, 
Boiler Feed... i . MIGVBUOl( «css = 
Bilge ... — rei aps Bes Power ... aes a as a 
Fire... aes ~ ‘i a Distillery... ea ‘o “5 
Wrecking ... bee a eS Crank and 
Duplex i ae a Fiy-wheel a 
Brewers’ esi. ubes Deep Well ..  «.. s. ” 
Sugar House os oes es Sewage Spee mer - 
Plantation ... sis - e Exhauster ... aa = ‘ 
Locomotive... ose we » Air Compressor ... ase ne 
Hydraulic sesil | e Combined eg 

Pressure id and Vacuum ef 











COMBINED AIR and CIRCULATING PUMPS of Minimum Weight and‘Space. INDEPENDENT MARINE AIR PUMPS of an Improved Construction and Efficiency. 
HIGHEST DUTY WATER WORKS PUMPS, New Designs, Compound Duplex, Fly-wheel Automatic, &. MINING PUMPS for all Conditions, Vertical and Horizontal, &., &c. 


a pict & 
S ' N oi Ep Jj ‘ 
"OWD rez <&-.- OF 
SSCA [Sd > al <l A. 























osep vans Sons\ folverhampton 
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AMERICAN MILLING MACHINES. 


ENGLISH AGENTS FOR : 
BROWN & SHARPE. 
BRAINARD. 
CINCINNATI. 

PRATT & WHITNEY. 
BECKER verticat). 
WARNER & SWASEY 


(VERTICAL). 

















MILLING CUTTERS. 
GEAR CUTTERS. 
DRILL CUTTERS. 
ANGULAR MILLS. 
END MILLS. 
SLITTING SAWS. 
ALWAYS IN STOCK. 





UNIVERSAL CUTTER GRINDERS 


(Walker, Brown & Sharpe, Cincinnati, &c.) 


NEW CATALOGUE JUST ISSUED 


Embracing the above and other New Tools. 


LONDON 21, Cross Street, Finsbury, E.C. 
BIRMINGHAM 6, Albert Street. “ 


CHARLES CHURCHILL & C0.,Ld. 








GRIFFIN MILL 


THE PERFECT PULVERISER! 


THOROUGHLY TESTED and 
proved to be the most succesful machine 
ever made for PULVERIZING all re- 
fractory substances, suchasQUARTZ, 
ORES of all kinds, PHOSPHATE 
ROCK, CARBON, FOUNDRY 
FACINGS, PLUMBAGO, PORT- 
LAND and ROCK CEMENTS, &c. 

Oomplete within itself. 


Delivers a finished product. 
auxiliary apparatus required. 








No 


First-class mechanical construction 
in every detail. 
Automatic feeder with each mill. 


(PERS 
a : | 


Capacity from 14 to 3 tons per 
hour, to 60 mesh or finer. 


MANUFACTURED BY THE 


BRADLEY PULVERISER CO,, 


BosTrown, -S.A. 
Descriptive Circulars and full information furnished on application to 
Agents for the United Kingdom— 
WYLLIE AND GORDON, for the Chemical Manure Trade. 
Or W. E. TAIT (Manager), for all other Trades, 
At their Offices—34, CLEMENT'S LANE, LOMBARD STREET, LONDON. 








1080 








THE DRUM PUMP 


For Water, Semi-Fluids, &c. 





A TESTIMONIAL THAT SPEAKS FOR ITSELF. 
“We ber you herewith order for Six Drum Pumps same as last supplied, at the prices quoted in yours 


of 10th in 
** 16th November, 1894. & CO.” 


This Firm has had se Dram Pumps previously, some over two years. 


DRUM ENGINEERING Go. 











MECHAN & SONS, 


NEPTUNE WORKS, GLASGOW. 











Triple Automatic Reply 


TELEGRAPH 


For Steamships. Patent No, 3641. 





The attention of Shipowners, Shipbuilders and Engineers, is drawn 


to the above, having been designed to meet a long-felt necessity, 
and as being the most reliable Telegraph in the Market. 











55, ATHOL ROAD, BRADFORD. ™ 





PRICES, ILLUSTRATIONS AND PARTICULARS ON APPLICATION. 


LONDON: NEWCASTLE-ON-TYNE: 
97, QUEEN VICTORIA STREET, E.C. 94, SIDE. 
LIVERPOOL: 11, DRURY LANE, es 
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Send for Ilnstrated Catalogue, No. 23, of 
JOnMNMW BLAH =zi’sS 
PATENT SELF-ACTING 


HYDRAULIC RAMS 


Containing hundreds of names of users 
and many testimonials. Made in sizes 
to raise from 800 to 400,000 gallons 
day. These rame will lift a part of the 
same water that works them, or they 
can be worked by 
a stream of dirty 
water whilst pump- 
ing up pure water 
from a well or 
spring. 

This block is en- 
graved from photo 
of ram which lifts 
250,000 gallons 
per day, and works 
without any metal 
in motion, 








TESTIMONIAL FOR “A” RAM. 


From the RIGHT HON. THE EARL OF HARROWBY, 44, 
Grosvenor Square, London. 


z, February 21st, 1893. 
I have pleasure in stating that the two paenviis Rams 
which you supplied and fixed for me last autumn, at Sandon, 


have proved so far most successful, and that the wor ives every 
promise of durability, while the economy, ether with the 
former much smaller and intermittent supply by steam-pump, 
will be considerable. 

With a fall of about 14 feet from a previously existing mill- 
pool, the Rams supply reservoirs 168 feet above the brook whence 
the water is forced, through pipes 1} miles in length. They sent 
up, as long as I required it, about gallons per day. I now 
generally work the two Rams alter: nately (for a fortnight or so 
——, but can at any time work the two together, if the full 
supply of 41,000 oulites should be needed. 

‘The business of this somewhat complicated water-supply was 
conducted by you with singular promptness and punctuality ; and 
no local difficulties arose in the execution of the work, owing to 
the excellent and efficient men whom you sent from your works 
at Accringtou.—I am, Sir, your very obedient Servant, 

HARROWBY. 


TESTIMONIAL FOR “B” RAM. 
From T. FERNYHOUGH, Esq., Agent to the RIGHT HON. 
LORD HINDLIP, Bradley, Ashbourne, Derby. 

Dak Sir, March 17th, 1894. 
Referring to the two Patent ‘‘B” Rams you started six 
months ago ~4 aa ees Hon. Lorp Hiypuip on the Alsop- 
en-le-Dale Estate, Iam glad to congratulate you on the success 
of your attempt a ‘sales the necessary supply of water under 
conditions so difficult, the height to raise the water being more 
than 63 times that of the working fall. The Rams 
are worked by water from the River Dove, with thesmall working 
fall of 8 3 im., and issuing from the rocky bank close by 
is a copious stream of pure spring water, gallons per day 
of which the Rams force to a reservoir three- -quarters of a mile 
distant, and at the extraordinary height of 532% ft. above the 
Hams. The water is then gravitated from the reservoir to the 
several farms aud houses on the estate, giving an ample supply to 
each, and still leaving a guod overflow at the reservoir, 1154 
Iam glad to add that the Rams lift more water than you 
promised, and seem to work with great ease and smoothness, 
notwithstanding the great elevation they force to.—Yours faith- 

fully, T. FERNYHOUGH. 


JOHM BLAKE, 1.c02,5t3iatiae 








JOHN BELLAMY, 


Engineer and Boiler Maker, 
MILLWALL, LONDON. 


Telegraphic Address: ‘‘ Bellamy, London.” 
Telephone No. 5157. 





High-Clss BOILERS of all types. 





§, SMITH & SON'S NON-MAGNETISABLE WATCHES 


The KEW tests were instituted in 1884, and we then gained the PREMIER POSITION. We have been mentioned in the 
BLUE BOOKS of each successive year, and in 1894 we again take HIGHEST HONOURS, 


The Testing of our Watches by the ADMIRALTY. 


By the kind permission of Capt. Wharton, the Hydrographer of the Admiralty, we sent two of 
our special Non-Magnetisable Watches to be tested as to their Non-Magnetisable qualities : No. 02194 
for the Admiralty “‘Deck” Watch, Class “‘ A,” and No. 13131 for the Class “ B.” 


We have great pleasure in giving the Hydrographer’s Reporte ;— 
HypRocRAPHIC DEPARTMENT, ADMIRALTY, LoxDoyN, 8.W., 19th May, 1804. 
S1r,—I have much pleasure in returning you the two Non-Magnetisable Watches which you were good enough to send for my 
inspection. They have successfully passed through a severe test in close —— toa powerful dynamo, and I believethe Astronomer 
Royal is in correspondence with you on the subject. am, Sir, your obedient Servant, 
Messrs. 8. Santa & Son, 9, Strand, W.C. W. H. WHARTON, Hydrographer, 











A Copy of our New Work upon Watches, 141 pages, 320 Illustrations, will be sent 

Post free upon application. OUR NEW SYSTEM is explained therein, the advantage 

being that EVERY WATCH being NUMBERED according to the Catalogue, purchasers 
can be CERTAIN that they have the RIGHT WATCH. 


PRIZE MEDAL, ELECTRICAL EXHIBITION, 1892, FOR NON-MAGNETISABLE CHRONOGRAPHS, 





S.SMITHESON 


Keyless Compensated Keyless Compensated Finest Quality English 
OTE ? " Seo iy Chronographs. pond Kew Certificated, 
, Steel Cases, £2 2 swam £815t0£1010 ...... Silver, £10 10 0 to £12 a. comm £21 Oto £25 
Silver, 22 2to £315 ...... £3 15to £1010 ...... Gold, £25 Oto £35 0 ...... 230 0 to = 
Gold, £9 9 to £12 12 £12 12to £25 0 1156 





Nickel Chronographs, 21s. each, Keyless. Ladies’ & Gents.’ Steel or Nickel Oase Watches, from 12s. 6d., Keyless, 


OLD WATCHES AND JEWELRY TAKEN IN EXCHANGE. 
WATCHMAKERS TO THE ADMIRALTY, 


JEWELLERS AND SILVERSMITHS, 9, STRAND 9 W. C. 


Buy ANTI-FRICTION METALS direct 


Our No. 143 Silver Split Seconds, £10 40s. 














from the nenivate, and save 25 to 50 per cent. 
Any Anti-friction Metal made to correspond sample. No Charge for Analysis, Any quantity of Metal required for tests will not be charged for. 
WRITE FOR PRICE LISTS, ILLUSTRATED CATALOGUE, TESTIMONIALS, TESTS, &c. 934 


THE TANDEM SMELTING SYNDICATE, LTD., 


Telegraphic Address: “ ANALYZING.” JUBILEE BUILDINGS, QUEEN VICTORIA STREET, LONDON, E.C. 


a won-paessure SFLF-GLEANSING FILTERS. 


No 4 S Fitters 

















UNFILTERED: | MAIN 
as 





Plant as fixed at Crewe, dealing with 50,000 gallons of Water per hour. 
4% This Plant was started March, 1889, and is giving every satisfaction. Wh 
Leicester, 30,000 Gallons per hour. Bedlington Local Board, 40,000 gallons per hour. 
Smaller Plants at Colwyn Bay Local Board, fixed in 1884, & Carnforth & District Water Works Co.,Ld., fixed in 1893, 


BOTH THESE PLANTS ARE DEALING WITH ABOUT 10,000 GALLONS PER HOUR. 


°C RAAB AABABABABBABABZABABBAAZAABALA 


J. HALLIDAY & CO., water'st, ashiey vane, MANCHESTER, 


ENGINEERS AND FILTER MANUFACTURERS, 


MAKERS OF arent | SELF-CLEANSING es a i TO TH 100 000 
ALLONS OF WATER PER DAY. meprdicss wnmagia 


=ND VIEW 








Tanks, Clsterns, Cylinders, &o. ' 


Low-Pressure or Gravitation Filters on Improved Prineiples, also Water Softener. 
ESTIMATES FREE. | Telegraphic Addrese—“ Fisrans, Mancusstgr.” | BSTABLISHED 1870. 980 
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led BOIL BY STEAM 


STEEL & IRON FORCINGS 22)" 


UP TO ANY WHIGEHT. Boiled Quickly, Ees. 


nomically & Silently, 











mee 


ON ADMIRALTY LIST. 





Hollow Shafting Finished 
in Patent Machine for 7 


LIST OF PRICES. f : 

DENNYSTOWN FORGE GO. Su! 

"- . 2 8 4in.plpe 

“ FORGE, DUMBARTON. " D U RA B A RTO N., 100 ——— N : 
EXCEPTIONALLY QUICK DELIVERY GIVEN . | 

FOR FINISHED CRANK SHAFTS. 12 





simultaneously. 


This Orank was finished in 
18 days 


v8 
Weight of Steel Ingots used 
33 tons Oowt- 0 qr. 
Pinished weight, 
11 tons 6 owt, 1 qr. 
Dia, of Journals and Pin, 183 in. 
» Holethrough Body, 94 in. 
» Hole through Pin, 8 in. 












CARRICK & WARDALE, 


GATESHEAD. 


IMPROVED COMPOUND INDEPENDENT AIR PUMPS AND CONDENSER 


SUITABLE FOR MARINE AND STATIONARY ENGINES. 





















Fly-Wheel, Direct -Acting, 


Duplex, 
COMBINED AIR Vertical and Horizontal, 
—_ Slide Valve, 
Feed, Bilge and Ballast 
CIRCULATING ’ PUMPS 
or Marine and all 
PUMPS. Purposes, (STEAM TRAPS 








PICKING, HOPKINS & CC & CO.'S PI PATENT TRAPS 


Forltaking the water of condensed Extraordinary 
Steam from Pipes, a —— » |Result by use 


7) ot these Traps. 












Heaters, &c., &., are 1 kno 

as be: the’ very best = the sietes 
pose. ey are per- ———————_ 
fectly automatic,— Xe 
require no atten- \ 
tion, and keep the \\ 
pipes free from 
water. 





WINDMILLS. 


For Water Supply, Pumping, Grinding, &e. 





PICKING, HOPKINS, & CO., 


a ARNOLD WORK Bow, io NDON. 60 
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PERFORATED METALS 


OF EVERY DESCRIPTION 


FOR COLLIERY AND ENGINEERS 
REQUIREMENTS. 


ARTISTIC METAL NAME PLATES. 
W. BARNS & SON, 


PERFORATING WORKS, 750 


CHALTON ST., LONDON, N.W. 


MICDOUGALIL’S PATINT 


HIGH PRESSURE STEAM TRAP 


And COMBINED STEAM DRYER & DIRT SEPARATOR. 


To prevent the 
m= { waste of steam, and 
| a sure safeguard 
| against accidents 
4 from priming. 
OBTAINED THE 
HIGHEST AWARDS. 


SOLE MAKERS 


W. 3B. HAIGH & CO., Ltd., Globe Ironworks, OLDHAM. 


Telegram: ‘ Haigh, Oldham.” SEND FOR CATALOGUE M. Telephone, 146, 1170 

















SPIRAL CHUCK 


(Self-centring). 





“CLIMAX” LATHE CARRIER, 


Charles Taylor, 


Bartholomew Street, 


BIRMINGHAM 


Send for Price List. 






eo 


MACHINE VICE, 11s 


HARTLEY & SUGDEN, 


LIMITED, 
HALIFAX, 


MAKERS OF 


RIVETED VERTICAL 
STEAM BOILERS 


For Motor and Heating Purposes. 
" 














Phd 


WELDED BOILERS 


FOR 


Low-pressure, Hot Water & Steam Heating. 


Contractors to the Admiralty, and Her 













Siemen’s Martin 
incoT STEEL Webs 
ofbestforgediron. -*-% 
ShaftsuptolSinches ~ 
diameter COMPLETED Gee <a 
«n 70 HOURS from the receipt of dimensions. 

\arger Shafts proportionately quick. 
Above letters to be telegraphed with : 
corresponding dimensions. 5, Pg ee 









og 
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od 
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oe 0% 
teh MAS RICHARDSON 
a THO 


— 


 garine Engineers. Hertillepaelt, 
ANDERSON'S 


PATENT WEBBED SILICATE 


Removable 
Re-applicable 
















, SONS, LTD,, 














Derfectly 
F Incombustible 


THE BEST BRITISH SILICATE COTTON 


The cheapest and 7 f perfec! way of applyi7g fhe 
as) =o LO) OO)» | DS Cn) a> rN. ne 
to H/3/f Pressed Borlers, Stearn Pipes Flanges &c 
CAN BE COVERED WITH PLASTER OR VARNISH NO EXPERT LABOUR REQUIRED 
sHimeate rPrices with full instructions & Sarnples free by post 
D ANDERSON & SON,L™®2 
LAGAN WORKS, BELFAST, & 812, OLD FORD Road, BOW. LONDON. & 123t 
AGENTS WANTED 























THOMAS BRADFORD & Oo. 


LAUNDRY, 
DAIRY, COOKING, & BATH 


ENGINEERS, 
Crescent Iron Works, MANCHESTER 





140/8, High Holborn, LONDON. x» 

















IRON & STEEL TUBES 
AND FITTINGS 
For Gas, Steam, Water, Brice 








melled 
inside, in Stock, to8in, 
diameter, 











GLOBE TUBE WORKS, WEDNESBURY. "980 
Gondon Office: 1h. Great St. Thomas Avostle, B.C, 


STANNAHB’S SPECIALITIES 


77 HYDRAULIC PASSENGER LIFTS, 
i CRANES, PRESSES, AND 
GENERAL LIFTING APPLIANCES, 
Mii, Hydraulic PowerWaterEngine 


. ud For Working from Hydraulic Mains, 
















Prices from £15. 


LIFTS AND CRANES 
'y 


Steam, Gas or Hand Power. 





fof are KEPT IN STOCK; also the parts a 
Hydraulic Steam and Hand and 

, Cranes in every size. 

Stannah’s Patent Steam Pumps. 

Sh AA 14 Steam Friction Hoists, &e 

|| PRICES AS PER LIST. 

Sle J. sTANNAH, 

oo ee ENGINEER, 890 

ie 20, Southwark Bridge Road, London. 














: 





EsTABLISHED 1836. 


JOHN WALTON & SONS 


City Leather Works, GLASGOW, 
Telegrams: ‘‘WALTONIAN, GLASGOW.” 
MANUFACTURERS OF 


LEATHER LINK BELTING, 


Any Size or Thickness. The Strongest and most 
Durable Belting known. 

Walton's Patent STEEL EDGE-GUARD 
for Link Belts. Also 1001 

Plain LEATHER BELTING, LACES, &c. 


Price Lists on Application. AGENTS WANTED. 





RENTON & 0O.,) STEEL FORGINGS 


Midland Forge & Engineering Works, EITHER FORCED, ROUCH MACHINED OR FINISHED. 


SAVILE STREET EAST, SHEFFIELD, 7 Contractors to the Government. 








7 2 


I 
HH 


Ht 
IK} BENNETTS: 





MACKIES LID. 


ERAEA DIN G. 
MANUFACTURERS OF 


Wrought -Iron Spring Pulleys, 


Shafting and Couplings, 
Plummer Blocks and Collars, 


Hangers, Brackets, & Wall Boxes, 


Patent Sack Trucks, «: 








Majesty's Board of Works. 901 





« |Patent Grip for Scaffolding. 
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WHERE OTHERS MELT OR SPLIT UP CLENBOI STANDS 
4, WEST REGENT ST., GLASGOW. 808 








Toolmakers’ and Ironfounders’ 

Catalogues and Advertisements 

Photographed and Engraved in 

the Best Style by Improved 
Methods. 


DRAWINGS OOPIED. mone 
ELECTROTYPE CASTS FURNISHED. 
3 1% Saved.—LeatherBelting, 


high-class quality as mp sere ene rigid depart- 
mental inspection to Home and ao and Public 
Companies, Mec echanical and Electri nal Magiaaens le, Paper, 
Gorn, Cement Mills, &c. Excellence of ma\ apete-re 

manufacture, and unrivalled durability, under most exacting 
conditions of work, fully teed. 

SINGLE LEATHER BELTING: lin. wide, 1d. per foot; 
1} in., 24d.; 2in., 3§d.; 2} in., 53d.; Bin., 6}d.; 3} in., i 
4in., 10d.; Sin, Is. 3d.; 6in., 1s. 6d.; 8in., 2s.; 12 in., 8s. 4d. 

DOUBLE ———— eae ay 2in., 91; 3 in, ‘he 
4in., 1s. 6d.; 6 in., 28. 6d.; 1 , 6s. 3d. ‘All per foot run. 


UNSOLICITED. 
“Best we ever had.” 
ine as good as what we lately paid nearly three times the 





moni y for. 

Most extraordinary value,” 

“The quality is excellent, 

“Must admit the ‘ best’ is both pest and cheapest.” 

**Shall send you all our orders.” 
Ph ing Paid to any address (or nearest gna in the United 
ee age or A a f.o.b. any home port, FOR CASH WITH 
ORDER ONLY. 909 

Any Length, any Width, despatched instantly from stock. 
BEST ee Tare CO., 18, Sells! Street (Offices), and Fad ted 

mdon, K.' 


The UNITY SAFETY FUSE Co. 


ESTABLISHED 1846. 








MANUFACTURERS OF ALL KINDS OF 





OF THE BEST QUALITY, FOR USE IN 


MINING, QUARRYING, SUBMARINE, 


And all other Blasting Operations. 
SPECIALLY PREPARED to SUIT any CLIMATE, 


Works: SCORRIER, CORNWALL. 
HARRIS’S PATENT 


AUTOMATIC ahaa net 











Prices and Particulars of the Manufacturers— 


J. 6. BARTLETT & CO, 


REDOLIFF WV WHARF, BRISTOL. 


UNION TUBE CO. 
COATBRIDGE, NEAR GLASGOW, 


— MAKERS OF — 


an & Steel Boiler Tubes 


FOR MARINE AND LOCO. BOILERS. 


WROUGHT-IRON TUBES & FITTINGS, for Gas, Water & Steam. 
ARTESIAN WELL TUBES, 


Light Lap-welded Tron and Steel Tubes, 


WITH PATENT LOOSH RHMOVABLE FLANGES. 


London London Agents: CUMMING & KELLEY, 28, LEADENHALL ST. ST. 


Ol LINE PIPES. ROLLER TUBES. 








HIGGINS’ 


American Drawing Inks 


BLACKS AND COLORS. 
The Standard Liquid Drawing 
Inks. 
ESTABLISHED 1890, 

These inks are used and 
endorsed by the leading 
Schools, Colleges, and Insti- 
tutes. Three-fourths of the 
wa professional draughtemen use 
am no other drawing inks. Of the 
ma Black Ink, two famous pen 
artists speak as follows : 

Jos. PENNELL, of London, 
says: ‘There is no ink equal to it for half-a-dozen 
reasons. From the time you open the bottle until 
you have pe all its contents on paper, you have no 
reason to find fault with it.’—Pennell’s Pen Drawin, J 
and Pen Draughtsmen. McMillan & Co., 1894. 

A. B. Frost, the celebrated American illustrator, 
: “T use'a great deal of it, and it is certainly the 





For SAu® BY ALL DEALERS. 

t, id, 1s. 6d. a bottle. Write for Col 
oataunes ee 
OHAS. M. HIGGINS & 00., Manufacturers 

LONDON OFFICE: 106, CHARING CROSS ROAD. 


Branch Depots: Birmingham, 12, Ethel St.; Manchester, 94, 
Market St ; Glasgow, 37, Jamaica St.; Dublin, 19, Wicklow St. 





YAUGHAN BROS., Sumerford, WILLENHALL, General 1 Stamper 


DROP FORGINGS, 
‘or all purposes, in Iron or Steel, to any Pattern or Model. 









Single or Double-ended, to suit all sizes of 
bolts and nuts from } in. to 1} in. diam, 





MUDHOLE eigen 
___ DIES CUT TO ANY MODEL OR REQUIREMENT. 





BOILER CRAMPS. RAILING HEADS. 








GEORGE JONES, Lti., 


ESTABLISHED 1803, 
LIONEL STREET FOUNDRY, BIRMINGHAM. 


 wiriianike 


Complete ROLLING MILLS for all Metals. 
Machinery for Making TUBES and WIRE. 
_ MILL GEARING of every description. » 


REDUCE YOUR ELECTRIC LIGHT BILL 


“DAYLIGHT -— 
a LAMP. 

















LAMPS 


A Speciality. 


0, Berend & Co., 


DUNEDIN HOUSE, 
BASINGHALL AVENUE, 


LONDON, 











AGENTS WANTED. 582 


SAW-BLADES 


(For Sawing Granite, Stone, Marble, &c.) 
Double Rolled, Levelled and Straightened, 
and all cut same length. 
READY FOR USE. 


ANY DIMENSION. 


NO HAMMERING 











These 













Plates are required before They 

HOoRsBsHOE using are free 
BranD,” and from scales, 
consequently, blisters, lamina- 


hard, tough and 
homogeneous, and 
less liable than 


tions and cracks, 
and for cheapness, 
durability and 


any other to economy are 
fray at the beyond com- 
edges and parison, 






SCRATCH, 


“KRUSHITE” 


R 
Rapid sawing and polishing 
Granite, Stone and Marble. 
h hited: with head 















Used the same way as sand, No alterations 
to machinery. Sizes from finest powder upwards. 
Labour reduced one-half and driving power two-thirds. 


One Ton will supply a Saw Frame using Twelve 
Blades Twelve Months. 


Largely used fu: 7 Bees Blast Apparatus. Costs less, cuts fas oe ae 
d wears longer than anything else. 


—= | JAS. T. PEARSON, ENGINEER, BURNLEY. 


CHARLES WOOD, 


MANUFACTURER OF 


sy mari. \ Rolling Stock 












RAIL BENDER, 


For Rails, 9 lb. to 90 Ib. per yard. 





TIPPING WAGONS, 





STEEL SLEEPERS, 





For Illustrated Catalogues & Price Lists apply 


CHARLES W00D 


TEES IRONWORKS, 


MIDDLESBROUGH. 
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TRADE MARK : 


“SHOWSPEED” 


SPEED 
INDICATOR. 


J. M. NAPIER’S Patent. 


May be scaled for high 
or lowspeeds of rotation. 
A column of mercury 
carrying a marked float 
in a fixed glass tube, rises 
as the speed increases. 
The illustration shows 














a speed of nearly 200 
revolutions per minute. 
The seale plate can 
face towards the 
back or either — 
as desired. Special In- 
dicators, scaled in miles 
per hour, with 
suitable con- 
necting gear for 
Locomotives, 








/_ Apply for par- 
==. ticulars and 
rices to the 
= : anufacturers. 


D. ‘NAPIER & SON, 


ENGINEERS, 
Vine Street, York Road, 1152 


LAMBETH, LONDON, 8.E. 








HENRY J. COLES, 


SUMNER STREET, SOUTHWARE, 
LONDON, S.Ei. 





Single Chain Dredging Grab, 
WORKED BY ANY ORANE. 


STEAM GRANES. ROCK DRILLS. 
AIR COMPRESSORS. ™ 








7 IC” PATENT VERTICAL MULTITUBULAR — 





" ST. LAWRENCE” = DONKEY PUMPS 
. Are Simple in Construction, Efficient Se om 5 lent in Work hip and very = 


Ram, 1 ik 1k 2 24 8 Incu. 
PRIcE £6 #7 10 £10 21210 £1710 £2210 Works. 
SEND FOR DESCRIPTIVE PRICE LISTS, PARTICULARS AND DISCOUNTS. 
T. TOWARD & CO., Ouseburn, NEWCASTLE-ON-TYNE. 


YNAMOS.. 


No Heating or Sparking. 
No Repairs. 


JOHNSON & PHILLIPS, 


CHARLTON, KENT. 


CRUSHING TESTIMONY / 1! 


Carters Disintegrators 


ARE USED IN NEARLY EVERY INDUSTRY ALL OVER THE WORLD. 
Thousands at work, grinding daily 


THOUSANDS OF TONS 


OF ALL KINDS OF MATERIALS. 


























To keep pace with the ever increasing demand, special new works have 

been erected, great improvements made in design and detail (some 

patented), and owing to modern plant and great demand prices have 

been considerably reduced. Write for Price Lists and Samples, and for 
all information upon Grinding, &c., to 


J. HARRISON CARTER, Engineering Works, DUNSTABLE. 


BILGE & BOILER FEEDING 


STEAM PUMPS 


(GORDON DUPLEX), 
FOR STEAMSHIPS. 














SOLE MAKERS 
FOR THIS COUNTRY : 


HAYWARD TYLER & CD,, 


90-92, Whitecross St., 





Telegrams : 
“TYLHROZX, LONDON.” 
Telephone No. 192. 





iTrOoOnDon.| 


J. B. TREASURE & C0, 
4 ‘ae, GAUGE GLASS MAKERS, 
& 


& Sy) ) 










LUBRICATOR MAKERS, 
WATER GAUGE COCKS, 
_ INDIA-RUBBER WASHERS 


8, VAUXHALL ROAD 
LIVERPOOL. 


Contractors to HM. Adniay, 


SAMPLES FREE ON APPLICATION, 
THE “*PERFECTA” 





KILLIP’S PATEN 
EXTREMELY SENSITIVE. POSITIVE IN ACTION, 


PRIOES AND PARTICULARS FROM THE SOLE LICENSEE 


THOMAS HOSKING, 


Street, LIVERPOOL. Ths 





FAIRBANKS’ 
AMERICAN VALVES 


THE FAIRBANKS COMPANY. 
16. GREAT EASTERN STREET 
LONDON, EC 


= 





19382 
GOLD MEDAL, PARIS, 1878 & 18865. 


GAUGE GLASSES 


BIN AMES 
For Iron, Cast-Iron, Copper, &e. 


_ CUILBERT-MARTIN 


Patentee & Manufacturer of the 
PATENT 


“BEACON” 
GAUGE GLASS, 


, enn through the water & 
& Broad Red Line, thus rendering 
mit very distinct, With these 
© Blasses the height of water in 
©) voller can be seen énstantly and 
Fas plainly by NIGHT as by DAY. 


4) ¥.B.—AD Glasses are of the 
finest quality, and manufactured 
2 a, resist extreme preé 


DEPOT : 
us | & 2, FALCON STREET, 
8 Aldersgate Street, 
Biarisd ent “ONDON, E.O. 


black is of a rich 1174 








PATENT “BEACON.” 








inthe tl aprAOe HAMBURG: 


Rlectric Steam ae Governor 








eal 


u 
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WHEELER CONDENSER & ENGINEERING CO., 


117, QUEEN VICTORIA STREET, E.C., LONDON, 


MANUFACTURERS OF IMPROVED 


SURFACE CONDENSERS 





WHEELER 
NDENSER & ENGINEERING CO 
NEW. YORK 


SURFACE Condensers with Air and Pip Pumps Comanig tar Marine 
and Stationary Engines. 


Condensers for Electric Light and Power Stations, Mills, Mines, Ice and 
Refrigerating Plants. Condensers with and ‘without Pumps. 





For Prices, Catalogues, &c., apply to the— 1121 


GLASGOW PATENTS CO., LIMITED, 11, BOTHWELL STREET, GLASCOW, N.B. 








THE TEES SIDE TRON 
& ENGINE WORKS C0, Ltd. 


MIDDLESBROUCH. 





BRIDGE BUILDERS, 
MAKERS OF PIG IRON. 


“ TEESSIDE. r 





TELEGRAPHIC ADDRESS - 





~<a IRON FOUNDERS, 


GEO. RICHARDS & CO., LIMITED, 


BROADHEATH, near MANCHESTER. 


TELEGRAMS—“ RICHARDS, ALTRINCHAM.” 


MACHIN 4 owe 








ial and Standard Lathes. 


WOOD WORKING MACHINERY OF EVERY DESCRIPTION. 
RICHARDS’ PULLEYS. 


Over 350,000 in Use. 
A Large Stock, Split or Whole, always on hand, ready for delivery. 














SHAFTING, PLUMMER BLOCKS, HANGERS, COUPLINGS, &c. 


CATALOGUES ON APPLICATION. 542 
- 16, PLACE DE LA REPUBLIQUE. 














PARIS - 


KIRK & HORSFIELD 


Chapel -en-le- Frith, 
DERBYSHIRE, 
MECHANICAL ENGINEERS. 













A large number of 
our standard sizes 
of Engines in stock 
me to supply Shipping 
: orders. 





ILLUSTRATED 


PRICE LISTS 
TERMS 


ON APPLICATION. 





Telegrephis Addross— 


New Designs of f High. ed ‘Eigine “FORGE, Ohapabeni Poth 


. BOTH VERTIOAL AND HORIZONTAL, 
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FOR ALL KINDS OF : 


HYDRAULIC TOOLS 


— APPI:S — 


RICE & CO. 


Elland Road, 
LEEDS. 


TELEGRAPH - - “PRESS.” 


ROL'S BRIDGE & ROOF CO., L= 
“tsi saa" GERMISTON WORKS, GLASCOW, 


A tigsitiw Pees 




















” Pm Aad te * 
"a 2 . eet te Awe 
Oe a 
0eo.0.O8 ¢ Le 
= Pintons | aX bale a 
‘ f . 


-" | , 


RAO ee 


wid § 


ed . 
| men 


Railway Bridge at Tillicoultry, 250 ft. lung. 


CAST AND WROUCHT IRON AND STEEL STRUCTURES. 
SOLE MAKERS OF BOYD-WILSON’S FIREPROOF FLOORING. London Office: 3, Victoria Street, S.W. 

















THE INDIA RuBBeR, GUTTA PERCHA 


= ~ . 
BRANCHES. \ 
LIVERPOOL : 54, Castle Street.  \aema2>\ 
BRADFORD : 1, Tanfield Bdgs., Hustlergate. 
SHEFFIELD: 1, Fitzalan Square. 
CARDIFF: Pierhead Chambers, Bute Docks. 
SWANSEA : 60, High Street, 
BRISTOL : 28, Clare Street. 
MANCHESTER : 4, Fountain Street. 
NEWCAS8TLE-ON-TYNE : 59, Westgate Rd. 
PORTSMOUTH : 49, High Street. 
BIRMINGHAM : 27, Albert Street. 
COVENTRY : 51, Hertford Street. 
GLASGOW : 8, Buchanan Street. 
BELFAST : 33, High Street. 
DUBLIN : 15, St, Andrew Street. 











TELEGRAMS. ] 


_ a = : Head Offices—Silvergray, London. 
= SSS ae amar”. Works—Graysilver, London. 


.s - = = = eatin 


LYERTOWN. eo 


WORKS: SILVERTOWN, ESSEX; and PERSAN-BEAUMONT, FRANCE. OFFICES: 106, Cannon St., LONDON, E.C. 
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THE EDISON & SWAN UNITED ELECTRIC LIGHT COMPANY, D 


Head Offices, Warehouses and Show Rooms : ic. 4 E DISON- SWA N 


Ediswan Buildings, Hi ~ 
36 & 37, QUEEN ST., E.C. . 4 , GLOW LAMPS 














Trade Marks: 
‘*EDISWAN” & ‘‘ EDISON-SWAN.”’ 





=f Unsurpassed for Economy, 
ALL LAMPS are stamped the actual : 3 ae | : a Efficiency, 


candle power and voltage ; also with the | Hy coo We 
Company’s Trade Mark. ss oo — Yo = mG 
ALL ORDERS are promptly executed, — == ee =e ae Durability and Safety. 
having the largest and most varied Stock Se 
in the World. = He 
ALL SHAPES—Round, Pear, Crinkled, STN sea Large Stocks, all British 
Conical, Tubular, &c. LAA 
ALL E.M.F.’s from 2 to 220 volts, Manufacture, ready for 


ALL POSSIBLE requirements are met. : immediate delivery. 418 


The oo. Feed-Water Heaters, Evaporators & Distillers, 
ee Plants for GOLD MINES a Spectaltty. «or? yt: 


CONTRACTORS TO THE ADMIRALTY. AY 
Pr een on 
75 PER CENT. OF OUR ORDERS ARE REPEATS. € 9,0”: q 











Sole Makers: JOHN KIRKALDY, LIMITED, 
oTlcgile Marne 40, WEST INDIA DOCK ROAD, LONDON. 


Autotype from Photographic Negative taken on the 12th July, 1880. 


Machine Belting. 














Hamburg Laces and Picking Straps extra tough. 
‘speeds ysoys1y 103 spueg (pozenby) poouepyg 





C. Otto Gehrckens, Grosse Backerstrasse 12, Hamburg. 
For Great Britain apply to Haughton & Co., 110, Oannon Street, London, E.O. 


Stockholm, 1886, Hedrande omnaemnande. Augsburg, 1886, Diploma of Merit. Barcelona, 1888, Mencion Honorifica. 
Gold Medal, Brussels, 1888, International Exhibition. Silver Medal, Hamburg, 1889, highest premium awarded for leather belting. 
Gold Medal, Edinburgh, 1890, and First Class Diploma of Honour, London, 1891. 8607 


Medal and Diploma Awarded at the Chicago Exhibition. 
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AUCTION SALES. 
THE VULCAN FOUNDRY, OOATBRIDGE, near 
GLASGOW. 





On Tvgspay, 2nd Jouy. 

IMPORTANT UNRESERVED SALE BY AUCTION 
OF VALUABLE PATTERNS AND DRAWINGS, 
15-Ton Steam Shop and Derrick CRANES, and 
other PLANT. Further particulars may be had on 


application to i 
ames Laird and Son, 


Auctioneers and Valuers, Glasgow. H 279 
Telephone No. 3888. Telegrams, ‘‘ Valuers, Glasgow.” 





The PLANT and MACHINERY at CampreLt Works, 
Campbell Street, Silvertown, E., will be SOLD by 
PUBLIC AUCTION, in Lots, by 


M r. Bradshaw Brown, on 

Wepnespay, Jory 10th, 1895, at Two for 
Three o'clock precisely, comprising: a 6-HP. Hori- 
zontal Engine, Vertical Boiler, Screw-cutting and 
Surfacing Gap Lathes, Drilling and Planing Machine, 
Set of Plate Bending Rolls, 5-ton Overhead Traveller, 
Cupolas, Cast-iron Moulding Boxes, Ladles, and a 
quantity of miscellaneous articles. 

Auctioneers Offices, Billiter Square Buildings, E.C.; 
and Millwall, E. Telephone No, 11144. H 325 





TO ENGINEERS, BOILER MAKERS, IRON 
MERCHANTS and OTHERS. 


essrs. Fuller, Horsey, Sons 

and CASSELL will SELL by AUCTION, in 

Lots, on the Premises, Rennie’s Boiler Works, Norman 
Road, Greenwich, on Turspay, Juvy 16th, at Twelve 
precisely, BOILER MAKERS’ TOOLS, including a 
nearly new Hydraulic Riveter, by Hugh Smith and 
Co., to admit 10 ft.6in., and press 130 tons on rivet 
or plate-closer, Tweddell’s Riveter, with wrought- 
iron man 5 ft. high, Steam Riveter, set nearly new 
Vertical Steel Plate-bending Rolls, by Scriven, 
10 ft. @in. wide, 14 in. and 18 in. diameter, two sets 
Horizontal ditto, six Punching and Shearing Machines, 


SHIPBUILDING. 


Te be Let, the Whitehaven 


SHIPBUILDING YARD, PATENT SLIP, with 
the PLANT, MACHINERY, &c. 

The Shipbuilding Yard contains upwards of 7 acres, 
has five Building Berths, and a frontage to the sea of 
160 yards. 

It is well-equipped, and is capable of turning out 
upwards of 12,000 tons per annum, 

The Patent Slip launches into Whitehaven South 
Harbour, and is about 450 yards distant from the 
Shipbuilding Yard. 

The whole is favourably situated for carrying ona 
large Shipbuilding Trade. 

or further particulars and rent apply to W. 
LITTLE, Esq., Whitehaven Castle. H 303 





otice to Inventors.—Société 
DETUDES ET DE CONSTRUCTIONS 
D’USINES. — Paris, 72, Rue Louis Blanc, Paris. — 
Directeur Général, V. DAIX, Consulting Engineer 
and Chemist, Chevalier of the Legion of Honour. 
PATENTS TAKEN OUT and INTRODUCED. 
Engineers’ Office and Laboratory for Investigations, 
Trials,and Demonstrations of the newest Apparatusand 
most recent processes. Construction and Erection in 
Workshops. Designs. Researches. Copies of all ~~ 


Briaette Making Machinery. 


The Newest and Best Machine is made by the 
HARDY PATENT PICK CO., Lap., Sheffield. 660 





Bore Grinding.—The Best 
MAOHINE is the DEVIL DISINTEGRATOR, 
which grinds, granulates, or almostany material. 
All sizes are kept in stock.—_THE HARDY PATENT 
PICK CO., Sheffield, England. 8691 





(Sheapest Continental Holiday. 


—Brussels (for the Field of Waterloo) and back, 
29s. ; the Ardennes, 35s., &c., via Harwich and Antwerp, 
by G.E.R. Co.’s twin-screw s.s., every week-day. 

HOOK OF HOLLAND-HARWICH route to the 
Continent daily (Sundays included). Quickest route 
to Holland and cheapest to Germany. 

Combination tickets and tours to all parts of the 
Continent. 

Passengers leave London (Liverpool Street Station) 
at 8.30 p.m. Direct service to Harwich, via Lincoln 
or Peterboro’ and March from Scotland, the North 
and Midlands, saving time and money. Dining Car 
from York, HAMBURG, by G.S.N. Co.’s s.s. 
Wednesdays and Saturdays. Read ‘‘ Walks in 
Belgium,” price 6d., at all Bookstalls.—Particulars at 
the G.E.R. Co.’s American Rendezvous, 2, Cockspur 
Street, S.W.; or of the CONTINENTAL MANAGER, 
Liverpool Street Station, E.C. H 169 





Feonomical Manufacture ! ! 


Special Labour-saving Tools designed for any 
process. A stock of Drilling Machines, Milling Ma- 
chines, Shapers, Lathes, as designed for the British 
Government and for eminent engineers. Over 500 
Second-hand Tools to be Sold cheap for clearance ; 
state your precise requirements. Terms, cash or 


credit. 
BRITANNIA TOOL FACTORY, COLCHESTER and 
LONDON. Letters, Colchester. Catalogues 6d. 935 





auxhall Donkey Pumps.— 
These Pumps still maintain their position in 

regard to price, efficiency and quality, against the 
numerous competitors which have from time to time 
arisen since their first introduction. A large stock is 
always on hand from which orders can be promptly 
executed.—ALEX. WILSON & CO., Ltp., Vauxhall 
Ironworks, London, S.W. 6200 





two Steam Hammers, two Screwing Machines, five 
Drilling Machines, a 4-Spindle Multiple Adjustable 
Drill, a 11 ft. Plate-edge Planer, Lathe, two Goliath 
and five Overhead Travellers, two Derrick and 13 
Forge and other Cranes, two Testing Machines, 
Proving Pump, Cornish Boiler, Donkey-feed Pump, 
two Marine Boilers, 20 HP. Horizontal Engine. 36-in. 
Fan, Plate, Furnaces and Smiths’ Hearths, eight 
Tanks, Wagon Weighbridge, Corrugated-iron Build- 
ings, Anvils, Levelling Slabs, Shaping Blocks, Shaft- 
ing, Pulleys, Leather Belts, Vices, Jacks, and a large 
assortment of Smiths’ and Boilermakers’ Tools, 
adapted to the foregoing machines. 

May be viewed two days prior, and Catalogues had 
of Messrs. Niciott, Manisty & Co., Solicitors, 1, 
Howard Street, Strand, W.C., and of the AUC- 











TIONEERS, 11, Billiter Square, E.C. H 281 
MISOELLANHOUS 
Tr 
ohn Norman, 


neer, Millwright, Boiler Maker, 
Consulting Engineer & Licensed Valuer of Machinery, 
181a, St. Vincent Street, Glasgow. 
Plans and Specifications made out as required. 


~j ohn Cochrane, Engineer and 
Boilermaker, Barrhead, N.B, BOILERS of all 
ENGINES of Corliss and other t Steam 
ers, Steam Pumping Machiner dna large 
Advertisement which appears monthly. 853 





Merck Brothers, 18, Bur- 
lington Chambers, New Street, Birmingham, 
Engineering Auctioneers and Valuers. Reports and 


Valuations made of Manufacturers’ Properties, Plants, 
and Processes. Telegrams: Meacocks, Birmingham. 
1206 


(larke & Co., Forest Road, 
NOTTINGHAM. 
Specialities and Sole Makers— 
ECONOMIC FURNACE BARS. 
AIR CHANNEL FURNACE BARS. 
BELL LIQUID RAISER. 
BOLIPSE BOILER COMPOSITION. H 341 
Agents wanted. Full Particulars on application. 





rawings, Plans, Tracings, 
&o., executed with Accuracy and Despatch, on 
moderate terms, by MESSER aud THORPE, Mecha- 
nical and General Draughtsmen, 8, Quality Court, 
—— Lane, W.C. 
M. & T. are thoroughly practical Engineers. 
orking Capital. — Estab- 
lished Firms can increase same by getting 
their own ACCEPTANCES DISCOUNTED.—. , ered 
CREDIT, care of Gou.y’s Advertising Offices, 54, New 
Oxford Street, London. H 165 





o Makers of Engines, Pumps, 
&0,—Use BENT CRANKS in Mild Steel. A 
Speciality of the GRANTHAM CRANK & IRON O0., 

Lro., Granth Quotations on receipt of sketch. 
1213 


ocomotive Tank Engines 
always in stock or progress. —HUDSWELL, 
CLARKE & OO., Railway Foundry, Leeds, Sole Makers 
ef ““RODGERS’ PULLEYS” (Registered). Entirely 
Wrought Iron. See Illus. Advt., p. 48. Od 647 








plank Locomotives, 4 or 6 
wheels coupled. Specification and workman- 
a to Main Line Engines.—Apply to R. & W. 


HORN, LESLIE & CO., Ltd., neers, New- 
Gastle-on-Tyne. See Advt., last week, page 57. 961 


I ocomotive Tank Engines for 

Main Line Traffic, Short Line, Collieries, Con- 
tractors, Iron Works, Manufactories, &c., from a 
superior specification, equal to their first-class Railway 
Engines and specially adapted to sharp curves and 





heavy ients, may always be had at short notice 
from Messrs. BLACK, HAWTHORN & CO., Limrrep, 
Locomotive, Marine, and Stationary Engine Works, 
Gateshead-on-Tyne. Od 1524 











WHITMORE & BINYON. 


MAKERS OF 


FLOUR MILL MACHINERY 


New Roller System. 
ALSO 
MACHINERY for WHEAT CLEANING, 
RICE CLEANING AND GRINDING. 
PORTLAND CEMENT MAKING, AND 
DIAMONDIFEROUS EARTH WASHING 
MACHINERY, &c. &c. — 9400 


London Office, 84, MARK LANE, 


Works, WICKHAM MARKET, SUFFOLK. 
The ‘‘ ENGINEERING TELEGRAPH CODE” used. 























CURTISS 
GUNPOWDER MANUFACTURERS, 
MAKERS OF EVERY DESCRIPTION OF 


BLASTING POWDER AND PELLETS, BLACK AND SMOKELESS. 


HARVEY 





E.S.M. 
AMBERITE. 


A superior quality Blasting Powder with aminimum of smoke & flame, 
and when detonated as effective as High Explosives ; loose or in Pellets. 


A safe, powerful and handy Smokeless Blasting Explosive 
containing nO poisonous ingredients and emitting no 
noxious fumes ; in Cartridges of various diameters. 


ELECTRONITE. cpenaiy stopted forse is Mery and Dusty Mince 





An Expert will be sent if necessary; and full particulars as to method of using, testimonials, price, &c., can be 
had on application to our Office, 


74, LOMBARD STREET, LONDON, E.C. 


OR ANY OF OUR_AGENTS. 











Water Meter 


FOR EITHER 


HOT OR COLD 
LIQUIDS. 





CANNOT GET OUT OF 
ORDER. 


Maintenance Nil. 


Write for Full Particulars 
to— 














THE PATENT BEATALL 


ARNOLD GOODWIN & SON, ENCINEERS, 


SUMNER STREET, SOUTHWARK BRIDGE, LONDON, 5S.E. 1241 









N o Coals! No Steam! No 

COSTS! The attention of Shipbui i 
hereby drawn to PATENT No. 22,628,—F i. WINDES 
Patentee, Aarhus. H 208 


ulsometer Steam Pumps on 
HIRE, with or without boilers, pipes, fit 

&c., with option of purchase, by arrangement, Tele. 

graphic address: ‘*Pulsometer, London.” A large 

stock kept of all sizes.—PULSOMETER ENGINEER. 

ING CO., Lrp., Nine Elms Iron Works, London, 8: W, 

1122 


; ° 
Bagshaw s Wrought-iron Pul- 

LEYS, as used in Government Departments 
are the strongest, cheapest and best in the market, 
Quick delivery given. Illustrated price list, contain. 
ing rules for transmission of power by wheels, belts 
ropes, and shafts, free.—J. BAGSHAW & SONS, Lr. 
Engineers, Batley, Yorkshire. 994 


radford’s High-class Ma- 


CHINERY OILS and CYLINDER GREASES, 
The best and chea) on the market. Successfully 
used and most highly spoken of by thousands of leading 
firms.—For post-free samples, circulars and prices, 
address, JOHN BRADFORD & SONS, Liverpool. 
Telegraphic address ‘‘ Lubricants.” Agents wanted, 

1004 














Portable Engines on Hire.— 

From 4 to 30-HP. PORTABLES, of the newest 
construction, ready for immediate delivery. Also 
smaller Engines and Boilers of Portable and Vertica) 
egal SYKES, 66, Bankside, London, 8.E. 
Telephone No. 4565. 1214 


Frorced Draught.—Granger’s 


SYSTEM (with Patent —_, Compound 
Blowing Nozzle) is the BEST and CHEAPEST. Gives 
increased steaming power and burns slack and refuse 
fuel, thus saving 20 to 30 per cent. in cost of raising 
steam.—A. W. GRANGER, 102, Brooke Road, Stoke 
Newington, London, N. 123 


Jt is Worth Your While to Buy 


your LUBRICANTS direct, pure hydro-carbon, 
largest sale in the World. Engine Oil, 114d. ; Cylinder 
Oil, 11}d.; Machinery Oil, 11}d.; Bench Oil, 94d. ; 
Gas Engine Oil, 1s. 6d. ; and Dynamo Oil, 1s. 6d. per 
allon; in 40 gallon barrels; carriage d.— RE. 

ANCE LUBRICATING OIL COMPANY, 19 & 20, 
Water Lane, Great Tower Street, London, E.0. 625 


(jloucester Railway Carriage 
and WAGON CO., Lrp., Gloucester. Passenger 
Carriages and Wagons. Luard & Lindsley’s Couplings. 

ee Illustrated Advertisement, page 50. 831 


P. & W. MacLellan, Limited, 


OLUTHA WORKS, GLASGOW, 


MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF BVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &o. 
Chief Offices : 129, ye GLaseow. 8547 
Registered Office : 8, Gt. Winchester St., London, E.C. 


; | YheAshbury RailwayCarriage 
AND IRON COMPANY (Limited), 
Openshaw, Manchester. 
MANUFACTURERS of RAILWAY CARRIAGES, 
WAGONS, and TRAMWAY CARS. Also Cars for Eleo- 
tric and Light Railways, Railway Ironwork, Car: 
and Wagon Wheels, Mansell’s Wood Centred Wheels, 
Hydraulic Pressed Wrought-iron Wheels, Iron Roofing, 
Bridgework, Turntables, Water Columns, Builders’ 
Ironwork and Contractors’ Plant. 
Wagons built for Cash, or for deferred payment. 
London Office: 7, Victoria Street, S.W. Od 501 


[the Oldbury Railway Carriage 


AND WAGON COMPANY, Limited. 

















EsTaBuIsHgD 1847, 
OLpBuRY Works, near BIRMINGHAM, Manufacturers of 
RAILWAY CARRIAGES, WAGONS and TRAMCARS, 
and every description of IRONWORK, either for 
Cash or for Payment over a period of years. Railway 
Wagons for Hire. 


Chief Offices— 
OLDBURY WORKS, near BIRMINGHAM. 


London Offices— 
7a, LAURENCE POUNTNEY HILL, E.0. 
The Engineering Telegraph Code used. 


[ihe Midland Ry. Carriage 


AND WAGON COMPANY, Limited, 
Manufacturers of RAILWAY CARRIAGES, TRAM- 
OARS, WAGONS, and RAILWAY IRONWORK of 
every description. Wagons built for Cash, Deferred 
Payment, or Hire. E. JACKSON, Secretary. 

ef Offices: MipLAND Works, BIRMINGHAM. 
Branch Works: ABBEY Works, SHREWSBURY. Od 5667 
London Office: SurroLk Hovusr, Laurence Pountwry Hit. 





[ine Metropolitan Railway 
CARRIAGE & WAGON COMPANY (Limited), 
Saltley Works, Birmingham, Successors to Mesers. 
JosgPH WricHT and Sons, Manufacturers of Railway 
es, Tramway Cars, Wagons, and Railway 
Ironwork of every description. 

RAILWAY CARRIAGES and WAGONS built for 
CASH, or upon DEFERRED PAYMENTS EX- 
TENDING over a SERIES of YEARS. 

A large number of COAL, IRONSTONE, BALLAST, 
and other WAGONS to LET on HIRE. 

Manufactory and Chief Office—Saurusy WORKS, 
BIRMINGHAM. 

Branch Wagon Works—Great EAsTsen RalLwaY, 
PETERBOROUGH. Od 600 








BAILEY’S PATENT 
Sight-feed “‘ DIAL” Lubricator, 
FOR BEARINGS. 

No Serews. No Lock-Nuts. 
Easily Re-set to Normal Working 

Position after Stoppage. 1139 
Can be had through all Dealers. 
Tohold1 oz., 6/6; } pint, 8/6; $ pint, 13/6. 


W.H. Bailey & Co., Ld., Manchester. 
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Leather, &c., can now be made of “ WOODITE” and “ 


“WOODITE” & “WHALEITE” WORKS, MITCHAM COMMON, SURRE 


STEAM USERS and OTHERS.—“ WOODITE” and “WHALEITE” articles can now be obtained with the utmost dispatch. “WOODITE” 
eh wie hegfimaton ope a a existence can equal it for Steam or Electrical Purposes, and other appliances ; has stood every test up to 40,000 volts for 1/8 in. sheet, without byey ae Apo by 


the London Electric Light Corporation and others. Ram “U” Hat Joint and Packing Rings, Pump Oupe, Gaskets, Manholes, Valves, Ehesting, & all other Goods which have hitherto been manufactured in In 


Rubber, 
1095 








ABSOLUTELY 


EXTREMELY LIGHT, DURABLE AND ECONOMICAL 


MAGNESIA 








FIREPROOF. 


SECTIONAL STEAM PIPE AND BOILER COVERINGS. 


ALSO FOR COLD AND HOT WATER. 


TEE GREAT COAL SAVER. 


AGHEHNTS =: 
LONDON—HOBDELL, WAY & CO., MANCHESTER—ROSSENDALE BELTING CO., 
13, Crutched Friars. West Mosley Street. 


Sole Licensees and Manufacturers: THE WASHINGTON CHEMICAL CO., LD.. 


GLASGOW—P. FERGUSON, 


Royal Exchange Square. 


WASHINGTON, R.S.0., CO. DURHAM. = '"87 








Tuck sbrenuine 











cpeieemneeniiiel 


Packings 


ARE ONLY MANUFACTURED BY 


OoCE§ & CO., LIMITE: 


116, CANNON STREET, LONDON, 


And at Liverpool, Cardiff, Newport, Barry, Manchester, Southampton, Dublin, and Melbourne. 


INDIA-RUBBER, LEATHER & ASBESTOS GOODS. 


TRADE 





1014 









































































Sampson Co. 


STROUD, GLOS. 


London Office: 


=@ 110, Cannon Street, E.C. 


MANUFACTURERS OF 


LEATHER BELTING, 
COTTON AND HAIR BELTING, 


AND OF 


ALL MILL AND MECHANICAL 
LEATHER. 


HYDRAULIC PUMP CUP 
LEATHERS, &c. 
FIRE HOSE, &c. 


S. & Co.’s Patent Leather Belts are 
without cross joints and are guaranteed 
lighter and stronger than any other 
leather belts; some of them are the 
largest in the world and haveoutlasted 

two or three ordinary belts. 


Kleven Medals Awarded, 


Telegraphic Addresses: 766 
“SAMPSONS, STROUD." 
“JOINTLESS, LONDON.” 
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MARSHALL, SONS & CO., L?: 


j k AINSBOR OFFICES, SHOW ROOMS a STORES A 
Britannia Ironworks, GAINSBOROUGH, Marshalls’ Blds., 79, Farringdon Road 








Address for Telegrams— hg" ' High-class Long- -etroke Senate 
“MARSHALLS, GAINSBORO’,’ - wee D.. Y LONDON, E.C. & 
gui ee ress Telegrams :.‘‘ Engine, London.” Telephone No. 6648. Engines, with Proell’s Gear. 


HIGH-CLASS Gi tS 
13 O I L E R S Wighh-class Hortaontes 


) ee Sole Licensees in England and 


And 99, Clive Street, and 25, Strand, CALCUTTA. 








Condensing Engines with Hartnell’s| Ireland for Proell’s Valve Gear. 


xpansion Gear. aa = : : be 
y (f? ie BM bw? cc Ea 4 Reuktn-eytinder En Ines. 
STN aaa . High Pressure or CGombeunt, 


Cornish Boilers. Lancashire Boilers. 


Illustrated Catalogues, 
with 

: ——_ : Current Prices free on 

‘Tandem Gcanbeal Engines, wal ith Application. 


Coupled Compound Engines with — = a 
Proell’s Gear. Up to500 HP. Proell’s Gear. Up to 500 H ~~€Gompound Condensing anion 


Cylindrical Multitubular 
Boilers. (: 














HICH-CLASS ANTI-CORROSIVE 


LUBRICATING OILS 


FOR CYLINDERS AND VALVES, 


BEBAVT BEARINGS, SHAFTTING AND HBIGH-SPEED MACHINERY. . 


Leave no Dirt or Deposit about Piston, Boilers, or Condensers. 


EXTENSIVELY USED FOR ELECTRIC LIGHT WORK, ENGINES AND DYNAMOS, 


HEAVY DARK OILS for Cyzinvers. CLEAR PALE OILS for Dynamo Machines and General Lubrication, 
SPECIAL OILS for Special Purposes to suit all Customers. 


PRICES, SAMPLES, AND ALL PARTICULARS MAY BE HAD OF THE MANUFACTURERS. 


ENGELBERT & CO., 44-47, ——— LONDON, E.C. 


PATENT ROLLED ig BUTLEE's 


eet am FRICTIONAL 
* SH AF ING and ae Ae COUPLINGS 
©: The Kirkstall Forge Oo., Leeds, 


IN IRON AND STEEL. oa SOLE MAKERS. 453 


LOOM 


ENCINE | “ 
MACHINERY SPINDLE 


CYLINDER a — 
| CAS ENCINE 
SHAFTING ~ : | DYNAMO 


AXLE CHLEBRATEHD FIRST-CLASS 


uma TT BRICATING OITLs er 


} 
and CYLINDER | Head Office—No. 7, Idol Lane, Eastcheap, LONDON, E.C. WIRE ROPE 
LOCOMOTIVE | teicpraphio Aadrow: “Ragosine, London.” WORKS & STORES: ALBION WHARF, BOW BRIDGE, B, tetepnone wo. 1128. 101 |GYCLE, &. 


SMITH & COVENTRY, LO, coca machine roots. 
D., MODERN MACHINE TOOLS. 


LONDON OFFICES: 


FIRST FLOOR, 


SUFFOLK HOUSE, 
LAURENGE POUNTNEY HILL, 
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Under the Personal Superintendence ot 


Tahaan TURNING & BORING MILLS, Mr. W. FORD SMITH. IMPROVED RADIAL L DRILLING MACHINE, 
To swing from 2 ft. 6 in. to 18 ft. diameter. 8 ft. Gin., 4 ft. and 6 ft. 6in. radius. ALways in Stock or in PROGRESS: 
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